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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING ELEMENT
USING SAME

TECHNICAL FIELD

[0001] This application claims priority to and the benefits
of Korean Patent Application No. 10-2013-0116594, filed
with the Korean Intellectual Property Office on Sep. 30,2013,
the entire contents of which are incorporated herein by refer-
ence.

[0002] Thepresentdisclosure relates to aheterocyclic com-
pound and an organic light emitting device using the same.

BACKGROUND ART

[0003] An organic light emission phenomenon is one of the
examples converting current to visible light by an internal
process of a specific organic molecule. The principle of an
organic light emission phenomenon is as follows.

[0004] Whenanorganic material layeris placed between an
anode and a cathode and voltage is applied between the two
electrodes, electrons and holes flow into the organic material
layer from the cathode and the anode, respectively. The elec-
trons and the holes injected to the organic material layer are
recombined to form excitons, and light emits when these
excitons fall back to the ground state. An organic light emit-
ting device using such a principle is typically formed with a
cathode, an anode, and an organic material layer placed ther-
ebetween, which includes, for example, a hole injection layer,
a hole transfer layer, a light emitting layer and an electron
transfer layer.

[0005] Materials used in organic light emitting devices are
mostly pure organic materials or complex compounds in
which organic materials and metals form complexes, and may
be divided into hole injection materials, hole transfer materi-
als, light emitting materials, electron transfer materials, elec-
tron injection materials and the like. Herein, as the hole injec-
tion material or the hole transfer material, organic materials
having p-type properties, that is, readily oxidized and in an
electrochemically stable state when oxidized, are generally
used. Meanwhile, as the electron injection material or the
electron transfer material, organic materials having n-type
properties, that is, readily reduced and in an electrochemi-
cally stable state when reduced, are generally used. As the
light emitting layer material, materials having both p-type
properties and n-type properties, that is, in a stable state in
both an oxidation and a reduction state, are preferable, and
materials having high light emission efficiency that, when
excitons are formed, convert the excitons to light are prefer-
able.

[0006] Accordingly, the development of new organic mate-
rials has been required in the art.

PRIOR ART DOCUMENTS

Patent Documents

[0007] Korean Patent Application Laid-Open Publication
No. 2007-0092667
DISCLOSURE
Technical Problem

[0008] An object of the present specification is to provide a
heterocyclic compound and an organic light emitting device
using the same.
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Technical Solution

[0009] The present specification provides a heterocyclic
compound represented by the following Chemical Formula 1.

[Chemical Formula 1]

R1
R2 >§N
R3 N R8
R4 Ir R7
RS R R6

[0010]

[0011] R and RI1 to R8 are the same as or different from
each other, and each independently hydrogen; deuterium; a
halogen group; a nitrile group; a nitro group; a hydroxyl
group; a carbonyl group; an ester group; an imide group; an
amide group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; a substituted or
unsubstituted alkoxy group; a substituted or unsubstituted
aryloxy group; a substituted or unsubstituted alkylthioxy
group; a substituted or unsubstituted arylthioxy group; a sub-
stituted or unsubstituted alkylsulfoxy group; a substituted or
unsubstituted arylsulfoxy group; a substituted or unsubsti-
tuted alkenyl group; a substituted or unsubstituted silyl
group; a substituted or unsubstituted boron group; a substi-
tuted or unsubstituted alkylamine group; a substituted or
unsubstituted aralkylamine group; a substituted or unsubsti-
tuted arylamine group; a substituted or unsubstituted het-
eroarylamine group; a substituted or unsubstituted arylphos-
phine group; a substituted or unsubstituted phosphine oxide
group; a substituted or unsubstituted aryl group; or a substi-
tuted or unsubstituted heteroring group including one or more
of N, O and S atoms, or adjacent groups among R and R2 to
R8 bond to each other to form an aliphatic ring, an aromatic
ring, an aliphatic heteroring or an aromatic heteroring.

[0012] The present specification provides an organic light
emitting device including a first electrode; a second electrode
provided opposite to the first electrode; and one or more
organic material layers including a light emitting layer pro-
vided between the first electrode and the second electrode,
wherein one or more layers of the organic material layers
include the heterocyclic compound described above.

In Chemical Formula 1,

Advantageous Effects

[0013] A heterocyclic compound according to one embodi-
ment of the present specification has a proper energy level,
and an excellent electrochemical stability and thermal stabil-
ity. Accordingly, an organic light emitting device including
the compound provides high efficiency and/or high driving
stability.

DESCRIPTION OF DRAWINGS

[0014] FIGS. 1 to 5 are cross-sectional diagrams illustrat-
ing structures of an organic light emitting device according to
one embodiment of the present invention.
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REFERENCE NUMERAL
[0015] 1: Substrate
[0016] 2: Anode
[0017] 3: Hole Injection Layer
[0018] 4: Hole Transfer Layer
[0019] 5: Light Emitting Layer
[0020] 6: Electron Transfer Layer
[0021] 7: Cathode
MODE FOR DISCLOSURE
[0022] Hereinafter, the present specification will be

described in more detail.

[0023] One embodiment of the present specification pro-
vides an organic light emitting device including a heterocy-
clic compound represented by Chemical Formula 1.

[0024] Examples of the substituents are described below,
however, the substituents are not limited thereto.

[0025] In the present invention, the term “substituted or
unsubstituted” means being substituted with one or more
substituents selected from the group consisting of deuterium;
a halogen group; a nitrile group; a nitro group; an imide
group; an amide group; a hydroxyl group; a thiol group; an
alkyl group; an alkenyl group; an alkoxy group; a cycloalkyl
group; a silyl group; an arylalkenyl group; an aryl 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; a heteroaryl group; a carbazole group; an
aryl group; a fluorenyl group; an arylalkyl group; an arylalk-
enyl group; and a heteroring group including one or more of
N, O and S atoms, or having no substituents, or being substi-
tuted with a substituent linking two or more substituents of
the substituents illustrated above, or having no substituents.
For example, “a substituent linking two or more substituents”
may include a biphenyl group. In other words, a biphenyl
group may be interpreted as an aryl group, or as a substituent
linking 2 phenyl groups.

[0026] The term “substitution” means a hydrogen atom
bonding to a carbon atom of a compound is changed to
another substituent, and the position of substitution is not
limited as long as it is a position at which a hydrogen atom is
substituted, that is, a position at which a substituent may
substitute, and when two or more substituents substitute, the
two or more substituents may be the same as or different from
each other.

[0027] Inthe presentspecification, examples of the halogen
group include fluorine, chlorine, bromine or iodine.

[0028] In the present specification, in the ester group, the
oxygen of the ester group may be substituted with a linear,
branched or cyclic alkyl group having 1 to 25 carbon atoms or
an aryl group having 6 to 25 carbon atoms. Specifically,
compounds having the following structural formulae may be
included, but the compound is not limited thereto.
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[0029] 1In the present specification, the number of carbon
atoms of the imide group is not particularly limited, but is
preferably 1 to 25. Specifically, compounds having the fol-
lowing structures may be included, but the compound is not

limited thereto.
(@] (@] (0] (6]

X
XY

[0030] In the present specification, in the amide group, the
nitrogen of the amide group may be once or twice substituted
with hydrogen, a linear, branched or cyclic alkyl group having
1 to 25 carbon atoms, or an aryl group having 6 to 25 carbon
atoms. Specifically, compounds having the following struc-

tural formulae may be included, but the compound is not
limited thereto.

A b
X0

[0031] In the present specification, the alkyl group may be
linear or branched, and the number of carbon atoms 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-me-
thylpentyl, 4-methyl-2-pentyl, 3,3-dimethylbutyl, 2-ethylbu-
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tyl, heptyl, n-heptyl, 1-methylhexyl, cyclopentylmethyl,
cyclohexylmethyl, octyl, n-octyl, tert-octyl, 1-methylheptyl,
2-ethylhexyl, 2-propylpentyl, n-nonyl, 2,2-dimethylheptyl,
1-ethyl-propyl, 1,1-dimethyl-propyl, isohexyl, 2-methylpen-
tyl, 4-methylhexyl, 5-methylhexyl and the like, but are not
limited thereto.

[0032] In the present specification, the cycloalkyl group is
not particularly limited, but preferably has 3 to 60 carbon
atoms. Specific examples thereof include cyclopropyl,
cyclobutyl, cyclopentyl, 3-methylcyclopentyl, 2,3-dimethyl-
cyclopentyl, cyclohexyl, 3-methylcyclohexyl, 4-methylcy-
clohexyl, 2,3-dimethylcyclohexyl, 3,4,5-trimethylcyclo-
hexyl, 4-tert-butylcyclohexyl, cycloheptyl, cyclooctyl and
the like, but are not limited thereto.

[0033] In the present specification, the alkoxy group may
be linear, branched or cyclic. The number of carbon atoms of
the alkoxy group is not particularly limited, but is preferably
1 to 20. Specific examples thereof may include methoxy,
ethoxy, n-propoxy, isopropoxy, i-propyloxy, n-butoxy, isobu-
toxy, tert-butoxy, sec-butoxy, n-pentyloxy, neopentyloxy,
isopentyloxy, n-hexyloxy, 3,3-dimethylbutyloxy, 2-ethylbu-
tyloxy, n-octyloxy, n-nonyloxy, n-decyloxy, benzyloxy,
p-methylbenzyloxy and the like, but are not limited thereto.

[0034] In the present specification, the alkenyl group may
be linear or branched, and although not particularly limited,
the number of carbon atoms is preferably 2 to 40. Specific
examples thereof may include vinyl, 1-propenyl, isoprope-
nyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl, 2-penteny],
3-pentenyl, 3-methyl-1-butenyl, 1,3-butadienyl, allyl, 1-phe-
nylvinyl-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.

[0035] Inthe present specification, the aryl group may be a
monocyclic aryl group or a multicyclic aryl group, and
includes a case in which an alkyl group having 1 to 25 carbon
atoms or an alkoxy group having 1 to 25 carbon atoms is
substituted. In addition, the aryl group in the present specifi-
cation may mean an aromatic ring.

[0036] When the aryl group is a monocyclic aryl group, the
number of carbon atoms 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 ter-
phenyl group and the like, but are not limited thereto.

[0037] When the ary] group is a multicyclic aryl group, the
number of carbon atoms is not particularly limited, but is
preferably 10 to 24. Specific example of the multicyclic aryl
group may include a naphthyl group, an anthryl group, a
phenanthryl group, a pyrenyl group, a perylenyl group, a
crycenyl group, a fluorenyl group and the like, but are not
limited thereto.

[0038] Inthe present specification, the fluorenyl group may
be substituted, and adjacent substituents may bond to each
other to form a ring.

[0039] When the fluorenyl group is substituted,

o )
SO GO
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-continued

()
SO0

and the like may be included. However, the structure is not
limited thereto.

[0040] In the present specification, the silyl group specifi-
cally includes a trimethylsilyl group, a triethylsilyl group, a
t-butyldimethylsilyl group, a vinyldimethylsilyl group, a pro-
pyldimethylsilyl group, a triphenylsilyl group, a diphenylsi-
lyl group, a phenylsilyl group and the like, but is not limited
thereto.

[0041] In the present specification, the number of carbon
atoms of the amine group is not particularly limited, but is
preferably 1 to 30. 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.
[0042] In the present specification, examples of the ary-
lamine group include a substituted or unsubstituted monoary-
lamine group, a substituted or unsubstituted diarylamine
group, or a substituted or unsubstituted triarylamine group.
The aryl group in the arylamine group may be a monocyclic
aryl group or a multicyclic aryl group. The arylamine group
including two or more aryl groups may include monocyclic
aryl groups, multicyclic aryl groups, or monocyclic aryl
groups and multicyclic aryl groups at the same time.

[0043] Specific examples of the arylamine group include
phenylamine, naphthylamine, biphenylamine, anthraceny-
lamine, 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
triphenylamine group and the like, but are not limited thereto.
[0044] In the present specification, examples of the
arylphosphine group include a substituted or unsubstituted
monoarylphosphine group, a substituted or unsubstituted dia-
rylphosphine group, or a substituted or unsubstituted tri-
arylphosphine group. The aryl group in the arylphosphine
group may be a monocyclic aryl group or a multicyclic aryl
group. The arylphosphine group including two or more aryl
groups may include monocyclic aryl groups, multicyclic aryl
groups, or monocyclic aryl groups and multicyclic aryl
groups at the same time.

[0045] Inthe present specification, the heteroring groupisa
heteroring group including one or more of O, N and S as a
heteroatom, and although not particularly limited, the number
of carbon atoms is preferably 2 to 60. Examples of the heter-
oring group include a thiophene group, a furan group, a pyr-
role group, an imidazole group, a triazole group, an oxazole
group, an oxadiazole group, a triazole group, a pyridyl group,
a bipyridyl group, a pyrimidyl group, a triazine group, a
triazole group, an acridyl group, a pyridazine group, a pyrazi-
nyl group, a qinolinyl group, a quinazoline group, a quinox-
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alinyl 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 benzimidazole group, a benzothiazole
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.

[0046] In the present specification, the heteroaryl group in
the heteroarylamine group may be the same as the examples
of the heteroring group described above.

[0047] In the present specification, the aryl group in the
aryloxy group, the arylthioxy group, the arylsulfoxy group
and the aralkylamine group is the same as the examples of the
aryl group described above. Specific examples of the aryloxy
group include phenoxy, p-tolyloxy, m-tolyloxy, 3,5-dim-
ethyl-phenoxy, 2,4,6-trimethylphenoxy, p-tert-butylphe-
noxy, 3-biphenyloxy, 4-biphenyloxy, 1-naphthyloxy, 2-naph-
thyloxy, 4-methyl-1-naphthyloxy, 5-methyl-2-naphthyloxy,
1-anthryloxy, 2-anthryloxy, 9-anthryloxy, 1-phenanthryloxy,
3-phenanthryloxy, 9-phenanthryloxy and the like, examples
ofthe arylthioxy group include a phenylthioxy group, a 2-me-
thylphenylthioxy group, a 4-tert-butylphenylthioxy group
and the like, and examples of the arylsulfoxy group include a
benzenesulfoxy group, a p-toluenesulfoxy group and the like,
but the examples are not limited thereto.

[0048] In the present specification, the alkyl group in the
alkylthioxy group and the alkylsulfoxy group is the same as
the examples of the alkyl group described above. Specific
examples of the alkylthioxy group include a methylthioxy
group, an ethylthioxy group, a tert-butylthioxy group, a hexy-
Ithioxy group, an octylthioxy group and the like, and
examples of the alkylsulfoxy group include a mesyl group, an
ethylsulfoxy group, a propylsulfoxy group, a butylsulfoxy
group and the like, but the examples are not limited thereto.
[0049] In the present specification, an “adjacent” group
means a substituent substituting an atom directly linking to an
atom substituted by the corresponding substituent, a substitu-
ent most closely positioned sterically to the corresponding
substituent, or another substituent substituting an atom sub-
stituted by the corresponding substituent. For example, two
substituents substituting ortho positions in a benzene ring,
and two substituents substituting the same carbon in an ali-
phatic ring may be interpreted as “adjacent” groups.

[0050] Inone embodiment of the present specification, R1
is a substituted or unsubstituted alkyl group; a substituted or
unsubstituted alkenyl group; a substituted or unsubstituted
aryl group; a substituted or unsubstituted phosphine oxide
group; or a substituted or unsubstituted heteroring group
including one or more of N, O and S atoms.

[0051] Inoneembodiment of the present specification, R1
is a substituted or unsubstituted methyl group; a substituted or
unsubstituted ethyl group; a substituted or unsubstituted t-bu-
tyl group; a substituted or unsubstituted phenyl group; a sub-
stituted or unsubstituted naphthyl group; a substituted or
unsubstituted phenanthryl group; a substituted or unsubsti-
tuted anthracene group; a substituted or unsubstituted pyrenyl
group; a substituted or unsubstituted perylenyl group; a sub-
stituted or unsubstituted pyridine group; a substituted or
unsubstituted benzoquinoline group; a substituted or unsub-
stituted fluorenyl group; a substituted or unsubstituted triaz-
ine group; a substituted or unsubstituted quinoxaline group; a
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substituted or unsubstituted carbazole group; a substituted or
unsubstituted benzocarbazole group; a substituted or unsub-
stituted benzimidazoquinazoline group; a substituted or
unsubstituted styrene group; or a substituted or unsubstituted
phosphine oxide group.

[0052] Inanother embodiment, R is a substituted or unsub-
stituted alkyl group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted aryl group; a substituted
or unsubstituted phosphine oxide group; or a substituted or
unsubstituted heteroring group including one or more of N, O
and S atoms.

[0053] Inoneembodiment of the present specification, R is
a substituted or unsubstituted methyl group; a substituted or
unsubstituted ethyl group; a substituted or unsubstituted t-bu-
tyl group; a substituted or unsubstituted phenyl group; a sub-
stituted or unsubstituted naphthyl group; a substituted or
unsubstituted phenanthryl group; a substituted or unsubsti-
tuted anthracene group; a substituted or unsubstituted pyrenyl
group; a substituted or unsubstituted perylenyl group; a sub-
stituted or unsubstituted pyridine group; a substituted or
unsubstituted benzoquinoline group; a substituted or unsub-
stituted fluorenyl group; a substituted or unsubstituted triaz-
ine group; a substituted or unsubstituted quinoxaline group; a
substituted or unsubstituted carbazole group; a substituted or
unsubstituted benzocarbazole group; a substituted or unsub-
stituted benzimidazoquinazoline group; a substituted or
unsubstituted styrene group; or a substituted or unsubstituted
phosphine oxide group.

[0054] In one embodiment of the present specification, R2
to R are the same as or different from each other, and each
dependently hydrogen; a substituted or unsubstituted alkyl
group; a substituted or unsubstituted alkenyl group; a substi-
tuted or unsubstituted aryl group; a substituted or unsubsti-
tuted phosphine oxide group; or a substituted or unsubstituted
heteroring group including one or more of N, O and S atoms.
[0055] In one embodiment of the present specification, R2
to R8 are the same as or different from each other, and each
dependently hydrogen; a substituted or unsubstituted methyl
group; a substituted or unsubstituted ethyl group; a substi-
tuted or unsubstituted t-butyl group; a substituted or unsub-
stituted phenyl group; a substituted or unsubstituted naphthyl
group; a substituted or unsubstituted phenanthryl group; a
substituted or unsubstituted anthracene group; a substituted
or unsubstituted pyrenyl group; a substituted or unsubstituted
perylenyl group; a substituted or unsubstituted pyridine
group; a substituted or unsubstituted benzoquinoline group; a
substituted or unsubstituted fluorenyl group; a substituted or
unsubstituted triazine group; a substituted or unsubstituted
quinoxaline group; a substituted or unsubstituted carbazole
group; a substituted or unsubstituted benzocarbazole group; a
substituted or unsubstituted benzimidazoquinazoline group;
a substituted or unsubstituted styrene group; or a substituted
or unsubstituted phosphine oxide group.

[0056] In one embodiment of the present specification, R
and R1 to R8 are the same as or different from each other, and
each dependently hydrogen; an alkyl group; an alkenyl group;
an aryl group; a phosphine oxide group; or a heteroring group
including one or more of N, O and S atoms, and

[0057] the alkyl group; the alkenyl group; the aryl group;
the phosphine oxide group; and the heteroring group includ-
ing one or more of N, O and S atoms are unsubstituted or
substituted with one, two or more substituents selected from
the group consisting of deuterium, a nitrile group, a substi-
tuted or unsubstituted alkyl group, a substituted or unsubsti-
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tuted alkenyl group, a substituted or unsubstituted aryl group,
a substituted or unsubstituted silane group, a substituted or
unsubstituted phosphine oxide group, and a substituted or
unsubstituted heteroring group including one or more of N, O
and S atoms, or two or more substituents bond to each other to
form an aliphatic ring, an aromatic ring, an aliphatic heteror-
ing or an aromatic heteroring, or form a Spiro bond.

[0058] In one embodiment of the present specification, R
and R1 to R8 are the same as or different from each other, and
each dependently hydrogen; a methyl group; an ethyl group;
at-butyl group; a phenyl group; a naphthyl group; a phenan-
thryl group; an anthracene group; a pyrenyl group; a peryle-
nyl group; a pyridine group; a benzoquinoline group; a fluo-
renyl group; a spirobifluorenyl group; a triazine group; a
quinoxaline group; a carbazole group; a benzocarbazole
group; a benzimidazoquinazoline group; a styrene group; ora
phosphine oxide group, and

[0059] the phenyl group; the naphthyl group; the phenan-
thryl group; the anthracene group; the pyrenyl group; the
perylenyl group; the pyridine group; the benzoquinoline
group; the fluorenyl group; the triazine group; the quinoxa-
line group; the carbazole group; the benzocarbazole group;
the benzimidazoquinazoline group; the styrene group; and
the phosphine oxide group are unsubstituted or substituted
with one, two or more substituents selected from the group
consisting of deuterium, a phenyl group, a naphthyl group, a
biphenyl group, a fluorenyl group substituted with an alkyl
group, a phenanthryl group, a pyridine group, a quinoline
group, a phenyl group substituted with a nitrile group, a
dibenzofuran group, a dibenzothiophene group, a fluorenyl
group substituted with an alkyl group and a nitrile group, an
anthracenyl group substituted with a phenyl group, an anthra-
cenyl group substituted with a naphthyl group, a phenanthryl
group, a thiophene group substituted with a phenyl group, a
carbazole group, a benzimidazole group substituted with a
phenyl group, a benzothiazole group, a phenanthroline group,
and a silane group substituted with a pheny! group, or sub-
stituents in the same carbon bond to each other to form a spiro
bond.

[0060] In the present specification, the substituents in the
same carbon bonding to each other to form a spiro bond
means two or more rings being linked sharing one carbon
atom, and the substituents in the same carbon may bind to
each other to form a fluorene structure or a spiroanthracene-
fluorene structure.

[0061] In one embodiment of the present specification, at
least one of R and R1 to R8 is any one of the following

structures.

CHy
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[0062] Inoneembodiment of the present specification, R is
any one of the structures shown above.

[0063] In another embodiment, R1 is any one of the struc-
tures shown above.

[0064] Inone embodiment of the present specification, R2
is any one of the structures shown above.

[0065] In another embodiment, R2 is hydrogen.

[0066] Inoneembodiment, R3 is any one of the structures
shown above.

[0067] In another embodiment, R3 is hydrogen.

[0068] Inoneembodiment of the present specification, R4

is any one of the structures shown above.

[0069] In another embodiment, R4 is hydrogen.

[0070] In another embodiment, R5 is any one of the struc-
tures shown above.

[0071] In another embodiment, R5 is hydrogen.

[0072] Inoneembodiment of the present specification, R6
1s any one of the structures shown above.

[0073] In another embodiment, R6 is hydrogen.

[0074] In another embodiment of the present specification,
R7 is any one of the structures shown above.

[0075] In another embodiment, R7 is hydrogen.
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[0076] In one embodiment of the present specification, RS
is any one of the structures shown above.

[0077]
[0078] In one embodiment of the present specification, the

heterocyclic compound represented by Chemical Formula 1
may be represented by any one of the following structures.

In another embodiment, R8 is hydrogen.
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[0079] The compounds in the present specification may be
prepared based on the preparation examples described below.
[0080] Specifically, according to one embodiment of the
present specification, the heterocyclic compound of Chemi-
cal Formula 1 may be prepared through a cyclization reaction,
and the heterocyclic compound represented by Chemical For-
mula 1 may be prepared by reacting R1 to R9 substituted with
boronic acid or a dioxaborolane group, however, the prepa-
ration method is not limited thereto.

[0081] The present specification provides an organic light
emitting device including the heterocyclic compound
described above.

[0082] The present specification provides an organic light
emitting device including a first electrode; a second electrode
provided opposite to the first electrode; and one or more
organic material layers including a light emitting layer pro-
vided between the first electrode and the second electrode,
wherein one or more layers of the organic material layers
include the heterocyclic compound described above.

[0083] In one embodiment of the present specification, the
organic material layer includes an electron transfer layer, an
electron injection layer or a layer carrying out electron trans-
fer and electron injection at the same time, and the electron
transfer layer, the electron injection layer or the layer carrying
out electron transfer and electron injection at the same time
includes the heterocyclic compound.

[0084] In one embodiment of the present specification, as
an organic light emitting device including a first electrode; a
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second electrode provided opposite to 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 elec-
trode, or between the light emitting layer and the second
electrode, at least one of the two or more organic material
layers includes the heterocyclic compound. In one embodi-
ment, as the two or more organic material layers, two or more
may be selected from the group consisting of an electron
transfer layer, an electron injection layer, a layer carrying out
electron transfer and electron injection at the same time and a
hole blocking layer.

[0085] In one embodiment of the present specification, the
organic material layer includes two or more electron transfer
layers, and at least one of the two or more electron transfer
layers includes the heterocyclic compound. Specifically, in
one embodiment of the present specification, the heterocyclic
compound may be included in one layer of the two or more
electron transfer layers, or in each of the two or more electron
transfer layers.

[0086] Inaddition, in one embodiment of the present speci-
fication, when the heterocyclic compound is included in each
of the two or more electron transfer layers, materials other
than the heterocyclic compound may be the same as or dif-
ferent from each other.

[0087] In one embodiment of the present specification, the
electron transfer layer, the electron injection layer or the layer
carrying out electron transfer and electron injection at the
same time is formed only with the heterocyclic compound.

[0088] In one embodiment of the present specification, the
electron transfer layer, the electron injection layer or the layer
carrying out electron transfer and electron injection at the
same time includes the heterocyclic compound as a p-type
host, and an n-type dopant as a dopant.

[0089] In one embodiment of the present specification, the
n-type dopant includes alkali metals, alkali metal com-
pounds, alkaline earth metals, alkaline earth metal com-
pounds, or combinations thereof.

[0090] In one embodiment of the present specification, as
the n-type dopant, one, two or more are selected from the
group consisting of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, La, Nd,
Sm, Eu, Tb, Yb, LiF, Li,0, CsF or the following compounds.

2/ ; /Ny
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-continued

[0091] In one embodiment of the present specification, the
light emitting layer includes the heterocyclic compound.
[0092] Inoneembodiment of the present specification, the
light emitting layer includes the heterocyclic compound as a
host, and includes a phosphorous dopant compound as a
dopant.

[0093] In one embodiment of the present specification, the
phosphorous dopant compound is represented by the follow-
ing Chemical Formula 2.

[Chemical Formula 2]
L10,

M1—L12
L11

[0094] In Chemical Formula 2,

[0095] M1 is Ir or Os,

[0096] 1.10,1.11 and 12 are the same as or different from
each other, and each independently any one of the following
structures,

. R14)q

R10 | ~
o o 0
/ / 7
\ RI1

o= X X
RI2 “\;/ k;/

R13) RIS)
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-continued contlnued
M7)
N
y (\—(-Rso)k R 6 1
R38
AN \ \ P
T \- — R65
(R51)la
R40
R44) [0097] p.q.q\rs.tu, v, w\X,abc.dd.fgh.jjand
[~ \\ A k are each an integer of 0 to 4,
7 N [0098] r'.s',t,u,v,w,X, Y,y and e are each an integer of 0
to 6,
[0099] b.e, h,i,k'and 1 are an integer of 0 to 3,
AN [0100] cand g' are an integer of 0 to 2,
[0101] {isanintegerofOto 5,
% [0102] zis an integer of 0 to 8, and
R45) [0103] R10 to R65 are the same as or different from each
v other, and each independently selected from the group con-
sisting of hydrogen; deuterium; a halogen group; a cyano
group; a substituted or unsubstituted C,_, , alkylsilyl group; a
substituted or unsubstituted C_;, arylsilyl group; a substi-
(R48) tuted or unsubstituted C,_,, alkyl group; a substituted or
o ¢ unsubstituted C,_, , alkenyl group; a substituted or unsubsti-
/_ \_\ tuted C, _,, alkoxy group; a substituted or unsubstituted C_5,
N N aryl group; and a substituted or unsubstituted Cs_,,, heteror-

ing group, or adjacent groups form a monocyclic or multicy-
clic aliphatic, aromatic, heteroaliphatic or heteroaromatic
fused ring.

[0104] In oneembodiment of the present specification, the
phosphorous dopant compound represented by Chemical
Formula 2 is any one of the following compounds.

\ 7/ \_/
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[0105] In one embodiment of the present specification, the
organic material layer further includes one, two or more lay-
ers selected from the group consisting of a hole injection
layer, a hole transfer layer, an electron transfer layer, an
electron injection layer, an electron blocking layer and a hole
blocking layer.

[0106] The organic material layer of the organic light emit-
ting device in the present specification may be formed as a
monolayer structure, but may also be formed as a multilayer
structure in which two or more organic material layers are
laminated. For example, the organic light emitting device of
the present specification may have a structure including a hole
injection layer, a hole transfer layer, a light emitting layer, an
electron transfer 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, and may
include less numbers of organic material layers.

[0107] In another embodiment, the organic light emitting
device may be an organic light emitting device having a
structure in which an anode, one or more organic material
layers and a cathode are laminated in consecutive order on a
substrate (normal type).

[0108] In another embodiment, the organic light emitting
device may be an organic light emitting device having a
structure in which a cathode, one or more organic material
layers and an anode are laminated in consecutive order on a
substrate (inverted type).

[0109] For example, the structures of an organic light emit-
ting device according to the present invention are illustrated
in FIGS. 1to 5.

[0110] FIG. 1 illustrates the structure of an organic light
emitting device in which an anode (2), a hole injection layer
(3), a hole transfer layer (4), a light emitting layer (5), an
electron transfer layer (6) and a cathode (7) are laminated in
consecutive order ona substrate (1). Ina structure such as this,
the compound represented by Chemical Formula 1 may be
included in the hole injection layer (3), the hole transfer layer
(4), the light emitting layer (5) or the electron transfer layer
(6).

[0111] FIG. 2 illustrates the structure of an organic light
emitting device in which an anode (2), a hole injection layer
(3), a hole transfer layer (4), a light emitting layer (5) and a
cathode (7) are laminated in consecutive order on a substrate
(1). In a structure such as this, the compound represented by
Chemical Formula 1 may be included in the hole injection
layer (3), the hole transfer layer (4) or the light emitting layer
).

[0112] FIG. 3 illustrates the structure of an organic light
emitting device in which an anode (2), a hole transfer layer
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(4), a light emitting layer (5), an electron transfer layer (6) and
acathode (7) are laminated in consecutive order on a substrate
(1). In a structure such as this, the compound represented by
Chemical Formula 1 may be included in the hole transfer
layer (4), the light emitting layer (5) or the electron transfer
layer (6).

[0113] FIG. 4 illustrates the structure of an organic light
emitting device in which an anode (2), a light emitting layer
(5), an electron transfer layer (6) and a cathode (7) are lami-
nated in consecutive order on a substrate (1). In a structure
such as this, the compound represented by Chemical Formula
1 may be included in the light emitting layer (5) or the elec-
tron transfer layer (6).

[0114] FIG. 5 illustrates the structure of an organic light
emitting device in which an anode (2), a light emitting layer
(5) and a cathode (7) are laminated in consecutive order on a
substrate (1). In a structure such as this, the compound rep-
resented by Chemical Formula 1 may be included in the light
emitting layer (5).

[0115] The organic light emitting device of the present
specification may be prepared using materials and methods
known in the art, except that one or more layers of the organic
material layers include the compound of the present specifi-
cation, that is, the heterocyclic compound.

[0116] Forexample, the organic light emitting device of the
present specification may be prepared by laminating a first
electrode, an organic material layer and a second electrode in
consecutive order on a substrate. Herein, the organic light
emitting device may be prepared by forming an anode on the
substrate by depositing a metal, a metal oxide having conduc-
tivity, or alloys thereof using a physical vapor deposition
(PVD) method such as a sputtering method or an e-beam
evaporation method, forming the organic material layer
including a hole injection layer, a hole transfer layer, a light
emitting layer and an electron transfer layer thereon, and then
depositing a material capable of being used as a cathode
thereon. In addition to this method, the organic light emitting
device may be prepared by depositing a cathode material, an
organic material layer and an anode material in consecutive
order on a substrate.

[0117] In addition, the heterocyclic compound may be
formed as the organic material layer using a solution coating
method as well as a vacuum deposition method when the
organic light emitting device is prepared. Herein, the solution
coating method means spin coating, dip coating, doctor blad-
ing, ink jet printing, screen printing, a spray method, roll
coating and the like, but is not limited thereto.

[0118] In one embodiment of the present specification, the
first electrode is a cathode, and the second electrode is an
anode.

[0119] In one embodiment of the present specification, the
first electrode is an anode, and the second electrode is a
cathode.

[0120] The substrate may be selected considering optical
properties and physical properties as necessary. For example,
the substrate is preferably transparent. The substrate may be
formed with hard materials, but may also be formed with
flexible materials such as plastic.

[0121] The substrate material may include, in addition to
glass and a quartz plate, polyethyleneterephthalate (PET),
polyethylene naphthalate (PEN), polypropylene (PP), poly-
imide (PI), polycarbonate (PC), polystyrene (PS), polyoxym-
ethylene (POM), an acrylonitrile styrene copolymer (AS)
resin, an acrylonitrile butadiene styrene copolymer (ABS)
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resin, triacetyl cellulose (TAC)and polyarylate (PAR) and the
like, but is not limited thereto.

[0122] As the cathode material, a material having small
work function is normally preferable so that electron injec-
tion to an organic material layer is smooth. Specific examples
of the cathode material include metals such as magnesium,
calcium, sodium, potassium, titanium, indium, yttrium,
lithium, gadolinium, aluminum, silver, tin and lead, or alloys
thereof; multilayer structure materials such as LiF/Al or
Li0,/Al, and the like, but are not limited thereto.

[0123] As the anode material, a material having large work
function is normally preferable so that hole injection to the
organic material layer is smooth. Specific examples of the
anode material capable of being used in the present specifi-
cation include metals such as vanadium, chromium, copper,
zinc and gold, or alloys thereof; metal oxides such as zinc
oxides, indium oxides, indium tin oxides (ITO) and indium
zinc oxide (1Z0); combinations of metals and oxides such as
ZnO:Al or Sn0O,:Sb; conductive polymers such as poly(3-
methylthiophene)., poly[3,4-(ethylen-1,2-dioxy)thiophene]
(PEDOT), polypyrrole and polyaniline, and the like, but are
not limited thereto.

[0124] The hole transfer layer is a layer that receives holes
from a hole injection layer and transfers the holes to a light
emitting layer, and as the hole transfer material, a material
capable of receiving the holes from an anode or a hole injec-
tion layer, moving the holes to a light emitting layer, and
having high mobility for the holes, is suitable. Specific
examples thereof include an arylamin-based organic mate-
rial, a conductive polymer, a block copolymer having conju-
gated parts and non-conjugated parts together, and the like,
but are not limited thereto.

[0125] The hole injection layer is a layer that injects holes
from an electrode, and the hole injection material is prefer-
ably a compound that has an ability to transfer holes, there-
fore, has a hole injection effect in an anode, has an excellent
hole injection effect for a light emitting layer or a light emit-
ting material, prevents excitons generated in the light emitting
layer from moving to an electron injection layer or an electron
injection material, and in addition, has an excellent thin film
forming ability. The highest occupied molecular orbital
(HOMO) of the hole injection material is preferably in
between the work function of an anode material and the
HOMO of surrounding organic material layers. Specific
examples of the hole injection material include a metal por-
phyrin, oligothiophene, an arylamin-based organic material,
a phthalocyanine derivative, a hexanitrile hexazatriphenylen-
based organic material, a quinacridon-based organic mate-
rial, a perylen-based organic material, anthraquinone, and a
polyanilin- and a polythiophen-based conductive polymer,
and the like, but are not limited thereto.

[0126] The light emitting material is a material capable of
emitting light in a visible light region by receiving holes and
electrons from a hole transfer layer and an electron transfer
layer, respectively, and binding the holes and the electrons,
and is preferably a material having favorable quantum effi-
ciency for fluorescence or phosphorescence. Specific
examples thereof include a 8-hydroxy-quinoline aluminum
complex (Alq,); a carbazole-based compound; a dimerized
styryl compound; BAlg; a 10-hydroxybenzo quinolin-metal
compound; a benzoxazole-, a benzthiazole- and a benzimi-
dazole-based compound; a poly(p-phenylenevinylene)
(PPV)-based polymer; a spiro compound; polyfluorene,
rubrene, and the like, but are not limited thereto.
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[0127] The light emitting layer may include a host material
and a dopant material. The host material includes a fused
aromatic ring derivative, a heteroring-containing compound
or the like. Specifically, the fused aromatic ring derivative
includes an anthracene derivative, a pyrene derivative, anaph-
thalene derivative, a pentacene derivative, a phenanthrene
compound, a fluoranthene compound and the like, and the
heteroring-containing compound includes a carbazole
derivative, a dibenzofuran derivative, a ladder-type furan
compound, a pyrimidine derivative and the like, but the mate-
rial is not limited thereto.

[0128] The dopant material includes an aromatic amine
derivative, a styrylamine compound, a boron complex, a fluo-
ranthene compound, a metal complex, and the like. Specifi-
cally, the aromatic amine derivative is a fused aromatic ring
derivative having a substituted or unsubstituted arylamino
group and includes arylamino group-including pyrene,
anthracene, crycene, periflanthene and the like, and the styry-
lamine compound is a compound in which substituted or
unsubstituted arylamine is substituted with at least one arylvi-
nyl group, and one, two or more substituents selected from the
group consisting of an aryl group, a silyl group, an alkyl
group, a cycloalkyl group and an arylamino group are substi-
tuted or unsubstituted. Specifically, styrylamine, styryl-
diamine, styryltriamine, styryltetramine or the like is
included, but the styrylamine compound is not limited
thereto. In addition, the metal complex includes an iridium
complex, a platinum complex or the like, but is not limited
thereto.

[0129] The electron transfer layer is a layer that receives
electrons from an electron injection layer and transfers the
electrons to a light emitting layer, and as the electron transfer
material, a material capable of favorably receiving electrons
from a cathode, moving the electrons to a light emitting layer,
and having high mobility for the electrons, is suitable. Spe-
cific examples thereof include an Al complex of 8-hydrox-
yquinoline; a complex including Alq3; an organic radical
compound; a hydroxyflavon-metal complex and the like, but
are not limited thereto. The electron transfer layer may be
used together with any desired cathode material as used
according to existing technologies. Particularly, examples of
the suitable cathode material include common materials that
have small work function, and in which an aluminum layer or
a silver layer follows. Specifically the cathode material
includes cesium, barium, calcium, ytterbium and samarium,
and in each case, an aluminum layer or a silver layer follows.
[0130] The electron injection layer is a layer that injects
electrons from an electrode, and the electron injection mate-
rial is preferably a compound that has an ability to transfer
electrons, has an electron injection effect from a cathode and
has an excellent electron injection effect for a light emitting
layer or a light emitting material, prevents excitons generated
in the light emitting layer from moving to a hole injection
layer, and in addition, has an excellent thin film forming
ability. Specific examples thereof include fluorenone,
anthraquinodimethane, diphenoquinone, thiopyran dioxide,
oxazole, oxadiazole, triazole, imidazole, perylene tetracar-
boxylic acid, fluorenylidene methane, anthrone or the like,
and derivatives thereof, a metal complex compound, a nitro-
gen-containing 5-membered ring derivative, and the like, but
are not limited thereto.

[0131] The metal complex compound may include 8-hy-
droxyquinolinato lithium, bis(8-hydroxyquinolinato)zinc,
bis(8-hydroxyquinolinato)copper,  bis(8-hydroxyquinoli-
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nato)manganese, tris(8-hydroxyquinolinato)aluminum, tris
(2-methyl-8-hydroxyquinolinato)aluminum, tris(8-hydrox-
yquinolinato)gallium, bis(10-hydroxybenzo[h]quinolinato)
berylium, bis(10-hydroxybenzo[h]quinolinato)zinc, bis(2-
methyl-8-quinolinato)chlorogallium, bis(2-methyl-8-
quinolinato) (o-cresolato)gallium, bis(2-methyl-8-
quinolinato)  (1-naphtholato)aluminum, bis(2-methyl-8-
quinolinato) (2-naphtholato)gallium, and the like, but is not
limited thereto.

[0132] The hole blocking layer is a layer that blocks holes
from reaching a cathode, and may generally be formed under
the same condition as the hole injection layer. Specific
examples thereof include an oxadiazole derivative or a triaz-
ole derivative, a phenanthroline derivative, BCP, an alumi-
num complex and the like, but are not limited thereto.

[0133] In one embodiment of the present specification, the
organic light emitting device according to the present speci-
fication may be a top-emission type, a bottom-emission type
or a dual-emission type depending on the materials used.

[0134] In one embodiment of the present specification, the
heterocyclic compound may be included in an organic solar
cell or an organic transistor in addition to an organic light
emitting device.

[0135] The preparation of the heterocyclic compound rep-
resented by Chemical Formula 1 and the organic light emit-
ting device including the heterocyclic compound will be
described in detail in the following examples. However, the
following examples are for illustrative purposes only, and the
scope of the present specification is not limited thereto.

Synthesis Example
Synthesis Example 1

Synthesis of Chemical Formula 2-1

[0136]

NH NO,
H
N
:©
Br O>N
]

[Compound 1-A
NO,
| —_—
N i
Br N

[Compound 1-B]
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-continued

NH,
bl
/@ N —_—
Br N

[Compcund 1-C]

[Compound 1-B]

.

[Chemical Formula 2-1]

Synthesis Example 1-1

Synthesis of Compound 1-A

[0137] After 2-chloro-1,3-dinitrobenzene (30 g, 148.1
mmol) was dissolved in anhydrous ethanol (200 ml), the
mixture was stirred under nitrogen. 5-Bromo-N"-phenylben-
zene-1,2-diamine (50.7 g, 192.5 mmol) and anhydrous
sodium acetate (21.0 g, 255.8 mmol) were added thereto. The
above solution was refluxed for 2 hours, and then cooled to
room temperature when the reaction was complete. The pre-
cipitated solids were washed until the filtrate became color-
less, and dried to obtain Compound 1-A (44.5 g, vield 70%;
MS:[M+H]*=429).

Synthesis Example 1-2

Synthesis of Compound 1-B

[0138] Compound 1-A (44.5 g, 103.7 mmol) was placed in
an aqueous 1% sodium hydroxide (NaOH) solution (685 ml),
and the mixture was refluxed for 1 hour. After the result was
cooled to room temperature, the produced solids were filtered
under reduced pressure while being washed with hot water
until the solids became neutral, and then the solids were dried
to obtain Compound 1-B (35.2 g, yield 89%; MS:[M+H]"
=381).
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Synthesis Example 1-3

Synthesis of Compound 1-C

[0139] After Compound 1-B (35.2 g, 92.3 mmol) was dis-
solved in ethanol (26 ml), 10% Pd—C (0.98 g, 9.2 mmol) was
added and dispersed thereto, and the mixture was cooled to 0°
C. Hydrazine monohydrate (22 ml) was slowly added drop-
wise thereto. The mixture was heated for 30 minutes at 50° C.
After the reaction was complete, the reaction product was
cooled to room temperature, filtered using ethanol, and the
filtrate was vacuum distilled to obtain Compound 1-C (32.2 g,
yield 99.0%; MS:[M+H]"=352).

Synthesis Example 1-4

Synthesis of Compound 1-D

[0140] Compound 1-C (31.7 g, 90.0 mmol) and acetalde-
hyde (5.0 ml, 90.0 mmol) were refluxed for 1 hour in ethyl
acetate (150 ml). After the ethyl acetate was removed under
reduced pressure, the result was dissolved in chloroform (250
ml), and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
(22.5 g, 99.1 mmol) was added thereto. The mixture was
stirred for 1 hour at room temperature. The black solids
obtained by vacuum distilling the mixture was columned
using a tetrahydrofuran/hexane (THF/Hexane:1/3) solution
to obtain Compound 1-D (21.0 g, yield 62.0%; MS:[M+HT*
=376).

Synthesis Example 1-5

Synthesis of Chemical Formula 2-1

[0141] Compound 1-D (18.8 g, 50.0 mmol) and (10-phe-
nylanthracen-9-yl)boronic acid (14.9 g, 50.0 mmol) were
dissolved in tetrahydrofuran (THF). A 2 M potassium carbon-
ate (K,CO,) solution (72 mL) and tetrakis(triphenylphos-
phine) palladium(0) (1.10 g, 1.91 mmol) were added thereto,
and the result was refluxed for 6 hours. After the reaction was
complete, the result was cooled to room temperature, filtered,
and then washed several times with water and ethanol. The
filtered solid product was recrystallized three times using
chloroform and ethy] acetate to obtain a compound of Chemi-
cal Formula 2-1 (11.8 g, yield 43%; MS:[M+H]*=550).

Synthesis Example 2

Synthesis of Chemical Formula 3-1
[0142]

NH,

Zm

—_—

Br N

[Compound 1-C]
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-continued
¥N
N
/@ —
Br N

[Compound 2-A]

[Chemical Formula 3-1]

Synthesis Example 2-1

Synthesis of Compound 2-A

[0143] Compound 2-A (31.3 g, yield 89.0%; MS:[M+H]"
=390) was obtained in the same manner as in Synthesis
Example 1-4 except that propionaldehyde (6.5 ml, 90.0
mmol) was used instead of acetaldehyde.

Synthesis Example 2-2

Synthesis of Chemical Formula 3-1

[0144] A compound of Chemical Formula 3-1 (18.0 g,
vield 64%; MS:[M+H]"=564) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D.

Synthesis Example 3

Synthesis of Chemical Formula 3-4

[0145]
‘}:N
N
—
Br N

[Compound 2-A]
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[Compound 3-4]

[0146] A compound of Chemical Formula 34 (22.7 g,
yield 71%; MS:[M+H]*=640) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
(10-([1,1"-biphenyl]-4-yDanthracen-9-yl)boronic acid (18.7
2, 50.0 mmol) was used instead of (10-phenylanthracen-9-y1)
boronic acid.

Synthesis Example 4

Synthesis of Chemical Formula 3-5
[0147]

‘}:N
N

—_
Br N

[Compound 2-A]

Q‘

[0148] A compound of Chemical Formula 3-5 (23.5 g,
yield 69%; MS:[M+H]"*=680) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
(10-(9,9-dimethyl-9H-fluoren-2-yl)anthracen-9-yl )boronic
acid (20.7 g, 50.0 mmol) was used instead of (10-phenylan-
thracen-9-yl)boronic acid.

[Compound 3-5]
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Synthesis Example 5 -continued

Synthesis of Chemical Formula 3-6 —N

[0149] O O N
‘>=N N
Nﬁ O O
Br N

7

[Chemical Formula 3-12]

[0152] A compound of Chemical Formula 3-12 (15.6 g,
vield 53%; MS:[M+H]"=514) was obtained in the same man-
[Compound 2-A] ner as in Synthesis Example 1-5 except that Compound 2-A

(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and

(10-(4-cyanophenyl)anthracen-9-yl)boronic acid (16.2 g,
=N .

50.0 mmol) was used instead of (10-phenylanthracen-9-yl)

boronic acid.

N
O O Synthesis Example 7
N
O Synthesis of Chemical Formula 3-18
[0153]

oae .
N
U -
Br N
[Chemical Formula 3-6]

[0150] A compound of Chemical Formula 3-6 (18.2 g,
yield 57%; MS:[M+H]"*=640) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and [Compound 2-A]

(10-([1,1'-biphenyl]-3-yDanthracen-9-yl)boronic acid (18.7
2, 50.0 mmol) was used instead of (10-phenylanthracen-9-yl) __N
boronic acid.

N

Synthesis Example 6 O
Synthesis of Chemical Formula 3-12 O N
[0151]

W: N
N
Br N O

[Chemical Formula 3-18]

[0154] A compound of Chemical Formula 3-18 (18.9 g,
[Compound 2-A] vield 59%; MS:[M+H]|"=640) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
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(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and _continued
(3-(10-phenylanthracen-9-yl)phenyl)boronic acid (18.7 g,
50.0 mmol) was used instead of (10-phenylanthracen-9-yl) N
boronic acid.
N
Synthesis Example 8 O
Synthesis of Chemical Formula 3-19 N

[0155] O

R
N .
[Chemical Formula 3-26]
— -
Br N

[0158] A compound of Chemical Formula 3-26 (18.7 g,
vield 73%; MS:[M+H]*=514) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
(4-(naphthalen-2-yl)phenyl)boronic acid (12.4 g, 50.0 mmol)
[Compound 2-A] was used instead of (10-phenylanthracen-9-yl)boronic acid.

W:N Synthesis Example 10

N

)

\
'
/

Synthesis of Chemical Formula 3-28

[0159]

W:N
N
—
[Chemical Formula 3-19] Br N

[0156] A compound of Chemical Formula 3-19 (20.8 g,

yield 65%; MS:[M+H]*=640) was obtained in the same man-

ner as in Synthesis Example 1-5 except that Compound 2-A

(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
2-(9,10-diphenylanthracen-2-y1)-4,4,5 5-tetramethyl-1,3,2-

dioxaborolane (22.8 g, 50.0 mmol) was used instead of (10- [Compound 2-A

]
phenylanthracen-9-yl)boronic acid. ‘(7
N—
Synthesis Example 9 8
Synthesis of Chemical Formula 3-26 O
[0157] N ‘ ‘

N

/
=
\

¢

e [Chemical Formula 3-28]

Br N

[0160] A compound of Chemical Formula 3-28 (20.0 g,
vield 78%; MS:[M+H]|"=514) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
[Compound 2-A] (3,8-dihydropyren-4-yl)boronic acid (12.4 g, 50.0 mmol) was
used instead of (10-phenylanthracen-9-y1)boronic acid.
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Synthesis Example 11

Synthesis of Chemical Formula 3-29

[0161]
e
N
Br N

Compound 2-A
D

B

N

O |

[Chemical Formula 3-29]

[0162] A compound of Chemical Formula 3-29 (18.8 g,
yield 67%; MS:[M+H]*=562) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
perylen-3-ylboronic acid (14.8 g, 50.0 mmol) was used
instead of (10-phenylanthracen-9-yl)boronic acid.

Synthesis Example 12

Synthesis of Chemical Formula 3-30

[0163]
.
N
—_—
Br N

[Compound 2-A]
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-continued

[Chemical Formula 3-30]

[0164] A compound of Chemical Formula 3-30 (15.6 g,
yield 61%; MS:[M+H]"=512) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
fluoranthen-3-ylboronic acid (12.3 g, 50.0 mmol) was used
instead of (10-phenylanthracen-9-yl)boronic acid.

Synthesis Example 13

Synthesis of Chemical Formula 3-34

[0165]
R
N
—_—
Br N

[Compound 2-A]

[Chemical Formula 3-34]

[0166] A compound of Chemical Formula 3-34 (17.8 g,
vield 57%; MS:[M+H]"=626) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 2-A
(19.5 g, 50.0 mmol) was used instead of Compound 1-D, and
9,9"-spirobi[fluoren]-2-ylboronic acid (18.0 g, 50.0 mmol)
was used instead of (10-phenylanthracen-9-yl)boronic acid.
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Synthesis Example 14

Synthesis of Chemical Formula 4-1

[0167]
NH,
)&
N.
—_—
Br N
[Compound 1-C]
—N
N
—
Br N
[Compound 14-A

]
:—_N
N

O O N

Synthesis Example 14-1

[Chemical Formula 4-1]

Synthesis of Compound 14-A

[0168] Compound 14-A (35.5 g, yield 90%; MS:[M+H]"
=438) was obtained in the same manner as in Synthesis
Fxample 1-4 except that benzaldehyde (95.4 g, 90.0 mmol)
was used instead of acetaldehyde.

Synthesis Example 14-2

Synthesis of Chemical Formula 4-1

[0169] A compound of Chemical Formula 4-1 (24.8 g,
yield 81%; MS:[M+H]"=612) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 14-A
(18.2 g, 50.0 mmol) was used instead of Compound 1-D.
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Synthesis Example 15
Synthesis of Chemical Formula 4-26
[0170]
—N
N
—_—
Br N
[Compound 14-A]
=N
X
O N
[Chemical Formula 4-26]
[0171] A compound of Chemical Formula 4-26 (22.2 g,

yield 79%; MS:[M+H]"=562) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 14-A
(18.2 g, 50.0 mmol) was used instead of Compound 1-D, and
(4-(naphthalen-2-yl)phenyl)boronic acid (12.4 g, 50.0 mmol)
was used instead of (10-phenylanthracen-9-yl)boronic acid.

Synthesis Example 16

Synthesis of Chemical Formula 4-40
[0172]

Br

[Compound 14-A]
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-continued

[Chemical Formula 4-40]

[0173] A compound of Chemical Formula 4-40 (19.1 g,
yield 65%; MS:[M+H]"=588) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 14-A
(18.2 g, 50.0 mmol) was used instead of Compound 1-D, and
[1,1":3",1"-terphenyl]-5"-yIboronic acid (13.7 g, 50.0 mmol)
was used instead of (10-phenylanthracen-9-yl)boronic acid.

Synthesis Example 17

Synthesis of Chemical Formula 4-41

[0174]
—N
N
—
Br N
[Compound 14-A]
—N
N
—
0
B N
0]
[Compound 17-A]

Aug. 18,2016
-continued
—N
N
N
N N
N, Z N

[Chemical Formula 4-41]

Synthesis Example 17-1

Synthesis of Compound 17-A

[0175] Compound 14-A (30.7 g, 70.0 mmol), bis(pinaco-
lato)diborone (19.6 g, 77.0 mmol), potassium acetate (20.6 g,
210 mmol), [1,1"-bis(diphenylphosphino)ferrocene]dichlo-
ropalladium(Il) (1.2 g, 2.1 mmol) and tricyclohexylphos-
phine (1.2 g, 2.4 mmol) were placed in dioxane (350 ml), and
the mixture was refluxed for 12 hours. After the reaction was
complete, the result was cooled to room temperature, and
vacuum distilled to remove the solvent. The result was dis-
solved in chloroform, washed three times with water, and the
organic layer was separated and dried using magnesium sul-
fate. The resulting organic layer was vacuum distilled to
obtain Compound 17-A (27.2 g, yield 80%; MS:[M+H]"
=486).

Synthesis Example 17-2

Synthesis of Chemical Formula 4-41

[0176] Compound 17-A (24.3 g, 50 mmol) and 2-chloro-4,
6-diphenyl-1,3,5-triazine (13.4 g, 50 mmol) were dissolved
in tetrahydrofuran (THF). A 2M potassium carbonate
(K,CO,) solution (72 mL) and tetrakis(triphenylphosphine)
palladium(0) (1.10 g, 1.91 mmol) were added thereto, and the
result was refluxed for 1 hour. After the reaction was com-
plete, the result was cooled to room temperature, filtered, and
then washed with water and ethanol. The filtered solid prod-
uct was purified by column chromatography using tetrahy-
drofuran/hexane (THF/Hexane:1/5) to obtain a compound of
Chemical Formula 4-41 (12.7 g, yield 43%; MS:[M+H]"
=591).

Synthesis Example 18

Synthesis of Chemical Formula 5-17
[0177]

NH NO,

Zm

O,N

[Compound 18-A]
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-continued
NO,

q
N
©:
N
[Compound 18-B]

-

[Compound 18-C]
N

Br /

G

[Compound 18-D]

.%.EEO

[Chemical Formula 5-17]

Synthesis Example 18-1

Synthesis of Compound 18-A

[0178] After 2-chloro-1,3-dinitrobenzene (30 g, 148.1
mmol) was dissolved in anhydrous ethanol (200 ml), the
mixture was stirred under nitrogen. N*-phenylbenzene-1,2-
diamine (35.5 g, 192.5 mmol) and anhydrous sodium acetate
(21.0 g, 255.8 mmol) were added thereto. The above solution
was refluxed for 2 hours, and then cooled to room temperature
when the reaction was complete. The precipitated solids were
washed until the filtrate became colorless, and dried to obtain
Compound 18-A (37.9 g, yield 73%; MS: [M+H]™=351).

Synthesis Example 18-2

Synthesis of Compound 18-B

[0179] Compound 18-A (37.9 g, 108.1 mmol) was placed
in an aqueous 1% sodium hydroxide solution (715 ml), and
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the mixture was refluxed for 1 hour. After the result was
cooled to room temperature, the produced solids were filtered
under reduced pressure while being washed with hot water
until the solids became neutral, and then the solids were dried
to obtain Compound 18-B (27.5 g, yield 84%; MS:[M+H]"
=304).

Synthesis Example 18-3

Synthesis of Compound 18-C

[0180] After Compound 18-B (27.5 g, 90.8 mmol) was
dissolved in ethanol (25 ml), 10% Pd—C (0.96 g, 9.1 mmol)
was added and dispersed thereto, and the mixture was cooled
to 0° C. Hydrazine monochydrate (22 ml) was slowly added
dropwise thereto. The mixture was heated for 30 minutes at
50° C. After the reaction was complete, the reaction product
was cooled to room temperature, filtered using ethanol, and
the filtrate was vacuum distilled to obtain Compound 18-C
(24.6 g, yield 99.0%; MS:[M+H]*=274).

Synthesis Example 18-4

Synthesis of Compound 18-D

[0181] Compound 18-C (23.2 g, 85.0 mmol) and 4-bro-
mobenzaldehyde (15.7 g, 85.0 mmol) were refluxed for 1
hour in ethyl acetate (150 ml). After the ethyl acetate was
removed under reduced pressure, the result was dissolved in
chloroform (250 ml), and 2,3-dichloro-5,6-dicyano-1,4-ben-
zoquinone (DDQ) (21.3 g, 94.0 mmol) was added thereto.
The mixture was stirred for 1 hour at room temperature. The
black solids obtained by vacuum distilling the mixture was
columned using a tetrahydrofuran/hexane (THF/Hexane: 1/4)
solution to obtain Compound 18-D (24.2 g, yield 65.0%;
MS:[M+H]*=438).

Synthesis Example 18-5

Synthesis of Chemical Formula 5-17

[0182] Compound 18-D (21.9 g, 50.0 mmol) and (10-phe-
nylanthracen-9-yl)boronic acid (14.9 g, 50.0 mmol) were
dissolved in tetrahydrofuran (THF). A 2 M potassium carbon-
ate (K,CO;) solution (72 mL) and tetrakis(triphenylphos-
phine) palladium(0) (1.10 g, 1.91 mmol) were added thereto,
and the result was refluxed for 3 hours. After the reaction was
complete, the result was cooled to room temperature, filtered,
and then washed several times with water and ethanol. The
filtered solid product was recrystallized three times using
chloroform and ethy] acetate to obtain a compound of Chemi-
cal Formula 5-17 (14.7 g, yield 48%; MS:[M+H]*=184).

Synthesis Example 19

Synthesis of Chemical Formula 6-17

[0183]
NH NO,
H
Br N
—_—
O,N
[Compound 19-A]
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-continued
NO,

q
N
e
N
Br
[Compound 19-B]

00-

[Compound 19-C]
N

/

@@

[Compound 19-D]

[Chemical Formula 6-17]

Synthesis Example 19-1

Synthesis of Compound 19-A

[0184] Compound 19-A (33.1 g, yield 52%; MS:[M+H]*
=429) was obtained in the same manner as in Synthesis
Example 1-1 except that 6-bromo-N"*-phenylbenzene-1,2-di-
amine (50.7 g, 192.5 mmol) was used instead of 5-bromo-N"-
phenylbenzene-1,2-diamine.
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Synthesis Example 19-2

Synthesis of Compound 19-B

[0185] Compound 19-B (14.1 g, yield 48%; MS:[M+HJ*
=382) was obtained in the same manner as in Synthesis
Example 1-2 except that Compound 19-A (33.1 g, 77.0
mmol) was used instead of Compound 1-A, and an aqueous
1% sodium hydroxide solution (510 ml) was used.

Synthesis Example 19-3

Synthesis of Compound 19-C

[0186] After Compound 19-B (14.1 g, 37.0 mmol) was
dissolved in ethanol (15 ml), 10% Pd—C (0.39 g, 3.7 mmol)
was added and dispersed thereto, and the mixture was cooled
to 0° C. Hydrazine monchydrate (10 ml) was slowly added
dropwise thereto. The mixture was heated for 30 minutes at
50° C. After the reaction was complete, the reaction product
was cooled to room temperature, filtered using ethanol, and
the filtrate was vacuum distilled to obtain Compound 19-C
(12.6 g, yield 97.0%; MS:[M+H]*=352).

Synthesis Example 19-4

Synthesis of Compound 19-D

[0187] Compound 19-D (11.2 g, yield 71.0%; MS:[M+H]*
=438) was obtained in the same manner as in Synthesis
Example 1-4 except that Compound 19-C (12.6 g, 35.9
mmol) was used instead of Compound 1-C, benzaldehyde
(3.8 g, 359 mmol) was used instead of acetaldehyde, and
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (9.0 g,
39.5 mmol) was used.

Synthesis Example 19-5

Synthesis of Chemical Formula 6-17

[0188] A compound of Chemical Formula 6-17 (7.4 g,
vield 42%; MS:[M+H]"=688) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 19-D
(11.2 g, 25.5 mmol) was used instead of Compound 1-D,
(4-(10-phenylanthracen-9-yl)phenyl)boronic acid (9.6 g,
25.5 mmol) was used instead of (10-phenylanthracen-9-yl)
boronic acid, and a 2 M potassium carbonate (K,CO;) solu-
tion (37 ml) and tetrakis(triphenylphosphine)palladium(0)
(0.5 g, 0.97 mmol) were used.

Synthesis Example 20

Synthesis of Chemical Formula 7-17

[0189]
NH NO,
o
N
—_—
ON
Br
[Compound 20-A]
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-continued
NO,
H
Br N
\©:
N

[Compound 20-B]

NH,
H
Br. N
—_—
N

[Compound 20-C]

=

Br N

SEE 20D

[Compound 20-D]

[Chemical Formula 7-17]

Synthesis Example 20-1

Synthesis of Compound 20-A
[0190] Compound 20-A (40.7 g, yield 64%; MS:[M+H]*
=429) was obtained in the same manner as in Synthesis
Example 1-1 except that 2-(A*-azanyl)-4-bromo-N-phenyla-
niline (50.5 g, 192.5 mmol) was used instead of 5-bromo-N"-
phenylbenzene-1,2-diamine.
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Synthesis Example 20-2

Synthesis of Compound 20-B

[0191] Compound 20-B (25.7 g, vield 71%; MS:[M+H]"
=382) was obtained in the same manner as in Synthesis
Example 1-2 except that Compound 20-A (40.7 g, 94.8
mmol) was used instead of Compound 1-A, and an aqueous
1% sodium hydroxide solution (625 ml) was used.

Synthesis Example 20-3

Synthesis of Compound 20-C

[0192] Compound 20-C (23.5 g, yield 99.0%; MS:[M+H]"
=352) was obtained in the same manner as in Synthesis
Example 1-3 except that Compound 20-B (25.7 g, 67.3
mmol) was used instead of Compound 1-B, and Pd—C (0.9 g,
8.7 mmol) and hydrazine monohydrate (20 ml) were used.

Synthesis Example 20-4

Synthesis of Compound 20-D

[0193] Compound 20-D (21.3 g, yield 82%; MS:[M+HJ*
=390) was obtained in the same manner as in Synthesis
Example 1-4 except that Compound 20-C (23.5 g, 66.6
mmol) was used instead of Compound 1-C, propionaldehyde
(3.9 g, 66.6 mmol) was used instead of acetaldehyde, and
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (16.7 g,
73.3 mmol) was used.

Synthesis Example 20-5

Synthesis of Chemical Formula 7-17

[0194] A compound of Chemical Formula 7-17 (12.5 g,
vield 39%; MS:[M+H]"=640) was obtained in the same man-
ner as in Synthesis Example 1-5 except that Compound 20-D
(19.5 g, 50.0 mmol) was used instead of Compound 1-D,
(4-(10-phenylanthracen-9-yl)phenyl)boronic acid (18.7 g,
50.0 mmol) was used instead of (10-phenylanthracen-9-yl)
boronic acid, and a 2 M potassium carbonate (K,CO,;) solu-
tion (73 ml) and tetrakis(triphenylphosphine)palladium(0)
(1.1 g, 1.90 mmol) were used.

Experimental Example

Experimental Example 1-1

[0195] A glass substrate on which indium tin oxide (ITO)
was coated as a thin film to a thickness of 500 A was placed in
distilled water, in which a detergent is dissolved, and ultra-
sonic cleaned. As the detergent, a product of Fischer Corpo-
ration was used, and as the distilled water, distilled water
filtered twice with a filter manufactured by Millipore Corpo-
ration was used. After the ITO was cleaned for 30 minutes,
ultrasonic cleaning was repeated twice for 10 minutes using
distilled water. After the cleaning with distilled water was
finished, the substrate was ultrasonic cleaned with isopropyl
alcohol, acetone and methanol solvents, and dried, and then
transferred to a plasma cleaner. In addition, the substrate was
cleaned for 5 minutes using oxygen plasma, and then trans-
ferred to a vacuum depositor.

[0196] Onthetransparent ITO electrode prepared as above,
a hole injection layer was formed to a thickness of 100 A by
thermal vacuum depositing hexanitrile hexaazatriphenylene
(HAT) of the following Chemical Formula.
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[HAT]

N O

N

[0197] A hole transfer layer was formed on the hole injec-
tion layer by vacuum depositing 4.4'-bis|[N-(1-naphthyl)-N-
phenylamino]biphenyl (NPB) (1,000 A) of the Chemical For-
mula shown above.

[0198] Subsequently, a light emitting layer was formed on
the hole transfer layer to a film thickness of 230 A by vacuum
depositing GH and GD shown below in a weight ratio 0f10:1.

2y

[NPB]

)

)=

J
)
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[0199] An electron injection and transfer layer was formed
on the light emitting layer to a thickness of'350 A by vacuum
depositing the compound of Chemical Formula 2-1.

[0200] A cathode was formed on the electron injection and
transfer layer by depositing lithium fluoride (LiF) to a thick-
ness of 15 A and aluminum to a thickness of 2,000 A in
consecutive order.

[0201] In the above process, the deposition rates of the
organic materials were maintained at 0.4 to 0.7 A/sec, the
deposition rates of the lithium fluoride and the aluminum of
the cathode were maintained at 0.3 A/sec and 2 A/sec, respec-
tively, and the degree of vacuum when being deposited was
maintained at 2x1077 to 5x107° torr, and as a result, an
organic light emitting device was manufactured.

Comparative Example 1

[0202] An organic light emitting device was manufactured
in the same manner as in Experimental Example 1-1 except
that a compound of the following Chemical Formula ET-A
was used instead of the compound of Chemical Formula 2-1.

[ET-A]

==z

Experimental Examples 1-2 to 1-12

[0203] Organic light emitting devices of Experimental
Examples 1-2 to 1-12 were manufactured in the same manner
as in Experimental Example 1-1 except that each compound
shown in Table 1 was used instead of the compound of
Chemical Formula 2-1.

[0204] Current (10 mA/ecm?®) was applied to the organic
light emitting devices manufactured in Experimental
Examples 1-1 to 1-12 and Comparative Example 1. and the
results are shown in Table 1.

TABLE 1
Voltage  Efficiency Color Coordinate
Compound V) (de/A) (%,¥)
Experimental — 2-1 3.82 41.22 (0.374, 0.619)

Example 1-1
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TABLE 1-continued

Voltage  Efficiency Color Coordinate

Compound W) (dc/A) )
Experimental  3-1 3.73 41.68 (0.373,0.620)
Example 1-2
Experimental — 3-4 3.88 42.11 (0.372,0.622)
Example 1-3
Experimental ~ 3-5 3.85 41.80 (0.373,0.621)
Example 1-4
Experimental  3-6 3.79 41.98 (0.371,0.622)
Example 1-5
Experimental ~ 3-12 3.89 42.10 (0.372,0.622)
Example 1-6
Experimental  3-18 3.99 41.27 (0.372,0.619)
Example 1-7
Experimental ~ 3-19 3.76 40.24 (0.373,0.620)
Example 1-8
Experimental  4-1 3.89 41.35 (0.374,0.620)
Example 1-9
Experimental ~ 5-17 3.88 42.34 (0.374,0.623)
Example 1-10
Experimental ~ 6-17 3.78 41.58 (0.372,0.624)
Example 1-11
Experimental ~ 7-17 3.96 42.15 (0.373,0.620)
Example 1-12
Comparative ET-A 3.98 39.99 (0.373,0.621)
Example 1
[0205] As seen from the results of Table 1, it was shown that

the heterocyclic compound according to one embodiment of
the present specification may be used as an organic material
layer material of an organic light emitting device, and par-
ticularly when the heterocyclic compound was used in an
electron injection and transfer layer among the organic mate-
rial layers, the organic light emitting device exhibited supe-
rior properties in efficiency, driving voltage, stability and the
like. In particular, it was demonstrated that the compound
exhibited superior properties due to excellent thermal stabil-
ity, a deep HOMO/evel, and hole stability. The compound has
an advantage in that it improves the efficiency of an organic
light emitting device, and may improve the stability of a
device due to the thermal stability of the compound.

Experimental Example 2-1

[0206] On the transparent [TO electrode prepared as in
Experimental Example 1-1, a hole injection layer was formed
to a thickness of 100 A by thermal vacuum depositing hex-
anitrile hexaazatriphenylene (HAT) of the Chemical Formula
shown above.

[0207] A hole transfer layer was formed on the hole injec-
tion layer by vacuum depositing 4.4'-bis[N-(1-naphthyl)-N-
phenylamino]biphenyl (NPB) (700 A), hexanitrile hexaazat-
riphenylene (HAT) (50 A) and 4.4'-bis[N-(1-naphthyl)-N-
phenylamino]biphenyl (NPB) (700 A) of the chemical
formulae shown above in consecutive order.

[0208] Subsequently, a light emitting layer was formed on
the hole transfer layer to a film thickness of 200 A by vacuum
depositing BH and BD shown below in a weight ratio of 25:1.
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(BH]
[BD]
CN
N
\\Te
N /Ge/
CN
[0209] An electron injection and transfer layer was formed

on the light emitting layer to a thickness of300 A by vacuum
depositing the compound of Chemical Formula 2-1 and
lithium quinalate (LiQ) of the following Chemical Formula in
a weight ratio of 1:1.

[LiQ]
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[0210] A cathode was formed on the electron injection and
transfer layer by depositing lithium fluoride (LiF) to a thick-
ness of 15 A and aluminum to a thickness of 2,000 A in
consecutive order.

[0211] In the above process, the deposition rates of the
organic materials were maintained at 0.4 to 0.7 A/sec, the
deposition rates of the lithium fluoride and the aluminum of
the cathode were maintained at 0.3 A/sec and 2 A/sec, respec-
tively, and the degree of vacuum when being deposited was
maintained at 2x1077 to 5x107° torr, and as a result, an
organic light emitting device was manufactured.

Comparative Example 2

[0212] An organic light emitting device was manufactured
in the same manner as in Experimental Example 2-1 except
that a compound of the following Chemical Formula ET-A
was used instead of the compound of Chemical Formula 2-1.

=z

[ET-A]

Experimental Examples 2-2 to 2-12

[0213] Organic light emitting devices of Experimental
Examples 2-2 to 2-12 were manufactured in the same manner
as in Experimental Example 2-1 except that each compound
shown in Table 2 was used instead of the compound of
Chemical Formula 2-1.

[0214] Current (10 mA/cm?) was applied to the organic
light emitting devices manufactured in Experimental
Examples 2-1 to 2-12 and Comparative Example 2, and the
results are shown in Table 2.

TABLE 2
Voltage  Efficiency Color Coordinate
Compound V) (de/A) (%,¥)
Experimental — 2-1 3.92 5.21 (0.140,0.131)
Example 2-1
Experimental  3-1 3.89 5.22 (0.141,0.129)
Example 2-2
Experimental ~ 3-26 3.88 5.19 (0.141,0.130)
Example 2-3
Experimental  3-28 3.86 5.20 (0.139,0.131)
Example 2-4
Experimental ~ 3-29 3.98 5.12 (0.140,0.130)
Example 2-5
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TABLE 2-continued
Voltage  Efficiency Color Coordinate
Compound V) (de/A) (%,¥)
Experimental ~ 3-30 396 4.99 (0.142,0.132)
Example 2-6
Experimental  3-34 3.89 5.18 (0.139,0.133)
Example 2-7
Experimental  4-1 3.82 5.23 (0.141, 0.132)
Example 2-8
Experimental  4-26 393 4.98 (0.140, 0.130)
Example 2-9
Experimental  4-40 3.94 5.26 (0.141, 0.131)
Example 2-10
Experimental — 4-41 3.92 522 (0.140, 0.130)
Example 2-11
Experimental ~ 3-17 3.96 5.13 (0.140, 0.130)
Example 2-12
Comparative ~ ET-A 4.05 4.75 (0.141, 0.129)
Example 2

[0215] As seen from the results of Table 2, it was shown that
the heterocyclic compound according to one embodiment of
the present specification may be used as an organic material
layer material of an organic light emitting device, and par-
ticularly when the heterocyclic compound was used in an
electron injection and transfer layer among the organic mate-
rial layers, the organic light emitting device exhibited supe-
rior properties in efficiency, driving voltage, stability and the
like. In particular, it was demonstrated that the compound
exhibited superior properties due to excellent thermal stabil-
ity, a deep HOMO level, and hole stability. The compound
may be used either alone or as a mixture with an n-type dopant
such as LiQ in an organic electronic device including an
organic light emitting device. The compound has an advan-
tage in that it improves the efficiency of an organic light
emitting device, and may improve the stability of adevice due
to the thermal stability of the compound.

1. A heterocyclic compound represented by the following
Chemical Formula 1:

[Chemical Formula 1]

R1
R2 >= N
R3 N R8
R4 III R7
RS R R6

wherein, in Chemical Formula 1,

R andR1 to R8 are the same as or different from each other,
and each dependently hydrogen; deuterium; a halogen
group; anitrile group; a nitro group; a hydroxyl group; a
carbonyl group; an ester group; an imide group; an
amide group; a substituted or unsubstituted alkyl group;
a substituted or unsubstituted cycloalkyl group; a sub-
stituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloxy group; a substituted or unsubsti-
tuted alkylthioxy group; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted alkyl-
sulfoxy group; a substituted or unsubstituted arylsul-
foxy group; asubstituted or unsubstituted alkenyl group;
a substituted or unsubstituted silyl group; a substituted
or unsubstituted boron group; a substituted or unsubsti-
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tuted alkylamine group; a substituted or unsubstituted
aralkylamine group; a substituted or unsubstituted ary-
lamine group; a substituted or unsubstituted heteroary-
lamine group; a substituted or unsubstituted arylphos-
phine group; a substituted or unsubstituted phosphine
oxide group; a substituted orunsubstituted aryl group; or
a substituted or unsubstituted heteroring group includ-
ing one or more of N, O and S atoms, or adjacent groups
among R and R2 to R8 bond to each other to form an
aliphatic ring, an aromatic ring, an aliphatic heteroring
or an aromatic heteroring.

2. The heterocyclic compound of claim 1, wherein R1 is a
substituted or unsubstituted alkyl group; a substituted or
unsubstituted alkenyl group; a substituted or unsubstituted
aryl group; a substituted or unsubstituted phosphine oxide
group; or a substituted or unsubstituted heteroring group
including one or more of N, O and S atoms.

3. The heterocyclic compound of claim 1, wherein R is a
substituted or unsubstituted alkyl group; a substituted or
unsubstituted alkenyl group; a substituted or unsubstituted
aryl group; a substituted or unsubstituted phosphine oxide
group; or a substituted or unsubstituted heteroring group
including one or more of N, O and S atoms.

4. The heterocyclic compound of claim 1, wherein R2 to
RS are the same as or different from each other, and each
dependently hydrogen; a substituted or unsubstituted alkyl
group; a substituted or unsubstituted alkenyl group; a substi-
tuted or unsubstituted aryl group; a substituted or unsubsti-
tuted phosphine oxide group; or asubstituted or unsubstituted
heteroring group including one or more of N, O and S atoms.

5. The heterocyclic compound of claim 1, wherein R and
R1 to R8 are the same as or different from each other, and each
dependently hydrogen; an alkyl group; an alkenyl group; an
aryl group; a phosphine oxide group; or a heteroring group
including one or more of N, O and S atoms; and

the alkyl group; the alkenyl group; the aryl group; the
phosphine oxide group; and the heteroring group includ-
ing one or more of N, O and S atoms are unsubstituted or
substituted with one, two or more substituents selected
from the group consisting of deuterium, a nitrile group,
a substituted or unsubstituted alkyl group, a substituted
or unsubstituted alkenyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted silane
group, a substituted or unsubstituted phosphine oxide
group, and a substituted or unsubstituted heteroring
group including one or more of N, O and S atoms, or two
or more substituents bond to each other to form an ali-
phatic ring, an aromatic ring, an aliphatic heteroring or
an aromatic heteroring, or form a spiro bond.

6. The heterocyclic compound of claim 1, wherein at least
oneof R and R1 to R8 is any one of the following structures:
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7. The heterocyclic compound of claim 1, wherein the
heterocyclic compound represented by Chemical Formula 1
1s represented by any one of the following structures:

[Chemical Formula 1-1]

[Chemical Formula 1-2]
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8. An organic light emitting device comprising:

a first electrode;

a second electrode provided opposite to the first electrode;

and

one or more organic material layers including a light emit-

ting layer provided between the first electrode and the
second electrode,

wherein one or more layers of the organic material layers

include the heterocyclic compound of claim 1.

9. The organic light emitting device of claim 8, wherein the
organic material layer includes an electron transfer layer, an
electron injection layer or a layer carrying out electron trans-
fer and electron injection at the same time, and the electron
transfer layer, the electron injection layer or the layer carrying
out electron transfer and electron injection at the same time
includes the heterocyclic compound.

10. The organic light emitting device of claim 9, wherein
the electron transfer layer, the electron injection layer or the
layer carrying out electron transfer and electron injection at
the same time is formed only with the heterocyclic com-
pound.

11. The organic light emitting device of claim 9, wherein
the electron transfer layer, the electron injection layer or the
layer carrying out electron transfer and electron injection at
the same time includes the heterocyclic compound as a p-type
host, and an n-type dopant as a dopant.
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12. The organic light emitting device of claim 11, wherein
the n-type dopant includes alkali metals, alkali metal com-
pounds, alkaline earth metals, alkaline earth metal com-
pounds, or combinations thereof.

13. The organic light emitting device of claim 8, wherein
the light emitting layer includes the heterocyclic compound.

14. The organic light emitting device of claim 13, wherein
the light emitting layer includes the heterocyclic compound
as a host, and a phosphorous dopant compound as a dopant.

15. The organic light emitting device of claim 8, wherein
the organic material layer further includes one, two or more
layers selected from the group consisting of a hole injection
layer, a hole transfer layer, an electron transfer layer, an
electron injection layer, an electron blocking layer and a hole
blocking layer.



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCH%E=

L 5ER
HAh A TF 30k
HAEREEEE

E)

ZIMEEMAEAEN BT TH

US20160240793A1 ACIIOUN =]
US15/024999 B5 H
KLEROERAF

LGILZHRAF.

LGILZHRA AL

KANG MINYOUNG
LEE DONG HOON
JANG BOONJAE
JANG JUNGI

KIM SEONG SO

KANG, MINYOUNG
LEE, DONG HOON
JANG, BOONJAE
JANG, JUNGI

KIM, SEONG SO

HO1L51/00 CO9K11/06 C07D487/06 CO9K11/02

patsnap

2016-08-18

2014-09-29

HO01L51/0051 CO7F9/65846 H01L51/0072 HO1L51/0085 HO1L51/5072 HO1L51/5076 C09K2211/185
C07F9/6561 HO1L51/5016 HO1L51/0077 HO1L51/0056 C09K2211/188 C09K2211/1029 C09K2211
/1014 C09K2211/1011 C09K2211/1007 CO9K11/06 C09K11/025 HO1L51/5092 CO7D487/06 HO5B33
/20 C07D471/06 C09K2211/1044 HO1L51/0068 HO1L51/0067 C09K2211/1092 HO1L51/5203 HO1L51
/0055 HO1L51/0054 C07D513/06 C07D498/06 H01L51/5096 HO1L51/5056 HO1L51/5012 HO1L51/0071

HO1L51/0058 HO1L51/5088 H01L51/0052

1020130116594 2013-09-30 KR

US10032997

Espacenet USPTO

A5 B0 45 4R IR & MR F L O HL SR i



https://share-analytics.zhihuiya.com/view/7b420390-689e-435a-86e5-e9cef1df9197
https://worldwide.espacenet.com/patent/search/family/052743992/publication/US2016240793A1?q=US2016240793A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160240793%22.PGNR.&OS=DN/20160240793&RS=DN/20160240793

