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ELECTROLUMINESCENT DEVICE

The present invention relates to organo-electroluminescent (EL) devices, in particular EL
devices that comprise durable, blue-emitting organo-electrouminescent layers. The organo-
electroluminescent layers comprise certain organic compounds containing one or more
pyrimidine moieties.

Progress has been made towards developing organic-based electroluminescent devices
suitable for full color displays. Generally, an EL device is comprised of a light-emitting layer
or layers and a pair of facing electrodes sandwiching the light-emitting layer(s). Application
of an electric field between the electrodes results in the injection of electrons and holes to the
system, resulting in the release of energy as light.

However, organo EL devices have not been developed that have suitable stability under
continuous operation. In particular, there remains a need for blue-emitting, stable organo EL

devices.
U.S. Pat. No. 5,104,740 teaches an electroluminescent element that comprises a fluorescent
layer containing a coumarinic or azacoumarinic derivative and a hole transport layer, both

made of organic compounds and laminated on top of the other.

U.S. Pat. No. 6,280,859 discloses certain polyaromatic organic compounds for use as a light-
emitting material in organo-electroluminescent devices.

U.S. Pat. No. 5,116,708 is aimed at a hole transport material for EL devices.
WQ098/04007 and EP-A-1013740 relate to an electroluminescent arrangement with the
electron-conducting layer containing one or more compounds comprising triazine as basic

substance.

EP-A-1013740 discloses the use of triazine compounds in EL devices.
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EP-A-1,202,608 discloses EL devices comprising a carbazole compound of formuia
R

() '
N
v “
R , wherein R is and X is C or N,
which constitutes the hole transporting layer.

JP2002324678 relates to light emitting elements comprising at least one kind of compound of

/'\rm
Arﬂ

formula AT A Ar-AEA , wherein

Ar'. AP and Ar®' denote arylene groups, Ar'2, Ar2 and Ar* denote substituents or hydrogen
atoms, wherein at least one of Ar'', A", A", Ar'?, Ar®2 and Ar* is either a condensed ring
aryl structure or a condensed ring heteroaryl structure; Ar denotes an arylene group or a
heteroarylene group; and at least one amine derivative having a condensed ring group with
two or more rings are contained in a luminous layer. As examples of compounds of the

above formula, wherein Ar denotes a heteroarylene group the following two compounds are

2, ~ &

A A

N" R , R is a group of formula or

explicitly mentioned:

R

WQ02/02714 relates to electroluminescent iridium compounds with fluorinated
phenylpyridines, phenylpyrimidines, and phenylquinolines and devices made with such

compounds.
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US-A-5,770,108 describes liquid crystal compositions comprising pyrimidine compounds of

Y{ NOaIkyI
L

the following formula , wherein Y is alkyl or -O-alkyl and

liquid crystal element comprising said composition.

WQ001/05863 relates to EL devices comprising arylamine-substituted poly(arylene vinylenes).
H C=

JP2000347432 describes the use of or

N

in EL devices.

Io

EP-A-926216 relates to EL devices using triaryl amine compounds, such as

<

EP-A-690 053 relates to the use of conjugated compounds containing two or more pyrimidine
rings, which are part of the conjugated system, as electroluminescent materials. The
conjugated compounds described in EP-A-690 053 comprise pyrimidin-2,5-diyl groups which
do not carry substituents at positions 4 and 6. '

EP-A-563009 relates to EL devices comprising

O OM
HBCQNN § e
=

OMe 45 light emitting material.
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US-A-5,077,142 relates to EL devices comprising a number of organic compounds as light

emitting material. A pyrimidine moiety, , is listed among a long list of

possible organic compounds.

It is the object of the present invention to provide a light emitting element with excellent light
emitting characteristics and durability.

Certain organic compounds containing one or more pyrimidine moieties are found to be
suitable for use in organo-electroluminescent devices. In particular, certain pyrimidine

derivatives are suitable blue emitters with good durability.

The present invention is aimed at an electroluminescent device comprising an organic light-

'emitting layer that contains at least one blue-emitting organic compound containing one or

more pyrimidine moieties.

Accordingly the present invention relates to an electroluminescent device comprising an
anode, a cathode and one or a plurality of organic compound layers sandwiched
therebetween, in which said organic compound layers comprise an organic compound
containing one ore more pyrimidine moieties:

| JSN

N
>0
5

For example, the present organic compounds comprise one, two, three or more pyrimidine
moieties, including oligomers. It is understood that the open valences in the pyrimidine

moiety represents a covalent bond that is not limited in its substitution.

In general, the organic compound or compounds emit light below about 520 nm, in particular

between about 380 nm and about 520 nm.



10

15

20

WO 2004/039786 PCT/EP2003/011637

5

The organic compound or compounds have especially a NTSC coordinate of between about
(0.12, 0.05) and about (0.16, 0.10), more especially a NTSC coordinate of about (0.14, 0.08).

The organic compound or compounds have a meiting point above about 150°C, preferably

above about 200°C and most preferred above about 250°C.

For example, the organic compound is a pyrimidine compound of formula
A
NN

|
w)\%\v

v (1), wherein

V is Cs-Caparyl or Co-Csoheteroaryl, which can be substituted or unsubstituted, in particular

v , H, C,-Cigalkyl; C;-Cigalkyl which is substituted by E and/cr interrupted by D;
C,-Cigalkenyl, C,-Cygalkenyl which is substituted by E and/or interrupted by D; C»-Csalkynyl;
C.-C1salkynyl which is substituted by E and/or interrupted by D; C,-C,salkoxy; C;-Cisalkoxy
which is substituted by E and/or interrupted by D: -SR®; -NR°R°;

W is Ce-Cyoaryl or Co-Caoheteroaryl, which can be substituted or unsubstituted, in particular

W , H, C,-Cgalkyl; C;-Cigalkyl which is substituted by E and/or interrupted by D;
C,-C,galkenyl, C,-Cygalkenyl which is substituted by E and/or interrupted by D; C»-Csalkynyl;
C,-Cisalkynyl which is substituted by E and/or interrupted by D; C,-C,galkoxy; C;-C,galkoxy
which is substituted by E and/or interrupted by D; -SR®; -NR°R%;

Y is Cs-Caoaryl or C,-Csgheteroaryl, which can be substituted or unsubstituted, in particular

\ , H, C,-Cygalkyl; C,-Cgalkyl which is substituted by E and/or interrupted by D;
C.,-Cigalkenyl, C.-Cigalkenyl which is substituted by E and/or interrupted by D; C,-Cysalkynyl;
C,-C,salkynyl which is substituted by E and/or interrupted by D; C,-Cssalkoxy; C;-Cysalkoxy
which is substituted by E and/or interrupted by D; -SR®; -NR°R%;
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X is Cg-Cagaryl or C,-Cyoheteroaryl, which can be substituted or unsubstituted, in particular

X° , H, Cy-Cygalkyl; C4-Csgalkyl which is substituted by E and/or interrupted by D;
C,-Cigalkenyl, C,-Cigalkenyl which is substituted by E and/or interrupted by D; C2-Cgalkynyl;
C,-Csalkynyl which is substituted by E and/or interrupted by D; C;-Cjgalkoxy; C4-Cygalkoxy
which is substituted by E and/or interrupted by D; -SR%; -NR°R®; wherein the groups V' to V°,
W' to W5, X" to X®and Y to Y° are independently of each other H; halogen, C¢-Cosaryl; Ce-
Casaryl which is substituted by G; C4-Cysalkyl; C1-Cisalkyl which is substituted by E and/or
interrupted by D; C;-Cgalkylaryl; C;-Cisalkylaryl which is substituted by E and/or interrupted
by D; C,-Cygalkenyl; Co-Csgalkenyl which is substituted by E and/or interrupted by D;

Ar'
/ AP

or Co-Cyoheteroaryl, especially phenyl, or H, C,-Cigalkynyl; Co-Cigalkynyl which is substituted

. wherein Ar' is Cg-Caoaryl or Co-Cyoheteroaryl, especially phenyl, Ar? is Cg-Caoaryl

by E and/or interrupted by D; C4-Csgalkoxy, C;-Cqsalkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR®R®; C,-Co4 hetero-aryl; Co-Casheteroaryl which is substituted by L;
-SOR*: -SO,R*: -COR?; -COOR; -CONR®R®; C,-Cygcycloalkyl; C4-Cygcycloalkyl which is
substituted by E and/or interrupted by D; C4-Ciscycloalkenyl; Cs-CysCycloalkenyl which is
substituted by E and/or interrupted by D; or

W5 or Y together with V form a group ~CR%-, -CR%-CR%,-, -C(=0)CR®.-, -C(=0)-, or
-CR°=CR?-, or

—CR4=C—— 9 l 9 9
—CR5—CR—CR5—
W3 and Y® together with V form a group H 2 2
¢ |
N~ 9
H or —CR— ’
wherein R? is H; C,-Csalkyl, C;-Cygalkyl which is interrupted by —O-, Cg-Cisaryl, Ce-Cisary!
which is substituted by C,-Cigalkyl, or C,-Cgalkoxy, or
one of the substituents V, W, X, or Y is a group of the formula -Z, -Ar-Z, wherein Ar is Ce-
C.aaryl or Co-Casheteroaryl, which can be substituted, in particular

1 1
/ém /Jﬁ)m ‘B1)m iBZ)m
Z A 2z Q Q Y4

, , or , wherein Z is a group of formula
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N/LN /));N j;N iN
WJ'\V%Y RN W&(k )ka
\%

) , or
one of the substituents
V' to V8, W' to W®, X' to X®, or Y' to Y° is a group of the formula ~Z', -Ar-Z’, wherein Ar is Cq-
Caaaryl or C,-Cosheteroaryl, which can be substituted, in particutar

z Z or , wherein Z' is a group of formula
X
X2 X' X N/gN X
|
N)*N ., WYY \ NJ§N
] P W V2 i Y
w v v 1 1 v
v Y ,or w , wherein

A', B' and B? are independently of each other H; Cg-Cigaryl; Cs-Cigaryl which is substituted
by G; C4-Cygalkyl; C4-Cygalkyl which is substituted by E and/or interrupted by D; C-
Cigalkylaryl; C,-Cygalkylaryl which is substituted by E and/or interrupted by D; C,-Csgzalkenyl;
C,-Cisalkenyl which is substituted by E and/or interrupted by D; C,-C,galkynyl; Co-Cygalkynyl
which is substituted by E and/or interrupted by D; C4-Cssalkoxy, Ci-Cigalkoxy which is
substituted by E and/or interrupted by D; -SR®; -NR°R®; C,-C,sheteroaryl; C,-Cisheteroaryl
which is substituted by L; -SOR?, -SO,R*; -COR?; -COOR’; -CONR’R®; C,-Cscycloalkyl; Cs-
C,scycloalkyl which is substituted by E and/or interrupted by D; C,-Cscycloalkenyl; C,-
C,geycloalkenyl which is substituted by E and/or interrupted by D; or

two substituents A', B', B2 or B' and B? form a five to seven membered ring, which can be
substituted,

m is an integer of 1 to 4;and W', W2 Y', Y2 X', X3 V, W, X and Y are as defined above;

D is -CO-; -COO-; -OCOO-; -S-; -SO-; -SO,-; -O-; -NR®-; -SiR°R®-; -POR’-; -CR°*=CR®-; or -
C=C-;

E is -OR?; -SR5% -NR°RE; -COR?®; -COOR’; -CONR®R®; -CN; -OCOOR/; or halogen, especially
F

G is E; K; heteroaryl; heteroaryl which is substituted by Cg-Cygaryl; Ce-Cigaryl which is
substituted by E and/or K;

K is C1-Cigalkyl; C;-Cigalkyl which is substituted by E and/or interrupted by D; C;-Cysalkytaryl
which is substituted by E and/or interrupted by D; C;-C,galkenyl; C,-Cigalkenyl which is
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substituted by E and/or interrupted by D; Co-Cisalkynyl; Co-Cigalkyny! which is substituted by
E and/or interrupted by D; Cy-Cysalkoxy, C1-Cisalkoxy which is substituted by E and/or
interrupted by D; C4-C1scycloalkyl; Cs-Cigcycloalkyl which is substituted by E and/or
interrupted by D; C4-Ciscycloalkenyl; or C4-Cygcycloalkenyl which is substituted by E and/or
interrupted by D;

L is E; K;Cs-Cisaryl; or Cg-Cigaryl which is substituted by G, E and/or K;

R* is Ce-Cygaryl; Cs-Cisaryl which is substituted by C,-Csgalkyl, Ci-Cigalkoxy; Ci-Cgalkyl; or
C,-Cizalky! which is interrupted by -O-,

RS and R® are independently of each other H; Cs-Cisaryl; Ce-Cisaryl which is substituted by
C,-Csalkyl, Ci-Crsalkoxy; C4-Cygalkyl; or C4-Cygalkyl which is interrupted by —O-; or

0
—N
R® and R®together form a five or six membered ring, in particular O or
0]
—N |
o]

R’ is H; Ce-,CwaryI; Cs-Cigaryl which is substituted by C;-Cygalkyl, C1-Cisalkoxy; Cq-Cisalkyl;
C4-Cygalkyl which is interrupted by -O-;

R® is H; Ce-Cygaryl; Ce-Cygaryl which is substituted by C;-Cygalkyl, C4-Cisalkoxy; C1-Crsalkyl;
C,-Cygalkyl which is interrupted by —O-.

or two substituents selected from V' to V3, W to W%, X" to X, Y' to Y® which are in
neighborhood to each other form a five to seven membered ring.

Preferably at least one, more preferably at least two, most preferably at least three of the
groups V, W, X and Y are Cs-Cjearyl or C,-Caoheteroaryl, which optionally can be substituted.

Y5

defined above and at least one of the substituents Y' to Y° is different from H; W is

Preferred are compounds of formula |, wherein Y is , wherein Y' to Y° are as
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2
. W
w w3
4
w?® W A 5 : i
, wherein W' to W® are as defined above and at least one of the substituents
XZ
X x®
5 XA
W' to W% is different from H; X is X , wherein X' to X® are as defined above and at
VZ
v Ve
V4
V5

least one of the substituents X' to X° is different from H, and/or V is , wherein

V' to V® are as defined above and at least one substituent V' to V° is different from H.

.Y
Y v
v
In one further embodiment compounds of formula I are preferred, wherein Y is s
w2
w! w?e
5 W4
and W is w , wherein W' and W® and Y' and Y® are independently of each other

H; C,-Cysalkyl; or C4-Cygalkyl which is substituted by E and/or interrupted by D.

Examples of suitable groups Arare

A’ A A A A’ A
6 6 6 6 6 6 6
A , especially A . A A A A

N
Vi
@m I.YOI oY
9/ 10 9/ M 10
N// A A n2 A A n2
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Qe¥. Y \
9 10 Ag A1° 2 AB n2
especially A A ,or :
A?
O O n2
",
A A® n2 .
especially , , , especially

A° A’ A A7 A
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y A14 A7 A7
A 14 14
A \ AT
\ \ ATS A’ A
A" — A A

, wherein

n1, n2, n3, n4, n5, n6 and n7 are integers of 1 to 10, in particular 1 to 3,

A8 and A’ are independently of each other H, C;-C;salkyl, C1-Cygalkyl which is substituted by
E and/or interrupted by D, Ce-Caaaryl, Cs-Casaryl which is substituted by E, C,-Cxoheteroaryl,
C,-Cxheteroaryl which is substituted by E, C,-Cygalkenyl, C>-Cigalkynyl, C;-Cygalkoxy, Cy-
Cssalkoxy which is substituted by E and/or interrupted by D, C;-Cysaralkyl, or -CO-R%,

A8 is C,-Cysalkyl, C,-Cygalkyl which is substituted by E and/or interrupted by D, C¢-Ca4 aryl, or
C;-Cosaralkyl,

A® and A'° are independently of each other C,-C,q alkyl, C;-Cygalkyl which is substituted by E
and/or interrupted by D, Cg-Cosaryl, Ce-Caqaryl which is substituted by E, Co-Cxheteroaryl,
C,-Cyheteroaryl which is substituted by E, C,-Cygalkenyl, C,-Cigalkynyl, C4-Cygalkoxy, Cy-
Cigalkoxy which is substituted by E and/or interrupted by D, or C;-Cosaralkyl, or

A® and A'®form a ring, especially a five- or six-membered ring,

A' and A" are independently of each other H, C;-Cygalkyl, Ci-Cqgalkyl which is substituted
by E and/or interrupted by D, Cg-Csaryl, Ce-Cosaryl which is substituted by E, C»-
Caxoheteroaryl, or C,-Cxheteroaryl which is substituted by E,

D is -CO-; -COO-; -S-; -SO-; -SOs-; -O-; -NAZ-; -SIA¥A™'-; -POA¥-; -CAZ=CA*-; or -C=C-;
and

E is -OA%; -SAZ; -NAZAZ: .COA®; -COOAZ; -CONAZA%; -CN; -OCOOAZ; or halogen;
wherein A2, A% A% and A* are independently of each other H; Cg-Csaryl; Cs-Cigaryl which
is substituted by C,-Cygalkyl, C4-Cygalkoxy; C1-Cigalkyl; or C,-Cigalkyl which is interrupted by

0
—N
-O-; or A® and A®together form a five or six membered ring, in particular 0 ,
0O
—N —N_ |
o) O]
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A¥ and A% are independently of each ather H; C¢-Cysaryl; Ce-Cigaryl which is substituted by
Cy-Cysalkyl, or Cy-Cygalkoxy; Cy-Ciealkyl; or C4-Cigalkyl which is interrupted by —-O-,

A% is H; Cs-Cygaryl; Cs-Cygaryl, which is substituted by C,-C,galkyl, C1-Cigalkoxy; Ci-Cygalkyl;
or C4-Cygalkyl which is interrupted by —O-,

A% and A®' are independently of each other C;-Cygalkyl, Ce-Cisaryl, or Ce-Csgaryl, which is
substituted by C;-Cysalkyl, and

A% is C;-Cygalkyl, Cs-Cygaryl, or Ce-Cygaryl, which is substituted by Cs-Csgalkyl.

Preferably, A® and A’ are independently of each other H, C,-Cysalkyl, such as methyl, ethyl,
n-propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n-
hexyl, 2-ethylhexyl, or n-heptyl, C;-Cysalkyl which is substituted by E and/or interrupted by D,
such as -CH,OCHjs, -CH,OCH,CHjz, -CH,OCH,CH,OCH,3, or -CH,OCH,CH,OCH,CH; , Ce-
Caasaryl, such as phenyl, naphthyl, or biphenyl, Cs-Cosaryl which is substituted by E, such as
-CgH4OCHj3, -CsHsOCHLCH3, -CgHa(OCH3),, or -CsHa(OCH,CH3),, -CeHaCHa, -CgH3(CHs),,
-CsH2(CH3)a, or -CeHstBu.

A8 is preferably H, C-Csalkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl,
sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl, n-hexyl, 2-ethylhexyl, n-heptyl, or Cs-
Casaryl, such as phenyl, naphthyl, or biphenyl.

Preferably, A® and A'® are independently of each other H, C,-Cigalkyl, such as n-butyl, sec-
butyl, hexyl, octyl, or 2-ethyl-hexyl, C;-C,gaikyl which is substituted by E and/or interrupted by
D, such as -CHy(OCH,CH,),,OCHj, w = 1, 2, 3, or 4, Cg-Cpsaryl, such as phenyl, naphthyl, or
biphenyl, C¢-Cosaryl which is substituted by E, such as -CsH,OCHj3, -CsH,OCH,CHj,
-CgH3(OCHa)z, -CeHa(OCH2CHg)p, -CgHaCHg, -CoHa(CHa)z, -CsHa(CHa)s, or -CgH,tBu, or A?
and A together form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as
cyclohexyl, or cyclopentyl.

Preferably, A and A'® are independently of each other H, C,-Cygalkyl, such as as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or Cg-Cosaryl, such as phenyl,
naphthyl, or biphenyl.

D is preferably -CO-, -COQ-, -S-, -SO-, -80,-, -O-, -NA®-, wherein A% is C4-C,galkyl, such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, or sec-butyl, or Ce-Casaryl, such as
phenyl, naphthyl, or biphenyl.

E is preferably —~OA®; -SAZ; -NAZA%; .COA®; -COOAY; -CONAZ®AZ; or -CN; wherein A%,
A% A% and AZ are independently of each other C,-Cyg alky!, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, isobutyl, sec-butyl, hexyl, octyl, or 2-ethyl-hexyl, or Cs-C,4 aryl, such as
phenyl, naphthyl, or biphenyl.
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Among the above-mentioned Ar the following groups are preferred:

A O.

n1 9

" A
A

: VoW, £
A 2 n2 6 )
" , , and A A

substituents are defined as above.

10
A n2

, wherein the

Preferably the electroluminescent device comprises pyrimidine compounds of formula Il to
VI:

X3
X3 x*
X’ X°
g
W Ny

Voo,

wherein V, W, Y and X' to X5 are as defined above;

(m,
wherein V, X, Y and W' to W?® are as defined above, especially
X2 Y

X 4 Y

x* Y
YisR' if Xis X? ,orXisR',ifYis s , wherein R' is H, C,-Csalkyl; Cy-
C,galkyl which is substituted by E and/or interrupted by D; C.-Cisalkenyl, C2-C,galkenyl which
is substituted by E and/or interrupted by D; C»-Csgalkynyl; C,-Cisalkynyl which is substituted
by E and/or interrupted by D: C,-Cisalkoxy; C,-Cigalkoxy which is substituted by E and/or
interrupted by D; -SR®; or -NR°R®; wherein W' to W?, X' to X%, Y' to Y°, E, D, R®and R® are
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as defined above, wherein most preferred W' and W*® and Y' and Y® are independently of
each other H; C4-Cygalkyl; or C;-Cigalkyl which is substituted by E and/or interrupted by D;

w' NI\N Y'
2

w > Y
AT AL
w* Yo av)or

wherein V, W' to W®, X' to X% and Y' to Y® are as defined above, preferably W3, X3 and Y?
are selected from the group consisting of Ce-Caqaryl; Ce-Casaryl which is substituted by G; C,-
Casheteroaryl; C,-Cosheteroaryl which is substituted by L, C,-Cyzalkoxy, -SR5; -NR°R®,
wherein G, L, R® and R® are as defined above, V is H and/or W' and W?, Y' and Y° as well as
X' and X® are independently of each other H; C,-C,salkyl; or C;-Cygalkyl which is substituted
by E and/or interrupted by D, wherein E and D are as defined above; or

W13 W14 W33

(VI1), wherein
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g'! B g g%
13 14 24 23
Ar is a group of formula B B” 87 B , especially
A1B A19
, or )

W' to W', W?' to W2, W¥' to W3, W* to W™, Y"' to Y%, Y?" to Y, Y*' to Y*® and Y*' to Y*
are independently of each other H; C¢-Caaaryl; Ce-Casaryl which is substituted by G; Cs-
C.salkyl; C4-Cigalkyl which is substituted by E and/or interrupted by D; C;-Cygalkylaryl; Co-
Cigalkylaryl which is substituted by E and/or interrupted by D; C,-Cisalkenyl; Co-Cigalkenyl
which is substituted by E and/or interrupted by D; C,-C,galkynyl; C»-Cigalkynyl which is
substituted by E and/or interrupted by D; C,-C,galkoxy, C-Cgalkoxy which is substituted by
E and/or interrupted by D; -SR®; -NR®R®; C,-C,sheteroaryl; C,-C,sheteroaryl which is
substituted by L; -SOR* -SO2R*; -COR?; -COOR’; -CONR®°R®; C,-Cyscycloalkyl; C,-
Cscycloalkyl which is substituted by E and/or interrupted by D; Cs-Ciscycloalkenyl; Cs-
Cigcycloalkenyl which is substituted by E and/or interrupted by D;

V is H; C¢-Casaryl; Ce-Cosaryl which is substituted by G; C;-Cagalky!; Cy-Cigalkyl which is
substituted by E and/or interrupted by D; C;-C,galkylaryl; C,-Cigalkylaryl which is substituted
by E and/or interrupted by D; C,-Cygalkenyl; C,-Cigalkenyl which is substituted by E and/or
interrupted by D; C,-C,galkynyl; Co-Csalkynyl which is substituted by E and/or interrupted by
D; C4-Cigalkoxy, C;-Cygalkoxy which is substituted by E and/or interrupted by D; -SR?; or -
NRSR®; C,-Cysheteroaryl; C,-Casheteroaryl which is substituted by L; -SOR*; -SO,R*; -COR®,
-COOR’; -CONR®R®; C4-Ciscycloalkyl; C4-Ciacycloalkyl which is substituted by E and/or
interrupted by D; C,-Cigcycloalkenyl; C4-Cigcycloalkenyl which is substituted by E and/or
interrupted by D;

A'® and A" are independently of each other H, C4-Cygalkyl; Cy-Csgalkyl which is substituted
by E and/or interrupted by D; Cs-Cygaryl; Cs-Cyaaryl which is substituted by E,

B" to B' and B?' to B?** are independently of each other H; Cs-Cygaryl; Ce-Cygaryl which is
substituted by G; C;-Cigalkyl; C4-Cigalkyl which is substituted by E and/or interrupted by D;
C,-Cigalkylaryl; C,-Cygalkylaryl which is substituted by E and/or interrupted by D; C,-
Cisalkenyl; Co-Cygalkenyl which is substituted by E and/or interrupted by D; C,-Csgalkynyl; Co-
C,salkynyl which is substituted by E and/or interrupted by D; C4-Cygalkoxy, Cy-Cygalkoxy
which is substituted by E and/or interrupted by D; -SR>; -NR°R®; C,-Cigheteroaryl; C,-
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Csheteroaryl which is substituted by L; -SOR? -SO,R*; -COR?®; -COOR’; or -CONR°R®; C,-
Ciscycloalkyl; C4-Cygcycloalky! which is substituted by E and/or interrupted by D; Ca-
Cigcycloalkenyl; C4-Cygcycloalkenyl which is substituted by E and/or interrupted by D;
wherein D, E, G, L, R*, R®, R®, R” and R® are as defined above, and V in formula VI or Vil is

preferably H.

Moreover, pyrimidine compounds of formula [ are preferred, wherein V is a group of the

formula v? , H, C4-Czalkyl; C;-Cqgalkyl which is substituted by E and/or
interrupted by D; C,-Cysalkenyl, C,-Cygalkenyi which is substituted by E and/or interrupted by
D; C.-Cigalkynyl; C»-Cqsalkynyl which is substituted by E and/or interrupted by D;
C,-Cgalkoxy; C,;-C,galkoxy which is substituted by E and/or interrupted by D; -SR5; or
-NR°R®; and/or

iA )m BYm (B)m
5 . B
W is a group of the formula w , Z or Z | in particular

102

R R

Z , H, C4-Cygalkyl; C,-Cygalkyl which is substituted by E and/or
interrupted by D; C,-Cygalkenyl, C.-Cysalkenyl which is substituted by E and/or interrupted by
D; C,-C,salkynyl; C,-Cygalkynyl which is substituted by E and/or interrupted by D;
C;-Cigalkoxy; C4-Cygalkoxy which is substituted by E and/or interrupted by D; -SR>; or -
NRERE: wherein W' to W5, D, V' to V5, E, A, B!, B2, R%, R®, m and Z are as defined above
and R and R'® are independently of each other H, C;-Cgalkyl, Cs-Caqaryl, or Cs-
Cscycloalkyl, in particular H or C,4-alkyl.

The compounds of general formula 1V, VI and VI are novel and form a further subject of the

present application.
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In one preferred embodiment the present invention is directed to pyrimidine compounds of
1
N N
A
N Y(

formula W 1), wherein

1B 13
R

H11R11' R‘IZ H12‘ R

17 17 16' 416 15" 215
at least one of the groups W, X and Y is a group of formula RTR" R"R™ R™ R ,

and the other groups are independently of each other an aryl group or a heteroaryl group,

RM R41' R44 R44' R46 R46’
o O
42' 42 45 45' 47 47
especially a group of formula R™R , R™R™ R'R , or

R“Rﬂl R'2 R'? R e

R17' R17 R16'R16 R‘IS' R15 ,Wherein
R‘H’ Rﬂ‘, sz’ R12', R13, R13', R15, R15" R16, R16', R17, Rﬂ', R41, RM" R42, R42', RM, R44', R45, R45"
R* R*, R and R*" are independently of each other H, E, Cg-Cisaryl; C¢-Cygaryl which is
substituted by E; C4-Cygalkyl; Ci-Cygalkyl which is substituted by E and/or interrupted by D;
C,-Cysaralkyl; or C;-Cygaralkyl which is substituted by E; or

R'"and R'%, R'? and R", R'® and R'¢, R'® and R'", R* and R* and/or R** and R* are each

a divalent group L' selected from an oxygen atom, an sulfur atom, >CR'"®R"'?>SiR'"®R"*?, or

R49 l:‘50
Ny

’
’

, wherein

R'® and R'® are independently of each other C;-Cisalkyl; C,-Cigalkoxy, Ce-Cisaryl; C;-
Cisaralkyl;

R'"and R'", R and R'?, R and R'?, R'¥ and R", R and R'®, R" and R'*, R'® and R'?,
R'” and R, R*' and R*", R® and R**, R** and R**, R*"" and R**, R* and R**, R* and R*,R*
and R*, RY and R*, R® and R*® and/or R and R* are each a divalent group

RGZ R31
R* / \ R

’

, wherein
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R®, R¥, R R®, R* and R* are independently of each other H, C;-Cgalkyl; C1-Csgalkyl,
which is substituted by E and/or interrupted by D; E; Cg-Cigaryl; Ce-Cisaryl, which is
substituted by E;
R is H, C,-Caoheteroaryl, Cs-Caparyl, or Ce-Caearyl which is substituted by E, C1-Cisalkyl; or
R21

’C}F‘”

23
5 C,-Cygalkyl which is substituted by E and/or interrupted by D; especially R ,

R R* R R? R*®
- OO~
R® A" , or " R® A" , wherein R?', R, R®, R, R%,
R® and R? are independently of each other H, E, C;-Cisalkyl; Cy4-Cigalkyl which is
substituted by E and/or interrupted by D; E; C;-Cysaralkyl; C,-Cygaralkyl which is substituted
by E;
10 R® and R* are independently of each other H, E; C;-Cisalkyl; C;-Cigalkyl, which is
substituted by E and/or interrupted by D; C-Cxheteroaryl; C;-Cisaralkyt; C;-Cygaralkyl which
is substituted by E;
D is -CO-; -COO-; -OCOO0-; -S-; -S0-; -SO,-; -0-; -NR®-; SiR°R°®-; -POR®-; -CR°=CR-; or -
C=C-;
15 Eis -OR% -SR% -NR°R®% -COR? -COOR’; -CONR’R®; -CN; or halogen, especially F, or Cl;
wherein R® and R® are independently of each other Ce-Cysaryl; Ce-Cigary! which is substituted
by C;-Cygalkyl, Ci-Cisalkyl; or Ci-Cygalkyl which is interrupted by -O-; or

0
—N
RS and R® together form a five or six membered ring, in particular 0 or
o]
—N_ |
O

20 R is Ce-Cisaryl; Cs-Cisaryl which is substituted by Ci-Cisalkyl, Ci-Cigalkyl; or Cy-Cigalkyl
which is interrupted by —O-;
R? is C;-Cyoalkylaryl; Cy-Cigalkyl; or Ci-Cygalkyl which is interrupted by —O-; and
R? and R'° are independently of each other H, Cs-Cigaryl; Ce-Cisaryl which is substituted by
C,-Cygalkyl, Ci-Cigalkyl; or Cy-Cygalkyl which is interrupted by —O-.
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R13 R13
Oa®aWas
. 15 R15
W is preferably a group of formula , wherein

R'3, R'*,R"®and R'S are H and R? is H, especially : ,or

R'3and R'®are H, R'* and R'® are independently of each other H, C,-Cgalkyl, or C-Cgalkoxy,
and R is H, C,-Csgalkyl, or C;-Cgalkoxy; or

R32 RBI

R 74 \ R

R, R'%and R'® are H, and R'® and R®are v ,
R32 R31

R 74 \ R%

R® R'®and R'® are H, and R" and R" are N ,

wherein
R* R*, R* and R®are H, C;-Cgalkyl, or C;-Cgalkoxy, and
X and Y are as defined above.

According to the present invention at least one of the groups W, X and Y, preferably two of
the groups W, X and Y, most preferred all three groups W, X and Y are a group of formula

R”RH' R12 R12' R13 R13-

Accordingly, in one preferred embodiment of the present invention the pyrimidine compound
is a compound of formula I, wherein W and Y or W and X (= X and Y) are independently of

11R R R R R13

16' 16 18
each other a group of formula RTR” RUR® R R” , especially

OO0~ OO0~
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-
~O-O-0A OO
- &

R41 R41' R44R44' R46 R4G'
H43 R48
:42' ; 42 45 Las a7 Lz —©
X is a group of formula R™ R , Oor R™R™ RR , especially ,

- O
&

O O—
5 , Whereln R11, R”" R12, R12" R13, R13', R14, R15, R15'l R16, R1S', R17, R17', R41,
R R® R%, R“ R%, R®, R®, R® R*, R”, R, R® and R® are as defined above,

especially H, C,-Cqalkyl, C;-Cgalkoxy, or phenyl.

RH’ Rﬂ" R12’ R‘IZ', R13’ R13" H15, R15', R1ﬁ’ R16', R17 and R17" R41, R41" R42’ R42', RM, R44" R45,
10 R* R%, R, RY and R* as well as R", R, and R* are preferably independently of each
other H, E; or C;-Cgalkyl, especially H, C;-C,alkyl, C4-C,alkoxy, or phenyl; wherein E is -OR?;
-SR% -NR°R®; -COR® -COOR’; -CONR°R®; -CN; -OCOOR’; or halogen, especially F;
wherein R® and R® are independently of each other C¢-Cyary, or Cy-Cgalkyl;
R’ is C7-Cy2 alkylaryl, or C4-Cgalkyl; and
15  R®is Cs-Cysaryl; or Cy-Cgalkyl, or
R' and R'", R'2and R'?, R™® and R'®, R™ and R", R*' and R*", R*" and R®, R* and R*,

7N

N ’
’,

R* and R*, R*® and R*and/or R“ and R* are each a divalent group

In one more preferred embodiment of the present invention W, X and Y are independently of

20 each other a group of formula
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RﬂR”' R‘IZ RlZ' R13 Rjg'

R”' R17 R16'R16 R‘IS' R15

R‘T R” R16' R16 H15' R15 or R17' R” R16’ R15 R15‘ H15 , wherein

R, R', R"?, R'?, R®, R", R", R, R, R'®, R and R'” are independently of each other
H, Cs-Cisaryl; Cs-Cigaryl which is substituted by E; E, Cy-Cysalkyl; C4-Cygalkyl which is
substituted by E and/or interrupted by D; C;-C.garalkyl; C;-Cigaralkyl which is substituted by
E: and R™, R'® and R" are as defined above, or

W is a group of the formula -W'-W2-W?,

X is a group of the formula -X'-X2-X® and/or

Y is a group of the formula —Y'-Y2-¥?, wherein W', W%, X', X4, Y' and Y2 are independently of

each other a group of formula

| Q | ) |
and W3 X3 and Y® are independently of each
_@_HM RM Ru
| RS

other a group of formula , wherein R is as

defined above.
W, X and Y can be different, but have preferably the same meaning.

Pyrimidine compounds of formula | are preferred, wherein R'', R'", R'2, R?, R'3, R, R'S,
R15' R16 R15' R17 and H17' R41 R41' R42 R42' RM HM' R45 R45' R46 R46' R47 and R47' are
independently of each other H, E; or C,-Cgalkyl; wherein

E is -OR%; -SR®; -NR°R?; -COR?®; -COOR’; -CONR®R®; -CN; -OCOOR’; or halogen; wherein
RS and R® are independently of each other Cq-Cyaryl; or C1-Cgalkyl;
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R’ is C;-C1; alkylaryl, or C,-Csalkyl; and
R®is Cg-Cy.aryl, or Cy-Cgalkyl.

Especially preferred are pyrimidine compounds of formula |, wherein
W, X and Y are independently of each other a group of formula

H13 Rla'
(OO )
H15 Rw . 13 13 1 15’
, wherein R, R, R and R'" are H and R® is H,
especially , or

R and R'®are H, R'* and R'* are independently of each other H, C;-Cgalkyl, or C;-Cgalkoxy,
and R® is H, C,-Cgalkyl, or C,-Cgalkoxy; or

Rsthm

R / ’\ g%

R R'and R are H, and R'® and R® are v ,or
32 N

R R
R%ﬂ H30

’

R® R'and R are H, and R" and R** are
R¥® R%. R* and R*are H, Cs-Cgalkyl, or Cs-Cgalkoxy; or wherein
W, X and Y are independently of each other a group of formula

wherein R'® and R'® are independently of each other C,-Cgalkyl.

, wherein

In a further preferred embodiment the present invention is directed to pyrimidine compounds

of formula
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Ar is a group of formula , especially

, or )

W' to W5, W2 to W2, W' to W™, W*' to W*®, Y'" to Y'®, Y?' to Y?, Y*' to Y* and Y*' to Y*°
are independently of each other H; Cs-Caaaryl; Cs-Cosaryl which is substituted by G; C;-
C,salkyl; C,-Cqaalkyl which is substituted by E and/or interrupted by D; C7-Cysalkylaryl; G-
Cisalkylaryl which is substituted by E and/or interrupted by D; C,-Cizalkenyl; C,-C,zalkenyl
which is substituted by E and/or interrupted by D; C»-Cigalkynyl; C»-Cigalkynyl which is
substituted by E and/or interrupted by D; C,-Cigalkoxy, Cq-Cssalkoxy which is substituted by
E and/or interrupted by D; -SR®; -NR°R®; C,-Cpsheteroaryl; Co-Casheteroaryl which is
substituted by L; -SOR?; -S02R*; -COR?®; -COOR’; -CONR°R®; C,-Cyacycloalkyl; Ca-
Cgcycloalkyl which is substituted by E and/or interrupted by D; C4-Cscycloalkenyl; Cs-
Cigcycloalkenyl which is substituted by E and/or interrupted by D;
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V is H; Cg-Casaryl; Cs-Cosaryl which is substituted by G; C;-Ciealkyt; C,-Cigalkyl which is
substituted by E and/or interrupted by D; C;-Cygalkylaryl; C,-Cygalkylaryl which is substituted
by E and/or interrupted by D; C»-Cisalkenyl; Co-Cigalkenyl which is substituted by E and/or
interrupted by D; C,-C,galkynyl; Co-Csgalkynyl which is substituted by E and/or interrupted by
D; C,-C,salkoxy, C;-Cigalkoxy which is substituted by E and/or interrupted by D; -SR®; or -
NR®R®: C,-Casheteroaryl; C,-Caxsheteroaryl which is substituted by L; -SOR*; -SO.R’; -COR®,
-COOR’; -CONR®R?: C,-C,gcycloalkyl; C4-Ciscycloalkyl which is substituted by E and/or
interrupted by D; C4-C1gcycloalkenyl; C4-Cigcycloalkenyl which is substituted by E and/or
interrupted by D;

A8 and A'® are independently of each other H, C,-C,galkyl; C;-Cygalkyl which is substituted
by E and/or interrupted by D; Cg-Cygaryl; Ce-Cisaryl which is substituted by E,

B'' to B™, B?' to B®, B® to B* and B*' to B* are independently of each other H; Cs-C1garyl;
Ce-Cisaryl which is substituted by G; C;-Csgalkyl; C;-Cyealkyl which is substituted by E and/or
interrupted by D; C,-Csalkylaryl; C;-Cygalkylaryl which is substituted by E and/or interrupted
by D; C,-Csalkenyl; C,-Cygalkenyl which is substituted by E and/or interrupted by D; Co-
Csgalkynyl; C,-Cysalkynyl which is substituted by E and/or interrupted by D; C;-Cisalkoxy, Cs-
Cisalkoxy which is substituted by E and/or interrupted by D; -SR’; -NR°R®; C,-Cisheteroaryl;
C,-Cigheteroaryl which is substituted by L; -SOR*; -SO,R?; -CORS; -COOR’; or -CONR°R®;
C.-Ciscycloalkyl; C4-Cqgeycloalkyl which is substituted by E and/or interrupted by D; C,-
Ciscycloalkenyl; C4-Cygcycloalkenyl which is substituted by E and/or interrupted by D;
wherein D, E, G, L, R*, R, R®, R” and R® are as defined above.

In a preferred embodiment W and Y are groups of the formula




WO 2004/039786 PCT/EP2003/011637

L

-O-0-0 0000 L

Particularly preferred are pyrimidine compounds of the following formula:

X NG
X4

5 X5

pegacel

X2 and X*are independently of each other H, C4-Cgalkyl, Ci-Cgalkoxy, C;-Cgthioalkyl, or

X
w® NN

Fegae!

wherein V is H, or Cy-Cg-alkyl,

¥ (Xa), or W )

phenyl,
X is H, or C,-Cgalkoxy,

10  WS5is H, C;-Cgalkyl, or O(CHa)ni-X,
Y® is H, C;-Cgalkyl, or O(CHaz)m-X,
Y3 Y* W3and W* are independently of each other C,-Caalkyl, C1-Caalkoxy, Cy-Cathioalkyl,
halogen, in particular Br, phenyl, or O(CH,)~-X, wherein n1 is an integer of 1 to S and X is -
O-(CH2)miCHs, ~OC(0)-(CHz)m:1CHa, -C(0)-0-Cy-Cgalkyl, -NR'®R'%, wherein m1 is an

15  integer of 0 to 5 and R'® and R are independently of each other H, or C4-Cg-alkyl, or R'®

e

and R' together form a five or six membered heterocyclic ring, in particular ;
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wherein V is H, or C,-Cgalkyl,
W2 is H, C;-Cgalkyl, or C,-Cgalkoxy,
X2 is H, C,-Cqalkoxy, phenyl or O(CHz)m-X,
X% is H, C;-Cgalkoxy, phenyl or O(CHz)n-X,
Y3 is H, C;-Csalkyl, or C,-Cgalkoxy, wherein n1 is an integer of 1 to 4 and X is -
O-(CHz)m1CHa, “OC(0)-(CH2)mCHs, -C(0)-O-C4-Cgalky!, wherein m1 is an integer of 0 to 5;
w} Y

Y &

S W* (xi1a), or

W (xib),

wherein W® and W* are independently of each other H, -NR'®R'*, C;-Cgthicalky!, or C;-
Csalkoxy,

v3 and Y*are independently of each other H, -NR'®R'%, C,-Csthioalkyl, or C;-Csalkoxy,
wherein R'® and R'™ are independently of each other H, or C,-Cgalkyl.

W53 is H, C,-Csalkyl, or O(CHz)m-X,

Y3 is H, C,-Cgalkyl, or O(CHz)n-X,

wherein ni is an integer of 1 to 5 and X is =O-(CHz)mi1CHa, —OC(O')-(CHg)m1CH3, -C(0)-0O- C;-
Csalkyl, -NR'™®R'®, wherein m1 is an integer of 0 to 5 and R'® and R'® are independently of
each other H, or C;-Cg-alkyl, or R'® and R'™ together form a five or six membered

=]

heterocyclic ring, in particular ;
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X
W N)%N Y
WA L Y
3 O sVye O V3
W W
w* Y (XIH),
OV
Vv Ve
V4
v5

wherein V, W' to W5, X, Y' to Y® are as defined above, wherein V is preferably
with the proviso that at least one substituent V' to V° is different from hydrogen;

X
A

(XIVc) w (XIVd), or

* and R® are as defined above;

=

W* (xv),
wherein W3 is H, -NR'®R'%, C,-Cgthioalkyl, or C,-Cgalkoxy,
Y¥is H, -NR'®R'* C,-Cgthioalkyl, or C;-Cgalkoxy, wherein R'® and R'* are independently
of each other H, or C,-Cgalkyl,
R'%'" and R'® are independently of each other H, C,-Cgalkyl, phenyl, or Cs-C;cycloalkyl, in

(XIVe), wherein X, Y, W' to

particular cyclohexyl;
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wherein Y2 is H, -NR'®R'®, C,-Cgthioalkyl, or C4-Csalkoxy,
X2is H, -NR'®R'™, C,-Cgthioalkyl, or C;-Cgalkoxy, wherein R'® and R'* are independently
of each other H, or C,-Cgalkyl;

¥ (xvil),
Y¥is H, -NR'®R'% C,-Csthioalkyl, or C,-Cgalkoxy,
X%is H, -NR'®R'% C,-Cgthioalkyl, or C;-Csalkoxy, wherein R'® and R'* are independently
of each other H, or C;-Cgalkyl, R"' and R'% are independently of each other H, C1-Cgalkyl,
phenyl, or Cs-C;cycloalkyl, in particular cyclohexyl;

10  pyrimidine compounds of formula

X3

110
R

a Q

3 1
Y (Xvil), wherein W3 and Y® are a group of formula ",

wherein
R''% is Cg-Cyo-aryl, such as phenyl, 1-naphthyl, 2-naphthyl, 3- or 4-biphenyl, 9-phenanthryl, 2-
or 9-fluorenyl, which is optionally substituted by C,-Ce-alkyl, or C,-C4-alkoxy,
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especially

000 éi% as o

or C4-Cyo heteroaryl, especially

110
R

¢

5 X%isH, C,-Ce-alkyl, C;-Cq-alkoxy, Ph,or ' ;and
pyrimidine compounds of formula |, wherein
V is hydrogen,
W and Y are independently of each other a group of formula

R19 R15 R‘S 18

H12
N LSS
or R R R' and
RH R'IZ R13
Sa=Wai
R17 R16 R15

10 Xis a group of formula ,

, wherein
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R" R'2 R, R R'" R'®and R are independently of each other H, Cs-Cisaryl; Ce-Crearyl
which is substituted by E; E, C;-Cysalkyl; C4-Cgalkyl which is substituted by E and/or
interrupted by D; Ce-Cigaryl; Cs-Cisaryl which is substituted by E;
R'® and R'® are independently of each other H, C4-Cgalkyl; C-C,galkyl which is substituted
by E and/or interrupted by D; Cs-Cigaryl; Ce-Ciearyl which is substituted by E;
D is -CO-; -COO-; -OCO0-; -S-; -SO-; -S0,-; -O-; -NR*-; -SiR°R°®-; -POR®-; -CR*=CR®-; or -
C=C-;
E is -OR%; -SR5; -NR°R®; -COR®; -COOR’; -CONRR?; -CN; -OCOOR; or halogen; wherein

RS R®, R’ and R® are as defined above, wherein pyrimidine compounds of formula |, wherein

Sa®aW,

W and Y are a group of formula ,

OO0, _
X is a group of formula Q Q O O , Q Q O
O

The present pyrimidine compounds are known or can be prepared according to or analogous

V is hydrogen,

are most preferred.

to known procedures. The present pyrimidine compounds are for instance derivatives of
known hydroxyphenyl pyrimidine compounds: US-A-3,442,898, US-A-5,597,854 and US-A-
5,753,729, the relevant parts of which are hereby incorporated by reference. The present
pyrimidine compounds can for instance be prepared according to or analogous to the
following procedures (Suzuki aryl-aryl cross coupling reaction: Chem. Commun., 2002, 874 -
875; DE-A-3001188, J. Org. Chem. Vol. 36, 1971, 3382-3385):

X
0
- ;{\ 01 NS
WIRYT Y T NN ' )'\/\
N w Y

An amidine hydrochloride is added to a 2-propen-1-one derivative in a C,-C.-alcohol, like
methanol, ethanol, propanol or butanol. A base, for example, an alkali metal hydroxide or
alkoxide, such as sodium methoxide or potassium hydroxide is added and the solution is

stirred in the presence of oxygen, for example dry air.

The pyrimidine compounds of the present invention, comprising the following units:
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Ar
?(xs)m
N” N
l
Al Q v 0 Ar
W, ()
m or
can be prepared according to a process, which comprises reacting a derivative of formula
100

R
?(Xe)m

N™N

IR
ey (e
\')

(%)

w®),, (Mn

wherein X%, V, W8, Y¢ and m are as defined above,
R'® stands for halogen such as chloro or bromo, preferably bromo, or E having the meaning

of

H2
or PG N

r CH,), or CH,),
| o 4 Hf( Hy —8 X

0]

wherein a is 2 or 3,
with boronic acid derivative
E-Ar,

or - in case R'® is not halogen -

Hal-Ar,
wherein Hal stands for halogen, preferably for bromo,
wherein Ar is Cs-Cao-aryl or C»-Csp-heteroaryl, which can be substituted, in the presence of
an allylpalladium catalyst of the u-halo(triisopropylphosphine)(n3-allyl)palladium(lI) type (see
for example W099/47474).
Preferably, the reaction is carried out in the presence of an organic solvent, such as an
aromatic hydrocarbon or a usual polar organic solvent, such as benzene, toluene, xylene,
tetrahydrofurane, or dioxane, or mixtures thereof, most preferred toluene. Usually, the
amount of the solvent is chosen in the range of from 1 to 10 | per mol of boronic acid
derivative. Also preferred, the reaction is carried out under an inert atmosphere such as

nitrogen, or argon.
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Further, it is preferred to carry out the reaction in the presence of an aqueous base, such as
an alkali metal hydroxide or carbonate such as NaOH, KOH, NaxCQ3, K,CO;, Cs:COsand
the like, preferably an aqueous K;CO; solution is chosen. Usually, the molar ratio of the base
to compound Il is chosen in the range of from 0.5:1 to 50:1.

Generally, the reaction temperature is chosen in the range of from 40 to 180°C, preferably
under reflux conditions.

Preferred, the reaction time is chosen in the range of from 1 to 80 hours, more preferably
from 20 to 72 hours.

In a preferred embodiment a usual catalyst for coupling reactions or for polycondensation
reactions is used, preferably Pd-based catalyst such as known tetrakis(triarylphosphoniumj-
palladium, preferably (Ph;P),Pd and derivatives thereof. Usually, the catalyst is added in a
molar ratio from inventive DPP polymer to the catalyst in the range of from 100:1 to 10:1,
preferably from 50:1 to 30:1.

Also preferred, the catalyst is added as in solution or suspension. Preferably, an appropriate
organic solvent such as the ones described above, preferably benzene, toluene, xylene,
THF, dioxane, more preferably toluene, or mixtures thereof, is used. The amount of solvent
usually is chosen in the range of from 1 to 10 | per mol of boronic acid derivative.

The obtained inventive polymer can be isolated by well-known methods. Preferably, after
cooling down the reaction mixture to room temperature, it is poured into acetone and the
obtained precipitation is filtered off, .washed and dried.

C,-Cigalkyl is a branched or unbranched radical such as for example methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl, 1-
methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexy!, n-heptyl, ischeptyl, 1,1,3,3-
tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyl,
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5-
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, or octadecyl.
C,-CgAlkoxy radicals are straight-chain or branched alkoxy radicals, e.g. methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, amyloxy, isoamyloxy or tert-amyloxy,
heptyloxy, octyloxy, isooctyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tetradecyloxy,
pentadecyloxy, hexadecyloxy, heptadecyloxy and octadecyloxy.

C,-CigAlkeny! radicals are straight-chain or branched alkenyl radicals, such as e.g. vinyl,
allyl, methallyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyi, n-penta-2,4-dienyl, 3-methy!-
but-2-enyl, n-oct-2-enyl, n-dodec-2-enyl, isododecenyl, n-dodec-2-enyl or n-octadec-4-enyl.
C..2sAlkynyl is straight-chain or branched and preferably Cogalkynyl, which may be
unsubstituted or substituted, such as, for example, ethynyl, 1-propyn-3-yl, 1-butyn-4-yl,
1-pentyn-5-yl, 2-methyl-3-butyn-2-yl, 1,4-pentadiyn-3-yl, 1,3-pentadiyn-5-yl, 1-hexyn-6-yl,
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cis-3-methyl-2-penten-4-yn-1-yl, trans-3-methyl-2-penten-4-yn-1-yi, 1,3-hexadiyn-5-yl,
1-octyn-8-yi, 1-nonyn-9-yl, 1-decyn-10-y! or 1-tetracosyn-24-yl,
C4-Ciscycloalkyl is preferably Cs-Cyacycloalkyl, such as, for example, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cyclododecy!. Cyclohexyl and cyclododecyi
are most preferred.
The term “aryl group” is typically C¢-Csoaryl, such as phenyl, indenyl, azulenyl, naphthyi,
biphenyl, terphenylyl or quadphenylyl, as-indacenyl, s-indacenyl, acenaphthylenyl,
phenanthryl, fluoranthenyl, triphenlenyl, chrysenyl, naphthacen, picenyl, perylenyl,
pentaphenyl, hexacenyl, pyrenyl, anthracenyl, terphenylyl or quadphenylyl, which can be
substituted or unsubstituted, preferably phenyl, 1-naphthyl, 2-naphthyl, 9-phenanthryl, 2- or
9-fluorenyl, 3- or 4-biphenyl, which may be unsubstituted or substituted. Examples of
Ce-Cisaryl are phenyl, 4-methylphenyl, 4-methoxyphenyl, 1-naphthyi, 2-naphthyl, 3- or
4-biphenyl, 9-phenanthryl, 2- or 9-fluorenyl, which may be unsubstituted or substituted.
C;-Caqaralkyl radicals are preferably C;-C,saralkyl radicals, which may be substituted, such
as, for example, benzyl, 2-benzyl-2-propyl, B-phenethyl, o,a-dimethylbenzyl, w-phenyl-butyl,
w-phenyl-octyl, w-phenyl-dodecyl or 3-methyl-5-(1',1',3',3'-tetramethyl-butyl)-benzyl,
The term “heteroaryl group”, especially C,.Cyoheteroaryl, is a ring, wherein nitrogen, oxygen
or sulfur are the possible hetero atoms, and is typically an unsaturated heterocyclic radical
with five to 18 atoms having at least six conjugated n-electrons such as thienyl,
benzo(b]thienyl, dibenzo[b,d}thienyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl,
isobenzofuranyl, 2H-chromenyl, xanthenyl, dibenzofuranyl, phenoxythienyl, pyrrolyl,
imidazolyl, pyrazolyl, pyridyl, bipyridyl, triazinyl, pyrimidinyl, pyrazinyl, 1H-pyrrolizinyl,
isoindolyl, pyridazinyl, indolizinyl, iscindolyl, indolyl, 3H- indolyl, phthalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, indazolyl, purinyl, quinolizinyl, chinoly!, isochinolyl,
phthalazinyl, naphthyridinyl, chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carbazolyl, 4aH-
carbazolyl, carbolinyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridinyl, perimidiny,
phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl or
phenoxazinyl, preferably the above-mentioned mono- or bicyclic heterocyclic radicals, which
may be unsubstituted or substituted.
Examples of a five or six membered ring formed by R® and R® and R'® and R'™, respectively
are heterocycloalkanes or heterocycloalkenes having from 3 to 5 carbon atoms which can

have one additional hetero atom selected from nitrogen, oxygen and sulfur, for example
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Possible substituents of the above-mentioned groups are C,-Cgalkyl, a hydroxyl group, a

, which can be part of a bicyclic system, for

example

mercapto group, Cy-Cgalkoxy, C+-Cgalkyithio, halogen, halo-C,-Cgalkyl, a cyano group, an
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an

amino group, a nitro group or a silyl group.

As described above, the aforementioned radicals may be substituted by E and/or, if desired,
interrupted by D. Interruptions are of course possible only in the case of radicals containing
at least 2 carbon atoms connected to one another by single bonds; Ce-C1saryl is not
interrupted; interrupted arylalkyl or alkylaryl contains the unit D in the alkyl moiety. C;-
Cisalkyl substituted by one or more E and/or interrupted by one or more units D is, for
example, (CH.CH,0),-R*, where n is a number from the range 1-9 and R* is H or C;-Cypalkyl
or C,-Cpalkanoyl (e.g. CO-CH(C;H;)CsHy), CH,-CH(OR")-CH,-O-R", where R’ is C;-Cigalkyl,
Cs-Cy,cycloalkyl, phenyl, C;-Cisphenylalkyl, and R embraces the same definitions as RY or
is H;

Cy-Csalkylene-COO-R?, e.g. CH,COOR,, CH(CH3)COOR?, C(CH3).COOR?, where R%is H,
C;-Chsalkyl, (CH.CH,0)1.9-R¥, and R*embraces the definitions indicated above;
CH,CH,-0-CO-CH=CH,; CH,CH(OH)CH,-O-CO-C(CH3)=CHa.

To obtain organic layers of this invention with the proper T, or glass transition temperature, it
is advantageous that the present organic compounds have a melting point greater than about
150°C, for example greater than about 200°C, for example greater than about 250°C, for

instance greater than about 300°C.
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The electroluminescent devices of the present invention are otherwise designed as is known
in the art, for example as described in U.S. Pat. Nos. 5,518,824, 6,225,467, 6,280,859,
5,629,389, 5,486,406, 5,104,740, 5,116,708 and 6,057,048, the relevant disclosures of which
are hereby incorporated by reference.

For example, organic EL devices contain one or more layers such as:

substrate: base electrode; hole-injecting layer; hole transporting layer; emitter layer; electron-
transporting layer; electron-injecting layer; top electrode; contacts and encapsulation.

This structure is a general case and may have additional layers or may be simplified by
omitting layers so that one layer performs a plurality of tasks. For instance, the simplest
organic EL device consists of two electrodes which sandwich an organic layer that performs

all functions, including the function of light emission.

A preferred EL device comprises in this order:

(a) an anode,

(b) a hole injecting layer and/or a hole transporting layer,
(c) a light-emitting layer,

(d) optionally an electron transporting layer and

(e) a cathode.

In particular, the present organic compounds function as light emitters and are contained in
the light emission layer or form the light-emitting layer.

The light emitting compounds of this invention exhibit intense fluorescence in the solid state
and have excellent electric-field-applied light emission characteristics. Further, the light
emitting compounds of this invention are excellent in the injection of holes from a metal
electrode and the transportation of holes; as well as being excellent in the injection of
electrons from a metal electrode and the transportation of electrons. They are effectively
used as light emitting materials and may be used in combination with other hole transporting
materials, other electron transporting materials or other dopants.

The organic compounds of the present invention form uniform thin films. The light emitting
layers may therefore be formed of the present organic compounds alone.

Alternatively, the light-emitting layer may contain a known light-emitting material, a known
dopant, a known hole transporting material or a known electron transporting material as
required. In the organic EL device, a decrease in the brightness and life caused by
quenching can be prevented by forming it as a multi-layered structure. The light-emitting
material, a dopant, a hole-injecting material and an electron-injecting material may be used in
combination as required. Further, a dopant can improve the light emission brightness and the
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light emission efficiency, and can attain the red or blue light emission. Further, each of the
hole transporting zone, the light-emitting layer and the electron transporting zone may have
the layer structure of at least two layers. In the hole transporting zone in this case, a layer to
which holes are injected from an electrode is called "hole-injecting layer", and a layer which
receives holes from the hole-injecting layer and transport the holes to a light-emitting layer is
called "hole transporting layer”. In the electron transporting zone, a layer to which electrons
are injected from an electrode is called "electron-injecting layer®, and a layer which receives
electrons from the electron-injecting layer and transports the electrons to a light-emitting
layer is called "electron transporting layer". These layers are selected and used depending
upon factors such as the energy level and heat resistance of materials and adhesion to an
organic layer or metal electrode.

The light-emitting material or the dopant which may be used in the light-emitting layer
together with the organic compounds of the present invention includes for example
anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene, chrysene, fluorescein,
perylene, phthaloperylene, naphthaloperylene, perinone, phthaoperinone,
naphthaloperinone, diphenylbutadiene, tetraphenylbutadiene, coumarine, oxadiazole,
aldazine, bisbenzoxazoline, bisstyryl, pyrazine, cyclopentadiene, quinoline metal complex,
aminoquinoline metal complex, benzoquinoline metal complex, imine, diphenylethylene, vinyl
anthracene, diaminocarbazole, pyran, thiopyran, polymethine, merocyanine, an imidazole-
chelated oxynoid compound, quinacridone, rubrene, and fluorescent dyestuffs for a dyestuff
laser or for brightening.

If the pyrimidine compounds of the formula | are used as host, the weight ratio of the
pyrimidine compound (host) to the guest compound is in general 50:50 to 99.99:0.01,
preferably 90:10 to 99.99:0.01, more preferably 95:5 to 99.9:0.1, most preferably 98:2 to
99.9:0.1.

The pyrimidine compounds of the present invention and the above compound or compounds
that can be used in a light-emitting layer may be used in any mixing ratio for forming a light-
emitting layer. That is, the organic compounds of the present invention may provide a main
component for forming a light-emitting layer, or they may be a doping material in another
main material, depending upon a combination of the above compounds with the organic
compounds of the present invention.

The hole-injecting material is selected from compounds which are capable of transporting
holes, are capable of receiving holes from the anode, have an excellent effect of injecting
holes to a light-emitting layer or a light-emitting material, prevent the movement of excitons
generated in a light-emitting layer to an electron-injecting zone or an electron-injecting
material and have the excellent capability of forming a thin film. Suitable hole-injecting
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materials include for example a phthalocyanine derivative, a naphthalocyanine derivative, a
porphyrin derivative, oxazole, oxadiazole, triazole, imidazole, imidazolone, imidazolthione,
pyrazoline, pyrazolone, tetrahydroimidazole, oxazole, oxadiazole, hydrazone, acylhydrazone,
polyarylalkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine type
triphenylamine, diamine type triphenylamine, derivatives of these, and polymer materials
such as polyvinylcarbazole, polysilane and an electroconducting polymer.

In the organic EL device of the present invention, the hole-injecting material which is more
effective is an aromatic tertiary amine derivative or a phthalocyanine derivative. Although not
specially limited, specific examples of the tertiary amine derivative include triphenylamine,
tritolylamine,  tolyldiphenylamine,  N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1-biphenyl-4,4'-
diamine, N,N,N',N'-tetra(4-methylphenyl)-1,1'-phenyl-4,4'-diamine, N,N,N',N'-tetra(4-
methylphenyl)-1,1'-biphenyl-4,4'-diamine, N,N'-diphenyl-N,N'-di(1-naphthyl)-1,1"-biphenyi-
4,4-diamine, N,N'-di{methylphenyl)-N,N'-di(4-n-butylphenyl)-phenanthrene-9,10- diamine,
4.4, 4"-tris(3-methylphenyl)-N-phenylamino)triphenylamine, 1,1-bis(4-di-p-
tolylaminophenyl)cyclohexane, and oligomers or polymers having aromatic tertiary amine
structures of these. '

Although not specially limited, specific examples of the phthalocyanine (Pc) derivative
include phthalocyanine derivatives or naphthalocyanine derivatives such as HyPc, CuPc,
CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, CIAIPc, CiGaPc, ClinPc, CISnPc, Cl2SiPc, (HO)AIPc,
(HO)GaPc, VOPc, TiOPc, MoOPc, and GaPc-O-GaPc.

The hole transporting layer can reduce the driving voltage of the device and improve the
confinement of the injected charge recombination within the pyrimidin light emitting layer.
Any conventional suitable aromatic amine hole transporting materials described for the hole-

injecting layer may be selected for forming this layer.

A preferred class of hole transporting materials is comprised of 4,4'-bis(9-carbazolyl)-1,1'-
biphenyl compounds of the formula

Hsg RGS

64
wherein R®' and R% is a hydrogen atom or an Ci-Caalkyl group; R® through R® are
substituents independently selected from the group consisting of hydrogen, a Cy-Cealkyl

group, a Cy-Cgalkoxy group, a halogen atom, a dialkylamino group, a Cg-Cgparyl group, and
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the like. Hlustrative examples of 4,4'-bis(9-carbazolyl)-1,1'-biphenyl compounds inciude 4,4'-
bis(9-carbazolyl)-1,1"-biphenyi and 4,4'-bis(3-methyl-9-carbazolyl)-1,1'-biphenyl, and the like.
The electron transporting layer is not necessarily required for the present device, but is
optionally and preferably used for the primary purpose of improving the electron injection
characteristics of the EL devices and the emission uniformity. lllustrative examples of
electron transporting compounds, which can be utilized in this layer, include the metal
chelates of 8-hydroxyquinoline as disclosed in U.S. Pat. Nos. 4,539,507, 5,151,629, and
5,150,006, the disclosures of which are totally incorporated herein by reference.

Although not specially limited, specific examples of the metal complex compound include
lithium 8-hydroxyquinolinate, zinc bis(8-hydroxyquinolinate), copper bis(8-
hydroxyquinolinate), manganese bis{8-hydroxyquinolinate), aluminum tris(8-
hydroxyquinolinate),  aluminum tris(2-methyl-8-hydroxyquinolinate),  gallium  tris(8-
hydroxyquinolinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc  bis(10-
hydroxybenzo[h]quinolinate), chiorogallium bis(2-methyl-8-quinolinate), gallium bis(2-methyl-
8-quinolinate)(o-cresolate), aluminum bis(2-methyl-8-quinolinate)(1-naphtholate), gallium
bis(2-methyl-8-quinolinate)(2-naphtholate), gallium bis(2-methyl-8-quinolinate)phenolate, zinc
bis(o-(2-benzooxazolyl)phenolate), zinc bis(o-(2-benzothiazolyl)phenolate) and zinc bis(o-(2-
benzotrizolyl)phenolate). The nitrogen-containing five-membered derivative is preferably an
oxazole, thiazole, thiadiazole, or triazole derivative. Although not specially limited, specific
examples of the above nitrogen-containing five-membered derivative include 2,5-bis(1-
phenyl)-1,3,4-oxazole, 1,4-bis(2-(4-methyl-5-phenyloxazolyl)benzene, 2,5-bis(1 -phenyl)-
1,3,4-thiazole, 2,5-bis(1-phenyl)-1,3,4-oxadiazole, 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)1,3,4-
oxadiazole, 2,5-bis(1-naphthyl)-1,3,4-oxadiazole, 1,4-bis[2-(5-phenyloxadiazolyl)]benzene,
1,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], 2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-
1,3,4-thiadiazole, 2,5-bis(1-naphthyl)-1,3,4-thiadiazole, 1,4-bis[2-(5-phenyithiazolyl)]benzene,
2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)-1,3,4-triazole and
1,4-bis[2-(5-phenyltriazolyl)]benzene. Another class of electron transport materials are
oxadiazole metal chelates, such as  bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-oxadiazolato]beryllium;  bis[2-(2-
hydroxyphenyl)-5-(1-naphthyl)-1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(1-
naphthyl)-1,3,4-oxadiazolato]beryllium; bis[5-biphenyl-2-(2-hydroxyphenyl)-1,3,4-
oxadiazolato]zinc;  bis[5-biphenyl-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato]beryllium;  bis(2-
hydroxyphenyl)-5-phenyl-1,3,4-oxadiazolato]lithium; bis[2-(2-hydroxyphenyl)-5-p-tolyl-1,3,4-
oxadiazolatojzinc; bis 2-(2-hydroxyphenyl)-5-p-tolyl-1,3,4-oxadiazolato]beryllium; bis[5-(p-
tert-butylphenyl)-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato]zinc; bis[5-(p-tert-butylpheny!)-2-(2-
hydroxyphenyl)-1,3,4-oxadiazolato}beryllium; bis[2-(2-hydroxyphenyl)-5-(3-fluorophenyl)-
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1,3,4-oxadiazolato]zinc;  bis[2-(2-hydroxyphenyl)-5-(4-fluorophenyl)-1,3,4-oxadiazolato]zinc;
bis[2-(2-hydroxyphenyl)-5-(4-fluorophenyl)-1,3,4-oxadiazolato]beryllium; bis[5-(4-
chlorophenyl)-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato]zinc;  bis[2-(2-hydroxy phenyl)-5-(4-
methoxyphenyl)-1,3,4-oxadiazolato]zinc;  bis[2-(2-hydroxy-4-methylphenyl)-5-phenyl-1,3,4-
oxadiazolato]zinc; bis{2-.alpha.-(2-hydroxynaphthyl)-5-phenyl-1,3,4-oxadiazolato]zinc; bis[2-
(2-hydroxyphenyl)-5-p-pyridyl-1,3,4-oxadiazolatojzinc; bis[2-(2-hydroxyphenyl)-5-p-pyridy!-
1,3,4-oxadiazolato]beryllium; bis[2-(2-hydroxyphenyl)-5-(2-thiophenyl)-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-thiadiazolato]zinc; bis[2-(2-
hydroxypheny!)-5-phenyl-1,3,4-thiadiazolato]beryllium; bis[2-(2-hydroxyphenyl)-5-(1-
naphthyl)-1,3,4-thiadiazolato]zinc; and bis[2-(2-hydroxyphenyl)-5-(1-naphthyl)-1,3,4-
thiadiazolato]beryllium, and the like.
In the organic EL device of the present invention, the light-emitting layer may contain, in
addition to the light-emitting organic material of the present invention, at least one of other
light-emitting material, other dopant, other hole-injecting material and other electron-injecting
material. For improving the organic EL device of the present invention in the stability against
temperature, humidity and ambient atmosphere, a protective layer may be formed on the
surface of the device, or the device as a whole may be sealed with a silicone olil, or the like.
The electrically conductive material used for the anode of the organic EL device is suitably
selected from those materials having a work function of greater than 4 eV. The electrically
conductive material includes carbon, aluminum, vanadium, iron, cobalt, nickel, tungsten,
silver, gold, platinum, palladium, alloys of these, metal oxides such as tin oxide and indium
oxide used for ITO substrates or NESA substrates, and organic electroconducting polymers
such as polythiophene and polypyrrole.
The electrically conductive material used for the cathode is suitably selected from those
having a work function of smaller than 4 eV. The electrically conductive material includes
magnesium, calcium, tin, lead, titanium, yttrium, lithium, ruthenium, manganese, aluminum
and alloys of these, while the electrically conductive material shall not be limited to these.
Examples of the alloys include magnesium/silver, magnesium/indium and lithium/aluminum,
while the alloys shall not be limited to these. Each of the anode and the cathode may have a
layer structure formed of two layers or more as required.
For the effective light emission of the organic EL device, at least one of the electrodes is
desirably sufficiently transparent in the light emission wavelength region of the device.
Further, the substrate is desirably transparent as well. The transparent electrode is
produced from the above electrically conductive material by a deposition method or a
sputtering method such that a predetermined light transmittance is secured. The electrode
on the light emission surface side has for instance a light transmittance of at least 10%. The
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substrate is not specially limited so long as it has adequate mechanical and thermal strength
and has transparency. For example, it is selected from glass substrates and substrates of
transparent resins such as a polyethylene substrate, a polyethylene terephthalate substrate,
a polyether sulfone substrate and a polypropylene substrate.

In the organic EL device of the present invention, each layer can be formed by any one of dry
film forming methods such as a vacuum deposition method, a sputtering method, a plasma
method and an ion plating method and wet film forming methods such as a spin coating
method, a dipping method and a flow coating method. The thickness of each layer is not
specially limited, while each layer is required to have a proper thickness. When the layer
thickness is too large, inefficiently, a high voitage is required to achieve predetermined
emission of light. When the layer thickness is too small, the layer is liable to have a pinhole,
etc., so that sufficient light emission brightness is hard to obtain when an electric field is
applied. The thickness of each layer is for example in the range of from about 5 nm to about
10 pm, for instance about 10 nm to about 0.2 um.

In the wet film forming method, a material for forming an intended layer is dissolved or
dispersed in a proper solvent such as ethanol, chloroform, tetrahydrofuran and dioxane, and
a thin film is formed from the solution or dispersion. The solvent shall not be limited to the
above solvents. For improving the film formability and preventing the occurrence of pinholes
in any layer, the above solution or dispersion for forming the layer may contain a proper resin
and a proper additive. The resin that can be used includes insulating resins such as
polystyrene, polycarbonate, polyarylate, polyester, polyamide, polyurethane, polysulfone,
polymethyl methacrylate, polymethyl acrylate and cellulose, copolymers of these,
photoconductive resins such as poly-N-vinylcarbozole and polysilane, and electroconducting
polymers such as polythiophene and polypyrrole. The above additive includes an antioxidant,
an ultraviolet absorbent and a plasticizer.

When the light-emitting organic material of the present invention is used in a light-emitting
layer of an organic EL device, an organic EL device can be improved in organic EL device
characteristics such as light emission efficiency and maximum light emission brightness.
Further, the organic EL device of the present invention is remarkably stable against heat and
electric current and gives a usable light emission brightness at a low actuation voltage. The
problematic deterioration of conventional devices can be remarkably decreased.

The organic EL device of the present invention has significant industrial values since it can
be adapted for a flat panel display of an on-wall television set, a flat light-emitting device, a
light source for a copying machine or a printer, a light source for a liquid crystal display or
counter, a display signboard and a signal light.



WO 2004/039786 PCT/EP2003/011637

41

The material of the present invention can be used in the fields of an organic EL device, an
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an image sensor,
dye lasers and the like.

5 The following Examples illustrate the invention. In the Examples and throughout this
application, the term light emitting material means the present pyrimidine compounds.

Examples
Example 1 (A-1)

o]

Br. o/

OH NI \/N OH ———— 0 | P o)
b AT T U

10 educt 1
To 1.00 g (2.69 mmol) of educt 1 (prepared according to US-A-3,442,898 from resorcinol and
4,6-dichloro-2-phenyl-pyrimidine; J. Org. Chem. 1988, 53, 4137) in 20 ml water free DMF
3.29 g (21,5 mmol) methyl-bromoacetate and 2.97 g (21.5 mmol) potassium carbonate are
added. The reaction mixture is stirred at 100 °C under nitrogen for 2 h. The reaction mixture

15 s diluted with water. The organic phase is extracted with dichloromethane und dried with
magnesium sulfate. The solvent is removed. After chromatography of the crude product on
silica gel with toluene / ethyl acetate 8/2 the desired product is obtained. Melting point: 178.0
—179.0 °C.

20 Example 2 (A-2)

Br/\n/o\
0o | |
OTO OTO
_—
OH N =N

educt 2
To 520 mg (1.16 mmol) of educt 2 (prepared according to US-A-3,442,898 from resorcinol
and 4,6-dichloro-2-biphenyl-pyrimidine; ERP-A-96657) in 20 ml water free DMF 1.42 g (9.28
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mmol) methyl-bromoacetate and 1.28 g (9.28 mmol) potassium carbonate are added. The
reaction mixture is stirred at 100 °C under nitrogen for 2 h. The reaction mixture is diluted
with water. The organic phase is extracted with dichloromethane und dried with magnesium
sulfate. The solvent is removed. After chromatography of the crude product on silica gel with
toluene / ethyl acetate 9/1 and later 7/3 the desired product is obtained. Melting point: 119.5
-121.5°C.

Example 3 (A-3)

(o3

Q
X N
+ NI <N
CH,0 OMe Z
N T U
OMe

CH,0

To 4.31 g (16.1 mmol) of 1,3-bis(4-methoxyphenyl)-2-propen-1-one in 25 ml water free
ethanol 1.89 g (8.11 mmol) biphenylbenzamidine hydrochlorid are added. A solution of 1.07
g (19.08 mmol) potassium hydroxide is added during 15 min. Dry air is bubbled through the
reaction mixture. The reaction mixture is refluxed for 24 h. The reaction mixture is poured
into water. The solid is filtered off and washed with water. The product is crystallized 2 times
from acetic acid (96-98 %). Melting point: 168-169 °C.

Compounds A-4 to A-54 can be obtained in a manner analogous to Examples 1 to 5.

(A-54; melting point: 162-164
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*HO H H H ud ud H 12V
EHO H H H 3NO 8NO | PWO 92-v
£HO H H H yd Ud ud se-v
H H H H tHO EHD yd v2-v
H H H H EHO 'HO H £ev
H H H H ﬂwz nz ud 22y
H H H H S(*HOIN 2(*HO)N ud 12-v
H H H H _Uzl —Uzl H 02-v
H H H H S(CHOIN ¢(*HOIN H 61-v
H 13°HOO°HO°HOO 13°HOO°HO’HO0 H 13°HO0O°HO°HO0 13°HOO’HOPHOO H 8l-v
H H H H 13°HO0O°HO°HO0 1FPHOOHO*HDO H LY
H OYO°HO’HOO OYO°HO’HDO H OYO?HO’HOO OYO*HO*HOO H 9l-v
H H H H OYO?HO’HO0 OYO°HO’HOO H Gl-v
H H H H eI 3NS H v1-v
H H H H aNS 8NS | O8NS £1-V
H H H H Ud ud Ud Zl-v
H H H| 8aNO ud ud | 8NWO -V
H H H H ig g yd 01-v
H H H|{ aNO 19 ig | aNO 6-VY
H N0 SN0 | 2O 8O 9NO | 9O 8-v
H ngo ngo H ngo ngo H /Y
H H H H ngo ngo H 9-v
H aN0 anNo H aNO anN0 H G-V
H H H H ud ud H obv
H H H H SN0 anNO H £-v
H 8NOOD°HO0 aNOOD*HOO H 8NOO0D°HO0 aNOOI°HI0O ud v
H SNOQD*HIOO 8NOOD*HOO H SNOOD°HO0 8NOOD°HDO H -V
A M A X M cA X pd)
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00861-961 ‘julod Bunjaw ,
"0.681-881 ‘juiod Bunjew

H H H H H H ud| 2sv

H H H H H H H| 15V

H H H H e aWO | SO 0S-V
*HO H H H EHOD °HO yd 6v-¥
CHO H H H ¢HO tHD ud 8t-v
*HO H H H Oz ﬂ\,z ud el
EHD H H H ¢(EHOIN S(EHDIN ud op-v
€HD H H H _Uz| Uzl H Sp-v
€HD H H H 2(EHOIN ZEHOIN H -V
EHO H H| ngo ud ud | ngo ev-v
€HD 13°HDOO°HO’HO0 1F°HDO°HI’HOO0 H 13°HOOHD?HO0 13°HDOHO?HOO H Zr-v
EHO H H H 132HO0O®HO?HOO 13°HOOPHO?HOO H Lo-v
EHO 0BO*HO’HOO 0BOPHD?HOO H 2BO?HO®HOO 9BO°HOPHOO H ov-v
eHO H H H 0BO°HO*HOO 9BO*HO’HOO H 6E-V
EHO H H H 8NS 8INS H 8e-v
°HO H H H oNS 8WS | °NS 18-V
EHD aNO0D’HDO 9INOOD?HO0 H 3WO0D*HO0 aNO0D°HI0 H 9g-v
®HO H H| eWO ud ud | eNO ge-v
*HO H H H ig g Ud vE-v
EHO H H{ 8aWo g g | ano £e-v
€HD aINO 8NO | @O B8N0 8O | SNO eV
€4D ngo ngo H ngo ngo H LE-V
EHD H H H ngo ngao H 0E-v
€HO 8NO 9INO H 9N0 M) H 62-V
€HD H H H 8NO e H 82-v

A M A X M cA X 'pdd
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Example 4 (B-1)

To 5.00 g (16.1 mmol) of 1,3-bis-a-naphthy-2-propen-1-one (1) in 25 ml water free ethanol
1.89 g (8.11 mmol) biphenylbenzamidine hydrochlorid are added. A solution of 1.07 g (19.08
mmol) potassium hydroxide in 25 ml water free ethanol is added during 15 min. Dry air was
bubbled through the reaction mixture. The reaction mixture is refiuxed for 24 h.

The reaction mixture is poured into water. The solid is filtered off and is washed with water.
The product is crystallized 2 times from acetic acid (96-98 %). Melting point: 226-230 °C.

Example 5 (B-2)

(O]

——

To 5.00 g (16.1 mmol) of 1,3-bis-a-naphthy-2-propen-1-one (1) in 25 ml water free ethanol
1.27 g (8.11 mmol) benzamidine hydrochlorid are added. A solution of 1.07 g (19.08 mmol)
potassium hydroxide in 25 ml water free ethanol is added during 15 min. Dry air is bubbled
through the reaction mixture. The reaction mixture is refluxed for 24 h. The reaction mixture
is poured into water. The solid is filtered off and is washed with water. The product is
crystallized from acetic acid (96-98 %). Melting point: 179-180 °C.
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Compounds B-3 to B-23 can be obtained in a manner analogous to Examples 4 and 5.

Cpd. [ X° Y’ w? X° \'J
B-1 | Ph H H H H
B2 [H H H H H
B-3 | OBu H H OBu H
B-4 | OMe H H OMe H
B-5 | OCH,COOMe H H OCH.COOMe H
B6 |H OMe |OMe |H H
B-7 | OCH.CH,OCH,Et H H OCH.CH,OCH,Et H
B-8 | OCH.,CH.QAc H H OCH,CH,0QAc H
B-9 | OMe OMe |OMe |[OMe H
B-10 | OMe OMe |OMe [OMe H
B-11 | H CH, CHs H H
B-12 | Ph CH; CH; H H
B-13 | Ph H H H CHs
B-14 | OMe H H OMe CHs
B-15 | OBu H H OBu CHs
B-16 { H H H H CHs
B-17 | OCH,COOMe H H OCH,COOMe CH;
B-18 | H OMe |OMe |[H CH;
B-19 | OCH,CH,OCH,Et H H OCH,CH,OCH,Et CHs
B-20 | OCH,CH,OAc H H OCH,CH,OAc CHs
B-21 | H CH; CHs H CH,
B-22 | Ph CHg CHg, H CHs

Example 6 (C-1)

To 4.50 g (8.74 mmol) of the 2-propen-1-one derivative shown above in 50 ml water free
ethanol 1.37 g (8.74 mmol) benzamidine hydrochloride are added. A solution of 1.15 g (20.6
mmol) potassium hydroxide in 50 m! water free ethanol is added during 15 min. Dry air is

bubbled through the reaction mixture. The reaction mixture is refluxed for 24 h, poured into
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water and the water phase is extracted with dichloromethane. The organic phase is dried
with magnesium sulfate, the solvent is removed by distillation and the remaining residue is

purified by column chromatography (toluene / hexane 2/1).

'"H-NMR (300 MHz, CDCls): 5= 8.75-8.72 (m,4H); 8.45-8.37 (m, 12H); 8.04-7.82 (m, 6H);
7.67-7.50 (m, 12h).

Compounds C-2 to C-24 can be obtained in a manner analogous to Example 6.

w Y’

Cpd.

C-2

C4

C-5

w
H
C-3 |H
H
H
H

C-6

C-7 | OCH; | OCHj

C-9 |OCH; |OCH;

C-10 | OCH; | OCH3

C-11 | OCH; | OCHs

C-12 | SCHs SCHs

C-13 1 SCH; [ SCHs

C-14 [ SCH; SCH;s

C-15 | SCHs SCHs

C-16 | SCH4 SCH;

C-17 | SCHs SCHs

C-18 | N(CH3); | N(CHa),

C-19 | N(CHa), | N(CHa),

C-20 | N(CHa), | N(CHa),

C-21 | N(CHz)s [ N(CH3)>

C-22 | N(CHa), | N(CHa),

C-23 N(CH3)2 N (CH:})Z

C-24 | N(CH3). | N(CH3),
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Compounds D-1 to D-23 can be obtained in @ manner analogous to Example 6.
w3 Y
O RO R Q
OO0
=\ \ 4
W3
Cpd. R R W Y
D-1 CGH13 C5H13 H H
D-2 Bu Bu H H
D-3 Et Et H H
D-4 H H H H
D-5 Ph Ph H H
D-6 CeHiz CeHia OCH,4 OCH,
D-7 Bu Bu OCH3 OCHjs
D-8 Et Et OCHj, OCH,
D-9 H H OCHs OCH;s
D-10 Ph Ph OCH,3 OCH,
D-11 CeHis CeHia SCH, SCH;
D-12 Bu Bu SCH3 SCH3
D-13 Et Et SCH;3 SCH;g
D-14 H H SCHs SCHs
D-15 Ph Ph SCHs SCHs
D-16 CeHus CeHi3 SCHs SCH;s
D-17 CeH1a CeHis N(CH3)» N(CHs)>
D-18 Bu Bu N(CHa), N(CHz),
D-19 Et Et N(CHa)> N(CHs),
D-20 H H N(CHa), N(CH,).
D-21 Ph Ph N(CH;), N(CHs).
D-22 CeHia CeHi3 N(CHa). N(CHs),
D-23 Bu Bu N(CHa). N(CHs)»
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Compounds E-1 to E-35 can be obtained in a manner analogous to Example 6.

X x°

Cpd. Y? X3

E-1 H H

E-2 H H

E-3 H H

E-4 H H

E-5 H H

E-6 OCH, OCHs,
E-7 OCH, QCHs
E-8 OCHs; OCH;
E-9 OCH; OCHs5
E-10 OCH3; OCH;
E-11 OCHs; H

E-12 OCHa H

E-13 OCH,3 H

E-14 QCHs; H

E-15 QCHs H

E-16 SCH, SCH3
E-17 SCHs SCH5
E-18 SCH, SCHs
E-19 SCH, SCHs
E-20 SCH; SCH4
E-21 SCHs H

E-22 SCHs H

E-23 SCHs H

E-24 SCH; H

E-25 SCH; H

E-26 N(CH5), N(CH>),
E-27 N(CH3)2 N(CH3)2
E-28 N(CHa)o N(CHs)»
E-29 N(CHa)» N(CH3),
E-30 N(CHs), N(CH,),
E-31 N(CHa), H

E-32 N(CHa), H

E-33 N(CHa).» H

E-34 N(CH3)2 H

E-35 N(CHa), H
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Compounds F-1 to F-35 can be obtained in a manner analogous to Example 6.

X %

Cpd. RO R™Z Y’ X2

F-1 CeH1s CeHia H H

F-2 Bu Bu H H

F-3 Et Et H H

F-4 H H H H

F-5 Ph Ph H H

F'6 C6H13 CBH13 OCH3 OCH3
F-7 Bu Bu OCHj5 OCHj;
F-8 Et Et OCHj5 OCH;,
F-9 H H OCH; OCH;4
F-10 Ph Ph QCH, OCH-
F-11 CeHis CeH3 OCH5 H

F-12 Bu Bu OCHjs H

F-13 Et Et OCH; H

F-14 H H QOCH; H

F-15 Ph Ph OCH; H

F-16 CgH13 CeHis SCHj; SCH;
F-17 Bu Bu SCH3 SCH3
F-18 Et Et SCH; SCHgy
F-19 H H SCH, SCH,
F-20 Ph Ph SCH; SCH;
F-21 CsHis CesH13 SCH, H

F-22 Bu Bu SCH, H

F-23 Et Et SCH; H

F-24 H H SCH, H

F-25 Ph Ph SCH; H

F-26 CsHia CeHia N(CHa)> N(CHa)>
F-27 Bu Bu N(CHs), N(CHs)»
F-28 Et Et N(CHa)» N(CHs),
F-29 H H N(CHs), N(CH>),»
F-30 Ph Ph N(CH,), N(CH3),
F-31 CeHia CeHia N(CHs). H

F-32 Bu Bu N(CH3)2 H

F-33 Et Et N(CH5)> H

F-34 H H N(CHa), H

F-35 Ph Ph N{(CHs)» H
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N/N

<5¢©M. Jeaosl-Noage

To 14.6 g (0.100 mol) of tetralone and 15.0 g (1.10 mol) p-methoxy-benzaidehyd in 100 m!
absolute methanol 660 mg potassium hydroxide are added. The reaction mixture is refluxed

51

Example 7 (G-1)

for 18 h under argon and then cooled to 25 °C. The formed product is filtered off and washed
with methanol. To 6.61 g (25.0 mmol) of said product in 50 ml water free ethanol 1.96 g (12.5
mmol) benzamidine hydrochloride are added. A solution of 1.65 g (25.0 mmol) potassium
hydroxide in 50 ml water free ethanol is added during 15 min. Dry air is bubbled through the
reaction mixture. The reaction mixture is refluxed for 24 h and then poured into water. The
water phase is extracted with dichioromethane. The organic phase is dried with magnesium
sulfate, the solvent is removed by distillation and the remaining residue is purified by column
chromatography (toluene / hexane 1/1). The product G-1 having a melting point of 169 °C is
obtained.

Example 8 (H-1)

/0 (o} o
NaOH /‘/%)\‘
+ - O ®
MeOH Br Br
Br Br

a) 24.9 g (0.134 mol) 4-bromo-benzaldehyde and 26.8 g 4-bromo-acetophenone (0.134 moi)
are dissolved under argon in 120 ml methanol. To this solution 0.270 g sodium hydroxide are
added. The reaction mixture is stirred for 5 h. The formed yellow product is filtered off and is
washed with water and then methanol. The product is dried in a vacuum oven (yield: 44.2 g
(S0 %), melting point: 183 — 184 °C).
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Br

b) To 5.00 g (13.7 mmol) of 1,3-bis-(4-bromophenyl)-2-propen-1-one (1) in 25 ml water free
ethanol 1.61 g (6.83 mmol) 4-bromo-benzamidine hydrochloride are added under argon. A
solution of 0.90 g (16.1 mmol} potassium hydroxide in 25 ml| water free ethanol is added
during 15 min. Dry air is bubbled through the reaction mixture. The reaction mixture is
refluxed for 24 h and then poured into water. The product is filtered off, washed with ethanol

and dried in a vacuum oven (melting point: 321 — 322 °C).

O <<— I:’d/‘B\rPiPr O
\ N/ Br + O O

-B. Toluol CsCO,
HO  OH

c¢) To 1.00 g (1.83 mmol) of tris-2,4,6-(4-bromo-phenyl)-pyrimidine and 1.27 g ( 6.42 mmol) of
4-biphenylboronic acid in 20 ml toluene 5.27 g (16.19 mmol) CsCO; in 3 ml water are added
under argon. Approximately 10 mg of the Pd catalyst (WO 99/47474) are added and then the
reaction mixture is refluxed for 5 h. The product is filtered off, washed with water and
acetone. The product is dissolved in dichloromethane and filtered on silica gel. The solvent is

removed in vacuum. The obtained product has a melting point of 364 — 367 °C.

: e
oo L. s

Example 9 (H-2)
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a) The product (melting point: 204 — 205 °C) is prepared according to the procedure given in

example 8b).

Br
S 0
—Pd
_N O << ~piPr,
) N/>_-C> * Toluol CsCO,
.B.

O HO~“OH

b) The product (melting point: 343-345 °C) is prepared according to the procedure given in

example 8c¢).

Example 10 (H-3)

a) The product (melting point: 207 — 208 °C) is prepared according to the procedure given in

. (J
Q O <(_Pd Bl.PlPr O
—N/ * Toluol CsCO, Y

example 8b).

b) The product (melting point: 364 — 367 °C) is prepared according to the procedure given in

example 8c).

Example 11 (H-4)
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L0 o o
NaOH N
* e SRS
MeOH ~o Br
-0 Br

a) The product (melting point: 145-146 °C) is prepared according to the procedure given in
example 8b) (yield: 86 %).

Br 9 KoM \N|;N

NH CIH 2- Ethoxyethanol

b) The product (melting point:160 °C) is prepared according to the procedure given in

example 8b) (yield: 72 %).
C Pl
(] “PpiPr, ?

‘ CSZCOS N| N
Toluol O Z O
Ho B~oH <|) O
c) The product (melting point: 213-214 °C) is prepared according to the procedure given in
10  example 8c) (yield: 53 %).

Example 12 (H-5)
| 0
* o o
~
0 MeCH ~0 Br

/0 Br

a) The product (melting point: 122-123 °C) is prepared according to the procedure given in
15  example 8b) (yield: 91 %).
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O 9 H | N' <N
IO 0 =
~ +
0 Br 2 -Methoxyethanol
\0 Br

55

NH CiH

b) The product (melting point: 152-153 °C) is prepared according to the procedure given in
example 8b) (yield: 54 %).

-0 o— - Br
&) O << P~ PiPr, @
=N Cs,CO NN
O J 5 "~ ®
O Ho B-oH c|> O
Br O

5 ¢) The product (melting point: 220-221 °C) is prepared according to the procedure given in
example 8c¢) (yield: 80 %).

Example 13 (H-6)

oo Q= b

/
2-Ethoxyethanol
HA"SNH. o & 70

O

10  a) The product (melting point: 245-246 °C) is prepared according to the procedure given in
example 8b) (yield: 42 %).

- _Br
C) O Crdl PiPr,
Cs,CO

—N 3
o e+ .
N Toluol

b) The product (melting point: 333-334 °C) is prepared according to the procedure given in
15  example 8c) (yield: 75 %).



WO 2004/039786 PCT/EP2003/011637

56

Example 14 (H-7)

~
fE o
0 Z
Br 2-Methoxyethanol
~o Br

NH CH

a) The product (melting point: 204-205 °C) is prepared according to the procedure given in
5 example 8b) (yield: 46 %).

B
O <rd \r
O Cs,CO,

Toluol

HO'B\OH

b) The product (melting point: 329-331 °C) is prepared according to the procedure given in
example 8c¢) (yield: 681 %).

10 Example 15

o)
cl N
bDQ

O/

To 264 mg (1.0 mmol) of the pyrimidine (see scheme above) in 20 ml chloroform 454 mg (2.0
mmol) DDQ are added. The reaction mixture is refluxed for 1 day. Additional 908 mg (4.0
mmol) of DDQ are added and the reaction mixture is refluxed for additional 2 days. The

15 reaction mixture is filtered on silica gel with dichloromethane. A column chromatography on
silica gel with toluene gives the desired product in 61 % yield (mp. 163 —-165 °C).
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Example 16 (J-1)
o— o— | T I
N Q NaOH o X 0
O - M= G 0T
a) 10.0 g (57.2 mol) 3,4-dimethoxy-benzaldehyde and 10.3 g (57.2 mol) 3,4-dimethoxy-
acetophenone are dissolved under argon in 50 ml methanol. To this solution 0.34 g sodium

hydroxide are added. The reaction mixture is stirred for 22 h at 40 °C. The reaction mixture is

cooled to 0 °C and the precipitated product is filtered off. The product is dried in vacuum
(yield: 18.2 g (97 %), melting point: 108 — 110 °C).

| 1 | KOH NZ N
o x 0 | I
+ [ 0 ~ ] o
EtOH
o 0 H,N"NH CIH O O
| ' 7 7

b) To 7.00 g (21.3 mmol) of 1,3-bis-(3,4-dimethoxy-phenyl)-2-propen-1-one (1) in 40 mi water
free ethanol 1.67 g (10.7 mmol) benzamidine hydrochloride are added under argon. A
solution of 1.41 g (25.1 mmol) potassium hydroxide (85%) in 40 ml water free ethanol is
added during 20 min. Dry air is bubbled through the reaction mixture. The reaction mixture is
refluxed for 48 h and then poured into water. The product is filtered off and washed with
ethanol. A column chromatography on silica gel with toluene gives the desired product J-1
(melting point: 157 — 158 °C).

Example 17 (J-2)
/ / 7
O o xN
Q + o) —_—
\ \ MeOH ? ? (|) (|)

a) 10.0 g (57.2 mol) 2,4-dimethoxy-benzaldehyde and 10.3 g 2,4-dimethoxy-acetophenone
(57.2 mol) are dissolved under argon in 50 ml methanol. To this solution 0.34 g sodium
hydroxide are added. The reaction mixture is stirred for 48 h at 40 °C. The reaction mixture is
diluted with water and the precipitated product is filtered off. The product is washed with

water and dried in vacuum (melting point: 127 — 129 °C).
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(¢ O

O
—0 N
\ . -0-0
on o S )
o] o 0 o 4
[ [ | H,N"NH CIH EIOH O

b) To 6.60 g (20.1 mmol) of 1,3-bis-(2,4-dimethoxy-phenyl)-2-propen-1-one (1) in 40 ml water
free ethanol 2.34 g (10.1 mmol) biphnenyl-benzamidine hydrochloride are added under
argon. A solution of 1.41 g (25.1 mmol) potassium hydroxide (85%) in 40 m! water free
ethanol is added during 15 min. Dry air-is bubbled through the reaction mixture. The reaction
mixture is refluxed for 48 h and then poured into water. The water phase is extracted with
dichloromethane. The organic phase is dried with MgSO, and the solvent is removed in
vacuum. A column chromatography on silica gel with toluene/hexane 3/2 give the desired
product J-2 (melting point: 165 — 167 °C).

Example 18 (J-4)

??Jr HzN’r::H CH EtOH . O ~ O

I P ¢ 9

To 5.50 g (15.2 mmol} of 1,3-bis-(2,4-dimethoxy-phenyl)-2-propen-1-one (1) in 30 ml water
free ethanol 0.87 g (9.14 mmol) guanidine hydrochloride are added under argon. A solution
of 1.21 g (21.5 mmol) potassium hydroxide (85%) in 30 ml water free ethanol is added during
15 min. Dry air is bubbled through the reaction mixture. The reaction mixture is refluxed for
48 h and then poured into water. The water phase is extracted with dichloromethane. The
organic phase is dried with MgSO, and the solvent is removed in vacuum. A column
chromatography on silica gel with dichloromethane/ethyl acetate 2/1 gives the desired
product (melting point: 211-213 °C).

Example 19 (J-5)

OO OO
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a) To a suspension of 0.69 g sodium hydride in 25 ml terahydrofurane (THF) 5.38 g (27.4

mmol) 4-acetyl-biphenyl are added at 0 °C under argon. After 1 h 5.00 g (27.4 mmol) 4-

bihenylcarbadehyde in 25 m! THF are added. The reaction mixture is stirred for 19 h at 25

°C. The formed precipitate is filtered off and washed with THF. The product is refluxed for 1 h
5 in 100 mi iso-propanal and 30 mi water. The product is filtered off and dried in vacuum.

PR

OO OO

b) The desired product J-5 (melting point: 245 — 246°C) is prepared according to the
10  procedure given in example 17b).

Example 20 (J-6)

(J
O

; OO

The product J-6 (melting point: 243 - 246°C) is prepared according to the procedure given in
15  example 17b).

Example 21 (J-7)

Wo ol -

20 a) 18.3 g (0.100 mol) 2,4-dimethoxy-benzaldehyde and 12.1 g (0.100 mol) 3-acethyl pyridine
are dissolved under argon in 100 ml methanol. To this solution 0.66 g sodium hydroxide are

added. The reaction mixture is refluxed for 18 h. The reaction mixture is poured into water
and extracted with dichloromethane. The organic phase is dried with MgSQO, and the solvent
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is removed in vacuum. A column chromatography on silica gel with toluene/ethyl acetate 2/1
give the desired product (yield: 7.3 g (27 %)).

[N 4+ HNTONH, =

0 H-Ci

5  b) The product J-7 (melting point: 136 °C) is prepared according to the procedure given in
example 17b).

Example 22 (K-1)
o]
N X
[ ;/\’ KOH Nl /N
Br B NN o E1OH O O
Br Br

10 a) To 10.0 g (27.3 mmol) of 1,3-bis-(4-bromophenyl)-2-propen-1-one in 70 mi ethano! 2.14 g
(13.7 mmol) benzamidine hydrochloride are added under argon. A solution of 1.80 g (32.1
mmol) potassium hydroxide (85%) in 50 ml ethanol is added during 15 min. Dry air is bubbled
through the reaction mixture. The reaction mixture is refluxed for 24 h and then is poured into
water. The product is filtered off, washed with water and 10 % tartaric acid, crystallized from

15 glacial acetic acid and washed with ethanol (yield: 9.2 g (58 %); melting point: 203 -205 °C).

I IR I (P

=N Cszco3
O
N B To!uol
O 1 HO™ "OH O
Br Cl !

b) To 4.45 g (9.55 mmol) 4,6-tris-(p-bromophenyl)-2-phenyl-pyrimidine in 200 mi toluene 2.99
g (19.1 mmol) 4-chioro-phenylboronic acid are added. The suspension is refluxed under

Cl

argon. Argon is passed through the reaction mixture. 9.33 g (28.6 mmol) of caesium
20 carbonate in 6 ml water are added dropwise to the reaction mixture. Then 0.40 g of the
catalyst are added. The reaction mixture is refluxed for 16 h and then the solids are filtered
off. The solvent is removed in vacuum. The residue is dissolved in dichloromethane and is
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washed with water. The organic phase is dried with magnesium sulfate. The solvent is
removed in vacuum. The product is crystallized from 100 ml ethanol (yield: 99 %; melting
point: 258 — 259 °C).

e,
g PiPr,
N N 052003
L n —_——
O O Toluol
O O Ho"B~oH
cl
c¢) To 1.00 g (1.82 mmol) 4,6-bis-(p-bromophenyl)-2-phenyl-pyrimidine in 45 ml toluene 287
mg (1.89 mmol) 4-metoxy-biphenylboronic acid are added. Argon is passed through the

~

Cl o

reaction mixture. 1.23 g (3.78 mmol) of caesium carbonate in 6 ml water is added dropwise
to the reaction mixture. Then 20 mg of the catalyst is added. The reaction mixture is refluxed
for 18 h. Additional 4-methoxy-biphenylboronic acid and caesium carbonate is added in a 1
to 1 molar ratio until the reaction is complete. The product is filtered off and is washed with
ethanol, water and again ethanol. The product is dissolved in boiling DMF, filtered on super
gel (Fluka 56678, CAS [91053-39-3]) and crystallized (yield: 0.90 g (71 %); melting point:
345-348 °C).

In a manner analogous to Example 22 Compounds K-2 to K-15 are obtained.

" mp.347°C
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mp: 328-330 °C
O

Example 23 (L-1)

(0}
Br Br ¥

O KOH
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a) The product is prepared according to the procedure given in example 22a).

e
Q 1

_Br
I N

Cs,CO,

PiPr,

(]
(J

Q) &
B —— ]
B Toluol =
HO™ "OH 0
of ! O ci

b) The product is prepared according to the procedure given in example 22b).



WO 2004/039786 PCT/EP2003/011637

c) The product is prepared according to the procedure given in example 22¢).

64

Cl

In a manner analogous to Example 23 Compounds L-2 to L-15 are obtained.
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[-167

mp.: 354 °C
" A 100 nm thin film of Compound L-16 showed good film quality and strong

photoluminescence at 430 nm (Amax).

Example 24 (M-1)
cl

W

&) | < Pd/ir

PiPr,
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(¢ /: D o . Cs,CO, N| N
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O HO™ "OH 0
Cl ! cl

a) The product is prepared according to the pracedure given in example 22b).

4
O

®

- D

b) The product is prepared according to the procedure given in example 22¢).

10 Inamanner analogous to Example 24 Compounds M-2 to M-15 are obtained.
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Example 25 (N-1)

Z
PA(OAC), O
Dimethyliglycine O
NaHCO,
=N FeCIa
\ 4
N

1.0 g (1.83 mmol) 2,4,6-tris-(p-bromophenyl)-pyrimidine, 1.49 g (8.26 mmol) 1,1-
diphenylethylen, 40 mg Palladium-(li)-acetate, 150 mg (1.47 mmol) dimethylgiycine, 1.39 g
(16.5 mmol) sodium hydrogen carbonate and 70 mg (0.46 mmol) FeCl; are dissolved in 8 ml
N-methyl-pyrrolidone. The reaction mixture is heated for 48 h at 150 °C. The reaction mixture
is poured into water and 20 % hydrochloric acid is added. The water phase is extracted with

dichloromethane. The organic phase is dried with magnesium sulfate. The solvent is distilled
off. A column chromatography (silica gel, toluene/hexane 1/3) result in the desired product
(119.5-120.5 °C).

Example 26

The product is synthesized as described in Example 31 of CH-A-542212.

Application Example 1
Present compounds A1, A2, A3, B1, B2, C1, G1 and H1 as light emitting materials,
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respectively, 2,5-bis(1-naphthyl)-1,3,4-oxadiazole and a polycarbonate resin in a weight ratio
of 5:3:2 are dissolved in tetrahydrofuran, and the solution is spin-coated on a cleaned glass
substrate with an ITO electrode to form a light-emitting layer having a thickness of 100 nm.
An electrode having a thickness of 150 nm is formed thereon from a magnesium/indium alloy
having a magnesium/indium mixing ratio of 10/1, to obtain an organic EL device. The device
exhibits light emission with excellent brightness and efficiency at a direct current voltage of 5
V.

Application Example 2

Compounds A1, A2, A3, B1, B2, C1, G1 and H1, respectively, are vacuum-deposited on a
cleaned glass substrate with an ITO electrode to form a light-emitting layer having a
thickness of 100 nm. An electrode having a thickness of 100 nm is formed thereon from a
magnesiunysilver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic
EL device. The light-emitting layer is formed by deposition under a vacuum of 10° Torr at a
substrate temperature of room temperature. The device shows emission having an excellent
brightness and efficiency at a direct current voltage of 5 V.

Application Example 3

Compounds A1, A2, A3, B1, B2, C1, G1 and H1, respectively, are dissolved in methylene
chloride tetrahydrofuran, and the solution is spin-coated on a cleaned glass substrate with an
ITO electrode to form a light-emitting layer having a thickness of 50 nm. Then, aluminum
bis(2-methyl-8-quinolinate)(2-naphtolate) is vacuum-deposited to form an electron-injecting
layer having a thickness of 10 nm, and an electrode having a thickness of 100 nm is formed
thereon from a magnesium/aluminum alloy having a magnesiurm/aluminum mixing ratio of
10/1, to obtain an organic EL device. The light-emitting layer and the electron-injecting layer
are formed by deposition under a vacuum of 10° Torr at a substrate temperature of room
temperature. The device shows an emission having an excellent brightness and efficiency at

a direct current voltage of 5 V.

Application Example 4

Compounds A1, A2, A3, B1, B2, C1, G1 and H1, respectively, are vacuum-deposited on a
cleaned glass substrate with an ITO electrode to form a light-emitting layer having a
thickness of 50 nm. Then, aluminum tris(8-hydroxyquinolinate) is vacuum-deposited to form
an electron-injecting layer having a thickness of 10 nm and an electrode having a thickness
of 100 nm is formed thereon from an aluminumy/lithium alloy having an aluminum/lithium
mixing ratio of 50/1, to obtain an organic EL device. A hole-injecting layer and the light-
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emitting layer are formed by deposition under a vacuum of 10° Torr at a substrate
temperature of room temperature. The device shows a light emission having an excellent
brightness and efficiency at a direct current voltage of 5 V.

5 Application Example 5

One of hole-injecting materials (H-1) to (H-6) is vacuum-deposited on a cleaned glass
substrate with an ITO electrode, to form a hole-injecting layer having a thickness of 30 nm.
Then, one of light-emitting materials A1, A2, A3, B1, B2, C1, G1 and H1, respectively is
vacuum-deposited to form a light-emitting layer having a thickness of 30 nm. Further, one of

10 electron-injecting materials (E-1) to (E-6) is vacuum-deposited to form an electron-injecting
layer having a thickness of 30 nm. An electrode having a thickness of 150 nm is formed
thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1, to
obtain an organic EL device. Each layer is formed under a vacuum of 10° Torr at a substrate
temperature of room temperature. All the organic EL devices obtained in these Examples

165 shows high brightness and efficiency.

o 2.
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Application Example 6

On a cleaned glass substrate with an ITO electrode, 4,4',4"-tris(N-(3-methylphenyl)-N-
phenylamino)triphenylamine is vacuum-deposited to form a first hole-injecting layer having a
thickness of 25 nm. Further, a hole-injecting material (H-1) is vacuum-deposited to form a
second hole-injecting layer having a thickness of 5§ nm. Then, compounds A1, A2, A3, B1,
B2, C1, G1 and H1, respectively, as light-emitting materials are vacuum-deposited to form a
light-emitting layer having a thickness of 20 nm. Further, an electron-injecting material (E-1)
is vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. Then,
an electrode having a thickness of 150 nm is formed thereon from a magnesium/silver alloy
having an magnesiun/silver mixing ratio of 10/1, to obtain an organic EL device. The device
shows emission having an outstanding brightness and efficiency at a direct current voltage of
5V.
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Application Example 7

On a cleaned glass substrate with an ITO electrode, 4,4',4"-tris(N-(1-naphthyl)-N-
phenylamino)triphenylamine is vacuum-deposited to form a first hole-injecting layer having a
thickness of 25 nm. Further, a hole-injecting material (H-2) is vacuum-deposited to form a
second hole-injecting layer having a thickness of 5 nm. Then, compounds A1, A2, A3, B1,
B2, C1, G1 and H1, respectively, as light-emitting materials are vacuum-deposited to form a
light-emitting layer having a thickness of 20 nm. Further, an electron-injecting material (E-5)
is vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. Then,
an electrode having a thickness of 150 nm is formed thereon from a magnesium/silver alloy
having an magnesiumysilver mixing ratio of 10/1, to obtain an organic EL device. The device
shows an emission having a outstanding brightness and efficiency at a direct current voltage
of 5V.
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Application Example 8

A hole-injecting material (H-5) is vacuum-deposited on a cleaned glass substrate with an ITO
electrode to form a hole-injecting layer having a thickness of 20 nm. Then, compounds A1,
A2, A3, B1, B2, C1, G1 and H1, respectively, as light-emitting materials are vacuum-
deposited to form a light-emitting layer having a thickness of 20 nm. Further, an electron-
injecting material (E-2) is vacuum-deposited to form a first electron-injecting layer having a
thickness of 20 nm. Then, an electron-injecting material (E-5) is vacuum-deposited to form a
second electron-injecting layer having a thickness of 10 nm, and an electrode having a
thickness of 150 nm is formed thereon from a magnesiunvsilver alloy having an
magnesiurm/silver mixing ratio of 10/1, to obtain an organic EL device. The device shows
light emission having an excellent brightness and efficiency at a direct current voltage of 5 V.

Application Example 9

An organic EL device is prepared in the same manner as in Example 5 except that the light-
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing
compounds A1, A2, A3, B1, B2, C1, G1 and H1, respectively, and one of the dopant
compounds (D-1) to (D-7) in a weight ratio of 100:1. All the organic EL devices obtained in
these Examples shows high brightness characteristics and gives intended light emission

colors.

OC
2w _ & o
O (D-2->_ Q ©9 O O
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Application Example 10

An organic EL device is prepared in the same manner as in Example 5 except that the light-
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing
compounds A1, A2, A3, B1, B2, C1, G1 and H1, respectively and one of Compounds (D-1) to
(D-7) in a weight ratio of 100:1. All the organic EL devices abtained in these Examples shows
high brightness characteristics, or a maximum brightness and gives intended light emission
colors.

Application Example 11

A hole-injecting material (H-2) is vacuum-deposited on a cleaned glass substrate with an ITO
electrode to form a hole-injecting layer having a thickness of 30 nm. Then, 4,4'-bis(o, 0
diphenylvinyl)biphenyl and a light-emitting material selected from compounds A1, A2, A3, B1,
B2, C1, G1 and H1 for a light-emitting layer are vacuum-deposited in a weight ratio of 100:5
to form a light-emitting layer having a thickness of 30 nm. Further, an electron-injecting
material (E-3) is vacuum-deposited to form an electron-injecting layer having a thickness of
30 nm. Then, an electrode having a thickness of 150 nm is formed thereon from a
magnesiunvsilver alloy having an magnesiumysilver mixing ratio of 10/1, to obtain an organic
EL device. The device shows an emission having an outstanding brightness and efficiency

at a direct current voltage of 5 V.
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Application Example 12

An organic EL device is prepared in the same manner as in Example 11 except that the light-
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing
aluminum tris(8-hydroxyquinolinate) and one of the light-emitting materials A1, A2, A3, B1,
B2, C1, G1 and H1 in a weight ratio of 100:3. All the organic EL devices obtained in these
Examples shows high brightness characteristics at a direct current of 5 V.

The organic EL devices obtained in the Application Exampies of the present invention show
an excellent light emission brightness and achieved a high light emission efficiency. When
the organic EL devices obtained in the above Examples are allowed to continuously emit light
at 3 (mA/cm?), all the organic EL devices remain stable. Since the light-emitting materials of
the present invention have a very high fluorescence quantum efficiency, the organic EL
devices using the light-emitting materials achieved light emission with a high brightness in a
low electric current applied region, and when the light-emitting layer additionally uses a
doping material, the organic EL devices are improved in maximum light emission brightness
and maximum light emission efficiency. Further, by adding a doping material having a
different fluorescent color to the light-emitting material of the present invention, there are
obtained light-emitting devices having a different light emission color. The organic EL devices
of the present invention accomplish improvements in light emission efficiency and light
emission brightness and a longer device life, and does not impose any limitations on a light-
emitting material, a dopant, a hole-injecting material, an electron-injecting material, a
sensitizer, a resin and an electrode material used in combination and the method of
producing the device. The organic EL device using the material of the present invention as a
light-emitting material achieves light emission having a high brightness with a high light
emission efficiency and a longer life as compared with conventional devices. According to the
light-emitting material of the present invention and the organic EL device of the present
invention, there can be achieved an organic EL device having a high brightness, a high light

emission efficiency and a long life.
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Claims

An electroluminescent device comprising an anode, a cathode and one or a plurality of
organic compound layers sandwiched therebetween, in which said organic compound
layers comprise an organic compound containing one ore more pyrimidine moieties.

An electroluminescent device according to claim 1, wherein the organic compound is a

pyrimidine compound of formula

X

A

)
WJ\'AY
v (1), wherein

V is Cs-Caparyl or C,-Csoheteroaryl, which can be substituted or unsubstituted, in

v2
2 Vol

4

\'
particular Ve , H, C4-Cygalkyl; C,-Cygalkyl which is substituted by E and/or

interrupted by D; C,-Cqealkenyl, Co-Cigalkenyl which is substituted by E and/or
interrupted by D; C»-Cygalkynyl; C,-Cygalkynyl which is substituted by E and/or
interrupted by D; G;-Cigalkoxy; C,-Cigalkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR°R®;

W is Ce-Caaryl or Co-Csgheteroaryl, which can be substituted or unsubstituted, in

particular w? , H, C4-Cgalkyl; Cy-Cigalkyl which is substituted by E and/or
interrupted by D; C,-Cygalkenyl, Co-Cygalkenyl which is substituted by E and/or
interrupted by D; C,-Cigalkynyl; C,-Cygalkynyl which is substituted by E and/or
interrupted by D; C,-C,galkoxy; C4-Cygalkoxy which is substituted by E and/or
interrupted by D; -SR>; -NR°R®;
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Y is Ce-Caoaryl or C,-Cacheteroaryl, which can be substituted or unsubstituted, in
.Y
Y Y
v
particular \s » H, C4-Cyealkyl; C,-Cysalkyl which is substituted by E and/or

interrupted by D; C2-Cssalkenyl, C,-Cisalkenyl which is substituted by E and/or
interrupted by D; C»-Cigalkynyl; Co-Csgalkynyl which is substituted by E and/or
interrupted by D; C,-Csgalkoxy; C;-Cqgalkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR°RS;

X'is Cg-Caoaryl or Cx-Cyoheteroaryl, which can be substituted or unsubstituted, in

particular X H C1-Cisalkyl; C4-Cysalkyl which is substituted by E and/or
interrupted by D; C,-Csgalkenyl, C,-Cisalkenyl which is substituted by E and/or
interrupted by D; C,-Cygalkynyl; C,-Csgalkynyl which is substituted by E and/or
interrupted by D; C,-Cygalkoxy; C+-C,salkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR°R®; wherein the groups

V'to V%, W' to W5, X" to X°and Y' to Y® are independently of each other H; halogen,
Cs-Casaryl; Ce-Cosaryl which is substituted by G; Cy-Cysalkyl; C1-Cysalkyl which is
substituted by E and/or interrupted by D; C;-Cysalkylaryl; C;-Cigalkylaryl which is
substituted by E and/or interrupted by D; C,-C,salkenyl; C2-Cisalkenyl which is

1

Ar

2
A" wherein Ar' is Cg-Cagaryl or Cy-

substituted by E and/or interrupted by D;
Cacheteroary!, especially phenyl, Ar? is Cg-Cyoaryl or C.-Cyoheteroaryl, especially
phenyl, or H, Co-Cgalkynyl; Co-Cisalkynyl which is substituted by E and/or interrupted
by D; C4-C,galkoxy, C4-Cygalkoxy which is substituted by E and/or interrupted by D; -
SR’ -NR°R®; C,-Casheteroaryl; C,-Casheteroaryl which is substituted by L; -SOR*;
-SOzR?; -COR?®; -COOR’; -CONR®R?®; C,-C1scycloalkyl; C-Cigcycloalkyl which is
substituted by E and/or interrupted by D; C4-Cigcycloalkenyl; C4-Cygcycloalkenyl which
is substituted by E and/or interrupted by D; or

W? or Y* together with V form a group ~CR%-, -CR%-CR’,-, -C(=0)CR%-, -C(=0)-, or
-CR°=CR*-, or
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W° and Y* together with V form a group

e | L
CR™=C" —cRre—CR-crRE— —§ _éng_

wherein R? is H; C;-Cgalkyl, C,-Cygalky! which is interrupted by —O-, C¢-Cygaryl, Ce-
Cisaryl which is substituted by C,-C,galkyl, or C,-Csalkoxy, or
one of the substituents V, W, X, or Y is a group of the formula -Z, -Ar-Z, wherein Ar is

Ce-C.aqaryl or C,-Cpsheteroaryl, which can be substituted, in particular
1

1
Am /\dm B)m  (BYm
4 N
z, Z or Z  wherein Zis a group of formula
X X X
A vy
=

, or v , or

=
5
<
=
BT
\

one of the substituents
V'to V&, W' to WE, X' to X%, or Y' to Y® is a group of the formula -2, -Ar-Z', wherein Ar
is Ce-C24aryI or Cg-Cg4heteroaryI, which can be substituted, in particular

X

, Wherein Z’ is a group of formula

N Y
P Y? WA N| /N
w V' Y
w A2 \'

» O W' ,
wherein
A', B and B? are independently of each other H; Cs-Cygaryl; Cs-Cigaryl which is
substituted by G; C,-Cygalkyl; C,-C,galkyl which is substituted by E and/or interrupted
by D; C;-Cisalkylaryl; C;-Cygalkylaryl which is substituted by E and/or interrupted by D;
Cz-Cygalkenyl; Co-Cygalkenyl which is substituted by E and/or interrupted by D:
C2-Cigalkynyl; Co-Cisalkynyl which is substituted by E and/or interrupted by D;
C1-Cigalkoxy, Cy-Cigalkoxy which is substituted by E and/or interrupted by D; -SR®: -
NR°R®; C,-Cigheteroaryl; C,-Cisheteroaryl which is substituted by L; -SOR?; -SO,R*;
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-COR?; -COOR’; -CONR®RS; C,-Ciscycloalkyl; Ca-Cracycloalkyl which is substituted by
E and/or interrupted by D; C,-C,gcycloalkenyl; C,4-Cgcycloalkenyl which is substituted
by E and/or interrupted by D; or

two substituents A, B, B? or B' and B form a five to seven membered ring, which can
be substituted,

m is an integer of 1 to 4; and W', W2 Y', Y2, X', X3, V, W, X and Y are as defined
above;

D is -CO-; -COO-; -OCO0-; -S-; -SO-; -SO,-; -0O-; -NR®-; -SiR°R®-; -POR®-; -CR°=CR®-:
or -C=C-;

E is -OR®; -SR°; -NR°R°®; -COR?®; -COOR’; -CONR®R®; -CN; -OCOOR; or halogen:

G is E; K; heteroaryl; heteroaryl which is substituted by Cs-Csaryl; Cs-Cigaryl which is
substituted by E and/or K;

Kis C4-Cgalkyl; Cs-Cysalkyl which is substituted by E and/or interrupted by D; C,-
Cigalkylary! which is substituted by E and/or interrupted by D; C,-Cisalkenyl; C.-
Cisalkenyl which is substituted by E and/or interrupted by D; C»-C1salkynyl; Co-
Cisalkynyl which is substituted by E and/or interrupted by D; C,-C;salkoxy, C;-
Cisalkoxy which is substituted by E and/or interrupted by D; C4-Cygeycloalkyl; C4-
Cigcycloalkyl which is substituted by E and/or interrupted by D; C4-Cyscycloalkenyl; or
Cs-Cyscycloalkenyl which is substituted by E and/or interrupted by D;

L is E; K;Cg-Cygaryl; or Cs-Csaryl which is substituted by G, E and/or K;

R*is Cs-Cysaryl; Ce-Cysaryl which is substituted by C,-Cygalkyl, C4-Cygalkoxy; C,-
Cisalkyl; or C,-Cygalkyl which is interrupted by ~O-;

R® and R® are independently of each other H; Ce-Cigaryl; Cg-Cygaryl which is
substituted by C,-C;salkyl, C,-Cisalkoxy; C;-Cisalkyl; or Ci-Cygalkyl which is interrupted

by —-O-;
or
0]
—N
R°® and R°®together form a five or six membered ring, in particular 0 or
O
—N |
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R’ is H; Ca-Cisaryl; Ce-Cigaryl which is substituted by Cy-Cgalkyl, Cy-Crealkoxy; Cq-
Cigalkyl; Cy-Cygalkyl which is interrupted by —O-;

R8is H; Ces-Cisaryl; Ce-Cisaryl which is substituted by C,-Cygalkyl, C;-Cigalkoxy; C,-
Ciealkyl; C;-Cqgalkyl which is interrupted by —O-.

or two substituents selected from V' to V3, W' to W5, X' to X5, Y' to Y® which are in
neighborhood to each other form a five to seven membered ring,

with the proviso that at least one of the groups V, W, X and Y is a Cg-Cosaryl, or C,-
Casheteroaryl group, which can be substituted.

An electroluminescent device according to claim 2, comprising a pyrimidine compound
of formula

YisR', if Xis X° ,orXisR' ifYis s , R'is H, C;-Cygalkyl; C;-
Cigalkyl which is substituted by E and/or interrupted by D; C,-Csgalkenyl, C,-Cygalkenyl
which is substituted by E and/or interrupted by D; C,-Cygalkynyl; C-Cygalkynyl which is
substituted by E and/or interrupted by D C;-Cigalkoxy; Cq-Cygalkoxy which is
substituted by E and/or interrupted by D; -SR®; or -NR°R®; wherein W' to W%, X' to X5,
Y'to Y°, E, D, R°and R® are as defined in claim 2; and V is H.

An electroluminescent device according to claim 2, comprising a pyrimidine compound
of formula
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X3
x2 X
x5 X'

w' NN Y
w? l Y
w? ‘ weVye ‘ '
4
w v (IV), wherein

V, W to WP, X" to X® and Y to Y® are as defined in claim 2, especially W, X° and Y3
are selected from the group consisting of Cg-Casaryl; Ce-Czearyl which is substituted by
G; C2-Cysheteroaryl; C,-Casheteroaryl which is substituted by L, C,-Cygalkoxy, -SR®; -
NR°R®, wherein G, L, R® and R® are as defined in claim 2,

Vis H, and W' and W?, Y and Y® as well as X' and X° are independently of each other
H; C1-Cysalkyl; or C;-Csgalkyl which is substituted by E and/or interrupted by D, wherein .
E and D are as defined in claim 2.

An electroluminescent device according to claim 2, wherein V is a group of the formula

Ve , H, C;-Cygalkyl; C;-Cigalkyl which is substituted by E and/or interrupted
by D; C,-Cssalkenyl, C,-Csgalkenyl which is substituted by E and/or interrupted by D;
C,-Cisalkynyl; C,-Cqgalkynyl which is substituted by E and/or interrupted by D;
Cy-Cysalkoxy; C4-Cygalkoxy which is substituted by E and/or interrupted by D; -SR®; or -
NR°R®; and

. w
W we 1
A’)m BYm  (B9m
4
I @ O,
W is a group of the formula , , or ,in

102
101
R

R
Z | H, C,-Cygalkyl; Ci-Cigalky! which is substituted
by E and/or interrupted by D; C5-C,galkenyl, C.-Cigalkeny! which is substituted by E

particular

and/or interrupted by D; C»-Cigalkynyl; Co-Cygalkynyl which is substituted by E and/or
interrupted by D; C,-C,galkoxy; C,-Cygalkoxy which is substituted by E and/or



WO 2004/039786 PCT/EP2003/011637

83

interrupted by D; -SR; or -NR°R®; wherein W' to W5, D, V' to V5, E, A", B, B R®, R?,
m and Z are as defined in claim 2 and R'"' and R'® are independently of each other H,
Cy-Cgalkyl, C¢-Coearyl, or Cs-C;eycloalkyl, in particular H or Cy.4-alkyl.

5 6. An electroluminescent device according to claim 2, comprising a pyrimidine compound
of formula

Y12 Y15 Y31 Y34
YU NN N= Y®
A N
\ /) Y45
\Y)
v2 % v*
\ v . Ye (VI), wherein
B 12 B21 Bzz

11 B

B13 B‘l4 824 B23

Ar is a group of formula , especially
A18 A19

10 , or ,
W' to W', W2 to W®, W' to W3, W¥ to W™, Y'' to Y'®, Y to Y35, Y3 to ¥ and Y*
to Y*° are independently of each other H; C¢-Caaaryl; Ce-Caaaryl which is substituted by
G; Cy-Cisalkyl; Cy-Cqsalkyl which is substituted by E and/or interrupted by D; C,-
Cisalkylaryl; C;,-Cigalkylaryl which is substituted by E and/or interrupted by D; C,-

15 Cigalkenyl; C.-Cigalkenyl which is substituted by E and/or interrupted by D; C,- |
Cisalkynyl; C2-Cygalkynyl which is substituted by E and/or interrupted by D; C;-
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Cisalkoxy, C;-Cygalkoxy which is substituted by E and/or interrupted by D; -SR?; -
NR°R®; C,-Csheteroaryl; Co-Cosheteroaryl which is substituted by L; -SOR*; -SO2R*:
-COR?; -COOR’; -CONR®R®; C4-Cygeycloalkyl; Cs-Ciscycloalkyl which is substituted by
E and/or interrupted by D; C,-Cigcycloalkenyl; C,-Ciacycloalkenyl which is substituted
by E and/or interrupted by D;

Vis H; Ce-Casaryl; Cs-Czsaryl which is substituted by G; C,-Cysalkyl; C;-Cigalkyl which
is substituted by E and/or interrupted by D; C;-Cygalkylaryl; C,-Cigalkylaryl which is
substituted by E and/or interrupted by D; C,-C;galkenyl; C,-C,salkeny! which is
substituted by E and/or interrupted by D; C,-Cssalkynyl; C-Cysalkynyl which is
substituted by E and/or interrupted by D; C,-C;salkoxy, C;-C,galkoxy which is
substituted by E and/or interrupted by D; -SR®; or -NR°R?; C,-Csheteroaryl; Cs-
Casheteroaryl which is substituted by L; -SOR*; -SO,R*; -COR®; -COOR’; -CONR°R®:
C4-Cqgeycloalkyl; C4-Coscycloalkyl which is substituted by E and/or interrupted by D; C,-
Ciecycloalkenyl; C,-Ciacycloalkenyl which is substituted by E and/or interrupted by D;
A and A" are independently of each other H, C;-C;galkyl; C;-Cqgalkyl which is
substituted by E and/or interrupted by D; Ce-Cigaryl; Cs-Cygaryl which is substituted by
E,

B to B" and B*' to B* are independently of each other H; Cg-C1garyl; Cs-Cygaryl
which is substituted by G; C,-Csgalkyl; C-Cygalkyl which is substituted by E and/or
interrupted by D; C;-Cysalkylaryl; C;-Cisalkylaryl which is substituted by E and/or
interrupted by D; C,-Csalkenyl; C,-Cigalkenyl which is substituted by E and/or
interrupted by D; C»-Cygalkynyl; Co-Cigalkynyl which is substituted by E and/or
interrupted by D; C,-Cisalkoxy, C,-C,gsalkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR°R?; C,-Cygheteroaryl; C,-Cysheteroaryl which is substituted
by L; -SOR?; -SO,R*; -COR?®; -COOR; or -CONR®R®; C,-Cscycloalkyl; Cy-
Ciscycloalkyl which is substituted by E and/or interrupted by D; C4-Cygcycloalkenyl; Cq-
Ciscycloalkenyl which is substituted by E and/or interrupted by D, especially H;
wherein D, E, G, L, R*, R®, R®, R” and R® are as defined in claim 2.

An electroluminescent device according to claim 2, wherein the pyrimidine compound
has the following formula
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Beaas!

8 (Xa), or W
wherein V is H, or C,-Cg-alkyl,

¥* (Xb)

X? and X*are independently of each other H, Ci-Cgalkyl, C,-Cgalkoxy, C,-Cgthioalkyl,
or phenyl,
5 X® is H, or C,-Cgalkoxy,

W is H, C,-Cgalkyl, or O(CHa)ni-X,
Y® is H, Cy-Cgalkyl, or O(CHy)m-X,
Y, Y4, W and W* are independently of each other C,-Csalkyl, C,-Csalkoxy, C;-
Csthioalkyl, halogen, in particular Br, phenyl, or O(CH,)n-X, wherein n1 is an integer of

10 1 to 5 and X is —O-(CH;)m1CH3, “OC(0)-(CHz)miCHs, -C(O)-0O-Cy-Caalkyl, -NR'©R'™
wherein m1 is an integer of 0 to 5 and R'® and R'™ are independently of each other H,
or C-Cg-alkyl, or R'® and R'® together form a five or six membered heterocyclic ring,

—N
in particular ; or the following formula

¥ ),
15 wherein V is H, or C-Cealkyl,
W3 is H, C,-Csalkyl, or C,-Cgalkoxy,
X2 is H, Cy-Cgalkoxy, phenyl or O(CH,)a:-X,
X2 is H, C;-Cgalkoxy, phenyl or O(CHa)m-X,
Y2 is H, Cy-Cqalkyl, or C,-Cgalkoxy, wherein n1 is an integer of 1 to 4 and X is —
20 O-(CHz)mCHs, —OC(0)-(CHz)miCHs, -C(0)-0O-C,-Cegalkyl, wherein m1 is an integer of 0
to 5; or the following formula
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s W’ (Xlla), or

(XIIb),
wherein W* and W*are independently of each other H, -NR'®R'%, C,-Cgthioalkyl, or
C,-Cgalkoxy,

Y® and Y*are independently of each other H, -NR'®R'*, C,-Cgthioalkyl, or Cy-
Csalkoxy, wherein R'* and R'™ are independently of each other H, or C,-Cgalkyl.

W? is H, Cy-Cgalkyl, or O(CHa)n-X,

Y® is H, C1-Cgalkyl, or O(CHp)m-X,

wherein n1 is an integer of 1 to 5 and X is —O-(CHa)m;CH3, “OC(0)~(CHz)miCHa,
-C(0)-0-Cy-Caalkyl, -NR'®R'®, wherein m1 is an integer of 0 to 5 and R'® and R'™
are independently of each other H, or C,-Cg-alkyl, or R'® and R'® together form a five

-

or six membered heterocyclic ring, in particular ; or the following formula

wherein W2 is H, -NR'®R'%, C,-Cgthioalkyl, or C,-Csalkoxy,
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Y?is H, -NR'®R'*, C,-Cgthioalkyl, or C,-Cgalkoxy, wherein R'® and R'* are
independently of each other H, or C,-Cgalkyl,
R'" and R'® are independently of each other H, C,-Cgalkyl, phenyl, or Cs-

C-cycloalkyl, in particular cyclohexyl; or the following formula

X (xw),

wherein Y is H, -NR'®R'*, C,-Cgthioalkyl, or C,-Cgalkoxy,

X?is H, -NR'®R'®, C,-Cgthioalkyl, or C;-Csalkoxy, wherein R'® and R'™ are
independently of each other H, or C,-Cgalkyl; or the following formula

Y v,

10 Y3is H, -NR'®R'*, C,-Csthioalkyl, or C;-Cgalkoxy,
X2 is H, -NR'®R'"  C,-Cthioalkyl, or C,-Cgalkoxy, wherein R'® and R'™ are
independently of each other H, or C,-Cgalkyl, and R'' and R'® are independently of

each other H, C;-Cgalkyl, phenyl, or Cs-Cycycloalkyl, in particular cyclohexyl.

15 8.  An electroluminescent device according to claim 2, wherein W and Y are groups of the

formula
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9.  An electroluminescent device according to claim 2, comprising a pyrimidine compound

of formula

5
w¥ Y, o]
(XIVe), w (Xivd), or (XIVe), wherein X, Y, W'
to W*, and R? are as defined in claim 2.
10. An electroluminescent device according to claim 2, comprising a pyrimidine compound
10 of formula |, wherein V is hydrogen,

W and Y are independently of each other a group of formula
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Rn H’IZ H13
()"

X is a group of formula R ,

, , wherein
R'™, R™ R'®, R™ R'S,R'and R" are mdependently of each other H, C¢-C1garyl; Cq-
Cisaryl which is substituted by E; E, C, -Cigalkyl; C1-Cygalkyl which is substituted by E
and/or interrupted by D; C4-Cgaryl; Ce-Cisaryl which is substituted by E;
R'® and R" are independently of each other H, C,-Cigalkyl; C4-Cygalky! which is
substituted by E and/or interrupted by D; C¢-Cygaryi; Ce-C1garyl which is substituted by
E
D is -CO-; -COO-; -OCOO0-; -S-; -SO-; -SO;; -O-; -NR®-; -SiR°R®-; -POR®-: -CR°=CR®;
or -C=C-;
E is -OR’; -SR®; -NR°R®; -COR®; -COOR’; -CONRR®; -CN; -OCOOR’; or halogen;
wherein
R®, R® R’ and R® are as defined in claim 2.

An electroluminescent device according to claim 2, comprising a pyrimidine compound
of formula

x3

ool ¢

s (Xla), wherein W® and Y are a group of formula .
wherein

R'"®is Cg-Cio-aryl, Ce-Cyo-aryl which is substituted by Ci-Ce-alkyl, C,-C,-alkoxy

& 750 g

especially
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or C4-C40 heteroaryl, especially

110
R

Q

X3 is H, C;-Ce-alkyl, C;-C4-alkoxy, Ph, or

5
12. A pyrimidine compound of formuia
X
NI N
WJ\%Y
v (1V), wherein
w' X y'
WA x¢ X2 s
w° We X' ' '
Wis w* , Xis andVis 8 ,
V, W'to W® X' to X® and Y' to Y® are as defined in claim 2.
10

13. A pyrimidine compound of formula

W13 w
W12 W15
W11
v— N\>-—Ar—<\ )V
WZS
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Ar is a group of formula , especially
A18 A19

, Or )
W' to W', W2' to W2, W' to W™, W*' to W, Y'" to Y'S, Y2 1o Y25, y2' o Y35 ang Y4
to Y*® are independently of each other H; Cs-Casary; Ce-Caqaryl which is substituted by
G; Cy-Csalkyl; C-Cygalkyl which is substituted by E and/or interrupted by D; C,-
Cisalkylaryl; C;-Cygalkylaryl which is substituted by E and/or interrupted by D; C,-
Cisalkenyl; C,-Cygaikenyl which is substituted by E and/or interrupted by D; C.-
Cisalkynyl; C,-Cqsalkynyl which is substituted by E and/or interrupted by D; C,-
Cisalkoxy, C4-Cygalkoxy which is substituted by E and/or interrupted by D; -SR?: -
NR°R®; C,-Cysheteroaryl; C,-Cosheteroaryl which is substituted by L; -SOR*; -SO2R*
-COR®; -COOR’; -CONR®R®; C,-Cyscycloalkyl: C4-Cigeycloalky! which is substituted by
E and/or interrupted by D; C4-Cygeycloalkenyl; C4-Ciseycloalkenyl which is substituted
by E and/or interrupted by D;
V is H; Ce-Casaryl; Cs-Cpaaryl which is substituted by G; C,-Cisalkyl; Cy-Cysalkyl which
is substituted by E and/or interrupted by D:; C7-Cisalkylaryl; C;-Cigalkylaryl which is
substituted by E and/or interrupted by D: C.-Czalkenyi; C.-Cigalkeny! which is
substituted by E and/or interrupted by D: Cz-Cigalkynyl; C,-C,galkynyl which is
substituted by E and/or interrupted by D: C,-Cysalkoxy, Cy-Cigalkoxy which is
substituted by E and/or interrupted by D; -SR®; or -NR°R; C;-Cysheteroaryl; C,-
Casheteroary! which is substituted by L; -SOR®; -SO-R*; -COR®; -COOR’; -CONR®R®;
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C4-Cygeycloalkyl; C4-Cigeycloalkyl which is substituted by E and/or interrupted by D; C,-
Cgeycloalkenyl; C,-Cyacycloalkenyl which is substituted by E and/or interrupted by D;
A™ and A" are independently of each other H, C;-Cgalkyl; C1-Cysalkyl which is
substituted by E and/or interrupted by D; Cg-Cygaryl; Ce-Cygaryl which is substituted by
E,

B to B" and B*' to B* are independently of each other H; Cy-Cgaryl; Ce-Cysaryl
which is substituted by G; C,-C,salkyl; C;-Cygalkyl which is substituted by E and/or
interrupted by D; C;-Ciealkylaryl; C;-Csgalkylaryl which is substituted by E and/or
interrupted by D; C.-Cygalkenyl; C,-Cysalkenyl which is substituted by E and/or
interrupted by D; C2-Cygalkynyl; Co-Cysalkynyl which is substituted by E and/or
interrupted by D; C4-Csgalkoxy, C;-C,salkoxy which is substituted by E and/or
interrupted by D; -SR®; -NR®R®; C,-Cysheteroaryl; C,-Cisheteroaryl which is substituted
by L; -SOR*; -80O,R*; -COR?®; -COOR’; or -CONR’R®; C,-Cyscycloalkyl; Ca-
Cigcycloalkyl which is substituted by E and/or interrupted by D; C4-Cigcycloalkenyl; Cy-
Cascycloalkenyl which is substituted by E and/or interrupted by D; wherein D, E, G, L,
R? R®, R® R’and R® are as defined in claim 2.

A pyrimidine compound of formula | according to claim 12, wherein
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at least one of the groups W, X and Y is a group of formula

R"Rw R'Z R R '

RW R" R16'R16 R15' R15

and the other groups are independently of each other an aryl group or a heteroaryl

R“ R41' H“ RM' R4s R4a'
asat
42" 42 45 45 47 47
group, especially a group of formula R™R , R™R™ R'R , or

R"Rﬂ' R12 R12‘ R13 R13'

L

er R” R16' R16 R15' R15  wherein
R”, R11’, R12, R12‘, R13, R13', R15, R15" R16, R16', R”, R17" RM, RM" R42, R42" HM, H44',
R*, R*, R*, R*, R* and R are independently of each other H, E, Cs-Cygaryl; Ce-
Cigaryl which is substituted by E; C;-Csgalkyl; C4-Cisalkyl which is substituted by E
and/or interrupted by D; C;-Cygaralkyl; or C;-Cygaralkyl which is substituted by E; or

R'"and R, R"? and R'®, R"* and R'®, R'"® and R"”, R* and R* and/or R* and R are

each a divalent group L' selected from an oxygen atom, an sulfur atom, >CR'"®R"*

R49 RSO

’ Y
,

>SiR'"®R™®, or ', wherein

R''® and R'"® are independently of each other C,-Cysalkyl; C1-Cygalkoxy, Cs-Cisaryl; C;-
Cisaralkyl;

R and R'", R and R'?, R" and R'?, R"¥ and R*, R' and R'®, R* and R'®, R'® and
R'®, R and R", R* and R*", R* and R*, R* and R®, R*" and R*, R* and R*, R*
and R*, R* and R¥, R¥ and R¥, R* and R* and/or R*" and R*® are each a divalent

R32 RS1

pd g
group N , wherein
R*, R*, R%, R®, R* and R* are independently of each other H, C,-Cygalkyl; C;-
Cigalkyl, which is substituted by E and/or interrupted by D; E; Ce-Cygaryl; Cg-Cygaryl,
which is substituted by E;
R' is H, Ca-Caoheteroaryl, Ce-Cgoaryl, or Ce-Caoary! which is substituted by E, Cy-
Cigalkyl; or C4-Cyzalkyl which is substituted by E and/or interrupted by D; especially
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H21 R21 R22 R21 R22 R23
SV LWL
23 25 24 27 26 25
R , R R ,or R R R , wherein

R?', R, R®, R® R® R% and R? are independently of each other H, E, C,-Cygalkyl:
C4-Cisalkyl which is substituted by E and/or interrupted by D; E; C;-Cysaralkyl; C,-
Cisaralkyl which is substituted by E;

R* and R are independently of each other H, E: Ci-Cisalkyl; C4-Cygalkyl, which is
substituted by E and/or interrupted by D; Cz-Cyoheteroaryl; C,-Cqgaralkyl; C;-Cisaralkyl
which is substituted by E;

D is -CO-; -COO-; -OCO0-; -8-; -80-; -S0,-; -O-; -NR®~; SIR°R®-; -POR"-; -CR°=CR"-;
or -C=C-;

E is -OR’; -SR°; -NR°R®; -COR?®; -COOR’; -CONR®R®: -CN: or halogen, especially F, or
Cl; wherein R® and R® are independently of each other Ce-Cisaryl; Ce-Cysaryl which is
substituted by Cy-Cysalkyl, C4-C,galkyl; or C,-Cisalkyl which is interrupted by ~O-; or

0
—N
R® and R®together form a five or six membered ring, in particular 0 or
O
—N |
0

R’ is Cs-Cisaryl: Ce-Cisaryl which is substituted by C:-Cisalkyl, C,-Cygalkyl; or C,-
Cigalkyl which is interrupted by —O-;

R®is C;-Crzalkylaryl; Ci-Gigalkyl; or Cy-C,galkyl which is interrupted by -O-; and

R’ and R' are independently of each other H, Cs-Cigaryl; Cg-Cigaryl which is
substituted by C4-Cigalkyl, C;-Cygalkyl; or C,-Cysalkyl which is interrupted by -O-.

A pyrimidine compound according to claim 14, wherein

W and Y are a group of formula ,
OO0

V is hydrogen,
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X is a group of formula Q Q O ,
(OO~ 0

, , Or

A pyrimidine compound according to claim 12 of formula
x3

s (XVIII), wherein W® and Y are a group of formula

, wherein
R'"®is Cs-Cro-aryl, such as phenyl, 1-naphthyl, 2-naphthyl, 3- or 4-biphenyl, 9-
phenanthryl, 2- or 9-fluorenyl, which is optionally substituted by C,-Cg-alkyl, or C;-C,-

. é 0 C “ @ L0

n“‘a&

oL T 00 O

or Ca‘Cm

heteroaryl, especially
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110
R

X3 is H, C,-Cs-alkyl, C,-Co-alkoxy, Ph, or
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