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(57 ABSTRACT

A thermally activated delayed fluorescent (TADF) material
is provided. The TADF material has a form in which an
electron donating group and an electron withdrawing group
are connected to benzene and the electron withdrawing
group is position in an ortho position to the electron donating

group.
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ORTHO-SUBSTITUTED THERMALLY
ACTIVATED DELAYED FLUORESCENCE
MATERIAL AND ORGANIC
LIGHT-EMITTING DEVICE COMPRISING
SAME

TECHNICAL FIELD

[0001] Example embodiments of the present invention
relate to compounds for an organic light emitting diode and
more specifically to thermally activated delayed fluores-
cence materials as the compounds for the organic light
emitting diode.

BACKGROUND ART

[0002] OLED (organic light emitting device) is a self-
emitting device, and has advantages of fast response time,
excellent brightness, driving voltage and response rate char-
acteristics, and implementing multi-color, as well as wide
viewing angle and excellent contrast.

[0003] General organic light emitting diode may include
an anode, a cathode, and an organic layer interposed
between the anode and the cathode. The organic layer may
include a hole injection layer, a hole transport layer, a light
emitting layer, an electron transport layer, and an electron
injection layer and the like. When a voltage is applied
between the anode and the cathode, holes injected from the
anode are moved to the light emitting layer via the hole
transport layer, and electrons injected from the cathode
moves to the light emitting layer via the electron transport
layer. Carriers, such as the holes and electrons, recombine in
the light emitting layer to generate excitons, and the excitons
transition to a ground state to emit light.

[0004] The excitons generated when the organic light
emitting diode is driven are stochastically in a singlet state
0f 25% and a triplet state of 75%. In the case of a fluorescent
light emitting material, only excitons in the singlet state
which is 25% of total excitons participate in luminescence,
and the internal quantum efficiency remains at maximum
25%. In order to improve these properties, iridium or
platinum complexes facilitating emitting from the triplet
excitons can be used, and thereby allowing excellent quan-
tum efficiency characteristics. However, these materials are
expensive, and their applications are limited due to the
instability of the blue light emitting material.

[0005] In order to solve this problem, recently, a thermally
activated delayed fluorescent organic material are being
developed. The thermally activated delayed fluorescent
organic material has an energy difference of 0.3 eV or less
between the singlet state and the triplet state of excitons. In
this case, the up-conversion from the triplet state into the
singlet state is allowed by heat corresponding to room
temperature or device driving temperature, and the theoreti-
cal quantum efficiency of nearly 100% can be achieved.

DISCLOSURE

Technical Problem

[0006] However, it is known that the actual quantum
efficiency of currently developed thermally activated
delayed fluorescent organic materials is very different from
the theoretical quantum efficiency and still needs to be
improved.
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Technical Solution

[0007] It is an object of example embodiments of the
present invention to provide a thermally activated delayed
fluorescent material and an organic light emitting diode
including the same, which can improve quantum efficiency
as the transition from a triplet state to a single state can be
more efficiently performed.

[0008] In some example embodiments, a thermally acti-
vated delayed fluorescent (TADF) material is provided. The
TADF material has a form in which an electron donating
group and an electron withdrawing group are connected to
benzene and the electron withdrawing group is position in an
ortho position to the electron donating group.

Advantageous Effects

[0009] According to example embodiments of the present
invention, as the compound introduced with the electron
donating group and the electron withdrawing group at the
ortho positions of the benzene ring can have reduced energy
difference between the singlet and triplet excited states,
up-conversion of the triplet excited states to the singlet
excited states through reverse intersystem crossing by heat
at room temperature or device operating temperature can
easily occurs, which may result in delayed fluorescence.

DESCRIPTION OF DRAWINGS

[0010] Example embodiments of the present invention
will become more apparent by describing in detail example
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0011] FIG. 1 is a cross-sectional view illustrating an
organic light emitting diode according to an exemplary
embodiment of the present invention; and

[0012] FIG. 2 shows distribution of molecular orbital of
Compound 1 prepared according to Synthesis Example 1,
Comparative Compound 2, and Comparative Compound 3.

MODES OF THE INVENTION

[0013] Hereinafter, the present invention will be described
in further detail with reference to several aspects and various
exemplary embodiments. Hereinafter, exemplary embodi-
ments of the present invention will be described in detail
with reference to the accompanying drawings. The embodi-
ments to be described below may be modified in several
different forms, and the scope of the present invention is not
limited to the embodiments. Rather, the embodiments are
provided to further faithfully and fully explain this disclo-
sure and to fully convey the scope of the present invention
to those skilled in the art. Like reference numerals in the
drawings denote like elements.

[0014] As used herein, the term “alkyl group” means an
aliphatic hydrocarbon group, unless otherwise defined. The
alkyl group may be a saturated alkyl group which does not
contain any double or triple bonds. Or the alkyl group may
be an unsaturated alkyl group comprising at least one double
bond or triple bond. The alkyl group, whether saturated or
unsaturated, may be branched, straight chain or cyclic. The
alkyl group may be a C1 to C30 alkyl group. More specifi-
cally, the alkyl group may be a C1 to C10 alkyl group or a
C1 to C6 alkyl group. For example, the C1 to C4 alkyl
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groups may be selected from the group consisting of methyl,
ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and
t-butyl.

[0015] As used herein, the term “aryl group” means a
monocyclic aromatic compound or a polycyclic aromatic
compound composed of fused aromatic rings unless other-
wise defined, and includes a heteroaryl group.

[0016] As used herein, “heteroaryl group”, unless other-
wise defined, is a monocyclic aromatic compound or a
polycyclic aromatic compound composed of fused aromatic
rings, which contains at least one heteroatom selected from
the group consisting of N, O, S, Se, and P in at least one ring.
[0017] As used herein, the term “halogen group” means a
group 7 element, for example, F, Cl, Br, or I, unless
otherwise defined. As an example, the halogen group may be
F.

[0018] When “Cx-Cy” is described in the present speci-
fication, the number of carbon atoms corresponding to all the
integers between x and y is also to be interpreted as
described.

[0019] Thermally Activated Delayed Fluorescent (TADF)
Material
[0020] The following Chemical Formula 1 represents a

compound according to one exemplary embodiment of the
present invention.

[Chemical Formula 1]
R¢ Ry

Rs Rg

Repe Rewe

[0021] In the Chemical Formula 1,

[0022] Ry, may be an electron donating group,

[0023] Ryy; may be an electron withdrawing group,
[0024] R, to Rg may be, independently of each other, a

hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C9 alkyl group, a substituted or unsubsti-
tuted C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, a substituted or unsubstituted
C3-C30 heteroaryl group, a substituted or unsubstituted
aryloxy group, a substituted or unsubstituted arylamine
group, a substituted or unsubstituted fused arylamine group,
a substituted or unsubstituted phosphine or phosphine oxide
group, a substituted or unsubstituted thiol group, a substi-
tuted or unsubstituted sulfoxide or sulfone group.

[0025] The electron donating group may be a substituted
or unsubstituted amine group, and the electron withdrawing
group may be a substituted or unsubstituted triazine group.
[0026] The compound represented by Chemical Formula 1
may be a light emitting material. Specifically, it may be a
thermally activated delayed fluorescent (TADF) material
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exhibiting thermally activated delayed fluorescence. More
specifically, it can be used as a light emitting dopant in an
organic light emitting device. However, it is not limited to
this, and it may be used in any layer in the organic light
emitting device, or may also be used as a host material in the
light emitting layer.

[0027]
has the form in which the electron donating group and the
electron withdrawing group are bonded to benzene, and the

The compound represented by Chemical Formula 1

electron withdrawing group is positioned in an adjacent
position (ortho position) to the electron donating group.
Thus, through the effect of steric hindrance by introducing
the electron withdrawing group and the electron withdraw-
ing group at ortho positions of benzene to each other, it is
possible to control the overlapping of HOMO (Highest
Occupied Molecular Orbital) and LUMO (Lowest Unoccu-
pied Molecular Orbital) and reduce the difference between
the singlet energy (S1) and the triplet energy (T1). Specifi-
cally, as the compound introduced with the electron with-
drawing group and the electron withdrawing group at ortho
positions of the benzene ring has a minimized energy
difference between the singlet excited state and the triplet
excited state (less than 0.3 eV), up-conversion of the triplet
excited state to the singlet excited state through reverse
intersystem crossing by heat at room temperature or device
operating temperature can easily occurs, which may result in
delayed fluorescence.

[0028] Specific examples of the compound represented by
Chemical Formula 1 may be represented by any one of the
following Chemical Formulas 2 to 4.

[Chemical Formula 2]

Rys
Ry Ras
Ry
\Iif 25
Ry
Il
)\ )\
N
[Chemical Formula 3]
Rjg
Rs )\ Rs
\\I/ NZ N AR
Rog \ Ra3
Rys Ry Ryg Rsy
Rog Rs)
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-continued
[Chemical Formula 4]
Rss
Ry R3s
Ry
> Il\] R37
Re
NZ DN Re_Ru
Rys N
N
Ry N Rsg
Ry
s
Ry3 Il‘I Ryj Rso
Ry R Ryo

[0029] In Chemical Formulas 2 to 4, R, to R, may,
independently of each other, represent a substituted or
unsubstituted C1-C9 alkyl group, a substituted or unsubsti-
tuted C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, or a substituted or unsubstituted
C3-C30 heteroaryl group; R, and R,, R; and R,, R and R,
R, and Ry, Ry and R, or R;; and R, may be optionally
combined together with the nitrogen to which they are
attached to form a substituted or unsubstituted heterocyclyl
or a substituted or unsubstituted heteroaryl group.

[0030] In Chemical Formulas 2 to 4, R;, to R;, may be
functional groups connected to the triazine group through
carbon, nitrogen, oxygen, silicon, sulfur, or phosphorus, and,
independently of each other, a cyano group, a substituted or
unsubstituted C1-C9 alkyl group, a substituted or unsubsti-
tuted C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted

C6-C30 alkylaryl group, a substituted or
C6-C30 aralkyl group, a substituted or
C3-C30 heteroaryl group, a substituted or
C1-C30 alkyloxy group, a substituted or

unsubstituted
unsubstituted
unsubstituted
unsubstituted

C3-C30 aryloxy group, a C1-C9 alkylsilyl group, or a
substituted or unsubstituted —NR_R,. The R, and R, may
be independently selected from the group conmsisting of
hydrogen, heavy hydrogen, a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted C6-C30 aryl
group, a substituted or unsubstituted C6-C30 aralkyl group,
or a substituted or unsubstituted C3-C30 heteroaryl group.
The R, and R, may optionally be combined together with the
nitrogen to which they are attached to form a substituted or
unsubstituted heterocyclyl or a substituted or unsubstituted
heteroaryl group.

[0031] Each of R,, to R,; may be the same as any one of
R to Rq defined in the above Chemical Formula 1. Specifi-
cally, R, to R,s may be, independently of each other,
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hydrogen, deuterium, a halogen group, a substituted or
unsubstituted C4-C6 aryl group, or a substituted or unsub-
stituted C1-C3 alkyl group. Here, the substituted C1-C3
alkyl group may be a halogen-substituted C1-C3 alkyl
group, and the halogen group may be F.

[0032] The electron donating group in Chemical Formula
1, or —NR;R,, —NR;R,, —NR R4, —NR.R;, —NRgR,,,
or —NR,R,, in Chemical Formulas 2 to 4 may be, inde-
pendently of each other, any one of Structural Formulas Al
to A19, for example, A6, A8, A9 or A10.

(A

Subl
| (A2
N\]
Subl
(A3)
(A4
(A5)
(A6)
(A7)
N
R N
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Sub,

Sub,

-continued

(A8)

(A9)

(AL0)

(A1D)

(A12)

(Al3)

(Al4)

(A15)
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-continued
(A16)
| (A17)
N
| AN
N
Sub, I
(6]
(A1)
(A19)

s N

s /N Sub;
d o

[0033] In Structural Formulas Al to A19,

[0034] R, is the same as R, in the above Chemical For-
mula 2,

[0035] R,; to R,, may be, independently of each other,
hydrogen, deuterium, a substituted or unsubstituted C1-C2
alkyl group, or a substituted or unsubstituted C6-C30 aryl
£roup,

[0036] Sub, and Sub, may be, independently of each
other, hydrogen, deuterium, a halogen group, a cyano group,
a substituted or unsubstituted C1-C9 alkyl group, a substi-
tuted or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 alkylaryl group, a substituted or
unsubstituted C3-C30 heteroaryl group, a substituted or
unsubstituted C1-C9 alkyloxy group, a substituted or unsub-
stituted —NR_R , a substituted or unsubstituted silyl group,
a substituted or unsubstituted phosphine group, a substituted
or unsubstituted phosphine oxide group, a substituted or
unsubstituted thiol group, a substituted or unsubstituted
sulfoxide group, a substituted or unsubstituted sulfone
group, a substituted or unsubstituted C5-C30 arylsilyl group,
a substituted or unsubstituted C5-C30 arylthio group, a
substituted or unsubstituted C5-C30 aryloxy group, a sub-
stituted or unsubstituted C5-C30 arylamine group, or a
substituted or unsubstituted C5-C30 aralkyl group. R, and
R, may be, independently of each other, selected from the
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group consisting of a substituted or unsubstituted C1-C9
alkyl group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted C6-C30 aryl
group, a substituted or unsubstituted C6-C30 aralkyl group,
or a substituted or unsubstituted C3-C30 heteroaryl group.
R, and R, may optionally be joined together with the
nitrogen to which they are attached to form a substituted or
unsubstituted heterocyclyl or a substituted or unsubstituted
heteroaryl. Also, Sub, and Sub, may be, regardless of each
other, optionally fused to a main body to which they are
bonded to form a substituted or unsubstituted cyclic or a
substituted or unsubstituted aryl. In particular, when at least
one of Sub, and Sub, is a substituted or unsubstituted
C5-C30 arylsilyl, a substituted or unsubstituted C5-C30
arylthio, a substituted or unsubstituted C5-C30 aryloxy, a
substituted or unsubstituted C5-C30 arylamine group, or a
substituted or unsubstituted C5-C30 aralkyl group, the aryl
group contained therein may be fused to the main body to
form a substituted or unsubstituted heterocyclyl or a substi-
tuted or unsubstituted heteroaryl.

[0037] The electron donating group in Chemical Formula
1, or —NR,R,, —NR,R,, —NR R¢, —NR Ry, —NRGR |,
and —NR R, in Chemical Formulas 2 to 4 may be any of
Structural Formulas A20 to A38, independently of each
other. In particular, the Structural Formula A9 may be any
one of the following Structural Formulas A20 to A38.

(A20)

(A21)

(A22)

(A23)
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-continued

(A24)

(A25)

(A26)

(A27)

(A28)

(A29)
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-continued

(A30)

(A31)

(A32)

(A33)

(A34)

(A35)
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-continued

(A36)

(A37)

(A38)

[0038] In Structural Formulas A20 to A3S8,

[0039] R,, to R,, may be, independently of each other,
hydrogen, deuterium, a substituted or unsubstituted C1-C2
alkyl group, or a substituted or unsubstituted C6-C30 aryl

group,

[0040] Sub, to Sub, may be, independently of each other,
hydrogen, deuterium, a halogen group, a cyano group, a
substituted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, a substituted or unsubstituted
C3-C30 heteroaryl group, a substituted or unsubstituted
C1-C9 alkyloxy group, a substituted or unsubstituted
C6-C30 aryloxy group, a substituted or unsubstituted silyl
group, a substituted or unsubstituted phosphine group, a
substituted or unsubstituted phosphine oxide group, a sub-
stituted or unsubstituted thiol group, a substituted or unsub-
stituted sulfoxide group, or a substituted or unsubstituted
sulfone group.

[0041] The electron donating group in Chemical Formula
1, or —NR R, —NR,R,, —NR R;, —NR,R;, —NR,R |,
and —NR R, in Chemical Formulas 2 to 4 may be any of
Structural Formulas A39 to A45, independently of each
other. In particular, the Structural Formula A10 may be any
one of the following Structural Formulas A39 to A45.

(A39)
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-continued

(A40)

(A1)

(A42)

(A43)

(Add)

(A45)

[0042]

[0043] R, to R,, may be, independently of each other,
hydrogen, deuterium, a substituted or unsubstituted C1-C2
alkyl group, or a substituted or unsubstituted C6-C30 aryl
group,

[0044] Sub, to Sub, may be, independently of each other,
hydrogen, deuterium, a halogen group, a cyano group, a
substituted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 alkylaryl group, a substituted or unsubstituted

In Structural Formulas A39 to A45,
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C6-C30 aralkyl group, a substituted or unsubstituted
C3-C30 heteroaryl group, a substituted or unsubstituted
C1-C9 alkyloxy group, a substituted or unsubstituted
C6-C30 aryloxy group, a substituted or unsubstituted silyl
group, a substituted or unsubstituted phosphine group, a
substituted or unsubstituted phosphine oxide group, a sub-
stituted or unsubstituted thiol group, a substituted or unsub-
stituted sulfoxide group, or a substituted or unsubstituted
sulfone group.

[0045]
Chemical Formula 1 or the triazine group in Chemical

Examples of the electron withdrawing group in

Formula 2 may be the same as the following Structural
Formulas B1 to B14.

B

CH, ®)
N—
e
S
/ e
Cl B9
~
4<\ Va
N /R“
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-continued
B35)
4<O—R11
N—
%
O0—Rp
B6)
Ry
\
N—Rp
_<N
\ /
N
4<N—R11
/
R
®B7
B3
4<CH3
N—
4<\ p
N
/\
—\sub5
B9)
N
V4
N—
N
4<\N )
7\
—\sub5
(B10)
O0—Ry,
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-continued

(B11)

(12)

(B13)

(B14)

N%N
0

[0046] In Structural Formulas Bl to B14,

[0047] R,; and R,, may be, independently of each other,
hydrogen, deuterium, or a substituted or unsubstituted
C1-C2 alkyl group,

[0048] Subs and Sub, may be, independently of each
other, hydrogen, deuterium, a halogen group, a cyano group,
a substituted or unsubstituted C1-C9 alkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C3-C30 heteroaryl group, a substituted or
unsubstituted C1-C9 alkyloxy group, a substituted or unsub-
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stituted —NR_R; a substituted or unsubstituted silyl group,
a substituted or unsubstituted phosphine group, a substituted
or unsubstituted phosphine oxide group, a substituted or
unsubstituted thiol group, a substituted or unsubstituted
sulfoxide group, a substituted or unsubstituted sulfone
group, a substituted or unsubstituted C5-C30 arylthio group,
a substituted or unsubstituted C5-C30 aryloxy group, a
substituted or unsubstituted C5-C30 arylamine group, or a
substituted or unsubstituted C5-C30 aralkyl group. Also,
Subs and Subg may be, regardless of each other, optionally
fused to a main body to which they are bonded to form a
substituted or unsubstituted cyclic or a substituted or unsub-
stituted aryl. In particular, when Sub, or Suby is a substituted
or unsubstituted C5-C30 arylthio, a substituted or unsubsti-
tuted C5-C30 aryloxy, a substituted or unsubstituted C3-C30
arylamine group, or a substituted or unsubstituted C5-C30
aralkyl group, the aryl group contained therein may be fused
to the main body to form a substituted or unsubstituted
heterocyclyl or a substituted or unsubstituted heteroaryl.

[0049] R, and R, may be independently selected from the
group consisting of a substituted or unsubstituted C1-C9
alkyl group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted C6-C30 aryl
group, a substituted or unsubstituted C6-C30 alkylaryl
group, a substituted or unsubstituted C6-C30 aralkyl group,
or a substituted or unsubstituted C3-C30 heteroaryl group.
R, and R may optionally be joined together with the nitro-
gen to which they are attached to form a substituted or
unsubstituted heterocyclyl or a substituted or unsubstituted
heteroaryl.

[0050] Examples of the electron withdrawing group in the
above Chemical Formula 1 or the triazine group substituted
with R ; and R ; in the above Chemical Formula 2 may be
the same as the following Structural Formulas B15 to B27.
In particular, the Structural Formula B12 may be any one of
the following Structural Formulas B15 to B27.

hed
o

(B15)

=

F

(B16)

HC

N
/
::_ CH;
N
4<\N :<</ C

z

H;

H;C
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-continued
(B17)
N—
—<\ N
Nh
(B18)
N— Q
\ N
iN /i
(B19)
O—Ryy
N _—:
\ N
:N /2
(B20)

A

Z
T
©
o
R
)

g
@,

@)
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-continued

N

»

z)\z
>
’ O

e

2 Re

2z
|
)

Deye
I

ZJ\
~

o

/?‘

Z/LZ
x
e
z

Z,

Z

oo,
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-continued

(B21) (B25)

N

/

N—
N
_<\N )
(B22)

N\

(B26)

CH;

(B23)

(B27)

(B24)

[0051] In Structural Formulas B15 to B27,

[0052] R,; and R,, may be, independently of each other,
hydrogen, deuterium, or a substituted or unsubstituted
C1-C2 alkyl group.

[0053] Examples of the triazine group substituted with R, o
in the above Chemical Formula 3 may be the same as the
following Structural Formulas B28 to B49.
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11

-continued

(B34)

(B28)

(B29)

(B35)

(B30)

(B36)

(B31)

(B37)

(B32)

(B38)

(B33)
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-continued

(B39)

(B40)

(B41)

(B42)

(B43)

12

-continued
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(B44)

(B45)

(B46)

(B47)

(B48)
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-continued
(B49)

AN

[0054] In Structural Formulas B28 to B49,

[0055] R,, and R,, independently represent hydrogen,
deuterium, or a substituted or unsubstituted C1-C2 alkyl
group.

[0056] Specific examples of the compound represented by
Chemical Formula 2 may be represented by the following
Chemical Formula 5, and specific examples of the com-
pound represented by Chemical Formula 3 may be repre-
sented by the following Chemical Formula 6.

[Chemical Formula 5]

Rys
Ry Ry
Ry
~ I|‘I Rys
Ry

subs subg

[0057] In Chemical Formula 5, R, R,, and R,, to R, are
as defined in Chemical Formula 2, and specifically,
—NR, R, can be any one of Structural Formulas Al to A45,
for example, A6, A8, A9, or A10.

[0058] In Chemical Formula 5, Subs and Sub, may be as
defined in Structural Formula B12. As an example, at least
one of Subs and Subs may be —NR_R. Specifically, when
either Sub; and Sub is —NR R -and the —NR_R_is located
at the ortho position with respect to the triazine group, the
compound of Chemical Formula 5 may be the same as the
compound represented by Chemical Fornula 6. When both
of Sub; and Sub, are—NR R and both of these —NR Rare
located at ortho positions with respect to the triazine group,
the compound of Chemical Formula 5 may be the same as
the compound represented by Chemical Formula 4.

[0059] As an example, examples of the triazine group in
the above Chemical Formula 5 may be the same as any of
the above Structural Formula B12, and B15 to B27.
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[Chemical Formula 6]

subs
| *
/
R3 R4 RS R6
S~ NP |N ~\7
Ras \N R3z
Ryy Ry Ry Rz,
Rys Rs;

[0060] in Chemical Formula 6, R;, R., Ry, R, Ry6 10 Ry,
and R,, to R, are as defined in Chemical Formula 3 above.
Specifically, the NR;R, and NR R, may, regardless of each
other, be any of Structural Formulas A1 to A45, for example,
A6, A8, A9, or A10.

[0061] InChemical Formula 6, Subs is the same as defined
in Structural Formula B11. As an example, examples of the
triazine group in the above Chemical Formula 6 may be the
same as anty of the above Structural Formulas B34 to B47.

[0062] Specific examples of the compound represented by
Chemical Formula 2 may be represented by any one of the
following Chemical Formulas 7 to 10.

[Chemical Formula 7]

[Chemical Formula 8]
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-continued

[Chemical Formula 9]

Ryy

Rps

[Chemical Formula 10]

[0063] Specific examples of the compound represented by
Chemical Formula 3 may be represented by the following
Chemical Formula 11.

[Chemical Formula 11]

Ry,

Ry;

Rs;

[0064] Specific examples of the compound represented by
Chemical Formula 4 may be represented by the following
Chemical Formula 12.
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[Chemical Formula 12]

[0065] Sub, and Sub, of the above Chemical Formulas 7,
11, and 12 may be as defined in Structural Formula A9. As
an example, the carbazole group including Sub, and Sub, in
the above Chemical Formulas 7, 11 and 12 may be any one
of the above Structural Formulas A20 to A38. Sub, and Sub,
of Chemical Formula 8 may be as defined in Structural
Formula A8. Sub, and Sub, in Chemical Formula 9 may be
as defined in Structural Formula A6. Sub, and Sub, of
Chemical Formula 10 may be as defined in Structural
Formula A10. As an example, the acridane group containing
Sub, and Sub, in Chemical Formula 10 may be any of
Structural Formula A39 to A45.

[0066] In the above Chemical Formulas 7 to 10, R, and
R, may be as defined in the above Chemical Formula 2. As
an example, the triazine group including R, to R, may be
any of the above-mentioned Structural Formulas B1 to B27.
In particular, the triazine group containing R, , to R, ; may be
the above-mentioned Structural Formula B12, and specifi-
cally, it may be any of the above-mentioned Structural
formulas B15 to B27. In the Chemical Formula 11, R, 4 may
be the same as defined in the Chemical Formula 3. As
another example, the triazine group containing R, , may be
any of the above Structural Formulas B28 to B49.

[0067] In the Chemical Formulas 7 to 12, R,, to R,5 may
be, independently of each other, the same as any one of R
to Ry defined in the above Chemical Formula 1, but spe-
cifically, R,, to R,5 independently represent hydrogen, deu-
terium, a halogen group, a substituted or unsubstituted
C4-C6 aryl group, or a substituted or unsubstituted C1-C3
alkyl group. Here, the substituted C1-C3 alkyl group may be
a halogen-substituted C1-C3 alkyl group, and the halogen
group may be F.

[0068] In the above Chemical Formula 10, R}, and R,
may, regardless of each other, be hydrogen, deuterium, or a
substituted or unsubstituted C1-C2 alkyl group.

[0069] The thermally activated delayed fluorescent mate-
rial can implement red, green, and blue luminescent colors
by appropriate introduction of the electron donating group
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and the electron withdrawing group and reduce the differ- [0070] Specific compounds of such thermally activated
ence between the singlet energy and the triplet energy to 0.3 delayed fluorescent materials are represented by the follow-
eV or less. ing Compounds 1 to 92, but are not limited thereto.
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[0071] Compounds 1-21, 31-45, 52, 53, 55-60, 67-74, and
81-86 may be examples of the compounds shown in Chemi-
cal Formula 7, Compounds 22-30, 46-48, 75-78, and 89-92
may be examples of the compounds shown in Chemical
Formula 8, Compounds 49, 50, 61-66, 87, and 88 may be
examples of the compounds shown in Chemical Formula 9,
Compounds 51, 54, 79, and 80 may be examples of the
compounds shown in Chemical Formula 10, Compounds
67-74 may be examples of the compounds shown in Chemi-
cal Formula 11, and Compounds 83-86 may be examples of
the compounds shown in Chemical Formula 12.

[0072] Organic Light Emitting Diode

[0073] FIG. 1 is a cross-sectional view illustrating an
organic light emitting diode according to an exemplary
embodiment of the present invention.

(©0)

©2)

[0074] Referring to FIG. 1, an organic light emitting diode
includes an anode 10, a cathode 70, a light emitting layer 40
disposed between the two electrodes, a hole conduction
layer 20 disposed between the anode 10 and the light
emitting layer 40, and an electron conduction layer 50
disposed between the light emitting layer 40 and the cathode
70. The hole conduction layer 20 may include a hole
transport layer 25 for transporting holes and a hole injection
layer 23 for facilitating injection of holes. The electron
conduction layer 50 may include an electron transport layer
55 for transporting electrons and an electron injection layer
53 for facilitating injection of electrons. In addition, a hole
blocking layer (not shown) may be disposed between the
light emitting layer 40 and the electron transporting layer 55.



US 2018/0123049 Al

Further, an electron blocking layer (not shown) may be
disposed between the light emitting layer 40 and the hole
transporting layer 25. However, it is not limited thereto, and
the electron transport layer 55 may serve as the hole block-
ing layer, or the hole transport layer 25 may serve as the
electron blocking layer.

[0075] When a forward bias is applied to the organic light
emitting diode, holes are injected into the light emitting
layer 40 from the anode 10, and electrons are injected into
the light emitting layer 40 from the cathode 70. Electrons
and holes injected into the light emitting layer 40 are
combined to form excitons, and light is emitted while the
excitons transition to the ground state.

[0076] The light emitting layer 40 may be made of a single
light emitting material, or may include a host material and
a dopant material. The single light emitting material or the
light emitting dopant material may be a compound repre-
sented by any one of the above-described Chemical Formu-
las 1 to 12 and Compounds 1 to 92, specifically, a thermally
activated delayed fluorescent material. In this case, the
efficiency of the organic light emitting diode can be greatly
improved. The thermally activated delayed fluorescent
material has a form in which an electron donating group and
an electron withdrawing group are connected to benzene and
the electron withdrawing group is positioned in an ortho
position to the electron donating group. Thus, the difference
between singlet energy and triplet energy can be reduced to
less than 0.3 eV. The thermally activated delayed fluorescent
material can more efficiently facilitate transition from the
triplet excited state to the singlet excited state by heat (at
room temperature or element operating temperature),
thereby improving the quantum efficiency. In addition, vari-
ous combinations of the red, green, and blue luminescent
colors can be realized by the appropriate introduction of the
electron donating group and the electron withdrawing group.
[0077] The host material may be selected from the group
consisting of mCP (N,N-dicarbazolyl-3,5-benzene), Alq3,
CBP (4,4'-N,N'-dicarbazole-biphenyl), 9,10-di(naphthalen-
2-yl)anthracene, TPBI (1,3,5-tris(N-phenylbenzimidazole-
2-yl)benzene), TBADN (3-tert-butyl-9,10-di(naphth-2-y1)
anthracene), E3 (see the following formula), and BeBq?2 (see
the following formula).

- OO0

BeBq,

[0078] Meanwhile, the hole injection layer 23 and/or the
hole transport layer 25 are layers having a HOMO level
between the work function level of the anode 10 and the
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HOMO level of the light emitting layer 40, and has the
function of enhancing the injection or transport efficiency of
holes from the anode 10 to the light emitting layer 40. The
electron injection layer 53 and/or the electron transport layer
55 are layers having a LUMO level between the work
function level of the cathode 70 and the LUMO level of the
light emitting layer 40, and has the function of enhancing the
injection or transport efficiency of electrons from the cath-
ode 70 to the light emitting layer 40.

[0079] The anode 10 may be a conductive metal oxide, a
metal, a metal alloy, or a carbon material. The conductive
metal oxide may be at least one selected from the group
consisting of indium tin oxide (ITO), fluorine tin oxide
(FTO), antimony tin oxide (ATO), SnO2, ZnO, or any
combination thereof. The metal or metal alloy suitable as the
anode 10 may be Au or Cul. The carbon material may be
graphite, graphene, or carbon nanotubes.

[0080] The hole injecting layer 23 or the hole transporting
layer 25 may include a material commonly used as a hole
transporting material, and one layer may have a different
hole transporting materials or a different hole transporting
material layers. The hole transporting material may be, for
example, mCP (N,N-dicarbazolyl-3,5-benzene); PEDOT:
PSS (poly(3,4-ethylenedioxythiophene):polystyrenesul-
fonate); NPD (N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine); N,N'-diphenyl-N,N'-di(3-methylphenyl)-4,4'-
diaminobiphenyl (TPD); N,N'-diphenyl-N,N'-dinaphthyl-4,
4'-diaminobiphenyl; N,N,N',N'-tetra-p-tolyl-4,4'-
diaminobiphenyl; N.N,N',N'-tetraphenyl-4,4'-
diaminobiphenyl; porphyrin compound derivatives such as
copper (I1) 1,10,15,20-tetraphenyl-21H,23H-porphyrin and
the like; TAPC (1,1-bis[4-[N,N'-di(p-tolyl)amino]|phenyl]
cyclohexane); triarylamine derivatives such as N,N,N-tri(p-
tolyl)amine and  4.4'4'-tris[N-(3-methylphenyl)-N-phe-
nylamino]triphenylamine; carbazole derivatives such as
N-phenylcarbazole and polyvinylcarbazole; phthalocyanine
derivatives such as metal-free phthalocyanine and copper
phthalocyanine; starburst amine derivatives; enamine stil-
bene derivatives; derivatives of aromatic tertiary amine and
styrylamine compounds; polysilane; and the like. Such a
hole transporting material may also serve as the electron
blocking layer.

[0081] The hole blocking layer serves to prevent triplet
excitons or holes from diffusing toward the cathode 70, and
may be arbitrarily selected from known hole blocking mate-
rials. For example, oxadiazole derivatives, triazole deriva-
tives, phenanthroline derivatives and the like can be used.

[0082] The electron transporting layer 55 may be formed
of a material selected from the group consisting of TSPOI1
(diphenylphosphine oxide-4-(triphenylsilyl)phenyl), tris(8-
quinolinolate) aluminum (Alg3), 2,5-diarylsilole derivative
(PyPySPyPy), perfluorinated compound (PF-6P), COTs (oc-
tasubstituted cyclooctatetraene), TAZ (see the following
Chemical Formula), Bphen (4,7-diphenyl-1,10-phenanthro-
line), BCP (see the following formula), and BAlq (see the
following formula).
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[0083] The electron injection layer 53 may be, for
example, LiF, NaCl, CsF, Li20, BaO, BaF2, or Liq (lithium
quinolate).

[0084] The cathode 70 is a conductive film having a lower
work function than the anode 70 and is made of a metal such
as aluminum, magnesium, calcium, sodium, potassium,
indium, yttrium, lithium, silver, lead, cesium, or the like, or
a combination of two or more species among those metals.

[0085] The anode 10 and the cathode 70 may be formed
using a sputtering method, a vapor deposition method, or an
ion beam deposition method. The hole injecting layer 23, the
hole transporting layer 25, the light emitting layer 40, the
hole blocking layer, the electron transporting layer 55 and
the electron injecting layer 53 are, regardless of each other,
formed by evaporation or coating methods such as spraying,
spin coating, dipping, printing, doctor blading, or electro-
phoresis.

[0086] The organic light emitting diode may be disposed
on a substrate (not shown), which may be disposed below
the anode 10 or above the cathode 70. In other words, the
anode 10 may be formed on the substrate before the cathode
70, or the cathode 70 may be formed before the anode 10.

[0087] The substrate may be a light-transmissive substrate
as a flat plate member, in which case the substrate may be
glass; ceramics; or a polymer material such as polycarbonate
(PC), polyethylene terephthalate (PET), polyethylene naph-
thalate (PEN), polyimide (PI), polypropylene (PP). How-
ever, the present invention is not limited to this, and the
substrate may be a metal substrate capable of light reflection.

[0088] Hereinafter, exemplary embodiments of'the present
invention will be described in order to facilitate understand-
ing of the present invention. It should be understood, how-
ever, that the following examples are for the purpose of
promoting understanding of the present invention and are
not intended to limit the scope of the present invention.

29

May 3, 2018

EXAMPLES

[0089]

Scheme 1

1,4-Dibromobenzene
_—

H
N,
N

Ry Ry
(@] O
\ /
VAR
Br 0 0
Ry Ry
0,
li/
N, (6] +
R R,
Ry
N=—
PA(PPhy),, K2COs
Cl N T ——
\ / THE/H,0
N
R,

N,
Ry
I N /N

Ry

R,

Compound 1, 2, 3, or 37

R,



US 2018/0123049 Al

[0090] In Scheme 1, the product is Compound 1 when
both of R, and R, are hydrogen, Compound 2 when R, is a
methyl group and R, is hydrogen, Compound 3 when R, is
a t-butyl group and R, is hydrogen, and Compound 37 when
R, is hydrogen and R, is a methyl group.

Synthesis Example 1: Synthesis of Compound 1

[0091] Step 1:

[0092] Carbazole (10.0 g, 59.8 mmol), 1,2-dibromoben-
zene (21.16 g, 89.71 mmol), potassium carbonate (16.53 g,
119.61 mmol) and copper iodide (Cul) (5.69 g, 29.90 mmol)
were dissolved in N,N-dimethylacetamide (250 ml) and then
oxygen was removed from the solution through nitrogen
bubbling. After oxygen was removed, the mixture was
refluxed and stirred for 24 hours. The reaction solution was
extracted with methylene chloride, and then subjected to
column chromatography using a methylene chloride/hexane
mixed solvent as eluent to obtain 15.99 g of 9-(2-bromophe-
nyl)carbazole. 9-(2-bromophenyl)carbazole: Mass Spec (EI)
m/z 322 [(M+H)"]

[0093] Step 2:

[0094] 9-(2-bromophenyl)carbazole (10 g, 31.03 mmol),
4,4.4' 455,55 -octamethyl-2,2"-bi(1,3,2-dioxaborane) (11.
82 g, 46.55 mmol), potassium acetate (9.14 g, 93.11 mmol),
and 1,1'-bis(diphenylphosphino) ferrocene-palladium (II)
(0.76 g, 0.93 mmol) were dissolved in 1,4-dioxane (180 ml),
and then oxygen in the solution was removed through
nitrogen bubbling. After oxygen was removed, the mixture
was refluxed and stirred for 24 hours. The reaction solution
was extracted with methylene chloride and then subjected to
column chromatography using a methylene chloride/hexane
mixed solvent as eluent to obtain 4.01 g of 9-(2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl) carbazole.
9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl)
carbazole: Mass Spec (EI) m/z 369 [(M+H)*]

[0095] Step 3:

[0096] 9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxabolan-2-yl)
phenyl)carbazole (3 g, 8.12 mmol), 2-chloro-4,6-diphenyl-
1,3,5-triazine (2.61 g, 9.75 mmol), tetrakis (triphenylphos-
phine) palladium (0) (0.28 g, 0.24 mmol) were added to a
mixed solvent of tetrahydrofuran (60 ml) and potassium
carbonate 2M solution (20 ml), and then the mixture was
refluxed for 24 hours. The reaction solution was extracted
with methylene chloride, and then purified by column chro-
matography using a methylene chloride/hexane mixed sol-
vent as eluent, and finally 3.31 g of a pure white solid was
obtained through sublimation purification.

[0097] Compound 1:

[0098] yield 86%, Mass Spec (EI) m/z 474 [(M+H)*].
Elemental analysis theoretical value C;3H,,N,: C, 83.52%;
H, 4.67%; N, 11.81%. Measured: C, 83.52%; H, 4.74%; N,
11.69%. "H NMR (500 MHz, CDCL,): 8 8.57 (d, 1H), 8.03
(t, 6H), 7.85 (1, 1H), 7.78 (t, 1H), 7.73 (d, 1H), 7.48 (t, 2H),
7.34 (t, 6H), 7.24~7.19 (m, 4H).

Synthesis Example 2: Synthesis of Compound 2

[0099] Compound 2 was obtained in a yield of 83% using
the same method as in Synthesis Example 1 except that
3,6-dimethylcarbazole was used instead of carbazole in Step
1 of Synthesis Example 1.

[0100] Compound 2:

[0101] Mass Spec (FAB) m/z 502 [(M+H)*]. Elemental
analysis theoretical value C;sH,sN,: C (83.64%) H (5.21%)
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N (11.15%) Measured: C, 83.69%; I, 5.26%; N, 11.09%. 'H
NMR (500 MHz, CDCL): 8.50 (d, 1H), 8.00 (d. 4H), 7.78
(t, 3H), 7.73 (t, 1H), 7.67 (d, 1H), 7.47 (t, 2H), 7.31 (t, 4H),
7.11 (d, 2H), 7.06 (d, 2H), 2.49 (s, 6H).

Synthesis Example 3: Synthesis of Compound 3

[0102] Compound 3 was obtained in a yield of 81% using
the same method as in Synthesis Example 1 except that
3,6-di-t-butylcarbazole was used instead of carbazole in
Step 1 of Synthesis Example 1.

[0103] Compound 3:

[0104] Mass Spec (EI) m/z 586 [(M+H)"]. Elemental
analysis theoretical value C,;H; N, C (83.92%) H (6.53%)
N (9.55%) Measured: C, 83.85%; H, 6.61%; N, 9.53%. 'H
NMR (500 MHz, CDCl,): 8.56 (d, 1H), 8.09 (d. 4H), 8.02
(d, 2H), 7.81 (t, 1H), 7.74 (1, 1H), 7.68 (d, 1H), 7.49 (t, 2H),
7.34 (t, 6H), 7.11 (d, 2H), 1.42 (s, 18H).

Synthesis Example 4: Synthesis of Compound 37

[0105] Compound 37 was obtained in a yield of 78% using
the same method as in Synthesis Example 1 except that
2-chloro-4,6-di-p-tolyl-1,3,5-triazine was used instead of
2-chloro-4,6-diphenyl-1,3,5-triazine in Step 3 of Synthesis
Example 1.

[0106] Compound 37:

[0107] Mass Spec (FAB) m/z 502 [(M+H)*]. Elemental
analysis theoretical value C;sH,5N,: C (83.64%) H (5.21%)
N (11.15%) Measured: C (83.53%) H (5.27%) N (11.18%).
'H NMR (500 MHz, CDCl,): 8.55 (d, 1H), 7.95 (d, 4H),
7.78~7.72 (m, 3H), 7.48 (t, 2H), 7.11 (d, 4H), 7.05~6.95 (m,
6H), 2.72 (s, 6H).

Synthesis Example 5: Synthesis of Compound 22

[0108]

Scheme 2-1
Br

Br

Zm

Br

Intermediate 22-1
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[0109] Step 1:

[0110] Diphenylamine (10.0 g, 59.09 mmol), 1,2-dibro-
mobenzene (27.88 g, 118.19 mmol), sodium tert-butoxide
(6.814 g, 70.908 mmol), palladium acetate (0.663 g, 2.95
mmol), and tri-tert-butylphosphine (1.19 g, 5.91 mmol) were
dissolved in toluene (300 ml) and then oxygen was removed
from the solution through nitrogen bubbling. After oxygen
was removed, the mixture was refluxed and stirred for 24
hours. The reaction solution was extracted with methylene
chloride, and then subjected to column chromatography
using a methylene chloride/hexane mixed solvent as eluent
to obtain 12.21 g of intermediate 22-1.

[0111]
[0112]

Intermediate 22-1:
Mass Spec (EI) m/z 324 [(M+H)*]

Scheme 2-2

0 ]
N/
B—B
Q\ /N :t
Br 6] (6]
NO

| AN
F
a
PN

Intermediate 22-2

[0113] Step 2:

[0114] Intermediate 22-1 (10 g, 30.84 mmol), 4,4,4'4"5,
5,5',5"octamethyl-2,2"-bi(1,3,2-dioxaborane)  (11.74 g,
46.26 mmol), potassium acetate (9.08 g, 92.52 mmol), and
1,1'-bis(diphenylphosphino)ferrocene-palladium(IT) dichlo-
ride dichloromethane complex (0.76 g, 0.93 mmol) were
dissolved in 1,4-dioxane (180 ml) and then oxygen was
removed from the solution through nitrogen bubbling. After
oxygen was removed, the mixture was refluxed and stirred
for 24 hours. The reaction solution was extracted with
methylene chloride, and then subjected to column chroma-
tography using a methylene chloride/hexane mixed solvent
as eluent to obtain 4.58 g of intermediate 22-2.

[0115]
[0116]

Intermediate 22-2:
Mass Spec (EI) m/z 371 [(M+H)*].
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Scheme 2-3
Cl
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Compound 22

[0117]

[0118] Intermediate 22-2 (3 g, 8.08 mmol), 2-chloro-4,6-
diphenyl-1,3,5-triazine (2.59 g, 9.75 mmol), and tetrakis
(triphenylphosphine)palladium (0) (0.28 g, 0.24 mmol) were
added to a mixed solvent of tetrahydrofuran (60 ml) and
potassium carbonate 2M solution (20 ml), and then the
mixture was refluxed for 24 hours. The reaction solution was
extracted with methylene chloride, and then purified by
column chromatography using a methylene chloride/hexane
mixed solvent as eluent, and finally 3.08 g of compound 22
as a pure white solid was obtained through sublimation
purification.

[0119]

[0120] yield 86% Mass Spec (EI) m/z 476 [(M+H)"].
Elemental analysis theoretical value C;3H,,N,: C, 83.17%;
H, 5.08%; N. 11.76%. Measured: C, 82.16%; H, 5.12%; N,
11.77%. '"H NMR (500 MHz, CDCL,): & 8.83 (d, 1H), 8.51
(d, 4H), 8.05 (d, 1H), 7.64~7.61 (m, 2H), 7.57~7.53 (m, 3H),
7.46 (t, 4H), 7.41 (d, 2H), 7.09~7.04 (m, 5H), 6.83~6.79 (m,
2H).

Step 3:

Compound 22:
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Synthesis Example 6: Synthesis of Compound 23

[0121]

Scheme 3
Cl

A

o e
ol

\

Compound 23

[0122]
the same method as in Synthesis Example 5 except that

Compound 23 was obtained in a yield of 78% using

di-p-tolylamine was used instead of diphenylamine in Step
1 of Synthesis Example 5 to obtain 2-(4,4,5,5-tetramethyl-
1,3,2-dioxaboran-2-y1)-N,N-di-p-tolylaniline in Step 2 and
this was used in Step 3.

[0123]

[0124] Mass Spec (EI) m/z 504 [(M+H)*]. Elemental
analysis theoretical value C;H,oN,: C (83.30%) H (5.59%)
N (11.10%) Measured: C, 83.32%; H, 5.66%; N, 11.05%. 'H
NMR (500 MHz, CDCl,): 8.52 (d, 4H), 7.95 (d, 1H), 7.56
(t, 2H), 7.53~7.45 (m, SH), 7.38~7.32 (m, 2H), 6.92 (d, 4H),
6.85 (d, 4H).

Compound 23:

May 3, 2018

Synthesis Example 7: Synthesis of Compound 36
[0125]

Scheme 4-1
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Intermediate 36-1

[0126] (2-(carbazol-9-yl)phenyl)boronic acid (10 g, 34.83
mmol), 2,4-dichloro-6-phenyl-1,3,5-triazine (7.87 g, 34.83
mmol), tetrakis(triphenylphosphine)palladium (0) (4.02 g,
3.48 mmol), and potassium carbonate (14.44 g, 104.49
mmol) were added to tetrahydrofuran (60 ml), distilled water
(20 ml), and then the mixture was refluxed and stirred for 24
hours. The reaction solution was extracted with methylene
chloride, and then subjected to column chromatography
using a methylene chloride/hexane mixed solvent as eluent
to obtain 7.99 g of intermediate 36-1.

[0127]
[0128]

Intermediate 36-1:
Mass Spec (EI) m/z 432 [(M+H)*].

Scheme 4-2

CuCN

—_—

N Cl
¥ Y
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N
N

Compound 38

[0129] Intermediate 36-1 (3 g, 6.94 mmol) and copper
cyanide (2.18 g, 24.31 mmol) were dissolved in N-methyl-
2-pyrrolidone (50 ml) and then oxygen was removed from
the solution through nitrogen bubbling. After oxygen was
removed, the mixture was refluxed and stirred for 24 hours.
The reaction solution was extracted with methylene chlo-
ride, and then subjected to column chromatography using a
methylene chloride/hexane mixed solvent as eluent to obtain
2.49 g of Compound 36.

[0130] Compound 36:

[0131] Mass Spec (EI) m/z 423 [(M+H)*]. Elemental
analysis theoretical value C,gH,,Ny: C (79.42%) H (4.05%)
N (16.54%) Measured: C, 79.43%; H, 4.07%; N, 16.51%.
'H NMR (500 MHz, CDCl,): 8.41 (d, 1H), 8.02 (d, 2H),
7.85 (1, 1H), 7.75~7.70 (m, 2H), 7.36~7.29 (m, SH), 7.22 (1,
2H), 7.15 (d, 2H), 7.10 (t, 2H).

Scheme 5

OH +

N—

Pd cat.
Cl N -
\ / crosscoupling
N

F 7/ N\)/@
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N, R

\ / +

! ;/ \ Na(t-BuO) or NaH
1 NY@
)
= R, =N
Ry

Compound 61 or 63

[0132] In Scheme 5, the product is Compound 61 when
both of R, and R, are hydrogen, Compound 63 when R, is
hydrogen and R, is a methyl group.

Synthesis Example 8: Synthesis of Compound 61

[0133] Step I:

[0134] 2-chloro-4,6-diphenyl-1,3,5-triazine (5.0 g, 18.67
mmol), (2-fluorophenyl) boronic acid (3.92 g, 28.01 mmol),
tetrakis(triphenylphosphine) palladium (0) (2.15 g, 1.86
mmol), potassium catbonate (7.74 g, 56.03 mmol) were
dissolved in toluene (120 ml), ethanol (60 ml), D.W (90 ml),
and then oxygen was removed from the solution through
nitrogen bubbling. After oxygen was removed, the mixture
was stirred at room temperature for 1 hour and then refluxed
and stirred at 130° C. for 15 hours. Then, the reaction
solution was vacuum-dried by removing the solvent through
a rotary evaporator. The dried mixture was extracted with
methylene chloride and then subjected to column chroma-
tography using a methylene chloride/hexane mixed solvent
as eluent to obtain 5.4 g of 2-(2-fluorophenyl)-4,6-diphenyl-
1,3,5-triazine.

[0135] 2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine:
Mass Spec (EI) m/z 327 [(M+H)"] '"H NMR (500 MHz,
CDCl,): 8.76 (d, 4H), 8.48 (t, 1H), 7.62 (t, 3H), 7.56 (t, 4H),
7.35 (t, 1H), 7.27 (t, 1H).

[0136] Step 2:

[0137] 2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine
(1.00 g, 3.05 mmol), indole (0.89 g, 7.63 mmol), and sodium
tertiary butoxide (0.73 g, 7.63 mmol) were mixed in a
solvent of dimethylformamide (100 ml) and refluxed at 160°
C. for 24 hours. The reaction solution was extracted with
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methylene chloride, and then purified by column chroma-
tography using a methylene chloride/hexane mixed solvent
as eluent, and finally 0.63 g of Compound 61 as a yellow
solid was obtained through sublimation purification.

[0138] Compound 61:

[0139] yield 49.5% Mass Spec (EI) m/z 424 [(M+H)"].
Elemental analysis theoretical value C,oH,,N,: C (82.05%)
H (4.75%) N (13.20%) Measured: C, 81.98%; H, 4.77%; N,
13.11%. *H NMR (500 MHz, CDCI,): 8.42 (d, 1H), 8.16 (d,
4H), 7.73 (t, 1H), 7.66 (t, 2H), 7.61 (d, 1H), 7.50 (t, 2H),
7.38 (t, 4H), 7.31 (d, 1H), 7.19~7.13 (m, 2H), 7.07 (d, 1H),
6.53 (d, 1H).

Synthesis Example 9: Synthesis of Compound 63

[0140] 1.17 g of Compound 63 was obtained in a similar
manner to that of Step 2 of Synthesis Example 8, except that
2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine (1.50 g, 4.58
mmol) obtained in Step 1 of Synthesis Example 8, 3-meth-
ylindole (1.50 g, 11.45 mmol), and sodium tertiary butoxide
(1.10 g, 11.45 mmol) were added to a solvent of dimethyl-
formamide (100 ml).

[0141] Compound 63:

[0142] yield 58.07% Mass Spec (EI) m/z 438 [(M+H)*].
Elemental analysis theoretical value C;,H,,N,: C (82.17%)
H (5.06%) N (12.78%), Measured: C, 82.22%: H, 4.97%; N,
12.69%. *H NMR (500 MHz, CDCl,): 8.43 (d, 1H), 8.20 (d,
4H), 7.71 (1, 1H), 7.62 (t, 2H), 7.52 (t, 3H), 7.39 (t, 4H),
7.19~7.17 (m, 1H), 7.10~6.94 (m, 2H), 6.94 (s, 1H), 2.26 (s.
3H).

Synthesis Example 10: Synthesis of Compound 52

[0143]

Scheme 6

N,
F
/ \ NaH
N, —_—
—=N
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Compound 52

[0144] 2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine
(1.00 g, 3.05 mmol), SH-benzofuro[3,2-¢] carbazole (0.98 g,
3.82 mmol), sodium hydride (0.10 g, 3.90 mmol) were
mixed in a solvent of dimethylformamide (100 ml) and
refluxed at 160° C. for 24 hours. The reaction solution was
extracted with methylene chloride, and then purified by
column chromatography using methylene chloride/hexane
mixed solvent as eluent, and finally 1.35 g of a yellow solid
Compound 52 was obtained through sublimation purifica-
tion.

[0145] Compound 52:

[0146] yield 78.4%, Mass Spec (EI) m/z 565 [(M+H)*].
'"HNMR (300 MHz, DMSO): 7.16~7.26 (m, 6H), 7.34~7.51
(m, 6H), 7.82 (d, 1H), 7.88~7.99 (m, 6H), 8.03~8.31 (m,
3H), 8.30 (d, 1H), 8.60 (d, 1H).

Svnthesis Example 11: Synthesis of Compound 67

[0147]

[Scheme 7]
Y T
N’\ N
/
\
N: Suzuki coupling
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Compound 67

[0148] 9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-
yl)phenyl)carbazole (8.0 g, 27.9 mmol), 2,4-dichloro-6-
phenyl-1,3,5-triazine (3.0 g, 13.3 mmol), and tetrakis (tri-
phenylphosphine) palladium (0) (1.53 g, 1.33 mmol) were
added to a mixed solvent of tetrahydrofuran (100 ml) and
potassium carbonate 2M solution (40 ml) and refluxed for 24
hours. The reaction solution was extracted with methylene
chloride, and then purified by column chromatography using
methylene chloride/hexane mixed solvent as eluent, and
finally a pure white solid was obtained in a vield of 71%
through sublimation purification.

[0149]

[0150] Mass Spec (EI) m/z 639 [(M+H)"]. Elemental
analysis theoretical value C,sH, N5 C (84.48%) H (4.57%)
N (10.95%) Measured: C (84.48%) H (4.57%) N (10.86%).
'H NMR (500 MHz, CDCL,): 8 6.79 (d, 2H, J=8 Hz), 6.895
(t, 2H, J=15 Hz), 6.965 (d, 4H, J=8 Hz), 7.163~7.217 (m,
5H), 7.263 (t, 4H, J=15 Hz), 7.478 (t, 2H, J=15 Hz), 7.563
(d, 2H, =8 Hz), 7.659~7.708 (m, 4H), 7.986 (d, 4H, J=8
Hz).

Compound 67:

Synthesis Example 12: Synthesis of Compound 83

[0151]

Scheme 8
Cl N Cl
Y \|(
N\ N
OH
B/
| Cl
N OH Suzuki coupling
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[0152] 9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-
vl)phenyl)carbazole (15.4 g, 53.7 mmol), cyanuric chloride
(3.0 g, 16.3 mmol), and tetrakis(triphenylphosphine)palla-
dium (0) (2.82 g, 2.44 mmol) were added to a mixed solvent
of tetrahydrofuran (100 ml) and potassium carbonate 2M
solution (40 ml) and refluxed for 24 hours. The reaction
solution was extracted with methylene chloride, and then
purified by column chromatography using methylene chlo-
ride/hexane mixed solvent as eluent, and finally a pure white
solid was obtained in a yield of 37% through sublimation
purification.

[0153] Compound 83:

[0154] Mass Spec (EI) m/z 803 [(M+H)*]. Elemental
analysis theoretical value Cs,H;,N, C (85.05%) H (4.51%)
N (10.44%) Measured: C (85.07%) H (4.49%) N (10.45%).
"HNMR (500 MHz, CDCL,): § 6.238 (d, 3H. J=8 Hz), 6.558
(d, 6H, J=8 Hz), 6.968 (t, 3H, J=15 Hz), 7.216~7.261 (m,
12H), 7.341 (d, 3H, J=8 Hz), 7.485 (t, 3H, J=15 Hz), 8.10
(d, 6H, =7 Hz)

Compound 83

Preparation Example 1: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0155] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
1/TSPO1/TPBI/LiF/Al)

[0156] A glass substrate on which an anode, ITO, was
deposited was ultrasonically cleaned for 30 minutes using
pure water and isopropyl alcohol. The cleaned ITO substrate
was surface-treated using ultraviolet rays of short wave-
length, and then a hole injection layer was formed by spin
coating PEDOT: PSS (poly (3,4-ethylenedioxythiophene):
poly (styrenesulfonate)) to a thickness of 60 nm. Thereafter,
TAPC  (1,1-Bis[4-[N,N'-Di(p-tolyl) Amino]Phenyl|Cyclo-
hexane was vapor-deposited at a pressure of 1x107° torr at
arate of 0.1 nm/s to form a hole transporting layer of 20 nm.
Thereafter, mCP (N, N-dicarbazolyl-3,5-benzene) was
vapor-deposited at a pressure of 1x107° torr at a rate of 0.1
nm/s to form a exciton blocking layer of 10 nm. Subse-
quently, under a pressure of 1x107° torr, mCP as a host
material at a rate of 0.1 nm/s and Compound 1 as a delayed
fluorescent dopant material synthesized through Synthesis
Example 1 at a rate of 0.005 nm/s were co-evaporated to
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form a light emitting layer doped with 5% of the dopant in
the host. TSPO1 (diphenylphosphine oxide-4-(triphenylsi-
lyl)phenyl) and TPBi (1,3,5-tris (N-phenylbenzimidazol-2-
yl) benzene) were sequentially vapor-deposited at a pressure
of 1x107° torr at a rate of 0.1 nm/s to form an exciton
blocking layer of 5 nm and an electron transport layer of 30
nm, respectively. Thereafter, LiF as an electron injecting
material was vapor-deposited at a pressure of 1x107° torr at
a rate of 0.01 nm/s to form an electron injecting layer of 1
nm. Thereafter, Al was vapor-deposited at a rate of 0.5
nny/sec under a pressure of 1x107° torr to form a cathode of
100 nm, thereby forming an organic light-emitting diode.
After formation of the device, the device was sealed using
a CaO moisture absorbent and a glass cover glass.

[0157] The organic light emitting device using Compound
1 as a fluorescent dopant material has a quantum efficiency
0f 9.3%, a current efliciency of 14.6 cd/A, a power efficiency
of 7.6 Im/W at a voltage of 6 V, x=0.15 and y=0.22 based on
CIE 1931 color coordinates, indicating excellent blue light
emission characteristics. These results exceeded the limit of
the maximum external quantum efficiency of 5% (20% of
the light extraction efficiency) that can be obtained from a
general fluorescent device, and it can be a direct proof that
a triplet energy is converted into a single energy by intet-
system crossing, which is the property of the thermally-
activated delayed fluorescent material.

Preparation Example 2: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0158] (ITO/PEDOT:PSS/TAPC/mCP/mCP: Compound
2/TSPO1/TPBi/LiF/Al)

[0159] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 2 synthesized through Synthesis Example 2 was
used as a delayed fluorescent dopant material.

[0160] The organic light emitting diode according to
Preparation Example 2 using Compound 2 as a light emit-
ting dopant material showed, at a voltage of 6 V, a quantum
efficiency of 14.7%, a current efficiency of 30.9 cd/A, a
power efficiency of 14.9 Im/W andx=0.17 and y=0.34 based
on a CIE 1931 color coordinate, indicating excellent blue
light emission characteristics.

Preparation Example 3: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0161] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
3/TSPO1/TPBY/LiF/Al)

[0162] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 3 synthesized through Synthesis Example 3 was
used as a delayed fluorescent dopant material.

[0163] The organic light emitting diode according to
Preparation Example 3 using Compound 3 as a light emit-
ting dopant material showed, at a voltage of 6 V, a quantum
efficiency of 12.3%, a current efficiency of 24.0 cd/A, a
power efficiency of 12.6 Im/W and x=0.16 and y=0.30 based
on a CIE 1931 color coordinate, indicating excellent blue
light emission characteristics.
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Preparation Example 4: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0164] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
37/TSPOL/TPBV/LiF/Al)

[0165] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 37 synthesized through Synthesis Example 4
was used as a delayed fluorescent dopant material.

[0166] The organic light emitting diode according to
Preparation Example 4 using Compound 37 as a light
emitting dopant material showed, at a voltage of 6 V, a
quantum efficiency of 11.5%, a current efficiency of 29.1
cd/A, a power efficiency of 13.8 Im/W and x=0.16 and
y=0.20 based on a CIE 1931 color coordinate, indicating
excellent blue light emission characteristics.

Preparation Example 5: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0167] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
22/TSPO1/TPBV/LiF/Al)

[0168] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 22 synthesized through Synthesis Example 5
was used as a delayed fluorescent dopant material.

[0169] The organic light emitting diode according to
Preparation Example 5 using Compound 22 as a light
emitting dopant material showed, at a voltage of 9 V, a
quantum efficiency of 17.2%, a current efliciency of 45.0
cd/A, a power efficiency of 31.4 Im/W and x=0.21 and
y=0.45 based on a CIE 1931 color coordinate, indicating
excellent blue-green light emission characteristics.

Preparation Example 6: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0170] (ITO/PEDOT:PSS/TAPC/mCP/mCP: Compound
52/TSPO1/TPBY/LiF/Al)

[0171] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 52 synthesized through Synthesis Example 10
was used as a delayed fluorescent dopant material.

[0172] The organic light emitting diode according to
Preparation Example 6 using Compound 52 as a light
emitting dopant material showed, at a voltage of 9 V, a
quantum efficiency of 12.5%, a current efficiency of 19.8
cd/A, a power efficiency of 17.8 Im/W and x=0.15 and
y=0.20 based on a CIE 1931 color coordinate, indicating
excellent blue light emission characteristics.

Preparation Example 7: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0173] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
23/TSPO1/TPBVLiF/Al)

[0174] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 23 synthesized through Synthesis Example 6
was used as a delayed fluorescent dopant material.

[0175] The organic light emitting diode according to
Preparation Example 7 using Compound 23 as a light
emitting dopant material showed, at a voltage of 9 V, a
quantum efficiency of 16.3%, a current efficiency of 54.6
cd/A, a power efficiency of 32.8 Im/W and x=0.35 and
y=0.58 based on a CIE 1931 color coordinate, indicating
excellent green light emission characteristics.



US 2018/0123049 Al

Preparation Example 8: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0176] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
36/TSPO1/TPBY/LiF/Al)

[0177] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 36 synthesized through Synthesis Example 7
was used as a delayed fluorescent dopant material.

[0178] The organic light emitting diode according to
Preparation Example 8 using Compound 36 as a light
emitting dopant material showed, at a voltage of 6 V, a
quantum efficiency of 11.7%, a current efliciency of 26.9
cd/A, a power efficiency of 10.4 1m/W and x=0.55 and
y=0.45 based on a CIE 1931 color coordinate, indicating
excellent orange light emission characteristics.

Preparation Example 9: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0179] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
67/TSPO1/TPBi/Lil/Al)

[0180] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 67 synthesized through Synthesis Example 11
was used as a delayed fluorescent dopant material.

[0181] The organic light emitting diode according to
Preparation Example 9 using Compound 67 as a light
emitting dopant material showed, at a voltage of 8 V, a
quantum efficiency of 12.2%, a current efliciency of 18.5
cd/A, a power efficiency of 6.47 Im/W and x=0.17 and
y=0.21 based on a CIE 1931 color coordinate, indicating
excellent blue light emission characteristics.

Preparation Example 10: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0182] (ITO/PEDOT:PSS/TAPC/mCP/mCP:Compound
83/TSPO1/TPBi/LiF/Al)

[0183] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
Compound 83 synthesized through Synthesis Example 12
was used as a delayed fluorescent dopant material.

[0184] The organic light emitting diode according to
Preparation Example 9 using Compound 83 as a light
emitting dopant material showed, at a voltage of 8 V, a
quantum efficiency of 14.9%, a current efliciency of 23.0
cd/A, a power efficiency of 9.57 Im/W and x=0.15 and
y=0.22 based on a CIE 1931 color coordinate, indicating
excellent blue light emission characteristics.
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Comparative Example 1: Preparation of Delayed
Fluorescent Organic Light Emitting Diode

[0185] (ITO/PEDOT:PSS/TAPC/mCP/mCP:CC2TA/
TSPO1/TPBi)LiF/Al)

[0186] An organic light emitting diode was fabricated in
the same manner as in Preparation Example 1, except that
2,4-bis 3-(9H-carbazol-9-y1)-9H-carbazol-9-yl-6-phenyl-1,
3,5-triazine (CC2TA) reported in the paper (APPLIED
PHYSICS LETTERS 101, 093306 (2012)) was used as a
delayed fluorescent dopant material.

[0187] The organic light emitting diode according to Com-
parative Example 1 using CC2TA as a light emitting dopant
material showed, at a voltage of 6 V, a quantum efficiency of
11.5%, a current efficiency of 29.1 cd/A, a power efficiency
of 13.8 Im/W and x=0.20 and y=0.44 based on a CIE 1931
color coordinate.

[0188] Blue (Preparation Examples 1-4, 6, 9 and 10),
green (Preparation Examples 5 and 7) and red (Preparation
Example 8) organic light emitting diodes were prepared by
using the thermally activated delayed fluorescent com-
pounds in the Preparation Examples 1-10. Each of these
organic light emitting diodes exhibits a quantum efficiency
exceeding 5% (a light extraction efliciency is 20%) which is
the maximum external quantum efficiency that can be
obtained from a general fluorescent device, indicating that
the thermally activated delayed fluorescence compounds
according to examples of the present invention facilitates
efficient reverse intersystem crossing from triplet state to
singlet state. In addition, the organic light emitting diode
according to Comparative Example 1 using CC2TA, which
is known as a conventional delayed fluorescent light emit-
ting material, exhibits a quantum efliciency of 11.5%,
whereas the organic light emitting diodes according to
Examples 2 to 10 exhibit significantly higher or the same
quantum efficiency. In particular, the green light emitting
device (Preparation Example 5) exhibits a high quantum
efficiency of 17% or more, showing excellent luminescence
characteristics as compared with the conventional fluores-
cent device.

[0189] Table 1 below shows the values calculated by the
molecular calculation technique for Compound 1 prepared
according to Synthesis Example 1, Comparative Compound
A, and Comparative Compound B. Molecular calculations
were performed using the Gaussian 09 program through the
B3LYP method according to density functional theory on a
6-31 G * basis set.

TABLE 1
Sample Structural Formula bB, 78, T, PAEg; YHOMO ®LUMO
Compound 349eV 286eV 2.79eV 006eV -531eV -181eV
(ortho)

9 TN

=N

@
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TABLE 1-continued

Sample Structural Formula

bp 2g, 31, YHOMO  ®LUMO

3 4}AEST

Comparative
Compound
A (meta)

Comparative
Compound
B (para)

339eV 2.90eV 2.75eV 015eV -536eV

347¢eV 3.04eV 2.70eV 034eV -542¢eV

-1.97 eV

-1.95 eV

Bandgap,

Singlet Energy,

Triplet Energy,

Difference between the singlet energy and the triplet energy,

1
2
3
4
S)Highest occupied molecular orbital Energy level,
6

Lowest unoccupied molecular orbital Energy level

[0190] Referring to Table 1, Comparative Compound A or
B is in a form similar to Compound 1, but carbazole as an
electron donating group and diphenyltriazine as an electron
withdrawing group are in meta position in Comparative
Compound A and in para position in Comparative Com-
pound B. Calculation result shows that, as the position of the
carbazole and diphenyltriazine were shifted from ortho to
meta, and from metal to para, the singlet energy gradually
increased and the triplet energy gradually decreased. As a
result, the smallest energy different was found between the
singlet state and the triplet state in the ortho form. The
smaller energy difference between the singlet state and the
triplet state is, the easier the Reverse Intersystem Crossing
(RISC) is, and the better the thermally activated delay
fluorescence property can be obtained.

[0191] FIG. 2 shows the molecular orbital distribution of
Compound 1 prepared according to Synthesis Example 1,
Comparative Compound A and Comparative Compound B.
The molecular orbital distribution was calculated using the
Gaussian 09 program through the B3LYP method according
to density functional theory with a 6-31 G * basis set.
[0192] In order to show the fluorescence property effec-
tively, the overlapping between HOMO and LUMO should
exist at a certain level. As a result of calculation, HOMO and
LUMO of ortho, meta and para forms are overlapped on
benzene which is the central connecting unit, the fluores-
cence property of the ortho-form material was expected to
be similar to other-form materials. These results indicate that
the ortho-form material can up-convert the triplet exciton
formed during electroluminescence to the singlet exciton

more effectively through RISC than the meta- and para-form
materials, and the singlet exciton can show effective fluo-
rescent light emitting.
[0193] The present invention is not limited to the above-
described embodiments and the accompanying drawings.
While the example embodiments of the present invention
and their advantages have been described in detail, it should
be understood that various changes, substitutions, and altera-
tions may be made herein without departing from the scope
of the present invention.

1. Light-emitting material represented by the following
Chemical Formula 1:

[Chemical Formula 1]

Rs Rg

Repe Rewe

in the Chemical Formula 1,

Rzpe 1s an electron donating group,

Ry 18 an electron withdrawing group,

R; to Ry are, independently of each other, a hydrogen
atom, a heavy hydrogen atom, a halogen group, a
substituted or unsubstituted C4-C6 aryl group, or a
substituted or unsubstituted C1-C3 alkyl group.
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2. The light-emitting material of claim 1, wherein the
light-emitting material represented by Chemical Formula 1
is represented by any one of the following Chemical For-
mulas 2 to 4:

[Chemical Formula 2]

Rys
Ry Ryy
Il‘I Rys
R,
Il
)\ )\
Ri7 N Rig
[Chemical Formula 3]
Rjp
R3 R4 )\ RS Ré
I N |N ~y7
R75 \N R33
RS, Rao R3o R
Rzg R31
[Chemical Formula 4]
Rgs
Rsy R36
Ry
\Il\I Rs;
Rg
7z
N N Ry Ryp
N
Rys N N
Ry N Rsg
Ry
R% I|\I/ Ry Rgo
Rp Rpz Ryp

in Chemical Formulas 2 to 4,

R, to R, are, independently of each other, a substituted or
unsubstituted C1-C9 alkyl group, a substituted or
unsubstituted C5-C30 cycloalkyl group, a substituted
or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 alkylaryl group, a substituted or
unsubstituted C6-C30 aralkyl group, or a substituted or
unsubstituted C3-C30 heteroaryl group; R, and R,, R,
and R,, Ry and Ry, R, and Ry, Rg and R, ,, or R, and
R,, are optionally combined together with the nitrogen
to which they are attached to form a substituted or
unsubstituted heterocyclyl or a substituted or unsubsti-
tuted heteroaryl group,

R,; to R}, are, independently of each other, a cyano
group, a substituted or unsubstituted C1-C9 alkyl
group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted
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C6-C30 aryl group, a substituted or unsubstituted
C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, a substituted or unsubstituted
C3-C30heteroaryl group, a substituted or unsubstituted
C1-C30 alkyloxy group, a substituted or unsubstituted
C3-C30 aryloxy group, a C1-C9 alkylsilyl group, or a
substituted or unsubstituted —NR_R,,

R, and R, are independently selected from the group
consisting of hydrogen, heavy hydrogen, a substituted
or unsubstituted C1-C9 alkyl group, a substituted or
unsubstituted C5-C30 cycloalkyl group, a substituted
or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 aralkyl group, and a substituted
or unsubstituted C3-C30 heteroaryl group, the R, and
R, are optionally combined together with the nitrogen
to which they are attached to form a substituted or
unsubstituted heterocyclyl or a substituted or unsubsti-
tuted heteroaryl group, and

R,, to R, are, independently of each other, hydrogen,
deuterium, a halogen group, a substituted or unsubsti-
tuted C4-C6 aryl group, or a substituted or unsubsti-
tuted C1-C3 alkyl group.

3. The light-emitting material of claim 2,

wherein the compound represented by Chemical Formula
2 is represented by the following Chemical Formula 5:

[Chemical Formula 5]

Ro;
Ry Ry
Ry
~ Tl‘f Ras
Ry

\

subs subg

in Chemical Formula 5, R}, R,, and R,, to R,5 are as
defined in Chemical Formula 2,

Sub, and Sub are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C3-C30 heteroaryl group, a substituted or
unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR_R a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Subs and Sub
are, regardless of each other, optionally fused to a main
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body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are independently selected from the group
consisting of a substituted or unsubstituted C1-C9 alkyl
group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted
C6-C30 aryl group, a substituted or unsubstituted
C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, and a substituted or unsubsti-
tuted C3-C30 heteroaryl group; R, and R -are optionally
joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

4. The light-emitting material of claim 3,

wherein, in Chemical Formula 5, —NR, R, is any one of
Structural Formulas A6, A8, A9, or A10:

(A8)

(A8)

(A9)

(AL0)

Sub,

Ry

Rp

in Structural Formulas A6, A8, A9, or A10,

Sub, and Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C3-C30 heteroaryl group, a substituted
or unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR R, a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
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substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
unsubstituted C5-C30 arylsilyl group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub, and Sub,
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are, independently of each other, selected from
the group consisting of a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 aralkyl group, and a substituted or unsubsti-
tuted C3-C30 heteroaryl group; R, and R, are option-
ally joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

5. The light-emitting material of claim 2,

wherein the compound represented by Chemical Formula
3 is represented by the following Chemical Formula 6:

[Chemical Formula 6]

subs
| *
/
R3 R4 RS R6
N W |N ~ s
Ry \N Rs3
Ry7 Ry Rig Ry,
R25 R31

in Chemical Formula 6, R,, Ry, R, Ry, Ryg to Ry, and
R;, to Ry; are as defined in Chemical Formula 3,

Sub, is hydrogen, deuterium, a halogen group, a cyano
group, a substituted or unsubstituted CI1-C9 alkyl
group, a substituted or unsubstituted C6-C30 aryl
group, a substituted or unsubstituted C3-C30 heteroaryl
group, a substituted or unsubstituted C1-C9 alkyloxy
group, a substituted or unsubstituted —NR,Rj a sub-
stituted or unsubstituted silyl group, a substituted or
unsubstituted phosphine group, a substituted or unsub-
stituted phosphine oxide group, a substituted or unsub-
stituted thiol group, a substituted or unsubstituted sul-
foxide group, a substituted or unsubstituted sulfone
group, a substituted or unsubstituted C5-C30 arylthio
group, a substituted or unsubstituted C5-C30 aryloxy
group, a substituted or unsubstituted C5-C30 arylamine
group, or a substituted or unsubstituted C5-C30 aralkyl
group; Sub, is optionally fused to a main body to which
it is bonded to form a substituted or unsubstituted
cyclyl or a substituted or unsubstituted aryl,

R, and R, are independently selected from the group
consisting of a substituted or unsubstituted C1-C9 alkyl
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group, a substituted or unsubstituted C5-C30
cycloalkyl group, a substituted or unsubstituted
C6-C30 aryl group, a substituted or unsubstituted
C6-C30 alkylaryl group, a substituted or unsubstituted
C6-C30 aralkyl group, and a substituted or unsubsti-
tuted C3-C30 heteroaryl group; R, and R -are optionally
joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

6. The light-emitting material of claim 5,

wherein, in Chemical Formula 6, the NR;R, and NR;R¢
are, regardless of each other, any of Structural Formu-
las A6, A8, A9, or A10:

(A6)

(A8)

(A9)

(AL0)

Subl

Rn

Ri

in Structural Formulas A6, A8, A9, or A10,

Sub, and Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C3-C30 heteroaryl group, a substituted
or unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR R, a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
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unsubstituted C5-C30 arylsilyl group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub, and Sub,
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are, independently of each other, selected from
the group consisting of a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 aralkyl group, or a substituted or unsubstituted
C3-C30 heteroaryl group; R, and R, are optionally
joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

7. The light-emitting material of claim 2,

wherein, the compound represented by Chemical Formula
2 is represented by any one of the following Chemical

Formulas 7 to 10:

[Chemical Formula 7]

[Chemical Formula 8]
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-continued
[Chemical Formula 9]
Ry
Ryy
Rys
8
)\ )\
Ri; N Rjg
[Chemical Formula 10]
Ry;

in the above Chemical Fornmlas 7to 10, R, ., R, andR 5,
to R are as defined in the above Chemical Formula 2,

Sub, and Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C3-C30 heteroaryl group, a substituted
or unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR_ R, a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
unsubstituted C5-C30 arylsilyl group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub, and Sub,
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are, independently of each other, selected from
the group consisting of a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 aralkyl group, and a substituted or unsubsti-
tuted C3-C30 heteroaryl group; R, and R, are option-
ally joined together with the nitrogen to which they are
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attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

8. The light-emitting material of claim 2,

wherein, the compound represented by Chemical Formula
3 is represented by the following Chemical Formula 11:

[Chemical Formula 11]

R27 Rzg R30 R32

in the above Chemical Formula 11,

R,,, and R, to R,; are as defined in the above Chemical
Formula 3,

Sub, and Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C3-C30 heteroaryl group, a substituted
or unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR R, a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
unsubstituted C5-C30 arylsilyl group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub, and Sub,
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are, independently of each other, selected from
the group consisting of a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 aralkyl group, or a substituted and unsubsti-
tuted C3-C30 heteroaryl group; R, and R, are option-
ally joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.
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9. The light-emitting material of claim 2,
wherein the compound represented by Chemical Formula
4 is represented by the following Chemical Formula 12;

[Chemical Formula 12]

Rss

in the above Chemical Formula 12,

R, to R, are as defined in the above Chemical Formula
4,

Sub, and Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-

%}r@

S
o

M

@)

tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C3-C30 heteroaryl group, a substituted
or unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted —NR_R ;, a substituted or unsubstituted
silyl group, a substituted or unsubstituted phosphine
group, a substituted or unsubstituted phosphine oxide
group, a substituted or unsubstituted thiol group, a
substituted or unsubstituted sulfoxide group, a substi-
tuted or unsubstituted sulfone group, a substituted or
unsubstituted C5-C30 arylsilyl group, a substituted or
unsubstituted C5-C30 arylthio group, a substituted or
unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub, and Sub,
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted
aryl,

R, and R, are, independently of each other, selected from
the group consisting of a substituted or unsubstituted
C1-C9 alkyl group, a substituted or unsubstituted
C5-C30 cycloalkyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, a substituted or unsubstituted
C6-C30 aralkyl group, or a substituted or unsubstituted
C3-C30 heteroaryl group; R, and R, are optionally
joined together with the nitrogen to which they are
attached to form a substituted or unsubstituted hetero-
cyclyl or a substituted or unsubstituted heteroaryl.

10. The light-emitting material of claim 2,

wherein the light-emitting material represented by
Chemical Formula 2 is represented by any one of the
following Compounds 1 to 66:

Sa8a

=N

$
J

“
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(50)
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-continued
(55) (56)
F HC CH;
N N\ N N\
] / /
N, N
T ar

©7 . (48)
SRS X
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(59) (60)

(61) (62)
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-continued
(63) (64)
N N,
/% TN Vo) Y@
= N =N = ~ =N
H;C i

(65) (66)

YA T/N\y/O Q] 7/\)/@'
CH; = N - N

=N

HC

11. The light-emitting material of claim 2,

wherein the light-emitting material represented by
Chemical Formula 3 is represented by any one of the
following Compounds 67 to 82:

(67) (68)

(69)
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12. The light-emitting material of claim 2,

wherein the light-emitting material represented by
Chemical Formula 4 is represented by any one of the
following Compounds 83 to 92:

(83) (84)

t-Bu

OiQ

\NI

(85)
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13. The light-emitting material of claim 2, -continued

AoV
QL '

AS
wherein —NRR,, —NR;R,, —NR.R,, —NR.R,, | )
—NRgR |, and —NR, R, , in Chemical Formulas 2 to
4 are, independently of each other, any one of Struc-
tural Formulas Al to A45:
(AD
| (a6)
®
Subl
(A2)
Elj/j (AT)
Subl
| (A3) 49
(N)
Subl
(Ad) (A9)

!
"

Sub1
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(A10)

| (A1)
T
N
Sub, /l\ Sub

Rir Rpp

| (A12)
0
| s A
Sub; | Sub

Ry

| (A13)
0
| 7o A
Sub Sub,

| (Al4)
80
NN ’
Sub; Sub,

| (A15)
e
| Va » P
Sub; | Sub

Ry

(A16)

| (ALT)
~mr
Nz e

Sub1

[@=——17]
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(A18)

(A19)

(A20)

(A21)

(A22)

(A23)

(A24)
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(A25)

(A26)

(A27)

(A28)

(A29)

(A30)
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(A31)

(A32)

(A33)

(A34)

(A35)

(A36)
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(A37)

(A38)

(A39)

(A40)

(Ad1)

(A42)

(A43)

(A44)

59

May 3, 2018

-continued

(A45)

in Structural Formulas Al to A45,

R,, to R}, are, independently of each other, hydrogen,
deuterium, a substituted or unsubstituted C1-C2 alkyl
group, or a substituted or unsubstituted C6-C30 aryl

group,

Sub, 1o Sub, are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
or unsubstituted C5-C30 cycloalkyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted
or unsubstituted C6-C30 alkylaryl group, a substituted
or unsubstituted C6-C30 aralkyl group, a substituted or
unsubstituted C3-C30 heteroaryl group, a substituted or
unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted C6-C30 aryloxy group, a substituted or
unsubstituted silyl group, a substituted or unsubstituted
phosphine group, a substituted or unsubstituted phos-
phine oxide group, a substituted or unsubstituted thiol
group, a substituted or unsubstituted sulfoxide group,
or a substituted or unsubstituted sulfone group.

14. The light-emitting material of claim 2,

wherein the triazine group in Chemical Formula 2 is the
same as the following Structural Formulas B1 to B27:

(B
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(B22)

(B23)
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-continued
(B25)
N
/
N=—
N
‘<\N )
A\
N
(B26)
CH;
N_—:
N
4<\N )
CH;
(B27)
Ne
505

in Structural Formulas B1 to B27,

R,, and R, are, independently of each other, hydrogen,
deuterium, or a substituted or unsubstituted C1-C2
alkyl group, and

Subs and Sub are, independently of each other, hydrogen,
deuterium, a halogen group, a cyano group, a substi-
tuted or unsubstituted C1-C9 alkyl group, a substituted
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or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C3-C30 heteroaryl group, a substituted or
unsubstituted C1-C9 alkyloxy group, a substituted or
unsubstituted silyl group, a substituted or unsubstituted
phosphine group, a substituted or unsubstituted phos-
phine oxide group, a substituted or unsubstituted thiol
group, a substituted or unsubstituted sulfoxide group, a
substituted or unsubstituted sulfone group, a substituted
or unsubstituted C5-C30 arylthio group, a substituted
or unsubstituted C5-C30 aryloxy group, a substituted or
unsubstituted C5-C30 arylamine group, or a substituted
or unsubstituted C5-C30 aralkyl group; Sub; and Sub
are, regardless of each other, optionally fused to a main
body to which they are bonded to form a substituted or
unsubstituted cyclyl or a substituted or unsubstituted

aryl.
15. The light-emitting material of claim 2,

wherein the triazine group in Chemical Formula 3 is any
one of the following Structural Formulas B28 to B49:

(B28)
N7 |N
)\ )\
N
(B29)
I
N |N
/K )\
N
(B30)
N
Ry, v
NZ |N
)\ )\
N
(B31)
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(B32)
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in Structural Formulas B28 to B49,

B4g
B4) R;; and R, independently represent hydrogen, deute-

rium, or a substituted or unsubstituted C1-C2 alkyl
group.

16. An organic light emitting diode comprising sequen-
tially stacked an anode, a hole conduction layer, a light
emitting layer, an electron conduction layer, and a cathode,

wherein one of the hole transporting layer, the light
emitting layer and the electron transporting layer com-
(349) prises the compound of claim 1.

17. The organic light emitting diode of claim 16,

wherein the light emitting layer comprises a host material
and a dopant material, and

the dopant material comprises the compound of claim 1.
18. The organic light emitting diode of claim 17,

wherein the dopant material is a delayed fluorescent light
emitting material.
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