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ABSTRACT

The present specification provides a multicyclic compound
of Chemical Formula 1, and an organic light emitting device
including the same.
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POLYCYCLIC COMPOUND AND ORGANIC
LIGHT EMITTING DEVICE COMPRISING
SAME

TECHNICAL FIELD

[0001] The present specification claims priority to and the
benefits of Korean Patent Application No. 10-2015-
0148916, filed with the Korean Intellectual Property Office
on Oct. 26, 2015, the entire contents of which are incorpo-
rated herein by reference.

[0002] The present specification relates to a multicyclic
compound and an organic light emitting device including the
samie.

BACKGROUND ART

[0003] An organic light emission phenomenon generally
refers to a phenomenon converting electrical energy to light
energy using an organic material. An organic light emitting
device using an organic light emission phenomenon nor-
mally has a structure including an anode, a cathode, and an
organic material layer therebetween. Herein, the organic
material layer is often formed in a multilayer structure
formed with different materials in order to increase effi-
ciency and stability of the organic light emitting device, and
for example, may be formed with a hole injection layer, a
hole transfer layer, a light emitting layer, an electron transfer
layer, an electron injection layer and the like. When a
voltage is applied between the two electrodes in such an
organic light emitting device structure, holes and electrons
are injected to the organic material layer from the anode and
the cathode, respectively, and when the injected holes and
electrons meet, excitons are formed, and light emits when
these excitons fall back to the ground state.

[0004] Development of new materials for such an organic
light emitting device has been continuously required.

DISCLOSURE

Technical Problem

[0005] The present specification describes a multicyclic
compound and an organic light emitting device including the
samie.

Technical Solution

[0006] One embodiment of the present specification pro-
vides a compound represented by the following Chemical
Formula 1:

[Chemical Formula 1]

(Re)

[0007] In Chemical Formula 1,
[0008] R, and R, are the same as or different from each
other, and each independently a substituted or unsubstituted
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phenyl group, or a substituted or unsubstituted N-containing
monocyclic heterocyclic group,

[0009] R, and R, are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a nitrile group; a substituted or unsubstituted
alkyl group; a substituted or unsubstituted haloalkyl group;
a substituted or unsubstituted alkoxy group; a substituted or
unsubstituted haloalkoxy group; a substituted or unsubsti-
tuted alkylsilyl group; a substituted or unsubstituted arylsilyl
group; a substituted or unsubstituted cyanoaryl group; a
substituted or unsubstituted alkylaryl group; a substituted or
unsubstituted haloalkylaryl group; a substituted or unsub-
stituted aryl group; a substituted or unsubstituted haloaryl
group; or a substituted or unsubstituted heterocyclic group,
[0010] Rs to R, are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted haloalkyl group; a substituted or
unsubstituted cycloalkyl group; a substituted or unsubsti-
tuted alkoxy group; a substituted or unsubstituted
haloalkoxy group; a substituted or unsubstituted aryloxy
group; a substituted or unsubstituted alkenyl group; a sub-
stituted or unsubstituted aralkyl group; a substituted or
unsubstituted aralkenyl group; a substituted or unsubstituted
alkylaryl group; a substituted or unsubstituted haloalkylaryl
group; a substituted or unsubstituted aryl group; a substi-
tuted or unsubstituted haloaryl group; or a substituted or
unsubstituted heterocyclic group, p and q are each an integer
of 0 to 3, r is an integer of 0 to 2, when p is 2 or greater, R.s
are the same as or different from each other, when q is 2 or
greater, R s are the same as or different from each other, and
when r is 2, R,s are the same as or different from each other.
[0011] Another embodiment of 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 provided
between the first electrode and the second electrode, wherein
one or more layers of the organic material layers include the
compound of Chemical Formula 1.

Advantageous Effects

[0012] Compounds described in the present specification
can be used as a material of an organic material layer of an
organic light emitting device. Compounds according to at
least one embodiment are capable of enhancing efficiency,
low driving voltage and/or enhancing lifespan properties in
an organic light emitting device. Particularly, compounds
described in the present specification can be used as a
material of hole injection, hole transfer, hole injection and
hole transfer, light emission, electron transfer or electron
injection. In addition, compounds described in the present
specification can be preferably used as a material of a light
emitting layer, electron transfer or electron injection. More
preferably, when using compounds described in the present
specification as a material of hole injection, hole transfer,
electron blocking layer or charge generation layer, propet-
ties of low voltage, high efficiency and/or long lifespan are
exhibited.

DESCRIPTION OF DRAWINGS

[0013] FIG. 1 illustrates an organic light emitting device
formed with a substrate (1), an anode (2), a hole transfer
layer (6), a light emitting layer (3) and a cathode (4).
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[0014] FIG. 2 illustrates an organic light emitting device
formed with a substrate (1), an anode (2), a hole injection
layer (5), a hole transfer layer (6), a light emitting layer (3),
an electron transfer layer (8) and a cathode (4).

[0015] FIG. 3 illustrates an organic light emitting device
including a substrate (1), an anode (2) and a cathode (4),
including two units that include a hole injection layer (5a,
5b), a hole transfer layer (6a, 6b), a light emitting layer (3a,
3b) and an electron transfer layer (8a, 85) between the anode
and the cathode, and provided with a charge generation layer
(9) between the units.

[0016] FIG. 4 is a result measuring the compound repre-
sented by Chemical Formula 1 with Bruker 700 MHz'H
NMR using tetrahydrofuran-d8 at room temperature.

[0017] 1: Substrate
[0018] 2: Anode
[0019] 3. 3a, 34: Light Emitting Layer
[0020] 4: Cathode
[0021] 5. 5a, 56: Hole Injection Layer
[0022] 6. 6a, 65: Hole Transfer Layer
[0023] 8. 8a, 84: Electron Transfer Layer
MODE FOR DISCLOSURE
[0024] Hereinafter, the present specification will be

described in more detail.

[0025] One embodiment of the present specification pro-
vides a compound represented by Chemical Formula 1.
[0026] The dotted line part of Chemical Formula 1 means
a conjugate bond.

[0027] The indenofluorene structure of Chemical Formula
1 is a structure having two pentagonal rings in the center
core, and has 20-m-electrons, and therefore, has antiaromatic
properties. Accordingly, a tendency to regain aromaticity by
accepting electrons is quite high, and suitable deposition
temperatures may be maintained as well as exhibiting excel-
lent heat resistance since 5 or more aromatic rings are
linked, and therefore, an organic light emitting device may
be manufactured through deposition. In addition, high puri-
fication is possible since sublimation purification is capable
of being carried out due to having a sublimation temperature
of approximately 200° C. or higher, and a film-forming
apparatus or an organic light emitting device is not contami-
nated since scattering into the film-forming apparatus for
deposition does not occur when manufacturing the device.
Moreover, electron acceptability may be further enhanced or
crystallinity may be further reduced by introducing specific
substituents to the ring at the end. Accordingly, the inventors
of the present disclosure have found out that low voltage of
driving voltage or long lifespan is capable of being obtained
when using the compound of Chemical Formula 1 having
such properties as a material for an organic light emitting
device, particularly, in a hole injection layer, a hole transfer
layer, an electron blocking layer or a charge generation
layer. When using the compounds described in the present
specification in an organic light emitting device, the device
lifespan may be enhanced and power consumption may be
reduced by accomplishing a lower driving voltage compared
to using existing aromatic diamine derivatives such as NPD
or using electron accepting dopants. In addition, depositions
are readily carried out compared to materials having low
molecular weight and high sublimation properties such as
F4TCNQ, and stable interfaces may be formed with elec-
trodes or adjacent organic material layers compared to
HAT-CN.
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[0028] Examples of the substituents are described below,
howevet, the substituents are not limited thereto.

[0029] Inthe present specification, the term “substituted or
unsubstituted” means being substituted with one or more
substituents selected from the group consisting of hydrogen;
deuterium; a halogen group; a nitrile group; an alkoxy
group; a haloalkoxy group; an aryloxy group; an alkyl
group; a haloalkyl group; a cycloalkyl group; an alkenyl
group; a haloaryl group; an aralkyl group; an aralkenyl
group; an alkylaryl group; a haloalkylaryl group; an aryl
group; and a heterocyclic group, or being unsubstituted, or
being substituted with a substituent linking two or more
substituents among the substituents illustrated above, or
being unsubstituted. For example, “a substituent linking two
or more substituents” may include a biphenyl group. In other
words, a biphenyl group may be an aryl group, or interpreted
as a substituent linking two phenyl groups.

[0030] In the present specification, examples of the halo-
gen group may include fluorine, chlorine, bromine or iodine.
[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 from 1 to 40. Accord-
ing to one embodiment, the number of carbon atoms of the
alkyl group is from 1 to 20. According to another embodi-
ment, the number of carbon atoms of the alkyl group is from
1 to 10. According to still another embodiment, the number
of carbon atoms of the alkyl group is from 1 to 6. Specific
examples of the alkyl group may 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-di-
methylbutyl, 2-ethylbutyl, 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, 4-methylhexyl, S-methylhexyl and the
like, but are not limited thereto.

[0032] In the present specification, the alkenyl group may
be linear or branched, and although not particularly limited
thereto, the number of carbon atoms is preferably from 2 to
40. According to one embodiment, the number of carbon
atoms of the alkenyl group is from 2 to 20. According to
another embodiment, the number of carbon atoms of the
alkenyl group is from 2 to 10. According to still another
embodiment, the number of carbon atoms of the alkenyl
group is from 2 to 6. Specific examples thereof may include
vinyl, 1-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-bute-
nyl, 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.
[0033] Inthe present specification, the cycloalkyl group is
not particularly limited, but preferably has 3 to 60 carbon
atoms, and according to one embodiment, the number of
carbon atoms of the cycloalkyl group is from 3 to 30.
According to another embodiment, the number of carbon
atoms of the cycloalkyl group is from 3 to 20. According to
still another embodiment, the number of carbon atoms of the
cycloalkyl group is from 3 to 6. Specific examples thereof
may include cyclopropyl, cyclobutyl, cyclopentyl, 3-meth-
ylcyclopentyl,  2,3-dimethylcyclopentyl,  cyclohexyl,
3-methylcyclohexyl, 4-methylcyclohexyl, 2,3-dimethylcy-
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clohexyl, 3,4,5-trimethylcyclohexyl, 4-tert-butylcyclohexyl,
cycloheptyl, cyclooctyl and the like, but are not limited
thereto.

[0034] In the present specification, the alkoxy group is not
particularly limited, but preferably has 1 to 40 carbon atoms.
According to one embodiment, the number of carbon atoms
of the alkoxy group is from 1 to 10. According to another
embodiment, the number of carbon atoms of the alkoxy
group is from 1 to 6. Specific examples of the alkoxy group
may include a methoxy group, an ethoxy group, a propoxy
group, an isobutyloxy group, a sec-butyloxy group, a pen-
tyloxy group, an iso-amyloxy group, a hexyloxy group and
the like, but are not limited thereto.

[0035] In the present specification, the aryl group is not
particularly limited, but preferably has 6 to 60 carbon atoms,
and may be a monocyclic aryl group or a multicyclic aryl
group. According to one embodiment, the number of carbon
atoms of the aryl group is from 6 to 30. According to one
embodiment, the number of carbon atoms of the aryl group
is from 6 to 20. 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. Examples of the
multicyclic 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, a
triphenylene group and the like, but are not limited thereto.

[0036] In the present specification, the fluorenyl group
may be substituted, and two of the substituents may bond to
each other to form a spiro structure.

[0037] When the fluorenyl group is substituted,

o O
SO0
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and the like may be included. However, the structure is not
limited thereto.

[0038] In the present specification, the heterocyclic group
is a heterocyclic group including one or more of N, O, S, Si
and Se as a heteroatom, and although not particularly limited
thereto, the number of carbon atoms is preferably from 2 to
60. Examples of the heterocyclic group may include a
thiophene group, a furan group, a pyrrole group, an imida-
zole 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 carboline group, an acenaphthoquinoxaline
group, an indenoquinazoline group, and indenoisoquinoline
group, an indenoquinoline group, a pyridoindole 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 benzimi-
dazole group, a benzothiazole group, a benzocarbazole
group, a benzothiophene group, a dibenzothiophene group,
a benzofurane group, a dibenzofuran group, a phenanthro-
line group, a thiazolyl group, an isoxazolyl group, an oxadi-
azolyl group, a thiadiazolyl group, a benzothiazolyl group,
a phenoxazinyl group, a phenothiazinyl group, a dibenzo-
furanyl group and the like, but are not limited thereto. The
heterocyclic group includes an aliphatic heterocyclic group
and an aromatic heterocyclic group.

[0039] In the present specification, the descriptions on the
aryl group provided above may be used on the aryl group in
the aralkyl group, the aralkenyl group, the alkylaryl group,
the haloaryl group, the haloalkylaryl group, the arylsilyl
group and the cyanoaryl group.

[0040] 1In the present specification, the descriptions on the
alkyl group provided above may be used on the alkyl group
in the aralkyl group, the alkylaryl group, the haloalkyl
group, the haloalkylaryl group and the alkylsilyl group.
[0041] In the present specification, the descriptions on the
alkenyl group provided above may be used on the alkenyl
group in the aralkenyl group.

[0042] In the present specification, the descriptions on the
alkoxy group provided above may be used on the alkoxy
group in the haloalkoxy group.
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[0043] 1In the present specification, the haloalkyl group,
the haloalkoxy group, the haloalkylaryl group and the
haloaryl group respectively mean an alkyl group, an alkoxy
group, an alkylaryl group and an aryl group substituted with
halogen.

[0044] In the present specification, the cyanoaryl group
means an aryl group substituted with one or more nitrile
groups.

[0045] In the present specification, the alkylsilyl group
means a silyl group substituted with an alkyl group, and the
arylsilyl group means a silyl group substituted with an aryl
group, which may be represented by —SiRR'R", and herein
R, R"and R" are an alkyl group or an aryl group. Herein, the
descriptions on the alkyl group and the aryl group provided
above may be used on the alkyl group and the aryl group,
respectively.

[0046] In the present specification, a germanium group
may be represented by the chemical formula of —GeR R-
R, and R, R, and R_may each be hydrogen; a substituted
or unsubstituted alkyl group; or a substituted or unsubsti-
tuted aryl group. Specifically, the germanium group may be
a trimethylgermanium group, a triethylgermanium group, a
t-butyldimethylgermanium group and the like, but is not
limited thereto.

[0047] According to one embodiment of the present speci-
fication, Chemical Formula 1 may be represented by one of
the following Chemical Formulae 2, 3 and 5 to 7.

[Chemical Formula 2]

[Chemical Formula 3]

Rslp

[Chemical Formula 5]
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-continued
[Chemical Formula 6]

Rl R,

7 N 3
)
(Rs)p/\ \ | / /\(Rs)q

Ry

[Chemical Formula 7]

[0048] In Chemical Formulae 2, 3 and 5 to 7, definitions
of substituents are the same as in Chemical Formula 1.

[0049] According to one embodiment of the present speci-
fication, Chemical Formula 1 may be represented by one of
the following Chemical Formulae 8§ to 13.

[Chemical Formula 8]

[Chemical Formula 9]

[Chemical Formula 10]
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-continued

[Chemical Formula 11]
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[Chemical Formula 13]

Z
R Rspp (Re)d

[0050] In Chemical Formulae 8 to 13, definitions of sub-
stituents are the same as in Chemical Formula 1.

[0051] According to one embodiment of the present speci-
fication, R, and R, are the same as or different from each
other, and may be each independently represented by the
following Chemical Formula 14.

[Chemical Formula 14]

[0052] In Chemical Formula 14, X, to X, are the same as
or different from each other, and each independently CH, CR
or N, and

[0053] R is deuterium; a halogen group; a nitrile group; an
alkyl group; a haloalkyl group; an alkoxy group; or a
haloalkoxy group.

[0054] According to one embodiment, R of Chemical
Formula 14 is a fluoro group, a nitrile group, CH,, CF,,
OCHj; or OCF.

[0055] According to one embodiment of the present speci-
fication, Chemical Formula 14 may be selected from among
the following structural formulae.

Rg Rjs
Ry R Ry N Ris
N
&
Ry Ry Ry

Rys

R, Ris

N N 4 N\
R 7~ Ri7 Rg 7 Ry7

[0056] Inthe structural formulae, R, to R, , are the same as
or different from each other, and each independently deute-
rium; a halogen group; a nitrile group; an alkyl group; a
haloalkyl group; an alkoxy group; or a haloalkoxy group,
and R ; to R, are the same as or different from each other,
and each independently hydrogen; deuterium; a halogen
group; a nitrile group; an alkyl group; a haloalkyl group; an
alkoxy group; or a haloalkoxy group.

[0057] According to one embodiment of the present speci-
fication, Chemical Formula 14 may be selected from among
the following structural formulae.

PP
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-continued

CN CN
; F % CF;
F F FyC CF; NC
N
P

OCF; CN

ANy

&

F CN
HyC CHy Fo F T F
N
E 3 y
F
NC CN
F F
F CN
F
EC H, F
F
X
N

Bt

CH;
C
NC
|
F N
N
F%

[0058] According to one embodiment of the present speci-
fication, Ry and R, are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a nitrile group; a substituted or unsubstituted
haloalkyl group; a substituted or unsubstituted haloalkoxy

CN
F F
F F
CN N,
N
S =
F
F
F
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group; a substituted or unsubstituted haloalkylaryl group; a
substituted or unsubstituted aryl group; a substituted or
unsubstituted haloaryl group; or a substituted or unsubsti-
tuted heterocyclic group.

[0059] According to one embodiment of the present speci-
fication, Ry and R, are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a nitrile group; a haloalkyl group; a haloalkoxy
group; a haloalkylaryl group; an aryl group; a haloaryl
group; or a heterocyclic group containing N, O or S.

[0060] According to one embodiment of the present speci-
fication, Ry and R, are the same as or different from each
other, and each independently hydrogen; deuterium; a fluoro
group; a nitrile group; a fluoroalkyl group; a fluoroalkoxy
group; a fluoroalkylaryl group; an aryl group; a fluoroaryl
group; or a heterocyclic group containing N, O or S.

[0061] According to one embodiment of the present speci-
fication, Ry and R, are the same as or different from each
other, and each independently hydrogen; deuterium; a fluoro
group; a nitrile group; a fluoroalkyl group; a fluoroalkoxy
group; a fluoroalkylaryl group; an aryl group; a fluoroaryl
group; a thiophene group, a pyridine group or a quinoline
group.

[0062] According to one embodiment of the present speci-
fication, Ry and R are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted haloalkyl group; a substituted or
unsubstituted alkoxy group; a substituted or unsubstituted
haloalkoxy group; a substituted or unsubstituted alkylaryl
group; a substituted or unsubstituted haloalkylaryl group; a
substituted or unsubstituted aryl group; a substituted or
unsubstituted haloaryl group; or a substituted or unsubsti-
tuted heterocyclic group.

[0063] According to one embodiment of the present speci-
fication, Ry and R are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a substituted or unsubstituted haloalkyl group; a
substituted or unsubstituted haloalkoxy group; a substituted
or unsubstituted haloalkylaryl group; or a substituted or
unsubstituted haloaryl group.

[0064] According to one embodiment of the present speci-
fication, Ry and R are the same as or different from each
other, and each independently hydrogen; deuterium; a halo-
gen group; a haloalkyl group; a haloalkoxy group; a
haloalkylaryl group; or a haloaryl group.

[0065] According to one embodiment of the present dis-
closure, the compound of Chemical Fornmula 1 may be any
one selected from among the following compounds.

Jasesh
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[0066] In the structural formulae, definitions of R; and R,
are the same as in Chemical Formula 1.

[0067] The compound of Chemical Formula 1 described
above may be prepared using materials and reactions con-
ditions known in the art. For example, indenofluorenedione
is prepared according to the following Reaction Formula 1
with reference to synthesis methods described in the litera-
ture [Chemische Berichte (1956) volume 89 page 2799] or
[Journal of Organic Chemistry (2001) volume 66 page
7666], or Japanese Patent No. 3098330.

Reaction Formula 1
—_—
) I
Rh Ra
—_—
Rg Re Rd Rb

Rf Re
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-continued
HO,C CO,H
Rh Ra
O O
Re Re Rd Rb
Rf Re
(0] [¢]
) .O’ ’
RE Re Rd Re
Reaction Formula 2

[0068]
one of Re to Rh have the same definitions as R; and R,
respectively, and the rest have the same definitions as R or
Ry, and definitions of X, to X, are the same as in Chemical
Formula 14.

In Reaction Formulae 1 and 2, one of Ra to Rd and

[0069] Reaction Formulae 1 and 2 illustrate a process
preparing the compound of Chemical Formula 5, however,
based on these reaction formulae, the remaining compounds
may also be prepared using reaction conditions or materials
known in the art. In addition, the types and the numbers of
the substituents of the compounds may be modified as
necessary.

[0070] In addition, the present specification provides an
organic light emitting device including the compound rep-
resented by Chemical Formula 1.

[0071] One embodiment of the present specification pro-
vides 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 provided
between the first electrode and the second electrode, wherein
one or more layers of the organic material layers include the
compound of Chemical Formula 1.

[0072] The organic material layer of the organic light
emitting device of the present specification may be formed
in a single layer structure, but may be formed in a multilayer
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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 further includ-
ing, as the organic material layer in addition to a light
emitting layer, at least one layer of a hole injection layer, a
hole buffer layer, a hole transfer layer, an electron blocking
layer, a hole blocking layer, an electron transfer layer and an
electron injection layer. However, the structure of the
organic light emitting device is not limited thereto, and may
include less numbers of organic material layers.

[0073] In one embodiment of the present specification, the
organic material layer includes a light emitting layer, and the
light emitting layer includes a compound represented by the
following Chemical Formula A-1.

[Chemical Formula A-1]

N—L——Arl

Arl

[0074] In Chemical Formula A-1,

[0075] Arl is a substituted or unsubstituted monovalent or
higher benzofluorene group; a substituted or unsubstituted
monovalent or higher fluoranthene group; a substituted or
unsubstituted monovalent or higher pyrene group; or a
substituted or unsubstituted monovalent or higher chrysene
group,

[0076] L is a direct bond; a substituted or unsubstituted
arylene group; or a substituted or unsubstituted het-
eroarylene group,

[0077] Ar2 and Ar3 are the same as or different from each
other, and each independently a substituted or unsubstituted
aryl group; a substituted or unsubstituted silyl group; a
substituted or unsubstituted alkyl group; a substituted or
unsubstituted aralkyl group; or a substituted or unsubstituted
heteroaryl group, or may bond to each other to form a
substituted or unsubstituted ring,

[0078] n is an integer of 1 or greater, and

[0079] when n is 2 or greater, substituents in the paren-
theses are the same as or different from each other.

[0080] According to one embodiment of the present speci-
fication, the organic material layer includes a light emitting
layer, and the light emitting layer includes the compound
represented by Chemical Formula A-1 as a dopant of the
light emitting layer.

[0081] In one embodiment of the present specification, L
is a direct bond.

[0082] According to one embodiment of the present speci-
fication, n is 2.
[0083] In one embodiment of the present specification, An

is a substituted or unsubstituted divalent pyrene group.
[0084] In another embodiment, Arl is a divalent pyrene
group unsubstituted or substituted with a methyl group, an
ethyl group, a t-butyl group or an isopropyl group.

[0085] In another embodiment, Arl is a divalent pyrene
group.
[0086] In one embodiment of the present specification,

Ar2 and Ar3 are the same as or different from each other, and
each independently a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms; a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms; or a substituted or
unsubstituted heteroaryl group having 2 to 30 carbon atoms.
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[0087] According to one embodiment of the present speci-
fication, Ar2 and Ar3 are the same as or different from each
other, and each independently a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 carbon atoms.
[0088] In one embodiment of the present specification,
Ar2 and Ar3 are the same as or different from each other, and
each independently an aryl group having 6 to 30 carbon
atoms unsubstituted or substituted with a germanium group;
or a heteroaryl group having 2 to 30 carbon atoms unsub-
stituted or substituted with a germanium group.

[0089] In one embodiment of the present specification,
Ar2 and Ar3 are the same as or different from each other, and
each independently a phenyl group unsubstituted or substi-
tuted with a germanium group.

[0090] In one embodiment of the present specification,
Ar2 and Ar3 are the same as or different from each other, and
each independently a phenyl group unsubstituted or substi-
tuted with a trimethylgermanium group.

[0091] In one embodiment of the present disclosure,
Chemical Formula A-1 may be the following compound.

Aot
Ge/
| ~

@ indicates text missing or illegible when filed

[0092] In one embodiment, the organic material layer
includes a light emitting layer, and the light emitting layer
includes a compound represented by the following Chemical
Formula A-2.

[Chemical Formula A-2]

G2 G3
Gl O G4
v Q N
G8 O G5
G7 G6
[0093] In Chemical Formula A-2,
[0094] Ard and Ar5 are the same as or different from each

other, and each independently a substituted or unsubstituted
monocyclic aryl group; or a substituted or unsubstituted
multicyclic aryl group,

[0095] G1 to GB are the same as or different from each
other, and each independently hydrogen; a silyl group; a
halogen group; a cyano group; a substituted or unsubstituted
monocyclic aryl group; a substituted or unsubstituted mul-
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ticyclic aryl group; a substituted or unsubstituted alkyl
group; a substituted or unsubstituted cycloalkyl group; or a
substituted or unsubstituted alkoxy group.

[0096] In one embodiment, the organic material layer
includes a light emitting layer, and the light emitting layer
includes the compound represented by Chemical Formula
A-2 as a host of the light emitting layer.

[0097] In one embodiment of the present disclosure, Ar4
and Ar5 are the same as or different from each other, and
each independently a substituted or unsubstituted multicy-
clic aryl group.

[0098] In one embodiment, Ard and ArS5 are the same as or
different from each other, and each independently a substi-
tuted or unsubstituted naphthyl group.

[0099] In one embodiment of the present disclosure, Ar4
and Ar5 are the same as or different from each other, and
each independently a substituted or unsubstituted 2-naphthyl
group; or a substituted or unsubstituted 1-naphthyl group.
[0100] According to one embodiment, Ar4 and Ar5 are a
2-naphthyl group.

[0101] In one embodiment, G1 to G8 are the same as or
different from each other, and each independently hydrogen;
or a substituted or unsubstituted alkyl group.

[0102] According to one embodiment, G1 to G8 are the
same as or different from each other, and each independently
hydrogen; or a substituted or unsubstituted alkyl group
having 1 to 10 carbon atoms.

[0103] In one embodiment of the present disclosure, G1 to
G8 are the same as or different from each other, and each
independently hydrogen; a methyl group, an ethyl group, a
propyl group, an isopropyl group or a butyl group.

[0104] In one embodiment, G1 to G8 are the same as or
different from each other, and each independently hydrogen;
or a methyl group.

[0105] In one embodiment of the present disclosure,
Chemical Formula A-2 may be the following compound.

X

\

f/ \2 /

[0106] In one embodiment, the organic material layer
includes a light emitting layer, and the light emitting layer
may include the compound represented by Chemical For-
mula A-1 as a dopant of the light emitting layer, and may
include the compound represented by Chemical Formula
A-2 as a host of the light emitting layer.
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[0107] According to one embodiment, the organic light
emitting device may be an organic light emitting device
having a structure of consecutively laminating an anode, one
or more organic material layers and a cathode on a substrate
(normal type). According to another embodiment, the
organic light emitting device may be an organic light emit-
ting device having a reverse structure of consecutively
laminating a cathode, one or more organic material layers
and an anode on a substrate (inverted type).

[0108] The organic light emitting device of the present
specification may be manufactured using materials and
methods known in the art, except that one or more layers of
the organic material layers include the compound of Chemi-
cal Formula 1, that is, the compound represented by Chemi-
cal Formula 1.

[0109] For example. the organic light emitting device
according to the present specification may be manufactured
by consecutively laminating a first electrode, an organic
material layer and a second electrode on a substrate. Herein,
the organic light emitting device may be manufactured by
forming an anode on a substrate by depositing a metal, a
metal oxide having conductivity, or an alloy thereof using a
physical vapor deposition (PVD) method such as sputtering
or e-beam evaporation, and forming an 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 such a method, the organic
light emitting device may also be manufactured by consecu-
tively depositing a cathode material, an organic material
layer and an anode material on a substrate.

[0110] In addition, the compound of Chemical Formula 1
may be formed into the organic material layer using a
solution coating method as well as a vacuum deposition
method when manufacturing the organic light emitting
device. Herein, the solution coating method means spin
coating, dip coating, doctor blading, inkjet printing, screen
printing, a spray method, roll coating and the like, but is not
limited thereto.

[0111] In addition to such a method, the organic light
emitting device may be manufactured by consecutively
depositing a cathode material, an organic material layer and
an anode material on a substrate (International Patent Appli-
cation Laid-Open Publication No. 2003/012890). However,
the manufacturing method is not limited thereto.

[0112] Inone embodiment of the present specification, the
first electrode is an anode, and the second electrode is a
cathode.

[0113] In another embodiment, the first electrode is a
cathode, and the second electrode is an anode.

[0114] The organic light emitting device may have, for
example, a laminated structure as below, however, the
structure is not limited thereto.

[0115] (1) Anode/hole transfer layer/light emitting layer/
cathode
[0116] (2) Anode/hole injection layer/hole transfer layer/

light emitting layer/cathode
[0117] (3) Anode/hole injection layer/hole buffer layer/
hole transfer layer/light emitting layer/cathode

[0118] (4) Anode/hole transfer layer/light emitting layer/
electron transfer layer/cathode

[0119] (5) Anode/hole transfer layer/light emitting layer/
electron transfer layer/electron injection layer/cathode
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[0120] (6) Anode/hole injection layer/hole transfer layer/
light emitting layer/electron transfer layer/cathode

[0121] (7) Anode/hole injection layer/hole transfer layer/
light emitting layer/electron transfer layer/electron injection
layer/cathode

[0122] (8) Anode/hole injection layer/hole buffer layer/
hole transfer layer/light emitting layer/electron transfer
layer/cathode

[0123] (9) Anode/hole injection layer/hole buffer layer/
hole transfer layer/light emitting layer/electron transfer
layer/electron injection layer/cathode

[0124] (10) Anode/hole transfer layer/electron blocking
layer/light emitting layer/electron transfer layer/cathode
[0125] (11) Anode/hole transfer layer/electron blocking
layer/light emitting layer/electron transfer layer/electron
injection layer/cathode

[0126] (12) Anode/hole injection layer/hole transfer layer/
electron blocking layer/light emitting layer/electron transfer
layer/cathode

[0127] (13) Anode/hole injection layer/hole transfer layer/
electron blocking layer/light emitting layer/electron transfer
layer/electron injection layer/cathode

[0128] (14) Anode/hole transfer layer/light emitting layer/
hole blocking layer/electron transfer layer/cathode

[0129] (15) Anode/hole transfer layer/light emitting layer/
hole blocking layer/electron transfer layer/electron injection
layer/cathode

[0130] (16) Anode/hole injection layer/hole transfer layer/
light emitting layer/hole blocking layer/electron transfer
layer/cathode

[0131] (17) Anode/hole injection layer/hole transfer layer/
light emitting layer/hole blocking layer/electron transfer
layer/electron injection layer/cathode

[0132] Forexample, structures of an organic light emitting
device according to one embodiment of the present speci-
fication are illustrated in FI1G. 1 and FIG. 2.

[0133] FIG. 1 illustrates an organic light emitting device
formed with a substrate (1), an anode (2), a hole transfer
layer (6), a light emitting layer (3) and a cathode (4). In such
a structure, the compound may be included in the hole
transfer layer.

[0134] FIG. 2 illustrates an organic light emitting device
formed with a substrate (1), an anode (2), a hole injection
layer (5), a hole transfer layer (6), a light emitting layer (3),
an electron transfer layer (8) and a cathode (4). In such a
structure, the compound may be included in the hole injec-
tion layer or the hole transfer layer.

[0135] The anode (2) is an electrode injecting holes, and
may be any one of indium tin oxide (ITO), indium zinc oxide
(IZ0O) or zinc oxide (Zn0O) having large work function. In
addition, when the anode (2) is a reflective electrode, the
anode (2) may further include a reflective layer formed with
any one of aluminum (Al), silver (Ag) or nickel (Ni) below
the layer formed with any one of ITO, IZO or ZnO.
[0136] The hole injection layer (5) may perform a role of
smoothly injecting holes from the anode (2) to the light
emitting layer (3). The hole injection layer (5) may include
the compound of Chemical Formula 1. In this case, the hole
injection layer (5) may be formed only with the compound
of Chemical Formula 1, however, the compound of Chemi-
cal Formula 1 may be present as being mixed or doped to
other hole injection layer materials known in the art. The
compound of Chemical Formula 1 may occupy 100% of the
hole injection layer, but may also be doped in 0.1% by
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weight to 50% by weight. The compound of Chemical
Formula 1 is a derivative having an indenofluorene struc-
ture, and has excellent electron accepting ability, and there-
fore, is capable of improving power consumption and low-
ering driving voltage. The hole injection layer (5) may have
a thickness of 1 nm to 150 nm. Herein, the hole injection
layer (5) having a thickness of 1 nm or greater has an
advantage of preventing the decline of hole injection prop-
erties, and when the thickness is 150 nm or less, the
thickness of the hole injection layer (5) is too high, which
has an advantage of preventing an increase in the driving
voltage for enhancing hole migration. As other hole injec-
tion layer materials, hole injection materials known in the art
may be used. For example, any one or more selected from
the group consisting of cupper phthalocyanine (CuPc), poly
(3,4)-ethylenedioxythiophene (PEDOT), polyaniline (PANT)
and N,N-dinaphthyl-N,N'-diphenyl benzidine (NPD) may
be used as the hole injection layer material, however, the
material is not limited thereto.

[0137] The hole transfer layer (6) may perform a role of
smoothly transferring holes. The hole transfer layer (6) may
include the compound of Chemical Formula 1. In this case,
the hole transfer layer (6) may be formed only with the
compound of Chemical Formula 1, however, the compound
of Chemical Formula 1 may be present as being mixed or
doped to other hole transfer layer materials known in the art.
The compound of Chemical Formula 1 may occupy 100% of
the hole transfer layer, but may also be doped in 0.1% by
weight to 50% by weight. As other hole transfer layer
materials, hole transfer materials known in the art may be
used. For example, the hole transfer layer (6) may be formed
with any one or more selected from the group consisting of
N,N-dinaphthyl-N,N'-diphenylbenzidine (NPD), N,N'-bis-
(3-methylphenyl)-N.N'-bis-(phenyl)-benzidine (TPD),
s-TAD  and  4,4'4"-tris(N-3-methylphenyl-N-phenyl-
amino)-triphenylamine (MTDATA), however, the material
is not limited thereto. Examples of the hole transfer layer
material may include triazole derivatives, oxadiazole deriva-
tives, imidazole derivatives, polyarylalkane derivatives,
pyrazoline derivatives and pyrazolone derivatives, phe-
nylenediamine derivatives, arylamine derivatives, amino-
substituted chalcone derivatives, oxazole derivatives, styry-
lanthracene derivatives, fluorenone derivatives, hydrazone
derivatives, stilbene derivatives, silazane derivatives, poly-
silane-based, aniline-based copolymers, conductive polymer
oligomers (particularly thiophene oligomers), and the like.
[0138] A hole buffer layer may be additionally provided
between the hole injection layer and the hole transfer layer.
The hole buffer layer may include the compound of Chemi-
cal Formula 1, and may include other hole injection or
transfer materials known in the art. When the hole buffer
layer includes the compound of Chemical Formula 1, the
hole buffer layer may be formed only with the compound of
Chemical Formula 1 as well, but may also be formed with
the compound of Chemical Formula 1 being mixed or doped
to other host materials.

[0139] An electron blocking layer may be provided
between the hole transfer layer and the light emitting layer,
and the compound of Chemical Formula 1 or materials
known in the art may be used.

[0140] The light emitting layer (3) may emit red, green
and/or blue light, and may be formed with phosphorescent
materials or fluorescent materials. As the light emitting layer
material, materials known in the art may be used. As the
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light emitting host material, carbazole biphenyl (CBP) or
1,3-bis(carbazol-9-yl) (mCP) may be used, however, the
material is not limited thereto.

[0141] When the light emitting layer (3) emits red light,
phosphorescent materials such as bis(1-phenylisoquinoline)
acetylacetonate iridium (PIQIr(acac)), bis(1-phenylquino-
line)acetylacetonate iridium (PQIr(acac)), tris(1-phenylqui-
noline)iridium (PQIr) and octaethylporphyrin platinum
(PtOEP), or fluorescent materials such as tris(8-hydroxyqui-
nolino)aluminum (Alg;) may be used as the light emitting
dopant, however, the material is not limited thereto. When
the light emitting layer (3) emits green light, phosphorescent
materials such as fac tris(2-phenylpyridine)iridium (Ir(ppy)
3), or fluorescent materials such as tris(8-hydroxyquinolino)
aluminum (Alq,) may be used as the light emitting dopant,
however, the material is not limited thereto. When the light
emitting layer (3) emits blue light, phosphorescent materials
such as (4,6-F,PPY),Irpic, or fluorescent materials such as
spiro-DPVBI, spiro-6P, distyrylbenzene (DSB), distyry-
larylene (DSA), PFO-based polymers and PPV-based poly-
mers may be used as the light emitting dopant, however, the
material is not limited thereto.

[0142] Aholeblocking layer may be provided between the
electron transfer layer and the light emitting layer, and
materials known in the art may be used.

[0143] The electron transfer layer (8) may perform a role
of smoothly transferring electrons. Materials known in the
art such as tris(8-hydroxyquinolino)aluminum (Alq,), PBD,
TAZ, spiro-PBD, BAlq and SAlq may be used. The electron
transfer layer (8) may have a thickness of 1 nm to 50 nm.
Herein, the electron transfer layer (8) having a thickness of
1 nm or greater has an advantage of preventing the decline
of electron transfer properties, and when the thickness is 50
nm or less, the thickness of the electron transfer layer (8) is
too high, which has an advantage of preventing an increase
in the driving voltage for enhancing electron migration.
[0144] The electron injection layer may perform a role of
smoothly injecting electrons. The electron injection layer
may be formed with organic substances, complexes or metal
compounds known in the art such as tris(8-hydroxyquino-
lino)aluminum (Alg,), PBD, TAZ, Spiro-PBD, BAlq or
SAlg. As the metal compound, metal halides may be used,
and examples thereof may include LiQ, LiF, NaF, KF, RbF,
CsF, FrF, BeF,, MgF,, CaF,, SrF,, BaF,, RaF, and the like.
The electron injection layer may have a thickness of 1 nm to
50 nm. Herein, the electron injection layer having a thick-
ness of 1 nm or greater has an advantage of preventing the
decline of electron injection properties, and when the thick-
ness is 50 nm or less, the thickness of the electron injection
layer is too high, which has an advantage of preventing an
increase in the driving voltage for enhancing electron migra-
tion.

[0145] The cathode (4) is an electrode injecting electrons,
and may be formed with magnesium (Mg), calcium (Ca),
aluminum (Al), silver (Ag) having small work function, or
alloys thereof. Herein, the cathode (4) may be formed to a
thickness small enough to transmit light when an organic
electroluminescent device has a top-emission or dual-emis-
sion structure, and when an organic electroluminescent
device has a bottom-emission structure, the cathode may be
formed to a thickness large enough to reflect light.

[0146] According to another embodiment, the organic
material layer includes two or more light emitting layers,
and may include a charge generation layer including the
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compound of Chemical Formula 1 provided between the two
layers of the light emitting layers. Herein, an organic light
emitting device emitting white light may be manufactured
by having one of the light emitting layer emit blue light, and
the other emit yellow light. One or more organic material
layers such as the hole injection layer, the hole buffer layer,
the hole transfer layer, the electron blocking layer, the hole
blocking layer, the electron transfer layer and the electron
injection layer described above may be further included
between the light emitting layer and the anode or the
cathode, or between the light emitting layer and the charge
generation layer. FIG. 3 illustrates an organic light emitting
device including a substrate (1), an anode (2) and a cathode
(4), and including two units including a hole injection layer
(5a, 5b), a hole transfer layer (6a, 6b), a light emitting layer
(3a, 3b) and an electron transfer layer (8a, 8b) between the
anode and the cathode, and provided with a charge genera-
tion layer (9) between the units.

[0147] The organic light emitting device according to the
present specification may be a top-emission type, a bottom-
emission type or a dual-emission type depending on the
materials used.

[0148] In one embodiment of the present specification, the
compound of Chemical Formula 1 may be included in an
organic solar cell or an organic transistor in addition to an
organic light emitting device.

[0149] Preparation of the compound represented by
Chemical Formula 1, and manufacture of the organic light
emitting device including the same will be specifically
described with reference to the following examples. How-
ever, the following examples are for illustrative purposes
only, and the scope of the present specification is not limited
thereto.

[0150] Synthesis of Intermediate A

B(OH),

KMnO,

HO,C
H,S0,
—_—

CO,H
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[0151] 10.0 g of 1,4-diiodo-2,5-dimethylbenzene was
mixed with 7.8 g of phenylboronic acid, 1.4 g of tetrakis
(triphenylphosphine)palladium(0), 80 ml of 2 M sodium
carbonate, 40 ml of ethanol and 80 ml of toluene, and the
result was stirred under reflux for 8 hours under nitrogen
atmosphere. After cooling the result, the reaction solution
was filtered, washed with water and ethanol, and then
separated additionally using a silica gel column (developing
solvent: methylene chloride) to obtain 6.8 g of white solid.
When measuring a mass spectrum of the obtained white
solid, a peak at M/7=258 was identified.

[0152] Next, 6.8 g of this white solid was mixed with 20.0
g of potassium permanganate, 24 ml of pyridine and 40 ml
of water, and the result was stirred for 8 hours at 100° C.
After that, a mixture of 20.0 g of potassium permanganate,
24 ml of pyridine and 40 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 4.0 g of white solid.

[0153] Next, this white solid was added to 40 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C, After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 3.8 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=282 was
identified.

Synthesis of Compound A-1

[0154]

2) SnCly

CF3
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[0155] After dissolving 5.6 g of 1-bromo-3,5-bis(trifluo-
romethyl)benzene in 40 ml of tetrahydrofuran, the result was
cooled to -78° C. under nitrogen atmosphere. 7.1 ml of
n-Buli (2.5 M hexane solution) was dropped thereto, and
the result was stirred for 20 minutes at -78° C. Meanwhile,
in another flask prepared, 1 g of Intermediate A was dis-
solved in 120 ml of tetrahydrofuran, and the result was
cooled to -78° C. The produced lithium anions of the
1-bromo-3,5-bis(trifluoromethyl)benzene were introduced
to the Intermediate A solution through cannulation, the
temperature was raised to room temperature, and the result
was stirred for 2 hours. After that, the result was separated
with dilute hydrochloric acid and ethyl acetate, dried with
anhydrous sodium sulfate, and filtered. After vacuum dis-
tilling the ethyl acetate, the result was dissolved again in 100
ml of toluene, 2 g of tin chloride and trifluoroacetic acid (0.4
ml) were introduced thereto, and the result was stirred for 12
hours at 50° C, After that, the result was filtered to remove
the solid, vacuum distilled and then recrystallized with
methanol to obtain 0.88 g of solid A-1. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=676 was
identified.

[0156] Synthesis of Compound A-2
F
) F F
F F
Br

2) SnCly

[0157] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-1 except
that 5.6 g of 1-bromo-3,5-bis(trifluoromethyl)benzene was
changed to 4.7 g of bromo-pentafluorobenzene to obtain
0.92 g of solid. When measuring a mass spectrum of the
obtained solid, a peak at M/7=584 was identified.
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[0158]

Synthesis of Compound A-3

()
aEeas
()

CN

[0159] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-1 except
that 5.6 g of 1-bromo-3,5-bis(trifluoromethyl)benzene was
changed to 3.5 g of 1-bromo-4-cyanobenzene to obtain 1.0
g of solid. When measuring a mass spectrum of the obtained
solid, a peak at M/7Z=454 was identified.

[0160] Synthesis of Intermediate B

I F4®~B<OH>Z

F
KMnO,
—_—
F
F
HOC
O H,S0,
—_—
COH
F

I
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[0161] Synthesis and purification were carried out in the
same manner as in the synthesis of Intermediate A except
that 8.9 g of 4-fluorophenylboronic acid was used instead of
7.8 g of phenylboronic acid to obtain 7.2 g of white solid.
When measuring a mass spectrum of the obtained white
solid, a peak at M/Z=294 was identified.

[0162] Next, 7.2 g of this white solid was mixed with 20.0
g of potassium permanganate, 24 ml of pyridine and 40 ml
of water, and the result was stirred for 8 hours at 100° C.
After that, a mixture of 20.0 g of potassium permanganate,
24 ml of pyridine and 40 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 4.8 g of white solid.

[0163] Next, this white solid was added to 40 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C. After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 4.2 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=318 was
identified.

[0164]

Synthesis of Compound A-4

1) F3C. ; .CF3
F
Br

2y SnCly

[0165] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-1 except
that 1 g of Intermediate A was changed to 1.1 g of Inter-
mediate B to obtain 1.0 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=712 was
identified.
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[0166] Synthesis of Compound A-5

[0167] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-2 except
that 1 g of Intermediate A was changed to 1.1 g of Inter-
mediate B to obtain 1.2 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=620 was
identified.

[0168] Synthesis of Compound A-6

F

CN

[0169] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-3 except
that 1 g of Intermediate A was changed to 1.1 g of Inter-
mediate B to obtain 0.8 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=490 was
identified.
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[0170] Synthesis of Intermediate C
B(OH),
—_—

) [
KMnOy
_—

HO,C COH

H,S04
_—

[0171] 10.0 g of 1,5-diiodo-2,4-dimethylbenzene was

mixed with 7.8 g of phenylboronic acid, 1.4 g of tetrakis
(triphenylphosphine)palladium(0), 80 ml of 2 M sodium
carbonate, 40 ml of ethanol and 80 ml of toluene, and the
result was stirred under reflux for 10 hours under nitrogen
atmosphere. 7.4 g of white solid was obtained by separating
and purifying the result in the same manner as in the
synthesis of Intermediate A. When measuring a mass spec-
trum of the obtained white solid, a peak at M/Z=258 was
identified.

[0172] Next, 7.4 g of this white solid was mixed with 20.0
g of potassium permanganate, 24 ml of pyridine and 40 ml
of water, and the result was stirred for 8 hours at 100° C,
After that, a mixture of 20.0 g of potassium permanganate,
24 ml of pyridine and 40 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 5.0 g of white solid.

[0173] Next, this white solid was added to 40 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C, After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 4.0 g. When measuring a
mass spectrum of the obtained solid, a peak at M/7=282 was
identified.
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[0174] Synthesis of Compound A-7

1) KC CFs

OGOQQ

[0175] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-1 except
that 1 g of Intermediate A was changed to 1.0 g of Inter-
mediate C to obtain 0.6 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=676 was
identified.

[0176] Synthesis of Compound A-8

[0177]

Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-2 except
that 1 g of Intermediate A was changed to 1.0 g of Inter-
mediate C to obtain 0.5 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=584 was
identified.
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[0178] Synthesis of Compound A-9 When measuring a mass spectrum of the obtained white
solid, a peak at M/Z=294 was identified.

[0182] Next, 7.6 g of this white solid was mixed with 20.0

1 CN
) g of potassium permanganate, 24 ml of pyridine and 40 ml
of water, and the result was stirred for 8 hours at 100° C.
0 After that, a mixture of 20.0 g of potassium permanganate,

] 24 ml of pyridine and 40 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.

. ’ B After that, the result was filtered to remove the solid, and the
O Q m’ filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with

dilute hydrochloric acid and ion exchange water, and then

NC CN

dried to obtain 4.8 g of white solid.
[0183] Next, this white solid was added to 40 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C. After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange

i Q water, and then dried to obtain 4.4 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=318 was
identified.

[0184] Synthesis of Compound A-10

[0179] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-3 except e CF;
that 1 g of Intermediate A was changed to 1.0 g of Inter-

mediate C to obtain 0.4 g of solid. When measuring a mass Q 9

spectrum of the obtained solid, a peak at M/7Z=454 was

identified. . ’ Br ”
2) $nCl

[0180] Synthesis of Intermediate D F F

CF; F

3C
FiC CF;
F B(OH),
I

/‘:‘:‘\ KMnOy Oi ‘ !Q
- F F
F F
HO,C CO.H [0185] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-7 except
H,S0, that 1 g of Intermediate C was changed to 1.1 g of Inter-
- mediate D to obtain 0.5 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=712 was
. . identified.

[0186] Synthesis of Compound A-11

[0181] Synthesis and purification were carried out in the
same manner as in the synthesis of Intermediate C except
that 8.9 g of 4-fluorophenylboronic acid was used instead of
7.8 g of phenylboronic acid to obtain 7.6 g of white solid.

—

2) SnCly
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F-continued

[0187] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-2 except
that 1 g of Intermediate A was changed to 1.1 g of Inter-
mediate D to obtain 0.6 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=620 was
identified.

[0188] Synthesis of Compound A-12

) CN

0 0
C1TI) o
2) $uCly
F F
NC CN

o O
Pecey

[0189] Reaction and purification were carried out in the
same manner as in the synthesis of Compound A-3 except
that 1 g of Intermediate A was changed to 1.1 g of Inter-
mediate D to obtain 0.3 g of solid. When measuring a mass
spectrum of the obtained solid, a peak at M/Z=491 was
identified.

[0190] Synthesis of Intermediate E

B(OH),
_—

26
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KMnOy4
s
F F o om,s0,
COH —_—
COH
[0191] 10.0 g of 1,3-diiodo-2,4-dimethylbenzene was

mixed with 8.9 g of 4-fluorophenylboronic acid, 1.4 g of
tetrakis(triphenylphosphine)palladium(0), 80 ml of 2 M
sodium carbonate, 40 ml of ethanol and 80 ml of toluene,
and the result was stirred under reflux for 12 hours under
nitrogen atmosphere. 8.6 g of white solid was obtained by
separating and purifying the result in the same manner as in
the synthesis of Intermediate A. When measuring a mass
spectrum of the obtained white solid, a peak at M/Z=294
was identified.

[0192] Next, 8.6 g of this white solid was mixed with 23.0
¢ of potassium permanganate, 28 ml of pyridine and 50 ml
of water, and the result was stirred for 8 hours at 100° C.
After that, a mixture of 23.0 g of potassium permanganate,
28 ml of pyridine and 50 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 2.8 g of white solid.

[0193] Next, this white solid was added to 40 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C. After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 1.4 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=318 was
identified.
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[0194] Synthesis of Compound A-13

1) CN
F,
O :
(] :
Br
2) SnCly
CN

: O Q
)

O

)

F

[0195] After dissolving 10.4 g of 4-bromobenzonitrile in
120 ml of tetrahydrofuran, the result was cooled to -=78° C.
under nitrogen atmosphere. 21.3 ml of n-Buli 2.5 M
hexane solution) was dropped thereto, and the result was
stirred for 30 minutes at —=78° C. Meanwhile, in another flask
prepared, 3 g of Intermediate E was dissolved in 360 ml of
tetrahydrofuran, and the result was cooled to -78° C. The
produced lithium anions of the 4-bromobenzonitrile were
introduced to the Intermediate A solution through cannula-
tion, the temperature was raised to room temperature, and
the result was stirred for 2 hours. After that, the result was
separated with dilute hydrochloric acid and ethyl acetate,
dried with anhydrous sodium sulfate, and filtered. After
vacuum distilling the ethyl acetate, the result was dissolved
again in 300 ml of toluene, 6 g of tin chloride and trifluo-
roacetic acid (1.2 ml) were introduced thereto, and the result
was stirred for 12 hours at 50° C. After that, the result was
filtered to remove the solid, vacuum distilled and then
recrystallized with methanol to obtain 0.68 g of solid A-13.
When measuring a mass spectrum of the obtained solid, a
peak at M/7=491 was identified.

[0196] Synthesis of Intermediate F

OCF;

B(OH),

Apr. 23,2020
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-continued

F1CO
\‘\‘/\‘\ KMnO,
—_—
OCF;
F4C0 HO )
(@]
Ol H,80,
—_—
OCF,

[0197] 10.0 g of 1,4-diiodo-2,3-dimethylbenzene was
mixed with 12.8 g of 4-trifluoromethoxyphenylboronic acid,
1.4 g of tetrakis(triphenylphosphine)palladium(0), 80 ml of
2 M sodium carbonate, 40 ml of ethanol and 80 ml of
toluene, and the result was stirred under reflux for 12 hours
under nitrogen atmosphere. 9.8 g of white solid was
obtained by separating and purifying the result in the same
manner as in the synthesis of Intermediate A. When mea-
suring a mass spectrum of the obtained white solid, a peak
at M/7=426 was identified.

[0198] Next, 9.8 g of this white solid was mixed with 24.0
g of potassium permanganate, 30 ml of pyridine and 60 ml
of water, and the result was stirred for 8 hours at 100° C.
After that, a mixture of 24.0 g of potassium permanganate,
30 ml of pyridine and 60 ml of water was additionally
introduced thereto, and the result was stirred for 4 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 3.8 g of white solid.

[0199] Next, this white solid was added to 48 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C. After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 1.6 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=450 was
identified.
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[0200] Synthesis of Compound A-14

[0201] After dissolving 10.4 g of 4-bromobenzonitrile in
120 ml of tetrahydrofuran, the result was cooled to -78° C.
under nitrogen atmosphere. 21.3 ml of n-Buli (2.5 M
hexane solution) was dropped thereto, and the result was
stirred for 30 minutes at —=78° C. Meanwhile, in another flask
prepared, 3 g of Intermediate F was dissolved in 360 ml of
tetrahydrofuran, and the result was cooled to -78° C. The
produced lithium anions of the 4-bromobenzonitrile were
introduced to the Intermediate A solution through cannula-
tion, the temperature was raised to room temperature, and
the result was stirred for 2 hours. After that, the result was
separated with dilute hydrochloric acid and ethyl acetate,
dried with anhydrous sodium sulfate, and filtered. After
vacuum distilling the ethyl acetate, the result was dissolved
again in 300 ml of toluene, 6 g of tin chloride and trifluo-
roacetic acid (1.2 ml) were introduced thereto, and the result
was stirred for 12 hours at 50° C. After that, the result was
filtered to remove the solid, vacuum distilled and then
recrystallized with methanol to obtain 0.58 g of solid A-14.
When measuring a mass spectrum of the obtained solid, a
peak at M/Z=622 was identified.

[0202] Synthesis of Intermediate G

OCF,

B(OH),

Apr. 23,2020
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F5CO
KMnO,
—_—
OCF;
F,CO HO 0
H,80,
—_—
‘ O
l OH
OCF;

oy
v

OCF;

[0203] 10.0 g of 1,5-diiodo-2,4-dimethylbenzene was
mixed with 12.8 g of 4-trifluoromethoxyphenylboronic acid,
1.4 g of tetrakis(triphenylphosphine)palladium(0), 80 ml of
2 M sodium carbonate, 40 ml of ethanol and 80 ml of
toluene, and the result was stirred under reflux for 12 hours
under nitrogen atmosphere. 6.6 g of white solid was
obtained by separating and purifying the result in the same
manner as in the synthesis of Intermediate A. When mea-
suring a mass spectrum of the obtained white solid, a peak
at M/7=426 was identified.

[0204] Next, 6.6 g of this white solid was mixed with 20.0
g of potassium permanganate, 25 ml of pyridine and 50 ml
of water, and the result was stirred for 8 hours at 100° C.
After that, a mixture of 20.0 g of potassium permanganate,
25 ml of pyridine and 50 ml of water was additionally
introduced thereto, and the result was stirred for 8 hours.
After that, the result was filtered to remove the solid, and the
filtrate was neutralized by dropping 1 N hydrochloric acid
thereto. Precipitated white solid was filtered, washed with
dilute hydrochloric acid and ion exchange water, and then
dried to obtain 4.2 g of white solid.
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[0205] Next, this white solid was added to 48 ml of
concentrated sulfuric acid, and the result was heated and
stirred for 12 hours at 50° C. After that, the result was cooled
to room temperature, and the reactant was introduced to ice
water. Orange solid was filtered, washed with ion exchange
water, and then dried to obtain 1.4 g. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=450 was
identified.

Synthesis of Compound A-15

[0206]

B
2 ) SnCly

OCF3

[0207] After dissolving 12.9 g of 5-bromo-1,2,3-trifluo-
robenzene in 140 ml of tetrahydrofuran, the result was
cooled to -78° C. under nitrogen atmosphere. 21.3 ml of
n-BuLi (2.5 M hexane solution) was dropped thereto, and
the result was stirred for 30 minutes at -78° C. Meanwhile,
in another flask prepared, 3 g of Intermediate G was dis-
solved in 360 ml of tetrahydrofuran, and the result was
cooled to -78° C. The produced lithium anions of the
5-bromo-1,2,3-trifluorobenzene were introduced to the
Intermediate G solution through cannulation, the tempera-
ture was raised to room temperature, and the result was
stirred for 2 hours. After that, the result was separated with
dilute hydrochloric acid and ethyl acetate, dried with anhy-
drous sodium sulfate, and filtered. After vacuum distilling
the ethyl acetate, the result was dissolved again in 300 ml of
toluene, 6 g of tin chloride and trifluoroacetic acid (1.2 ml)
were introduced thereto, and the result was stirred for 12
hours at 50° C. After that, the result was filtered to remove
the solid, vacuum distilled and then recrystallized with
methanol to obtain 0.48 g of solid A-15. When measuring a
mass spectrum of the obtained solid, a peak at M/Z=680 was
identified.
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[0208] Example of Application in Device 1-Use in Hole
Injection Layer

Ge—

BD-A

Z
4--.0

=

/\

A
/Z

N\
Z

/

OO
g

O

alpha-NPB

Example 1

[0209] An ITO glass was patterned so that a light emitting
area became a 3 mmx3 mm size, and then cleaned. After
installing the substrate in a vacuum chamber, the base
pressure was set at 1x107° torr, and on the 1TO, an anode,
o-NPB was formed to a thickness of 100 A as a hole
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injection layer with Compound A-1 doped in a doping
concentration of 25% by weight. Subsequently, a.-NPB was
formed to a thickness of 600 A as a hole transfer layer, and
BD-A, a dopant, was deposited on MADN, a host, in a
weight ratio of 40:2 as a light emitting layer, Alq, was
formed to a thickness of 300 A as an electron transfer layer,
LiF was formed to a thickness of 10 A as an electron
injection layer, and Al was formed to a thickness of 800 A
as a cathode in this order to manufacture an organic elec-
troluminescent device.

Example 2

[0210] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-2 was doped to
the hole injection layer instead of Compound A-1.

Example 3

[0211] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-3 was doped to
the hole injection layer instead of Compound A-1.

Example 4

[0212] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-4 was doped to
the hole injection layer instead of Compound A-1.

Example 5

[0213] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-5 was doped to
the hole injection layer instead of Compound A-1.

Example 6

[0214] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-6 was doped to
the hole injection layer instead of Compound A-1.

Example 7

[0215] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-7 was doped to
the hole injection layer instead of Compound A-1.

Example 8

[0216] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-8 was doped to
the hole injection layer instead of Compound A-1.

Example 9

[0217] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that Compound A-9 was doped to
the hole injection layer instead of Compound A-1.
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Comparative Example 1

[0218] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that HAT-CN was doped to the hole
injection layer instead of Compound A-1.

Comparative Example 2

[0219] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that the hole injection layer was
formed without any doping.

Comparative Example 3

[0220] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that the following compound was
doped to the hole injection layer instead of Compound A-1.
The following compound was synthesized using a method
specified in Angewante Chemistry International Edition
2011, page 11103.
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Comparative Example 4

[0221] An organic electroluminescent device was manu-
factured under the same process condition as in Example 1
described above, except that the following compound was
doped to the hole injection layer instead of Compound A-1.
The following compound was synthesized using a method
specified in Angewante Chemistry International Edition
2011, page 11103.

%
o A
| Q \

bsnd
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[0222] Driving voltage, current efficiency, power effi-
ciency and luminance of the organic light emitting devices
manufactured in Examples 1 to 9 and Comparative
Examples 1 to 4 are listed in the following Table 1.

Apr. 23,2020

TABLE 1
Hole
Injection
Layer Driving  Current Current Power

Doping Voltage Density Efficiency Efficiency Luminance

Material (V) (mA/em?)  (cd/A) (lm/W) (cd/m?)
Example 1 Compound A-1 4.5 10 5.6 3.910 560
Example 2 Compound A-2 43 10 548 4.004 548
Example 3 Compound A-3 4.8 10 5.38 3.521 538
Example 4 Compound A-4 4.4 10 5.6 3.998 560
Example 5 Compound A-5 4 10 5.62 4.414 562
Example 6 Compound A-6 4.7 10 54 3.609 540
Example 7 Compound A-7 4.3 10 5.62 4.106 362
Example 8 Compound A-8 4.1 10 5.8 4.444 380
Example 9 Compound A-9 4.8 10 5.2 3.403 520
Comparative HAT-CN 5.8 10 4.58 2.481 458
Example 1
Comparative — 6.8 10 4.6 2.125 460
Example 2
Comparative Silyl-based 8 10 422 1.657 422
Example 3 Compound
Comparative Silyl-based 8 10 4.2 1.649 420
Example 4 Compound

[0223] Example of Application in Device 2-Use in Hole
Injection Layer

Ir(ppy)s

CBP

-continued

BCP

Example 10

[0224] An ITO glass was patterned so that a light emitting
area became a 3 mmx3 mm size, and then cleaned. After
installing the substrate in a vacuum chamber, the base
pressure was set at 1x107° torr, and as organic materials on
the ITO, an anode, Compound A-1 was formed to a thick-
ness of 40 A as a hole injection layer, o.-NPB was formed to
a thickness of 800 A as a hole transfer layer, a yellow light
emitting layer was formed to a thickness of 300 A by doping
Ir(ppy)s. a dopant, on CBP, a host, in a doping concentration
of 10% by weight, BCP was formed to a thickness of 50 A
as a hole suppression layer, Alg, was formed to a thickness
of 150 A as an electron transfer layer, LiF was formed 1o a
thickness of 5 A as an electron injection layer, and Al was
formed to a thickness of 1000 A as a cathode in this order
to manufacture an organic electroluminescent device.

Example 11

[0225] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
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described above, except that Compound A-2 was used in the
hole injection layer instead of Compound A-1.

Example 12

[0226] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that Compound A-3 was used in the
hole injection layer instead of Compound A-1.

Example 13

[0227] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that Compound A-10 was used in
the hole injection layer instead of Compound A-1.

Example 14

[0228] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that Compound A-11 was used in
the hole injection layer instead of Compound A-1.

Example 15

[0229] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that Compound A-12 was used in
the hole injection layer instead of Compound A-1.

Comparative Example 5

[0230] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that HAT-CN was used in the hole
injection layer instead of Compound A-1.

Comparative Example 6

[0231] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that the hole injection layer was not
formed.

Comparative Example 7

[0232] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that the following compound was
used in the hole injection layer instead of Compound A-1.
The following compound was synthesized using a method
specified in Angewante Chemistry International Edition
2011, page 11103.
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Comparative Example 8

[0233] An organic electroluminescent device was manu-
factured under the same process condition as in Example 10
described above, except that the following compound was
used in the hole injection layer instead of Compound A-1.
The following compound was synthesized using a method
specified in Angewante Chemistry International Edition
2011, page 11103.
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[0234] Driving voltage, current efficiency, power effi-
ciency and luminance of the organic light emitting devices
manufactured in Examples 10 to 15 and Comparative
Examples 5 to 8 are listed in the following Table 2.

TABLE 2
Hole
Injection Driving  Current  Current Power
Layer Voltage  Density  Efficiency Efficiency Luminance
Material V) (mAlem?)  (cd/A) (lm/W) (cd/m?)
Example 10 Compound A-1 4.5 10 60.04 41.916 6004
Example 11 Compound A-2 4.3 10 61 44,567 6100
Example 12 Compound A-3 4.8 10 59 38.615 5900
Example 13~ Compound A-10 4.4 10 60.18 42.968 6018
Example 14 ~ Compound A-11 4 10 62.2 48.852 6220
Example 15  Compound A-12 4.7 10 58.84 39.330 5884
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TABLE 2-continued
Hole

Injection Driving  Current Current Power

Layer Voltage  Density  Efficiency Efficiency Luminance

Material V)  (mAlem?)  (cd/A) (lm/W) (cd/m?)
Comparative HAT-CN 6 10 50.32 26.347 5032
Example 5
Comparative — 8.6 10 43.49 15.887 4349
Example 6
Comparative Silyl-based 8 10 44.88 17.624 4488
Example 7 Compound
Comparative Silyl-based 8 10 44.68 17.546 4468
Example 8 Compound
[0235] Hereinbefore, preferred embodiments of the pres- unsubstituted haloalkylaryl group; a substituted or

ent disclosure have been described, however, the present
disclosure is not limited thereto, and various modifications
may be made within the scope of the claims and the detailed
descriptions, and the modifications are also included in the
scope of the present disclosure.

unsubstituted aryl group; a substituted or unsubstituted
haloaryl group; or a substituted or unsubstituted het-
erocyclic group, p and q are each an integer of 0 to 3,
ris an integer of 0 to 2, when p is 2 or greater, R,s are
the same as or different from each other, when q is 2 or

1. A compound of the following Chemical Formula 1:

[Chemical Formula 1]

wherein, in Chemical Formula 1,

R, and R, are the same as or different from each other, and
each independently a substituted or unsubstituted phe-
nyl group; or a substituted or unsubstituted N-contain-
ing monocyclic heterocyclic group;

R, and R, are the same as or different from each other, and
each independently hydrogen; deuterium; a halogen
group; a nitrile group; a substituted or unsubstituted
alkyl group; a substituted or unsubstituted haloalkyl
group; a substituted or unsubstituted alkoxy group; a
substituted or unsubstituted haloalkoxy group; a sub-
stituted or unsubstituted alkylsilyl group; a substituted
or unsubstituted arylsilyl group; a substituted or unsub-
stituted cyanoaryl group; a substituted or unsubstituted
alkylaryl group; a substituted or unsubstituted
haloalkylaryl group; a substituted or unsubstituted aryl
group; a substituted or unsubstituted haloaryl group; or
a substituted or unsubstituted heterocyclic group; and

Rs to R, are the same as or different from each other, and
each independently hydrogen; deuterium; a halogen
group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted haloalkyl group; a substi-
tuted or unsubstituted cycloalkyl group; a substituted or
unsubstituted alkoxy group; a substituted or unsubsti-
tuted haloalkoxy group; a substituted or unsubstituted
aryloxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted aralkyl group; a
substituted or unsubstituted aralkenyl group; a substi-
tuted or unsubstituted alkylaryl group; a substituted or

greater, R;s are the same as or different from each
other, and when r is 2, R;s are the same as or different
from each other.

2. The compound of claim 1, wherein Chemical Formula

1 is represented by one of the following Chemical Formulae
2,3 and 5to 7:

[Chemical Formula 2]

[Chemical Formula 3]

Rs)p

[Chemical Formula 5]
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[Chemical Formula 6]
R Ry
R3 R4
y )
7 X

(Rsp —‘— (Re)g

[Chemical Formula 7]

wherein, in Chemical Formulae 2, 3 and 5 to 7, definitions
of substituents are the same as in Chemical Formula 1.

3. The compound of claim 1, wherein R, and R, are the
same as or different from each other, and each independently
represented by the following Chemical Formula 14:

[Chemical Formula 14]

wherein, in Chemical Formula 14, X, to X are the same
as or different from each other, and each independently
CH, CR or N; and

R is deuterium; a halogen group; a nitrile group; an alkyl
group; a haloalkyl group; an alkoxy group; or a
haloalkoxy group.

4. The compound of claim 3, wherein R is a fluoro group,
a nitrile group, CH,, CF;, OCH, or OCF,.

5. The compound of claim 1, wherein R, and R, are the
same as or different from each other, and each independently
selected from among the following structural formulae:

Rg

Ry Rpp
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-continued
Rg Rg Rg
Ry
R9 Rg Rio
Rg Rg Rys
Ry R Ry R Ry N Ry
N
S
Rj R R
Ris
Ris Ris N Rig
Xy AN
Va a
Rg Ri7 Rj3 Ry;

wherein, in the structural formulae, R, to R, , are the same
as or different from each other, and each independently
deuterium; a halogen group; a nitrile group; an alkyl
group; a haloalkyl group; an alkoxy group; or a
haloalkoxy group, R,; to R, are the same as or dif-
ferent from each other, and each independently hydro-
gen; deuterium; a halogen group; a nitrile group; an
alkyl group; a haloalkyl group; an alkoxy group; or a
haloalkoxy group.

6. The compound of claim 1, wherein R, and R, are the
same as or different from each other, and each independently
selected from among the following structural formulae:

-
?

CF3

F
CH, OCF;
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-continued

CN CN
CF3

N
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% N )i %0 /]% CH,
F
F. ; F F. % F
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NC % CN %
CH;
F F
HiC CH; F F
N
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es] 3]
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N\ N EF N\ F
7 7 : F 7 F.

7. The compound of claim 1, wherein R, and R, are the
same as or different from each other, and each independently
hydrogen; deuterium; a halogen group; a nitrile group; a
substituted or unsubstituted haloalkyl group; a substituted or
unsubstituted haloalkoxy group; a substituted or unsubsti-
tuted haloalkylaryl group; a substituted or unsubstituted aryl
group; a substituted or unsubstituted haloaryl group; or a
substituted or unsubstituted heterocyclic group.

8. The compound of claim 1, wherein R; and R, are the
same as or different from each other, and each independently
hydrogen; deuterium; a fluoro group: a nitrile group; a
fluoroalkyl group; a fluoroalkoxy group; a fluoroalkylaryl
group; an aryl group; a fluoroaryl group; or a heterocyclic
group containing N, O or S.

9. The compound of claim 1, wherein the compound of
Chemical Formula 1 selected from among the following
compounds:

F
F
OCF;
F;CO
CF;
F,C

QCOQ’ 7
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N
N
=

wherein, in the structural formulae, definitions of R, and
R, are the same as in Chemical Formula 1.

10. 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 provided between the

first electrode and the second electrode,

wherein one or more layers of the organic material layers

comprise the compound of claim 1.

11. The organic light emitting device of claim 10, wherein
the organic material layer comprises one of a hole injection
layer, a hole buffer layer, a hole transfer layer and an electron
suppression layer, and the hole injection layer, the hole
buffer layer, the hole transfer layer or the electron suppres-
sion layer comprises the compound.

12. The organic light emitting device of claim 11, wherein
the hole injection layer, the hole buffer layer, the hole
transfer layer or the electron suppression layer is formed
only with the compound.

13. The organic light emitting device of claim 11, wherein
the hole injection layer, the hole buffer layer, the hole
transfer layer or the electron suppression layer comprises the
compound in 0.1% by weight to 50% by weight based on a
weight of each of the each layers.

14. The organic light emitting device of claim 11, wherein
the organic material layer comprises two or more light
emitting layers, and further comprises a charge generation
layer comprising the compound provided between the two
light emitting layers.

15. The organic light emitting device of claim 10, wherein
the organic material layer comprises a light emitting layer,
and the light emitting layer comprises a compound repre-
sented by the following Chemical Formula A-1:

[Chemical Formula A-1]

N—L-—Arl

Arl

wherein, in Chemical Formula A-1,

Arl is a substituted or unsubstituted monovalent or higher
benzofluorene group; a substituted or unsubstituted
monovalent or higher fluoranthene group; a substituted
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or unsubstituted monovalent or higher pyrene group; or
a substituted or unsubstituted monovalent or higher
chrysene group;

L is a direct bond; a substituted or unsubstituted arylene
group; or a substituted or unsubstituted heteroarylene
group;

Ar2 and Ar3 are the same as or different from each other,
and each independently a substituted or unsubstituted
aryl group; a substituted or unsubstituted silyl group; a
substituted or unsubstituted alkyl group; a substituted
or unsubstituted aralkyl group; or a substituted or
unsubstituted heteroaryl group, or bond to each other to
form a substituted or unsubstituted ring;

n is an integer of 1 or greater; and

when n is 2 or greater, substituents in the parentheses are
the same as or different from each other.

16. The organic light emitting device of claim 15, wherein

L is a direct bond, Arl is a substituted or unsubstituted
divalent pyrene group, Ar2 and Ar3 are the same as or
different from each other, and each independently an aryl
group unsubstituted or substituted with a germanium group,
and n is 2.

17. The organic light emitting device of claim 10, wherein
the organic material layer comprises a light emitting layer,
and the light emitting layer comprises a compound repre-
sented by the following Chemical Formula A-2:

[Chemical Formula A-2]

G2 G3
Gl O G4
s O y
G8 O G5
G7 G6

wherein, in Chemical Formula A-2,
Ar4 and Ar5 are the same as or different from each other,
and each independently a substituted or unsubstituted

Apr. 23,2020

monocyclic aryl group; or a substituted or unsubsti-
tuted multicyclic aryl group; and
G1 to G8 are the same as or different from each other, and
each independently hydrogen; a silyl group: a halogen
group; a cyano group; a substituted or unsubstituted
monocyclic aryl group; a substituted or unsubstituted
multicyclic aryl group; a substituted or unsubstituted
alkyl group; a substituted or unsubstituted cycloalkyl
group; or a substituted or unsubstituted alkoxy group.
18. The organic light emitting device of claim 17, wherein
Ar4 and ArS5 are the same as or different from each other and
each independently a 2-naphthyl group, and G1 to G8 are
hydrogen; or a substituted or unsubstituted alkyl group.
19. The organic light emitting device of claim 15, wherein
the light emitting layer further comprises a compound
represented by the following Chemical Formula A-2:

[Chemical Formula A-2]

G2 G3
Gl O G4
s O y
G8 O G5

G7 G6

wherein, in Chemical Formula A-2,

Ar4 and Ar5 are the same as or different from each other,
and each independently a substituted or unsubstituted
monocyclic aryl group; or a substituted or unsubsti-
tuted multicyclic aryl group;

G1 to G8 are the same as or different from each other, and
each independently hydrogen; a silyl group; a halogen
group; a cyano group; a substituted or unsubstituted mono-
cyclic aryl group; a substituted or unsubstituted multicyclic
aryl group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; or a substi-
tuted or unsubstituted alkoxy group.

ok % k&
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