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ORGANIC ELECTROLUMINESCENT
COMPOUND, ORGANIC
ELECTROLUMINESCENT DIODE, AND
METHOD OF PRODUCTION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 USC
119(a) of Korean Patent Application No. 10-2013-0168634
filed on Dec. 31, 2013, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an organic elec-
troluminescent compound, an organic electroluminescent
diode including the organic electroluminescent compound,
and a method of producing the organic electroluminescent
compound.

[0004] 2. Description of Related Art

[0005] Recently, organic light-emitting diodes (OLEDs)
are receiving a lot of attention due to their potential applica-
tion in full-color, flat-panel display devices and spatial light
modulators. In order to produce a full-color OLED for a
display device or a spatial light modulator, a main light emit-
ting device including red, green, and blue light emitting mate-
rials is used. Red light and green light emitting materials that
exhibit high energy efficiency and saturation of color are
available. However, available blue light emitting materials
exhibit poor efficiency and color index. In order to reduce the
power consumption by an OLED and to increase a range of
color produced therefrom, it is desirable to develop a high-
efficiency pure saturated-blue-light emitting material with a
CIE, (Commission Internationale de I'Eclairage y coordinate
value) of 0.15 or less. However, a deep-blue-light emitting
material with high efficiency, saturated color purity, and long
operational lifetime due to a broad band gap of a blue material
has not been achieved. Although many blue-light emitting
materials such as pyrene (Hu, I.; Era, M.; Elsegood, M. R. J.;
Yamato, T. Eur. J. Org. Chem. 2010, 72), anthracene (Lee, K.
H.; Park, J.K.; Seo, J. H.; Park, S. W.; Kim, Y. S.; Kim, Y. K ;
Yoon, S.S.JMater. Chem. 2011, 21, 13640), fluorene (Kwon,
Y.S.;Lee, K. H.; Kim, G.Y; Seo, J. H.; Kim, Y. K.; Yoon, S.
S. J. Nanosci. Nanotechnol. 2009, 9, 7056), aromatics (Lee,
K. H.;Kwon,Y.S.; Lee, J. Y.; Kang, S.; Yook, K. S.; Jeon, S.
O.;Lee,J.Y.; Yoon, S. S. Chem. Eur. J. 2011, 17, 12994), and
triarylamine (Lee, K. H.; Kang, S.; Lee, J. Y.; Jeon, S. O.;
Yook, K. S.; Lee, I. Y.; Yoon, S. S. Adv. Funct. Mater. 2010,
20, 1345) are known, electroluminescence (EL) efficiency of
such a deep-blue OLED is much lower than a sky-blue
OLED. Therefore, the development of a new efficient deep-
blue fluorescent material with high performance is desirable
in order to realize the use of OLEDs for various applications.

SUMMARY

[0006] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
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[0007] Inone general aspect, there is provided a compound
of Formula (1):
@
(S
R R
1>A—L—A< 1
Ry | | R,
Ar Ar
[0008] wherein A comprises a five-membered unsaturated

or aromatic ring, a six-membered unsaturated or aromatic
ring, a five-membered unsaturated or aromatic hetero ring, or
a six-membered unsaturated or aromatic hetero ring;

[0009] either R, and R, each independently comprise a
five-membered unsaturated or aromatic ring, a six-membered
unsaturated or aromatic ring, a five-membered unsaturated or
aromatic hetero ring, or a six-membered unsaturated or aro-
matic hetero ring, or

[0010] R, and R, are fused to form a polycyclic fused ring
of at least two rings that are selected from the group consist-
ing ofa five-membered unsaturated or aromatic ring compris-
ing at least one of C-C,, fused rings, a six-membered unsat-
urated or aromatic ring comprising at least one of C-C,,
fused rings, a five-membered unsaturated or aromatic hetero
ring comprising at least one of C,-C,,, fused rings, and a
six-membered unsaturated or aromatic hetero ring compris-
ing at least one of C4-C,,, fused rings;

[0011] Ar comprises a member selected from the group
consisting of phenyl, biphenyl, naphthyl, dibenzothiophenyl,
dibenzofuranyl, terphenyl, stilbene group, anthracenyl, pyre-
nyl, and perylenyl; and

[0012] L comprises a member selected from the group con-
sisting of a five-membered unsaturated or aromatic ring that is
substituted with phenyl, naphthyl, biphenyl, terphenyl, stil-
bene group, anthracenyl, phenanthrenyl, pyrenyl, or peryle-
nyl; a six-membered unsaturated or aromatic ring that is
substituted with phenyl, naphthyl, biphenyl, terphenyl, stil-
bene group, anthracenyl, phenanthrenyl, pyrenyl, or peryle-
nyl; a five-membered unsaturated or aromatic hetero ring that
is substituted with phenyl, naphthyl, biphenyl, terphenyl, stil-
bene group, anthracenyl, phenanthrenyl, pyrenyl, or peryle-
nyl; and a six-membered unsaturated or aromatic hetero ring
that is substituted with phenyl, naphthyl, biphenyl, terphenyl,
stilbene group, anthracenyl, phenanthrenyl, pyrenyl, or
perylenyl; or a polycyclic ring formed by fusion of at least two
rings selected from the group above.

[0013] The compound may be represented by one of For-
mulas (2), (3) and (4):

~
Q ¥L/_\_;
RO

@
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[0014]
[0015]

-~y

wherein Ar and L are as defined above.
L may be a substituent selected from the following:

[0016] The compound of Formula (1) may have a maxi-

mum emission peak in a range of approximately 440 nm to
465 nm.

[0017] Inanother general aspect, a method of producing the
compound involves: reacting a compound represented by
Formula (5) with a compound represented by Formula (6) in
presence of an organic solvent:

®

O}
CH=R'=CH;

[0018] wherein either R, and R, each independently com-
prise a five-membered unsaturated or aromatic ring, a six-
membered unsaturated or aromatic ring, a five-membered
unsaturated or aromatic hetero ring, ora six-membered unsat-
urated or aromatic hetero ring, or
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[0019] R, and R, are fused to form a polycyclic fused ring
of at least two rings that are selected from the group consist-
ing ofa five-membered unsaturated or aromatic ring compris-
ing at least one of C4-C,,, fused rings; a six-membered unsat-
urated or aromatic ring comprising at least one of C,-C,,
fused rings; a five-membered unsaturated or aromatic hetero
ring comprising at least one of C4-C,, fused rings; and a
six-membered unsaturated or aromatic hetero ring compris-
ing at least one of C4-C,,, fused rings; and

[0020] Ar comprises a member selected from the group
consisting of phenyl, naphthyl, biphenyl, terphenyl, stilbene
group, anthracenyl, phenanthrenyl, pyrenyl, and perylenyl,
and

[0021] R' comprises a member selected from the group
consisting of a five-membered unsaturated or aromatic ring
that is substituted with an C,-Cq alkyl group; a six-membered
unsaturated or aromatic ring that is substituted with an C,-Cg
alkyl group; a five-membered unsaturated or aromatic hetero
ring that is substituted with an C,-Cq alkyl group; and a
six-membered unsaturated or aromatic hetero ring that is
substituted with an C,-C, alkyl group; or a polycyclic ring
formed by fusion of at least two rings selected from the group
above.

[0022] Thereacting may be performed at a temperature in a
range of from about 100° C. to about 300° C.

[0023] The compound represented by Formula (5) may be
represented by one of Formulas (7), (8) and (9):

0]

]
g
»
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[0024] wherein Ar is the same as defined in claim 4.
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[0025] The compound represented by Formula (6) may
include a member selected from the following:

CH

CH.

[0026] In another general aspect, there is provided an
organic electroluminescent diode comprising an anode, a
cathode, and an organic layer including the compound of
Formula (1) described above.

[0027] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIGS.1Ato 1C respectively illustrate a UV absorp-
tion spectra (FIG. 1A), a PL spectraat CH,Cl, (FIG. 1B), and
a solid PL spectra at a thin film (FIG. 1C) of examples of
organic electroluminescent compounds in accordance with
the present disclosure.

[0029] FIGS.2A to 2C respectively illustrate a UV absorp-
tion spectra (FIG. 2A), a PL spectra (FIG. 2B), and a solid PL
spectra (FIG. 2C) of additional examples of organic electrolu-
minescent compounds in accordance with the present disclo-
sure.

[0030] FIG. 3 illustrates a schematic view of an example of
a device that includes an organic electroluminescent com-
pound and a graph illustrating an energy level thereof.
[0031] FIG. 4 illustrates normalized an EL spectra of an
example of a device that includes examples of organic elec-
troluminescent compounds in accordance with the present
disclosure.

[0032] FIGS. 5A to 5C respectively illustrate a J-V-L graph
(FIG. 5A), a luminance efficiency and power efficiency graph
(FIG. 5B), and an external quantum efficiency graph (FIG.
5C) with respect to a current density of a device including
organic electroluminescent compounds in accordance with
the present disclosure.

[0033] FIGS. 6A and 6B illustrate graphs respectively
showing a current density (FIG. 6A) and a luminescent prop-
erty (FIG. 6B) depending on a voltage of a device including
examples of organic electroluminescent compounds in accor-
dance with the present disclosure.

[0034] FIG. 7A to FIG. 7C illustrate graphs respectively
showing an EL spectra (FIG. 7A), and a luminance efficiency
(FIG. 7B) and a power efficiency (FIG. 7C) with respect to a
current density of a device including examples of organic
electroluminescent compounds in accordance with the
present disclosure.

[0035] Throughout the drawings and the detailed descrip-
tion, unless otherwise described or provided, the same draw-
ing reference numerals will be understood to refer to the same
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elements, features, and structures. The drawings may not be
to scale, and the relative size, proportions, and depiction of
elements in the drawings may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0036] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the systems, apparatuses and/or methods described herein
will be apparent to one of ordinary skill in the art. The pro-
gression of processing steps and/or operations described is an
example; however, the sequence of and/or operations is not
limited to that set forth herein and may be changed as is
known in the art, with the exception of steps and/or operations
necessarily occurring in a certain order. Also, descriptions of
functions and constructions that are well known to one of
ordinary skill in the art may be omitted for increased clarity
and conciseness.

[0037] The features described herein may be embodied in
different forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full scope
of the disclosure to one of ordinary skill in the art.

[0038] Unless indicated otherwise, a statement that a first
element is “on” a second element or a layer is to be interpreted
as covering both a case where the first element directly con-
tacts the second element or the layer, and a case where one or
more other elements are disposed between the first element
and the second element or the layer.

[0039] The spatially-relative expressions such as “below”,
“beneath”, “lower”, “above”, “upper”, and the like may be
used to conveniently describe relationships of one device or
elements with other devices or among elements. The spa-
tially-relative expressions should be understood as encom-
passing the direction illustrated in the drawings, added with
other directions of the device in use or operation. Further, the
device may be oriented to other directions and accordingly,
the interpretation of the spatially-relative expressions is based
on the orientation.

[0040] The term “comprises or includes” and/or “compris-
ing or including” means that one or more other components,
steps, operation and/or existence or addition of elements are
not excluded in addition to the described components, steps,
operation and/or elements unless context dictates otherwise.
The term “about or approximately” or “substantially” is
intended to have meanings close to numerical values or
ranges specified with an allowable error and intended to pre-
vent accurate or absolute numerical values disclosed for
understanding of the present disclosure from being illegally
or unfairly used by any unconscionable third party. The term
“step of” does not mean “step for”.

[0041] The term “combination(s) of” included in Markush
type description means mixture or combination of one or
more components, steps, operations and/or elements selected
from a group consisting of components, steps, operation and/
or elements described in Markush type and thereby means
that the disclosure includes one or more components, steps,
operations and/or elements selected from the Markush group.
[0042] Throughout the present disclosure, a phrase in the
form “A and/or B” means “A, B, or A and B”.
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[0043] Theterm “alkyl group” refers to a linear or branched
C,300 Ca0s €y 10 Or C, , alkyl group, and may include, for
example, but not limited to, methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octa-
decyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tet-
racosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nona-
cosyl, triacontyl, or all available isomers thereof.

[0044] The term “aryl group (Ar)” means a monovalent
functional group formed by removing hydrogen atoms
present at one or more rings of arene and refers to a Cg_,, aryl
group, and may include, for example, but not limited to,
phenyl, biphenyl, terphenyl, naphthyl, anthryl, phenanthryl,
pyrenyl, dibenzothiophenyl, dibenzofuranyl, stilbenyl,
anthracenyl, perylenyl, or all available isomers thereof. The
arene refers to a hydrocarbon group having an aromatic ring
and includes a monocyclic or polycyclic hydrocarbon group,
and the polycyclic hydrocarbon group includes at least one of
aromatic rings and may include an aromatic ring or a non-
aromatic ring as an additional ring, but the present disclosure
may not be limited thereto.

[0045] The term “aromatic ring” refers to an aromatic ring
including a Cg ;, aromatic hydrocarbon ring group, for
example, phenyl, naphthyl, biphenyl, terphenyl, fluorene,
phenanthrenyl, triphenylenyl, perylenyl, chrysenyl, fluoran-
thenyl, benzofluorenyl, benzotriphenylenyl, benzochryseny],
anthracenyl, stilbene group, pyrenyl, etc., and the term “aro-
matic hetero ring” refers to an aromatic ring including at least
one hetero material and may include, for example, pyrrolyl,
pyrazinyl, pyridinyl, indolyl, isoindolyl, furyl, benzofurany],
isobenzofuranyl, dibenzofuranyl, dibenzothiophenyl, a
quinolyl group, isoquinolyl, quinoxalinyl, carbazolyl,
phenanthridinyl, acridinyl, phenanthrolinyl, thienyl, and an
aromatic hetero ring group formed of, a pyridine ring, a
pyrazine ring, a pyrimidine ring, a pyridazine ring, a triazine
ring, an indole ring, a quinoline ring, an acridine ring, a
pyrrolidine ring, a dioxane ring, a piperidine ring, a morpho-
line ring, a piperazine ring, a carbazole ring, a furan ring, a
thiophene ring, an oxazole ring, an oxadiazole ring, a ben-
zoxazole ring, a thiazole ring, a thiadiazole ring, a benzothia-
zole ring, a triazole ring, an imidazole ring, a benzoimidazole
ring, a pyran ring, and a dibenzofuran ring.

[0046] The term “fusion” means that with respect to two or
more rings, at least one pair of adjacent atoms is included in
two rings.

[0047] The term “fused ring” means that at least one of
Cy._,0 aromatic rings or unsaturated hydrocarbon rings are
fused.

[0048] An example according to the present disclosure
relates to a novel organic electroluminescent compound that
has high luminance, luminance efficiency, power efficiency,
and prominent electroluminescence (EL) performance of
external quantum efficiency, which can thus be used as a blue
light emitting material for a high-efficiency OLED.

[0049] Hereinafter, various example embodiments of the
present disclosure will be explained in detail with reference to
the accompanying drawings. However, the present disclosure
may not be limited thereto.

[0050] In a first aspect of the present disclosure, there is
provided an organic electroluminescent compound repre-
sented by the following Chemical Formula 1:
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[Chemical Formula 1]

Ar Ar
Rl\zlx—L—/ls/ “
/ ~
R | | “R,
Ar Ar
[0051] wherein

A includes a five-membered unsaturated or aromatic ring, a
six-membered unsaturated or aromatic ring, a five-membered
unsaturated or aromatic hetero ring, or a six-membered unsat-
urated or aromatic hetero ring;

[0052] each of R, and R, either independently includes a
five-membered unsaturated or aromatic ring, a six-membered
unsaturated or aromatic ring, a five-membered unsaturated or
aromatic hetero ring, or a six-membered unsaturated or aro-
matic hetero ring, or R, and R, are fused to form a polycyclic
fused ring of at least two rings which are selected from the
group consisting of a five-membered unsaturated or aromatic
ring including at least one of C4-C,,, fused rings; a six-mem-
bered unsaturated or aromatic ring including at least one of
Cs-C, Tused rings; a five-membered unsaturated or aromatic
hetero ring including at least one of C4-C,, fused rings; and a
six-membered unsaturated or aromatic hetero ring including
at least one of C,-C,, fused rings;

[0053] Ar includes a member selected from the group con-
sisting of phenyl, biphenyl, naphthyl, dibenzothiophenyl,
dibenzofuranyl, terphenyl, stilbene group, anthracenyl, pyre-
nyl, and perylenyl; and

[0054] L includes a member selected from the group con-
sisting of a five-membered unsaturated or aromatic ring
which may be substituted with phenyl, naphthyl, biphenyl,
terphenyl, stilbene group, anthracenyl, phenanthrenyl, pyre-
nyl, or perylenyl; a six-membered unsaturated or aromatic
ring which may be substituted with phenyl, naphthyl, biphe-
nyl, terphenyl, stilbene group, anthracenyl, phenanthrenyl,
pyrenyl, or pervlenyl; a five-membered unsaturated or aro-
matic hetero ring which may be substituted with phenyl,
naphthyl, biphenyl, terphenyl, stilbene group, anthracenyl,
phenanthrenyl, pyrenyl, or perylenyl; and a six-membered
unsaturated or aromatic hetero ring which may be substituted
with phenyl, naphthyl, biphenyl, terphenyl, stilbene group,
anthracenyl, phenanthrenyl, pyrenyl, or perylenyl; or a poly-
cyclic ring formed by fusion of at least two rings selected
from the group above.

[0055] In accordance with an example embodiment of the
present disclosure, the organic electroluminescent compound
may include, but may not be limited to, any one of compounds
represented by the following Chemical Formulas 2 to 4:

o
QO _

[Chemical Formula 2]

Ar
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-continued -continued
[Chemical Formula 3]

AI O
[Chemical Formula 4] Q Q Q
Ar Ar
| T

[0056] wherein each of Ar and L is the same as defined
above.

[0057] In accordance with an example embodiment of the
present disclosure, L is selected from the following substitu-

ents:

-~y

[0058] However, the present disclosure is not limited
thereto.

[0059] In accordance with an example embodiment of the
present disclosure, the organic electroluminescent compound
of the present disclosure may include the following com-
pounds:

[0060] However, the present disclosure is not limited
thereto.

[0061] Inasecondaspect ofthe present disclosure, there is
provided an example a method of producing the organic elec-
troluminescent compound, the method involving: reacting a
compound represented by the following Chemical Formula 5
with a compound represented by the following Chemical
Formula 6 in the presence of an organic solvent:
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[Chemical Formula 5]

Ry R,

[Chemical Formula 6]
CH=R'=CH;

[0062]

[0063] each of R, and R, independently includes a five-
membered unsaturated or aromatic ring, a six-mem-
bered unsaturated or aromatic ring, a five-membered
unsaturated or aromatic hetero ring, or a six-membered
unsaturated or aromatic hetero ring, or R, and R, are
fused to form a polycyclic fused ring of at least two rings
which are selected from the group consisting of a five-
membered unsaturated or aromatic ring including at
least one of C4-C,, fused rings; a six-membered unsat-
urated or aromatic ring including at least one of C4-C,,
fused rings; a five-membered unsaturated or aromatic
hetero ring including at least one of C4-C,,, fused rings;
and a six-membered unsaturated or aromatic hetero ring
including at least one of C4-C,,, fused rings,

[0064] Ar includes a member selected from the group
consisting of phenyl, naphthyl, biphenyl, terphenyl, stil-
bene group, anthracenyl, phenanthrenyl, pyrenyl, and
perylenyl, and R' includes a member selected from the
group consisting of a five-membered unsaturated or aro-
matic ring which may be substituted with an C,-Cy alkyl
group; a six-membered unsaturated or aromatic ring
which may be substituted with an C,-C, alkyl group; a
five-membered unsaturated or aromatic hetero ring
which may be substituted withan C,-Cy alkyl group; and
a six-membered unsaturated or aromatic hetero ring
which may be substituted with an C, -Cy alkyl group; or
a polycyclic ring formed by fusion of at least two rings
selected from the group above.

[0065] The organic solvent in accordance with the present
disclosure may include, for example, trimethylbenzene or
xylene. However, the present disclosure is not limited thereto.

[0066] In accordance with an example embodiment of the
present disclosure, the organic electroluminescent compound
may be produced by an aldol condensation reaction followed
by a Diels-Alder reaction. However, the method of producing
the compound is not limited thereto.

[0067] In accordance with an example embodiment of the
present disclosure, the reaction is performed at a temperature
in arange of from about 100° C. to about 300° C., from about
150° C. to about 300° C., from about 200° C. to about 300°C.,
from about 100° C. to about 250° C., from about 100° C. to
about 200° C., or from about 100° C. to about 150° C. How-
ever, the present disclosure is not limited thereto.

[0068] In accordance with an example embodiment of the
present disclosure, the compound represented by Chemical
Formula 5 above may include, but may not be limited to, any
one of compound of the following Chemical Formulas 7 to 9:

in Chemical Formula 5 and Chemical Formula 6,
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[Chemical Formula 7]

[Chemical Formula 8]

Ar. l Ar;

[Chemical Formula 9]

[0069]

[0070] 1In accordance with an example embodiment of the
present disclosure, the compound represented by Chemical
Formula 6 above may include, but may not be limited to, a
member selected from the following compounds:

wherein Ar is the same as defined above.

CH

CH.

[0071] In accordance with an example embodiment of the
present disclosure, examples of a reaction formula of the
producing method of the organic electroluminescent com-
pound may include, but may not be limited to, the following
reaction formulas:
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-continued

o-xylene

& A

%

[0072] In a third aspect of the present disclosure, there is
provided an organic electroluminescent diode comprising: an
anode, a cathode, and an organic layer including the organic
electroluminescent compound according to the present dis-
closure. All of the descriptions about the first aspect and the
second aspect can be applied to the organic electrolumines-
cent compound in accordance with the present aspect, but
may not be limited thereto.

[0073] Hereinafter, a number of examples of the present
disclosure will be explained in detail. However, the present
examples do not limit the scope of the present disclosure.

0]

+

9w,

|

EXAMPLE

[0074] All solvents other than the solvents mentioned
herein were dried in accordance with the standard procedure,
and all reactants were used as provided. All reactions were
carried out under a N, atmosphere.

[0075] *H and *C NMR (nuclear magnetic resonance)
spectra were recorded with the use of a Varian (Unity Inova
300 Nb or Unity (nova 500 Nb) spectrometer. FT-IR (Fourier
transform infrared) spectra were recorded with the use of a
Bruker VERTEX70 FT-IR. Elemental analysis (EA) was per-
formed with the use of an EA 1108 spectrometer.

Example 1

Production of
1,4-bis(1,4-diphenyltriphenylene-2-yl)benzene

[0076] A 25 mL solution of 1,2,4-trimethylbenzene was
added to a mixture of phencyclone (1.0 g, 1.25 mmol) and
1,4-diethynylbenzene (0.15 g, 1.19 mmol) in a flask, and
heated under reflux at 180° C. for 48 hours. The reaction
mixture was filtered with ethanol. A crude solid dissolved in
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toluene was filtered, and evaporated under reduced pressure.
A resultant crude product was recrystallized from tetrahydro-
furan/ethanol. An analysis result of Example 1 was as fol-
lows.

1,4-bis(1,4-diphenyltriphenylene-2-yl)benzene (1)

[0077] (69% vyield); IHNMR (300 MHz, CDCl,) 38.42 (d,
J=8.1Hz, 4H),7.70 (d,J=8.4 Hz, 2H), 7.64 (s, 2H), 7.54-7.50
(m, 6H), 7.46-7.34 (m, 12H), 7.14-6.99 (m, 12H), 6.90 (s,
4H); FT-IR [ATR]: v=3060,3018, 1441, 845,730, 695 cm™;
Elemental analysis. Calculated values C4H,,: C, 94.93; H,
5.07; Measured values: C, 94.67; H, 5.33.

Example 2

Production of 2,2'-(9,9-dimethyl-9H-fluorene-2,7-
diyl)bis(1,4-diphenyltriphenylene)

[0078] A 25 mL solution of 1,2,4-trimethylbenzene was
added to a mixture of phencyclone (1.0 g, 1.25 mmol) and
2,7-diethynyl-9,9-dimethyl-9H-fluorene (0.29 g, 1.19 mmol)
in a flask, and heated under reflux at 180° C. for 48 hours. The
reaction mixture was filtered with ethanol. A crude solid
dissolved in toluene was filtered, and evaporated under
reduced pressure. A resultant crude product was recrystal-
lized from tetrahydrofuran/ethanol. An analysis result of
Example 2 was as follows.

2,2'-(9,9-dimethyl-9H-fluorene-2,7-diyl)bis(1,4-
diphenyltriphenylene) (2)

[0079] (71% vield); '"HNMR (300 MHz, CDCL,) 58.44 (d,
J=1.8Hz, 4H),7.76 (s, 2H), 7.72 (d, ]=8.4 Hz, 2H), 7.64-7.53
(m, 8H), 7.47-7.39 (m, 10H), 7.32 (d, J=9.6 Hz, 2H), 7.16-7.
10 (m, 12H), 7.02 (t, J=7.5 Hz,2H), 6.76 (s, 2H), 0.92 (s, 6H);
FT-IR [ATR]: v=3057, 3031, 2957, 2922, 2856, 1467, 1441,
825, 762, 701 cm™'; Elemental analysis. Calculated values
C,sHso: C, 94.70; H, 5.30; Measured values: C, 94.60; H,
5.40.

Example 3

Production of 1,4-bis(2',3",4",5'-tetraphenylbenzene-
1-yl)benzene

[0080] A 25 mL solution of 1,2,4-trimethylbenzene was
added to a mixture of 2,3,4,5-tetraphenylcyclopenta-2,4-di-
enone (0.48 g, 1.25 mmol) and 1,4-diethynylbenzene (0.15 g,
1.19 mmol) in a flask, and heated under reflux at 180° C. for
48 hours. The reaction mixture was filtered with ethanol. A
crude solid dissolved in toluene was filtered, and evaporated
under reduced pressure. A resultant crude product was recrys-
tallized from tetrahydrofuran/ethanol. An analysis result of
Example 3 was as follows.

1,4-bis(2',3',4',5"-tetraphenylbenzene-1-yl)benzene
®)

[0081] (65% vield); "HNMR (300 MHz, CDCL,) 8 7.54 (s,
2H), 7.14 (s, 8H), 6.93-6.90 (m, 14H), 6.86-6.75 (m, 22H);,
FT-IR [ATR]: v=3055, 3022, 2937, 2865, 1599, 1440, 1071,
843, 759, 697 cm™*; Elemental analysis. Calculated values
CeeH.e: C, 94.34; H, 5.66; Measured values: C, 94.67; H,
5.33.
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Example 4

Production of
1,3-bis(7,10-diphenylfluoranthene-8-yl)benzene

[0082] A 25 mL solution of Xylene was added to a mixture
of 7,9-diphenyl-8H-cyclopenta acenaphthalene-8-one (0.44
2, 1.25 mmol) and 1,3-diethynylbenzene (0.24 g, 1.19 mmol)
in a flask, and heated under reflux at 180° C. for 48 hours. The
reaction mixture was filtered with ethanol. A crude solid
dissolved in toluene was filtered, and evaporated under
reduced pressure. A resultant crude product was recrystal-
lized from tetrahydrofuran/ethanol. An analysis result of
Example 4 was as follows.

1,3-bis(7,10-diphenylfluoranthene-8-yl)benzene (4)

[0083] (85% vield); 'H NMR (300 MHz, CDCL,) § 7.73-7.
67 (m, 10H), 7.58-7.52 (m, 10H), 7.35-7.18 (m, 10F), 7.04 (s,
2H), 6.96 (m, 4H), 6.69 (d, J=6.9 Hz, 2H); FT-IR: v=2957,
2853, 1740, 1215, 1087 cm™.

Examiple 5

Production of
1,3-bis(1,4-diphenyltriphenylene-2-yl)benzene

[0084] A 25 mL solution of Xylene was added to a mixture
of 1,3-diphenyl-2H-cyclopenta phenanthrene-2-one (0.48 g,
1.25 mmol) and 1,3-diethynylbenzene (0.24 g, 1.19 mmol) in
a flask, and heated under reflux at 180° C. for 48 hours. The
reaction mixture was filtered with ethanol. A crude solid
dissolved in toluene was filtered, and evaporated under
reduced pressure. A resultant crude product was recrystal-
lized from tetrahydrofuran/ethanol. An analysis result of
Example 5 was as follows.

1,3-bis(1,4-diphenyltriphenylene-2-yl)benzene (5)

[0085] (50% yield); "H NMR (300 MHz, CDCL,) 8 8.40 (d,
1=7.8 Hz), 6.79-7.71 (m, 38H); FT-IR: v=3188, 2712, 1086,
969 cm ™.

Experimental Example 1

Photophysical Characteristic Measurement

[0086] The UV-Vis absorption (ultraviolet-visible spec-
troscopy) measurements of the produced compounds in
dichloromethane (10~ M) were acquired with a Sinco
S-3100 in a quartz cuvette (1.0 cm path). Photoluminescence
spectra were measured with an Amincobrowman series 2
luminescence spectrometer. The fluorescence quantum yields
of the blue materials were measured in dichloromethane at
293 K with respect to DPA (9=0.90) as a reference material.
[0087] HOMO (highest occupied molecular orbital) energy
levels were measured with a low energy photoelectron spec-
trometer (Riken-Keiki, AC-2).

[0088] The energy band gaps were determined from the
intersection of the absorption and photoluminescence (PL)
spectra. LUMO (lowest unoccupied molecular orbital)
energy levels were calculated by subtracting the correspond-
ing optical band gap energies from the HOMO energy values.
[0089] Among the compounds of Examples, absorption
and emission spectra of the blue materials 1 to 3 were as
shown in FIG. 1A to FIG. 1C, and analysis data of their
photophysical properties were as shown in Table 1.
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TABLE 1

Photophysical data of triphenylene derivatives 1 to 3

Com- UV,,,% PL,,*" FWHM
pound  [nm] [nm] [nm] HOMO® LUMO® Eg? (o
1 204 406/400 52 601 264 337 0.3
2 205 410/406 58 600 271 329 033
3 254 3601361 61 611 231 380 076
[0090] HOMO levels were measured with a photoelectron

spectrometer (Riken-Keiki, AC-2), and LUMO levels were
calculated by subtracting the corresponding optical band gap
energies from the HOMO values. HOMO energy levels of the
materials 1 to 3 were measured as -6.01 eV, -6.00 eV, and
-6.11 eV, respectively. Optical energy band gaps (Eg) of the
materials were 3.37 eV, 3.29 eV, and 3.80 eV, respectively, as
measured at the absorption spectra.

[0091] LUMO levels of the materials 1 to 3 were calculated
as =2.64 eV, =2.71 eV, and -2.31 eV, respectively, by sub-
tracting the corresponding optical band gap energies from the
HOMO values.

[0092] UV absorption spectra and PL intensities of the
produced blue materials 4 and 5 were as shown in FIG. 2A to
FIG. 2C.

Example 6

Fabrication and Measurement of Devices 1 to 3

[0093] For fabrication of an OLED, a glass substrate coated
with an indium-tin-oxide (ITO) thin film was used. The glass
substrate had a sheet resistance of 12 Q/square and a thick-
ness of 1000 A. The ITO-coated glass was washed in an
ultrasonic bath by the following sequence: acetone, methyl
alcohol, and distilled water, followed by storage in isopropyl
alcohol for 20 min and drying with a N, gas gun. The substrate
was treated with O, plasma under an Ar atmosphere. Organic
layers were deposited by thermal evaporation from resistively
heated alumina crucibles onto the substrate at a rate of 1.0
A/s. All organic materials and metal were deposited under a
high vacuum (5.0%1077 Torr). The OLED in accordance with
the present disclosure was fabricated in the following
sequence: 1TO/4,4'-bis(N-(1-naphthyl)-N-phenylamino)-bi-
phenyl (NPB, HTL) (50 nm)/Blue materials 1-3 (30 nm)/4,
7-diphenyl-1,10-phenanthroline (Bphen, ETL) (30 nm)/
lithium quinolate (Liq) (1.0 nm)/Al (100 nm). Current-
voltage-luminance (J-V-L) characteristics and
electroluminescence (EL) spectra of the device were mea-
sured with a Keithley 2400 source measurement unit and CS
1000A spectrophotometer.

[0094] FIG. 3 illustrates a structure of the device according
to Example 6, and HOMO and LUMO energy levels of blue
fluorescent materials 1 to 3 used together with other materials
in an OLED device.

[0095] The device fabricated to have a structure illustrated
in FIG. 3 has the following arrangement: ITO/4,4"-bis(N-(1-
naphthyl)-N-phenylamino)biphenyl (NPB) (50 nm)/blue
materials 1-3 (30 nm)/4,7-diphenyl-1,10-phenanthroline
(Bphen) (30 nm)lithium quinolate (Liq) (2.0 nm)/Al (100
nm). The performance characteristics of the device are pro-
vided in Table 2
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TABLE 2

Performance characteristic of devices 1 to 3

El,. L LE PE EQE CIE

Device [nm] [ed/m?]® [cd/A]Y® [Im/W]P°  [%]%° (%, y)?
1 455 978 0.86/0.80 0.52/0.34 0.74/0.73  (0.17,
0.14)

2 462 430 0.75/0.63 043023 055048 (0.17,
0.17)

3 445 265 046/039 0.19/0.11 0.61/048 (0.16,
0.09)

[0096] FIG. 4 illustrates normalized EL spectra of the fab-

ricated devices 1 to 3. All devices exhibited an efficient blue
emission with maximum emission peaks of from 445 nm to
462 nm, which is well compatible with the PL spectra of the
materials 1 to 3. It is noted that, in comparison to the PL
spectra of the materials 1 to 3, the EL spectra showed large
red-shifts by around 50 nm. The differences in solvation
between a solution state and a solid state device may have
contributed to the large differences in the maximum peaks of
PL and EL spectra. The CIExy coordinates of the devices 1 to
3were(0.17,0.14),(0.17,0.17) and (0.16, 0.09), respectively,
at 8.0 V. Among the devices 1 to 3, the device 3 exhibited the
most pure deep blue emission with the CIExy coordinates of
(0.16, 0.09), which 1s close to the standard deep blue emis-
sion. FIG. 5A to FIG. 5C provide graphs illustrating the
current density-voltage-luminance (J-V-L) characteristics
(FIG. 5A), luminance efficiency and power efficiency (FIG.
5B), and external quantum efficiency (EQE) (FIG. 5C) with
respect to a current density of the devices 1 to 3.

[0097] Among the devices 1 to 3, the sky-blue device 1
exhibited outstanding EL performances with its maximum
luminous, power and external quantum efficiencies of 0.86
cd/A, 0.52 Im/W, and 0.74% (0.80 cd/A, 0.34 Im/'W, and
0.73% EQE at 20 mA/cm?), respectively, with CIExy coor-
dinates 0f (0.17,0.14) at 8.0 V. However, the deep-blue device
3 exhibited low EL efficiencies with a maximum luminous,
power and external quantum efficiencies of 0.46 cd/A, 0.19
lm/W, and 0.61% (0.39 ¢d/A, 0.11 InY'W, and 0.48% EQE at
20 mA/em?), respectively, with CIExy coordinate of (0.16,
0.09)at 8.0 V.

[0098] In comparison to material 1, the higher LUMO
energy level and the lower HOMO level of material 3 sup-
presses the effective electron and the hole injection into the
emitting layer of device 3, as compared to device 1. These
ineffective carrier injection properties of device 3 may con-
tribute to reduced EL efficiencies of device 3. Although mate-
rials 1 and 2 have the similar HOMO/LUMO energy levels
and thus similar hole and electron injection properties, device
1 exhibited improved EL efficiencies in comparison to device
2. Other factors such as carrier mobility and carrier recombi-
nation factor may contribute to the differences in EL efficien-
cies of devices 1 and 2.

Example 7

Fabrication and Measurement of Devices 4 and 5

[0099] Table3 and FIG. 6A and FIG. 6B illustrate a current
density and luminance indicative of carrier injection and
transport of the devices 4 and 5 depending on a voltage. The
device 4 had results of 14.24 mA/cm? and 2,412 cd/m® and
exhibited excellent current density and luminance as com-
pared with the device 5.

10
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[0100] Analysis results of the devices 4 and 5 were as
shown in Table 4 and F1IG. 7A to FIG. 7C. FIG. TAto FIG.7C
provide graphs respectively showing EL intensities depend-
ing on a wavelength (FIG. 7A), and luminance efficiency
(LE) (FIG. 7B) and power efficiency (PE) (FIG. 7C) depend-
ing on a current density. The device 4 exhibited good efficien-
cies (2.34 cd/A, 1.181 m/W) at 20 mA/cm®. According to the
EL spectra, the device 4 exhibited emission in a range of from
462 nm to 465 nm and the device 5 exhibited emission at 448
nm, i.e. in a blue region.

TABLE 3
EL L LE PE EQE CIE
Device [nm] [ed/m?]® [ed/A]?  [Im/WTPe  [%]Y¢ &, y)¢
1 455 978  0.86/0.80 052034 0.74/0.73 (0.7,
0.14)
2 462 430 0.75/0.63 0.43/023 055048 (0.17,
0.17)
3 445 265 0.46/039 0.19/0.11 0.61/048 (0.16,
0.09)
TABLE 4
Device EL [nm] LE“?[cd/A] PE¥’[I/W] CIE (x,y)
4 462,463,464,465  2.61/234  1.03/1.18  (0.17,0.23)
5 448 L31/1.11 2.05/0.51  (0.16,0.11)
“Maximum value.
5At 20 mA/em?’.
[0101] The fluorescent materials 1 to 5 based on triph-

enylene in accordance with Examples above were synthe-
sized via Diels-Alder reaction, and an organic light emitting
device (OLED) was fabricated to investigate electrolumines-
cent properties of these materials. A device using 1,4-bis(1,
4-diphenyltriphenylen-2-yl)benzene (1) as a luminescent
layer exhibited the outstanding EL performance with its
maximum luminous, powet, and external quantum efficien-
cies of 0.86 cd/A, 0.52 Im/W, and 0.74% (0.80 cd/A, 0.34
Im/W, and 0.73% EQE at 20 mA/cm®), respectively, with
CIExy coordinates of (0.17, 0.14) at 8.0 V. The present dis-
closure demonstrated that the novel organic electrolumines-
cent compound as a triphenylene derivative is a promising
blue emitting material for developing high-efficiency
OLED:s.

[0102] The above description of the present disclosure is
provided for the purpose of illustration, and it would be
understood by those skilled in the art that various changes and
modifications may be made without changing technical con-
ception and essential features of the present disclosure. Thus,
it is clear that the above-described embodiments are illustra-
tive in all aspects and do not limit the present disclosure. For
example, each component described to be of a single type can
be implemented in a distributed manner. Likewise, compo-
nents described to be distributed can be implemented in a
combined manner.

[0103] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
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features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

We claim:

1. A compound of Formula (1):

M

(I
R R
l>A—L—A< l
Ry | | R
Ar Ar

wherein A comprises a five-membered unsaturated or aro-
matic ring, a six-membered unsaturated or aromatic
ring, a five-membered unsaturated or aromatic hetero
ring, or a six-membered unsaturated or aromatic hetero
ring;

either R, and R, each independently comprise a five-mem-
bered unsaturated or aromatic ring, a six-membered
unsaturated or aromatic ring, a five-membered unsatur-
ated or aromatic hetero ring, or a six-membered unsat-
urated or aromatic hetero ring, or

R, and R, are fused to form a polycyclic fused ring of at
least two rings that are selected from the group consist-
ing of a five-membered unsaturated or aromatic ring
comprising at least one of C,-C,, fused rings, a six-
membered unsaturated or aromatic ring comprising at
least one of C4-C,, fused rings, a five-membered unsat-
urated or aromatic hetero ring comprising at least one of
Cs-C,p fused rings, and a six-membered unsaturated or
aromatic hetero ring comprising at least one of C,-C,,
fused rings;

Ar comprises a member selected from the group consisting
of phenyl, biphenyl, naphthyl, dibenzothiophenyl,
dibenzofuranyl, terphenyl, stilbene group, anthracenyl,
pyrenyl, and perylenyl; and

L comprises a member selected from the group consisting
of a five-membered unsaturated or aromatic ring that is
substituted with phenyl, naphthyl, biphenyl, terphenyl,
stilbene group, anthracenyl, phenanthrenyl, pyrenyl, or
perylenyl; a six-membered unsaturated or aromatic ring
that is substituted with phenyl, naphthyl, biphenyl, ter-
phenyl, stilbene group, anthracenyl, phenanthrenyl,
pyrenyl, or perylenyl; a five-membered unsaturated or
aromatic hetero ring that is substituted with phenyl,
naphthyl, biphenyl, terphenyl, stilbene group, anthrace-
nyl, phenanthrenyl, pyrenyl, or perylenyl; and a six-
membered unsaturated or aromatic hetero ring that is
substituted with phenyl, naphthyl, biphenyl, terphenyl,
stilbene group, anthracenyl, phenanthrenyl, pyrenyl, or
perylenyl; or a polycyclic ring formed by fusion of at
least two rings selected from the group consisting of a
five-membered unsaturated or aromatic ring that is sub-
stituted with phenyl, naphthyl, biphenyl, terphenyl, stil-
bene group, anthracenyl, phenanthrenyl, pyrenyl, or
perylenyl; a six-membered unsaturated or aromatic ring
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that is substituted with phenyl, naphthyl, biphenyl, ter-
phenyl, stilbene group, anthracenyl, phenanthrenyl,
pyrenyl, or perylenyl; a five-membered unsaturated or
aromatic hetero ring that is substituted with phenyl,
naphthyl, biphenyl, terphenyl, stilbene group, anthrace-
nyl, phenanthrenyl, pyrenyl, or perylenyl; and a six-
membered unsaturated or aromatic hetero ring that is
substituted with phenyl, naphthyl, biphenyl, terphenyl,
stilbene group, anthracenyl, phenanthrenyl, pyrenyl, or
perylenyl.

2. The compound of claim 1, which is represented by one of

Formulas (2), (3) and (4):

&)

8 .
& Lf
Q 3)

SR
Q /\¥L/_ and
" A Q )

wherein Ar and L are as defined in claim 1.
3. The compound of claim 1,

wherein L is a substituent selected from the following:

-~y
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-continued

4. The compound of claim 1,

wherein the compound of Formula (1) has a maximum
emission peak in a range of approximately 440 nm to
465 nm.

5. A method of producing the compound of Formula (1)

according to claim 1, the method comprising:

reacting a compound represented by Formula (5) with a
compound represented by Formula (6) in presence of an
organic solvent:

&)

o (6)
CH=R'=CH;

wherein

either R, and R, each independently comprise a five-mem-
bered unsaturated or aromatic ring, a six-membered
unsaturated or aromatic ring, a five-membered unsatur-
ated or aromatic hetero ring, or a six-membered unsat-
urated or aromatic hetero ring, or

R, and R, are fused to form a polycyclic fused ring of at
least two rings that are selected from the group consist-
ing of a five-membered unsaturated or aromatic ring
comprising at least one of Cy-C,, fused rings; a six-
membered unsaturated or aromatic ring comprising at
least one of C4-C,,, fused rings; a five-membered unsat-
urated or aromatic hetero ring comprising at least one of
Cs-C,p fused rings; and a six-membered unsaturated or
aromatic hetero ring comprising at least one of C4-C,,
fused rings; and

Ar comprises a member selected from the group consisting
of phenyl, naphthyl, biphenyl, terpheny], stilbene group,
anthracenyl, phenanthrenyl, pyrenyl, and perylenyl, and

R' comprises a member selected from the group consisting
of a five-membered unsaturated or aromatic ring that is
substituted with an C,-Cy alkyl group; a six-membered
unsaturated or aromatic ring that is substituted with an
C,-C, alkyl group; a five-membered unsaturated or aro-
matic hetero ring that is substituted with an C,-Cy alkyl
group; and a six-membered unsaturated or aromatic het-
ero ring that is substituted with an C, -Cy alkyl group; or
a polycyclic ring formed by fusion of at least two rings
selected from the group above.

6. The method of claim 5,

wherein the reacting is performed at a temperature in a
range of from about 100° C. to about 300° C.
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7. The method of claim 5,
wherein the compound represented by Formula (5) is rep-
resented by one of Formulas (7), (8) and (9):

™

®)

O

wherein Ar is the same as defined in claim 5.

8. The method of claim 5,

wherein the compound represented by Formula (6) com-
prises a member selected from the following:

CH

CH.

9. An organic electroluminescent diode comprising an
anode, a cathode, and an organic layer comprising the com-
pound of Formula (1) according to claim 1.
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