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idazolodiazocines..



10

15

20

25

30

35

40

WO 2016/125110 PCT/IB2016/050597

Bisimidazolodiazocines

Description

The present invention relates to an organic electronic device, preferably an OLED, comprising a
Bisimidazolodiazocine; charge transport layer, a charge/exciton blocker layer, or an emitting
layer comprising the Bisimidazolodiazocine; an apparatus selected from the group consisting of
stationary visual display units; mobile visual display units; illumination units; keyboards; items of
clothing; furniture; wallpaper, comprising the inventive organic electronic device, or the inventive
charge transport layer, the charge/exciton blocker layer, or the emitting layer; the use of the
Bisimidazolodiazocines for electrophotographic photoreceptors, photoelectric converters, organ-
ic solar cells, switching elements, organic light emitting field effect transistors, image sensors,
dye lasers and electroluminescent devices; a process for the production of the Bisimidazolodi-
azocines and specific Bisimidazolodiazocines.

Efficient and stable organic electronic devices like electrophotographic photoreceptors, photoe-
lectric converters, organic solar cells, switching elements, organic light emitting field effect tran-
sistors, image sensors, dye lasers and electroluminescent devices (OLEDs) are highly desired
in the art. The basic principles of the way in which such organic electronic devices work and
suitable structures (layers) of said organic electronic devices are known to those skilled in the
art and are specified — concerning OLEDs - , for example, in WO 2005/113704 and the literature
cited therein.

Organic light-emitting diodes (OLEDSs) exploit the property of materials of emitting light when
they are excited by electrical current. OLEDs are of particular interest as an alternative to cath-
ode ray tubes and to liquid-crystal displays for producing flat visual display units. Owing to the
very compact design and the intrinsically low power consumption, devices comprising OLEDs
are suitable especially for mobile applications, for example for applications in cellphones, lap-
tops, etc., and for illumination.

The light-emitting materials (emitters) used in OLEDs may, as well as fluorescent materials (flu-
orescence emitters), be phosphorescent materials (phosphorescence emitters). The phospho-
rescence emitters are typically organometallic complexes which, in contrast to the fluorescence
emitters which exhibit singlet emission, exhibit triplet emission (triplet emitters) (M.A. Baldow et
al., Appl. Phys. Lett. 1999, 75, 4 to 6). In order to implement the advantages of the use of
OLEDs in practice, it is necessary to provide device compositions which have a high operative
lifetime, a good efficiency, a high stability to thermal stress and a low use and operating voltage.

Such device compositions may, for example, comprise specific matrix materials in which the
actual light emitter is present in distributed form. In addition, the compositions may comprise
blocker materials, it being possible for hole blockers, exciton blockers and/or electron blockers
to be present in the device compositions. Additionally or alternatively, the device compositions
may further comprise hole injection materials and/or electron injection materials and/or hole
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transport materials and/or electron transport materials. The selection of the aforementioned ma-
terials which are used in combination with the actual light emitter has a significant influence on
parameters including the efficiency and the lifetime of the OLEDs.

The prior art proposes numerous different materials for use in OLEDs and other organic elec-
tronic devices. However, among the proposed materials no bisimidazolodiazocines are men-
tioned.

The synthesis of bisbenzimidazo[1,2-a:1',2'-e][1,5]diazocine-6,14-dicarbonitrile

/i

( ) is described in Hassanien, Abu Zeid A. et al., Journal of Chemical
Research 7 (2005) 440-445. However, said compound has been provided according to Hassa-
nien et al. in the hope of obtaining new compounds of enhanced biological and pharmacological
activities.

In Kaufmann et al., Tetrahedron Letters No. 9, 741-744, 1977 and Kaufmann et al., Chem. Ber.
115, 452-458, 1982, the synthesis of of bisbenzimidazo[1',2":1,8;2",1":4,5][1,5]diazocino[3,2-

N7 N
No/ N/Q
= N\
O
\ /N
b:7,6- b'ldiguinoline ( ) and bisimid-
N/ \
N
Q\/N \/I\>
NN
azo[1',2":1,8;2",1":4,5][1,5]diazocino[3,2-b:7,6- b'ldiquinoline ( ) is described.

However, no specific use of said compounds is described in Kaufmann et al.

Itis an object of the present invention to provide materials which are suitable for use in organic
electronic devices, especially OLEDs, especially for use as a matrix material, especially as a
matrix material in the light-emitting layer, hole/exciton blocker material, electron/exciton blocker
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material, hole injection material, electron injection material, hole transport material and/or elec-
tron transport material, which have high triplet energies, and also to provide organic electronic
devices, especially OLEDs, with an improved property profile which is manifested in a high effi-
ciency a longlifetime as well as a low driving voltage.

The object is achieved by an organic electronic device, preferably an OLED, comprising a com-
pound of formula (1)

wherein

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, CN, NR26R?7, C4-Czsalkyl, which can optionally substitut-
ed by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or
interrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

or

R' and R2 and/or R® and R* an/or R and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bonded a 5-
or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated ring system,
wherein the (hetero)aromatic ring and/or annelated ring system can optionally be substituted by
G, or by a group of formula —(Ar')o-(Ar2)s-(Ar®)e-A; and the hetero atoms of the 5- or 6-
membered heteroaromatic ring are selected from N, S and O;

R26, R27

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or interrupt-
ed by D, Cs-Czscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G;

* represents the carbon atoms of the basic sceleton;

D is -CO-, -COO-, -S-, -SO-, -SO5-, -O-, -NR®5-, -SiR7°R71-, -POR72-, -CR%=CR?®-, or -C=C-,

E is F; CI; Br; CN; an unsubstituted Cs-Cazaryl group, a Cs-Cazaryl group, which is substituted by
F, Cs-Cqsalkyl, C1-Cysalkyl which is interrupted by O; an unsubstituted heteroaryl group having 5
to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is substituted by F, -OR®9,
-SR®, -NR8%R66, -COR®8, -COOR®7, -CONRB5R86, -CN, or F;

G is E, —-OR®9; -SR8%; -NR55R&6;

R% and R® are independently of each other H, Cs-C1saryl; Cs-C1saryl which is substituted by C-
Cisalkyl, or C4-Cysalkoxy; C+-Cqsalkyl; or C+-Cqsalkyl which is interrupted by —-O-;



10

15

20

25

30

WO 2016/125110 PCT/IB2016/050597
4

R and R® are independently of each other a Cs-C1saryl group; a Cs-C1saryl which is substitut-
ed by C¢-Cysalkyl, or C+-Csalkoxy; a C+-C1salkyl group; or a C-Cysalkyl group, which is inter-
rupted by -O-; or

R85 and R® together form a five or six membered ring,

R is a Cs-Csaryl group; a Cs-Cisaryl group, which is substituted by C+-C1salkyl, or C+-
Cisalkoxy; a C¢+-Cqsalkyl group; or a C+-Cysalkyl group, which is interrupted by —O-,

R88 is H; a Cs-C1saryl group; a Cs-Cisaryl group, which is substituted by C4-Cysalkyl, or Cs-
Cisalkoxy; a C¢+-Cqsalkyl group; or a C+-Cysalkyl group, which is interrupted by —O-,

R is a Cs-Csaryl; a Cs-Cisaryl, which is substituted by C+-Cqsalkyl, or C4-Cisalkoxy; a C+-
Cisalkyl group; or a C+-Cygalkyl group, which is interrupted by —O-,

R0 and R’ are independently of each other a C4-Cqsalkyl group, a Cs-C+saryl group, or a Ce-
Cqsaryl group, which is substituted by C¢+-Cqsalkyl, and

R72 js a C1-Cysalkyl group, a Cs-C1saryl group, or a Cs-Cysaryl group, which is substituted by C+-
C1galkyl;

Ar', Ar2, Ard are are independently of each other a Cs-Czsarylen group, which can optionally be
substituted by G, or a C,-Csgheteroarylen group, which can optionally be substituted by G;

A is hydrogen, halogen, CN, NR26R?7, C4-Cysalkyl, which can optionally substituted by E and/or
interrupted by D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by
D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G;

ois 0, or1;

pis 0, or 1; and

qis 0,o0r 1.

Preferably,
R® and R2 and/or R3 and R4,
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

A11

AL 8 R® ‘ *
A
2 A * o/ *
N ] (IR e T
A * A * R1o R12

and/or
R® and R®¢ and/or R” and R8

independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from
11 *

B
1 5 8 R ‘ *
B
BZ/B\ * G/B\ * 9/ *
I B BN . || and
3 \ 7= \ 10- »
B\B4/ * ’ B * ’ B R14 R16

R15

wherein
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A' and B" are independently N, or CR'7,

AZ and B? are independently N, or CR'8,

A3 and B2 are independently N, or CR9,

A% and B* are independently N, or CR20,

A% and B® are independently N, or CR21,

A8 and B are independently O, S, NR? or CR26R?7,

A7 and B7 are independently N, or CR%,

A8 and Bé are independently O, S, NR? or CR26R?7,

A? and B? are independently N, or CR2%,

A0 and B'° are independently N, or CR#,

A" and B! are independently O, S, NR2> or CR%RZ,

R, R10, R, R12, R13, R14, R15, R16, R17, R'8, R1%, R20, R2!, R22, RZ and R?* are independently
hydrogen, halogen, CN, NR2R?7, C4-Cssalkyl, which can optionally substituted by E and/or inter-
rupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G, or a group of formula —(Ar')s-(Ar2),-(Ard)q-A; or

R? and R0, R'” and R, R'8 and R'%, R and R, and/or RZ and R?4, preferably R'” and RS,
R'® and R'9, and/or R'® and R2°, independently of each other form together with the carbon at-
oms to which they are bonded a 5- or 6-membered (hetero)aromatic ring, which can optionally
be part of an annelated ring system, wherein the (hetero)aromatic ring and/or annelated ring
system can optionally be substituted by G or by a group of formula —(Ar')o-(Ar2)e-(Aré).-A; and
the hetero atoms of the 5- or 6-membered heteroaromatic ring are selected from N, S and O;
R25 is hydrogen, C+-Cysalkyl, which can optionally substituted by E and/or interrupted by D, Ca-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Ces-Czaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G.

The object is further achieved by an organic electronic device, preferably an OLED, comprising
a compound of formula (1)

wherein

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, CN, NR26R%7, C4-Czsalkyl, which can optionally substitut-
ed by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or
interrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

or
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R' and R2 and/or R® and R* an/or R and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bonded a 5-
or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated ring system,
wherein the (hetero)aromatic ring and/or annelated ring system can optionally be substituted by
G, or by a group of formula —(Ar')o-(Ar2)s-(Ar®)s-A; and the hetero atoms of the 5- or 6-
membered heteroaromatic ring are selected from N, S and O;

preferably,

R® and R2 and/or R3 and R4,

independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

A11

Aﬁ/ j R j A\\ j O
4 ’ R12

R11

and/or
R® and Ré and/or R” and R
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

B— .
o/
B|| j T e ]I ana O
’ ’ B * R14 R16

wherein

A' and B" are independently N, or CR'7,

AZ and B? are independently N, or CR'8,

A3 and B2 are independently N, or CR9,

A% and B* are independently N, or CR20,

A% and B* are independently N, or CR21,

A8 and B® are independently O, S, NR?5 or CR26R?7,

A7 and B7 are independently N, or CR%,

A8 and Bé are independently O, S, NR?5 or CR26R?7,

A? and B? are independently N, or CR2%,

A0 and B'° are independently N, or CR#,

A" and B! are independently O, S, NR2> or CR%RZ,

R, R10, R, R12, R13, R14, R15, R16, R17, R'8, R1%, R20, R2!, R22, RZ and R?* are independently
hydrogen, halogen, CN, NR2R?7, C4-Cssalkyl, which can optionally substituted by E and/or inter-
rupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G, or a group of formula —(Art)e-(Ar2)s-(Ard)q-A

R25, R26, R27



10

15

20

25

30

35

40

WO 2016/125110 PCT/IB2016/050597
7

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or interrupt-
ed by D, Cs-Czscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G;

* represents the carbon atoms of the basic sceleton;

D is -CO-, -COO-, -S-, -SO-, -SO5-, -O-, -NR®5-, -SiR7°R71-, -POR72-, -CR%=CR?®-, or -C=C-,

E is F; CI; Br; CN; an unsubstituted Cs-Cazaryl group, a Cs-Cazaryl group, which is substituted by
F, Cs-Cqsalkyl, C1-Cysalkyl which is interrupted by O; an unsubstituted heteroaryl group having 5
to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is substituted by F, -OR®9,
-SR®, -NR8%R66, -COR®8, -COOR®7, -CONRB5R86, -CN, or F;

G is E, —-OR®9; -SR8%; -NR55R&6;

R% and R® are independently of each other H, Cs-C1saryl; Cs-C1saryl which is substituted by C-
Cisalkyl, or C4-Cysalkoxy; C+-Cqsalkyl; or C+-Cqsalkyl which is interrupted by —O-;

R and R® are independently of each other a Cs-C1saryl group; a Cs-C1saryl which is substitut-
ed by C4-Csalkyl, or C+-Csalkoxy; a C¢+-Cqsalkyl group; or a C4-Cqsalkyl group, which is inter-
rupted by -O-; or

R85 and R® together form a five or six membered ring,

R is a Cs-C1saryl group; a Cs-Cisaryl group, which is substituted by C+-Cqsalkyl, or C+-
Cisalkoxy; a C4-Cqsalkyl group; or a C¢-Cqsalkyl group, which is interrupted by —O-,

R88 is H; a Cs-C1saryl group; a Cs-Cysaryl group, which is substituted by C4-Cysalkyl, or Cs-
Cisalkoxy; a C4-Cqsalkyl group; or a C¢+-Cqsalkyl group, which is interrupted by —O-,

R is a Cs-Cisaryl; a Cs-Cysaryl, which is substituted by C4-Cysalkyl, or C4+-C4salkoxy; a C+-
Cisalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,

R0 and R’ are independently of each other a C4-Cqsalkyl group, a Cs-C+saryl group, or a Ce-
Cisaryl group, which is substituted by C4-Cqsalkyl, and

R72 js a C4-Cysalkyl group, a Cs-C1saryl group, or a Cs-Cqsaryl group, which is substituted by C+-
C1galkyl;

Ar', Ar2, Ard are are independently of each other a Cs-Czsarylen group, which can optionally be
substituted by G, or a C,-Csgheteroarylen group, which can optionally be substituted by G;

A is hydrogen, halogen, CN, NR26R?7, C4-Cysalkyl, which can optionally substituted by E and/or
interrupted by D, Cs-Causcycloalkyl, which can optionally substituted by G and/or interrupted by
D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G;

ois 0, or1;

pis 0, or 1; and

qis 0,o0r 1.

The organic electronic device, preferably the OLED, according to the present invention is char-
acterized by a superior property profile which is especially manifested in a high efficiency and a
prolonged lifetime as well as a low driving voltage. The benzimidazolodiazocines of formula (1)
are especially characterized by high triplet energies.
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In the definition of R' and R2 and/or R?® and R* an/or R® and R® and/or R” and R® “5- or 6-
membered (hetero)aromatic ring” means “5- or 6-membered aromatic ring” or “5- or 6-
membered heteroaromatic ring”. The hetero atoms of the 5- or 6-membered heteroaromatic ring
are preferably selected from N, S and O. Preferred 5- or 6-membered (hetero)aromatic rings are
mentioned below.

The "5- or 6-membered aromatic ring" represents an aromatic ring system. Aromatic rings may
be present as a single ring system or as bicyclic or tricyclic ring systems; preferably as single
ring system or as benz-annelated ring system, more preferably as single ring system.
Examples of aromates, from which the 5- or 6-membered aromatic rings are derived, are: ben-
zene and naphthalene.

The "5- or 6-membered heteroaromatic ring" represents an aromatic ring system containing at
least one hetero atom. The heteroaromatic rings consist of 5, or 6 ring atoms of which 1-3 ring
atoms are hetero atoms. The heteroaromatic rings may be present as a single ring system or as
bicyclic or tricyclic ring systems; preferably as single ring system or as benz-annelated ring sys-
tem, more preferably as single ring system. Bicyclic or tricyclic ring systems may be formed by
annelation of two or more rings. Examples of heteroaromates, from which the 5- or 6-membered
heteroaromatic rings are derived, are: pyrrole, pyrazole, imidazole, triazole, furane, oxadiazole,
thiophene, oxazole, isoxazole, thiazole, isothiazol, thiadiazole, pyridine, pyrazine, pyrimidine,
purine, pteridine, and the corresponding benz-annelated heterocycles, e.g. benzofurane, ben-
zothiophene, indole, isoquinoline, quinoline and the like.

The "5- or 6-membered heteroaromatic ring", or the “annelated ring system” may be substituted
by one or more substituents G, preferably selected from the group consisting of -F, -C=N, a C+-
Casalkyl group, which can optionally be substituted by E and or interrupted by D; a Cs-
Cascycloalkyl group, which can optionally be substituted by G and/or interrupted by D; a Cs-
Caoaryl group, preferably a Cs-Cqsaryl group, which can optionally be substituted by at least one
substituent G; or a heteroaryl group comprising 5 to 22, preferably 5 to 16, ring atoms, which
can optionally be substituted by at least one substituent G, interrupted by at least one of O, S, N
and NR®8%; or by a group of formula —(Ar')o-(Ar2)p-(Ard)4-A.

In a further embodiment, the “annelated ring system” in the definition of R' and R2 and/or R3 and
R* an/or R® and R® and/or R” and R8 is a (hetero)aromatic ring selected from (a), (b), or (c), pref-
erably (a),
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wherein

A2is O, S, NR? or CR%#RZ;

R?, R0, R and R'? are independently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can
optionally substituted by E and/or interrupted by D, Cs-Causcycloalkyl, which can optionally sub-
stituted by G and/or interrupted by D, Cs-Caaryl, which can optionally substituted by G, het-
eroaryl having 5 to 22 ring atoms, which can optionally substituted by G, or a group of formula -
(Art)o-(Ar?)p-(Aré)q-A;

* represents the carbon atoms of the basic skeleton.

The residues mentioned in the specification of the present application generally have the follow-
ing preferred meanings, if not defined differently in a specific residue:

A C¢-Cysalkyl group, which can optionally be substituted by at least one substituent E and/or
interrupted by D: preferably a C-Cqsalkyl group, which can optionally be substituted by at least
one substituent E and/or interrupted by D; more preferably a C4-Cqzalkyl group, which can op-
tionally be substituted by at least one substituent E and/or interrupted by D; even more prefera-
bly a C1-Csalkyl group, which can optionally be substituted by at least one substituent E and/or
interrupted by D; most preferably a C4-Csalkyl group, which can optionally be substituted by at
least one substituent E, or a C4-Csalkyl group, which is interrupted by O and can optionally be
substituted by at least one substituent E; even more preferably an unsubstituted C4-Csalkyl
group; further even more preferably an unsubstituted C4-Csalkyl group, e.g. methyl, ethyl, pro-
pyl, iso-propyl, sec-butyl, iso-butyl, or neopentyl. The alkyl groups may be linear or branched.

A C3-Cayscycloalkyl group, which can optionally be substituted by at least one substituent G
and/or interrupted by D: preferably a Cs-Czcycloalkyl group, which can optionally be substituted
by at least one substituent G and/or interrupred by D; more preferably a Cs-Cscycloalkyl group,
which can optionally be substituted by at least one substituent G; most preferably an unsubsti-
tuted Cs-Cscycloalkyl group, €.g. cyclohexyl or cyclopentyl.

A Cs-Coaryl group, preferably a Cs-Cqaaryl group, which can optionally be substituted by at least
one substituent G: preferably a Cs-Cqsaryl group, which can optionally be substituted by one or
two groups G; more preferably a phenyl group, which can optionally be substituted by one or
two groups G. Examples are phenyl, 4-methylphenyl, 4-methoxyphenyl,
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" % LN %
Il Ii] Il Il //)ij
N N N N or N ; naphthyl, especially 1-

naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, anthryl,
or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by at
least one substituent G, wherein G is preferably selected from a C-Csalkyl group, a Cs-
Cscycloalkyl group and a C¢-Cyfluoroalkyl group.

A heteroaryl group comprising 5 to 22, preferably 5 to 16, ring atoms, which can optionally be
substituted by at least one substituent G, interrupted by at least one of O, S, N and NR?®3; pref-
erably a heteroaryl group comprising 5 to 16 ring atoms, which can optionally be substituted by
one or two groups G, interrupted by at least one of O, S, N and NR85. Examples are 9H-
pyrido[2,3-blindolyl, benzofuro[2,3-b]pyridyl, benzothiopheno[2,3-b]pyridyl, 9H-pyrido[2,3-
clindolyl, benzofuro[2,3-c]pyridyl, benzothiopheno[2,3-c]pyridyl, furo[3,2-b:4,5-b"ldipyridyl, pyr-
rolo[3,2-b:4,5-b"ldipyridyl, thieno[3,2-b:4,5-b"[dipyridyl, thienyl, benzothiophenyl, dibenzothio-
phenyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isobenzofuranyl, dibenzofuranyl,
phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, bipyridyl, triazinyl, pyrazinyl, pyridazinyl,
indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, quinolizinyl, chinolyl, isochinolyl, phthalazinyl,
naphthyridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carbolinyl, benzotriazolyl, ben-
zoxazolyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phe-
nothiazinyl, isoxazolyl, furazanyl, benzimidazo[1,2-a]benzimidazo-5-yl, benzimidazo[1,2-
albenzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl, carbazolyl, 9-phenylcarbazolyl,
azabenzimidazo[1,2-albenzimidazolyl, benzimidazolyl, benzothiazolyl or phenoxazinyl, which
can be unsubstituted or substituted by at least one substituent G, wherein G is preferably se-
lected from a C¢+-Csalkyl group, a Cs-Cecycloalkyl group and a C+-Cafluoroalkyl group. More
preferably pyridyl, methylpyridyl, pyrimidinyl, pyrazinyl, carbazolyl, 9-phenylcarbazolyl, dibenzo-
furanyl, dibenzothiophenyl, indolyl, methylindolyl, benzofuranyl, benzothiophenyl, benzimidazol-
yl, benzothiazolyl, benzimidazo[1,2-albenzimidazo-5-yl, benzimidazo[1,2-a]benzimidazo-2-yl,
benzimidazolo[2,1-b][1,3]benzothiazolyl or azabenzimidazo[1,2-a]benzimidazolyl, which can
optionally be substituted by one, or more groups selected from a phenyl, C-Csalkyl group, a Cs-
Cscycloalkyl group, a C+-Cafluoroalkyl group, carbazolyl, benzimidazo[1,2-a]Jbenzimidazo-5-yl,
benzimidazo[1,2-a]benzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl and azabenzimid-
azo[1,2-a]benzimidazolyl;
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R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by D, Cs-

Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G;

10 preferably hydrogen; C-Cisalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl, hexyl, octyl, or 2-ethyl-hexyl; a phenyl group, which can optionally be substituted by
one or two groups G, such as phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-
naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or an-
thryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by
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at least one substituent G, wherein G is preferably selected from a C4-Csalkyl group, a Ca-
Cscycloalkyl group and a C¢-Cyfluoroalkyl group.

Halogen: F, Cl, Br, |, preferably F, Br or Cl, more preferably F.

A C¢-Cysalkoxy group: preferably a C4-Caalkoxy group, more preferably methoxy or ethoxy. The
alkyl groups may be linear or branched.

A C¢-Cyghaloalkyl group; preferably a fluoroC-Caalkyl group, more preferably CFs. The alkyl
groups may be linear or branched.

D is -CO-, -COO-, -S-, -SO-, -SO,-, -O-, -NR85-, -SiR7°R71-, -POR"2-, -CR83=CR®4-, or -C=C,
preferably -CO-, -COO-, -S-, -SO-, -SO,-, -O-, -NR®%5-, wherein R% is C4-Cysalkyl, such as me-
thyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or Cs-C1aaryl, such as

phenyl, tolyl, naphthyl, or biphenylyl, or heteroaryl having 5 to 22 ring atoms, such as, for exam-

R 24

|
N

N=N
- e
ple, benzimidazo[1,2-a]benzimidazo-2-yl ( ), carbazolyl, dibenzofuranyl, which

can be unsubstituted or substituted especially by Cs-C1oaryl, or Cs-Cioaryl, which is substituted
by Ci-Caalkyl; or heteroary having 5 to 16 ring atoms.

E is F; Cl; Br; CN; an unsubstituted Cs-Cozaryl group, a Cs-Cazaryl group, which is substituted by
F, C4-Cqsalkyl, C1-Cysalkyl which is interrupted by O; an unsubstituted heteroaryl group having 5
to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is substituted by F, -OR®9,
-SR59, -NR55R56, -COR®8, -COORS7, -CONRG®5RS6, -CN, or F; preferably an unsubstituted Cs-
Cisaryl group, a Cs-Csaryl group, which is substituted by F, or C4-Cqsalkyl; an unsubstituted
heteroaryl group having 5 to 16 ring atoms, or a heteroaryl group having 5 to 16 ring atoms,
which is substituted by F, or C4-Cysalkyl, —OR89; -SR69; -NR85R68; -COR®7; -COORS®7,
-CONR®R®8; or -CN; wherein R%, R%, R87 and R® are independently of each other C+-C1salkyl,
such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, hexyl, octyl, or 2-ethyl-
hexyl, or Cs-C1aaryl, such as phenyl, tolyl, naphthyl, or biphenylyl. More preferably, E is a Cs-
Cuaaryl group, a Cs-Caaryl group, which is substituted by F, or C4-Cysalkyl; 9H-pyrido[2,3-
blindolyl, benzofuro[2,3-b]pyridyl, benzothiopheno[2,3-b]pyridyl, 9H-pyrido[2,3-c]indolyl, benzo-
furo[2,3-c]pyridyl, benzothiopheno[2,3-c]pyridyl, furo[3,2-b:4,5-b[dipyridyl, pyrrolo[3,2-b:4,5-
b'ldipyridyl, thieno[3,2-b:4,5-bldipyridyl, thienyl, benzothiophenyl, dibenzothiophenyl, thi-
anthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isobenzofuranyl, dibenzofuranyl, phenoxy-
thienyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, bipyridyl, triazinyl, pyrazinyl, pyridazinyl, indoliz-
inyl, isoindolyl, indolyl, indazolyl, purinyl, quinolizinyl, chinolyl, isochinolyl, phthalazinyl, naphthy-
ridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carbolinyl, benzotriazolyl, benzoxazolyl,
phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl,
isoxazolyl, furazanyl, benzimidazo[1,2-albenzimidazo-5-yl, benzimidazo[1,2-albenzimidazo-2-yl,



WO 2016/125110 PCT/IB2016/050597
13

benzimidazolo[2,1-b][1,3]benzothiazolyl, carbazolyl, 9-phenylcarbazolyl, azabenzimidazo[1,2-
albenzimidazolyl, benzimidazolyl, benzothiazolyl or phenoxazinyl, which can be unsubstituted or
substituted by at least one substituent G, wherein G is preferably selected from a C4-Csalkyl
group, a Cs-Cscycloalkyl group and a C4-Cafluoroalkyl group. Even more preferably, E is a Ce-

5  Cuaaryl group, a Cs-Cyaaryl group, which is substituted by F, or C¢-Cqsalkyl; pyridyl,
methylpyridyl, pyrimidinyl, pyrazinyl, carbazolyl, 9-phenylcarbazolyl, dibenzofuranyl, dibenzothi-
ophenyl, indolyl, methylindolyl, benzofuranyl, benzothiophenyl, benzimidazolyl, benzothiazolyl,
benzimidazo[1,2-a]benzimidazo-5-yl, benzimidazo[1,2-albenzimidazo-2-yl, benzimidazolo[2,1-
b][1,3]benzothiazolyl or azabenzimidazo[1,2-a]benzimidazolyl, which can optionally be substi-

10 tuted by one, or more groups selected from a phenyl, C+-Csalkyl group, a Cs-Cscycloalkyl group,
a C4-Cafluoroalkyl group, carbazolyl, benzimidazo[1,2-a]benzimidazo-5-yl, benzimidazo[1,2-
albenzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl and azabenzimidazo[1,2-
albenzimidazolyl.

Most preferably, E is phenyl, tolyl, naphthyl, or biphenylyl, phenyl, tolyl, naphthyl, or biphenylyl

15
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R2 is hydrogen, C4-Czsalkyl, which can optionally substituted by E and/or interrup;ted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G;

preferably hydrogen; C-Cqsalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl, hexyl, octyl, or 2-ethyl-hexyl; a phenyl group, which can optionally be substituted by
one or two groups G, such as phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-
naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or an-
thryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by
at least one substituent G, wherein G is preferably selected from a C4-Csalkyl group, a Ca-
Cscycloalkyl group and a C¢-Cyfluoroalkyl group.

G is preferably E or —-OR89; -SR%?; -NR?%R®5; wherein R%, R%, and R®? are independently of
each other C4-Cqsalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl,
hexyl, octyl, or 2-ethyl-hexyl.

Ais is hydrogen, halogen, CN, NR26R27, C4-Cgsalkyl, which can optionally substituted by E
and/or interrupted by D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or inter-
rupted by D, Cs-Cazaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring
atoms, which can optionally substituted by G;
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wherein
R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which

can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
5  stituted by G;

more preferably, A is selected from the group consisting of H, CN :

>

—N

O Q*Q Qﬂ@ _N
< e

g J
H

Jeaiit s
) SRS

> >

10 , or

N
wherein

R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which

15 can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G.
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Ar', Arzand Ard are independently of each other a group of formula

Q2 o o o o™
&’&’ &’&’

@

l"\lN N—_N
NG T 0 0
&0 80 oo o

10  wherein
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R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-

stituted by G;
5 preferably, Ar', Arzand Ar? are independently of each other a group of formula

10 more preferably, Ar', Arzand Ard are independently of each other a group of formula

In the alkyl groups and aryl groups mentioned in the present application one or more hydrogen
15 atoms may be substituted by deuterium atoms.
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If a substituent occurs more than one time in a group, it can be different in each occurrence.

Benzimidazolodiazocines of formula (1)

In the benzimidazolodiazocines of formula (1),

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, CN, NR26R?7, C4-Czsalkyl, which can optionally substitut-
ed by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or
interrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

preferably hydrogen, F, Cl, Br, a C+-Csalkyl group, which is interrupted by O and can optionally
be substituted by at least one substituent E; a Cs-Cscycloalkyl group, which can optionally be
substituted by at least one substituent G; a Ce-C1aaryl group, which can optionally be substituted
by one or two groups G; a heteroaryl group comprising 5 to 16 ring atoms, which can optionally
be substituted by at least one group G, interrupted by at least one of O, S, N and NR?®3;

more preferably an unsubstituted C+-Csalkyl group; an unsubstituted Cs-Cscycloalkyl group; a
phenyl group, which can optionally be substituted by one or two groups G; a heteroaryl group
comprising 5 to 16 ring atoms, which can optionally be substituted by one or two groups G, in-
terrupted by at least one of O, S, N and NR55;

most preferably methyl, ethyl, propyl, iso-propyl, sec-butyl, iso-butyl, or neopentyl; cyclohexyl or
cyclopentyl; phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-naphthyl, or 2-
naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or anthryl, or tri-
phenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by at least
one substituent selected from a C4-Csalkyl group, a Cs-Cscycloalkyl group and a C+-
Cfluoroalkyl group; 9H-pyrido[2,3-b]indolyl, benzofuro[2,3-b]pyridyl, benzothiopheno[2,3-
b]pyridyl, 9H-pyrido[2,3-c]indolyl, benzofuro[2,3-c]pyridyl, benzothiopheno[2,3-c]pyridyl, fu-
ro[3,2-b:4,5-b"ldipyridyl, pyrrolo[3,2-b:4,5-b'|dipyridyl, thieno[3,2-b:4,5-b"|dipyridyl, thienyl, ben-
zothiophenyl, dibenzothiophenyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isoben-
zofuranyl, dibenzofuranyl, phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, bipyridyl, tria-
zinyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, quinolizinyl, chinolyl,
isochinolyl, phthalazinyl, naphthyridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carboli-
nyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phena-
zinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl, benzimidazo[1,2-a]benzimidazo-5-yl,
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benzimidazo[1,2-a]benzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl, carbazolyl, 9-
phenylcarbazolyl, azabenzimidazo[1,2-a]benzimidazolyl, benzimidazolyl, benzothiazolyl or phe-
noxazinyl, which can be unsubstituted or substituted by at least one substituent G, wherein G is
preferably selected from a C+-Csalkyl group, a Cs-Cscycloalkyl group and a C4-Cafluoroalkyl
group;

or

R' and R2 and/or R® and R* an/or R% and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bonded a 5-
or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated ring system,
wherein the (hetero)aromatic ring and/or annelated ring system can optionally be substituted by
G or by a group of formula —(Ar')o-(Ar2),-(Ar®)e-A; and the heteroatoms of the 5- or 6-membered
heteroaromatic ring are selected from N, S and O.

Preferably, the 5- or 6-membered (hetero)aromatic ring formed by R' and R? and/or R® and R4
together with the carbon atoms to which they are bonded is independently selected from

preferably, the 5- or 6-membered (hetero)aromatic ring formed by R® and R® and/or R” and Ré@

together with the carbon atoms to which they are bonded is independently selected from
11 *

L

8 13 *

Bz/B1 * 5/85\ * 9/B * R
| j B\ J BN\ 10| and

B\B4/*’ B * B * R14 R16
R'®
wherein
A' and B" are independently N, or CR"7,
AZ and B? are independently N, or CR'8,
A3 and B2 are independently N, or CR9,
A% and B* are independently N, or CR20,
A% and B® are independently N, or CR?1,
A8 and B® are independently O, S, NR?5 or CR26R27,
A7 and B7 are independently N, or CR%,
A8 and Bé are independently O, S, NR?5 or CR26R?7,
A? and B? are independently N, or CR%,

A0 and B'° are independently N, or CR#,
A" and B! are independently O, S, NR2> or CR%RZ7,
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wherein R?, R19, R, R12, R13, R4, R15, R16, R17, R18, R1%, R20, R21, R22, R2? and R4 are defined
above and preferred embodiments of R?, R1%, R!!, R12, R'3, R4 R'5, R16, R17, R'8, R19, R20, R21,
R22  R2 and R24 are defined below.

1 1

A B
2~ * 2.~ *
O
AN &+ BN &+

Preferably, and are independently selected from
17 17
R R
R18
N * R N R )\
RZO RZO
more preferably ’
R17
. R18
R19/ :: ( ]* * .
Q LN N and k\N '
RZO

1 1

A B
2 A, 2B,
AN &+ B~_ 4~

In a further embodiment, and are in addition to the groups mentioned
above independently selected from (a), (b), or (¢), preferably (a),

wherein

A2is O, S, NR? or CR%#RZ;
R?, R0, R and R'? are independently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can
optionally substituted by E and/or interrupted by D, Cs-Causcycloalkyl, which can optionally sub-
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stituted by G and/or interrupted by D, Cs-Caaryl, which can optionally substituted by G, het-
eroaryl having 5 to 22 ring atoms, which can optionally substituted by G, or a group of formula -
(Art)o-(ArZ)p-(Ard)g-A

* represents the carbon atoms of the basic skeleton;

preferably, one or two of R and R?, R® and R4, R® and R, and R” and R®8, more preferably one
or two of R' and R?, and R?® and R?, most preferably both, R and R2, and R3 and R#4, are inde-
pendently selected from (a), (b), or (c), preferably (a), and the others of R' and R2, R® and R?,
R5 and RS, and R” and Ré, preferably R and R?, and R” and Ré,

are

in the case of R' and R2, R3 and R4,

independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

5 AS Rg
A *Ag/ j*
|| j J oll, ana O )
, A , A R R

and/or
in the case of R® and R® and/or R” and R¢,
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

/B * R
9
BH j B\\ 10| and O
’ ’ B * R14 R16

Most preferably, R' and R2, and R® and R* form a (hetero)aromatic ring selected from (a), (b), or
(c), preferably (a), and R% and R?, and R” and R& form a 5- or 6-membered (hetero)aromatic ring
1
B

2B,
B|3| \j
B iz
\B4
/ \ *
A\ j

Preferably, are independently selected from



WO 2016/125110

R21
N
—~I /7 I
S S
— —
R2221 R22
R
/N\
25 —~ 25
RZ_N R—N J
— N
R22
preferably

*

N
sy I / T~
— P
/N\ *
(T
— N *

*

A B,

9 9

A ] B\ ]
A and B

Preferably,

PCT/IB2016/050597

23
=21
s\’Nj oij o'N;
| R§21 R22 21
R
O/N\ 25 N\>j R27>%:|
\N/ N= R26R22

morc

are independently selected from

S S 0 0 S
N@ RZL@ RZL@ N \\J R23—<\N]
R24 rR% rR* R

25

25
\ \
RZL@ rR? |
\ N\
R24 N
/S * S * O
‘U
R25 25
\ AR\
N N

R25\ R25\ st R
/N /N R2L<j| *
N TN :

; more preferably
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Preferably,

R
R1 4
15
R , more
preferably
> 25 27
R R
S O . \ st
* | N . *
| * | and O .
wherein

* represents the carbon atoms of the basic skeleton.

R®, R10, R", R12, R, R4, R'5, R16, R'7, R'8, R'9, R%, R2!, R22, R% and R?* are independently
hydrogen, halogen, CN, NR26RZ7, C;-Czsalkyl, which can optionally substituted by E and/or inter-
rupted by D, C3-Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Ce-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G, or a group of formula —(Ar").-(Ar2),-(Ard)s-A; or

R? and R'°, R'7 and R8¢, R'® and R'?, R'" and R2°, and/or R%® and R%4, preferably R'” and R'8,
R'8 and R'?, and/or R'® and R2°, independently of each other form together with the carbon at-
oms to which they are bonded a 5- or 6-membered (hetero)aromatic ring, which can optionally
be part of an annelated ring system, wherein the (hetero)aromatic ring and/or annelated ring
system can optionally be substituted by G or by a group of formula —(Ar").-(Ar2),-(Ar®)4-A; and
the hetero atoms of the 5- or 6-membered heteroaromatic ring are selected from N, S and O;
and

R25’ R26, R27

are independently hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupt-
ed by D, C3-Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Ce-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G.
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In a further embodiment, R?, R0, R, R12, R13, R4, R15, R16, R17 R18, R1¢, R20, R21 R?2 R2 and
R24 are independently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can optionally substi-
tuted by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G
and/or interrupted by D, Cs-Cyaryl, which can optionally substituted by G, heteroaryl having 5 to
22 ring atoms, which can optionally substituted by G, or a group of formula —(Ar")o-(Ar2),-(Ard)q-
A;

and

R2 R26, RZ

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or interrupt-
ed by D, Cs-Czscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G.

Preferab|y, RQ, R10, R11, R12, R13, R14, R15, R16, R17, R18, R19, RZO, R21, R22, R23 and R24

are independently hydrogen, F, Cl, Br, a C4-Csalkyl group, which is interrupted by O and can
optionally be substituted by at least one substituent E; a Cs-Cscycloalkyl group, which can op-
tionally be substituted by at least one substituent G; a Cs-C1aaryl group, which can optionally be
substituted by one or two groups G; a heteroaryl group comprising 5 to 16 ring atoms, which
can optionally be substituted by at least one group G, interrupted by at least one of O, S, N and
NRG85; or a group of formula —(Ar')o-(Ar2),-(Ard)s-A;

more preferably an unsubstituted C+-Csalkyl group; an unsubstituted Cs-Cscycloalkyl group; a
phenyl group, which can optionally be substituted by one or two groups G; a heteroaryl group
comprising 5 to 16 ring atoms, which can optionally be substituted by one or two groups G, in-
terrupted by at least one of O, S, N and NR85; or a group of formula —(Ar')o-(Ar2)s-(Ard)q-A;

most preferably methyl, ethyl, propyl, iso-propyl, sec-butyl, iso-butyl, or neopentyl; cyclohexyl or
cyclopentyl; phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-naphthyl, or 2-
naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or anthryl, or tri-
phenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by at least
one substituent selected from a C4-Csalkyl group, a Cs-Cscycloalkyl group and a C+-
Cfluoroalkyl group; 9H-pyrido[2,3-b]indolyl, benzofuro[2,3-b]pyridyl, benzothiopheno[2,3-
b]pyridyl, 9H-pyrido[2,3-c]indolyl, benzofuro[2,3-c]pyridyl, benzothiopheno[2,3-c]pyridyl, fu-
ro[3,2-b:4,5-b"ldipyridyl, pyrrolo[3,2-b:4,5-b'|dipyridyl, thieno[3,2-b:4,5-b"|dipyridyl, thienyl, ben-
zothiophenyl, dibenzothiophenyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isoben-
zofuranyl, dibenzofuranyl, phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, bipyridyl, tria-
zinyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, quinolizinyl, chinolyl,
isochinolyl, phthalazinyl, naphthyridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carboli-
nyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phena-
zinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl, benzimidazo[1,2-a]benzimidazo-5-yl,
benzimidazo[1,2-a]benzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl, carbazolyl, 9-
phenylcarbazolyl, azabenzimidazo[1,2-a]benzimidazolyl, benzimidazolyl, benzothiazolyl or phe-
noxazinyl, which can be unsubstituted or substituted by at least one substituent G, wherein G is
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preferably selected from a C+-Csalkyl group, a Cs-Cscycloalkyl group and a C4-Cafluoroalkyl
A

group; or ;

even more preferably phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-
naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or an-
thryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by
at least one substituent selected from a C¢-Csalkyl group, a Cs-Cscycloalkyl group and a C+-
Cfluoroalkyl group; pyridyl, methylpyridyl, pyrimidinyl, pyrazinyl, carbazolyl, 9-phenylcarbazolyl,
dibenzofuranyl, dibenzothiophenyl, indolyl, methylindolyl, benzofuranyl, benzothiophenyl, ben-
zimidazolyl, benzothiazolyl, benzimidazo[1,2-albenzimidazo-5-yl, benzimidazo[1,2-
albenzimidazo-2-yl, benzimidazolo[2,1-b][1,3]benzothiazolyl or azabenzimidazo[1,2-
albenzimidazolyl, which can optionally be substituted by one, or more groups selected from a
phenyl, C-Csalkyl group, a Cs-Cscycloalkyl group, a C4-Cafluoroalkyl group, carbazolyl, benzim-
idazo[1,2-a]benzimidazo-5-yl, benzimidazo[1,2-albenzimidazo-2-yl, benzimidazolo[2,1-
b][1,3]benzothiazolyl and azabenzimidazo[1,2-a]benzimidazolyl; or;

@QA A
%)

S

O

Most preferably phenyl, tolyl, naphthyl, or biphenylyl; phenyl, tolyl, naphthyl, or biphenylyl which

is each substituted by F, or C4-Cysalkyl;
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R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G;

preferably hydrogen; C-Cqsalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl, hexyl, octyl, or 2-ethyl-hexyl; a phenyl group, which can optionally be substituted by
one or two groups G, such as phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-
naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or an-
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thryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by
at least one substituent G, wherein G is preferably selected from a C4-Csalkyl group, a Ca-
Cscycloalkyl group and a C¢-Cyfluoroalkyl group.

Preferably, R%5, R?6, R27

are independently hydrogen; C4-C4salkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
isobutyl, sec-butyl, hexyl, octyl, or 2-ethyl-hexyl; a phenyl group, which can optionally be substi-
tuted by one or two groups G, such as phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, es-
pecially 1-naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl,
or anthryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substi-
tuted by at least one substituent G, wherein G is preferably selected from a C¢-Csalkyl group, a
Cs-Cecycloalkyl group and a C+-Cafluoroalkyl group.

In a preferred embodiment of the present invention, the residue R' is identical with R* and the
residue R? is identical with R3, respectively in the case that R and R? as well as R? and R* form
together with the carbon atoms to which they are bonded a 5- or 6-membered (hetero)aromatic
ring as defined above, said (hetero)aromatic rings are identical.

In a further preferred embodiment of the present invention, the residue R® is identical with R”
and the residue RS is identical with R8, respectively in the case that R® and R® as well as R” and
R® form together with the carbon atoms to which they are bonded a 5- or 6-membered (het-
ero)aromatic ring as defined above, said (hetero)aromatic rings are identical.

In a further preferred embodiment of the present invention, the residue R is identical with R*
and the residue R? is identical with R’, and the residue RS is identical with R” and the residue R®
is identical with R8; respectively in the case that R and R? as well as R® and R?* form together
with the carbon atoms to which they are bonded a 5- or 6-membered (hetero)aromatic ring as
defined above, said (hetero)aromatic rings are identical; and in the case that R® and R® as well
as R” and Ré® form together with the carbon atoms to which they are bonded a 5- or 6-
membered (hetero)aromatic ring as defined above, said (hetero)aromatic rings are identical.

The group of formula —(Ar")o-(Ar?)p-(Ar®)s-A:

Groups A and Ar', ArZ and Ar? of the group of formula —(Ar')e-(Ar2),-(Aré)«-A and preferred
groups of formula —(Ar').-(Ar2),-(Ar®)q-A have been defined above.

0, p and q in the group of formula —(Ar').-(Ar2),-(Ar®)s-A are independently of each othe 0 or 1.
Preferably, o and p are independently of each other O or 1 and qis 0

Most preferably, the groups and indices in the group of formula —(Ar')o.-(Ar2),-(Ard)-A have the
following meanings:

0, p are independently of each other 0 or 1;

qis 0;
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A is phenyl, tolyl, naphthyl, or biphenylyl; phenyl, tolyl, naphthyl, or biphenylyl which is each

0O O

<IN

substituted by F, or C4-Csalkyl; ,

R28

is hydrogen, C+-Czsalkyl, which can optionally substituted by E and/or interrupted by D, Cs-

Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-

stituted by G;



WO 2016/125110 PCT/IB2016/050597
30

preferably hydrogen; C-Cqsalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl, hexyl, octyl, or 2-ethyl-hexyl; a phenyl group, which can optionally be substituted by
one or two groups G, such as phenyl, 4-methylphenyl, 4-methoxyphenyl, naphthyl, especially 1-
naphthyl, or 2-naphthyl, biphenylyl, terphenylyl, pyrenyl, 2- or 9-fluorenyl, phenanthryl, or an-

5 thryl, or triphenylenyl (especially triphenylen-2-yl), which may be unsubstituted or substituted by
at least one substituent G, wherein G is preferably selected from a C4-Csalkyl group, a Ca-
Cscycloalkyl group and a C¢-Cyfluoroalkyl group;

Ar', Arzand Ar® are independently of each other a group of formula

preferably, Ar', Arzand Ard are independently of each other a group of formula

Do oo

1
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pecially preferred groups —(Art)o-(Ar2)p-(Ard)-A are:

Examples for es
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Preferably, the compound of formula (1) is selected from a compound of formula (1.1) and (1.2):

3 .2
4/A—A\A1
A\ y Rs
N
~ N
R—Q §R5
N N and
R8 N\ 4
Co B o
5 A=A

wherein preferred groups A', A2, A3, A*, B1, B2, B® and B4 and preferred residues R, R?, R3, R4,
R?, R8, R” and R® are mentioned above; and

wherein each group A', A2, A3, A4, B, B2, B3 is mentioned more than one time in formulae (1.1)
10 and (I.2) and may be the same or different.

More preferably, the compound of formula (1) is a compound of formula (la):
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wherein each group A', A2, A3, A4, BY, B2, B3 and B* is mentioned more than one time in formula
(la) and may be the same or different.

More preferably, the compound of formula (la) is selected from the following compounds:
R19 R18
3 .2 19
R"7 /A—A\ R20 R

20 3 4
R B4:B\Bz A\ /A R18
1 N\ N/%/E’;q R"Z N\ N
A =N N =N R
B\, o (laa) R
B?>:B17 R A1/ \A4 (lab)
R R19 R%° \AZZAé
19

wherein each group A', A2, A3, A4, B, B2, B3 and B* and each residue R, R'8, R'®, R20 is men-
tioned more than one time in formulae (laa) and (lab) and may be the same or different.

Most preferably, the compound of formula (1) is the following compound:
19 8

R1

R17R20 R
20
R R
R17 N
N — R'7
RS N
20 (lac)
20
R R
R17 18 19
10 R R

wherein each residue R'7, R18, R'9, R2 js mentioned more than one time in formula (lac) and
may be the same or different.

Especially preferably, the compound of formula (1a) is selected from the following compounds

N = N
R“’@ " (1act) (lac2
R19
N =\ N =N
(lac3) (lac4)
19

15
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wherein each residue R'® and R'? is mentioned more than one time in formulae (lac1), (lac2),
(lac3), (lac4) may be the same or different.

In a further embodiment, the compound (la) has the following formula:

10

wherein both residues R are identical

Compound R18

A-1 H

A-2 CN

15
wherein both residues R' are identical and are a group of formula —(Ar)o-(Ar2)e-(Ar3)q-A :

20
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Compound —(Ar)o-(Ar2)p-(Aré)q- A
B-1 - O
B-2 - o)
J
B-3 - :
@)
J
B-4 - o
g
B-5 -
N
(
B-6 -
B-7 _
B-8 _
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B-10 NN
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N
~N
N@
B-11 N
N\
o
N
<
B-12 N
N=N( 2
N
N =N
B-13 Q
)
B-14 Q
N
U\N( O
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B-15

B-16

B-17

B-18

B-19

B-20

B-21

B-22
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B-30

B-31

B-32

B-33

B-34

B-35

B-36
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B-37

B-38

B-39

B-40

B-41

B-42

B-43

B-44
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B-45

Vi

B-46

wherein both residues R" are identical

Compound

R12

R13

CA1

H

C-2

CN

CN

wherein both residues R" are identical and are a group of formula —(Ar')o-(Ar2)s-(Ar3)q-A :

Compound

—(Aro-(A)p-(Ar)

D-1
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D-16

D-17

D-18

D-19

D-20

D-21

D-22

D-23
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D-31

D-32

D-33
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D-38
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D-41
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D-43

D-44
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D-46
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R18 N R11'
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N
28
R
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wherein both residues R'" are identical; both residues R8 are identical; both residues R'® are

identical; and both residues R2% are identical;

Compound R18, R1® R25 R
E-1 H, H ; :
N
O &
E-2 CN, H 5 i
N
O &
E-3 H, CN ; i
N
O &
E-4 H, H ; Ph
E-5 CN, H | Ph
E-6 H, CN | Ph
O Y
Ph :
E-7 H, H ,\q i
I
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CN, H

H, CN

CN, H

H, CN

H, H

CN, H

H, CN

CN, H

H, CN

E-8

E-9

E-10

E-11

E-12
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E-14

E-15

E-16

E-17

E-18
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Phw N _ Ph
E-30 H, CN 3OS N
e
Ph .
E-31 H, H ]
N
\(N\\(© / \
.
Ph
E-32 CN, H 3 :
e /\
v
Ph
E-33 H, CN 3 :
W .
-
Ph
E-34 H, H s on
N
\WN\\( i
NY/N \
Ph
E-35 CN, H Z”
YN\YG
N‘ _N )
Ph
E-36 H, CN 1 Zh
yN\YQ
N‘ _N \\
Ph

Examples for particularly preferred compounds are:
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Further examples are:
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Process for the preparation of the compounds of formula (1)

The compounds of formula (1)

RG

%

7 N= N/\gi 5

R‘g\/"S_XQN R ()
R® 2

>

R3
R R’

wherein
R1, R2, R3, R4, RS, R85, R”and R? are defined above,

can for example prepared by the following process:

PCT/IB2016/050597
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0O
2
R R
| O
"“NH
a) reacting a compound of formula 2 (I and a compound of formula
0O
0 R1 N R4
4
R R |
R* NH

(IP) with a base in a solvent to obtain a compound of formula
(1), wherein R is C¢-Cqsalkyl; C1-Cqsalkyl which is interrupted by —O-; Cs3-Cascycloalkyl; Ce-Cqs
aryl group; or a heteroaryl group having 5 to 22 ring atoms;

b) reacting the compound of formula (lll) with a base and a compound of formula

RS RY
NO NO
re—(/ i e
X (IV) and a compound of formula X (IV"), wherein Xis F, ClI, Br
RS
RJNgZ
RN\ R
|
2 3
R N R7
o) / R
NO; 6
or |, in a solvent to obtain a compound of formula R V);

¢1) reacting the compound of formula (V) with a reducing agent in a solvent to obtain a com-
pound of formula (I); or
¢2) reducing the compound of formula (V) with Hz in the presence of Pd/C in a solvent to obtain

RN\ R
|
2 3
R N R
o) / R
H,N 6
a compound of formula R (V) and

d) reacting the compound of formula (V1) with an catalyst to obtain a compound of formula (1).

Step a)
The reaction conditions, bases and solvents suitable are known by a person skilled in the art.
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Suitable bases are preferably selected from the group consisting of alkali metal and alkaline
earth metal hydroxides such as NaOH, KOH, Ca(OH),, alkali metal hydrides such as NaH, KH,
alkali metal amides such as NaNH», alkali metal or alkaline earth metal carbonates such as
K2CO3 or Cs,COs, alkali metal phosphates, such as, for example, KsPO4, and alkali metal alkox-
ides such as NaOMe, NaOEt. In addition, mixtures of the aforementioned bases are suitable.

More preferred bases are NaH, KOH, NaOH, K;PO,, K,CO;, Cs,COs;. Particular preference is
given to KzPO4 and KyCOs.

Suitable solvents are, for example, (polar) aprotic solvents such asTHF, dioxane, dimethyl sul-
foxide (DMSO), dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), tridecane or alco-
hols.

More preferred solvents are THF, dioxane, DMFand DMSO.

The temperature is preferably in the range from room temperature (r.t.) (i.e. 20°C) to 100°C.

The reaction time is preferably from 4 to 42 hours.

Step b)
The reaction conditions, bases and solvents suitable are known by a person skilled in the art.

Suitable bases are preferably selected from the group consisting of alkali metal and alkaline
earth metal hydroxides such as NaOH, KOH, Ca(OH),, alkali metal hydrides such as NaH, KH,
alkali metal amides such as NaNH», alkali metal or alkaline earth metal carbonates such as
K2CO3 or Cs,COs, alkali metal phosphates, such as, for example, KsPO4, and alkali metal alkox-

ides such as NaOMe, NaOEt. In addition, mixtures of the aforementioned bases are suitable.

More preferred bases are NaH, KOH, NaOH, K;PO,, K,CO; and Cs,CO3. Particular preference is
given to KzPO4 and KyCOs.

Suitable solvents are, for example, (polar) aprotic solvents such asTHF, dioxane, dimethyl sul-
foxide (DMSO), dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), tridecane or alcohols
such as ethanol.

More preferred solvents are THF, dioxane, DMFand DMSO.

The temperature is preferably in the range from room temperature (i.e. 20°C) to 100°C.

The reaction time is preferably from 4 to 12 hours.

Step c1)
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The reaction conditions and solvents suitable are known by a person skilled in the art. Preferred
reducing agents are for example Sn, Zn and/or Fe

Preferred solvents are alcohols such as ethanol, isopropanol, acetic acid; and/or THF. Addition-
ally, HCI (concentrated or diluted with water) may be added.

The temperature ranges from r.t. to 130°C and the reaction last between 4 to 12h

Step ¢2)

The reaction conditions and solvents suitable are known by a person skilled in the art.
Suitable solvents are, for example, (polar) aprotic solvents such asTHF, dioxane, dimethyl sul-
foxide (DMSO), dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), tridecane or alcohols
such as ethanol.

Preferred solvents are THF, ethanol and/or DMF.

The temperature is preferably in the range from room temperature (i.e. 20°C) to 50°C.

The reaction time is preferably from 1 to 5 hours.

The pressure of hydrogen is preferably from 1 to 5 bars.

Step d)

The reaction conditions, acids and solvents suitable are known by a person skilled in the art.

Preferred catalysts are p-touencsulfonic acid, polyphosphoric acid and/or trifluoroacetic acid.
Step d) may be carried out in the presence or in absence of a solvent.

In the case that a solvent is used, preferred solvents are aromatic solvents such as toluene and
xylene.

The temperature is preferably in the range from room temperature (i.e. 20°C) to 150°C.

The reaction time is preferably from 5 to 12 hours.

Compounds of the general formula (1)

The present invention further relates to compounds of formula (1),
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wherein

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, CN, NR26RZ7, C4-Czsalkyl, which can optionally substitut-
ed by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or
interrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

or

R' and R2 and/or R® and R* an/or R% and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bonded a 5-
or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated ring system,
wherein the (hetero)aromatic ring and/or annelated ring system can optionally be substituted by
G, or by a group of formula —(Ar')o-(Ar2)s-(Ar®)e-A; and the hetero atoms of the 5- or 6-
membered heteroaromatic ring are selected from N, S and O;

R26, R27

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or interrupt-
ed by D, Cs-Czscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G;

* represents the carbon atoms of the basic sceleton;

D is -CO-, -COO-, -S-, -SO-, -SO5-, -O-, -NR®5-, -SiR7°R71-, -POR72-, -CR%=CR?®-, or -C=C-,

E is F; CI; Br; CN; an unsubstituted Cs-Cazaryl group, a Cs-Cazaryl group, which is substituted by
F, Cs-Cqsalkyl, C1-Cysalkyl which is interrupted by O; an unsubstituted heteroaryl group having 5
to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is substituted by F, -OR®9,
-SR89, -NR85R686, -COR®8, -COORS7, -CONRB5R86, -CN, or F;

G is E, —-OR®9; -SR8%; -NR55R&6;

R% and R® are independently of each other H, Cs-C1saryl; Cs-C1saryl which is substituted by C-
Cisalkyl, or C4-Cysalkoxy; C+-Cqsalkyl; or C+-Cqsalkyl which is interrupted by —O-;

R and R® are independently of each other a Cs-C1saryl group; a Cs-C1saryl which is substitut-
ed by C4-Csalkyl, or C+-Csalkoxy; a C¢+-Cqsalkyl group; or a C4-Cqsalkyl group, which is inter-
rupted by -O-; or

R85 and R® together form a five or six membered ring,

R is a Cs-C1saryl group; a Cs-Cisaryl group, which is substituted by C+-Cqsalkyl, or C+-
Cisalkoxy; a C4-Cqsalkyl group; or a C¢+-Cqsalkyl group, which is interrupted by —O-,

R®8 is H; a Cs-C1saryl group; a Cs-Cysaryl group, which is substituted by C4-Cysalkyl, or Cs-
Cisalkoxy; a C4-Cqsalkyl group; or a C¢+-Cqsalkyl group, which is interrupted by —O-,

R% is a Cs-Csaryl; a Cs-Cysaryl, which is substituted by C+-Cqsalkyl, or C4-Cisalkoxy; a C+-
Cisalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,
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R0 and R’ are independently of each other a C4-Cqsalkyl group, a Cs-C+saryl group, or a Ce-
Cqsaryl group, which is substituted by C¢+-Cqsalkyl, and

R72 js a C1-Cysalkyl group, a Cs-C1saryl group, or a Cs-Cysaryl group, which is substituted by C+-
C1galkyl;

Ar', Ar2, Ard are are independently of each other a Cs-Czsarylen group, which can optionally be
substituted by G, or a C,-Csgheteroarylen group, which can optionally be substituted by G;

A is hydrogen, halogen, CN, NR2R?7, C4-Cysalkyl, which can optionally substituted by E and/or
interrupted by D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by
D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G;

ois 0, or1;

pis 0, or 1; and

qis 0,0r 1;

with the proviso that the following compounds are excluded:

N/\

e @@ O

and

>

Preferably, R and R2 and/or R3® and R4
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

A
/'A\8 * Rg ‘ .
* 9
Al j T e O
A\ 4 A * R1o R12

and/or
R® and R®¢ and/or R” and R8

independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from
11 *

g
13 *
12-BY 9/88 . R
|| j B\\ 10| and
’ ’ B * R14 R16

R15

wherein
A' and B" are independently N, or CR'7,
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AZ and B? are independently N, or CR'8,

A3 and B2 are independently N, or CR9,

A% and B* are independently N, or CR20,

A% and B® are independently N, or CR21,

A8 and B® are independently O, S, NR? or CR26R27,

A7 and B7 are independently N, or CR%,

A8 and Bé are independently O, S, NR? or CR26R27,

A? and B? are independently N, or CR2%,

A0 and B'° are independently N, or CR#,

A" and B! are independently O, S, NR2> or CR%RZ7,

R9, R0, R, R12, R13, R, R15, R16, R7, R18, R19, R20, R21, R22, R23 and R** are independently
hydrogen, halogen, CN, NR2R?7, C4-Cssalkyl, which can optionally substituted by E and/or inter-
rupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can
optionally substituted by G, or a group of formula —(Ar')s-(Ar2),-(Ard)4-A; or

R? and R0, R'” and R, R'® and R'%, R and R, and/or RZ and R?4, preferably R'” and RS,
R'® and R'9, and/or R'® and R2°, independently of each other form together with the carbon at-
oms to which they are bonded a 5- or 6-membered (hetero)aromatic ring, which can optionally
be part of an annelated ring system, wherein the (hetero)aromatic ring and/or annelated ring
system can optionally be substituted by G or by a group of formula —(Ar')o-(Ar2)e-(Aré).-A; and
the hetero atoms of the 5- or 6-membered heteroaromatic ring are selected from N, S and O;
R2 is hydrogen, C4-Cazsalkyl, which can optionally substituted by E and/or interrupted by D, Ca-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-Coaryl, which
can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can optionally sub-
stituted by G.

More preferably, R?, R19, R11, R12, R13, R4 R5, R16, R17, R18, R19, R0, R2!, R22, R%® and R%* are
independently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can optionally substituted by
E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or inter-
rupted by D, Cs-Caaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring
atoms, which can optionally substituted by G, or a group of formula —(Ar")e-(Ar2),-(Ard)s-A.

Further preferably, the present invention relates to compounds of formula (1), wherein

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, NR?R27 C4-Cysalkyl, which can optionally substituted by
E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted by G and/or inter-
rupted by D, Cs-Czzaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring
atoms, which can optionally substituted by G;

or

R' and R2 and/or R® and R* an/or R® and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bonded a 5-
or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated ring system,
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wherein the (hetero)aromatic ring and/or annelated ring system can optionally be substituted by
G, or by a group of formula —(Ar')o-(Ar2)s-(Ar®)e-A; and the hetero atoms of the 5- or 6-
membered heteroaromatic ring are selected from N, S and O.

Preferred residues and groups in the compounds of formula (1) as well as preferred compounds
of formula (I) are mentioned above.

Organic Electronic Devices

It has been found that the compounds of the formula (1) are particularly suitable for use in appli-
cations in which charge carrier conductivity is required, especially for use in organic electronics
applications (organic electronic devices), for example selected from switching elements such as
organic transistors, e.g. organic FETs and organic TFTs, organic solar cells and organic light-
emitting diodes (OLEDs), the compounds of the formula (1) being particularly suitable in OLEDs
for use as matrix material in a light-emitting layer and/or as electron transport material and/or as
hole transport material (i.. as charge transport material), and/or as charge/exciton blocker ma-
terial, especially in combination with a phosphorescence emitter. In the case of use of the com-
pounds of the formula (1) in OLEDs, OLEDs which have good efficiencies and a long lifetime
and which can be operated especially at a low use and operating voltage are obtained. The
compounds of the formula (I) are suitable especially for use as matrix and/or charge/exciton
transport materials for blue and green emitters, for example light blue or deep blue emitters,
these being especially phosphorescence emitters. Furthermore, the compounds of the formula
(1) can be used as conductor/complementary materials in organic electronics applications se-
lected from switching elements and organic solar cells.

The compounds of the formula (1) can be used as matrix material and/or charge transport mate-
rial (charge conductor material) and/or charge/exciton blocker material. The present invention
therefore preferably concerns organic electronic devices, especially OLEDS, comprising a com-
pound of the formula (1) as matrix material and/or charge transport material and/or
charge/exciton blocker material.

In the emission layer or one of the emission layers of an OLED, it is also possible to combine an
emitter material with a matrix material of the compound of the formula (1) and a further matrix
material (second host). This may achieve a high quantum efficiency of this emission layer.

Itis likewise possible that the compounds of the formula (1) are present in the light-emitting layer
(preferably as matrix material) and in the charge transport layers (as charge transport material)
and/or additionally in the charge/exciton blocker layer (charge/exciton blocker material) of an
OLED.

Suitable structures of organic electronic devices are known to those skilled in the art and are
specified below.
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The organic transistor generally includes a semiconductor layer formed from an organic layer
with charge transport capacity; a gate electrode formed from a conductive layer; and an insulat-
ing layer introduced between the semiconductor layer and the conductive layer. A source elec-
trode and a drain electrode are mounted on this arrangement in order thus to produce the tran-
sistor element. In addition, further layers known to those skilled in the art may be presentin the
organic transistor.

The organic solar cell (photoelectric conversion element) generally comprises an organic layer
present between two plate-type electrodes arranged in parallel. The organic layer may be con-
figured on a comb-type electrode. There is no particular restriction regarding the site of the or-
ganic layer and there is no particular restriction regarding the material of the electrodes. When,
however, plate-type electrodes arranged in parallel are used, at least one electrode is preferably
formed from a transparent electrode, for example an ITO electrode or a fluorine-doped tin oxide
electrode. The organic layer is formed from two sublayers, i.e. a layer with p-type semiconductor
properties or hole transport capacity, and a layer formed with n-type semiconductor properties
or charge transport capacity. In addition, it is possible for further layers known to those skilled in
the art to be present in the organic solar cell. The layers with charge transport capacity may
comprise the compounds of formula (1).

The present invention further provides an organic light-emitting diode (OLED) comprising an
anode (a) and a cathode (i) and a light-emitting layer (e) arranged between the anode (a) and
the cathode (i), and if appropriate at least one further layer selected from the group consisting of
at least one blocking layer for holes/excitons, at least one blocking layer for electrons/excitons,
at least one hole injection layer, at least one hole transport layer, at least one electron injection
layer and at least one electron transport layer, wherein the at least one compound of the formu-
la () is present in the light-emitting layer (e) and/or in at least one of the further layers. The at
least one compound of the formula (1) is preferably present in the light-emitting layer and/or the
charge transport layers and/or charge/exciton blocker layer.

The present invention further relates to a charge transport layer, a charge/exciton blocker layer,
or an emitting layer comprising a compound of formula (1). Preferred compounds of formula (1)
are mentioned above.

The present application further relates to a light-emitting layer comprising a compound of formu-
la (I) as host material, preferably in combination with a phosphorescent emitter. Preferred com-
pounds of formula (I) are mentioned above and preferred phosphorescent emitter are men-
tioned below.

Structure of the inventive OLED
The inventive organic light-emitting diode (OLED) thus generally has the following structure: an

anode (a) and a cathode (i) and a light-emitting layer (e) arranged between the anode (a) and
the cathode (i).
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The inventive OLED may, for example - in a preferred embodiment - be formed from the follow-
ing layers:

1.  Anode (a)

Hole transport layer (¢)

Light-emitting layer (e)

Blocking layer for holes/excitons (f)

Electron transport layer (qg)

Cathode (i)

2

Layer sequences different than the aforementioned structure are also possible, and are known
to those skilled in the art. For example, it is possible that the OLED does not have all of the lay-
ers mentioned; for example, an OLED with layers (a) (anode), (€) (light-emitting layer) and (i)
(cathode) is likewise suitable, in which case the functions of the layers (¢) (hole transport layer)
and (f) (blocking layer for holes/excitons) and (g) (electron transport layer) are assumed by the
adjacent layers. OLEDs which have layers (a), (c), (e) and (i), or layers (a), (e), (f), (g) and (i),
are likewise suitable. In addition, the OLEDs may have a blocking layer for electrons/excitons
(d) between the hole transport layer (¢) and the Light-emitting layer (e).

It is additionally possible that a plurality of the aforementioned functions (electron/exciton block-
er, hole/exciton blocker, hole injection, hole conduction, electron injection, electron conduction)
are combined in one layer and are assumed, for example, by a single material present in this
layer. For example, a material used in the hole transport layer, in one embodiment, may simul-
taneously block excitons and/or electrons.

Furthermore, the individual layers of the OLED among those specified above may in turn be
formed from two or more layers. For example, the hole transport layer may be formed from a
layer into which holes are injected from the electrode, and a layer which transports the holes
away from the hole-injecting layer into the light-emitting layer. The electron conduction layer
may likewise consist of a plurality of layers, for example a layer in which electrons are injected
by the electrode, and a layer which receives electrons from the electron injection layer and
transports them into the light-emitting layer. These layers mentioned are each selected accord-
ing to factors such as energy level, thermal resistance and charge carrier mobility, and also en-
ergy difference of the layers specified with the organic layers or the metal electrodes. The per-
son skilled in the art is capable of selecting the structure of the OLEDs such that it is matched
optimally to the organic compounds used in accordance with the invention.

In a preferred embodiment the OLED according to the present invention comprises in this order:
(a) an anode,

(b) optionally a hole injection layer,

(c) optionally a hole transport layer,

(d) optionally an exciton blocking layer

(e) an emitting layer,

(f) optionally a hole/ exciton blocking layer
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(g) optionally an electron transport layer,
(n) optionally an electron injection layer, and
(i) a cathode.

In a particularly preferred embodiment the OLED according to the present invention comprises
in this order:

(a) an anode,

(b) optionally a hole injection layer,

(¢) a hole transport layer,

(d) an exciton blocking layer

(e) an emitting layer,

(f) a hole/ exciton blocking layer

(g) an electron transport layer, and

(n) optionally an electron injection layer, and
(i) a cathode.

The properties and functions of these various layers, as well as example materials are known
from the prior art and are described in more detail below on basis of preferred embodiments.

Anode (a):

The anode is an electrode which provides positive charge carriers. It may be composed, for
example, of materials which comprise a metal, a mixture of different metals, a metal alloy, a
metal oxide or a mixture of different metal oxides. Alternatively, the anode may be a conductive
polymer. Suitable metals comprise the metals of groups 11, 4, 5 and 6 of the Periodic Table of
the Elements, and also the transition metals of groups 8 to 10. When the anode is to be trans-
parent, mixed metal oxides of groups 12, 13 and 14 of the Periodic Table of the Elements are
generally used, for example indium tin oxide (ITO). Itis likewise possible that the anode (a)
comprises an organic material, for example polyaniline, as described, for example, in Nature,
Vol. 357, pages 477 to 479 (June 11, 1992). Preferred anode materials include conductive met-
al oxides, such as indium tin oxide (ITO) and indium zinc oxide (1ZO), aluminum zin¢ oxide
(AlZnO), and metals. Anode (and substrate) may be sufficiently transparent to create a bottom-
emitting device. A preferred transparent substrate and anode combination is commercially
available ITO (anode) deposited on glass or plastic (substrate). A reflective anode may be pre-
ferred for some top-emitting devices, to increase the amount of light emitted from the top of the
device. At least either the anode or the cathode should be at least partly transparent in order to
be able to emit the light formed. Other anode materials and structures may be used.

Hole injection layer (b):

Generally, injection layers are comprised of a material that may improve the injection of charge
carriers from one layer, such as an electrode or a charge generating layer, into an adjacent or-
ganic layer. Injection layers may also perform a charge transport function. The hole injection
layer may be any layer that improves the injection of holes from anode into an adjacent organic
layer. A hole injection layer may comprise a solution deposited material, such as a spin-coated



10

15

20

25

WO 2016/125110 PCT/IB2016/050597
68

polymer, or it may be a vapor deposited small molecule material, such as, for example, CuPc or
MTDATA. Polymeric hole-injection materials can be used such as poly(N-vinylcarbazole) (PVK),
polythiophenes, polypyrrole, polyaniling, self-doping polymers, such as, for example, sulfonated
poly(thiophene-3-[2[(2-methoxyethoxy)ethoxy]-2,5-diyl) (Plexcore® OC Conducting Inks com-
mercially available from Plextronics), and copolymers such as poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) also called PEDOT/PSS.

Hole transport layer (c):

Suitable hole transport materials are the compounds of formula (). However, in the case that
further hole transport materials are used in the hole transport layer of the inventive OLED or in
the case that the compounds of formula (1) are not used as hole transport materials in the hole
transport layer, the following hole transport materials are for example suitable as hole transport
materials in the inventive OLED.

Either hole-transporting molecules or polymers may be used as the hole transport material.
Suitable hole transport materials for layer (¢) of the inventive OLED are disclosed, for example,
in Kirk-Othmer Encyclopedia of Chemical Technology, 4th Edition, Vol. 18, pages 837 to 860,
1996, US20070278938, US2008/0106190, US2011/0163302 (triarylamines with
(di)benzothiophen/(di)benzofuran; Nan-Xing Hu et al. Synth. Met. 111 (2000) 421 (indolocarba-
zoles), WO2010002850 (substituted phenylamine compounds) and W0O2012/16601 (in particu-
lar the hole transport materials mentioned on pages 16 and 17 of WO2012/16601). Combination
of different hole transport material may be used. Reference is made, for example, to

Y
30
g Qo
O v

WO02013/022419, wherein (HTL1-1) and

.
a eV
O O (HTL2-1) constitute the hole transport layer.

Customarily used hole-transporting molecules are selected from the group consisting of
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phenyl)phenyl]anilino)phenyl]phenyl]aniline), (4-phenyl-N-(4-
phenylphenyl)-N-[4-[4-(4-phenyl-N-(4-phenylphenylanilino)phenyl]phenyl]aniline),

7

(4-phenyl-N-[4-(9-phenylcarbazol-3-yl)phenyl]-N-(4-phenylphenyl)aniline),

N_ N
L, 0
N7 N

3 © ﬁj (1,1,3,3"- tetraphenylspiro[1 3,2-benzodiazasilole-2,2'-3a,7a-dihydro-1,3,2-

Sugs
>

benzodiazasilole]), (N2,N2,N2',N2',N7,N7 ,N7' N7'-octakis(p-
tolyl)-9,9'-spirobi[fluorene]-2,2',7,7'-tetramine), 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl
(a-NPD), N,N‘-diphenyl-N,N*-bis(3-methylphenyl)-[1,1‘-biphenyl]-4,4‘-diamine (TPD), 1,1-bis[(di-
4-tolylamino)phenyl]cyclohexane (TAPC), N,N*-bis(4-methylphenyl)-N,N‘-bis(4-ethylphenyl)-

10 [1,1-(3,3*-dimethyl)biphenyl]-4,4*-diamine (ETPD), tetrakis(3-methylphenyl)-N,N,N*,N‘-2,5-
phenylenediamine (PDA), a-phenyl-4-N,N-diphenylaminostyrene (TPS), p-
(diethylamino)benzaldehyde diphenylhydrazone (DEH), triphenylamine (TPA), bis[4-(N,N-
diethylamino)2-methylphenyl](4-methylphenyl)methane (MPMP), 1-phenyl-3-[p-
(diethylamino)styryl]5-[p-(diethylamino)phenyl]pyrazoline (PPR or DEASP), 1,2-trans-bis(9H-

15  carbazol9-yl)-cyclobutane (DCZB), N,N,N,N‘-tetrakis(4-methylphenyl)-(1,1-biphenyl)-4,4*-
diamine (TTB), fluorine compounds such as 2,2',7,7'-tetra(N,N-di-tolyl)amino9,9-spirobifluorene
(spiro-TTB), N,N'-bis(naphthalen-1-yl)-N,N"-bis(phenyl)9,9-spirobifluorene (spiro-NPB) and 9,9-
bis(4-(N,N-bis-biphenyl-4-yl-amino)phenyl-9Hfluorene, benzidine compounds such as N,N’-
bis(naphthalen-1-yl)-N,N’-bis(phenyl)benzidine and porphyrin compounds such as copper

20  phthalocyanines. In addition, polymeric hole-injection materials can be used such as poly(N-
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vinylcarbazole) (PVK), polythiophenes, polypyrrole, polyaniline, self-doping polymers, such as,
for example, sulfonated poly(thiophene-3-[2[(2-methoxyethoxy)ethoxy]-2,5-diyl) (Plexcore® OC
Conducting Inks commercially available from Plextronics), and copolymers such as poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) also called PEDOT/PSS. Preferred examples
of a material of the hole transport layer are a porphyrin compound, an aromatic tertiary amine
compound, or a styrylamine compound. Particularly preferable examples include an aromatic
tertiary amine compound such as hexacyanohexaazatriphenylene (HAT).

In a preferred embodiment it is possible to use metal carbene complexes as hole transport ma-
terials. Suitable carbene complexes are, for example, carbene complexes as described in

WO02005/019373A2, WO2006/056418 A2, WO2005/113704, WO2007/115970,
WO02007/115981, WO2008/000727 and PCT/EP2014/055520. One example of a suitable car-

440

bene complex is Ir(DPBIC); with the formula: o — 3 (HTM-1). Another example

of a suitable carbene complex is Ir(ABIC)s with the formula: — 3(HTM-2).

The hole-transporting layer may also be electronically doped in order to improve the transport
properties of the materials used, in order firstly to make the layer thicknesses more generous
(avoidance of pinholes/short circuits) and in order secondly to minimize the operating voltage of
the device. Electronic doping is known to those skilled in the art and is disclosed, for example,
in W. Gao, A. Kahn, J. Appl. Phys., Vol. 94, 2003, 359 (p-doped organic layers); A. G. Werner,
F. Li, K. Harada, M. Pfeiffer, T. Fritz, K. Leo, Appl. Phys. Lett., Vol. 82, No. 25, 2003, 4495 and
Pfeiffer et al., Organic Electronics 2003, 4, 89 - 103 and K. Walzer, B. Maennig, M. Pfeiffer, K.
Leo, Chem. Soc. Rev. 2007, 107, 1233. For example it is possible to use mixtures in the hole-
transporting layer, in particular mixtures which lead to electrical p-doping of the hole-
transporting layer. p-Doping is achieved by the addition of oxidizing materials. These mixtures
may, for example, be the following mixtures: mixtures of the abovementioned hole transport
materials with at least one metal oxide, for example M0oO,, MoO3, WOy, ReO3 and/or V,0s,
preferably MoO3; and/or ReO3, more preferably MoOs, or mixtures comprising the aforemen-
tioned hole transport materials and one or more compounds selected from 7,7,8,8-
tetracyanoquinodimethane (TCNQ), 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F.-
TCNQ), 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethane, bis(tetra-n-
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butylammonium)tetracyanodiphenoquinodimethane, 2,5-dimethyl-7,7,8,8-tetra-
cyanoquinodimethane, tetracyanoethylene, 11,11,12,12-tetracyanonaphtho2,6-quinodimethane,
2-fluoro-7,7,8,8-tetracyanoquino-dimethane, 2,5-difluoro-7,7,8,8etracyanoquinodimethane, di-
cyanomethylene-1,3,4,5,7,8-hexafluoro-6Hnaphthalen-2-ylidene)malononitrile (Fs-TNAP),
Mo(tfd): (from Kahn et al., J. Am. Chem. Soc. 2009, 131 (35), 12530-12531), compounds as
described in EP1988587, US2008265216, EP2180029, US20100102709, W0O2010132236,
EP2180029 and quinone compounds as mentioned in EP2401254. Preferred mixtures comprise
the aforementioned carbene complexes, such as, for example, the carbene complexes HTM-1
and HTM-2, and MoOs and/or ReQOs, especially MoO:s. In a particularly preferred embodiment
the hole transport layer comprises from 0.1 to 10 wt % of MoO3 and 90 to 99.9 wt % carbene
complex, especially of the carbene complex HTM-1 and HTM-2, wherein the total amount of the
MoOs and the carbene complex is 100 wt %.

Electron/exciton blocking layer (d):

Blocking layers may be used to reduce the number of charge carriers (electrons or holes)
and/or excitons that leave the emissive layer. An electron/exciton blocking layer (d) may be dis-
posed between the first emitting layer (€) and the hole transport layer (c), to block electrons
from emitting layer (e) in the direction of hole transport layer (c). Blocking layers may also be
used to block excitons from diffusing out of the emissive layer.

Suitable electron blocker materials are the compounds of formula (). However, in the case that
further electron blocker materials are used in the electron blocking layer of the inventive OLED
or in the case that the compounds of formula (1) are not used as electron blocker materials in
the electron blocking layer, the following electron blocker materials are for example suitable as
electron blocker materials in the inventive OLED.

Suitable metal complexes for use as electron/exciton blocker material are, for example, carbene
complexes as described in W0O2005/019373A2, W0O2006/056418A2, WO2005/113704,
WO02007/115970, WO2007/115981, WO2008/000727 and PCT/EP2014/055520. Explicit refer-
ence is made here to the disclosure of the WO applications cited, and these disclosures shall be
considered to be incorporated into the content of the present application. Examples of a suitable
carbene complexes are compounds HTM-1 and HTM-2.

Emitting layer (e)

The light-emitting layer (€) comprises at least one emitter material. In principle, it may be a fluo-
rescence or phosphorescence emitter, suitable emitter materials being known to those skilled in
the art. The at least one emitter material is preferably a phosphorescence emitter. The phos-
phorescence emitter compounds used with preference are based on metal complexes, and es-
pecially the complexes of the metals Ru, Rh, Ir, Pd and Pt, in particular the complexes of Ir,
have gained significance. The compounds of the formula (1) can be used as matrix material
(host material) in the light-emitting layer.
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Suitable metal complexes for use in the inventive OLEDs are described, for example, in docu-
ments WO 02/60910 A1, US 2001/0015432 A1, US 2001/0019782 A1, US 2002/0055014 A1,
US 2002/0024293 A1, US 2002/0048689 A1, EP 1 191 612 A2, EP 1 191 613 A2,

EP 1211257 A2, US 2002/0094453 A1, WO 02/02714 A2, WO 00/70655 A2,

WO 01/41512 A1, WO 02/15645 A1, WO 2005/019373 A2, WO 2005/113704 A2,

WO 2006/115301 A1, WO 2006/067074 A1, WO 2006/056418, WO 2006121811 A1,

WO 2007095118 A2, WO 2007/115970, WO 2007/115981, WO 2008/000727, W0O2010129323,
W02010056669, WO10086089, US2011/0057559, WO2011/106344, US2011/0233528,
W02012/048266 and W0O2012/172482.

Further suitable metal complexes are the commercially available metal complexes tris(2-
phenylpyridine)iridium(lll), iridium(lll) tris(2-(4-tolyl)pyridinato-N,C?), bis(2-
phenylpyridine)(acetylacetonato)iridium(lll), iridium(lll) tris(1-phenylisoquinoline), iridium(lll)
bis(2,2’-benzothienyl)pyridinato-N,C?¥)(acetylacetonate), tris(2-phenylquinoline)iridium(lll), iridi-
um(ll) bis(2-(4,6-difluorophenyl)pyridinato-N,C2)picolinate, iridium(lll) bis(1-
phenylisoquinoline)(acetylacetonate), bis(2-phenylquinoline)(acetylacetonato)iridium(lll), iridi-
um(l) bis(di-benzo[f,h]quinoxaline)(acetylacetonate), iridium(lll) bis(2-methyldi-
benzolf,h]jquinoxaline)(acetylacetonate) and tris(3-methyl-1-phenyl-4-trimethylacetyl-5-
pyrazolino)terbium(lll), bis[1-(9,9-dimethyl-9H-fluoren-2-yl)isoquinoline](acetyl-
acetonato)iridium(lll), bis(2-phenylbenzothiazolato)(acetylacetonato)iridium(lll), bis(2-(9,9-
dihexylfluorenyl)-1-pyridine)(acetylacetonato)iridium(lll), bis(2-benzo[b]thiophen-2-yl-
pyridine)(acetylacetonato)iridium(lll).

In addition, the following commercially available materials are suitable:
tris(dibenzoylacetonato)mono(phenanthroline)europium(lll), tris(dibenzoylmethane)-
mono(phenanthroline)europium(lll), tris(dibenzoylmethane)mono(5-aminophenanthroline)-
europium(lll), tris(di-2-naphthoylmethane)mono(phenanthroline)europium(lll), tris(4-
bromobenzoylmethane)mono(phenanthroline)europium(lll), tris(di(biphenyl)methane)-
mono(phenanthroline)europium(lll), tris(dibenzoylmethane)mono(4,7-diphenyl-
phenanthroline)europium(lll), tris(dibenzoylmethane)mono(4,7-di-methyl-
phenanthroline)europium(lll), tris(dibenzoylmethane)mono(4,7-dimethylphenanthrolinedisulfonic
acid)europium(lll) disodium salt, tris[di(4-(2-(2-ethoxyethoxy)ethoxy)benzoylmethane)Jmono-
(phenanthroline)europium(lll) and tris[di[4-(2-(2-ethoxyethoxy)ethoxy)benzoylmethane)imono(5-
aminophenanthroline)europium(lll), osmium(ll) bis(3-(trifluoromethyl)-5-(4-tert-butylpyridyl)-
1,2,4-triazolato)diphenylmethylphosphine, osmium(ll) bis(3-(trifluoromethyl)-5-(2-pyridyl)-1,2,4-
triazole)dimethylphenylphosphine, osmium(ll) bis(3-(trifluoromethyl)-5-(4-tert-butylpyridyl)-1,2,4-
triazolato)dimethylphenylphosphine, osmium(ll) bis(3-(trifluoromethyl)-5-(2-pyridyl)-
pyrazolato)dimethylphenylphosphine, tris[4,4'-di-tert-butyl(2,2")-bipyridine]ruthenium(lll), osmi-
um(ll) bis(2-(9,9-dibutylfluorenyl)-1-isoquinoline(acetylacetonate).

Preferred phosphorescence emitters are carbene complexes. Suitable phosphorescent blue
emitters are specified in the following publications: W02006/056418A2, W02005/113704,
WO02007/115970, WO2007/115981, WO2008/000727, WO2009050281, WO2009050290,
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W02011051404, US2011/057559 WO2011/073149, WO2012/121936A2, US2012/0305894A1,
WO2012/170571, WO2012/170461, W0O2012/170463, WO2006/121811, WO2007/095118,
W0O2008/156879, WO2008/156879, W0O2010/068876, US2011/0057559, WO2011/106344,
US2011/0233528, WO2012/048266, WO2012/172482, PCT/EP2014/064054 and
PCT/EP2014/066272.

Preferably, the light emitting layer (€) comprises at least one carbene complex as phosphores-

cence emitter. Suitable carbene complexes are, for example, compounds of the formula

(L1,
M[carbene], ,

K1
! 0 (IX), which are described in WO 2005/019373 A2, wherein the symbols

have the following meanings:

M is a metal atom selected from the group consisting of Co, Rh, Ir, Nb, Pd, Pt, Fe, Ru, Os, Cr,
Mo, W, Mn, Tc, Re, Cu, Ag and Au in any oxidation state possible for the respective metal atom;
Carbene is a carbene ligand which may be uncharged or monoanionic and monodentate, biden-
tate or tridentate, with the carbene ligand also being able to be a biscarbene or triscarbene lig-
and;

L is a monoanionic or dianionic ligand, which may be monodentate or bidentate;

K is an uncharged monodentate or bidentate ligand selected from the group consisting of phos-
phines; phosphonates and derivatives thereof, arsenates and derivatives thereof; phosphites;
CO; pyridines; nitriles and conjugated dienes which form a = complex with M?;

n1 is the number of carbene ligands, where n1 is at least 1 and when n1 > 1 the carbene lig-
ands in the complex of the formula | can be identical or different;

m1 is the number of ligands L, where m1 can be 0 or 2 1 and when m1 > 1 the ligands L can be
identical or different;

o is the number of ligands K, where o can be 0 or 2 1 and when o > 1 the ligands K can be iden-
tical or different;

where the sum n1 + m1 + o0 is dependent on the oxidation state and coordination number of the
metal atom and on the denticity of the ligands carbene, L and K and also on the charge on the
ligands, carbene and L, with the proviso that n1 is at least 1.

More preferred are metal-carbene complexes of the general formula

L — 1 n1

(IXa), which are described in WO2011/073149, where M
is Ir, or Pt,
n1is an integer selected from 1, 2 and 3,
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Y is NR%", O, S or C(R%),,

AZ, A% A% and A%are each independently N or C, where 2 A’ = nitrogen atoms and at least one
carbon atom is present between two nitrogen atoms in the ring,

R5" is a linear or branched alkyl radical optionally interrupted by at least one heteroatom, op-
tionally bearing at least one functional group and having 1 to 20 carbon atoms, cycloalkyl radical
optionally interrupted by at least one heteroatom, optionally bearing at least one functional
group and having 3 to 20 carbon atoms, substituted or unsubstituted aryl radical optionally inter-
rupted by at least one heteroatom, optionally bearing at least one functional group and having 6
to 30 carbon atoms, substituted or unsubstituted heteroaryl radical optionally interrupted by at
least one heteroatom, optionally bearing at least one functional group and having a total of 5 to
18 carbon atoms and/or heteroatoms,

R52 R5¥ R and R% are each, if AZ, A¥, A* and/or A% is N, a free electron pair, or, if AZ, A%, AY
and/or A% is C, each independently hydrogen, linear or branched alkyl radical optionally inter-
rupted by at least one heteroatom, optionally bearing at least one functional group and having 1
to 20 carbon atoms, cycloalkyl radical optionally interrupted by at least one heteroatom, option-
ally bearing at least one functional group and having 3 to 20 carbon atoms, substituted or un-
substituted aryl radical optionally interrupted by at least one heteroatom, optionally bearing at
least one functional group and having 6 to 30 carbon atoms, substituted or unsubstituted het-
eroaryl radical optionally interrupted by at least one heteroatom, optionally bearing at least one
functional group and having a total of 5 to 18 carbon atoms and/or heteroatoms, group with do-
nor or acceptor action, or

R%" and R% together with A% and A4 form an optionally substituted, unsaturated ring optionally
interrupted by at least one further heteroatom and having a total of 5 to 18 carbon atoms and/or
heteroatoms,

R5¢, R57”', R% and R% are each independently hydrogen, linear or branched alkyl radical option-
ally interrupted by at least one heteroatom, optionally bearing at least one functional group and
having 1 to 20 carbon atoms, cycloalkyl radical optionally interrupted by at least one heteroa-
tom, optionally bearing at least one functional group and having 3 to 20 carbon atoms, cyclo-
heteroalkyl radical optionally interrupted by at least one heteroatom, optionally bearing at least
one functional group and having 3 to 20 carbon atoms, substituted or unsubstituted aryl radical
optionally interrupted by at least one heteroatom, optionally bearing at least one functional
group and having 6 to 30 carbon atoms, substituted or unsubstituted heteroaryl radical optional-
ly interrupted by at least one heteroatom, optionally bearing at least one functional group and
having a total of 5 to 18 carbon atoms and/or heteroatoms, group with donor or acceptor action,
or

R%" and R5”, R and R or R% and R%, together with the carbon atoms to which they are
bonded, form a saturated, unsaturated or aromatic, optionally substituted ring optionally inter-
rupted by at least one heteroatom and having a total of 5 to 18 carbon atoms and/or heteroa-
toms, and/or

if A% is C, R% and R5¢ together form a saturated or unsaturated, linear or branched bridge op-
tionally comprising heteroatoms, an aromatic unit, heteroaromatic unit and/or functional groups
and having a total of 1 to 30 carbon atoms and/or heteroatoms, to which is optionally fused a
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substituted or unsubstituted, five- to eight-membered ring comprising carbon atoms and/or het-
eroatoms,

R2% is independently a linear or branched alkyl radical optionally interrupted by at least one het-
eroatom, optionally bearing at least one functional group and having 1 to 20 carbon atoms, cy-
cloalkyl radical optionally interrupted by at least one heteroatom, optionally bearing at least one
functional group and having 3 to 20 carbon atoms, substituted or unsubstituted aryl radical op-
tionally interrupted by at least one heteroatom, optionally bearing at least one functional group
and having 6 to 30 carbon atoms, substituted or unsubstituted heteroaryl radical optionally inter-
rupted by at least one heteroatom, optionally bearing at least one functional group and having a
total of 5 to 18 carbon atoms and/or heteroatoms,

Kis an uncharged mono- or bidentate ligand,

L is a mono- or dianionic ligand, preferably monoanionic ligand, which may be mono- or biden-
tate,

m1is 0, 1 or 2, where, when m1 is 2, the K ligands may be the same or different,

01is 0, 1 or 2, where, when o1 is 2, the L ligands may be the same or different.

The compound of formula IX is preferably a compound of the formula:
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The compound of formula IX is more preferably a compound (BE-1), (BE-2), (BE-7), (BE-12),
(BE-16), (BE-64), or (BE-70). The most preferred phosphorescent blue emitters are compounds
(BE-1) and (BE-12).

The homoleptic metal-carbene complexes mentioned above may be present in the form of facial
or meridional isomers, preference being given to the facial isomers.

Suitable carbene complexes of formula (IX) and their preparation process are, for example, de-
scribed in WO2011/073149.

The compounds of the present invention can also be used as host (matrix material) for phos-
phorescent green emitters. Suitable phosphorescent green emitters are, for example, specified
in the following publications: W0O2006014599, W0O20080220265, W02009073245,
WO02010027583, WO2010028151, US20110227049, WO2011090535, WO2012/08881,
W020100056669, WO20100118029, WO20100244004, WO2011109042, WO2012166608,
US20120292600, EP2551933A1; US6687266, US20070190359, US20070190359,
US20060008670; WO2006098460, US20110210316, WO2012053627; US6921915,
US20090039776; JP2007123392 and European patent application no. 14180422.9.

Examples of suitable phosphorescent green emitters are shown below:
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The light-emitting layer may comprise further components in addition to the emitter material. For
example, a fluroescent dye may be present in the light-emitting layer in order to alter the emis-
sion color of the emitter material. In addition - in a preferred embodiment - a matrix material can
be used. This matrix material may be a polymer, for example poly(N-vinylcarbazole) or pol-
ysilane. The matrix material may, however, be a small molecule, for example 4,4’-N,N’-
dicarbazolebiphenyl (CDP=CBP) or tertiary aromatic amines, for example TCTA.

In another preferred embodiment of the present invention, at least one compound of formula (1)
is used as matrix material. Preferred compounds of formula (1) are mentioned above.

In a preferred embodiment, the light-emitting layer is formed from 2 to 40% by weight, prefera-
bly 5 to 35% by weight, of at least one of the aforementioned emitter materials and 60 to 98%
by weight, preferably 75 to 95% by weight, of at least one of the aforementioned matrix materi-
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als - in one embodiment at least one compound of the formula (1) - where the sum total of the
emitter material and of the matrix material adds up to 100% by weight. Preferred compounds of
formula (1) are mentioned above.

In one embodiment of the present invention, at least one carbene complex is used — preferably
beside the compound of formula (I) - as second host material in the light emitting layer of an
OLED. Suitable carbene complexes are mentioned above and below. Particularly preferably,
the light-emitting layer comprises a compound of formula (1), and two carbene complexes,
wherein one carbene complex is the emitter and one carbene complex is a second host materi-
al, preferably BE-1 and HTM-1, or HTM-2. In said embodiment, the light-emitting layer is formed
from 2 to 40% by weight, preferably 5 to 35% by weight, of a carbene complex, BE-1, as emit-
ter and 60 to 98% by weight, preferably 65 to 95% by weight, of a compound of the formula (1)
and a second carbene complex, preferably HTM-1, or HTM-2, where the sum total of the car-
bene complexes and of the compound of formula (I) adds up to 100% by weight. Preferred
compounds of formula (l) are mentioned above.

Suitable metal complexes for use together with the compounds of the formula (1) as matrix ma-
terial in OLEDs (second host materials) are, for example, also carbene complexes as described
in WO 2005/019373 A2, WO 2006/056418 A2, WO 2005/113704, WO 2007/115970,

WO 2007/1156981 and WO 2008/000727.

The at least one compound of formula (I) may be used as single host material or in combination
with a second host material. Suitable second host materials are the host materials mentioned
below. Further, in the case that the at least one compound of formula (I) is not used as host
material, the host materials mentioned below are used as single host materials.

Further suitable host materials, which may be small molecules or (co)polymers of the small
molecules mentioned, are specified in the following publications: WO2007108459 (H-1 to H-37),
preferably H-20 to H-22 and H-32 to H-37, most preferably H-20, H-32, H-36, H-37,
WO02008035571 A1 (Host 1 to Host 6), JP2010135467 (compounds 1 to 46 and Host-1 to Host-
39 and Host-43), WO2009008100 compounds No.1 to No.67, preferably No.3, No.4, No.7 to
No. 12, No.55, No.59, No. 63 to No.67, more preferably No. 4, No. 8 to No. 12, No. 55, No. 59,
No.64, No.65, and No. 67, WO2009008099 compounds No. 1 to No. 110, WO2008140114
compounds 1-1 to 1-50, WO2008090912 compounds OC-7 to OC-36 and the polymers of Mo-
42 to Mo-51, JP2008084913 H-1 to H-70, WO2007077810 compounds 1 to 44, preferably 1, 2,
4-6, 8, 19-22, 26, 28-30, 32, 36, 39-44, WO201001830 the polymers of monomers 1-1 to 1-9,
preferably of 1-3, 1-7, and 1-9, WO2008029729 the (polymers of) compounds 1-1 to 1-36,
W020100443342 HS-1 to HS-101 and BH-1 to BH-17, preferably BH-1 to BH-17,
JP2009182298 the (co)polymers based on the monomers 1 to 75, JP2009170764,
JP2009135183 the (co)polymers based on the monomers 1-14, WO2009063757 preferably the
(co)polymers based on the monomers 1-1 to 1-26, W02008146838 the compounds a-1 to a-43
and 1-1 to 1-46, JP2008207520 the (co)polymers based on the monomers 1-1 to 1-26,
JP2008066569 the (co)polymers based on the monomers 1-1 to 1-16, WO2008029652 the
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(co)polymers based on the monomers 1-1 to 1-52, W0O2007114244 the (co)polymers based on
the monomers 1-1 to 1-18, JP2010040830 the compounds HA-1 to HA-20, HB-1 to HB-16, HC-
1 to HC-23 and the (co)polymers based on the monomers HD-1 to HD-12, JP2009021336,
WO02010090077 the compounds 1 to 55, WO2010079678 the compounds H1 to H42,
WO02010067746, W02010044342 the compounds HS-1 to HS-101 and Poly-1 to Poly-4,
JP2010114180 the compounds PH-1 to PH-36, US2009284138 the compounds 1 to 111 and
H1 to H71, WO2008072596 the compounds 1 to 45, JP2010021336 the compounds H-1 to H-
38, preferably H-1, WO2010004877 the compounds H-1 to H-60, JP2009267255 the com-
pounds 1-1 to 1-105, WO2009104488 the compounds 1-1 to 1-38, WO2009086028,
US2009153034, US2009134784, WO2009084413 the compounds 2-1 to 2-56, JP2009114369
the compounds 2-1 to 2-40, JP2009114370 the compounds 1 to 67, WO2009060742 the com-
pounds 2-1 to 2-56, WO2009060757 the compounds 1-1 to 1-76, W0O2009060780 the com-
pounds 1-1 to 1-70, WO2009060779 the compounds 1-1 to 1-42, WO2008156105 the com-
pounds 1 to 54, JP2009059767 the compounds 1 to 20, JP2008074939 the compounds 1 to
256, JP2008021687 the compounds 1 to 50, W02007119816 the compounds 1 to 37,
W02010087222 the compounds H-1 to H-31, WO2010095564 the compounds HOST-1 to
HOST-61, WO2007108362, W0O2009003898, W0O2009003919, WO2010040777,
US2007224446, WO06128800, WO2012014621, WO2012105310, WO2012/130709 and Euro-
pean patent applications EP12175635.7 and EP12185230.5 and EP12191408.9 (in particular
page 25 to 29 of EP12191408.9).

The above-mentioned small molecules are more preferred than the above-mentioned
(co)polymers of the small molecules.

Further suitable host materials, are described in WO2011137072 (for example,

: best results are achieved if

said compounds are combined with ); WO2012048266 (for exam-

sars

ple,
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example, and

); and EP2551932 (for example,

% 0T

In a particularly preferred embodiment, one or more compounds of the general formula (X)
specified hereinafter are used as host material.

d

224
(R )m2
225
o \X/ (R )2

R

\Si
222 200
R \R223 A

(X), wherein

XisNR, S, O or PR;

R is aryl, heteroaryl, alkyl, cycloalkyl, or heterocycloalkyl;

A200 j5 -NR206R207 _p(o)Rzostog, -PR210R211, —S(O)2R212, —S(O)R213, -SR214, or —-OR215;

R221 R222 gnd R22 are independently of each other aryl, heteroaryl, alkyl, cycloalkyl, or hetero-
cycloalkyl, wherein at least on of the groups R22!, R222, or R223 s aryl, or heteroaryl;

R224 and R%% are independently of each other alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
a group A200 or a group having donor, or acceptor characteristics;

n2 and m2 are independently of each other 0, 1, 2, or 3;

R206 and R2%7 form together with the nitrogen atom a cyclic residue having 3 to 10 ring atoms,
which can be unsubstituted, or which can be substituted with one, or more substituents selected
from alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl and a group having donor, or acceptor
characteristics; and/or which can be annulated with one, or more further cyclic residues having
3 to 10 ring atoms, wherein the annulated residues can be unsubstituted, or can be substituted
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with one, or more substituents selected from alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl
and a group having donor, or acceptor characteristics; and
R208 R209 R210 R211 R212 R213 R214 ynd R2'5 are independently of each other aryl, heteroaryl,
alkyl, cycloalkyl, or heterocycloalkyl. Compounds of formula X, such as, for example,

: YO
200 Uog
SO

(SH-5), or

(SH-6), are described in WO2010079051 (in par-
ticular pages on 19 to 26 and in tables on pages 27 to 34, pages 35 to 37 and pages 42 to 43).

Additional host materials on basis of dibenzofurane are, for example, described in

US2009066226, EP1885818B1, EP1970976, EP1998388, EP2034538 and European patent
application no 14160197.1. Examples of particularly preferred host materials are shown below:

a*’ ko
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In the above-mentioned compounds T is O, or S, preferably O. If T occurs more than one time
in a molecule, all groups T have the same meaning. T'is O, or S, preferably O. T' and T2 are

independently of each other , CN : \ N/ :

, wherein T'% is a C4-Cysalkyl group.

Yo"

Compounds (SH-1),

e

S

\ Q2

(SH-7),

0 o
Sy

(SH-
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(SH-10)

and (SH-11) are most preferred.

Hole/exciton blocking layer (f):

Blocking layers may be used to reduce the number of charge carriers (electrons or holes)
and/or excitons that leave the emissive layer. The hole blocking layer may be disposed between
the emitting layer (€) and electron transport layer (g), to block holes from leaving layer (e) in the
direction of electron transport layer (g). Blocking layers may also be used to block excitons from
diffusing out of the emissive layer.

Suitable hole blocker materials are the compounds of formula (l). However, in the case that fur-
ther hole blocker materials are used in the hole blocking layer of the inventive OLED or in the
case that the compounds of formula (l) are not used as hole blocker materials in the hole block-
ing layer, the following hole blocker materials are for example suitable as hole blocker materials
in the inventive OLED.

Additional hole blocker materials typically used in OLEDs are 2,6-bis(N-carbazolyl)pyridine
(mCPy), 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (bathocuproin, (BCP)), bis(2-methyl-8-
quinolinato)-4-phenylphenylato)aluminum(lll) (BAlq), phenothiazine S,S-dioxide derivates and
1,3,5-tris(N-phenyl-2-benzylimidazolyl)benzene) (TPBI), TPBI also being suitable as electron-
transport material. Further suitable hole blockers and/or electron conductor materials are
2,2',2"-(1,3,5-benzenetriyl)tris(1-phenyl-1-H-benzimidazole), 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole, 8-hydroxyquinolinolatolithium, 4-(naphthalen-1-yl)-3,5-diphenyl-
4H-1,2,4-triazole, 1,3-bis[2-(2,2"-bipyridin-6-yl)-1,3,4-oxadiazo-5-yllbenzene, 4,7-diphenyl-1,10-
phenanthroline, 3-(4-biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole, 6,6"-bis[5-(biphenyl-
4-y1)-1,3,4-oxadiazo-2-yl]-2,2"-bipyridyl, 2-phenyl-9,10-di(naphthalene-2-yl)anthracene, 2,7-
bis[2-(2,2'-bipyridin-6-yl)-1,3,4-oxadiazo-5-yl]-9,9-dimethylfluorene, 1,3-bis[2-(4-tert-
butylphenyl)-1,3,4-oxadiazo-5-yllbenzene, 2-(naphthalene-2-yl)-4,7-diphenyl-1,10-
phenanthroline, tris(2,4,6-trimethyl-3-(pyridin-3-yl)phenyl)borane, 2,9-bis(naphthalene-2-yl)-4,7-
diphenyl-1,10-phenanthroline, 1-methyl-2-(4-(naphthalene-2-yl)phenyl)-1H-imidazo[4,5-f][1,10]-
phenanthroline. In a further embodiment, it is possible to use compounds which comprise aro-
matic or heteroaromatic rings joined via groups comprising carbonyl groups, as disclosed in
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W02006/100298, disilyl compounds selected from the group consisting of disilylcarbazoles,
disilylbenzofurans, disilylbenzothiophenes, disilylbenzophospholes, disilylbenzothiophene S-
oxides and disilylbenzothiophene S,S-dioxides, as specified, for example, in PCT applications
WO02009/003919 and W02009003898 and disilyl compounds as disclosed in WO2008/034758,
as a blocking layer for holes/excitons (f).

In another preferred embodiment compounds (SH-1), (SH-2), (SH-3), SH-4, SH-5, SH-6, (SH-
7), (SH-8), (SH-9), (SH-10) and (SH-11) may be used as hole/exciton blocking materials.

Electron transport layer (g):

Electron transport layer may include a material capable of transporting electrons. Electron
transport layer may be intrinsic (undoped), or doped. Doping may be used to enhance conduc-
tivity.

Suitable electron transport materials are the compounds of formula (I). However, in the case
that further electron transport materials are used in the electron transport layer of the inventive
OLED or in the case that the compounds of formula (I) are not used as electron transport mate-
rials in the electron transport layer, the following electron transport materials are for example
suitable as electron transport materials in the inventive OLED.

Suitable electron-transporting materials for layer (g) of the inventive OLEDs comprise metals
chelated with oxinoid compounds, such as tris(8-hydroxyquinolato)aluminum (Algs), compounds
based on phenanthroline such as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (DDPA =
BCP), 4,7-diphenyl-1,10-phenanthroline (Bphen), 2,4,7,9-tetraphenyl-1,10-phenanthroline, 4,7-
diphenyl-1,10-phenanthroline (DPA) or phenanthroline derivatives disclosed in EP1786050, in
EP1970371, orin EP1097981, and azole compounds such as 2-(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-oxadiazole (PBD) and 3-(4-biphenylyl)-4phenyl-5-(4-t-butylphenyl)-1,2,4-
triazole (TAZ).

Itis likewise possible to use mixtures of at least two materials in the electron-transporting layer,
in which case at least one material is electron-conducting. Preferably, in such mixed electron-
transport layers, at least one phenanthroline compound is used, preferably BCP, or at least one
pyridine compound according to the formula (VI1Il) below, preferably a compound of the formula
(Vlllaa) below. More preferably, in mixed electron-transport layers, in addition to at least one
phenanthroline compound, alkaline earth metal or alkali metal hydroxyquinolate complexes, for
example Lig, are used. Suitable alkaline earth metal or alkali metal hydroxyquinolate complexes
are specified below (formula VII). Reference is made to WO2011/157779.

The electron-transport layer may also be electronically doped in order to improve the transport
properties of the materials used, in order firstly to make the layer thicknesses more generous
(avoidance of pinholes/short circuits) and in order secondly to minimize the operating voltage of
the device. Electronic doping is known to those skilled in the art and is disclosed, for example,
in W. Gao, A. Kahn, J. Appl. Phys., Vol. 94, No. 1, 1 July 2003 (p-doped organic layers); A. G.
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Werner, F. Li, K. Harada, M. Pfeiffer, T. Fritz, K. Leo, Appl. Phys. Lett., Vol. 82, No. 25, 23 June
2003 and Pfeiffer et al., Organic Electronics 2003, 4, 89 - 103 and K. Walzer, B. Maennig, M.
Pfeiffer, K. Leo, Chem. Soc. Rev. 2007, 107, 1233. For example, it is possible to use mixtures
which lead to electrical n-doping of the electron-transport layer. n-Doping is achieved by the
addition of reducing materials. These mixtures may, for example, be mixtures of the abovemen-
tioned electron transport materials with alkali/alkaline earth metals or alkali/alkaline earth metal
salts, for example Li, Cs, Ca, Sr, Cs,CO3, with alkali metal complexes, for example 8-
hydroxyquinolatolithium (Liq), and with Y, Ce, Sm, Gd, Tb, Er, Tm, Yb, LizN, Rb2,CO3, dipotassi-
um phthalate, W(hpp)4 from EP1786050, or with compounds described in EP1837926B1,
EP1837927, EP2246862 and W0O2010132236.

In a preferred embodiment, the electron-transport layer comprises at least one compound of the
general formula (VII)

R¥),
M_IN7 N
\O
R,

— " in which

R32 and R3% are each independently F, C4-Cs-alkyl, or Cs-C1s-aryl, which is optionally substitut-
ed by one or more C4-Cg-alkyl groups, or

two R32 and/or R substituents together form a fused benzene ring which is optionally substi-
tuted by one or more C4-Cs-alkyl groups;

a and b are each independently O, or 1, 2 or 3,

M1is an alkaline metal atom or alkaline earth metal atom,

p is 1 when M' is an alkali metal atom, p is 2 when M! is an earth alkali metal atom.

N/
\
0
A very particularly preferred compound of the formula (VII) is (Liq), which may be
present as a single species, or in other forms such as LiyQq in which g is an integer, for example
LisQs. Q is an 8-hydroxyquinolate ligand or an 8-hydroxyquinolate derivative.

In a further preferred embodiment, the electron-transport layer comprises at least one com-
pound of the formula (VIII),
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(VIID), in which

R347 R3%” R36” R3” R3, R3%' R3% and R3"are each independently H, C1-Cqs-alkyl, C4-C1s-alkyl
which is substituted by E’ and/or interrupted by D’, Cs-Ca4-aryl, Cs-C24-aryl which is substituted
by G’, C2-Ca-heteroaryl or C,-Cyo-heteroaryl which is substituted by G’,

Q is an arylene or heteroarylene group, each of which is optionally substituted by G’;

D’ is -CO-; -COO-; -S-; -SO-; -SO2-; -O-; -NR#0-; -SiR%¥'R*¢-; -POR*"-; -CR3%¥'=CR39-; or -C=C-;
E’ is -OR#; -SR#; -NR4'R41""; -COR#*®¥"; -COOR?*Z; -CONR*R*"; -CN; or F;

G’ is E’, C1-Cqs-alkyl, C4-C4s-alkyl which is interrupted by D’, C4-Cqs-perfluoroalkyl, C1-Cs-
alkoxy, or C¢+-Cs-alkoxy which is substituted by E’ and/or interrupted by D’, in which

R3¢ and R3% are each independently H, Cs-C4s-aryl; Cs-C1s-aryl which is substituted by C1-Cs-
alkyl or C¢+-Cqs-alkoxy; C4-Cqs-alkyl; or C1+-Cqs-alkyl which is interrupted by -O-;

R4 and R*" are each independently Cs-Cs-aryl; Cs-Cqs-aryl which is substituted by C+-Cis-alkyl
or C4-Cys-alkoxy; C¢-Cqs-alkyl; or C4-Cys-alkyl which is interrupted by -O-; or

R4 and R*" together form a 6-membered ring;

R42 and R# are each independently Cs-C4s-aryl; Cs-Cis-aryl which is substituted by C4-C4s-alkyl
or C4-Cys-alkoxy; C+-Cqs-alkyl; or C4-Cys-alkyl which is interrupted by -O-,

R*is Ce-Cys-aryl; Cs-Cqs-aryl which is substituted by C¢-Cqs-alkyl or C4-Cys-alkoxy; C-Cqs-alkyl;
or C4-Cys-alkyl which is interrupted by -O-,

R4 and R are each independently C4-C1s-alkyl, Cs-C4s-aryl or Cs-C1s-aryl which is substituted
by C1—C1g—alkyl,

R4 is C4-Cqs-alkyl, Cs-C1s-aryl or Cs-C1s-aryl which is substituted by C-Cqs-alkyl.

Preferred compounds of the formula (VIII) are compounds of the formula (Vllla)

SRS
|/
Q
7
|
N SN

(Vllla)
in which Q is:
48"
R . : .
\ R48 R48 R48
2 m N AN
X N )\)\

R*"is H or C4-Cqs-alkyl and
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Particular preference is given to a compound of the formula

R#"is H, C+-Cs-alkyl or

(ETM-2).
In a further, very particularly preferred embodiment, the electron-transport layer comprises a
compound Liq and a compound ETM-2.

In a preferred embodiment, the electron-transport layer comprises the compound of the formula
(VIl) in an amount of 99 to 1% by weight, preferably 75 to 25% by weight, more preferably about
50% by weight, where the amount of the compounds of the formulae (VII) and the amount of the
compounds of the formulae (VIII) adds up to a total of 100% by weight.

The preparation of the compounds of the formula (VIII) is described in J. Kido et al., Chem.
Commun. (2008) 5821-5823, J. Kido et al., Chem. Mater. 20 (2008) 5951-5953 and
JP2008/127326, or the compounds can be prepared analogously to the processes disclosed in
the aforementioned documents.

Itis likewise possible to use mixtures of alkali metal hydroxyquinolate complexes, preferably
Lig, and dibenzofuran compounds in the electron-transport layer. Reference is made to
W0O2011/157790. Dibenzofuran compounds A-1 to A-36 and B-1 to B-22 described in

)
S
WO2011/157790 are preferred, wherein dibenzofuran compound
(A-10; = ETM-1) is most preferred.

In a preferred embodiment, the electron-transport layer comprises Liq in an amount of 99 to 1%
by weight, preferably 75 to 25% by weight, more preferably about 50% by weight, where the
amount of Liq and the amount of the dibenzofuran compound(s), especially ETM-1, adds up to
a total of 100% by weight.
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In a preferred embodiment, the electron-transport layer comprises at least one phenanthroline
derivative and/or pyridine derivative.

In a further preferred embodiment, the electron-transport layer comprises at least one phenan-
throline derivative and/or pyridine derivative and at least one alkali metal hydroxyquinolate
complex.

In a further preferred embodiment, the electron-transport layer comprises at least one of the
dibenzofuran compounds A-1 to A-36 and B-1 to B-22 described in WO2011/157790, especially
ETM-1.

In a further preferred embodiment, the electron-transport layer comprises a compound de-
scribed in WO2012/111462, WO2012/147397, WO2012014621, such as, for example, a com-

N N
/ A 7 \
OO
S~ —
\ !
N _Z NN
pound of formula (ETM-3), US2012/0261654, such as, for

example, a compound of formula (ETM-4), and
W02012/115034, such as for example, such as, for example, a compound of formula

(ETM-5).

Electron injection layer (h):

The electron injection layer may be any layer that improves the injection of electrons into an
adjacent organic layer. Lithium-comprising organometallic compounds such as 8-
hydroxyquinolatolithium (Liq), CsF, NaF, KF, Cs;CO3 or LiF may be applied between the elec-
tron transport layer (g) and the cathode (i) as an electron injection layer (h) in order to reduce
the operating voltage.
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Cathode (i):

The cathode (i) is an electrode which serves to introduce electrons or negative charge carriers.
The cathode may be any metal or nonmetal which has a lower work function than the anode.
Suitable materials for the cathode are selected from the group consisting of alkali metals of
group 1, for example Li, Cs, alkaline earth metals of group 2, metals of group 12 of the Periodic
Table of the Elements, comprising the rare earth metals and the lanthanides and actinides. In
addition, metals such as aluminum, indium, calcium, barium, samarium and magnesium, and
combinations thereof, may be used.

In general, the different layers, if present, have the following thicknesses:
anode (a): 500 to 5000 A (&ngstrém), preferably 1000 to 2000 A;

hole injection layer (b): 50 to 1000 A, preferably 200 to 800 A,
hole-transport layer (c): 50 to 1000 A, preferably 100 to 800 A,

exciton blocking layer (d): 10 to 500 A, preferably 50 to 100 A,
light-emitting layer (e): 10 to 1000 A, preferably 50 to 600 A,

hole/ exciton blocking layer (f): 10 to 500 A, preferably 50 to 100 A,
electron-transport layer (g): 50 to 1000 A, preferably 200 to 800 A,
electron injection layer (h): 10 to 500 A, preferably 20 to 100 A,

cathode (i): 200 to 10 000 A, preferably 300 to 5000 A.

The person skilled in the art is aware (for example on the basis of electrochemical studies) of
how suitable materials have to be selected. Suitable materials for the individual layers are
known to those skilled in the art and are disclosed, for example, in WO 00/70655.

In addition, it is possible that some of the layers used in the inventive OLED have been surface-
treated in order to increase the efficiency of charge carrier transport. The selection of the mate-
rials for each of the layers mentioned is preferably determined by obtaining an OLED with a
high efficiency and lifetime.

The inventive OLED can be produced by methods known to those skilled in the art. In general,
the inventive OLED is produced by successive vapor deposition of the individual layers onto a
suitable substrate. Suitable substrates are, for example, glass, inorganic semiconductors or
polymer films. For vapor deposition, it is possible to use customary techniques, such as thermal
evaporation, chemical vapor deposition (CVD), physical vapor deposition (PVD) and others. In
an alternative process, the organic layers of the OLED can be applied from solutions or disper-
sions in suitable solvents, employing coating techniques known to those skilled in the art.

Use of the compounds of the formula (1) in at least one layer of the OLED, preferably in the
light-emitting layer (preferably as a matrix material), charge transport layer and/or in the
charge/exciton blocking layer makes it possible to obtain OLEDs with high efficiency and with
low use and operating voltage. Frequently, the OLEDs obtained by the use of the compounds of
the formula (1) additionally have long lifetimes. The efficiency of the OLEDs can additionally be
improved by optimizing the other layers of the OLEDs. For example, high-efficiency cathodes
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such as Ca or Ba, if appropriate in combination with an intermediate layer of LiF, can be used.
Moreover, additional layers may be present in the OLEDs in order to adjust the energy level of
the different layers and to facilitate electroluminescence.

The OLEDs may further comprise at least one second light-emitting layer. The overall emission
of the OLEDs may be composed of the emission of the at least two light-emitting layers and
may also comprise white light.

The OLEDs can be used in all apparatus in which electroluminescence is useful. Suitable de-
vices are preferably selected from stationary and mobile visual display units and illumination
units. Stationary visual display units are, for example, visual display units of computers, televi-
sions, visual display units in printers, kitchen appliances and advertising panels, illuminations
and information panels. Mobile visual display units are, for example, visual display units in cell-
phones, tablet PCs, laptops, digital cameras, MP3 players, vehicles and destination displays on
buses and trains. Further devices in which the inventive OLEDs can be used are, for example,
keyboards; items of clothing; furniture; wallpaper. In addition, the present invention relates to a
device selected from the group consisting of stationary visual display units such as visual dis-
play units of computers, televisions, visual display units in printers, kitchen appliances and ad-
vertising panels, illuminations, information panels, and mobile visual display units such as visual
display units in cellphones, tablet PCs, laptops, digital cameras, MP3 players, vehicles and des-
tination displays on buses and trains; illumination units; keyboards; items of clothing; furniture;
wallpaper, comprising at least one inventive organic light-emitting diode or at least one inventive
light-emitting layer.

The following examples are included for illustrative purposes only and do not limit the scope of
the claims. Unless otherwise stated, all parts and percentages are by weight.

Examples

Example 1: Synthesis of compound 3
The synthesis of 1 is done according to the procedure describe in Tetrahedron 69 (2013) 2647-
2654.

o A © ; "NOZ
N N
@ —>©€i)©
N N
H O 02N o
! 0
2

a) 2.00 g of 1 (8.395 mmol), 2.49 g of 2-fluoronitrobenzene (17.63 mmol) and 2.90 g of K.CO3
(20.99 mmol) are stirred together in 15 mL of DMSO at 100°C for 4h. The mixture is then
poured into 100 mL of water and the beige powder is washed with 2x50 mL of water and 2x50
mL of methanol. It is purified by chromatography (silica gel, heptane/dichloromethane) to yield
3.3g of the desired product (yield = 81%).
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1H NMR (400 MHz, CDCls); & = 7.22 (dd, Ji= 8.1 Hz, Jo= 1.5 Hz, 2H); 7.36 (m, 6H); 7.52 (m,
B6H); 8.11 (dd, Ji= 8.0 Hz, J;= 1.4 Hz, 2H).

K N N2 N\ \N
0 — O
O,N 5 « W
2 3
b) 3.24 g of 2 (6.744 mmol), 4.80 g of tin (40.435 mmol) and 13 mL of concentrated HCI (37%)
5  are stirred together in 80 mL of ethanol at reflux for 12h. After removal of the solvent under vac-
uum, chloroform is added and the organic phase is washed several times with water. The prod-
uct is then purified by chromatography (silica gel, heptane/chloroform), recrystallization (DMF)
and sublimation (Yield = 41%).

"H NMR (400 MHz, CDCls); & = 7.25 (m, 6H); 7.44 (m, 2H); 7.60 (m, 4H); 7.78 (m, 2H); 7.93 (m,
10 2H). Purity Loy = 99.97%

Example 2: Synthesis of compound 5
N
M

o H © NO ,
N N
0 — 10
H O O2N o)
! 4
1
N
a) It is done according the same procedure described in Example 1 from 1 to 2 with 4-fluoro-3-
15 nitrobenzonitrile instead of 2-fluoronitrobenzene (yield = 64%).

1H NMR (400 MHz, CDCls); & = 7.32 (dd, Ji= 8.5 Hz, Jo= 0.6 Hz, 2H); 7.44 (m, 2H); 7.56 (d, Ji=
8.5 Hz, Jo= 1.4 Hz, 2H), 7.72 (m, 4H); 7.45 (m, 2H); 7.97 (m, 2H); 8.14 (dd, Ji= 1.4 Hz, Jo= 0.7

Hz, 2H).
N N
i Il
o) N X
N No: =
0,N 5 \\N
4 5
/
¢ !

20  b) Itis done according the same procedure described in Example 1 from 2 to 3 (yield = 38%).
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1H NMR (400 MHz, CDCls); & = 7.32 (d, J= 8.8 Hz, 2H): 7.44 (dd, Ji= 7.3 Hz, Jo= 1.6 Hz, 2H);
7.55 (dd, Ji1= 8.6 Hz, Jy= 1.4 Hz, 2H); 7.72 (m, 4H); 7.97 (dd, Ji= 7.3 Hz, Jo= 1.9 Hz , 2H), 8.14
(d, J=14 HZ, 2H). Purity (HPLC) = 99.80%

5  Example 3: Synthesis of compound 8
F

Q! ? 7 NO,
Y VN
N—% : N—\<‘ :
H o O:N o
1

6

F
a) It is done according the same procedure described in Example 1 from 1 to 2 with 2,5-

difluoronitrobenzene instead of 2-fluoronitrobenzene (yield = 73%).
"H NMR (400 MHz, CDCls); & = 7.17-7.30 (m, 4H); 7.33-7.40 (m, 6H); 7.50 (m, 2H), 7.84 (dd,

10 Ji=7.8 Hz, J;= 2.8 Hz, 2H).
F
| , 0 Ni “NH,
O—a C
N
ON o H,N o
6 7
F F

b) 6.31 g of 6 (12.2 mmol) and 0.52 g of Pd/C (10%) in 110 mL of a solution of THF/EtOH are
stirred in an autoclave at 50°C under a pressure of 5 bar of hydrogen for 2 hours. The mixture is

15 thenfiltrated and the solvent evaporated to yield 7 as a white powder that is immediatly used in
the next step (yield = quantitative).

F

d@m

)
N

c¢) 15.9 g of 7 (30.8 mmol), 350 mg of p-toluenesulfonic acid monohydrate (1.84 mmol) and 300
20  mL of o-xylene are mixed together at reflux for 7 hours. The mixture is cooled down, the solid is
filtrated and then purified by chromatography (silica gel, toluene/chloroform) (yield = 68%).
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1H NMR (400 MHz, CDCls); & = 7.04 (td, Ji= 9.1 Hz, Jo= 2.4 Hz, 2H); 7.16 (dd, J;= 8.9 Hz, Jo=
4.5 Hz, 2H); 7.45 (m, 4H); 7.64 (m, 4H); 7.94 (dd, Ji= 7.4 Hz, J;= 1.6 Hz , 2H). Purity ¢Le) =
99.85%

Example 4: Synthesis of compound 12
The synthesis of 9 is done according to the procedure describe in Tetrahedron 69 (2013) 2647-
2654 while using methyl 2-amino-5-fluorobenzoate instead of methyl 2-aminobenzoate.

Q% M O 7 "NO,
. M N . NN
N F N F
H o OoN 0
9
10

a) It is done according the same procedure described in Example 1 from 1 to 2 with 9 instead of
1 (yield = 73%).

"H NMR (400 MHz, CDCls); & = 7.06 (m, 2H); 7.21 (m, 4H); 7.41 (dd, J:= 8.9 Hz, J>= 4.6 Hz,
2H), 7.49 (td, J1= 7.6 Hz, Jo= 1.5 Hz, 2H); 7.56 (td, J1= 7.7 Hz, J-= 1.6 Hz, 2H); 8.11 (dd, Js= 8.1
Hz, J,= 1.6 Hz, 2H).

o) :ZNoz 0 7//\ “NH,
F N F N
—_— =
N F N F
O2N: :( o H,oN ,/Z o
10 "

b) It is done according the same procedure described in Example 3 from 6 to 7 (yield = quanti-
tative).

. e
B ——
N F N— F
Rak o

c) It is done according the same procedure described in Example 3 from 7 to 8 (yield = 89%).
"H NMR (400 MHz, DMSO); & = 7.23-7.34 (m, 6H); 7.60-7.80 (m, 8H). Purity eLcy = 99.65%
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Example 5: Synthesis of compound 14
Br

(0] |I'| (0] ; ’\NOQ
: LN LN
N—< N—<

! 13

Br
a) It is done according the same procedure described in Example 1 from 1 to 2 with 4-bromo-1-
fluoro-2-nitrobenzene instead of 2-fluoronitrobenzene (yield = 78%).
"H NMR (400 MHz, CDCls); & = 7.07 (d, J= 8.6 Hz, 2H), 7.30-7.40 (m, 6H); 7.48 (m, 2H); 7.64

(dd, Ji= 8.6 Hz, Jo= 2.2 Hz, 2H); 8.23 (d, J= 2.2 Hz, 2H).
Br Br

LI
QO —C
SN g

Br Br
b) It is done according the same procedure described in Example 1 from 2 to 3 (yield = 27%).
"H NMR (400 MHz, CDCls); & = 7.32 (d, J= 8.8 Hz, 2H); 7.44 (dd, J1= 7.3 Hz, J,= 1.6 Hz, 2H);
7.55 (dd, J1= 8.6 Hz, Jo= 1.4 Hz, 2H); 7.72 (m, 4H); 7.97 (dd, J;= 7.3 Hz, J.= 1.9 Hz , 2H), 8.14
(d J=14 HZ 2H) Purlty (HPLC) = = 99.80%

Example 6: Synthesis of compound 15

@Q@ Sas@ el

2.29gof12 (5.00 mmol), 1.84 g of carbazol (1 1.00 mmol) and 3.18 g of KsPO4 (15.00 mmol)
are stirred together in 30 mL of NMP at 190°C for 10h. The mixture is then poured into 200 mL
of water and the beige powder is washed with 3x10 mL of water and 130 mL of ethanol. It is
purified by chromatography (silica gel, toluol/ethyl acetate), recrystallization (DMF) to yield 2.9g
of the desired product 15 that is sublimed (yield = 81%).

"H NMR (400 MHz, CDCls); & = 7.33-7.46 (m, 10H); 7.50 (m, 4H); 7.68 (d, J= 8.2 Hz, 4H); 7.79
(d, J= 8.5 Hz, 2H); 7.86 (m, 2H); 7.99 (dd, Ji= 8.5 Hz, J>= 2.4 Hz, 2H); 8.19 (d, J= 7.6 Hz, 4H);
8.33 (d, J= 2.4 Hz, 2H). Purity gipLcy = 99.98%
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Example 7: Synthesis of compound 16
L L
)\ N
F
O — O @ﬁ
N F /</ \
12 16

5 Itis done according the same procedure described in Example 7 from 12 to 15 (yield = 27%)
MS (MH*) = 795.5 g.mol-'. Purity ¢pLc) = 98.05%

Example 8: Synthesis of compound 17

10  Itis done according the same procedure described in Example 7 from 12 to 15 (yield = 21%)
"H NMR (400 MHz, CDCls); & = 7.28-7.35 (m, 4H); 7.38-7.46 (m, 8H); 7.49 (m, 4H); 7.68 (dd,
Ji= 7.9 Hz, =14 Hz, 2H); 7.74 (m, 8H); 8.07 (dd, Ji= 7.8 Hz, Jo= 1.7 Hz, 4H); 8.18 (d, J=
7.9 HZ 4H) Purlty (HPLC) = = 99.90%

15 Example 9: Synthesis of compound 21
BuLi
Q\N =N + I, —_— > Q\N =N

To a solution of 1.50 g (3.90 mmol) 3 in 40 ml water free THF 6.24 ml (15.6 mmol) of a2.5 M
20  solution of n-buthyl lithium solution in hexane is added at -78 °C under argon. The reaction mix-
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ture is stirred under argon at-78 °C for 1 h. 4.06 g (16.0 mmol) iodine in 10 ml THF is added at -
78 °C. The reaction mixture is warmed up to 25 °C and is stirred at 25 °C for 4 h.

The reaction mixture is poured on water and the water phase is extracted with dichloromethane.
The organic phase is dried with magnesium sulfate and the solvent is removed in vacuum. Yield
2.259 91%.

1H NMR (400 MHz, CDCI3): 5 8.10 (dd, 2H), 7.77-7.80 (m, 2H), 7.60 (dd, 2H), 7.28-7.40 (m, 8H)

MS (APCI(pos), m/z): 637 (M*1).
SPhos, O:hr N\‘ ;

Pd,(dba), N

| N\ ;
N O +0 o
Polp ey
+ B\o Xylene
N o]
N —_—> \ i,
@N j N I N\O,

18 19
1.00 g (1.57 mmol) of compound 18, 1.33 g (6.29 mmol) potassium phosphate tribasic, 1.84 g
(6.29 mmol) 4,4,5,5-tetramethyl-2-(2-nitrophenyl)-1,3,2-dioxaborolane, in 40 ml xylene, 10 ml
dioxane and 10 ml water, are degassed with argon. 72 mg (0.080 mmol)
tris(dibenzylideneacetone)dipalladium(0) (Pdz(dba)s) is added and the reaction mixture is de-
gassed with argon. 120 mg (0.28 mmol) 2-dicyclohexylphosphino-2' 6'-dimethoxybiphenyl
(SPhos) is added and the reaction mixture is degassed with argon. The reaction mixture is
stirred at 140 °C for 22 h. 690 mg 4,4,5,5-tetramethyl-2-(2-nitrophenyl)-1,3,2-dioxaborolane and
the reaction mixture is stirred for 12 h at 140 °C.
30 ml of a 1% solution of sodium cyanide in water is added and the reaction mixture is stirred at
100 °C for 1 h. The reaction mixture is cooled to 25 °c and is extracted with dichloromethane.
The organic phase is dried with magnesium sulfate and the solvent is removed in vacuum. Col-
umn chromatography on silica gel with toluene/ethyl acetate 10/1 than 5/1 than 2/1 than 1/1
give the product.

MS (APCI(pos), m/z): 627 (M*1).
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oL, +
N O N/©
O PPh,, HN ) N
B A

”+ N NH
[ j )

19 20

500 mg (0.80 mmol) of compound 19, 1.23 g (4.00 mmol) triphenyl phosphine in 5 ml 1,2-
dichlorobenzene are refluxed under nitrogen for 16 h. The solvent is removed in vacuum. Col-
umn chromatography on silica gel give the product 20.

MS (APCI(pos), m/z): 563 (M*1).

Lit.:J. Org. Chem. 2005, 70, 5014-5019

@ Q f
HN \ N I trans-1,2- dlammocyclohexane O/
SO I @
+
N NH
(ﬁ\
W

21

225 mg (0.40 mmol) of compound 20, 410 mg (2.00 mmol) iodobenzene, 510 mg (2.40 mmol)
potassium phosphate, 38 mg (0.20 mmol) copper iodide, and 460 mg (4.00 mmol) trans-
cyclohexane-1.2-diamine (DACH) in 10 ml dioxane are refluxed under nitrogen for 9 h. The sol-
ids are filtered off and are washed with chloroform. The organic phase is washed with water and
is dried with magnesium sulfate. The solvent is removed in vacuum. Column chromatography
on silica gel results in the product 21.

MS (APCI(pos), m/z): 715 (M*1).
Device Examples

Comparative Application Example 1

A glass substrate with 120 nm-thick indium-tin-oxide (ITO) transparent electrode used as an
anode is first cleaned with isopropanol in an ultrasonic bath for 10 min. To eliminate any possi-
ble organic residues, the substrate is exposed to an ultraviolet light and ozone for further

30 min. This treatment also improves the hole injection properties of the ITO. The cleaned sub-
strate is mounted on a substrate holder and loaded into a vacuum chamber. Thereafter, the



10

15

WO 2016/125110 PCT/IB2016/050597
112

organic materials specified below are applied by vapor deposition to the ITO substrate at a rate
of approx. 0.2-1 A/sec at about 106 -10-% mbar. As a hole injection layer, compound

O
& o 8
8 e v R
with 30 nm thickness is applied. Then compound with

60 nm thickness is applied as a hole transporting layer. As an exciton and electron blocker, com-

ot
.r——<Nj©
O

pound (HTM-1; for preparation, see Ir complex (7) in the application
WO2005/019373) is then applied with a thickness of 10 nm. Subsequently, a mixture of 20% by

ey

@

weight of emitter compound o (BE 1), 15% by weight of compound (HTM-1)
/ ~ N
N /
and 65% by weight of host (SH-1) are applied to form a

40 nm-thick emitting layer. On the emitting layer, 5 nm-thick material (SH-1) is applied as an

o
SO
exciton blocker. Thereafter, compound O with 20 nm thickness is deposit-
ed as an electron transport layer. Finally, 1 nm-thick LiF is deposited as an electron injection
layer and 80 nm-thick Al is then deposited as a cathode to complete the device. The device is

sealed with a glass lid and a getter in an inert nitrogen atmosphere with less than 1 ppm of wa-
ter and oxygen.

OLED characterization

To characterize the OLED, electroluminescence spectra are recorded at various currents and
voltages. In addition, the current-voltage characteristic is measured in combination with the lu-
minance to determine luminous efficiency and external quantum efficiency (EQE). Driving volt-
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age U and EQE are given at luminance (L) = 1000 cd/m? and Commission Internationale de
I'Eclairage (CIE) coordinate are given at 5mA/cm? except otherwise stated.

Application Example 1
5 Comparative Application Example 1 is repeated except that the exciton blocker (SH-1) is re-

placed by compound (3). The device results are shown in Table 1.

Application Example 2
Comparative Application Example 1 is repeated except that the exciton blocker (SH-1) is re-

=

10 placed by compound O (17). The device results are shown in Table
1.

Application Example 3
Comparative Application Example 1 is repeated except that the exciton blocker (SH-1) is re-

N\g ZN A =N
N= Y NZ S\N
Application Example 4

Comparative Application Example 1 is repeated except that the exciton blocker (SH-1) is re-

2

e

2
by

15  placed by compound (6). The device results are shown in Table 1.

e
b2

N
Cr

placed by compound Q (15). The device results are shown in Table 1.
20
Table 1
Appl. Ex. Exciton U[Vv] | EQE CIEx | CIEy
blocker [%]
Comp. Appl. Ex. 1 (SH-1) 542 171 0.149 | 0.275
Appl. Ex. 1 (3) 469 |(17.8 0.151 | 0.282
Appl. Ex. 2 (17) 450 |(17.8 0.151 | 0.285
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Appl. Ex. 3 (5) 488 [16.3 |0.149 [0.281
Appl. Ex. 4 (15) 438 (180 [0.151 |0.285

The results shown in Table 1 demonstrate that the driving voltage U are significantly reduced
when compounds (3), (17), (6) and (15) are used as exciton blocker instead of reference com-
pound (SH-1).

Application Example 5
Comparative Application Example 1 is repeated except that both host (SH-1) and exciton block-

N
I

&

er (SH-1) are replaced by compound (15). The device results are shown in

table 2.
Table 2
Appl. Ex. Host Exciton | U [V] EQE [%] | CIEx ClEy
blocker
Comp. Appl. Ex. 1 (SH-1) (SH-1) |5.42 171 0.149 0.275
Appl. Ex. 4 (SH-1) (15) 4.38 18.0 0.151 0.285
Appl. Ex. 5 (15) (15) 4.05 16.9 0.159 0.319

The results shown in Table 2 demonstrate that the driving voltage U is even more reduced
when compound (15) is used as both host and exciton blocker at the same time with maintain-
ing the EQE in the same range.
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Claims

1. An organic electronic device comprising a compound of formula (1)

10

15

20

25

30

35

R R Rs
N —
~ N
_ N
R8 Rz R1

wherein

R!, RZ, R, R4, R%, R%, R” and R8

are independently hydrogen, halogen, CN, NR26R27, C4-Caysalkyl, which can optionally
substituted by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally substituted
by G and/or interrupted by D, Cs-Cazaryl, which can optionally substituted by G, heteroaryl
having 5 to 22 ring atoms, which can optionally substituted by G;

or

R' and R? and/or R® and R* and/or R® and R® and/or R” and R®

R' and R? and/or R® and R* and/or R® and R® and/or R” and R8

independently of each other form together with the carbon atoms to which they are bond-
ed a 5- or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated
ring system, wherein the (hetero)aromatic ring and/or annelated ring system can optional-
ly be substituted by G or by a group of formula —(Ar')o-(Ar),-(Ard)4-A; and the hetero at-
oms of the 5- or 6-membered heteroaromatic ring are selected from N, S and O;

R26, R27

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or in-
terrupted by D, Cs-Causcycloalkyl, which can optionally substituted by G and/or interrupted
by D, Cs-Czaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring at-
oms, which can optionally substituted by G;

* represents the carbon atoms of the basic sceleton;

D is -CO-, -COO-, -S-, -SO-, -SO5-, -O-, -NR®-, -SiR7°R71-, -POR"2-, -CR®=CR?®-, or -
C=C-,

E is F; CI; Br; CN; an unsubstituted Cs-Cazaryl group, a Ce-Cyaryl group, which is substi-
tuted by F, C¢-Cqsalkyl, C1-Cqsalkyl which is interrupted by O; an unsubstituted heteroaryl
group having 5 to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is
substituted by F, -OR89, -SR89, -NR®%R56, -CORG®8, -COOR?®7, -CONR®*R®, -CN, or F;

G is E, —-OR®9; -SR8%; -NR55R&6;

R% and R®% are independently of each other H, Cs-C4saryl; Cs-C1saryl which is substituted
by Ci-Cisalkyl, or C4-Cqsalkoxy; C4-Cqsalkyl; or C4-Cqsalkyl which is interrupted by —O-;

R and R® are independently of each other a Cs-C1saryl group; a Cs-C1saryl which is sub-
stituted by C4-Cysalkyl, or C4-Cqsalkoxy; a C¢+-Cqsalkyl group; or a C+-Cysalkyl group, which
is interrupted by —O-; or

R85 and R® together form a five or six membered ring,
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R is a Cs-Csaryl group; a Cs-Cisaryl group, which is substituted by C+-Cqsalkyl, or C+-
Cisalkoxy; a C4-Cqsalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,

R88 is H; a Cs-C1saryl group; a Cs-Cisaryl group, which is substituted by C4-Cysalkyl, or Cs-
Cisalkoxy; a C4-Cqsalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,

R% is a Cs-Csaryl; a Cs-Cysaryl, which is substituted by C+-Cqsalkyl, or C4-Cisalkoxy; a C+-
Cisalkyl group; or a C4+-Cqsalkyl group, which is interrupted by —O-,

R and R’ are independently of each other a C4-Cqsalkyl group, a Cs-C+saryl group, or a
Ce-Cqsaryl group, which is substituted by C4-Csalkyl, and

R72 js a C4-Cysalkyl group, a Cs-Cisaryl group, or a Cs-Cqsaryl group, which is substituted
by C1—C1galkyl;

Art, Ar2, Ard are independently of each other a Cs-Casarylen group, which can optionally be
substituted by G, or a C,-Csgheteroarylen group, which can optionally be substituted by G;
A is hydrogen, halogen, CN, NR2R?7, C4-Cssalkyl, which can optionally substituted by E
and/or interrupted by D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or in-
terrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

ois 0, or1;

pis 0, or 1; and

qis 0,o0r 1.

The organic electronic device according to claim 1, wherein
R' and R? and/or R3 and R4,
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

All
AL AL, R *
A|| j J A ] anc O
A * A * R10 R12
R
and/or

R® and Ré and/or R” and R®
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

oD
BZ/ Bs\* g/B * R
H B .|| and

7= % 10- %

B ’ B R14 R16

wherein

A' and B" are independently N, or CR",
AZ and B? are independently N, or CR8,
A3 and B2 are independently N, or CR1?,
A% and B* are independently N, or CR2,
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A% and B® are independently N, or CR?1,

A8 and B are independently O, S, NR25 or CR%6R?7,

A7 and B7 are independently N, or CR%2,

A8 and Bé are independently O, S, NR25 or CR?#6R?7,

A? and B? are independently N, or CR%,

A1 and B0 are independently N, or CR24,

A" and B! are independently O, S, NR25 or CR%RZ,

R9, R10, R, R12, R13, R14 A R15, R16, R17, R18, R19, R20, R2!, R22, R% and R2* are inde-
pendently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can optionally substituted
by E and/or interrupted by D, Cs-Czscycloalkyl, which can optionally substituted by G
and/or interrupted by D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl hav-
ing 5 to 22 ring atoms, which can optionally substituted by G, or a group of formula —
(Ar)o-(Ar2),-(Ard)q-A; or

R? and R1%, R'7 and R'8, R'® and R'?, R'® and R2°, and/or R% and R?*, preferably R'” and
R'8, R'® and R'?, and/or R and R2, independently of each other form together with the
carbon atoms to which they are bonded a 5- or 6-membered (hetero)aromatic ring, which
can optionally be part of an annelated ring system, wherein the (hetero)aromatic ring
and/or annelated ring system can optionally be substituted by G or by a group of formula —
(Ar)o-(Ar2),-(Ard)q-A; and the hetero atoms of the 5- or 6-membered heteroaromatic ring
are selected from N, S and O;

R25 is hydrogen, C-Cgsalkyl, which can optionally substituted by E and/or interrupted by
D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by D, Ce-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G.

The organic electronic device according to claim 2, wherein R and R?, R® and R4, R® and
R8 and/or R” and R8, independently of each other form a (hetero)aromatic ring selected
from (a), (b), or (c), preferably (a),

wherein
A'2is O, S, NRz or CR%R?7;
R?, R0, R and R'? are independently hydrogen, halogen, CN, NR26R27, C4-Cysalkyl, which can

optionally substituted by E and/or interrupted by D, Cs-Cascycloalkyl, which can optionally
substituted by G and/or interrupted by D, Cs-Czzaryl, which can optionally substituted by
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G, heteroaryl having 5 to 22 ring atoms, which can optionally substituted by G, or a group
of formula —(Ar')o-(Ar2)p-(Ard)q-A;

* represents the carbon atoms of the basic skeleton;

more preferably, R' and R2, and R® and R4 form a (hetero)aromatic ring selected from (a),
(b), or (c), preferably (a), and R® and R?, and R” and R8 form a 5- or 6-membered (het-

ero)aromatic ring
1

B
2B,
B|3| \j
B\ 4/ *

B

The organic electronic device according to claim 1, wherein R?, R1°, R, R12, R'3, R4, R15,
R16, R17, R'8, R19, R20, R?!, R22, R2 and R2?* are independently hydrogen, halogen, CN,
NR26R27, C4-Cgsalkyl, which can optionally substituted by E and/or interrupted by D, Cs-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Ces-Cxaryl,
which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can op-
tionally substituted by G, or a group of formula —(Ar')o-(Ar2),-(Ard)g-A.

The organic electronic device according to any one of claims 1 to 4, wherein
R' and R? and/or R® and R?
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

*

A
Az/A\ * s/A\ * 9/A *
| j AN AN 10| and
A\A4/ * A7/ *, AT Rm R12

R11

The organic electronic device according to any one of claims 1 to 5, wherein
R® and Ré and/or R” and R®
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from

B
1 5 8 R ‘ *
B— «
N o |
3 B\ 7= \\ 10- % and
B\B4/ * B *’ B R14 R16

The organic electronic device according to any one of claims 1 to 6, wherein



WO 2016/125110 PCT/IB2016/050597

119
R17
R18
| /N| SRS
’ Q A \N " and k\ *
20
5 5
AG/A\ * BG/ ~*
e g
and are independently selected from

8 8
A | BY |
\\Am N\ 10

and are independently selected from
S S O * /O * <S *
/ * * N\j j
S N S}

and
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and are independently selected from

25

O R \ R27 RZG
S * .

. | N— . u
Q\J ) @j * @J * " O *

wherein
5 * represents the carbon atoms of the basic skeleton.

8.  The organic electronic device according to any one of claims 1 to 7, wherein the com-
pound of formula (1) is a compound of formula la

Bz
N\ a-g* 7/ N\ 4
B \ A
2,3

wherein each group A', A2, A3, A4, B!, B2, B® and B* is mentioned more than one time in
formula (la) and may be the same or different.

15 9. The organic electronic device according to claim 8 wherein the compound of formula (1a)
is selected from the following compounds
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R19 R18
17
RZO A
\ /
N ‘s
5 /g/
iy %&
B (laa) R
R R 20 2,
R18 R19 =A

wherein each group Al, A2, A3, A4, B', B2, B3 and B* and each residue R'7, R'8, R'9, R20 is
mentioned more than one time in formulae (laa) and (lab) and may be the same or differ-
ent.

The organic electronic device according to claim 9, wherein the compound of formula (1) is
the following compound

19

R

wherein each residue R'7, R'8, R'9, R2 js mentioned more than one time in formula (lac)
and may be the same or different.

The organic electronic device according to claim 10, wherein the compound of formula (1)
is selected from the following compounds

(lac2)

(lac3) (lac4)
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wherein each residue R'® and R'? is mentioned more than one time in formulae (lac1),
(lac2), (lac3), (lac4) may be the same or different.

The organic electronic device according to any one of claims 1 to 11, wherein

R9, R10, R, R12, R13, R14 R15, R16, R17, R18, R19, R20, R2!, R22, R2 and R2* are inde-
pendently hydrogen, F, CN, Cs-Cisaryl; Cs-C1saryl which is substituted by C¢-Csalkyl, or
C+-Cqsalkoxy; C4-Cysalkyl; or C4-Cysalkyl which is interrupted by —O-; or a group of formula
—(Ar)o-(Ar2),-(Ard)q-A | wherein

A is selected from the group consisting of
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i " N N and

wherein

R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by
3 D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-

Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which

preferably, A is selected from the group consisting of H, CN,

can optionally substituted by G;
o <
Q0 \ A
o Nf §~O -
N

<IRe O
~

@,
O 0 0%

N N

®

_NN —N —N

5 0 O O
®

Z

7=
7—_—

10

N N Q Q
Ly O o 4o
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i ' and N7
wherein
R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by
3 D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which

can optionally substituted by G;Ar!, Arzand Ar are independently of each other a group of
formula

o

10
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wherein
3 R2 is hydrogen, C4-Casalkyl, which can optionally substituted by E and/or interrupted by
D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-

Caaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G;

preferably, Ar', Arzand Ar are independently of each other a group of formula

10
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more preferably, Ar', Arzand Ard are independently of each other a group of formula

o0is 0, or 1;
pis 0, or 1; and
qis 0,or 1.

The organic electronic device according to any one of claims 1 to 10, which is an electro-
luminescent device.

A charge transport layer, a charge/exciton blocker layer, or an emitting layer comprising a
compound as defined in any one of claims 1 to 10.

The emitting layer according to claim 14, comprising a compound as defined in any one of
claims 1 to 9 as host material in combination with a phosphorescent emitter.

An apparatus selected from the group consisting of stationary visual display units; mobile
visual display units; illumination units; keyboards; items of clothing; furniture; wallpaper,
comprising the organic electronic device according to any one of claims 1 to 10, or the
charge transport layer, the charge/exciton blocker layer, or the emitting layer according to
claim 14.

Use of the compounds of formula (1) as defined in any one of claims 1 to 10 for electro-
photographic photoreceptors, photoelectric converters, organic solar cells, switching ele-
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ments, organic light emitting field effect transistors, image sensors, dye lasers and electro-
luminescent devices.

18. A process for the production of a compound of formula (1)

R R R®
N —
~ N
R’ N \/\ngf’ (I
N /SN
8
. R R? R'
wherein
R1, R2, R, R4, RS, R8, R7and R are defined in claim 1, comprising
0O
2
R R
X
R'NH
a) reacting a compound of formula 2 (I and a compound of formula
0
4
R R
X
R* NH
2 (I") with a base in a solvent to obtain a compound of formula
0O
RN R*
5
R N R
10 O (111, wherein R is C¢-Cqsalkyl; C+-Cysalkyl which is interrupted by —
O-; Ca-Cascycloalkyl; Ce-Cqs aryl group; or a heteroaryl group having 5 to 22 ring at-
oms;
b) reacting the compound of formula (l11) with a base and a compound of formula
RS RY
NO, NO,
re—/ R/
X (IV) and a compound of formula X (IV*), wherein X
RS
RJNg 2
RN\ R
I,
R N R

15 is F, Cl, Br or I, in a solvent to obtain a compound of formula V);
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¢1) reacting the compound of formula (V) with Sn/HCI in a solvent to obtain a compound
of formula (I); or

3 ¢2) reducing the compound of formula (V) with Hz in the presence of Pd/C in a solvent

to obtain a compound of formula (VI) and
d) reacting the compound of formula (VI) with an acid to obtain a compound of formula
(1).
10
19. A compound of formula (1) as defined in any one of claims 1 to 10, with the proviso that
the following compounds are excluded:

, and

15 20. The compound as claimed in claim 19, wherein
R!, RZ, R, R4, R%, R%, R” and R8
are independently hydrogen, halogen, NR26R%7, C4-Csysalkyl, which can optionally substi-
tuted by E and/or interrupted by D, Cs-Czscycloalkyl, which can optionally substituted by G
and/or interrupted by D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl hav-
20 ing 5 to 22 ring atoms, which can optionally substituted by G;
or
R' and R2 and/or R® and R* an/or R® and R® and/or R” and R8
independently of each other form together with the carbon atoms to which they are bond-
ed a 5- or 6-membered (hetero)aromatic ring, which can optionally be part of an annelated
25 ring system, wherein the (hetero)aromatic ring and/or annelated ring system can optional-
ly be substituted by G, or by a group of formula —(Ar').-(Ar2),-(Ard)q-A; and the hetero at-
oms of the 5- or 6-membered heteroaromatic ring are selected from N, S and O;



10

15

20

25

30

35

40

WO 2016/125110 PCT/IB2016/050597

129

R26, R27

21.

are independently hydrogen, C-Czsalkyl, which can optionally substituted by E and/or in-
terrupted by D, Cs-Causcycloalkyl, which can optionally substituted by G and/or interrupted
by D, Cs-Czaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring at-
oms, which can optionally substituted by G;

* represents the carbon atoms of the basic sceleton;

D is -CO-, -COO-, -S-, -SO-, -SO5-, -O-, -NR®-, -SiR7°R71-, -POR"2-, -CR®=CR?®-, or -
C=C-,

E is F; CI; Br; CN; an unsubstituted Cs-Cazaryl group, a Ce-Cyaryl group, which is substi-
tuted by F, C¢-Cqsalkyl, C1-Cqsalkyl which is interrupted by O; an unsubstituted heteroaryl
group having 5 to 22 ring atoms, a heteroaryl group having 5 to 22 ring atoms, which is
substituted by F, -OR89, -SR89, -NR®%R56, -CORG®8, -COOR?®7, -CONR®*R®, -CN, or F;

G is E, —-OR®9; -SR8%; -NR55R&6;

R% and R®% are independently of each other H, Cs-C4saryl; Cs-C1saryl which is substituted
by Ci-Cisalkyl, or C4-Cqsalkoxy; C4-Cqsalkyl; or C4-Cqsalkyl which is interrupted by —O-;

R and R® are independently of each other a Cs-C1saryl group; a Cs-C1saryl which is sub-
stituted by C4-Cysalkyl, or C4-Cqsalkoxy; a C¢+-Cqsalkyl group; or a C+-Cysalkyl group, which
is interrupted by —O-; or

R85 and R® together form a five or six membered ring,

R is a Cs-Csaryl group; a Cs-Cisaryl group, which is substituted by C+-Cqsalkyl, or C+-
Cisalkoxy; a C4-Cqsalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,

R®8 is H; a Cs-Cysaryl group; a Cs-Cisaryl group, which is substituted by C+-Cysalkyl, or Cs-
Cisalkoxy; a C4-Cqsalkyl group; or a C4-Cqsalkyl group, which is interrupted by —O-,

R is a Cs-Csaryl; a Cs-Cysaryl, which is substituted by C+-Cqsalkyl, or C4-Cisalkoxy; a Cs-
Cisalkyl group; or a C4+-Cqsalkyl group, which is interrupted by —O-,

R and R’ are independently of each other a C4-Cqsalkyl group, a Cs-C+saryl group, or a
Ce-Cqsaryl group, which is substituted by C4-Cqsalkyl, and

R72 js a C1-Cysalkyl group, a Cs-Cisaryl group, or a Cs-Cysaryl group, which is substituted
by C1—C1galkyl;

Art, Ar2, Ard are independently of each other a C¢-Casarylen group, which can optionally be
substituted by G, or a C,-Csgheteroarylen group, which can optionally be substituted by G;
A is hydrogen, halogen, CN, NR2R?7, C4-Cssalkyl, which can optionally substituted by E
and/or interrupted by D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or in-
terrupted by D, Cs-Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22
ring atoms, which can optionally substituted by G;

ois 0, or1;

pis 0, or 1; and

qis 0,o0r 1,

The compound as claimed in claim 20, wherein
R' and R? and/or R® and R?
independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from
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5 8 R9
A
2/ * g/ *
A ] J S O
A * A * R10 R12

and/or
R® and R®¢ and/or R” and R8

independently of each other form a 5- or 6-membered (hetero)aromatic ring selected from
11 *

g

8 13 *
B2/81\ % 6/85\ * 9/B * R
'3' j SO
B\B4/ * B * B R14 R16
R'S
wherein
A' and B" are independently N, or CR",
AZ and B? are independently N, or CR8,
A3 and B2 are independently N, or CR1?,
A% and B* are independently N, or CR2,
A% and B® are independently N, or CR?1,
A8 and B® are independently O, S, NR25 or CR%6R27,
A7 and B7 are independently N, or CR%2,
A8 and Bé are independently O, S, NR25 or CR?%6R27,
A? and B? are independently N, or CR%,
A1 and B0 are independently N, or CR24,
A" and B'" are independently O, S, NR?> or CR#R%,
RQ, R10, R11, R12, R13, R14, R15, R16, R17, R18, R19, RZO, R21, R22, R23 and R24 are inde-
pendently hydrogen, halogen, CN, NR26R?7, C4-Czsalkyl, which can optionally substituted
by E and/or interrupted by D, Cs-Czscycloalkyl, which can optionally substituted by G
and/or interrupted by D, Cs-Cxaryl, which can optionally substituted by G, heteroaryl hav-
ing 5 to 22 ring atoms, which can optionally substituted by G, or a group of formula —
(Ar)o-(Ar2),-(Ard)q-A; or
R? and R1%, R'7 and R'8, R'® and R'?, R'® and R2°, and/or R% and R?, preferably R'” and
R'8, R'® and R'?, and/or R and R2, independently of each other form together with the
carbon atoms to which they are bonded a 5- or 6-membered (hetero)aromatic ring, which
can optionally be part of an annelated ring system, wherein the (hetero)aromatic ring
and/or annelated ring system can optionally be substituted by G or by a group of formula -
(Ar)o-(Ar2),-(Ard)q-A; and the hetero atoms of the 5- or 6-membered heteroaromatic ring
are selected from N, S and O;
R25 is hydrogen, C-Czsalkyl, which can optionally substituted by E and/or interrupted by
D, Cs-Cyscycloalkyl, which can optionally substituted by G and/or interrupted by D, Cs-
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Caoaryl, which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which
can optionally substituted by G.

The compound as claimed in claim 20 or 21, wherein R?, R0, R'!, R12, R13, R4 R15 R16,
R17, R18, R1%, R20, R2!, R22, RZ and R?* are independently hydrogen, halogen, CN,
NR26R27, C4-Csysalkyl, which can optionally substituted by E and/or interrupted by D, Ca-
Cascycloalkyl, which can optionally substituted by G and/or interrupted by D, Ce-Cxaryl,
which can optionally substituted by G, heteroaryl having 5 to 22 ring atoms, which can op-
tionally substituted by G, or a group of formula —(Ar')o-(Ar2),-(Ard)g-A.
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