EP 3 275 968 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 3 275 968 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
31.01.2018 Bulletin 2018/05

(21) Application number: 15887886.8

(22) Date of filing: 25.11.2015

(51) IntClL:
CO9K 11/06 (2006.01)
CO07D 209/82 (2006.01)

CO7D 251/14 (2006.01)
HO1L 51/50 (2006.01)

(86) International application number:
PCT/KR2015/012740

(87) International publication number:
WO 2016/159479 (06.10.2016 Gazette 2016/40)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 27.03.2015 KR 20150043263

(71) Applicant: Industry-Academic Cooperation
Foundation
Dankook University
Yongin-si, Gyeonggi-do 16890 (KR)

(72) Inventors:

* LEE, Chilwon
Yongin-si
Gyeonggi-do 16889 (KR)

* GONG, Myoungseon
Seoul 06337 (KR)

e CHA, Jaeryung
Cheonan-si
Chungcheongnam-do 31117 (KR)

(74) Representative: Macquet, Christophe
Macquet & Associés
Arche des Dolines
7, rue Soutrane
06560 Sophia Antipolis (FR)

(54) ORTHO-SUBSTITUTED THERMALLY ACTIVATED DELAYED FLUORESCENCE MATERIAL
AND ORGANIC LIGHT-EMITTING DEVICE COMPRISING SAME
(57) A thermally activated delayed fluorescent

(TADF) material is provided. The TADF material has a
formin which an electron donating group and an electron

[FIG. 1]

withdrawing group are connected to benzene and the
electron withdrawing group is position in an ortho position
to the electron donating group.

i

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 275 968 A1
Description
[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 fluorescence 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 characteristics, 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 of
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 quantum 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 theoretical
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.

[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 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.

[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.
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[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:

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

FIG 2 shows distribution of molecular orbital of Compound 1 prepared according to Synthesis Example 1, Compar-
ative Compound 2, and Comparative Compound 3.

[Modes of the Invention]

[0011] Hereinafter, the presentinvention will be described in further detail with reference to several aspects and various
exemplary embodiments. Hereinafter, exemplary embodiments of the present invention will be described in detail with
reference to the accompanying drawings. The embodiments 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 disclosure 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.

[0012] 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
specifically, 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
groups may be selected from the group consisting of methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and
t-butyl.

[0013] As used herein, the term "aryl group" means a monocyclic aromatic compound or a polycyclic aromatic com-
pound composed of fused aromatic rings unless otherwise defined, and includes a heteroaryl group.

[0014] Asused herein, "heteroaryl group"”, unless otherwise 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.

[0015] As used herein, the term "halogen group" means a group 7 element, for example, F, Cl, Br, or |, unless otherwise
defined. As an example, the halogen group may be F.

[0016] When "Cx-Cy" is described in the present specification, the number of carbon atoms corresponding to all the
integers between x and y is also to be interpreted as described.

Thermally Activated Delayed Fluorescent (TADF) material

[0017] The following Chemical Formula 1 represents a compound according to one exemplary embodiment of the
present invention.

[Chemical Formula 1]

[0018] In the Chemical Formula 1,

Repg may be an electron donating group,

Rewg may be an electron withdrawing group,

R5 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 unsubstituted C5-C30 cycloalkyl group, a substituted or unsubstituted C6-C30 aryl
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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 substituted or unsubstituted sulfoxide
or sulfone group.

[0019] 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.

[0020] The compound represented by Chemical Formula 1 may be a light emitting material. Specifically, it may be a
thermally activated delayed fluorescent (TADF) material exhibiting thermally activated delayed fluorescence. More spe-
cifically, 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.

[0021] The compound represented by Chemical Formula 1 has the form in which the electron donating group and the
electron withdrawing group are bonded to benzene, and the 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 withdrawing 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 Unoccupied Molecular
Orbital) and reduce the difference between the singlet energy (S1) and the triplet energy (T1). Specifically, as the
compound introduced with the electron withdrawing 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.
[0022] 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]

Ros
Rop R24
R1\
“[1 Ros
Ry
NI RN
/L /)\
Ryz N Rqg

[Chemical Formula 3]
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[Chemical Formula 4]

[0023] InChemical Formulas2to4, Rto R4, may, independently of each other, represent 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; Ry and R,, Rz and Ry, R5 and Rg, R; and Rg, Rg and Ry, or Ry,
and R4, 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.

[0024] In Chemical Formulas 2 to 4, Ry7 to Rqg 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
orunsubstituted 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, a substituted or unsubstituted C3-C30 heteroaryl 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 -NRR,.
The R, and R, may be independently selected from the group consisting of hydrogen, heavy hydrogen, a substituted
orunsubstituted 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.

[0025] EachofR,,to Ry5may be the same as any one of R5to Rg defined in the above Chemical Formula 1. Specifically,
R,, to R45 may be, independently of each other, hydrogen, deuterium, 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.

[0026] The electron donating group in Chemical Formula 1, or-NR4R,, -NR3R4,-NR5Rg, -NR;Rg, -NRgR ¢, or-NR 11 R 5
in Chemical Formulas 2 to 4 may be, independently of each other, any one of Structural Formulas A1 to A19 , for example,
AB, A8, A9 or A10.

N rli e N
Q; . \\_] ) /
Sub, Sub, Sub, Suby, Sub=\,  // Sub,
(A1) (42) (A3) Gy (45) (46)
! !
R X N
1 \©~—8ub1 Xy 7 N\ N
# | = : J = =
N ~&
. Sllb’ éubz Sub1 Sub:,
Hi (m) (bs)
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[0027] In Structural Formulas A1 to A19,

R, is the same as R, in the above Chemical Formula 2,

R4 to R4 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,

Sub, and Sub, may be, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a substituted
orunsubstituted 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 C3-C30 heter-
oaryl 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 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 substituted or unsubstituted C5-C30 arylamine
group, or a substituted or unsubstituted C5-C30 aralkyl group. R; and Ry may be, 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 unsubstituted C6-C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group,
or a substituted or unsubstituted C3-C30 heteroaryl group. R, and Ry 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
orunsubstituted 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 substituted or unsubstituted heteroaryl.

[0028] The electron donating group in Chemical Formula 1, or -NR4R,, -NR3R4,-NR5Rg, -NR7Rg, -NRgR 4, and
-NR44R2 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.
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[0029] In Structural Formulas A20 to A38,
R4 to Ry4 may be, independently of each other, hydrogen, deuterium, a substituted or unsubstituted C1-C2 alkyl group,
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or a substituted or unsubstituted C6-C30 aryl group,

Sub, to Sub, may be, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a substituted
orunsubstituted 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, 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 unsubsti-
tuted phosphine group, a substituted or unsubstituted phosphine oxide group, a substituted or unsubstituted thiol group,
a substituted or unsubstituted sulfoxide group, or a substituted or unsubstituted sulfone group.

[0030] The electron donating group in Chemical Formula 1, or -NR4R,, -NR3R4,-NR5Rg, -NR7Rg, -NRgR 4, and
-NR44R2 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.

Rey [ i
T /N\\ 2 t‘ s l N 1 - § 7/,\\/N\h/\\\\/o\
X . z ' el NN
A N \Q/\V“\/“‘\f/ D)
Sub, f‘ " g7 o Suby S N [ Gy Suby Ru\R,z Suby Ay SUB;
1t 12
A3 (3407 (a41)
R'3R|4 .
(/ I : | N,
s, P

s . (\l/ A &

Sub. .y Sut Sub,

YRRy N ' Ry Ry kto
(A2) (443

(A45)

[0031] In Structural Formulas A39 to A45,

R4, to R4 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,

Sub, to Sub, may be, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a substituted
orunsubstituted 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, 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 unsubsti-
tuted phosphine group, a substituted or unsubstituted phosphine oxide group, a substituted or unsubstituted thiol group,
a substituted or unsubstituted sulfoxide group, or a substituted or unsubstituted sulfone group.

[0032] Examples of the electron withdrawing group in Chemical Formula 1 or the triazine group in Chemical Formula
2 may be the same as the following Structural Formulas B1 to B14.

a Ryy
;{‘// . on o N—R,,
/N 4 - /\N _ An Nz " ,_<N— N
‘ \\& /{,}N N </\ )N\ —&j }: /
) N } ] i —< N—Ry
™Y oy AN ’\/ l{i‘/ ) O—Ry2 w.
(B ) (B3) (B4 (B5) (BS)
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subsg
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[0033] In Structural Formulas B1 to B14,

R¢1 and R4, may be, independently of each other, hydrogen, deuterium, or a substituted or unsubstituted C1-C2 alkyl
group,

Subg and Subg 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 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
substituted or unsubstituted sulfone group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or un-
substituted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsubsti-
tuted 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 unsubstituted aryl. In particular,
when Subjg or Subyg is 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 substituted
or unsubstituted heteroaryl.

[0034] 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,
asubstituted 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 nitrogen to which they
are attached to form a substituted or unsubstituted heterocyclyl or a substituted or unsubstituted heteroaryl.

[0035] Examples of the electron withdrawing group in the above Chemical Formula 1 or the triazine group substituted
with Ry7 and Ryg 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.



10

15

20

25

30

35

40

45

55

-
o

3

£ Az

(B20)

EP 3 275 968 A1
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[0036] In Structural Formulas B15 to B27,

R4 and Ry, may be, independently of each other, hydrogen, deuterium, or a substituted or unsubstituted C1-C2 alkyl

group.

[0037] Examples of the triazine group substituted with R,g in the above Chemical Formula 3 may be the same as the

following Structural Formulas B28 to B49.

1
AN

(B28)

S

(B29)

N
Il

PN PN

(B30) (B31)

10

(B}

(B32)
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(B35)

N/E E JI\
N/ N



EP 3 275 968 A1

10

15

20

25

30

35

40

45

50

55

[0038]

or unsubstituted C1-C2 alkyl group.

{B38) (B33} (B40)

(B48) (B49)

In Structural Formulas B28 to B49, R, and R4, independently represent hydrogen, deuterium, or a substituted

[0039] Specific examples of the compound represented by Chemical Formula 2 may be represented by the following
Chemical Formula 5, and specific examples of the compound represented by Chemical Formula 3 may be represented

by the following Chemical Formula 6.

[0040]

[Chemical Formula 5]

By

Ry Ray
Ri.
‘? Ryg
Ry
N} RN
o
N
subs suby

In Chemical Formula 5, Ry, R,, and R,, to Ry are as defined in Chemical Formula 2, and specifically, -NR4R,
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can be any one of Structural Formulas A1 to A45, for example, A6, A8, A9, or A10.

[0041] In Chemical Formula 5, Subs and Subg may be as defined in Structural Formula B12. As an example, at least
one of Subg and Subg may be -NRR;. Specifically, when either Subg and Subg is -NR.R; and the -NR Ry 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 Formula 6. When both of Subg and Subg are -NR_R; and both of these -NRR; are
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.

[0042] 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.

[Chemical Formula 6]

in Chemical Formula 6, R, R4, Rg, Rg, Rog 10 Ryg, and R5 to Rys are as defined in Chemical Formula 3 above. Specifically,
the NR3R, and NRsRgz may, regardless of each other, be any of Structural Formulas A1 to A45, for example, AG, A8,
A9, or A10.

[0043] In Chemical 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 any of the above Structural Formulas B34 to B47.
[0044] 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]

12
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[0045] Specific examples of the compound represented by Chemical Formula 3 may be represented by the following

Chemical Formula 11.

EP 3 275 968 A1

[Chemical Formula 8]

% R
sub+ |
= N
4
Subz N]

Riz

[Chemical Formula 9]
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[Chemical Formula 11]

Suby Sub, Sub, Sub,
= =} Rig /’»‘E" =
N / \ V4 N%NM \ V4
N | N
N
Rog N Ras
Raz Rog R3o Raz
Rog Ry

[0046] Specific examples of the compound represented by Chemical Formula 4 may be represented by the following
Chemical Formula 12.

[Chemical Formula 12]

R

\5/

Sub,

[0047] 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. Sub4 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.

[0048] In the above Chemical Formulas 7 to 10, R4; and R4g may be as defined in the above Chemical Formula 2.
As an example, the triazine group including Ry; to Ry may be any of the above-mentioned Structural Formulas B1 to
B27. In particular, the triazine group containing R47 to R4g may be the above-mentioned Structural Formula B12, and
specifically, it may be any of the above-mentioned Structural formulas B15 to B27. In the Chemical Formula 11, Rqg
may be the same as defined in the Chemical Formula 3. As another example, the triazine group containing R1g may be
any of the above Structural Formulas B28 to B49.

[0049] In the Chemical Formulas 7 to 12, R,, to R45 may be, independently of each other, the same as any one of Ry
to Rg defined in the above Chemical Formula 1, but specifically, R,, to R,5 independently represent hydrogen, deuterium,
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 groupmaybe F.
[0050] In the above Chemical Formula 10, R44 and Ry, may, regardless of each other, be hydrogen, deuterium, or a
substituted or unsubstituted C1-C2 alkyl group.

[0051] The thermally activated delayed fluorescent material can implement red, green, and blue luminescent colors
by appropriate introduction of the electron donating group and the electron withdrawing group and reduce the difference
between the singlet energy and the triplet energy to 0.3 eV or less.

[0052] Specific compounds of such thermally activated delayed fluorescent materials are represented by the following
Compounds 1 to 92, but are not limited thereto.
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[0053] Compounds 1-21, 31-45, 52, 53, 55-60, 67-74, and 81-86 may be examples of the compounds shown in
Chemical 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 Chemical Formula 11, and Compounds 83-86 may be examples of the
compounds shown in Chemical Formula 12.

Organic Light Emitting Diode

[0054] FIG. 1isacross-sectional viewillustrating an organic light emitting diode according to an exemplary embodiment
of the present invention.

[0055] 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 trans-
porting 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. 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 blocking layer, or the
hole transport layer 25 may serve as the electron blocking layer.

[0056] 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.

[0057] 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 represented
by any one of the above-described Chemical Formulas 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 with-
drawing 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, various 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.

[0058] The host material may be selected from the group consisting of mCP (N,N-dicarbazolyl-3,5-benzene), Alg3,
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-yl)anthracene), E3 (see the following formula), and BeBqg2 (see the
following formula).
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[0059] 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 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 cathode 70 to the light emitting layer 40.

[0060] 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.

[0061] 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):polystyrenesulfonate); NPD (N,N’ -di(1-naphthyl)-N,N’ -diphenylbenzidine); 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 deriva-
tives such as copper (Il) 1,10,15,20-tetraphenyl-21H,23H-porphyrin and the like; TAPC (1,1-bis[4-[N,N’-di(p-tolyl)ami-
nolphenyl]cyclohexane); triarylamine derivatives such as N,N,N-tri(p-tolyl)amine and 4,4’,4’-tris[N-(3-methylphenyl)-N-
phenylamino] triphenylamine; carbazole derivatives such as N-phenylcarbazole and polyvinylcarbazole; phthalocyanine
derivatives such as metal-free phthalocyanine and copper phthalocyanine; starburst amine derivatives; enamine stilbene
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.

[0062] 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 materials. For example, oxadiazole derivatives, triazole derivatives,
phenanthroline derivatives and the like can be used.

[0063] The electron transporting layer 55 may be formed of a material selected from the group consisting of
TSPO1(diphenylphosphine oxide-4-(triphenylsilyl)phenyl), tris(8-quinolinolate) aluminum (Alq3), 2,5-diarylsilole deriva-
tive (PyPySPyPy), perfluorinated compound (PF-6P), COTs (octasubstituted cyclooctatetraene), TAZ (see the following
Chemical Formula), Bphen (4,7-diphenyl-1,10-phenanthroline), BCP (see the following formula), and BAlq (see the
following formula).

+-Bu

[0064] The electron injection layer 53 may be, for example, LiF, NaCl, CsF, Li20, BaO, BaF2, or Liq (lithium quinolate).
[0065] 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.

[0066] 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
electrophoresis.

[0067] The organic light emitting diode may be disposed on a substrate (not shown), which may be disposed below
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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.

[0068] 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
naphthalate (PEN), polyimide (Pl), polypropylene (PP). However, the present invention is not limited to this, and the
substrate may be a metal substrate capable of light reflection.

[0069] Hereinafter, exemplary embodiments of the present invention will be described in order to facilitate understand-
ing of the present invention. It should be understood, however, 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.

[Examples]
[0070]
[Scheme 1]
o O
r ! {j 14-Dibromobenzene Y N
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Compound 1, 2, 3, or 37
[0071] In Scheme 1, the product is Compound 1 when both of Ry 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

[0072] Step 1: Carbazole (10.0 g, 59.8 mmol), 1,2-dibromobenzene (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-
bromophenyl)carbazole. 9-(2-bromophenyl)carbazole: Mass Spec (El) m/z 322 [(M + H)*]

[0073] Step 2 : 9-(2-bromophenyl)carbazole (10 g, 31.03 mmol), 4,4,4’,4’,5,5,5',5’-octamethyl-2,2’-bi(1,3,2-dioxabo-
rane) (11.82 g, 46.55 mmol), potassium acetate (9.14 g, 93.11 mmol), and 1,1’-bis(diphenylphosphino) ferrocene-pal-
ladium (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 chlo-
ride/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) carba-
zole. 9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl) carbazole : Mass Spec (El) m/z 369 [(M + H)*]

[0074] Step 3 :9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxabolan-2-yl)phenyl)carbazole (3 g, 8.12 mmol), 2-chloro-4,6-diphe-
nyl-1,3,5-triazine (2.61 g, 9.75 mmol), tetrakis (triphenylphosphine) palladium (0) (0.28 g, 0.24 mmol) were added to a
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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 3.31 g of a pure white solid was obtained through
sublimation purification.

[0075] Compound 1 : yield 86%, Mass Spec (El) m/z 474 [(M+H)*]. Elemental analysis theoretical value C33H5,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,): § 8.57 (d,
1H), 8.03 (t, 6H), 7.85 (t, 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

[0076] 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.

[0077] Compound 2 : Mass Spec (FAB) m/z 502 [(M+H)*]. Elemental analysis theoretical value C35H,gN4: C(83.64%)
H(5.21%) N(11.15%) Measured: C, 83.69%; H, 5.26%; N, 11.09%. "H NMR (500 MHz, CDCl5): 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

[0078] 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.

[0079] Compound 3 : Mass Spec (El) m/z 586 [(M+H)*]. Elemental analysis theoretical value C,1H3gN,: C(83.92%)
H(6.53%) N(9.55%) Measured: C, 83.85%; H, 6.61%; N, 9.53%. "H NMR (500 MHz, CDCl5): 8.56(d, 1H), 8.09 (d, 4H),
8.02 (d, 2H), 7.81 (t, 1H), 7.74 (t, 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

[0080] 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 Ex-
ample 1.

[0081] Compound 37 : Mass Spec (FAB) m/z 502 [(M+H)*]. Elemental analysis theoretical value C55H,6N4: C(83.64%)
H(5.21%) N(11.15%) Measured: C(83.53%) H(5.27%) N(11.18%). TH NMR (500 MHz, CDCl5): 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

[0082]

[Scheme 2-1]

Br
P
H L
o o i
e o8
L\(//’; \\,;,j Ny o

Intermediate 72-t

[0083] Step 1 :Diphenylamine (10.0 g,59.09 mmol), 1,2-dibromobenzene (27.88 g, 118.19mmol), sodium tert-butoxide
(6.814 g, 70.908 mmol), palladium acetate (0.663g, 2.95mmol), 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.
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Intermediate 22-1: Mass Spec (El) m/z 324 [(M + H)*]

[0084]

[Scheme 2-2]

5.0 0.
BB
FACEEE
! \?
X
[

Intermediate 222

[0085] Step 2 : 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(ll) 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 chromatography using
a methylene chloride/hexane mixed solvent as eluent to obtain 4.58 g of intermediate 22-2.

Intermediate 22-2: Mass Spec (El) m/z 371 [(M+H)"].

[0086]

[Scheme 2-3]

Compound 22

[0087] Step 3: 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.

[0088] Compound 22: yield 86% Mass Spec (El) m/z 476 [(M+H)*]. Elemental analysis theoretical value C33H54Ny:
C, 83.17%; H, 5.08%; N, 11.76%. Measured: C, 82.16%; H, 5.12%; N, 11.77%. 'H NMR (500 MHz, CDCl5): § 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).

Synthesis Example 6: Synthesis of Compound 23

[0089]
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[Scheme 3]

Compound 23

[0090] Compound 23 was obtained in a yield of 78% using the same method as in Synthesis Example 5 except that
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-yl)-N,N-di-p-tolylaniline in Step 2 and this was used in Step 3.

[0091] Compound 23 : Mass Spec (El) m/z 504 [(M+H)*]. Elemental analysis theoretical value C35H,gN4: C(83.30%)
H(5.59%) N(11.10%) Measured: C, 83.32%; H, 5.66%; N, 11.05%. TH NMR (500 MHz, CDCl5): 8.52(d, 4H), 7.95 (d,
1H), 7.56 (t, 2H), 7.53 ~ 7.45 (m, 5H), 7.38 ~ 7.32 (m, 2H), 6.92 (d, 4H), 6.85 (d, 4H).

Synthesis Example 7: Synthesis of Compound 36

[0092]

[Scheme 4-1]

Intermediate 36-1
[0093] (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) (4.02g, 3.48mmol), and potassium carbonate (14.44g, 104.49mmol)
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.

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

[0094]

[Scheme 4-2]

R CucH

Compound 3¢
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[0095] 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 chloride, and then
subjected to column chromatography using a methylene chloride/hexane mixed solvent as eluent to obtain 2.49 g of
Compound 36.

[0096] Compound 36 : Mass Spec (El) m/z 423 [(M+H)*]. Elemental analysis theoretical value C,gH;N5: C(79.42%)
H(4.05%) N(16.54%) Measured: C, 79.43%; H, 4.07%; N, 16.51%. TH NMR (500 MHz, CDCl5): 8.41(d, 1H), 8.02 (d,
2H), 7.85 (t, 1H), 7.75 ~ 7.70 (m, 2H), 7.36 ~ 7.29 (m, 5H), 7.22 (t, 2H), 7.15 (d, 2H), 7.10 (t, 2H).

[Scheme 3]

LT o O
Nz F B
8 Pd-cat.
oM 4 ca—<\ N I — Nf o
N 4 crosscoupling
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QI * i 7Ry N
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Compound €1 or 63

[0097] In Scheme 5, the product is Compound 61 when both of Ry and R, are hydrogen, Compound 63 when R, is
hydrogen and R, is a methyl group.

Synthesis Example 8: Synthesis of Compound 61

[0098] Step 1 : 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 carbonate (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 chromatography
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.

[0099] 2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine : Mass Spec (El) m/z 327 [(M+H)*] "H NMR (500 MHz, CDCls) :
8.76(d, 4H), 8.48 (t, 1H), 7.62 (t, 3H), 7.56 (t, 4H), 7.35 (t, 1H), 7.27 (t, 1H).

[0100] Step 2 : 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 methylene chloride, and then purified by column chromatography
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.

[0101] Compound 61: yield 49.5% Mass Spec (El) m/z 424 [(M+H)*]. Elemental analysis theoretical value CygHygNy:
C(82.05%) H(4.75%) N(13.20%) Measured: C, 81.98%; H, 4.77%; N, 13.11%. TH NMR (500 MHz, CDCls) : 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).
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Synthesis Example 9: Synthesis of Compound 63

[0102] 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).

[0103] Compound 63: yield 58.07% Mass Spec (El) m/z 438 [(M+H)*]. Elemental analysis theoretical value C35H5,N,:
C(82.17%) H(5.06%) N(12.78%), Measured: C, 82.22%; H, 4.97%; N, 12.69%. 'H NMR (500 MHz, CDCls) : 8.43(d,
1H), 8.20 (d, 4H), 7.71 (t, 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

[0104]
[Scheme 6]
VR
H (F\\Q} o i__%( o
— . / . N - \?
. [ s &
TN ¢ A » N N
o f""'{ + f"f‘? o ———— :»/ \f} \[{"N
0. ATy { c’;:%f e
e/ - (N*::’i i\ ;
K S
. W 4

Compound 52

[0105] 2-(2-fluorophenyl)-4,6-diphenyl-1,3,5-triazine (1.00 g, 3.05 mmol), 5H-benzofuro[3,2-c] 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 purification.

[0106] Compound 52 : yield 78.4%, Mass Spec (El) m/z 565 [(M+H)*]. TH NMR (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).

Synthesis Example 11: Synthesis of Compound 67

[0107]

[Scheme 7]

Gl N, .Gt

b
o~ L:
»

e

v

Suzuki coupling

Compound &7

[0108] 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 (triphenylphosphine) 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
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chloride/hexane mixed solvent as eluent, and finally a pure white solid was obtained in a yield of 71% through sublimation
purification.

[0109] Compound 67 : Mass Spec (El) m/z 639 [(M+H)*]. Elemental analysis theoretical value C45H,gN5 C (84.48 %)
H (4.57 %) N (10.95 %) Measured: C (84.48 %) H (4.57%) N (10.86 %). "H NMR (500 MHz, CDCl5):5 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, J = 8 Hz), 7.659 ~ 7.708 (m, 4H), 7.986 (d, 4H, J = 8 Hz).

Synthesis Example 12: Synthesis of Compound 83

[0110]

[Scheme 8]

Cl__N_ Gl

e ¢§

"Tt :
N N
)|
Cl

Suzuki coupling

Compound 83

[0111] 9-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-yl)phenyl)carbazole (15.4 g, 53.7 mmol), cyanuric chloride (3.0
g, 16.3 mmol), and tetrakis(triphenylphosphine)palladium (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 chloride/hexane
mixed solvent as eluent, and finally a pure white solid was obtained in a yield of 37% through sublimation purification.

[0112] Compound 83 : Mass Spec (El) m/z 803 [(M+H)*]. Elemental analysis theoretical value C57;H35Ng C (85.05%)
H (4.51%) N (10.44%) Measured: C (85.07%) H (4.49%) N(10.45%). TH NMR (500 MHz, CDCl5):5 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, J = 7 Hz)

Preparation Example 1: Preparation of delayed fluorescent organic light emitting diode

(ITO/ PEDOT:PSS / TAPC / mCP / mCP:Compound 1/ TSPO1 / TPBi / LiF /Al)

[0113] 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 wavelength,
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]Cyclohexane
was vapor-deposited at a pressure of 1x10-6 torr at a rate 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 1 x 10-6 torr at a rate of 0.1 nm/s
to form a exciton blocking layer of 10 nm. Subsequently, under a pressure of 1 x 10-6 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 form a light emitting layer doped with 5% of the dopant in the host. TSPO1
(diphenylphosphine oxide-4-(triphenylsilyl)phenyl) and TPBi (1,3,5-tris (N-phenylbenzimidazol-2-yl) benzene) were se-
quentially vapor-deposited at a pressure of 1 x 10-6 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 1 x 10-6 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 nm/sec under a pressure of 1 x 10-6 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
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absorbent and a glass cover glass.

[0114] The organic light emitting device using Compound 1 as a fluorescent dopant material has a quantum efficiency
of 9.3%, a current efficiency 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
generalfluorescent device, and it can be a direct proofthat a triplet energy is converted into a single energy by intersystem
crossing, which is the property of the thermally-activated delayed fluorescent material.

Preparation Example 2: Preparation of delayed fluorescent organic light emitting diode

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

[0115] 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.

[0116] The organic light emitting diode according to Preparation Example 2 using Compound 2 as a light emitting
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 and x = 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

(ITO/ PEDOT:PSS / TAPC / mCP / mCP:Compound 3/ TSPO1 / TPBi / LiF /Al)

[0117] 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.

[0118] The organic light emitting diode according to Preparation Example 3 using Compound 3 as a light emitting
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.

Preparation Example 4: Preparation of delayed fluorescent organic light emitting diode

(ITO/ PEDOT:PSS / TAPC /| mCP / mCP:Compound 37/ TSPO1 / TPBi / LiF /Al)

[0119] 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.

[0120] 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

(ITO/ PEDOT:PSS / TAPC /| mCP / mCP:Compound 22/ TSPO1 / TPBi / LiF /Al)

[0121] 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.

[0122] 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 efficiency 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

(ITO/ PEDOT:PSS /| TAPC / mCP / mCP: Compound 52/ TSPO1 / TPBi / LiF /Al)

[0123] 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.
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[0124] 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

(ITO/ PEDOT:PSS / TAPC /| mCP / mCP:Compound 23/ TSPO1 / TPBi / LiF /Al)

[0125] 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.

[0126] 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.

Preparation Example 8: Preparation of delayed fluorescent organic light emitting diode

(ITO/ PEDOT:PSS / TAPC / mCP / mCP:Compound 36/ TSPO1 / TPBi / LiF /Al)

[0127] 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.

[0128] 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 efficiency 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

(ITO/ PEDOT:PSS / TAPC /| mCP / mCP:Compound 67/ TSPO1 / TPBi / LiF /Al)

[0129] 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.

[0130] 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 efficiency of 18.5 cd/A, a power
efficiency of 6.47 1m/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

(ITO/ PEDOT:PSS / TAPC /| mCP / mCP:Compound 83/ TSPO1 / TPBi / LiF /Al)

[0131] 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.

[0132] 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 efficiency 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.

Comparative Example 1: Preparation of delayed fluorescent organic light emitting diode

(ITO/PEDOT:PSS/TAPC/mCP/mCP:CC2TA/TSPO1/TPBI/LiF/Al)

[0133] 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-yl) -9H-carbazol-9-yl-6-phenyl-1,3,5-triazine (CC2TA) reported in the paper (APPLIED PHYS-
ICS LETTERS 101, 093306 (2012)) was used as a delayed fluorescent dopant material.

[0134] The organic light emitting diode according to Comparative 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
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of 13.8 Im/W and x=0.20 and y=0.44 based on a CIE 1931 color coordinate.

[0135] 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 compounds
in the Preparation Examples 1-10. Each of these organic light emitting diodes exhibits a quantum efficiency exceeding
5% (a light extraction efficiency 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 exam-
ples 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 emitting material, exhibits a quantum efficiency 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 fluorescent device.

[0136] 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 B

g 2)s, AT, YAEgr | ®HOMO | ®LUMO
3.49eV | 2.86eV | 2.79eV | 0.06eV | -5.31eV | -1.81eV

Compound (ortho)

Comparative PR e 3.39eV | 290eV | 2.75eV | 0.15eV | -5.36eV | -1.97 eV
<N 0 . T
Compound A (meta) [N e T
é/ N N\\E;;N
N {_&E
S
Comparative 4\ | 347eV | 3.04eV | 270eV | 0.34eV | -542eV | -1.95eV
Compound B (para) Q@ e
NN
AN
L o

&

1) Bandgap, 2) Singlet Energy, 3) Triplet Energy,

4) Difference between the singlet energy and the triplet energy,
5) Highest occupied molecular orbital Energy level,

6) Lowest unoccupied molecular orbital Energy level

[0137] 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 Compound 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.

[0138] 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.
[0139] In order to show the fluorescence property effectively, 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 fluorescence property of the ortho-form material was expected to be similar to
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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 flourescent light emitting.

[0140] 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 alterations may be made herein without departing from the scope
of the present invention.

Claims

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

[Chemical Formula 1]

R R,

N
Rsg / ) Rj

in the Chemical Formula 1,

Repg is an electron donating group,

Rewg is an electron withdrawing group,

Rg to Rg 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.

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 Formulas 2 to 4:

[Chemical Formula 2]

Ros
Ron R24
R1 \
“[1 Ros
Ry
N7 RN
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[Chemical Formula 3]

Ry

PN

N Ry ®
NG

in Chemical Formulas 2 to 4,

R to Ry, 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; R4 and R,, Ry and Ry, Rg and Rg, R; and Rg, Rg and R, or Ry and
R4, are 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,

R4z to R4g 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 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-C30 alkyloxy group, a
substituted or unsubstituted C3-C30 aryloxy group, a C1-C9 alkylsilyl group, or a substituted or unsubstituted
-NR;Ry,

the R, and Ry, 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, or a substituted or un-
substituted 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 unsubstituted heteroaryl
group, and

R,,to Ry5 are, independently of each other, hydrogen, deuterium, a halogen group, a substituted or unsubstituted
C4-C6 aryl group, or a substituted or unsubstituted 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:
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[Chemical Formula 5]

Ry
Rm Roq
R,
w? Rys
Ry
N{ EN
P
B
subs sk

in Chemical Formula 5, R4, Ry, and R,, to Ry5 are as defined in Chemical Formula 2,

Subs and Subg are, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a
substituted 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_Ry, 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
stituted C5-C30 arylthio group, a substituted or unsubstituted C5-C30 aryloxy group, a substituted or unsubsti-
tuted C5-C30 arylamine group, or a substituted or unsubstituted C5-C30 aralkyl group; Subs and Subg are,
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,

Re and Ry 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, 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 heterocyclyl 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:

—~ | !
\ I / | ‘. . - :/ ~ozl=
Sub. § \;I - .
Eub. Sub, 101 Sur.
(46) (18 (A9)

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
substituted or unsubstituted C1-C9 alkyl group, a substituted or unsubstituted C5-C30 cycloalkyl group, a sub-
stituted 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_Ry, 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
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stituted C5-C30 arylsilyl group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or unsubsti-
tuted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsub-
stituted 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 cyclic or a substituted or unsubstituted aryl,
R.and Rd 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 unsubstituted C6-
C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group, or a substituted or unsubstituted C3-C30
heteroaryl group; R, and Rd are optionally joined together with the nitrogen to which they are attached to form
a substituted or unsubstituted heterocyclyl or a substituted or unsubstituted heteroaryl.

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]

in Chemical Formula 6, R3, Ry, Rs, Rg, Ryg to Ryg, and Ry to Ry5 are as defined in Chemical Formula 3,

Subs is hydrogen, deuterium, a halogen group, a cyano group, a substituted 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 -NRgR;, 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; Subg is optionally fused to a main body to which it is bonded to form a
substituted or unsubstituted cyclic 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, 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 heterocyclyl or a substituted or unsubstituted
heteroaryl.

6. The light-emitting material of Claim 5,

wherein, in Chemical Formula 6, the NR3R, and NRsRg are, regardless of each other, any of Structural Formulas
AB, A8, A9, or A10:
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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
substituted or unsubstituted C1-C9 alkyl group, a substituted or unsubstituted C5-C30 cycloalkyl group, a sub-
stituted 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_Ry, 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
stituted C5-C30 arylsilyl group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or unsubsti-
tuted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsub-
stituted 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 cyclic or a substituted or unsubstituted aryl,
R.and Rd 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 unsubstituted C6-
C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group, or a substituted or unsubstituted C3-C30
heteroaryl group; R, and Rd are optionally joined together with the nitrogen to which they are attached to form
a substituted or unsubstituted heterocyclyl or a substituted or unsubstituted heteroaryl.

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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[Chemical Formula 9]

in the above Chemical Formulas 7 to 10, R4, R4g, and Ry, to R,5 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
substituted or unsubstituted C1-C9 alkyl group, a substituted or unsubstituted C5-C30 cycloalkyl group, a sub-
stituted 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
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stituted C5-C30 arylsilyl group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or unsubsti-
tuted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsub-
stituted 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 cyclic or a substituted or unsubstituted aryl,
R.and Rd 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 unsubstituted C6-
C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group, or a substituted or unsubstituted C3-C30
heteroaryl group; R, and Rd are optionally joined together with the nitrogen to which they are attached to form
a substituted or unsubstituted heterocyclyl 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]

Sub, Suby Suby Sub,
= =l R = SN
VAV Sy, Q
N | N
.
Ros N Rsa
Ra7 Rog Rig Rap
Rae Ray

in the above Chemical Formula 11,

R19, and Ryg to R33 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
substituted or unsubstituted C1-C9 alkyl group, a substituted or unsubstituted C5-C30 cycloalkyl group, a sub-
stituted 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
stituted C5-C30 arylsilyl group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or unsubsti-
tuted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsub-
stituted 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 cyclic or a substituted or unsubstituted aryl,
R.and Rd 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 unsubstituted C6-
C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group, or a substituted or unsubstituted C3-C30
heteroaryl group; R, and Rd are optionally joined together with the nitrogen to which they are attached to form
a substituted or unsubstituted heterocyclyl or a substituted or unsubstituted heteroaryl.

9. The light-emitting material of Claim 2,
wherein the compound represented by Chemical Formula 4 is represented by the following Chemical Formula 12;
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[Chemical Formula 12]

R

in the above Chemical Formula 12,

R34 to Ry5 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
substituted or unsubstituted C1-C9 alkyl group, a substituted or unsubstituted C5-C30 cycloalkyl group, a sub-
stituted 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 sub-
stituted or unsubstituted sulfoxide group, a substituted or unsubstituted sulfone group, a substituted or unsub-
stituted C5-C30 arylsilyl group, a substituted or unsubstituted C5-C30 arylthio group, a substituted or unsubsti-
tuted C5-C30 aryloxy group, a substituted or unsubstituted C5-C30 arylamine group, or a substituted or unsub-
stituted 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 cyclic or a substituted or unsubstituted aryl,
R.and Rd 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 unsubstituted C6-
C30 aryl group, a substituted or unsubstituted C6-C30 aralkyl group, or a substituted or unsubstituted C3-C30
heteroaryl group; R, and Rd are optionally joined together with the nitrogen to which they are attached to form
a substituted or unsubstituted heterocyclyl 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:
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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:
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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:
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13. The light-emitting material of Claim 2,
wherein -NR4Ry, -NR3Ry, -NR5Rg, -NR7Rg, -NRgR 4, and -NR44R 45 in Chemical Formulas 2 to 4 are, independently
of each other, any one of Structural Formulas A1 to A45:

| L |
Oy j ) <  Lew, 7 { Lsw.

; e \_] R A ‘I\
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in Structural Formulas A1 to A45,

R4 to Ry, 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, to Sub, are, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a sub-
stituted 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, 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-
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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:
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in Structural Formulas B1 to B27,

R¢1 and Ry, are, independently of each other, hydrogen, deuterium, or a substituted or unsubstituted C1-C2

alkyl group, and

Subs and Subg are, independently of each other, hydrogen, deuterium, a halogen group, a cyano group, a
substituted 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 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; Subs and Subg are, 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.

S
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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:
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16.

17.

18.

in Structural Formulas B28 to B49,

R41 and Ry, independently represent hydrogen, deuterium, or a substituted or unsubstituted C1-C2 alkyl group.

An organic light emitting diode comprising sequentially stacked an anode, a hole conduction layer, a light emitting

EP 3 275 968 A1

NN
N \[N pr ‘\
| TRy
UL
(B38) (B33}

layer, an electron conduction layer, and a cathode,

wherein one of the hole transporting layer, the light emitting layer and the electron transporting layer comprises the

compound of claim 1.

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.

The organic light emitting diode of Claim 17,
wherein the dopant material is a delayed fluorescent light emitting material.

51
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[FIG. 2]

Compound 1 Comparative compound A Comparative compound B
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