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Description
[Technical Field]

[0001] The presentspecification relates to a novel hetero-cyclic compound and an organic light emitting device including
the same.

[Background Art]

[0002] In general, an organic light emitting phenomenon means a phenomenon where electric energy is converted
into light energy by using an organic material. An organic light emitting device using the organiclight emitting phenomenon
has a structure generally including an anode, a cathode, and an organic material layer interposed therebetween. Herein,
in many cases, the organic material layer has a multilayered structure constituted by different materials in order to
increase efficiency and stability of the organic light emitting device, and for example, the organic material layer may be
formed of a hole injection layer, a hole transport layer, a light emitting layer, an electron transport layer, an electron
injection layer, and the like. In the structure of the organic light emitting device, if a voltage is applied between two
electrodes, holes are injected from the anode to the organic material layer and electrons are injected from the cathode
to the organic material layer, and when the injected holes and electrons meet each other, an exciton is formed, and light
is emitted when the exciton falls to a bottom state again.

[0003] There is a continuous demand for developing a novel material for the aforementioned organic light emitting
device.

[0004] CN 101 412 907 A mentions polyaryl substituted pyridine derivatives and a synthetic method to make these.

[Prior Art Document]

[Patent Document]

[0005] (Patent Document 1) Korean Patent Application Laid-Open No. 2005-0084912

[Detailed Description of the Invention]

[Technical Problem]

[0006] Therefore, the presentinventors aim to provide a hetero-cyclic compound having a chemical structure that can
perform various roles required in an organic light emitting device according to a substituent group due to the aforemen-
tioned reason, and an organic light emitting device including the same.

[Technical Solution]

[0007] An exemplary embodiment of the present specification provides a compound represented by the following
Chemical Formula 1.
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[Chemical Formula 1]

>¢

N
~

N

Ar2 L2—</

N\ Xé/ - \ x4‘<‘r3
6

wherein in Chemical Formula 1,

X1 to X6 are the same as or different from each other, and are each independently a trivalent hetero atom or CH,
at least one of X1 to X3 is CH or at least one of X4 to X6 is CH,

at least one of X1 to X3 is N or at least one of X4 to X6 is N,

L1 and L2 are the same as each other, and are a direct bond; or a substituted or unsubstituted arylene group having
6 to 9 carbon atoms,

Ar1 to Ar4 are the same as or different from each other, and are each independently a phenyl group which is
unsubstituted or substituted with a nitrile group; a biphenyl group; a terphenyl group; a fluorenyl group which is
substituted with an alkyl group or an aryl group; a phenanthryl group; a naphthyl group; a pyridine group; or a
thiophene group, and

Ahr%}ww “m<5lr3
X1 X4

x& ) g L‘!——-—?— -g-x.z—~<; 522(6
Ar2 and Ar4

are the same as each other.
[0008] Another exemplary embodiment of the present specification provides an organic light emitting device including:
afirst electrode; a second electrode provided to face the first electrode; and one or more organic material layers including
a light emitting layer provided between the first electrode and the second electrode, in which one or more layers of the
organic material layers include the hetero-cyclic compound represented by Chemical Formula 1.
[Advantageous Effects]
[0009] A novel compound according to the present specification can be used as a material of an organic material layer
of an organic light emitting device, and efficiency can be improved and low driving voltage and/or life-span properties
can be improved in the organic light emitting device by using the compound.
[Brief Description of Drawings]

[0010]

FIG. 1 illustrates an example of an organic light emitting device including a substrate 1, an anode 2, a light emitting
layer 3, and a cathode 4.
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FIG. 2 illustrates an example of an organic light emitting device including a substrate 1, an anode 2, a hole injection
layer 5, a hole transport layer 6, a light emitting layer 3, an electron transport layer 7, and a cathode 4.

<Explanation of Reference Numerals and Symbols>
[0011]

1: Substrate

2: Anode

3: Light emitting layer

4: Cathode

5: Hole injection layer

6: Hole transport layer

7: Electron transport layer

[Best Mode]

[0012] The present specification provides a compound represented by Chemical Formula 1.

[0013] In an exemplary embodiment of the present specification, L1 and L2 are the same as or different from each
other, and are each independently a direct bond; or a substituted or unsubstituted arylene group having 6 to 9 carbon
atoms. In this case, 1,5-naphthalene serves as an electron donor, and a monocycle including X1 to X3 and X4 to X6,
that is, a hetero-cycle including one or two Ns serves as an electron acceptor.

[0014] In the case where L1 and L2 connecting the electron acceptor and the electron donor are an arylene group
having 6 to 9 carbon atoms, since a predetermined appropriate distance may be maintained, an orbital distribution of a
HOMO (highest occupied molecular orbital) and a LUMO (lowest unoccupied molecular orbital) is smooth.

[0015] Examples of the substituent groups will be described below, but are not limited thereto.

[0016] Inthe present specification, the term "substituted or unsubstituted" means that substitution is performed by one
or two or more substituent groups selected from the group consisting of deuterium; a halogen group; a nitrile group; a
nitro group; an imide group; an amide group; a hydroxy group; a thiol group; an alkyl group; an alkenyl group; an alkoxy
group; a cycloalkyl group; a silyl group; an arylalkenyl group; an aryloxy group; an alkylthioxy group; an arylthioxy group;
an alkylsulfoxy group; an arylsulfoxy group; a silyl group; a boron group; an alkylamine group; an aralkylamine group;
an arylamine group; an aryl group; an arylalkyl group; an arylalkenyl group; and a hetero-cyclic group, substitution is
performed by a substituent group where two or more substituent groups of the exemplified substituent groups are
connected, or there is no substituent group. For example, the "substituent group where two or more substituent groups
are connected" may be a biphenyl group. That is, the biphenyl group may be an aryl group, or may be interpreted as a
substituent group where two phenyl groups are connected. The term "substituted or unsubstituted" means that substitution
is performed by the substituent group where two or more substituent groups of the exemplified substituent groups are
connected or there is no substitution. For example, the "substituent group where two or more substituent groups are
connected" may be a biphenyl group. That is, the biphenyl group may be an aryl group, or may be interpreted as a
substituent group where two phenyl groups are connected.

[0017] The term "substituted" means that a hydrogen atom bonded to a carbon atom of a compound is changed into
another substituent group, a substitution position is not limited as long as the substitution position is a position at which
the hydrogen atom is substituted, that is, a position at which the substituent group can be substituted, and in the case
where two or more atoms are substituted, two or more substituent groups may be the same as or different from each other.
[0018] In the present specification, examples of a halogen group include fluorine, chlorine, bromine, or iodine.
[0019] In the present specification, the number of carbon atoms of an imide group is not particularly limited but is
preferably 1 to 25. Specifically, the imide group may be compounds having the following structures, but is not limited
thereto.
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[0020] In the present specification, one or two nitrogen atoms of an amide group may be substituted by hydrogen, a
straight-chained, branched-chained, or cyclic-chained alkyl group having 1 to 25 carbon atoms, or an aryl group having
6 to 25 carbon atoms. Specifically, the amide group may be compounds having the following Structural Formulas, but
is not limited thereto.

0 0 0 0 0
—EJ\NH "’{U\N CH, ?EJJ\N/\ :%,J\N/I\ :QLN/O
H

[0021] In the present specification, an alkyl group may be a straight or branched chain, and the number of carbon
atoms thereof is not particularly limited but is preferably 1 to 50. Specific examples thereof include methyl, ethyl, propyl,
n-propyl, isopropyl, butyl, n-butyl, isobutyl, tert-butyl, sec-butyl, 1-methyl-butyl, 1-ethyl-butyl, pentyl, n-pentyl, isopentyl,
neopentyl, tert-pentyl, hexyl, n-hexyl, 1-methylpentyl, 2-methylpentyl, 4-methyl-2-pentyl, 3,3-dimethylbutyl, 2-ethylbutyl,
heptyl, n-heptyl, 1-methylhexyl, cyclopentylmethyl, cyclohexylmethyl, octyl, n-octyl, tert-octyl, 1-methylheptyl, 2-ethyl-
hexyl, 2-propylpentyl, n-nonyl, 2,2-dimethylheptyl, 1-ethyl-propyl, 1,1-dimethyl-propyl, isohexyl, 2-methylpentyl, 4-meth-
ylhexyl, 5-methylhexyl, and the like, but are not limited thereto.

[0022] Inthe present specification, a cycloalkyl group is not particularly limited, but the number of carbon atoms thereof
is preferably 3 to 60, and specific examples thereof include cyclopropyl, cyclobutyl, cyclopentyl, 3-methylcyclopentyl,
2,3-dimethylcyclopentyl, cyclohexyl, 3-methylcyclohexyl, 4-methylcyclohexyl, 2,3-dimethylcyclohexyl, 3,4,5-trimethylcy-
clohexyl, 4-tert-butylcyclohexyl, cycloheptyl, cyclooctyl, and the like, but are not limited thereto.

[0023] Inthe present specification, the alkoxy group may be a straight, branched, or cyclic chain. The number of carbon
atoms of the alkoxy group is not particularly limited, but preferably 1 to 20. Specific examples thereof may include
methoxy, ethoxy, n-propoxy, isopropoxy, i-propyloxy, n-butoxy, isobutoxy, tert-butoxy, sec-butoxy, n-pentyloxy, neo-
pentyloxy, isopentyloxy, n-hexyloxy, 3,3-dimethylbutyloxy, 2-ethylbutyloxy, n-octyloxy, n-nonyloxy, n-decyloxy, benzy-
loxy, p-methylbenzyloxy, and the like, but are not limited thereto.

[0024] In the present specification, the alkenyl group may be a straight or branched chain, and the number of carbon
atoms thereof is not particularly limited but is preferably 2 to 40. Specific examples thereof include vinyl, 1-prophenyl,
isoprophenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 3-methyl-1-butenyl, 1,3-butadienyl,
allyl, 1-phenylvinyl-1-yl, 2-phenylvinyl-1-yl, 2,2-diphenylvinyl-1-yl, 2-phenyl-2-(naphthyl-1-yl)vinyl-1-yl, 2,2-bis(diphenyl-
1-yl)vinyl-1-yl, a stilbenyl group, a styrenyl group, and the like, but are not limited thereto.

[0025] In the present specification, the aryl group may be a monocyclic aryl group or a polycyclic aryl group. Further,
in the present specification, the aryl group may mean an aromatic cycle.

[0026] In the case where the aryl group is the monocyclic aryl group, the number of carbon atoms thereof is not
particularly limited but is preferably 6 to 25. Specific examples of the monocyclic aryl group may include a phenyl group,
a biphenyl group, a terphenyl group, and the like, but are not limited thereto.
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[0027] Inthe case where the aryl groupisthe polycyclic aryl group, the number of carbon atoms thereofis not particularly
limited but is preferably 10 to 24. Specific examples of the polycyclic aryl group may include a naphthyl group, an
anthracenyl group, a phenanthryl group, a pyrenyl group, a perylenyl group, a chrysenyl group, a fluorenyl group, and
the like, but are not limited thereto.

[0028] In the present specification, the fluorenyl group may be substituted, and the adjacent substituent groups may
be bonded to each other to form a cycle.

[0029] In the case where the fluorenyl group is substituted,

and the like may be formed. However, the example thereof is not limited thereto.

[0030] In the present specification, specific examples of the silyl group include a trimethylsilyl group, a triethylsilyl
group, a t-butyldimethylsilyl group, a vinyldimethylsilyl group, a propyldimethylsilyl group, a triphenylsilyl group, a diphe-
nylsilyl group, a phenylsilyl group, and the like, but are not limited thereto.

[0031] In the present specification, the number of carbon atoms of the amine group is not particularly limited, but
preferably 1 to 50. Specific examples of the amine group include a methylamine group, a dimethylamine group, an
ethylamine group, a diethylamine group, a phenylamine group, a naphthylamine group, a biphenylamine group, an
anthracenylamine group, a 9-methyl-anthracenylamine group, a diphenylamine group, a phenylnaphthylamine group,
a ditolylamine group, a phenyltolylamine group, a triphenylamine group, and the like, but are not limited thereto.
[0032] In the present specification, examples of an arylamine group include a substituted or unsubstituted monoar-
ylamine group, a substituted or unsubstituted diarylamine group, or a substituted or unsubstituted triarylamine group.
The aryl group of the arylamine group may be a monocyclic aryl group or a polycyclic aryl group. The arylamine group
including two or more aryl groups may include the monocyclic aryl group, the polycyclic aryl group, or both the monocyclic
aryl group and the polycyclic aryl group.

[0033] Specific examples of the arylamine group include phenylamine, naphthylamine, biphenylamine, anthrace-
nylamine, 3-methyl-phenylamine, 4-methyl-naphthylamine, 2-methyl-biphenylamine, 9-methyl-anthracenylamine, a
diphenylamine group, a phenylnaphthylamine group, a ditolylamine group, a phenyltolylamine group, carbazole, a triphe-
nylamine group, and the like, but are not limited thereto.

[0034] In the present specification, the hetero-cyclic group includes an atom other than carbon, or one or more het-
eroatoms, and specifically, the heteroatom may include one or more atoms selected from the group consisting of O, N,
Se, S, and the like. It is preferable that the number of carbon atoms of the hetero-cyclic group be 2 to 60. Examples of
the hetero-cyclic group include a thiophene group, a furan group, a pyrrole group, an imidazole group, a thiazole group,
an oxazol group, an oxadiazol group, a triazol group, a pyridyl group, a bipyridyl group, a pyrimidyl group, a triazine
group, a triazole group, an acridyl group, a pyridazine group, a pyrazinyl group, a quinolinyl group, a quinazoline group,
a quinoxalinyl group, a phthalazinyl group, a pyridopyrimidinyl group, a pyridopyrazinyl group, a pyrazinopyrazinyl group,
an isoquinoline group, an indole group, a carbazole group, a benzoxazole group, a benzoimidazole group, a benzothiazol
group, a benzocarbazole group, a benzothiophene group, a dibenzothiophene group, a benzofuranyl group, a phenan-
throline group, a thiazolyl group, an isoxazolyl group, an oxadiazolyl group, a thiadiazolyl group, a benzothiazolyl group,
a phenothiazinyl group, a dibenzofuranyl group, and the like, but are not limited thereto.

[0035] In the present specification, the heteroaryl group of the heteroarylamine group may be selected from the
aforementioned examples of the hetero-cyclic group.

[0036] In the present specification, the aryl group of the aryloxy group, the arylthioxy group, the arylsulfoxy group, and
the aralkylamine group is the same as the aforementioned examples of the aryl group. Specific examples of the aryloxy
group include phenoxy, p-tolyloxy, m-tolyloxy, 3,5-dimethyl-phenoxy, 2,4,6-trimethylphenoxy, p-tert-butylphenoxy, 3-
biphenyloxy, 4-biphenyloxy, 1-naphthyloxy, 2-naphthyloxy, 4-methyl-1-naphthyloxy, 5-methyl-2-naphthyloxy, 1-anthry-
loxy, 2-anthryloxy, 9-anthryloxy, 1-phenanthryloxy, 3-phenanthryloxy, 9-phenanthryloxy, and the like, specific examples
of the arylthioxy group include a phenylthioxy group, a 2-methylphenylthioxy group, a 4-tert-butylphenylthioxy group,
and the like, and specific examples of the arylsulfoxy group include a benzenesulfoxy group, a p-toluenesulfoxy group,
and the like, but are not limited thereto.

[0037] In the present specification, the alkyl group of an alkylthioxy group and an alkylsulfoxy group is the same as
the aforementioned examples of the alkyl group. Specific examples of the alkylthioxy group include a methylthioxy group,
an ethylthioxy group, a tert-butylthioxy group, a hexylthioxy group, an octylthioxy group, and the like, and specific examples
of the alkylsulfoxy group include mesyl, an ethylsulfoxy group, a propylsulfoxy group, a butylsulfoxy group, and the like,
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but the examples are not limited thereto.

[0038] In the present specification, the arylene group means a matter where two bonding positions exist at the aryl
group, that is, a divalent group. Except that the groups are each the divalent group, the aforementioned description of
the aryl group may be applied thereto.

[0039] In the present specification,

means a portion connected to another substituent group.

[0040] In the exemplary embodiment of the present specification, L1 and L2 are the same as or different from each
other, and are each independently a direct bond; or a substituted or unsubstituted phenylene group.

[0041] In the exemplary embodiment of the present specification, L1 is a direct bond.

[0042] In the exemplary embodiment of the present specification, L2 is a direct bond.

[0043] In the exemplary embodiment of the present specification, L1 is a substituted or unsubstituted arylene group
having 6 to 9 carbon atoms.

[0044] Inthe exemplary embodiment of the present specification, L1 is a substituted or unsubstituted phenylene group.

[0045] In the exemplary embodiment of the present specification, L1 is a phenylene group.
[0046] In another exemplary embodiment, L1 is a phenylene group, and the phenylene group is

[0047] In the exemplary embodiment of the present specification, L2 is a substituted or unsubstituted arylene group.
[0048] Inthe exemplary embodiment of the present specification, L2 is a substituted or unsubstituted phenylene group.
[0049] In the exemplary embodiment of the present specification, L2 is a phenylene group.

[0050] In another exemplary embodiment, L2 is a phenylene group, and the phenylene group is

[0051] In the present specification, examples of the trivalent hetero atom include N, P, or the like, but are not limited
thereto.

[0052] In the exemplary embodiment of the present specification, the trivalent hetero atom is N.

[0053] In the exemplary embodiment of the present specification, X1 to X3 are the same as or different from each
other and are each independently N or CH, at least one of X1 to X3 is N, and at least one of X1 to X3 is CH.

[0054] In the exemplary embodiment of the present specification, X1 may be N and X2 and X3 may be CH.

[0055] In the exemplary embodiment of the present specification, X2 may be N and X1 and X3 may be CH.

[0056] In the exemplary embodiment of the present specification, X3 may be N and X1 and X2 may be CH.

[0057] In the exemplary embodiment of the present specification, X1 and X2 may be N. In this case, X3 is CH.
[0058] In the exemplary embodiment of the present specification, X1 and X3 may be N. In this case, X2 is CH.
[0059] In the exemplary embodiment of the present specification, X2 and X3 may be N. In this case, X1 is CH.
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[0060] In the exemplary embodiment of the present specification, X4 to X6 are the same as or different from each
other and are each independently N or CH, at least one of X4 to X6 is N, and at least one of X4 to X6 is CH.

[0061] In the exemplary embodiment of the present specification, X4 may be N and X5 and X6 may be CH.

[0062] In the exemplary embodiment of the present specification, X5 may be N and X4 and X6 may be CH.

[0063] In the exemplary embodiment of the present specification, X6 may be N and X4 and X5 may be CH.

[0064] In the exemplary embodiment of the present specification, X4 and X5 may be N. In this case, X6 is CH.
[0065] In the exemplary embodiment of the present specification, X4 and X6 may be N. In this case, X5 is CH.
[0066] In the exemplary embodiment of the present specification, X5 and X6 may be N. In this case, X4 is CH.
[0067] In the exemplary embodiment of the present specification, Ar1 to Ar4 are the same as or different from each
other, and are each independently a phenyl group which is unsubstituted or substituted with a nitrile group; a biphenyl
group; a terphenyl group; a fluorenyl group which is substituted with an alkyl group or an aryl group; a phenanthryl group;
a naphthyl group; a pyridine group; or a thiophene group.

[0068] In the exemplary embodiment of the present specification, Ar1 to Ar4 are the same as or different from each
other, and are each independently a pyridine group; or a thiophene group.

[0069] In the exemplary embodiment of the present specification, Ar1 is a phenyl group.

[0070] In the exemplary embodiment of the present specification, Ar1 is a phenyl group substituted by a nitrile group.
[0071] In the exemplary embodiment of the present specification, Ar1 is

3
CN .

[0072] In the exemplary embodiment of the present specification, Ar1 is

Q.

[0073] In the exemplary embodiment of the present specification, Ar1 is

[0074] In the exemplary embodiment of the present specification, Ar1 is a biphenyl group.
[0075] In the exemplary embodiment of the present specification, Ar1 is a biphenyl group and

-E

[0076] In the exemplary embodiment of the present specification, Ar1 is a terphenyl group.
[0077] In the exemplary embodiment of the present specification, Ar1 is a terphenyl group and
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[0078] In the exemplary embodiment of the present specification, Ar1 is a terphenyl group and

[0079] Inthe exemplary embodiment of the present specification, Ar1 is a fluorenyl group substituted by an alkyl group.
[0080] Inthe exemplary embodiment of the present specification, Ar1 is a fluorenyl group substituted by a methyl group.
[0081] Inthe exemplary embodiment of the present specification, Ar1 is a fluorenyl group substituted by an aryl group.
[0082] Inthe exemplary embodiment of the present specification, Ar1 is a fluorenyl group substituted by a phenyl group.
[0083] Inthe exemplary embodiment of the present specification, a second carbon position of the fluorenyl group and
a hetero-cycle including one or two or more Ns may be connected.

[0084] In the exemplary embodiment of the present specification, Ar1 is a naphthyl group.

[0085] In the exemplary embodiment of the present specification, Ar1 is a naphthyl group and

&

[0086] In the exemplary embodiment of the present specification, Ar1 is a naphthyl group and

g

[0087] In the exemplary embodiment of the present specification, Ar1 is a phenanthryl group.
[0088] In the exemplary embodiment of the present specification, Ar1 is a phenanthryl group and

[0089] In the exemplary embodiment of the present specification, Ar1 is a pyridine group.
[0090] In the exemplary embodiment of the present specification, Ar1 is a pyridine group and
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In the exemplary embodiment of the present specification, Ar1 is a thiophene group.

In the exemplary embodiment of the present specification, Ar2 is a phenyl group.

In the exemplary embodiment of the present specification, Ar2 is a phenyl group substituted by a nitrile group.
In the exemplary embodiment of the present specification, Ar2 is

3
CN .

In the exemplary embodiment of the present specification, Ar2 is

QL.

In the exemplary embodiment of the present specification, Ar2 is

In the exemplary embodiment of the present specification, Ar2 is a biphenyl group.
In the exemplary embodiment of the present specification, Ar2 is a biphenyl group and

i

In the exemplary embodiment of the present specification, Ar2 is a terphenyl group.
In the exemplary embodiment of the present specification, Ar2 is a terphenyl group and

In the exemplary embodiment of the present specification, Ar2 is a terphenyl group and
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In the exemplary embodiment of the present specification, Ar2 is a fluorenyl group substituted by an alkyl group.
In the exemplary embodiment of the present specification, Ar2 is a fluorenyl group substituted by a methyl group.
In the exemplary embodiment of the present specification, Ar2 is a fluorenyl group substituted by an aryl group.
In the exemplary embodiment of the present specification, Ar2 is a fluorenyl group substituted by a phenyl group.
In the exemplary embodiment of the present specification, a second carbon position of the fluorenyl group and

a hetero-cycle including one or two or more Ns may be connected.

[0107]
[0108]

[0109]

[0110]
[0111]

[0112]
[0113]

[0114]
[0115]
[0116]
[0117]

In the exemplary embodiment of the present specification, Ar2 is a naphthyl group.
In the exemplary embodiment of the present specification, Ar2 is a naphthyl group and

&

In the exemplary embodiment of the present specification, Ar2 is a naphthyl group and

g

In the exemplary embodiment of the present specification, Ar2 is a phenanthryl group.
In the exemplary embodiment of the present specification, Ar2 is a phenanthryl group and

In the exemplary embodiment of the present specification, Ar2 is a pyridine group.
In the exemplary embodiment of the present specification, Ar2 is a pyridine group and

?frfl X
_N

In the exemplary embodiment of the present specification, Ar2 is a thiophene group.

In the exemplary embodiment of the present specification, Ar3 is a phenyl group.

In the exemplary embodiment of the present specification, Ar3 is a phenyl group substituted by a nitrile group.
In the exemplary embodiment of the present specification, Ar3 is
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CN

[0118] In the exemplary embodiment of the present specification, Ar3 is

Q.

[0119] In the exemplary embodiment of the present specification, Ar3 is

[0120] In the exemplary embodiment of the present specification, Ar3 is a biphenyl group.
[0121] In the exemplary embodiment of the present specification, Ar3 is a biphenyl group and

“%

[0122] In the exemplary embodiment of the present specification, Ar3 is a terphenyl group.
[0123] In the exemplary embodiment of the present specification, Ar3 is a terphenyl group and

[0124] In the exemplary embodiment of the present specification, Ar3 is a terphenyl group and

[0125] Inthe exemplary embodiment of the present specification, Ar3 is a fluorenyl group substituted by an alkyl group.
[0126] Inthe exemplary embodiment of the present specification, Ar3 is a fluorenyl group substituted by a methyl group.
[0127] Inthe exemplary embodiment of the present specification, Ar3 is a fluorenyl group substituted by an aryl group.
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In the exemplary embodiment of the present specification, Ar3 is a fluorenyl group substituted by a phenyl group.
In the exemplary embodiment of the present specification, a second carbon position of the fluorenyl group and

a hetero-cycle including one or two or more Ns may be connected.

[0130]
[0131]

[0132]

[0133]
[0134]

[0135]
[0136]

[0137]
[0138]
[0139]
[0140]

[0141]

In the exemplary embodiment of the present specification, Ar3 is a naphthyl group.
In the exemplary embodiment of the present specification, Ar3 is a naphthyl group and

CO

In the exemplary embodiment of the present specification, Ar3 is a naphthyl group and

o

In the exemplary embodiment of the present specification, Ar3 is a phenanthryl group.
In the exemplary embodiment of the present specification, Ar3 is a phenanthryl group and

In the exemplary embodiment of the present specification, Ar3 is a pyridine group.
In the exemplary embodiment of the present specification, Ar3 is a pyridine group and

?HJI X
/N.

In the exemplary embodiment of the present specification, Ar3 is a thiophene group.

In the exemplary embodiment of the present specification, Ar4 is a phenyl group.

In the exemplary embodiment of the present specification, Ar4 is a phenyl group substituted by a nitrile group.
In the exemplary embodiment of the present specification, Ar4 is

3
CN .

In the exemplary embodiment of the present specification, Ar4 is
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[0144]

[0145]
[0146]

[0147]

[0148]
[0149]
[0150]
[0151]
[0152]
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Q.

In the exemplary embodiment of the present specification, Ar4 is

In the exemplary embodiment of the present specification, Ar4 is a biphenyl group.
In the exemplary embodiment of the present specification, Ar4 is a biphenyl group and

‘*%

In the exemplary embodiment of the present specification, Ar4 is a terphenyl group.
In the exemplary embodiment of the present specification, Ar4 is a terphenyl group and

In the exemplary embodiment of the present specification, Ar4 is a terphenyl group and

In the exemplary embodiment of the present specification, Ar4 is a fluorenyl group substituted by an alkyl group.
In the exemplary embodiment of the present specification, Ar4 is a fluorenyl group substituted by a methyl group.
In the exemplary embodiment of the present specification, Ar4 is a fluorenyl group substituted by an aryl group.
In the exemplary embodiment of the present specification, Ar4 is a fluorenyl group substituted by a phenyl group.
In the exemplary embodiment of the present specification, a second carbon position of the fluorenyl group and

a hetero-cycle including one or two or more Ns may be connected.

[0153]
[0154]

In the exemplary embodiment of the present specification, Ar4 is a naphthyl group.
In the exemplary embodiment of the present specification, Ar4 is a naphthyl group and
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O

[0155] In the exemplary embodiment of the present specification, Ar4 is a naphthyl group and

o

[0156] In the exemplary embodiment of the present specification, Ar4 is a phenanthryl group.
[0157] In the exemplary embodiment of the present specification, Ar4 is a phenanthryl group and

[0158] In the exemplary embodiment of the present specification, Ar4 is a pyridine group.
[0159] In the exemplary embodiment of the present specification, Ar4 is a pyridine group and

?s"] X
_N

[0160] In the exemplary embodiment of the present specification, Ar4 is a thiophene group.
[0161] In the exemplary embodiment of the present specification,

Ar1 Ar3
X1 x.4—<
X3 />——L1»---§--~ ~§-—L2——</ e
X3 X5=
Ar2 nd Ard

are the same as each other.
[0162] Inthe exemplary embodiment of the present specification, the hetero-cyclic compound represented by Chemical
Formula 1 is represented by any one of the following Chemical Formulas 1-1 to 1-50.

Chemical Formula 1-1 Chemical Formula 1-2
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(continued)

Y

—N ()
8o

Chemical Formula 1-3

Chemical Formula 1-4

Chemical Formula 1-5

Chemical Formula 1-6

Chemical Formula 1-7

Chemical Formula 1-8

Chemical Formula 1-9

Chemical Formula 1-10
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(continued)

w,

Tay,

Chemical Formula 1-12

Chemical Formula 1-13

&

Ra

Chemical Formula 1-17

Chemical Formula 1-18
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(continued)

Chemical Formula 1-19

Chemical Formula 1-20

Chemical Formula 1-21

Chemical Formula 1-24

18
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(continued)

B1

Chemical Formula 1-25

Chemical Formula 1-26

Chemical Formula 1-27

Chemical Formula 1-28

Chemical Formula 1-29

Chemical Formula 1-30

Chemical Formula 1-31

Chemical Formula 1-32
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(continued)

W,
- O
N N) X
\N/
=0

Chemical Formula 1-33

Chemical Formula 1-35

QO
B0 5O
o] S~

Chemical Formula 1-37

/_"\ aze
C@ \N_/
Q@

Chemical Formula 1-39

Chemical Formula 1-40

20
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(continued)

Chemical Formula 1-41

Chemical Formula 1-42

Chemical Formula 1-43

Chemical Formula 1-44

Chemical Formula 1-45

Chemical Formula 1-46

Chemical Formula 1-47

Chemical Formula 1-48

Fogod”

Chemical Formula 1-49

Chemical Formula 1-50
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(continued)

Y

N (Y

[0163] Inthe exemplary embodiment of the present specification, the hetero-cyclic compound represented by Chemical

Formula 1 is any one of the following Chemical Formulas 2-1 to 2-50.

Chemical Formula 2-1

Chemical Formula 2-2

Chemical Formula 2-3

Chemical Formula 2-4

o) O
TSNS
ges
W,

Chemical Formula 2-5

Chemical Formula 2-6

Y

N\—/ 8 ~
O N
O

(O

Chemical Formula 2-7

Chemical Formula 2-8
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(continued)

-
@

O

&

O —|
«
\ )
W,

Chemical Formula 2-9

Chemical Formula 2-10

7\

Chemical Formula 2-11

Chemical Formula 2-12

£

O

Chemical Formula 2-13

Chemical Formula 2-14

23
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Chemical Formula 2-16

Chemical Formula 2-18

Chemical Formula 2-20

ntinued)

(co

Chemical Formula 2-15

Chemical Formula 2-17

Chemical Formula 2-19

24
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(continued)

Chemical Formula 2-24

\
:N /§

Chemical Formula 2-25

Chemical Formula 2-26
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(continued)

Chemical Formula 2-27

Chemical Formula 2-28

e
S
N a
2ol
0. N_\
0
8

Chemical Formula 2-30
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(continued)

Chemical Formula 2-31

Chemical Formula 2-32

3
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N

Chemical Formula 2-33

Chemical Formula 2-34
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(continued)

Chemical Formula 2-39

Chemical Formula 2-40

oS .
v
284

C Oy

Chemical Formula 2-42

Chemical Formula 2-43

Chemical Formula 2-44

Chemical Formula 2-45

Chemical Formula 2-46
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(continued)

Chemical Formula 2-47 Chemical Formula 2-48

O CN O
\—:/ O N }:/N "
%S =G

Chemical Formula 2-49 Chemical Formula 2-50

U,
N O
- O

[0164] As shown in Chemical Formula 1, the compound of Chemical Formula 1 may have a property that is suitable
to be used as the organic material layer used in the organic light emitting device by introducing substituent groups
including a hetero-cycle into both sides on the basis of a naphthalene group.

[0165] Since the compound represented by Chemical Formula 1 includes a hetero-cyclic structure, the compound
may have an appropriate energy level as an electron injection and/or electron transport material in the organic light
emitting device. Further, in the present specification, it is possible to implement a device having a low driving voltage
and high light efficiency by selecting the compound having an appropriate energy level according to the substituent
group among the compounds represented by Chemical Formula 1 and using the compound in the organic light emitting
device.

[0166] Further, various substituent groups are introduced to a core structure, so that an energy band gap can be finely
adjusted, a property at an interface between organic materials can be improved, and the material may be used for various
purposes.

[0167] Meanwhile, since the compound of Chemical Formula 1 has a high glass transition temperature (Tg), thermal
stability is excellent. Such increase in thermal stability is an important factor providing driving stability to the device.
[0168] The compounds represented by Chemical Formula 1 may be prepared based on Preparation Examples as will
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be described later.

[0169] The compound represented by Chemical Formula 1 may be prepared by a structure where Ar1, Ar2, and L1
are substituted at a hetero-cycle including X1 to X3 in a 1,5-naphthyl group and a method of bonding Ar3, Ar4, and L2
to the hetero-cycle including X4 to X6.

[0170] The hetero-cyclic compound represented by Chemical Formula 1 may be prepared by changing the number
of hetero atoms of X1 to X6, Ar1 to Ar4, L1, and L2.

[0171] Further, the present specification provides an organic light emitting device including the hetero-cyclic compound
represented by Chemical Formula 1.

[0172] In the exemplary embodiment of the present specification, there is provided an organic light emitting device
including: a first electrode; a second electrode provided to face the first electrode; and one or more organic material
layers including a light emitting layer provided between the first electrode and the second electrode, in which one or
more layers of the organic material layers include the hetero-cyclic compound.

[0173] The organic material layer of the organic light emitting device of the present specification may have a single
layer structure, or a multilayered structure in which two or more layers of the organic material layers are laminated. For
example, the organic light emitting device of the present invention may have a structure including a hole injection layer,
a hole transport layer, a light emitting layer, an electron transport layer, an electron injection layer, and the like as the
organic material layer. However, the structure of the organic light emitting device is not limited thereto, but may include
a smaller number of organic layers.

[0174] In the exemplary embodiment of the present specification, the organic material layer includes the hole injection
layer or the hole transport layer, and the hole injection layer or the hole transport layer includes the hetero-cyclic com-
pound.

[0175] In another exemplary embodiment, the organic material layer includes the light emitting layer, and the light
emitting layer includes the hetero-cyclic compound as a host of the light emitting layer.

[0176] In the exemplary embodiment of the present specification, the organic material layer includes the electron
transport layer, the electron injection layer, or a layer simultaneously transporting and injecting electrons, and the electron
transport layer or the electron injection layer includes the hetero-cyclic compound.

[0177] In one exemplary embodiment of the present specification, there is provided an organic light emitting device
including: a first electrode; a second electrode provided to face the first electrode; a light emitting layer provided between
the first electrode and the second electrode; and two or more organic material layers provided between the light emitting
layer and the first electrode or between the light emitting layer and the second electrode, in which at least one of the
two or more organic material layers includes the hetero-cyclic compound. In one exemplary embodiment, the two or
more organic material layers may include two or more selected from the group consisting of an electron transport layer,
an electron injection layer, a layer simultaneously transporting and injecting electrons, and a hole blocking layer.
[0178] In the exemplary embodiment of the present specification, the organic material layer includes two or more
electron transport layers, and at least one of the two or more electron transport layers includes the hetero-cyclic compound.
Specifically, in the exemplary embodiment of the present specification, the hetero-cyclic compound may be included in
one layer of the two or more electron transport layers, and may be included in each of the two or more electron transport
layers.

[0179] Further, inthe exemplary embodiment of the present specification, in the case where the hetero-cycliccompound
is included in each of the two or more electron transport layers, materials other than the hetero-cyclic compound may
be the same as or different from each other.

[0180] In the exemplary embodiment of the present specification, the electron transport layer, the electron injection
layer, or the layer simultaneously transporting and injecting the electrons includes only the hetero-cyclic compound.
[0181] In the exemplary embodiment of the present specification, the organic material layer further includes the hole
injection layer or the hole transport layer including a compound including an arylamino group, a carbazole group, or a
benzocarbazole group in addition to the organic material layer including the hetero-cyclic compound.

[0182] Inthe exemplary embodiment of the present specification, the organic material layer including the hetero-cyclic
compound includes the hetero-cyclic compound as a host, and includes another organic compound, a metal, or a metal
compound as a dopant.

[0183] Inthe exemplary embodiment of the present specification, the organic light emitting device further includes one
layer or two or more layers selected from the group consisting of the hole injection layer, the hole transport layer, the
electron transport layer, the electron injection layer, the electron blocking layer, and the hole blocking layer.

[0184] In another exemplary embodiment, the organic light emitting device may be an organic light emitting device
having a structure (normal type) where an anode, one or more organic material layers, and a cathode are sequentially
laminated on a substrate.

[0185] In another exemplary embodiment, the organic light emitting device may be an organic light emitting device
having an inverted direction structure (inverted type) where a cathode, one or more organic material layers, and an
anode are sequentially laminated on a substrate.
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[0186] For example, the structure of the organic light emitting device according to the exemplary embodiment of the
present specification is illustrated in FIGS. 1 and 2.

[0187] FIG. 1 illustrates a structure of an organic light emitting device where a substrate 1, an anode 2, a light emitting
layer 3, and a cathode 4 are sequentially laminated. In the aforementioned structure, the hetero-cyclic compound may
be included in the light emitting layer 3.

[0188] FIG. 2 illustrates a structure of an organic light emitting device where the substrate 1, the anode 2, a hole
injection layer 5, a hole transport layer 6, the light emitting layer 3, an electron transport layer 7, and the cathode 4 are
sequentially laminated. In the aforementioned structure, the hetero-cyclic compound may be included in one or more
layers of the hole injection layer 5, the hole transport layer 6, the light emitting layer 3, and the electron transport layer 7.
[0189] In the aforementioned structure, the compound may be included in one or more layers of the hole injection
layer, the hole transport layer, the light emitting layer, and the electron transport layer.

[0190] The organic light emitting device of the present specification may be manufactured by materials and methods
known in the art, except that one or more layers of the organic material layers include the compound of the present
specification, that is, the hetero-cyclic compound.

[0191] In the case where the organic light emitting device includes a plurality of organic material layers, the organic
material layers may be formed of the same material or different materials.

[0192] The organic light emitting device of the present specification may be manufactured by materials and methods
known in the art, except that one or more layers of the organic material layers include the hetero-cyclic compound, that
is, the compound represented by Chemical Formula 1.

[0193] Forexample, the organic light emitting device of the present specification may be manufactured by sequentially
laminating the first electrode, the organic material layer, and the second electrode on the substrate. In this case, the
organic light emitting device may be manufactured by depositing a metal, metal oxides having conductivity, or an alloy
thereof on the substrate by using a PVD (physical vapor deposition) method such as a sputtering method or an e-beam
evaporation method to form the anode, forming the organic material layers including the hole injection layer, the hole
transport layer, the light emitting layer, and the electron transport layer thereon, and then depositing a material that can
be used as the cathode thereon. In addition to the aforementioned method, the organic light emitting device may be
manufactured by sequentially depositing a cathode material, the organic material layer, and an anode material on the
substrate.

[0194] Further, the compound of Chemical Formula 1 may be formed as the organic material layer by a solution coating
method as well as a vacuum deposition method when the organic light emitting device is manufactured. Herein, the
solution coating method means spin coating, dip coating, doctor blading, inkjet printing, screen printing, a spray method,
roll coating, or the like, but is not limited thereto.

[0195] In addition to the aforementioned method, the organic light emitting device may be manufactured by sequentially
depositing the cathode material, the organic material layer, and the anode material on the substrate (International Patent
Application Laid-Open No. WO 2003/012890). However, the manufacturing method is not limited thereto.

[0196] In the exemplary embodiment of the present specification, the first electrode is the anode, and the second
electrode is the cathode.

[0197] In another exemplary embodiment, the first electrode is the cathode, and the second electrode is the anode.
[0198] Itis preferable that the anode material be, in general, a material having a large work function so as to smoothly
inject holes into the organic material layer. Specific examples of the anode material that may be used in the present
invention include metals such as vanadium, chrome, copper, zinc, and gold, or an alloy thereof; metal oxides such as
zinc oxides, indium oxides, indium tin oxides (ITO), and indium zinc oxides (IZO); a combination of metals and oxides,
such as ZnO:Al or SnO,:Sb; conductive polymers such as poly(3-methylthiophene), poly[3,4-(ethylene-1,2-dioxy)thi-
ophene] (PEDOT), polypyrrole, and polyaniline, and the like, but are not limited thereto.

[0199] Itis preferable that the cathode material be, in general, a material having a small work function so as to easily
inject electrons into the organic material layer. Specific examples of the cathode material include metals such as mag-
nesium, calcium, sodium, potassium, titanium, indium, yttrium, lithium, gadolinium, aluminum, silver, tin, and lead, or an
alloy thereof; a multilayered structure material such as LiF/Al or LiO,/Al, and the like, but are not limited thereto.
[0200] The hole injection material is used for a layer injecting the holes from the electrode, and it is preferable that the
hole injection material be a compound which has an ability of transporting the holes to have a hole injection effect from
the anode and an excellent hole injection effect to the light emitting layer or the light emitting material, prevents movement
of an exciton generated in the light emitting layer to the electron injection layer or the electron injection material, and
has an excellent thin film forming ability. It is preferable that a HOMO (highest occupied molecular orbital) of the hole
injection material be between the work function of the anode material and a HOMO of a peripheral organic material
layer. Specific examples of the hole injection material include metal porphyrine, oligothiophene, an arylamine-based
organic material, a hexanitrilehexaazatriphenylene-based organic material, a quinacridone-based organic material, a
perylene-based organic material, anthraquinone, polyaniline, a polythiophene-based conductive polymer, and the like,
but are not limited thereto.
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[0201] The hole transport layer is a layer receiving the holes from the hole injection layer and transporting the holes
to the light emitting layer, the hole transport material is a material capable of receiving the holes from the anode or the
hole injection layer and transporting the holes to the light emitting layer, and a material having large mobility to the holes
is suitable as the hole transport material. Specific examples thereof include an arylamine-based organic material, a
conductive polymer, a block copolymer in which a conjugate portion and a non-conjugate portion are present together,
and the like, but are not limited thereto.

[0202] The light emitting material is a material that can receive the holes and the electrons from the hole transport
layer and the electron transport layer, respectively, and bond the holes and the electrons to emit light in a visible ray
region, and is preferably a material having good quantum efficiency to fluorescence or phosphorescence. Specific
examples thereof include a 8-hydroxy-quinoline aluminum complex (Alqgs); a carbazole-based compound; a dimerized
styryl compound; BAlg; a 10-hydroxybenzoquinoline-metal compound; benzoxazole, benzthiazole, and benzimidazole-
based compounds; a poly(p-phenylenevinylene) (PPV)-based polymer; a spiro compound; polyfluorene, lubrene, and
the like, but are not limited thereto.

[0203] The lightemitting layer may include a host material and a dopant material. Examples of the host material include
a condensation aromatic cycle derivative, a hetero-cycle-containing compound, or the like. Specific examples of the
compensation aromatic cycle derivative include an anthracene derivative, a pyrene derivative, a naphthalene derivative,
a pentacene derivative, a phenanthrene compound, a fluoranthene compound, and the like, and specific examples of
the hetero-cycle-containing compound include a carbazole derivative, a dibenzofuran derivative, a ladder-type furan
compound, a pyrimidine derivative, and the like, but the examples are not limited thereto.

[0204] Examples of the dopant material include an organic compound, a metal, or a metal compound.

[0205] Examples of the organic compound as the dopant material include an aromatic amine derivative, a styrylamine
compound, a boron complex, a fluoranthene compound, and the like. Specifically, the aromatic amine derivative is a
compensation aromatic cycle derivative having a substituted or unsubstituted arylamino group, examples thereof include
pyrene, anthracene, chrysene, and periflanthene having the arylamino group, and the like, the styrylamine compound
is a compound where at least one arylvinyl group is substituted in substituted or unsubstituted arylamine, and in the
styrylamine compound, one or two or more substituent groups selected from the group consisting of an aryl group, a
silyl group, an alkyl group, a cycloalkyl group, and an arylamino group are substituted or unsubstituted. Specific examples
thereofinclude styrylamine, styryldiamine, styryltriamine, styryltetraamine, and the like, butare notlimited thereto. Further,
a general metal or metal compound may be used as the metal or the metal compound, and specifically, a metal complex
may be used. Further, examples of the metal complex include an iridium complex, a platinum complex, and the like, but
are not limited thereto.

[0206] The electron transport material is used for a layer receiving the electrons from the electron injection layer and
transporting the electrons to the light emitting layer, the electron transport material is a material that can receive the
electrons well from the cathode and transport the electrons to the light emitting layer, and a material having large mobility
to the electrons is suitable as the electron transport material. Specific examples thereof include an 8-hydroxyquinoline
Al complex; a complex including Alqs; an organic radical compound; a hydroxyflavone-metal complex, and the like, but
are not limited thereto. The electron transport layer may be used together with a predetermined desired cathode material
as used according to a known technology. Particularly, an example of an appropriate cathode material is a general
material having the low work function and followed by an aluminum layer or a silver layer. Specific examples thereof
include cesium, barium, calcium, ytterbium, and samarium, and each case is followed by the aluminum layer or the silver
layer.

[0207] The electron injection layer is a layer injecting the electrons from the electrode, and a compound which has an
ability of transporting the electrons, an electron injection effect from the cathode, and an excellent electron injection
effect to the light emitting layer or the light emitting material, prevents movement of an exciton generated in the light
emitting layer to the hole injection layer, and has an excellent thin film forming ability is preferable. Specific examples
thereof include fluorenone, anthraquinodimethane, diphenoquinone, thiopyran dioxide, oxazole, oxadiazole, triazole,
imidazole, perylene tetracarboxylic acid, fluorenylidene methane, anthrone, and the like, and derivatives thereof, a metal
complex compound, a nitrogen-containing 5-membered cycle derivative, and the like, but are not limited thereto.
[0208] Examples of the metal complex compound include 8-hydroxyquinolinato lithium, bis(8-hydroxyquinolinato)zinc,
bis(8-hydroxyquinolinato)copper, bis(8-hydroxyquinolinato)manganese, tris(8-hydroxyquinolinato)aluminum, tris(2-me-
thyl-8-hydroxyquinolinato)aluminum, tris(8-hydroxyquinolinato)gallium, bis(10-hydroxybenzo[h]quinolinato)beryllium,
bis(10-hydroxybenzo[h]quinolinato)zinc, bis(2-methyl-8-quinolinato)chlorogallium, bis(2-methyl-8-quinolinato)(o-creso-
lato)gallium, bis(2-methyl-8-quinolinato)(1-naphtholato)aluminum, bis(2-methyl-8-quinolinato)(2-naphtholato)gallium,
and the like, but are not limited thereto.

[0209] The organic light emitting device according to the present specification may be divided into a top emission type,
a bottom emission type, or a both-sided emission type according to the used material.

[0210] In the exemplary embodiment of the present specification, the hetero-cyclic compound may be included in an
organic solar cell or an organic transistor in addition to the organic light emitting device.
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[0211] Manufacturing of the hetero-cyclic compound represented by Chemical Formula 1 and the organic light emitting
device including the same will be described in detail in the following Examples. However, the following Examples are
set forth to illustrate the present specification, but the scope of the present specification is not limited thereto.
Example
[0212] Hereinafter, the present invention will be described in more detail through Preparation Examples and Experi-
mental Examples, but the scope of the present invention is not limited by the following Preparation Examples and
Experimental Examples.
Preparation Example
<Preparation Example 1> Preparation of the following compound 1-1

1) Compound synthesis of the following compound 1-A

[0213]

[Compound 1-A]

N
N
| s
N~
i HO P
Cl

[0214] After the compound of 4-chloro-2,6-diphenylpyrimidine (37.3 g, 0.14 mol) and 4-chlorophenylboronic acid (23.8
g, 0.15 mol) were completely dissolved in 150 ml of tetrahydrofuran under the nitrogen atmosphere, 2M potassium
carbonate aqueous solution (80 ml) was added, and tetrakis-(triphenylphosphine)palladium (3.2 g, 2.7 mmol) was put,
followed by heating and agitation for 5 hours. The temperature was reduced to normal temperature, the water layer was
removed, drying was performed by anhydrous magnesium sulfate, pressure-reduction concentration was performed,
and column treatment at a tetrahydrofuran and hexane ratio of 1:6 was performed to prepare compound 1-A (34 g, yield:
71%).

MS[M+H]* = 343

2) Compound synthesis of the following compound 1-B

[0215]

33



(]

10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

[Compound 1-A] [Compound 1-B]
O N
QYN\ 7
N__~ N~
-
| B
Cl o’ o

AN

[0216] Compound 1-A (34.9 g, 98.9 mmol), bis(pinacolato)diboron (27.6 g, 108 mmol), and potassium acetate (29.1
g, 296 mmol) were mixed under the nitrogen atmosphere, added to 100 ml of dioxane, and heated while being agitated.
Bis(dibenzylidyneacetone)palladium (1.7 g, 2.94 mmol) and tricyclohexylphosphine (1.6 g, 5.9 mmol) were put in the
reflux state, and heated and agitated for 10 hours. After the reaction was finished, the temperature was reduced to
normal temperature, followed by filtering. The filtrate was poured in water, extraction was performed by chloroform, and
the organic layer was dried by anhydrous magnesium sulfate. After performing pressure-reduction distillation, recrys-
tallization was performed by ethanol to prepare compound 1-B (35 g, yield: 81%).

MS[M+H]* = 435

3) Synthesis of the following compound 1-1

[0217]

[Compound 1-B] [Compound 1-1]

[0218] After compound 1-B (16.4 g, 37.7 mmol) and 1,5-dibromonaphthalene (5.1 g, 17.9 mmol) were completely
dissolved in tetrahydrofuran (50 ml), 2M potassium carbonate aqueous solution (30 ml) was added, and tetrakistriphenyl-
phosphinopalladium (400 mg, 0.34 mmol) was put, and heated and agitated for 2 hours. The temperature was reduced
to normal temperature, the reaction was finished, and the potassium carbonate solution was removed to filter the white
solid. The filtered white solid was washed once with each of tetrahydrofuran and ethanol to prepare compound 1-1 (12.0
g, yield 90%).

MS[M+H]* = 741
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<Preparation Example 2> Preparation of compound 1-3
1) Synthesis of the following compound 2-A

[0219]

[Compound 2-A]

: UK
Ogg T

N
-
\g, Ho B oH

Cl

[0220] After the compound of 4-([1,1-biphenyl]-4-yl)-2-chloro-6-phenylpyrimidine (48.0 g, 0.14 mol) and 4-chloroph-
enylboronic acid (23.8 g, 0.15 mol) were completely dissolved in 150 ml of tetrahydrofuran under the nitrogen atmosphere,
2M potassium carbonate aqueous solution (80 ml) was added, and tetrakis-(triphenylphosphine)palladium (3.2 g, 2.7
mmol) was put, followed by heating and agitation for

[0221] 5 hours. The temperature was reduced to normal temperature, the water layer was removed, drying was
performed by anhydrous magnesium sulfate, pressure-reduction concentration was performed, and column treatment
at a tetrahydrofuran and hexane ratio of 1:6 was performed to prepare compound 2-A (42 g, yield: 71%).

MS[M+H]* = 419

2) Compound synthesis of the following compound 2-B

[0222]

[Compound 2-A] [Compound 2-B]

(o il o

35



10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

[0223] Compound 2-A (41.4 g, 98.9 mmol), bis(pinacolato)diboron (27.6 g, 108 mmol), and potassium acetate (29.1
g, 296 mmol) were mixed under the nitrogen atmosphere, added to 100 ml of dioxane, and heated while being agitated.
Bis(dibenzylidyneacetone)palladium (1.7 g, 2.94 mmol) and tricyclohexylphosphine (1.6 g, 5.9 mmol) were put in the
reflux state, and heated and agitated for 10 hours. After the reaction was finished, the temperature was reduced to
normal temperature, followed by filtering. The filtrate was poured in water, extraction was performed by chloroform, and
the organic layer was dried by anhydrous magnesium sulfate. After performing pressure-reduction distillation, recrys-
tallization was performed by ethanol to prepare compound 2-B (40.9 g, yield: 81%).

MS[M+H]* = 511

3) Synthesis of the following compound 1-3

[0224]
[Compound 2-B] [Compound 1-3]
ii.]rf‘71 ii'u <Ii> {!ifls.

LR Er g
s — V8o
B Br D FJ {
o 4!!}
AN W,

[0225] Compound 1-3 was prepared by the same method as the method of preparing compound 1-1, except that
compound 2-B was used instead of compound 1-B.

MS[M+H]* = 893

<Preparation Example 3> Preparation of compound 1-4

1) Synthesis of the following compound 3-A

[0226]

[Compound 3-A]

[0227] Compound 3-A was prepared by the same method as the method of preparing compound 1-A, except that
4-([1,1’-biphenyl]-4-yl)-6-chloro-2-phenylpyrimidine was used instead of the compound of 4-chloro-2,6-diphenylpyrimi-
dine.

MS[M+H]* = 419
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2) Synthesis of the following compound 3-B

[0228]

[Compound 3-A] [Compound 3-B]

[0229] Compound 3-B was prepared by the same method as the method of preparing compound 1-B, except that
compound 3-A was used instead of compound 1-A.

MS[M+H]* = 511

3) Synthesis of the following compound 1-4

[0230]

[Compound 3-B] [Compound 1-4]

[0231] Compound 1-4 was prepared by the same method as the method of preparing compound 1-1, except that
compound 3-B was used instead of compound 1-B.

MS[M+H]* = 893

<Preparation Example 4> Preparation of compound 1-5

1) Synthesis of the following compound 4-A

[0232]

37



(]

15

20

25

40

45

50

55

EP 3 050 879 B1

[Compound 4-A]

l\
l\ N_.=
N~
Cl Pi()'

Cl

[0233] Compound 4-A was prepared by the same method as the method of preparing compound 1-A, except that 2-
chloro-4,6-diphenylpyridine was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 342

2) Synthesis of the following compound 4-B

[0234]

[Compound 4-A] [Compound 4-B]

N~

Cl

[0235] Compound 4-B was prepared by the same method as the method of preparing compound 1-B, except that
compound 4-A was used instead of compound 1-A.

MS[M+H]* = 434

3) Synthesis of the following compound 1-5

[0236]
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[Compound 4-B] [Compound 1-5]

[0237] Compound 1-5 was prepared by the same method as the method of preparing compound 1-1, except that
compound 4-B was used instead of compound 1-B.

MS[M+H]* = 739

<Preparation Example 5> Preparation of compound 1-6

1) Synthesis of the following compound 5-A

[0238]

[Compound 5-A]

Cl
N
| ~
N
| ~ [::t:] —> Z
=
Ho B-oH
Cl ‘
Cl

[0239] Compound 5-A was prepared by the same method as the method of preparing compound 1-A, except that
4-(4-chlorophenyl)-2,6-diphenylperidine was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 342

2) Synthesis of the following compound 5-B

[0240]
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[Compound 5-A]

\

Cl

[0241] Compound 5-B was prepared by the same method as the method of preparing compound 1-B, except that

compound 5-A was used instead of compound 1-A.
MS[M+H]* = 434

3) Synthesis of the following compound 1-6

[0242]

[Compound 5-B]

[Compound 5-B]

N

R
=~

/B\
Q" "o

AN

[Compound 1-6]

[0243] Compound 1-6 was prepared by the same method as the method of preparing compound 1-1, except that

compound 5-B was used instead of compound 1-B.
MS[M+H]* = 739

<Preparation Example 6> Preparation of compound 1-15
1) Synthesis of the following compound 6-A

[0244]
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[Compound 6-A]

Cl Cl Cl
| = — | N
hd\jf;rd N.__-N
B e

Cl HO  —~OH Cl

[0245] After the compounds of 2,4,6-trichloropyrimidine (40.0 g, 0.218 mol) and phenylboronic acid (26.6 g, 0.218
mol) were completely dissolved in 250 ml of tetrahydrofuran under the nitrogen atmosphere, 2M potassium carbonate
aqueous solution (125 ml) was added, and tetrakis-(triphenylphosphine)palladium (7.6 g, 6.5 mmol) was put, followed
by heating and agitation for 5 hours. The temperature was reduced to normal temperature, the water layer was removed,
drying was performed by anhydrous magnesium sulfate, pressure-reduction concentration was performed, and column
treatment at a tetrahydrofuran and hexane ratio of 1:3 was performed to prepare compound 6-A (40 g, yield: 82%).
MS[M+H]* = 224

2) Synthesis of the following compound 6-B

[0246]
[Compound 6-A] [Compound 6-B]
o . Yse
Y\YQ 5
e T NN
“ Ho B oH cl

[0247] Compound 6-B was prepared by the same method as the method of preparing compound 6-A, except that the
(9,9-dimethyl-9H-fluorene-2-yl)boronic acid was used instead of the compound of the phenylboronic acid.

MS[M+H]* = 382

3) Synthesis of the following compound 6-C

[0248]

[Compound 6-B] [Compound 6-C]
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s e e
Q.QQ L U

N
b Ho B oH

Cl
Cl

[0249] Compound 6-C was prepared by the same method as the method of preparing compound 1-A, except that
compound 6-B was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.

MS[M+H]* = 458

4) Synthesis of the following compound 6-D

[0250]

[Compound 6-C] [Compound 6-D]

;.:. A

[0251] Compound 6-D was prepared by the same method as the method of preparing compound 1-B, except that
compound 6-C was used instead of compound 1-A.

MS[M+H]* = 550

5) Synthesis of the following compound 1-15

[0252]
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[Compound 6-D] [Compound 1-15]

[0253] Compound 1-15 was prepared by the same method as the method of preparing compound 1-1, except that
compound 6-D was used instead of compound 1-B.
MS[M+H]* = 972

<Preparation Example 7> Preparation of compound 1-24

1) Synthesis of the following compound 7-A

[0254]
[Compound 7-A]
_ cl X B
T
| o~ —_—
N_-N
T _B.
Cl HO "~ “OH

Cl

[0255] Compound 7-A was prepared by the same method as the method of preparing compound 1-A, except that 2-
chloro-4-phenyl-6-(pyridine-4-yl)pyrimidine was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 343

2) Synthesis of the following compound 7-B

[0256]
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[Compound 7-A] [Compound 7-B]
w
NS
NZ r
| N.__N
s | S
N. 2N
—_—
B
o 0
Cl

7N

[0257] Compound 7-B was prepared by the same method as the method of preparing compound 1-B, except that
compound 7-A was used instead of compound 1-A.
MS[M+H]* = 435

3) Synthesis of the following compound 1-24

[0258]
[Compound 7-B] [Compound 1-24]
[ = |
S 5
Y . v
[ =
- =02
E Br '

[0259] Compound 1-24 was prepared by the same method as the method of preparing compound 1-1, except that
compound 7-B was used instead of compound 1-B.

MS[M+H]* = 742

<Preparation Example 8> Preparation of compound 1-47

1) Synthesis of the following compound 8-A

[0260]
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[Compound 8-A]

sWe

I —>
N \fN
_B.
Cl HO OH
Cl
[0261] Compound 8-A was prepared by the same method as the method of preparing compound 1-A, except that
4-(2-chloro-6-phenylpyrimidine-4-yl)benzonitrile was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 367
2) Synthesis of the following compound 8-B

[0262]

[Compound 8-A] [Compound 8-B]

RO e
Q0 !

N.-N
—_—
By
O 0
ct AN

[0263] Compound 8-B was prepared by the same method as the method of preparing compound 1-B, except that
compound 8-A was used instead of compound 1-A.

MS[M+H]* = 459

3) Synthesis of the following compound 1-47

[0264]
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[Compound 8-B] [Compound 1-47]
e
J ! J Q I CN
|l Br \—I‘j‘»l_
) v -7
B Er
o0 e Q

AN

[0265] Compound 1-47 was prepared by the same method as the method of preparing compound 1-1, except that
compound 8-B was used instead of compound 1-B.

MS[M+H]* = 790

<Preparation Example 9> Preparation of compound 2-1

1) Synthesis of the following compound 2-1

[0266]

[Compound 2-1]

[0267] After the compound of 4-chloro-2,6-diphenylpyrimidine (10.1 g, 37.7 mmol) and 1,5-bis(4,4,5,5-tetramethyl-
1,3,2-dioctaborolane-2-yl)naphthalene (6.8 g, 17.9 mmol) were completely dissolved in tetrahydrofuran (50 ml), 2M
potassium carbonate aqueous solution (30 ml) was added, and tetrakistriphenyl-phosphinopalladium (400 mg, 0.34
mmol) was put, followed by heating and agitation for 2 hours. The temperature was reduced to normal temperature, the
reaction was finished, and the potassium carbonate solution was removed to filter the white solid. The filtered white solid
was washed once with each of tetrahydrofuran and ethanol to prepare compound 2-1 (9.5 g, yield 90%).

MS[M+H]* = 589

<Preparation Example 10> Preparation of compound 2-3
1) Synthesis of the following compound 2-3

[0268]
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[Compound 2-3]

< @ 45 @
il Q @

[0269] Compound 2-3 was prepared by the same method as the method of preparing compound 2-1, except that
4-([1,1’-biphenyl]-4-yl)-2-chloro-6-phenylpyrimidine was used instead of the compound of 4-chloro-2,6-diphenylpyrimi-
dine.

MS[M+H]* = 741

<Preparation Example 11> Preparation of compound 2-4

1) Synthesis of the following compound 2-4

[0270]

[Compound 2-4]

[0271] Compound 2-4 was prepared by the same method as the method of preparing compound 2-1, except that
4-([1,1’-biphenyl]-4-yl)-6-chloro-2-phenylpyrimidine was used instead of the compound of 4-chloro-2,6-diphenylpyrimi-
dine.

MS[M+H]* = 741

<Preparation Example 12> Preparation of compound 2-5

1) Synthesis of the following compound 2-5

[0272]
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[Compound 2-5]

Cl

: ®
P 7 _
G O
- o

[0273] Compound 2-5 was prepared by the same method as the method of preparing compound 2-1, except that 2-

chloro-4,6-diphenylpyridine was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 587

<Preparation Example 13> Preparation of compound 2-15
1) Synthesis of the following compound 2-15

[0274]

[Compound 6-B] [Compound 2-15]

Yoo . 5
JIIH “ — )_'_ﬂq
o @'

[0275] Compound 2-15 was prepared by the same method as the method of preparing compound 2-1, except that
compound 6-B was used instead of the compound of 4-chloro-2,6-diphenylpyrimidine.
MS[M+H]* = 820

<Experimental Example 1>

[0276] The glass substrate on which a thin film of ITO (indium tin oxide) was applied in a thickness of 1,000 A was
putinto distilled water having the detergent dissolved therein and washed by the ultrasonic wave. In this case, the product
manufactured by Fischer Co., was used as the detergent, and distilled water, which had been twice filtered by the filter
manufactured by Millipore Co., was used as distilled water. The ITO was washed for 30 minutes, and washing with
ultrasonic waves was then repeated twice for 10 minutes by using distilled water. After the washing with distilled water
was finished, washing with ultrasonic waves was performed by solvents such as isopropyl alcohol, acetone, and methanol,
and the ITO was dried and transported to the plasma washing machine. Further, the substrate was washed by using
oxygen plasma for 5 minutes, and then transported to the vacuum deposition machine.

[0277] Hexanitrile hexaazatriphenylene (HAT) of the following Chemical Formula was thermally deposited in a thick-
nesses of 500 A under the vacuum on the ITO transparent electrode thus prepared to form the hole injecting layer.
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[HAT]

[0278] 4-4’-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB) (400 A) of the following compound that was the material
transporting the holes was deposited under the vacuum on the hole injection layer to form the hole transport layer.

[NPB]

o
avava
as

[0279] Subsequently, BH and BD shown below were deposited under the vacuum at a weight ratio of 25:1 on the hole

transport layer to form the light emitting layer in a film thickness of 300 A.

[BH]
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[BD]
N
RoNSS
“”
Ge/
\\

[LiQ]

[0280] Compound 1-1 prepared in Preparation Example 1 and the compound of LiQ (lithium quinolate) were deposited
under the vacuum at a weight ratio of 1:1 on the light emitting layer to form the electron injection and transport layer in
athickness of 300 A. Lithium fluoride (LiF) in a thickness of 12 A and aluminum in a thickness of 2,000 A were subsequently
deposited on the electron injection and transport layer to form the cathode.

[0281] In the aforementioned process, the deposition speed of the organic material was maintained at 0.4 to 0.7 A/sec,
the deposition speed of lithium fluoride of the cathode was maintained at 0.3 A/sec, the deposition speed of aluminum
was maintained at 2 A/sec, and the degree of vacuum during deposition was maintained at 2 X 10-7 to 5 X 106 torr to
manufacture the organic light emitting device.

<Experimental Example 2>

[0282] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-3 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 3>

[0283] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-4 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 4>

[0284] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-5 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 5>

[0285] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-6 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 6>

[0286] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-15 was used instead of compound 1-1 in Experimental Example 1.
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<Experimental Example 7>

[0287] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-24 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 8>

[0288] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 1-47 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 9>

[0289] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-1 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 10>

[0290] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-3 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 11>

[0291] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-4 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 12>

[0292] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-5 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 13>

[0293] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-15 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 14>

[0294] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-24 was used instead of compound 1-1 in Experimental Example 1.

<Experimental Example 15>

[0295] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that compound 2-47 was used instead of compound 1-1 in Experimental Example 1.

<Comparative Example 1>

[0296] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that the following compound of ET1 was used instead of compound 1-1 in Experimental Example 1.
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[ET1]

<Comparative Example 2>

[0297] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that the following compound of ET2 was used instead of compound 1-1 in Experimental Example 1.

[ET2]

Z/Z
s

N

<Comparative Example 3>

[0298] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that the following compound of ET3 was used instead of compound 1-1 in Experimental Example 1.

[ET3]
N
/ \
N

<Comparative Example 4>

[0299] The organic light emitting device was manufactured by the same method as Experimental Example 1, except
that the following compound of ET4 was used instead of compound 1-1 in Experimental Example 1.
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[ET4]

[0300] Propertiesof the organic light emitting devices manufacturedin Experimental Examples 1to 15and Comparative
Examples 1 to 4 are described in the following Table 1.
[Table 1]
Comoound Voltage Efficiency Color coordinate
P (V@10mA/cm?2) (cd/A@10mA/cm?2) (x,y)

Experimental Compound 1-1 3.98 4.91 (0.138, 0.127)
Example 1

Experimental Compound 1-3 3.75 5.15 (0.139, 0.122)
Example 2

Experimental Compound 1-4 3.86 5.04 (0.138, 0.126)
Example 3

Experimental Compound 1-5 3.85 4.72 (0.138, 0.127)
Example 4

Experimental Compound 1-6 3.89 4.65 (0.137, 0.129)
Example 5

Experimental Compound 1-15 3.90 4.61 (0.136, 0.129)
Example 6

Experimental Compound 1-24 3.93 4.63 (0.137, 0.128)
Example 7

Experimental Compound 1-47 3.91 4.62 (0.138, 0.129)
Example 8

Experimental Compound 2-1 3.95 4.64 (0.138, 0.128)
Example 9

Experimental

Example 10 Compound 2-3 3.90 4.62 (0.138,0.129)

Experimental Compound 2-4 3.96 4.55 (0.136, 0.128)
Example 11

Experimental

Example 12 Compound 2-5 3.98 492 (0137, 012

Experimental

Example 13 Compound 2-15 3.96 448 (0.137, 0.129)

Experimental

Example 14 Compound 2-24 3.98 446 (0136, 0.129)

Experimental Compound 2-47 3.94 453 (0.137, 0.130)
Example 15
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(continued)

Comoound Voltage Efficiency Color coordinate
P (V@10mA/cm2) (cd/A@10mA/cm?2) (x,y)

Comparative ET1 4.02 3.95 (0.136, 0.130)
Example 1

Comparative ET2 4.13 3.87 (0.136, 0.126)
Example 2

Comparative ET3 4.16 3.70 (0.132, 0.129)
Example 3

Comparative ET4 4.25 3.61 (0.131, 0.132)
Example 4

[0301] AsseeninTable 1,itcanbe confirmed that comparing Experimental Examples 1, 2, 3,4, and 5 and Comparative
Examples 1 and 2, in the case where Ar3 is a 1,5-naphthyl group, an electron transporting and injection ability is better
than that of a 1,4-phenyl group.

[0302] Asseenin Table 1, it can be confirmed that comparing Experimental Examples 6, 7, 8, and 9 and Comparative
Examples 3 to 4 to each other, in the case where Ar3 is the 1,5-naphthyl group, the electron transporting and injection
ability is better than that of the 1,4-phenyl group.

[0303] As shown in the result of Table 1, it could be confirmed that the compound according to the present invention
has the excellent electron transporting and injection ability and thus can be applied to the organic light emitting device.

Claims

1. A hetero-cyclic compound represented by the following Chemical Formula 1:

[Chemical Formula 1]

wherein in Chemical Formula 1,

X1 to X6 are the same as or different from each other, and are each independently a trivalent hetero atom or CH,
at least one of X1 to X3 is CH or at least one of X4 to X6 is CH,

at least one of X1 to X3 is N or at least one of X4 to X6 is N,

L1 and L2 are the same as each other, and are a direct bond; or a substituted or unsubstituted arylene group
having 6 to 9 carbon atoms,

Ar1 to Ar4 are the same as or different from each other, and are each independently a phenyl group which is
unsubstituted or substituted with a nitrile group; a biphenyl group; a terphenyl group; a fluorenyl group which is
substituted with an alkyl group or an aryl group; a phenanthryl group; a naphthyl group; a pyridine group; or a
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thiophene group, and

Ari Ar3
—X1 x4_<
X2 L1—-§-—- -§~»Lz~—</ X6
X3 X5=
ArZ and Ai’4

are the same as each other.

2. A hetero-cyclic compound according to Claim 1, wherein L1 and L2 are the same as each other, and are a direct
bond; or a substituted or unsubstituted phenylene group.

3. A hetero-cyclic compound according to Claim 1, wherein the compound represented by Chemical Formula 1 is
represented by any one of the following Chemical Formulas 1-1 to 1-50:
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(continued)

Chemical Formula 1-9

Chemical Formula 1-11

Chemical Formula 1-13

Chemical Formula 1-14
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Chemical Formula 1-15

Chemical Formula 1-16
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(continued)

Chemical Formula 1-18
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(continued)
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(continued)

Chemical Formula 1-31

Chemical Formula 1-36
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(continued)
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Chemical Formula 1-39

Chemical Formula 1-40
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Chemical Formula 1-41

Chemical Formula 1-42

/ s
&

Chemical Formula 1-43

Chemical Formula 1-44

Chemical Formula 1-45

Chemical Formula 1-46

60




10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

(continued)

Chemical Formula 1-47

Chemical Formula 1-48
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v
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Chemical Formula 1-49

Chemical Formula 1-50
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4. A hetero-cyclic compound according to Claim 1, wherein the compound represented by Chemical Formula 1 is

represented by any one of the following Chemical Formulas 2-1 to 2-50:

Chemical Formula 2-1

Chemical Formula 2-2
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Chemical Formula 2-14

Chemical Formula 2-16

Chemical Formula 2-18

Chemical Formula 2-13

Chemical Formula 2-15

Chemical Formula 2-17

63



10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

(continued)

Chemical Formula 2-23

Chemical Formula 2-24
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(continued)
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(continued)

Chemical Formula 2-31

Chemical Formula 2-32
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(continued)

Chemical Formula 2-37
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(continued)
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5. An organic light emitting device comprising:
a first electrode;
a second electrode provided to face the first electrode; and
one or more organic material layers including a light emitting layer provided between the first electrode and the
second electrode,
wherein one or more layers of the organic material layers include the hetero-cyclic compound as defined in any
preceding claim.

6. An organic light emitting device according to Claim 5, wherein the organic material layer includes a hole injection
layer or a hole transport layer, and the hole injection layer or the hole transport layer includes the hetero-cyclic
compound.

7. An organic light emitting device according to Claim 5, wherein the light emitting layer includes the hetero-cyclic
compound as a host of the light emitting layer.

8. Anorganiclightemitting device according to Claim 5, wherein the organic material layer includes an electron transport
layer or an electron injection layer, and the electron transport layer or the electron injection layer includes the hetero-
cyclic compound.

9. An organic light emitting device according to Claim 5, wherein the organic material layer including the hetero-cyclic
compound includes the hetero-cyclic compound as a host, and includes another organic compound, a metal, or a
metal compound as a dopant.

10. An organic light emitting device according to Claim 5, further comprising:
one layer or two or more layers selected from the group consisting of a hole injection layer, a hole transport layer,
an electron transport layer, an electron injection layer, an electron blocking layer, and a hole blocking layer.

11. An organic light emitting device comprising:

a first electrode;

a second electrode provided to face the first electrode;

a light emitting layer provided between the first electrode and the second electrode; and

two or more organic material layers provided between the light emitting layer and the first electrode or between
the light emitting layer and the second electrode,

wherein at least one of the two or more organic material layers includes the hetero-cyclic compound as defined
in any one of Claims 1-4, and the two or more organic material layers include two or more selected from the
group consisting of an electron transport layer, an electron injection layer, a layer simultaneously transporting
and injecting electrons, and a hole blocking layer.

Patentanspriiche

1. Heterocyclische Verbindung, dargestellt durch die nachstehende Chemische Formel 1:
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[Chemische Formel 1]

Ar1

x2>\>: xg>_L1 ‘ Ar3

X4
7 Xe
e

Ar2 L2

Ar4d

wobei in der Chemischen Formel 1,

X1 bis X6 gleich oder voneinander verschieden sind und jeweils unabhéangig ein dreiwertiges Heteroatom oder
CH sind,

zumindest eines von X1 bis X3 CH ist oder zumindest eines von X4 bis X6 CH ist,

zumindest eines von X1 bis X3 N ist oder zumindest eines von X4 bis X6 N ist,

L1 und L2 jeweils gleich sind und eine direkte Bindung oder eine substituierte oder unsubstituierte Arylengruppe
mit 6 bis 9 Kohlenstoffatomen sind,

Ar1 bis Ar4 gleich oder voneinander verschieden sind und jeweils unabhangig eine Phenylgruppe, die unsub-
stituiert oder mit einer Nitrilgruppe substituiert ist; eine Biphenylgruppe; eine Terphenylgruppe; eine Fluorenyl-
gruppe, die mit einer Alkylgruppe oder einer Arylgruppe substituiert ist; eine Phenanthrylgruppe; eine Naph-
thylgruppe; eine Pyridingruppe oder eine Thiophengruppe sind, und

Ari ‘<Ar3
=X1 X4
X2 L1—§~— -§-L2—~<’ e
X3 X5=
Ar2 und Ard

zueinander gleich sind.

Heterocyclische Verbindung gemass Anspruch 1, worin L1 und L2 zueinander gleich sind und eine direkte Bindung
oder eine substituierte oder unsubstituierte Phenylengruppe sind.

Heterocyclische Verbindung geméass Anspruch 1, wobei die Verbindung der Chemischen Formel 1 durch irgendeine
der nachstehenden Chemischen Formeln 1-1 bis 1-50 dargestellt ist:

Chemische Formel 1-1 Chemische Formel 1-2
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(fortgesetzt)

Chemische Formel 1-3

Chemische Formel 1-4

9

)

—N _
«

Chemische Formel 1-5

Chemische Formel 1-6

Chemische Formel 1-7

Chemische Formel 1-8

O
/_:\ ) . &
BeNR s €%y
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Chemische Formel 1-9

Chemische Formel 1-10

Chemische Formel 1-11

Chemische Formel 1-12
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(fortgesetzt)

Chemische Formel 1-13

Chemische Formel 1-16

Chemische Formel 1-19

Chemische Formel 1-20
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(fortgesetzt)

Chemische Formel 1-21

Chemische Formel 1-26

Chemische Formel 1-27

Chemische Formel 1-28
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(fortgesetzt)
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Chemische Formel 1-29

Chemische Formel 1-30

Chemische Formel 1-31

Chemische Formel 1-32

_/
R (O
_ - 8 2

a2

Chemische Formel 1-33

Chemische Formel 1-34

Chemische Formel 1-35

Chemische Formel 1-36
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(fortgesetzt)

Chemische Formel 1-39

Chemische Formel 1-40

O
/_E a=e N_
hogod
G Oy

Chemische Formel 1-41

Chemische Formel 1-42

Fogof

Chemische Formel 1-43

Chemische Formel 1-44

Chemische Formel 1-45

Chemische Formel 1-46
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(fortgesetzt)

Chemische Formel 1-47

Chemische Formel 1-48

W,

I\ CN

&

NC

W,
7N ¢ H-cn

Chemische Formel 1-49

Chemische Formel 1-50

4
N\ @,

4. Heterocyclische Verbindung gemass Anspruch 1, wobei die Verbindung der Chemischen Formel 1 durch irgendeine

der nachstehenden Chemischen Formeln 2-1 bis 2-50 dargestellt ist:

Chemische Formel 2-1

Chemische Formel 2-2

S8
ke

Chemische Formel 2-3

Chemische Formel 2-4

76




10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

fortgesetzt)

(
7 N\

O =N
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C

Chemische Formel 2-5

Chemische Formel 2-8

C

C

O o
«

W,
W,

Chemische Formel 2-9

Chemische Formel 2-10
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(fortgesetzt)

Chemische Formel 2-11

Chemische Formel 2-12

Chemische Formel 2-13

Chemische Formel 2-14
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O

Chemische Formel 2-15

Chemische Formel 2-16
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L
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Chemische Formel 2-17

Chemische Formel 2-18
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(fortgesetzt)

Chemische Formel 2-22
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Chemische Formel 2-23

Chemische Formel 2-24
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(fortgesetzt)
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Chemische Formel 2-25

Chemische Formel 2-26

Chemische Formel 2-27
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Chemische Formel 2-29

Chemische Formel 2-30
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(fortgesetzt)

Chemische Formel 2-31

Chemische Formel 2-32
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Chemische Formel 2-33

Chemische Formel 2-34

Chemische Formel 2-35

Chemische Formel 2-36
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(fortgesetzt)

Chemische Formel 2-37
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(fortgesetzt)

Chemische Formel 2-45

Chemische Formel 2-47

Chemische Formel 2-48
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Chemische Formel 2-49

Chemische Formel 2-50

4

N
o
N—

O

W,
" a
~ O

83




10

15

20

25

30

35

40

45

50

55

5.
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1.
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Organische lichtemittierende Vorrichtung, umfassend:

eine erste Elektrode;

eine zweite Elektrode, die der ersten Elektrode gegenuberliegt; und

eine oder mehrere organische Materialschichten, einschliesslich einer lichtemittierenden Schicht, die zwischen
der ersten Elektrode und der zweiten Elektrode vorgesehen ist,

wobei eine oder mehrere Schichten der organischen Materialschichten die heterocyclische Verbindung, wie in
einem der vorhergehenden Anspriiche definiert, einschliesst/einschliessen.

Organische lichtemittierende Vorrichtung gemass Anspruch 5, wobei die organische Materialschicht eine Lochin-
jektionsschicht oder eine Lochtransportschicht einschliesst und die Lochinjektionsschicht oder die Lochtransport-
schicht die heterocyclische Verbindung einschliesst.

Organische lichtemittierende Vorrichtung gemass Anspruch 5, wobei die lichtemittierende Schicht die heterocycli-
sche Verbindung als Wirt der lichtemittierenden Schicht einschliesst.

Organische lichtemittierende Vorrichtung gemass Anspruch 5, wobei die organische Materialschicht eine Elektro-
nentransportschicht oder eine Elektroneninjektionsschicht einschliesst und die Elektronentransportschicht oder die
Elektroneninjektionsschicht die heterocyclische Verbindung einschliesst.

Organische lichtemittierende Vorrichtung gemass Anspruch 5, wobei die organische Materialschicht, die die hete-
rocyclische Verbindung einschliesst, die heterocyclische Verbindung als Wirt einschliesst und eine andere organi-
sche Verbindung, ein Metall oder eine Metallverbindung als Dotierungsmittel einschliesst.

Organische lichtemittierende Vorrichtung gemass Anspruch 5, die ferner eine Schicht oder zwei oder mehr Schichten,
ausgewahlt aus der Gruppe bestehend aus einer Lochinjektionsschicht, einer Lochtransportschicht, einer Elektro-
nentransportschicht, einer Elektroneninjektionsschicht, einer Elektronensperrschicht und einer Lochsperrschicht,
umfasst.

Organische lichtemittierende Vorrichtung, umfassend:

eine erste Elektrode;

eine zweite Elektrode, die der ersten Elektrode gegenuberliegt;

eine lichtemittierende Schicht, die zwischen der ersten Elektrode und der zweiten Elektrode vorgesehen ist; und
zwei oder mehr organische Materialschichten, die zwischen der lichtemittierenden Schicht und der ersten Elek-
trode oder zwischen der lichtemittierenden Schicht und der zweiten Elektrode vorgesehen sind,

wobei zumindest eine der zwei oder mehr organischen Materialschichten die heterocyclische Verbindung, wie
inirgendeinem der Anspriiche 1 bis 4 definiert, einschliesst und die zwei oder mehr organischen Materialschich-
ten zwei oder mehr, ausgewahlt aus der Gruppe bestehend aus einer Elektronentransportschicht, einer Elek-
troneninjektionsschicht, einer Schicht, die Elektronen gleichzeitig transportiert und injiziert, und einer Lochsperr-
schicht, einschliessen.

Revendications

1.

Composé hétérocyclique représenté par la Formule Chimique 1 suivante :
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[Formule Chimique 1]

Ar1
X2 / L1 Ar3

Ar2 L2—</

dans lequel dans la Formule Chimique 1,

X1 a X6 sont identiques ou différents les uns des autres, et sont chacun indépendamment un hétéroatome
trivalent ou CH,

au moins un de X1 a X3 est CH ou au moins un de X4 a X6 est CH,

au moins un de X1 a X3 est N ou au moins un de X4 a X6 est N,

L1 etL2 sontidentiques I'un par rapport a I'autre, et sont une liaison directe ; ou un groupe aryléne non substitué
ou substitué ayant de 6 a 9 atomes de carbone,

Ar1 a Ar4 sont identiques ou différents les uns des autres, et sont chacun indépendamment un groupe phényle
qui est non substitué ou substitué avec un groupe nitrile ; un groupe biphényle ; un groupe terphényle ; un
groupe fluorényle qui est substitué avec un groupe alkyle ou un groupe aryle ; un groupe phénanthryle ; un
groupe naphtyle ; un groupe pyridine ; ou un groupe thiophéne, et

Ari Ars
>_.—;x1

xa—(
x2>“ x%‘u-—g— -§~Lz—<;’ 5:2(6

sont identiques I'un par rapport I'autre.

Composé hétérocyclique selon la Revendication 1, dans lequel L1 et L2 sont identiques I'un par rapport a l'autre,
et sont une liaison directe; ou un groupe phényléne non substitué ou substitué.

Composeé hétérocyclique selon la Revendication 1, dans lequel le composé représenté par la Formule Chimique 1
est représenté par I'une quelconque des Formules Chimiques 1-1 a 1-50 :

Formule Chimique 1-1 Formule Chimique 1-2
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(suite)

s

Formule Chimique 1-3

Formule Chimique 1-4

Formule Chimique 1-5

Formule Chimique 1-6

Formule Chimique 1-7

Formule Chimique 1-8

2
/_:\ O 8 O N
O b
B O
W

Formule Chimique 1-9

Formule Chimique 1-10
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Formule Chimique 1-13

W,
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®

Formule Chimique 1-15

Formule Chimique 1-16

W,

3
C

=z
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I

Formule Chimique 1-17

Formule Chimique 1-18

87




EP 3 050 879 B1

(suite)

Formule Chimique 1-20

Formule Chimique 1-22

Formule Chimique 1-24

Formule Chimique 1-26

Formule Chimique 1-19

Formule Chimique 1-21

Formule Chimique 1-23

Formule Chimique 1-25
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(suite)

Formule Chimique 1-27

Formule Chimique 1-28

e
S

Formule Chimique 1-29

Formule Chimique 1-30

Formule Chimique 1-31
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(suite)

Formule Chimique 1-33

Formule Chimique 1-34

Formule Chimique 1-40

_
W

¢
N

Formule Chimique 1-41

Formule Chimique 1-42
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(suite)

Fogof

Formule Chimique 1-43

Formule Chimique 1-44

Formule Chimique 1-45

Formule Chimique 1-46

Formule Chimique 1-47

Formule Chimique 1-48

A

J

NC

&

N

Q
R { DN

Formule Chimique 1-49

Formule Chimique 1-50

W
N\ ()

4. Composé hétérocyclique selon la Revendication 1, dans lequel le composé représenté par la Formule Chimique 1

est représenté par I'une quelconque des Formules Chimiques 2-1 a 2-50 :

91




10

15

20

25

30

35

40

45

50

55

EP 3 050 879 B1

Formule Chimique 2-1

Formule Chimique 2-2

2
W

L

. ()

C

Formule Chimique 2-3

Formule Chimique 2-4

Q \
h{\
\_/ O

Formule Chimique 2-5

Formule Chimique 2-8
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Formule Chimique 2-9

Formule Chimique 2-10
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(suite)

Formule Chimique 2-13

W,

e ()
- O
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s

U

Formule Chimique 2-15

Formule Chimique 2-16
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(suite)

N/

(0

O.

—N
Py N
W
N

W,

Formule Chimique 2-20

Formule Chimique 2-21

Formule Chimique 2-22
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(suite)

Formule Chimique 2-24

N /N
/
SO

Formule Chimique 2-25

Formule Chimique 2-26

Formule Chimique 2-27

Formule Chimique 2-28
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(suite)
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Formule Chimique 2-30

Formule Chimique 2-31

Formule Chimique 2-32
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(suite)

Formule Chimique 2-33

Formule Chimique 2-34

/ W\

N—

Formule Chimique 2-36

Formule Chimique 2-37

O 3
oo O
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9 %

Formule Chimique 2-39

Formule Chimique 2-40

\_ O 8
v
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e g

Formule Chimique 2-41

Formule Chimique 2-42
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(suite)

4

Formule Chimique 2-43

Formule Chimique 2-44
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Formule Chimique 2-45

Formule Chimique 2-47

Formule Chimique 2-48
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(suite)

O CN

B & \ /\_N/ W, e
s

Formule Chimique 2-50

5.

10.

1.

Dispositif électroluminescent organique comprenant :

W
. e
NG N N/N \ CN
) v
O
une premiére électrode ;

une deuxieme électrode fournie de sorte a faire face a la premiére électrode ;et

une ou plusieurs couches de matériau organique comportant une couche électroluminescente fournie entre la
premiére électrode et la deuxiéme électrode,

dans lequel une ou plusieurs des couches de matériau organique comporte(nt) le composé hétérocyclique tel
que défini dans 'une quelconque des revendications précédentes.

Dispositif électroluminescent organique selon la Revendication 5, dans lequel la couche de matériau organique
comporte une couche d’injection de trous et une couche de transport de trous, et la couche d’injections de trous ou
la couche de transport de trous comporte le composé hétérocyclique.

Dispositif électroluminescent organique selon la Revendication 5, dans lequel la couche électroluminescente com-
porte le composé hétérocyclique comme un héte de la couche électroluminescente.

Dispositif électroluminescent organique selon la Revendication 5, dans lequel la couche de matériau organique
comporte une couche de transport d’électrons ou une couche d’injection d’électrons, et la couche de transport
d’électrons ou la couche d’injection d’électrons comporte le composé hétérocyclique.

Dispositif électroluminescent organique selon la Revendication 5, dans lequel la couche de matériau organique
comportant le composé hétérocyclique comporte le composé hétérocyclique comme un héte, et comporte un autre
composeé organique, un métal, ou un composé métallique en tant que dopant.

Dispositif électroluminescent organique selon la Revendication 5, comprenant en outre :

une couche ou deux ou plusieurs couches choisie(s) parmi le groupe constitué d’'une couche d’injection de trous,
une couche de transport de trous, une couche de transport d’électrons, une couche d’injection d’électrons, une
couche de blocage d’électrons, et une couche de blocage de trous.

Dispositif électroluminescent organique comprenant :
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une premiére électrode ;

une deuxieme électrode fournie de sorte a faire face a la premiére électrode ;et

une couche électroluminescente fournie entre la premiére électrode et la deuxiéme électrode ; et

deux ou plusieurs couches de matériau organique fournies entre la couche électroluminescente et la premiére
électrode ou entre la couche électroluminescente et la deuxiéme électrode,

dans lequel au moins I'une des deux ou plusieurs couches de matériau organique comporte le composé hété-
rocyclique tel que défini dans 'une quelconque des Revendications 1-4, et les deux ou plusieurs couches de
matériau organique comportent deux ou plus choisis parmi le groupe constitué d’'une couche de transport
d’électrons, une couche d’injection d’électrons, une couche simultanément transportant et injectant des élec-
trons, et une couche de blocage de trous.
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[Figure 1]

[Figure 2]
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