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ORGANOMETALLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a divisional application based on pending appli-
cation Ser. No. 13/803,650, filed Mar. 14, 2013, the entire
contents of which is hereby incorporated by reference.

The present application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2012-0099543,
filed on Sep. 7, 2012, in the Korean Intellectual Property
Office, and entitled: “Organometallic Compound and
Organic Light Emitting Device Including the Same,” which
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field

Embodiments relate to a compound for organic light-
emitting devices, and an organic light-emitting device
including the compound.

2. Description of the Related Art

Organic light-emitting devices (OLEDs) may be light
emitting devices (e.g., self-emitting devices) and may have
advantages such as wide viewing angles, excellent contrast,
quick response, high brightness, excellent driving voltage
characteristics, and the ability to provide multicolored
images.

SUMMARY

Embodiments are directed to an organometallic com-
pound represented by Formula 1:

<Formula 1>

\/

M—(L)n

Xl/ N/
)_/
N

— R4 —

wherein, in Formula 1: M may be a transition metal; X,
may be N or C(R,); R, to Rs each independently may be
selected from the group of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C;-C,, heterocycloalkyl group, a substituted or
unsubstituted C5-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
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2

stituted C4-Cg, arvlthio group, a substituted or unsubstituted
C,-Cy heteroaryl group, —N(Q, Qa): —Si(Q;)Qu)Qs),
—C(=0)(Qy), and a binding site with an adjacent ligand via
a single bond or a divalent linking group; two substituents of
R, to Ry may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
hetero alicyclic ring, a substituted or unsubstituted Cy-Cy,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; Q, to Q4 each independently may be
selected from the group of a hydrogen atom, a substituted or
unsubstituted C,-Cy, alkyl group, a substituted or unsubsti-
tuted Cy-Cq, aryl group, and a substituted or unsubstituted
C,-Cy, heteroaryl group; n may be an integer from 1 to 3; L
may be a monodentate, bidentate, tridentate, or tetradentate
organic ligand; and m may be an integer from O to 4.

M may be selected from the group of ruthenium (Ru),
rhodium (Rh), palladium (Pd), tungsten (W), rhenium (Re),
osmium (Os), iridium (Ir), and platinum (Pt).

X, may be C(R;).

X, may be N.

X, may be C(R;); R, to R each independently may be one
selected from the group of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a methyl group, an ethyl group, an n-propyl group,
an i-propyl group, an n-butyl group, an i-butyl group, a
t-butyl group, a pentyl group, a hexyl group, a heptyl group,
an octyl group, a nonyl group, a decyl group, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentoxy group, and a substituted group that is substituted
with at least one selected from the group of a deuterium
atom, a fluorine atom, a hydroxyl group, a cyano group, a
nitro group, and an amino group; and the substituted group
may be selected from the group of a substituted methyl
group, a substituted ethyl group, a substituted n-propyl
group, a substituted i-propyl group, a substituted n-butyl
group, a substituted i-butyl group, a substituted t-butyl
group, a substituted pentyl group, a substituted hexyl group,
a substituted heptyl group, a substituted octyl group, a
substituted nonyl group, a substituted decyl group, a sub-
stituted methoxy group, a substituted ethoxy group, a sub-
stituted propoxy group, a substituted butoxy group, and a
substituted pentoxy group.

X, may be N; R, to R, each independently may be one
selected from the group of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a methyl group, an ethyl group, an n-propyl group,
an i-propyl group, an n-butyl group, an i-butyl group, a
t-butyl group, a pentyl group, a hexyl group, a heptyl group,
an octyl group, a nonyl group, a decyl group, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group,
and pentoxy group, and a substituted group that is substi-
tuted with at least one selected from the group of a deute-
rium atom, a fluorine atom, a hydroxyl group, a cyano group,
a nitro group, and an amino group; and the substituted group
may be selected from the group of a substituted methyl
group, a substituted ethyl group, a substituted n-propyl
group, a substituted i-propyl group, a substituted n-butyl
group, a substituted i-butyl group, a substituted t-butyl
group, a substituted pentyl group, a substituted hexyl group,
a substituted heptyl group, a substituted octyl group, a
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substituted nonyl group, a substituted decyl group, a sub-
stituted methoxy group, a substituted ethoxy group, a sub-
stituted propoxy group, a substituted butoxy group, and a
substituted pentoxy group.

i) R, and R, may be linked together so that the organo-
metallic compound is represented by Formula 1A; ii) X,
may be C(Rs), and R, and R may be linked together so that
the organometallic compound is represented by Formula 1B;
or iii) R, and R, may be linked together, X, may be C(Ry),
and R, and R may be linked together so that the organo-
metallic compound is represented by Formula 1C:

<Formula 1A>

N~
M—(L)y,
L~
Xl/ N/
/
=N
Ry

<Formula 1B>

M—(L)n

<Formula 1C>

M—L)x

wherein, in Formulae 1A, 1B, and 1C: M, X, R, to R,
n, L, and m may be as in Formula 1; and the A ring and the
B ring each independently may be selected from the group
of a substituted or unsubstituted C,-C,, alicyclic ring, a
substituted or unsubstituted C,-C,, heteroalicyclic ring, a
substituted or unsubstituted C,-C,, aromatic ring, and a
substituted or unsubstituted C,-C,, heteroaromatic ring.

The organometallic compound may be represented by
Formula 1A or Formula 1C; the A ring may be at least one
selected from the group of benzene, pentalene, indene,
naphthalene, azulene, heptalene, indacene, acenaphthylene,
fluorene, spiro-fluorene, phenalene, phenanthrene, anthra-
cene, fluoranthene, triphenylene, pyrene, chrysene, and a
substituted group that is substituted with at least one selected
from the group of: a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
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C,-C¢, alkyl group, a C,-Cq, alkyl group substituted with at
least one halogen atom, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, a C,-Cg, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C, ; heterocycloalkenyl group, a C4-Co,
aryl group, a C4-Cg, aryloxy group, a C4-Cy, arylthio group,
a C,-Cgy heteroaryl group, —N(Q,,)(Qy,), and —Si(Q,3)
(Q1.)Q;5); Q; to Q5 each independently may be selected
from the group of a hydrogen atom, a C,-C,, alkyl group, a
Cs-Cy aryl group, and a C,-C,, heteroaryl group; and the
substituted group may be selected from the group of a
substituted benzene, a substituted pentalene, a substituted
indene, a substituted naphthalene, a substituted azulene, a
substituted heptalene, a substituted indacene, a substituted
acenaphthylene, a substituted fluorene, a substituted spiro-
fluorene, a substituted phenalene, a substituted phenan-
threne, a substituted anthracene, a substituted fluoranthene,
a substituted triphenylene, a substituted pyrene, and a sub-
stituted chrysene.

The organometallic compound may be represented by
Formula 1B or Formula 1C; the B ring may be at least one
selected from the group of cyclopropane, cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclooctane,
cyclopentene, cyclopentadiene, cyclohexadiene, cyclohep-
tadiene, bicyclo-heptane, bicyclo-octane, benzene, pental-
ene, indene, naphthalene, azulene, heptalene, indacene, ace-
naphthylene,  fluorene,  spiro-fluorene,  phenalene,
phenanthrene, anthracene, fluoranthene, triphenylene,
pyrene, chrysene, and a substituted group that is substituted
with at least one selected from the group of: a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C, alkyl group substi-
tuted with at least one halogen atom, a C,-Cy, alkenyl group,
a C,-Cy, alkynyl group, a C,-Cg, alkoxy group, a C;-C
cycloalkyl group, a C;-C,, cycloalkenyl group, a C;-C,
heterocycloalkyl group, a C;-C, , heterocycloalkenyl group,
a Cg-Cqp aryl group, a Cs-Cgp aryloxy group, a Cg-Ce
arylthio group, a C,-Cg, heteroaryl group, —N(Q,,)(Q,5),
and —Si(Q,3)(Q,4)(Q5); Qi to Q5 each independently
may be selected from the group of a hydrogen atom, a
C,-C,y alkyl group, a C4-C,, aryl group, and a C,-Csyg
heteroaryl group; the substituted group may be selected from
the group of a substituted cyclopropane, a substituted
cyclobutane, a substituted cyclopentane, a substituted cyclo-
hexane, a substituted cycloheptane, a substituted cyclooc-
tane, a substituted cyclopentene, a substituted cyclopenta-
diene, a substituted cyclohexadiene, a substituted
cycloheptadiene, a substituted bicyclo-heptane, a substituted
bicyclo-octane, a substituted benzene, a substituted pental-
ene, a substituted indene, a substituted naphthalene, a sub-
stituted azulene, a substituted heptalene, a substituted
indacene, a substituted acenaphthylene, a substituted fluo-
rene, a substituted spiro-fluorene, a substituted phenalene, a
substituted phenanthrene, a substituted anthracene, a substi-
tuted fluoranthene, a substituted triphenylene, a substituted
pyrene, and a substituted chrysene.

The organometallic compound may be represented by one
selected from the group of Formulae 1A-(1), 1B-(1), 1B-(2),
1B-(3), 1C-(1), 1C-(2), 1C-(3), and 1D-(1):
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-continued
<Formula 1A-(1)> <Formula 1C-(1)>
5
M— (L " M—(L,
15
<Formula 1C-(2)>
<Formula 1B-(1)>
20
25
30
<Formula 1C-(3)>
<Formula 1B-(2)> 2>
40
N .
/M_‘\L)m
45 <Formula 1D-(1)>
n
— R, —
Riz N Ry
\(
50 |
/N
Rz \
N
/M_(L)m
Ris Vi /
<Formula 1B-(3)> N /N
55 —
L Ry _,
>M—(L)m 60  wherein, in Formulae 1A-(1), 1B-(1), 1B-(2), 1B-(3),

1C-(1), 1C-(2),1C-(3),and 1D-(1): R, to R, R, to R, and
R,; to R,4 each independently may be selected from the
group of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
" 65 amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
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C,-C,, alkyl group, a C,-C,, alkoxy group, a substituted
C,-C,q alkyl group, a substituted C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, a fluore-
nyl group, a carbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a triazinyl group, and a substituted cyclic
group that is substituted with at least one selected from the
group of: a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, a

C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group, "

a naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group; the substituted C,-C, ; alkyl group and
the substituted C,-C,, alkoxy group each may be substituted
with at least one selected from the group of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, and an amino group; the substituted cyclic
group may be selected from the group of a substituted
phenyl group, a substituted naphthyl group, a substituted
anthryl group, a substituted fluorenyl group, a substituted
carbazolyl group, a substituted pyridiny! group, a substituted
pyrimidinyl group, and a substituted triazinyl group; n may
be an integer from 1 to 3; L may be an organic ligand; and
m may be an integer from 0 to 4.

m may be 1, 2, 3, or 4; at least one of L, may be
represented by one selected from the group of Formulae 2A
to 2F:

Formula 2A
*— C=C—Ry,
Formula 2B
Rsp
|
Razg——Mi—Raac
Il
*
Formula 2C
Rs3q Rasr  Razp
{
Xlla /Xllb
*
} Formula 2D
e N
XIZ\ A
/ X3
X4
P
Xis
1D
_ Formula 2E
S
Xiee—Xiep .
\ e
/XIGC \“
A Xi6a F :
\ 0
\ /Xlse ',"
Xieg— Xer e ’
ll 3
G
' 1”

15

20

25

30

35

40

45

50

55

60

65

-continued
Formula 2F
R4 _3341 R
\K ~ Xi7e 5
H | v
X17a /X\17b H H

wherein, in Formulae 2A to 2F: M, may be P or As; X, |,
Xllbs Xlzs X13s X14s XlSs X16a5 X16bs X16cs X16ds X16eﬂ X16fs
X g X170 Xi7p0 X170 a0d X7 s each independently may be
selected from the group of C(R,.),, N, O, N(R;5), P(R5¢)
(R35), and As(R3¢)(R30); Ry50 and Ry, each independently
may be selected from the group of a single bond, a substi-
tuted or unsubstituted C,-C; alkylene group, and a substi-
tuted or unsubstituted C,-C; alkenylene group; R, Rs,,,
R32b’ RSZC’ R33a’ R33b’ R34’ RSS’ R36’ R37’ RSS’ R39’ and R40
each independently may be selected from the group of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-Cg, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C;-C, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg,, aryl group, and a substituted or unsub-
stituted C,-Cq, heteroaryl group; the C ring, the D ring, the
E ring, the F ring, the G ring, and the H ring each indepen-
dently may be selected from the group of a 5-membered to
20-membered saturated ring, and a 5-membered to 20-mem-
bered unsaturated ring; x may be an integer from 0 to 2; and
* may be a binding site with M in Formula 1.

Ry 1, Razas Razps Razes Razs Razps Ragy Ras, Ry Ry Ry,
and R, each independently may be selected from the group
of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cy, alkyl group, a C,-C,, alkoxy group, a substituted
C,-C,, alkyl group, a substituted C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, a fluore-
nyl group, a carbazolyl group, a pyridinyl group, a pyrim-
idinyl group, and a triazinyl group, and a substituted cyclic
group that is substituted with at least one selected from the
group of: a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, a
C,-C, alkyl group, a C,-C,,, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group; the substituted C,-C,,, alkyl group and
the substituted C,-C,, alkoxy group each may be substituted
with at least one selected from the group of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, and an amino group; and the substituted cyclic
group may be selected from the group of a substituted
phenyl group, a substituted naphthyl group, a substituted
anthryl group, a substituted fluorenyl group, a substituted
carbazolyl group, a substituted pyridiny! group, a substituted
pyrimidinyl group, and a substituted triazinyl.
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The at least one of L, may be represented by Formula 2C;
and X,,, and X,,, in Formula 2C each independently may
be selected from the group of 0, P(R;,)(R5,), and As(R,,)
(Rso).

The at least one of I, may be represented by one selected
from the group of Formulae 2D, 2E, and 2F; the C ring, the
D ring, the E ring, the F ring, the G ring, and the H ring in
Formulae 2D, 2E, and 2F each independently may be a
substituted or unsubstituted benzene, a substituted or unsub-
stituted pentalene, a substituted or unsubstituted indene, a
substituted or unsubstituted naphthalene, a substituted or
unsubstituted azulene, a substituted or unsubstituted heptal-
ene, a substituted or unsubstituted indacene, a substituted or
unsubstituted acenaphthylene, a substituted or unsubstituted
fluorene, a substituted or unsubstituted spiro-fluorene, a
substituted or unsubstituted phenalene, a substituted or
unsubstituted phenanthrene, a substituted or unsubstituted
anthracene, a substituted or unsubstituted fluoranthene, a
substituted or unsubstituted triphenylene, a substituted or
unsubstituted pyrene, a substituted or unsubstituted
chrysene, a substituted or unsubstituted pyrrole, a substi-
tuted or unsubstituted imidazole, a substituted or unsubsti-
tuted pyrazole, a substituted or unsubstituted isothiazole, a
substituted or unsubstituted isoxazole, a substituted or
unsubstituted pyridine, a substituted or unsubstituted pyra-
zine, a substituted or unsubstituted pyrimidine, a substituted
or unsubstituted pyridazine, a substituted or unsubstituted
isoindole, a substituted or unsubstituted indole, a substituted
or unsubstituted indazole, a substituted or unsubstituted
purine, a substituted or unsubstituted isoquinoline, a substi-
tuted or unsubstituted quinoline, a substituted or unsubsti-
tuted phthalazine, a substituted or unsubstituted quinoxaline,
a substituted or unsubstituted quinazoline, or a substituted or
unsubstituted cinnoline; when the C ring is substituted with
at least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
heteroalicyclic ring, a substituted or unsubstituted C4-Cy,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; when the D ring is substituted with at
least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-Cy alicyclic ring, a substituted or unsubstituted C,-Cs,
heteroalicyclic ring, a substituted or unsubstituted C4-C,,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; when the E ring is substituted with at
least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
heteroalicyclic ring, a substituted or unsubstituted C4-Cyy
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; when the F ring is substituted with at
least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C, alicyclic ring, a substituted or unsubstituted C,-Cs,
heteroalicyclic ring, a substituted or unsubstituted C4-C,,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; when the G ring is substituted with at
least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
heteroalicyclic ring, a substituted or unsubstituted Cq-Cy,
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aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; and when the H ring is substituted with
at least two substituents, adjacent two of the at least two
substituents may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
heteroalicyclic ring, a substituted or unsubstituted C4-Cyy
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring.

The organometallic compound may be represented by one
selected from the group of Formulae 3 and 4:

<Formula 3>
Ria. N R a
Y Ne—
| Lk
N 16
R, Y \M/ 7
Rsp
x?Z N/ \N/
HIPN
— a
K, Rip N Ryp
L)t
B <Formula 4>
Ra, | I\\ Ryq Rlb\(N\ Ryp
/N N. /
Rs; \M e Rsp
x?Z / \ A
la N X1p
/ \
— N—
Ry Ryp

(L)ml

wherein, in Formulae 3 and 4: M may be a transition
metal; X, , may be Nor C(Rs,); X, , may be Nor C(Rs,); R,
to R5, and R, to R5, each independently may be a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C, -C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C, , cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C4-C, aryloxy group, a substi-
tuted or unsubstituted C,-C,, arylthio group, a substituted or
unsubstituted C,-Cg,, heteroaryl group, —N(Q,)Q,), —Si
(Q:)(Q)(Q5), —C(=0)(Qg), and a binding site with an
adjacent ligand via a single bond or a divalent linking group;
two substituents of R, to Rs, may be optionally linked
together to form one selected from the group of a substituted
or unsubstituted C,-C,, alicyclic ring, a substituted or
unsubstituted C,-C,, hetero alicyclic ring, a substituted or
unsubstituted C,-C,, aromatic ring, and a substituted or
unsubstituted C,-C,, heteroaromatic ring; two substituents
of R}, to R,, may be optionally linked together to form one
selected from the group of a substituted or unsubstituted
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C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
hetero alicyclic ring, a substituted or unsubstituted C,-C,,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; Q, to Qg each independently may be a
hydrogen atom, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C4-Cy, aryl group, and
a substituted or unsubstituted C,-Cg, heteroaryl group; L
may be an organic ligand; and m may be O, 1, or 2.

The organometallic compound may be represented by
Formula 3, and R, =R,;, Ry, =Ry, Ry, =Rs;, Ry Ry,
X, =X,,), M=Pt, and m1=0.

The organometallic compound may be represented by
Formula 4; and R,,7R,;, R, 7Rs;, R;, "Ry Ry Ray,
X, =X, M=Pt, and m1=0.

The organometallic compound may be represented by one
selected from the group of Formulae 3A-(1), 3A-(2), 3A-(3),
3A-(4), 3A-(5), 3A-(6), 3A-(7), 3A-(8), and 3A-(9).

<Fomula 3A-(1)>

<Formula 3A-(2)>

<Formula 3A-(3)>

15

20

12

-continued
<Formula 3A-(4)>

Roap

Roszp

Raop

<Formula 3A-(5)>

<Formula 3A-(6)>

<Formula 3A-(7)>
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-continued

<Formula 3A-(8)>

<Formula 3A-(9)>

Ry, N\(Rla N Rav
P e
vTYYON Y
M
N N/ \N/ fa
_ ! /K |
Ryp N Rop

wherein, in Formulae 3A-(1), 3A-(2), 3A-(3), 3A-(4),
3A-(5), 3A-(6), 3A-(7), 3A-(8), and 3A-(9): M may be
platinum (Pt); and R, ,toR,,, R, t0 R, Ry, ,to R, , R}y
t0 Ryup Rsp, 10 Rag,, and R, , to R,g, each independently
may be selected from the group of a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, a substituted C,-C, , alkyl group, a substituted
C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, and
a substituted cyclic group that is substituted with at least one
selected from the group of: a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group; the substituted
C,-C,; alkyl group and the substituted C,-C,, alkoxy group
each may be substituted with at least one selected from the
group of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, and an amino group; the
substituted cyclic group may be selected from the group of
a substituted phenyl group, a substituted naphthyl group, a
substituted anthryl group, a substituted fluorenyl group, a
substituted carbazolyl group, a substituted pyridinyl group,
a substituted pyrimidinyl group. and a substituted triazinyl
group.

The organometallic compound may be represented by one
selected from the group of Formulae 3A-(1), 3A-(2), 3A-(4),
3A-(6), 3A-(8), and 3A-(9); and R, =R,,, R,, =R,
Ry Rsp Ry Ryp Rs,Rs, Ry Ry Ryp=Rg,
Ri3Rizp RiaeRiss R Rarss Rooe™Rozes Ry Rosgs
Rt Rogs Ros, Rosp Rogi™Rogr  Ryz™Roypy,  and
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The organometallic compound may be represented by
Formula 4-(a):

<Formula 4-(a)>

5 1\'\ Y, N\ Rap
| 2N N| V
Rs, u / Ry,
x? N/ \N Ny,
)
N N=—
K Lm Rap

wherein, in Formula 4-(a): M may be a transition metal;
X, ,maybeNorC(Rs,); X,, may be Nor C(Rs,); R,, 10 R,
and R,, to Rs, each independently may be selected from the
group of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cy, aryl group, a substituted or unsubsti-
tuted C.-Cg, aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
hetercaryl  growp, —N(Q)(Q.):  —Si(Q)(Qu)Qs),
—C(=0)(Qy), and a binding site with an adjacent ligand via
a single bond or a divalent linking group; two substituents of
R,, to Rs, may be optionally linked together to form at least
one selected from the group of a substituted or unsubstituted
C,-Cyy alicyclic ring, a substituted or unsubstituted C,-Cs,
hetero alicyclic ring, a substituted or unsubstituted C4-C,,
aromatic ring, and a substituted or unsubstituted C,-C,,
heteroaromatic ring; two substituents of R,, to R, may be
optionally linked together to form at least one selected from
the group of a substituted or unsubstituted C,-C,, alicyclic
ring, a substituted or unsubstituted C,-C,, hetero alicyclic
ring, a substituted or unsubstituted C,-C,,, aromatic ring, and
a substituted or unsubstituted C,-C,, heteroaromatic ring;
Q, to Q4 each independently may be selected from the group
of a hydrogen atom, a substituted or unsubstituted C,-Cy,
alkyl group, a substituted or unsubstituted C4-Cg, aryl
group, and a substituted or unsubstituted C,-Cg,, heteroaryl
group; L may be an organic ligand; m1 may be 0, 1,0r2;Y,
may be a single bond or a divalent linking group including
at least one selected from the group of —O—, —S—,
—N(Z)— —C(Z)Zs)],— and —{Si(Z4)(Zs)],— Z, to
7.5 each independently may be a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-Cq, alkyl group substi-
tuted with at least one halogen atom, a C,-Cy, alkenyl group,
a C,-Cy, alkynyl group, a C,-Cg, alkoxy group, a C5-C,
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cycloalkyl group, a C;-C,, cycloalkenyl group, a C;-C,
heterocycloalkyl group, a C,-C,, heterocycloalkenyl group,
a Cy-Cy, aryl group, or a C,-Cgy, heteroaryl group, and a and
b are each independently an integer from 1 to 4.

Y, may be —N(Z,)—; Z, may be at least one selected
from the group of a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, and
a substituted cyclic group that is substituted with at least one
selected from the group of: a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, an anthryl group, a

fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group; and the substituted
cyclic group may be selected from the group of a substituted
phenyl group, a substituted naphthyl group, a substituted
anthryl group, a substituted fluorenyl group, a substituted
carbazolyl group, a substituted pyridiny! group, a substituted
pyrimidinyl group, and a substituted triazinyl group.
n may be 3, and m may be 0.
n may be 1, and m may be an integer from 1 to 4.
The organometallic compound may be represented by one
selected from the group of Formulae 5 to &:
<Formula 5>
R, N R,
Y Xo1=Xn
Ao
P - / 23
Ry
> L
x? N e hlr/ Xas
— |
>7N Xoey %o
¥ g
Ry
R N R <Formula 6>
2 ! X5
‘ \r X5 Xy
N ‘g )l(
R; \ /1 1 zXu
M
|
x? /N/ <L>mz\N/ s
>:N Xorg Ko
Ry
Ry
<Formula 7>
Ry
R, N Ri Ry,
Y o~ X
e A
Ry F \ / 2Xn
M
e
Xl/ /N (L)mZ\N\ \/X23
>:N X5 X
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-continued
<Formula 8>
Xzz

R, N X21 YXs3

) 9 /N\ / ﬁ
<N «%

Oz || X27
X29. %o

wherein, in Formulae 5 to 8: M, X,, R, to Rs, and L may
be as above in Formula 1; m2 may be 0,1, 0r2; X, and X ¢,
each independently may be N or C; X, , may be N or C(R5,),
X,, may be N or C(Rs,), X,; may be N or C(Rs;), X,, may
be N or C(Rs,), X,5 may be N or C(Rs5), X, may be N or
C(Rs¢), X5, may be N or C(Rs,), X, may be N or C(Rsy),
and X,, may be N or C(Rs,); R.;, Ry, and Ry, to Ry each
independently may be selected from the group of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-C,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C, -C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-Cq, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C,-Cy,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, —N(Q,)(Q, ), —Si
(Q15)(Q,.)(Q,5), and a binding site with an adjacent ligand
via a single bond or a divalent linking group; two adjacent
substituents of R,;, R,,, and Ry, to R may be optionally
linked together to form one selected from the group of a
substituted or unsubstituted C,-C,, alicyclic ring, a substi-
tuted or unsubstituted C,-C,, heteroalicyclic ring, a substi-
tuted or unsubstituted C,-C,, aromatic ring, and a substi-
tuted or unsubstituted C,-C,,, heteroaromatic ring; and Q,,;
to Q,5 each independently may be selected from the group
of a hydrogen atom, a C,-C,, alkyl group, a C4-C,, aryl
group, and a C,-C, heteroaryl group.

The organometallic compound may be represented by one
selected from the group of Formulae 5-(1), 5-(2), 5-(3), and
5-(4):

<Formula 5-(1)>

Rz

Rz
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-continued

<Formula 5-(2)>

<Formula 5-(3)>

wherein, in Formulae 5-(1) to 5-(4): M, X, R; to R, and
L may be as in Formula 1; m2 may be 0, 1, or 2; X,, may
be N or C(Rs,), X5, may be N or C(Rs,), X,; may be N or
C(Rs3), X, may be N or C(Ry,), X,5; may be N or C(Rs;),
and X, may be N or C(R,¢); and R,;, R to Rse, Ry 10 Ry,
and R, to R,, each independently may be selected from the
group of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,; alkyl group, a C,-C,, alkoxy group, a substituted
C,-C,, alkyl group, a substituted C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, a fluore-
nyl group, a carbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a triazinyl group, and a substituted cyclic
group that is substituted with at least one selected from the
group of: a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, a
C,-C, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
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and a triazinyl group; the substituted C,-C,, alkyl group and
the substituted C,-C,, alkoxy group each may be substituted
with at least one selected from the group of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, and an amino group; and the substituted cyclic
group may be selected from the group of a substituted
phenyl group, a substituted naphthyl group, a substituted
anthryl group, a substituted fluorenyl group, a substituted
carbazolyl group, a substituted pyridiny! group, a substituted
pyrimidinyl group, and a substituted triazinyl group.

The organometallic compound may be represented by one
selected from the group of Formulae 5-(a), 6-(a), and 7-(a):

<Formula 5-(a)>

Y,
R, N
Y ¥X22
@ Lk
23
Rs F \ / Y
M
|
x? g <L>mz\N/ Xos
_/ [
N X6 Xas
Ry
Ryt
<Formula 6-(a)>
R N 2
2 Xn
| Y \r “)|(23
R S N\ /Xlz Xu
M
|
x? /N/ <L>,ﬂz\N/ s
>:N KXoz X6
Ry
Ry
<Formula 7-(a)>
Ry
Y,
R, N
Y \le
| N N| )l(
Ry \ / e
M
pd
Xl/ N (L)m2\N \X23
_J \
X555 Xo4

wherein, in Formulae 5-(a), 6-(a), and 7-(a): M, X, R, to
R,, and L may be as in Formula 1; m2 may be 0, 1, or 2; X,
may be C or N; X,, may be N or C(Rs,), X,, may be N or
C(Rs,), X,; may be N or C(Rs;), X,, may be N or C(R,,,),
X,s may be N or C(Rss), X, may be N or C(Rs), and X5,
may be N or C(Rs,); R,; and Ry, to R, each independently
may be selected from the group of a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,,, alkyl group, a C,-C,, alkyl
group substituted with at least one fluorine atom, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, and an
anthryl group;
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Y, may be a single bond or a divalent linking group
including at least one selected from the group of —O—,
—S—, —N(Z,))— —HCZ)(Z13)lc— and —{Si(Z,)
(Zis)li—:

Z,, to 7, each independently may be selected from the
group of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof,
C,-Ceo alkyl group, a C,-Cg, alkyl group substituted with at
least one halogen atom, a C,-Cq, alkenyl group, a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, a C5-C,,, cycloalkyl
group, a C,;-C,, cycloalkenyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C, ; heterocycloalkenyl group, a C,-Co,
aryl group, or a C,-Cy, heteroaryl group; and ¢ and d each
independently may be an integer from 1 to 4.

The organometallic compound may be one selected from
the group of compounds 1 to 68:

| ﬁ N/N_

/I\\Pt/ V4
N/ \N/

U
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67

68

wherein, in compounds 60-62, Ph may be a phenyl group
and Me may be a methyl group.

Embodiments are also directed to an organic light-emit-
ting device, including: a substrate; a first electrode; a second
electrode opposite the first electrode; and an organic layer
between the first electrode and the second electrode, the
organic layer including the organometallic compound.

The organic layer may include at least one selected from
the group of a hole injection layer, a hole transport layer, a
functional layer having both hole injection and hole trans-
port capabilities, a buffer layer, an electron blocking layer,
an emission layer, a hole blocking layer, an electron trans-
port layer, an electron injection layer, and a functional layer
having both electron injection and electron transport capa-
bilities.

The organic layer may include an emission layer; the
organomnietallic compound may be in the emission layer; and
light may be emitted from the emission layer based on a
phosphorescence mechanism.

The organometallic compound in the emission layer may
serve as a dopant; and the emission layer may include a
carbazole-based compound as a host.
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The carbazole-based compound may be represented by
Formula 10:

<Formula 10>

\\/ (Ros)y

NQMQN

/
(Rop)g Rea) T~Rsg),

/
o
N\

Rog)

wherein, in Formula 10: Ar, may be selected from the
group of a substituted or unsubstituted C;-Cg, alkylene
group, a substituted or unsubstituted C,-Cg, alkenylene
group, —C(—0)—, —N(R,,)—, a substituted or unsub-
stituted C¢-Cgy arylene group, and a substituted or unsub-
stituted C,-Cg, heteroarylene group; R, may be selected
from the group of a substituted or unsubstituted C4-Cy, aryl
group, and a substituted or unsubstituted C,-Cg, heteroaryl
group; p may be an integer from 0 to 10; Ry, to Ry¢ each
independently may be selected from the group of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cg, alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C4-Cy, aryloxy group, a substi-
tuted or unsubstituted C4-Cg,, arylthio group, and a substi-
tuted or unsubstituted C,-Cg, heteroaryl group;

two adjacent substituents of Ry, to Ry optionally may be
linked together to form one selected from the group of a
substituted or unsubstituted C,-C,, alicyclic group, a sub-
stituted or unsubstituted C,-C,, heteroalicyclic group, a
substituted or unsubstituted C,-C,, aromatic ring, and a
substituted or unsubstituted C,-C,, heteroaromatic ring; and

q, L, 8, t, u, and v each independently may be an integer
from 1 to 4.

The carbazole-based compound may be one selected from
the group of compounds H1 to H30:

H2

X



US 9,997,728 B2
35 36

N IO N HS N@z{%
Bo-og Gocot
Jovog Bofod

Fo o oo,



US 9,997,728 B2
37 38

*fj @e‘

wWoe Y @

'%Q P

%



US 9,997,728 B2
39 40

-continued

N

C
NN
9 ¥

HI19

&
9 (

H,C Cl;



US 9,997,728 B2

42

-continued

H22

CH;

CH;

H23



US 9,997,728 B2
43 44

.
»
9 9
9 ¢

»

QOOCQ

O 9



US 9,997,728 B2
45 46

-continued

L)

®
9 9

H;C CH;

s
QQ;

N N

NC CN



US 9,997,728 B2

CH;

>
=

The organic layer may include at least one selected from
the group of a hole injection layer, a hole transport layer, and
a functional layer having both hole injection and hole
transport capabilities; and the at least one of the hole
injection layer, the hole transport layer, and the functional
layer having both hole injection and hole transport capabili-
ties may include a charge-generating material.

The organic layer may include an electron transport layer,
and the electron transport layer may include a metal-con-
taining material.

BRIEF DESCRIPTION OF THE DRAWING

Features will become apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawing in which the FIGURE
schematically illustrates the structure of an organic light-
emitting device according to an embodiment.
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-continued

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawing;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

In the drawing FIGURES, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer is referred to as being
“between” two layers, it can be the only layer between the
two layers, or one or more intervening layers may also be
present. Like reference numerals refer to like elements
throughout.
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As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” and “selected from the
group of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual
elements of the list.

According to an embodiment, there is provided an orga-
nometallic compound represented by Formula 1:

<Formula 1>

| SM—),

Xl/ N/
>_/
N

L R _

In Formula 1 above, M may be a transition metal.

For example, M may be a Group VI metal, a Group VII
metal, a Group VIII metal, a Group IX metal, or a Group X
metal, a Group XI metal, or the like. In an embodiment, M
in Formula 1 may be ruthenium (Ru), rhodium (Rh), palla-
dium (Pd), tungsten (W), rhenium (Re), osmium (Os),
iridium (Ir), platinum (Pt), and the like.

In Formula 1, X, may be N or C(Rs).

In Formula 1, R, to Ry each independently may be a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg,, alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C;-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,;-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cy, aryloxy group, a substituted or unsubstituted
Cs-Cyo arylthio group, a substituted or unsubstituted C,-C,
heteroaryl ~ group, —N(Q)(Q2),  —Si(Qa)(Q4)(Qs5):
—C(=0)(Qg) (where Q, to Qg4 each independently may be
a hydrogen atom, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-Cqy, aryl group, or a
substituted or unsubstituted C,-Cy, heteroaryl group), or a
binding site with an adjacent ligand via a single bond or a
divalent linking group.

In Formula 1, R, to Ry each independently may be one
selected from the group of:

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof;

a C,;-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cg,
alkynyl group, a C,-Cq, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,; heterocycloalkenyl group, a C-Cy,
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aryl group, a C4-Cy, aryloxy group, a C-Cy, arylthio group,
and a C,-C, heteroaryl group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cy, alkoxy group, a C,-C,, cycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, heterocycloalkenyl group, a C-Cy,
aryl group, a C4-Cy aryloxy group, a Cg-Cy, arylthio group,
and a C,-C, heteroaryl group that may be substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cy, alkyl group,
a C,-Cq, alkyl group substituted with at least one halogen
atom, a C,-Cg, alkenyl group, a C,-C, alkynyl group, a
C,-Cg alkoxy group, a C5-C,,, cycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkyl group, a
C;-C,o heterocycloalkenyl group, a Cy-Cq, aryl group, a
Cs-Cgo aryloxy group, a C,-Cg, arylthio group, a C,-Cg,
heteroaryl group, —N(Qy;)(Q,,). and —S8i(Q3)(Q14)(Qy5)
(where Q,, to Q5 are each independently a hydrogen atom,
a C;-C,, alkyl group, a C4-Cy, aryl group, or a C,-C,,
heteroaryl group);

—NQ)(Qs), —Si(Q:)Q)Qs), and —C(=0)Qe)
(where Q, to Qg each independently may be a hydrogen
atom, a C,-Cy, alkyl group, a C4-Cq, arvl group, or a C,-Cy,
heteroaryl group); and

a binding site with an adjacent ligand via a single bond or
a divalent linking group.

In an embodiment, in Formula 1, R, to R each indepen-
dently may be, for example, one selected from the group of:

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof;

a C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclopro-
pyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclopentenyl
group, a cyclohexenyl group, a cyclopentadienyl group, a
cyclohexadienyl group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a chrysenyl group, a
pyrenyl group, a phenanthrenyl group, a pyrrolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
triazinyl group, a carbazolyl group, an indolyl group, a
benzoimidazolyl group, a quinolinyl group, an isoquinolinyl
group;

a C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclopro-
pyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclopentenyl
group, a cyclohexenyl group, a cyclopentadienyl group, a
cyclohexadienyl group, a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, a chrysenyl group, a
pyrenyl group, a phenanthrenyl group, a pyrrolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
triazinyl group, a carbazolyl group, an indolyl group, a
benzoimidazolyl group, a quinolinyl group, and an isoqui-
nolinyl group that may be substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, an anthryl
group, a dimethyl-fluorenyl group, and a phenyl-carbazolyl
group;
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—NQ,)(Q2), —Si(Q:)(QL(Q5), —C(=0)Qs) (where
Q, to Q4 are each independently a hydrogen atom, a C,-C,,

alkyl group, a phenyl group, a naphthyl group, or an anthryl
group); and

a binding site with an adjacent ligand via a single bond or
a divalent linking group.

In an embodiment, X, in Formula 1 may be C(R;); and R,
to Rs each independently may be one of, e.g., a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof;, a methyl group, an ethyl group,
an n-propyl group, an i-propyl group, an n-butyl group, an
i-butyl group, a t-butyl group, a pentyl group, a hexyl group,
a heptyl group, an octyl group, a nonyl group, a decyl group,
a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, and pentoxy group; and a methyl group, an
ethyl group, an n-propyl group, an i-propyl group, an n-butyl
group, an i-butyl group, a t-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, and a pentoxy group that may be
substituted with at least one of a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, and an amino
group.

In an embodiment, X, in Formula 1 may be N; and R, to
R, each independently may be one of a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof; a methyl group, an ethyl group, an
n-propyl group, an i-propyl group, an n-butyl group, an
i-butyl group, a t-butyl group, a pentyl group, a hexyl group,
a heptyl group, an octyl group, a nonyl group, a decyl group,
a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, and pentoxy group; and a methyl group, an
ethyl group, an n-propyl group, an i-propyl group, an n-butyl
group, an i-butyl group, a t-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, and a pentoxy group that may be
substituted with at least one of a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, and an amino
group.

In an embodiment, in Formula 1, X, may be C(R,); and
R, to Ry each independently may be a hydrogen atom, a
methyl group, an ethyl group, an n-propyl group, a i-propyl
group, an n-butyl group, an i-butyl group, a t-butyl group, a
methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a pentoxyl group, or —CF;. In some other embodi-
ments, in Formula 1, X, may be N; and R, to R, each
independently may be a hydrogen atom, a methyl group, an
ethyl group, an n-propyl group, a i-propyl group, an n-butyl
group, an i-butyl group, a t-butyl group, a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, a pentoxyl
group, or —CF5.

In Formula 1, two substituents of R, to Rs may be
optionally linked together to form a substituted or unsub-
stituted C,-C,,, alicyclic ring, a substituted or unsubstituted
C,-C,, heteroalicyclic ring, a substituted or unsubstituted
Cs-C,o aromatic ring, or a substituted or unsubstituted
C,-C,, heteroaromatic ring.

In an embodiment, 1) R, and R may be linked together so
that the organometallic compound may be represented by
Formula 1A below; 11) X, may be C(R;), and R and R, may
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be linked together so that the organometallic compound may
be represented by Formula 1B below; or iii) R, and R, may
be linked together, X, may be C(R5), and R and R, may be
linked together so that the organometallic compound may be
represented by Formula 1C below:

<Formula 1A>

[ N L
/ : \
Coa |
\\\"/, /N\
N 1
M n
Xl/ N/
/
—N
— R4 -
<Formula 1B>
M—L)n
<Formula 1C>
M—@)n
— —n

In Formulae 1A, 1B, and 1C, M, X, and R, to R, may be
the same as set forth above, and n, [, and m may be as set
forth below.

In Formulae 1A, 1B, and 1C above, the A ring and the B
ring each independently may be a substituted or unsubsti-
tuted C,-C,, alicyclic ring, a substituted or unsubstituted
C,-C,, heteroalicyclic ring, a substituted or unsubstituted
Ce-C,y aromatic ring, or a substituted or unsubstituted
C,-C,,, heteroaromatic ring.

For example, in Formulae 1A and 1C, the A ring may be
at least one of benzene, pentalene, indene, naphthalene,
azulene, heptalene, indacene, acenaphthylene, fluorene,
spiro-fluorene, phenalene, phenanthrene, anthracene, fluo-
ranthene, triphenylene, pyrene, and chrysene; and benzene,
pentalene, indene, naphthalene, azulene, heptalene,
indacene, acenaphthylene, fluorene, spiro-fluorene, phe-
nalene, phenanthrene, anthracene, fluoranthene, triph-
enylene, pyrene, and chrysene that may be substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cy, alkyl group,
a C,-Cg, alkyl group substituted with at least one halogen
atom, a C,-Cg, alkenyl group, a C,-C, alkynyl group, a
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C,-C¢, alkoxy group, a C,-C,, cycloalkyl group, a C;-C,
cycloalkenyl group, a C;-C,, heterocycloalkyl group, a
C;-C,, heterocycloalkenyl group, a C,-Cqy, aryl group, a
Cs-Ceo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,

heteroaryl group, —N(Q,,)(Q,,), and —Si(Q,3)(Q,4)(Q;5)
(where Q,, to Q5 are each independently a hydrogen atom,

a C1-C10 alkyl group, a Cs-C,O aryl group or a C,-C,0
heteroaryl group).
For example, in Formulae 1B and 1C, the B ring may be

at least one of, e.g., cyclopropane, cyclobutane, cyclopen-
tane, cyclohexane, cycloheptane, cyclooctane, cyclopen-
tene, cyclopentadiene, cyclohexadiene, cycloheptadiene,
bicyclo-heptane, bicyclo-octane, benzene, pentalene,
indene, naphthalene, azulene, heptalene, indacene, acenaph-
thylene, fluorene, spiro-fluorene, phenalene, phenanthrene,
anthracene, fluoranthene, triphenylene, pyrene, and
chrysene; and cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, cyclopentene,
cyclopentadiene, cyclohexadiene, cycloheptadiene, bicyclo-
heptane, bicyclo-octane, benzene, pentalene, indene, naph-
thalene, azulene, heptalene, indacene, acenaphthylene, fluo-
rene, spiro-fluorene, phenalene, phenanthrene, anthracene,
fluoranthene, triphenylene, pyrene, and chrysene that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cq, alkyl group, a C,-C, alkyl group substituted with at
least one halogen atom, a C,-Cg, alkenyl group, a C,-C,
alkynyl group, a C,-C,, alkoxy group, a C,-C,, cycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, ; heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cg aryloxy group, a C4-Co, arylthio group,
a C,-Cgp heteroaryl group, —N(Q,,)(Q;>), and —Si(Q,5)
(Q..)(Q,5) (where Qy, to Q, 5 each independently may be a
hydrogen atom, a C,-C,, alkyl group, a C,-C,, aryl group,
or a C,-C,, heteroaryl group).

In an embodiment, the organometallic compound may be
represented by Formula 1A-(1), 1B-(1), 1B-(2), 1B-(3),
1C-(1), 1C-(2), 1C-(3), or 1D-(1) below:

<Formula 1A-(1)>
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-continued

<Formula 1B-(1)>

/

L~ M—L)n

<Formula 1B-(2)>

<Formula 1B-(3)>

M—(L)n

<Formula 1C-(1)>

M—(L)n
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-continued

<Formula 1C-(2)>

<Formula 1C-(3)>

<Fomula 1D-(1)>

Ry
/ N
R
13 \\ ‘
R /M_(L,)m
14
N
/
—N

In Formulae 1A-(1), 1B~(1), 1B-(2), 1B-(3), 1C-(1), 1C-
(2), 1C-(3), and 1D-(1), M, and R, to R5 may be the same
as set forth above; n, L and m may be the same as set forth
below; and R}, to R ,, and R,, to R, may be the same as
R, to Rs set forth above.

For example, in Formulae 1A-(1), 1B-(1), 1B-(2), 1B-(3),
1C-(1), 1C-(2), 1C-(3), and 1D-(1) above, M may be a
transition metal (for example, osmium (Os), iridium (Ir), or
platinum (Pt)); R, to R, Ry, to R;,, and R,; to R, each
independently may be a hydrogen atom, a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy group; a
C,-C,, alkyl group and a C,-C,, alkoxy group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, and an
amino group; a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a pyridinyl
group, a pyrimidinyl group, and a triazinyl group; and a
phenyl group, a naphthyl group, an anthryl group, a fluore-
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nyl group, a carbazolyl group, a pyridinyl group, a pyrim-
idinyl group, and a triazinyl group that are substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, a
C,-C, alkyl group, a C,-C,,, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group; n may be an integer from 1 to 3; L may
be an organic ligand; and m may be an integer from 0 to 4.

In Formula 1 above, n may be an integer from 1 to 3. That
is, Formula 1 above may include one, two, or three ligands
represented by Formula 1"

<Formula 1"

In Formula 1', * indicates a binding site with M in
Formula 1.

Accordingly, the organometallic compound may include
the ligand represented by Formula 1'.

If n is 2 or greater, at least two ligands represented by
Formula 1' may be the same or different.

In Formula 1, L may be an organic ligand, and m may
indicate the number of s, and may be an integer from 0 to
4. L may be a monodentate ligand, bidentate ligand, a
tridentate ligand, or a tetradentate ligand. When m is 0, the
organometallic compound may include only the ligand rep-
resented by Formula 1'. If m is 2 or greater, at least two L
may be the same or different.

L may be a suitable organic ligand, e.g., a ligand that does
not undesirably change chemical and physical characteris-
tics of the organometallic compound.

For example, L in Formula 1 may include at least one of
the ligands represented by Formulae 2A to 2F below.

Formula 2A
*— (C=C—Ry,
Formula 2B
Rs2p
Rsze—M;—Rsp,
*
Formula 2C
R33“TR33'Y Rszp
X X
e A1
N Formula 2D
PoCo
Xp, ./
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Formula 2E
/B 0
! H
'\ ;
L /
Xiea—Xi6o
X]éc \\
! / ;
Xid F ;
\X K
l6e B
/e
Xigg™ X161
\\
1 L}
H G B
\ )
\ b
. ,,
Formula 2F
Ry Ragr  Xfa ™~
s X .
I | “
X X !
e “171; :

In Formula 2B, M, may be P or As.

In Formulae 2A to 2F, X, ., Xi15 Xiss Xi35 Xyas Xiss
X6as Xiopn Xioer Xioas Xiser Xiep Xisg X170 X176 X17e
and X,,, each independently may be C, N, O, N(R;;),
P(R;5)(R55), or As(R;5)(R;0); Ry5. and R, . each indepen-
dently may be a single bond, a substituted or unsubstituted
C,-C; alkylene group (for example, methylene, ethylene, or
the like), or a substituted or unsubstituted C,-Cs alkenylene
group (for example, ethenylene or the like); R, R, Ryap,
Rises Riza Rasps Rass Ris, Rag Rypy Ryq, and Ry each
independently may be a hydrogen atom, a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsubsti-
tuted C;5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C;-C,, heterocycloalkyl group, a substituted or
unsubstituted C5-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cy, aryl group, or a substituted or
unsubstituted C,-Cg, heteroaryl group; the C ring, the D
ring, the E ring, the F ring, the G ring, and the H ring each
independently may be a 5-membered to 20-membered satu-
rated ring, or a 5-membered or 20-membered unsaturated
ring; and * may indicate a binding site with M in Formula
1.

In Formulae 2A to 2F, Ry, Ry, Risps Rinps Rasar Risps
Rs.4 R, Ry, Ry Ryg, and Ryg each independently may be
one of a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,q alkyl group, and a C,-C,, alkoxy group; a C,-C,,
alkyl group and a C,-C,, alkoxy group that are substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, and an amino
group; a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group; and a phenyl
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group, a naphthyl group, an anthryl group, a fluorenyl group,
a carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group that are substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a carbazolyl
group, a pyridinyl group, a pyrimidinyl group, and a triazi-
nyl group.

For example, if m is 1 or greater in Formula 1 above, L
may include a ligand represented by Formula 2C above,
wherein X,,, and X, in Formula 2C each independently
may be, e.g., O, P(R35)(R;;), or As(R35)(Rso).

In some other embodiments, if m is 1 or greater in
Formula 1 above, L may include at least one of the ligands
represented by Formulae 2D, 2E, and 2F, wherein the C ring,
the D ring, the E ring, the F ring, the G ring, and the H ring
in Formulae 2D, 2E, and 2F each independently may be a
substituted or unsubstituted benzene, a substituted or unsub-
stituted pentalene, a substituted or unsubstituted indene, a
substituted or unsubstituted naphthalene, a substituted or
unsubstituted azulene, a substituted or unsubstituted heptal-
ene, a substituted or unsubstituted indacene, a substituted or
unsubstituted acenaphthylene, a substituted or unsubstituted
fluorene, a substituted or unsubstituted spiro-fluorene, a
substituted or unsubstituted phenalene, a substituted or
unsubstituted phenanthrene, a substituted or unsubstituted
anthracene, a substituted or unsubstituted fluoranthene, a
substituted or unsubstituted triphenylene, a substituted or
unsubstituted pyrene, a substituted or unsubstituted
chrysene, a substituted or unsubstituted pyrrole, a substi-
tuted or unsubstituted imidazole, a substituted or unsubsti-
tuted pyrazole, a substituted or unsubstituted isothiazole, a
substituted or unsubstituted isoxazole, a substituted or
unsubstituted pyridine, a substituted or unsubstituted pyra-
Zine, a substituted or unsubstituted pyrimidine, a substituted
or unsubstituted pyridazine, a substituted or unsubstituted
isoindole, a substituted or unsubstituted indole, a substituted
or unsubstituted indazole, a substituted or unsubstituted
purine, a substituted or unsubstituted isoquinoline, a substi-
tuted or unsubstituted quinoline, a substituted or unsubsti-
tuted phthalazine, a substituted or unsubstituted quinoxaline,
a substituted or unsubstituted quinazoline, or a substituted or
unsubstituted cinnoline.

In this regard, 1) when the C ring includes at least two
substituents (i.e., is substituted with at least two substitu-
ents), adjacent two of the at least two substituents may be
optionally linked together to form a substituted or unsub-
stituted C,-C,, alicyclic ring, a substituted or unsubstituted
C,-C,, heteroalicyclic ring, a substituted or unsubstituted
Ces-Cyy aromatic ring, or a substituted or unsubstituted
C,-C,, heteroaromatic ring; ii) when the D ring includes at
least two substituents (i.e., is substituted with at least two
substituents), adjacent two of the at least two substituents
my be optionally linked together to form a substituted or
unsubstituted C,-C,, alicyclic ring, a substituted or unsub-
stituted C,-C, heteroalicyclic ring, a substituted or unsub-
stituted C4-C,, aromatic ring, or a substituted or unsubsti-
tuted C,-C,, heteroaromatic ring; iii) when the E ring
includes at least two substituents (i.e., is substituted with at
least two substituents), adjacent two of the at least two
substituents may be optionally linked together to form a
substituted or unsubstituted C,-C,, alicyclic ring, a substi-
tuted or unsubstituted C,-C,, heteroalicyclic ring, a substi-
tuted or unsubstituted C-C,, aromatic ring, or a substituted
or unsubstituted C,-C,, heteroaromatic ring; iv) when the F
ring includes at least two substituents (i.e., is substituted
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with at least two substituents), adjacent two of the at least
two substituents may be optionally linked together to form
a substituted or unsubstituted C,-C,, alicyclic ring, a sub-
stituted or unsubstituted C,-C,, heteroalicyclic ring, a sub-
stituted or unsubstituted C.-C,, aromatic ring, or a substi-
tuted or unsubstituted C,-C,, heteroaromatic ring; v) when
the G ring includes at least two substituents (i.e., is substi-
tuted with at least two substituents), adjacent two of the at
least two substituents may be optionally linked together to
form a substituted or unsubstituted C,-C,, alicyclic ring, a
substituted or unsubstituted C,-C,,, heteroalicyclic ring, a
substituted or unsubstituted C;-C,, aromatic ring, or a
substituted or unsubstituted C,-C,,, heteroaromatic ring; vi)
when the H ring includes at least two substituents (i.e., is
substituted with at least two substituents), adjacent two of
the at least two substituents may be optionally linked
together to form a substituted or unsubstituted C,-C,, ali-
cyclic ring, a substituted or unsubstituted C,-C,, heteroali-
cyclic ring, a substituted or unsubstituted C;-C,,, aromatic
ring, or a substituted or unsubstituted C,-C,,, heteroaromatic
ring;

The above description of the B ring (in Formulae 1B and
1C) may be used to describe “the substituted or unsubsti-
tuted C,-C,, alicyclic ring, the substituted or unsubstituted
C,-Cy heteroalicyclic ring, the substituted or unsubstituted
Cs-C,, aromatic ring, or the substituted or unsubstituted
C,-C,, heteroaromatic ring,” set forth above.

In an embodiment, if m is 1 or greater in Formula 1 above,
L may include at least one of the ligands represented by, e.g.,
Formulae 2A(1), 2B(1), 2C(1), and 2C(2):

Formula 2A(1)
Formula 2B(1)
Razp
|
Raze— ﬁ— Rape
%
Formula 2C(1)
R334 o Rs3p
0,
Formula 2C(2)
Ra3, Rasp
Rzg—P P—R;
36 VAN 36
R3; 37

In Formulae 2A(1), 2B(1), 2C(1), and 2C(2), R5,,, R35,
R0 Rase Rasyps Ry, and R, each independently may be as
set forth above.

In Formula 1, n may be 2. Thus, the organometallic
compound may be represented by Formula 3 or 4 below.
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<Formula 3>

\
/

Ryp

<Formula 4>

L)m

In Formulae 3 and 4, M and L may be as set forth above,
and m1 may be 0, 1, or 2.

In Formulae 3 and 4, X, may be N or C(R,,); X, may
be N or C(Rs,); and the above-description of R; may be used
to describe R, , to R, and R, to Ry,,.

In an embodiment, the organometallic compound may be
represented by Formula 3, wherein R, =R,,, R,,=R,,,
R;,.=Rsz Ry =Rup, X, =Xi5 M=Pt, and m1=0, and may
have a trans structure.

In an embodiment, the organometallic compound may be
represented by Formula 4, wherein R, =R,,, R,,=R,,,
R;,=R;p R4, Rup X=X, M=Pt, and m1=0, and may
have a cis structure.

In an embodiment, the organometallic compound may be
represented by Formula 3A-(1), 3A-(2), 3A-(3), 3A-(4),
3A-(5), 3A-(6), 3A-(7), 3A-(8), or 3A-(9) below.

<Formula 3A-(1)>
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-continued

<Fomula 3A-(2)>

10

Rysp 15

<Formula 3A-(3)>
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<Formula 3A-(4)>

Roap

Raszp

40
Raz

45

Ros,

50

<Fomula 3A-(5)>

Ry7p Ragp
55

60

65

62

-continued

<Formula 3A-(6)>

<Formula 3A-(7)>

Rogp

Rosp

Rypp
<Formula 3A-(9)>

RZa NYRM Ne— fo
| N, / N
R3, 7 \M/ 4
N N/ \N Z o

N S
Rl N Rap
R4a

In Formulae 3A-(1), 3A-(2), 3A-(3), 3A-(4), 3A<(5),
3A-(6), 3A-(7), 3A-(8), and 3A-(9), M may be platinum
(P); and R, to Rs, Ry to Ry, Ry, t0 Ry, Ry 0 R,
R,,, 10 Ry, and R, to Ry, each independently may be
one of a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
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C,-C,, alkyl group, and a C,-C,, alkoxy group; a C,-C,,
alkyl group and a C,-C,, alkoxy group that are substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, and an amino
group; a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group; and a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl group,
a carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group that are substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a carbazolyl
group, a pyridinyl group, a pyrimidinyl group, and a triazi-
nyl group.

In an embodiment, in Formulae 3A-(1), 3A-(2), 3A-(3),
3A-(4), 3A-(5), 3A-(6), 3A-(7), 3A-(8), and 3A-(9), Ry, to
R Ry toRs, Ry 10R 4 Ry t0R 4, Ry, 10 Ryg and
R,,, t0 Rsg,) each independently may be, e.g., a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group (for
example, a methyl group, an ethyl group, an n-propyl group,
a i-propyl group, an n-butyl group, a i-butyl group, a t-butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, a decyl group, or the like), a
C,-C,, alkyl group substituted with at least one fluorine
atom (for example, —CF,), a C, -C, alkoxy group, a phenyl
group, a naphthyl group, or an anthryl group.

For example, the organometallic compound may be rep-
resented by Formula 3A-(1), 3A-(2), 3A-(4), 3A-(6), 3A-(8),
or 3A-(9), wherein R =R, 5, R,,=R;,), Ry =Ry, Ry =Ry,),
RsRspe Riue™Rurss RizaRings Riz Rz RisiRiss,
Ry Ra1p Roz™Rang Rozi™Rasss Ragi™Rosss Ros,Rosy,
Ro6, Raspr Ra7, Ro7p, and Rog,=Rogy.

The organometallic compound may be represented by
Formula 4-(a) below.

<Formula 4-(a)>

Rag | N \/Yl | N\ Ryp
N. N
R3, 7 \ / ~ Rsp
M
x? N/ \N Ny,
/ \ <
— N=—
R4£ R4b

L)

In Formula 4-(a), M and LL may be as set forth above, and
ml may be 0, 1, or 2.

In Formula 4-(a), X, ,, may be N or C(Rs,); X, , may be N
or C(Rs,); and the above-description of R; may be used to
describe R,, to R, and R, to R,,).

In Formula 4-(a), Y, may be i) a divalent linking group
including at least one of —O—, —S—, —N(Z,)—, —[C
(Z5)(Z5)],—, and —[Si(Z,)(Z5)],—, or ii) a single bond,

In—N(Z,)—, —[CZ)Z), s and —[SIZ)Zs)],
7, to Zs each independently may be a hydrogen atom, a
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deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-C, alkyl
group substituted with at least one halogen atom, a C,-Cg,
alkenyl group, a C,-C4, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkyl group, a C;-C,, cycloalkenyl
group, a C;-C,, heterocycloalkyl group, a C,-C |, heterocy-
cloalkenyl group, a C4-Cg, aryl group, or a C,-Cg, het-
eroaryl group, and a and b each independently may be an
integer from 1 to 4.

In an embodiment, in —N(Z,)—, —[C(Z,)(Z;)],—, and
—Si(Z,)(Z5)],—, Z, to Zs each independently may be, e.g.,
a C,-C,, alkyl group (for example, a methyl group, an ethyl
group, an n-propyl group, a i-propyl group, an n-butyl
group, a i-butyl group, a t-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, or the like), a C,-C,, alkyl group substituted
with at least —F (for example, —CF), a phenyl group, a
naphthyl group, or an anthryl group, and a and b each
independently may be 1 or 2.

For example, in Formula 4-(a), Y, may be —N(Z,)—,
wherein 7, may be at least one of, e.g., a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group; and a phenyl group, a naphthyl group,
an anthryl group, a fluorenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, and a triazinyl group
that are substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a pyridinyl
group, a pyrimidinyl group, and a triazinyl group.

In some other embodiments, the organometallic com-
pound may be an organometallic compound represented by
Formula 1 with n=3 and m=0. That is, the organometallic
compound may include just three ligands represented by
Formula 1'. In an embodiment, in the organometallic com-
pound represented by Formula 1 with n=3 and m=0, M may
be Ir, and X, and R, to R, may be as set forth above.

In some other embodiments, the organometallic com-
pound may be an organometallic compound represented by
Formula 1 wherein n=1 and m is an integer from 1 to 4.

In an embodiment, the organometallic compound repre-
sented by Formula 1 wherein n=1 and m is an integer from
1 to 4 may be an organometallic compound represented by,
e.g., one of the Formulae 5 to 8 below:

<Formula 5>
R, N R
Y X51=X»
N Lk
23
RS 7 N e I
M
Xl/ N/ \N/ X24
_/ Ll
Koo Xas
¥, \(
L2 R
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-continued

R, _N R, X
\( X YXp
| i
/N

R3

<Formula 6>

<Formula 7>

<Formula 8>

—X
R 24

</

M_
x? N/
>; /
=N
Ry

\
Xied X5
Y,
N
L

Ny
L2 Ko

In Formulae 5 to 8, M, X1, R, to Ry, and L may be as set
forth above, and m2 may be 0, 1, or 2.

In Formulae 5 to 8, X, and X, ., each independently may
be N or C; and X,, may be N or C(Rs,); X,, may be N or
C(Rs,); X,5 may be N or C(Rs5); X5, may be N or C(Rs,);
X,s may be N or C(Rs5); X, may be N or C(Rs¢); X,, may
be N or C(Rs-); X, may be N or C(Rs,); and X, may be
N or C(Rsp); Ry;. Ry, and Ry, to Ry each independently
may be a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-Cy, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-Cyy cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C;-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C¢-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cg,, aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
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heteroaryl group, —N(Q,)(Q,2), —Si(Q,3)(Q.)(Q;5)
(where Q,, to Q, 5 are each independently a hydrogen atom,

a C,-C,, alkyl group, a C4-C,, aryl group, or a C,-C,,
heteroaryl group), or a binding site with an adjacent ligand
via a single bond or divalent linking group, wherein two
adjacent substituents of R,,, R,,, and R, to R, are option-
ally linked together to form a substituted or unsubstituted
C,-C,, alicyclic ring, a substituted or unsubstituted C,-C,,
heteroalicyclic ring, a substituted or unsubstituted C4-C,,
aromatic ring, or a substituted or unsubstituted C,-C,,
heteroaromatic ring.

In Formulae 5 to 8, the above-description of R, may be
used to describe R, R,,, and Ry, to Rs,, and the above-
description of the B ring may be used to describe “the
substituted or unsubstituted C,-C,, alicyclic ring, the sub-
stituted or unsubstituted C,-C,, heteroalicyclic ring, the
substituted or unsubstituted C¢-C,, aromatic ring, or the
substituted or unsubstituted C,-C,, heteroaromatic ring.”

In an embodiment, the organometallic compound may be
represented by Formula 5-(1), 5-(2), 5-(3), or 5-(4) below:

<Formula 5-(1)>

<Formula 5-(3)>

Re1
Re
R, N R,
D
Res
N. N
RS Z \ / /
M Res
X]/ /N/‘\T/ .
|
):N L)z Xa6 X35
Ry
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<Formula 5-(4)>

In Formulae 5-(1) to 5-(4), M, X, R, to R, L, m2, X,
to X,6, R4, and Ry, to Ry may be as set forth above, and
the above-description of R;; may be used to describe R, to
Rgg and R, to R,

In an embodiment, in Formulae 5-(1) to 5-(4), X,, may be
N or C(Rs,); X,, may be N or C(Rs,); X,; may be N or
C(Rs3); X,, may be N or C(Rs,); X,s may be N or C(Rs5);
and X, may be N or C(Rs¢); Ry, to Rsg, Ry 10 R, and R,
to R,, each independently may be, e.g.. a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, and a C,-C,,
alkoxy group; a C,-C,, alkyl group and a C,-C,, alkoxy
group that are substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, and an amino group; a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a carbazolyl
group, a pyridinyl group, a pyrimidinyl group, and a triazi-
nyl group; and a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a pyridinyl
group, a pyrimidinyl group, and a triazinyl group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, an anthryl group, a
fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group.

In some other embodiments, the organometallic com-
pound may be represented by Formula 5-(a), 6-(a), or 7-(a)
below:

<Formula 5-(a)>
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<Formula 6-(a)>

R2|NY

N, X2 X
RS 7 \ / /\i
M
Xl/ N/ \N/ X5
] |
N Koz X6
Ry
Op
<Formula 7-(a)>
Ry

N. N X
. ) \ / X0
M
7 / \N N\
X /N \ X3
): N Xos= "X{
Ry

Lz

In Formulae 5-(a), 6-(a), and 7-(a), M, X, R, to Ry, L,
m2, X,, to X,,, R, and R5; to Ry, may be as set forth
above. X, may be C or N;

In Formulae 5-(a), 6-(a), and 7-(a), Y, may be a single
bond or a divalent linking group including at least one of
—O0—, —S— —N(Z,))— —[C(Z},)(Z,5)]c-, and —[Si
(Z,)(Z,5)]d-, wherein Z,, to Z, 5 each independently may
be, e.g., a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, C,-Cy,
alkyl group, a C,-Cq, alkyl group substituted with at least
one halogen atom, a C,-C,, alkenyl group, a C,-C, alkynyl
group, a C,-Cy, alkoxy group, a C,-C,, cycloalkyl group, a
C;-Cy, cycloalkenyl group, a C;-C,, heterocycloalkyl
group, a C,-C,,, heterocycloalkenyl group, a C,;-Cg, aryl
group, or a C,-Cg, heteroaryl group, and ¢ and d each
independently may be an integer from 1 to 4.

The organometallic compound may be, for example, one
of Compounds 1 to 68 below:
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In the organometallic compound of Formula 1, R, may be

located between a first nitrogen and a second nitrogen, and

65 thus the R, may have acidic characteristics (as illustrated in

Formula 1" below), which may allow for improved thermal
stability.
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<Formula 1">
A first nitrogen

| A second nitrogen

~
M—L,

For example, in the organometallic compound repre-
sented by Formula 3, R,, may be located between a first
nitrogen and a second nitrogen, and thus the organometallic
compound may have acidic characteristics, thereby allowing
for the formation of an intermolecular hydrogen bond with
a third nitrogen of an adjacent ligand (as illustrated in
Formula 3" below).

<Formula 3">

Intermolecular
hydrogen

/ bonding

RS

A first nitrogen

A third nitrogen

LIt

A second nitrogen

Therefore, the organometallic compounds according to
one or more of the above embodiments may have improved
thermal stability. Accordingly, an organic light-emitting
device including the organometallic compounds according
to one or more of the above embodiments may have
improved properties (e.g., a low driving voltage, a high
luminance, a high efficiency, a long lifetime, and the like).

The organometallic compound of Formula 1 may be
synthesized using a suitable organic synthesis method. A
synthesis method of the organometallic compound of For-
mula 1 will be understood by those skilled in the art from the
examples that will be described below.

The organometallic compound of Formula 1 may be used
between a pair of electrodes of an organic light-emitting
device, for example, in an emission layer of the organic
light-emitting device.

According to an embodiment, an organic light-emitting
device may include a first electrode, a second electrode
disposed opposite to the first electrode, and an organic layer
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disposed between the first electrode and the second elec-
trode, wherein the organic layer may include at least one of
the organometallic compounds of Formula 1 described
above.

As used herein, phrases like, for example, “the organic
layer includes at least one organometallic compound” mean
that “the organic layer includes one of the organometallic
compounds of Formula 1 above, or at least two different
organometallic compounds of Formula 1 above.”

The organic layer may include at least one layer selected
from among a hole injection layer, a hole transport layer, a
functional layer having both hole injection and hole trans-
port capabilities (hereinafter, “H-functional layer”), a buffer
layer, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, and a functional layer having both electron
injection and electron transport capabilities (hereinafter,
“E-functional layer”).

The term “organic layer” as used herein may refer to a
single layer and/or a plurality of layers disposed between the
first and second electrodes of the organic light-emitting
device.

The organic layer may include an emission layer, and the
emission layer may include the organometallic compound of
Formula 1 described above. The emission layer including
the organometallic compound may emit light generated
based on the mechanism of phosphorescence.

In an embodiment, the organometallic compound in the
emission layer of the organic light-emitting device may
serve as a dopant, and the emission layer may further include
a carbazole-based compound as a host.

An example of the carbazole-based compound available
as a host is a compound represented by Formula 10 below:

<Formula 10>

Ro3)s
[ e
= — = =
N (Ary) N
\ /\/ (R91)q (R92)r \ /\(R%)v

(Roa);s

In Formula 10, Ar, may be a substituted or unsubstituted
C,-Cgoalkylene group, a substituted or unsubstituted C,-Cy,
alkenylene group, —N(R o )— (where R, may be a sub-
stituted or unsubstituted C4-Cgqaryl group, or a substituted
or unsubstituted C,-C, heteroaryl group), a substituted or
unsubstituted C4-Cgy, arylene group, or a substituted or
unsubstituted C,-C g heteroarylene group; p may be an inte-
ger from 0 to 10; Ry, to Ry each independently may be a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg,, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C, cycloalkenyl group, a substituted or unsubstituted
C;-C,o heterocycloalkyl group, a substituted or unsubsti-
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tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cy, aryl group, a substituted or unsubsti-
tuted C4-Cg, aryloxy group, a substituted or unsubstituted
Cs-Ceo arylthio group, or a substituted or unsubstituted
C,-Cy, heteroaryl group, wherein adjacent two substituents
of Ry to Ryg are optionally linked together to form a
substituted or unsubstituted C,-C,q alicyclic group, a sub-
stituted or unsubstituted C,-C,, heteroalicyclic group, a
substituted or unsubstituted C,-C,, aromatic ring, or a
substituted or unsubstituted C,-C, heteroaromatic ring; and
q, 1, s, t, u, and v each independently may be an integer from
1to 4.

In Formula 10, Ar, may be a C,-C5 alkylene group, a

C,-C, alkenylene group, —C(—O)—, or —NR ,,)}—,
wherem R, may be at least one of a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl group,
and a triazinyl group; and a phenyl group, a naphthyl group,
an anthryl group, a fluorenyl group, a carbazolyl group, a
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pyridinyl group, a pyrimidinyl group, and a triazinyl group
that are substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a pyridinyl
group, a pyrimidinyl group, and a triazinyl group.

In Formula 10, Ry, to Ry each independently may be one
of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,y alkyl group, and a C,-C,, alkoxy group; and a
C,-C,, alkyl group and a C,-C,, alkoxy group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, and an
amino group.

The carbazole-based compound may be, e.g., one of the
following compounds H1-H30:

H2

N
goog
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The FIGURE illustrates a schematic sectional view of an
organic light-emitting device 10 according to an embodi-
ment. Hereinafter, a structure of an organic light-emitting
device according to an embodiment and a method of manu-
facturing the same will be described with reference to the
FIGURE.

The substrate 11 may be a suitable substrate for use in an
organic light-emitting device. In an embodiment, the sub-
strate 11 may be a glass substrate or a transparent plastic
substrate with strong mechanical strength, thermal stability,
transparency, surface smoothness, ease of handling, and
water resistance.

A first electrode 13 may be formed by depositing or
sputtering a first electrode-forming material on a surface of
the substrate 11. When the first electrode 13 is an anode, a
material having a high work function may be used as the first
electrode-forming material to facilitate hole injection. The
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first electrode 13 may be a reflective electrode or a trans-
mission electrode. Suitable first electrode-forming materials
may be transparent and conductive materials such as ITO,
170, SnO,, and Zn0O. The first electrode 13 may be formed
as a reflective electrode using magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magne-
sium-indium (Mg—In), magnesium-silver (Mg—Ag), or the
like.

The first electrode 13 may have a single-layer structure or
a multi-layer structure including at least two layers. For
example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO.

The organic layer 15 may be disposed on the first elec-
trode 13.

The organic layer 15 may include a hole injection layer
(HIL), a hole transport layer (HTL), a buffer layer, an
emission layer (EML), an electron transport layer (ETL),
and an electron injection layer (EIL).
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The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, Langmuir-
Blodgett (LB) deposition, or the like.

When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tem-
perature of about 100° C. to about 500° C., a pressure of
about 10-8 torr to about 10-3 torr, and a deposition rate of
about 0.01 to about 100 A/sec.

When the HIL is formed using spin coating, the coating
conditions may vary according to the compound that is used
to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2000 rpm to about 5000
rpm, and a temperature at which heat treatment may be
performed to remove a solvent after coating may be in the
range of about 80° C. to about 200° C.

The HIL may be formed of a suitable material for a HIL.
For example, the material that can be used to form the HIL
are N.N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
nyl]-biphenyl-4,4'-diamine, (DNTPD), a phthalocyanine
compound such as copper phthalocyanine, 4,4'4"-tris
(3-methylphenylphenylamino)  triphenylamine (m-MT-
DATA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), TDATA, 2T-NATA, polyaniline/dodecylbenzenesul-
fonic acid (Pani/DBSA), poly(3,4-ethylenedioxythiophene)/
poly(4-styrenesulfonate) (PEDOT/PSS), polyaniline/cam-
phor sulfonic acid (Pani/CSA), and polyaniline)/poly(4-
styrenesulfonate (PANI/PSS).

m-MTDATA
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The thickness of the HIL, may be about 100 A to about
10000 A, and in an embodiment, may be from about 100 A
to about 1000 A. When the thickness of the HIL is within
these ranges, the HIL. may have good hole injecting ability
without a substantial increase in driving voltage.

Then, a HTL may be formed on the HIL by using vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition and coating may be similar to those for the formation
of the HIL, though the conditions for the deposition and
coating may vary according to the material that is used to
form the HTL.

Examples of suitable HTL forming materials are carba-
zole derivatives, such as N-phenylcarbazole or polyvinyl-
carbazole, N.N'-bis(3-methylphenyl)-N,N-diphenyl-[1,1-bi-
phenyl]-4,4'-diamine  (TPD), 4,4',4"-tris(N-carbazolyl)
triphenylamine (TCTA), and N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine) (NPB).
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The thickness of the HTL, may be about 50 A to about
2000 A, and for example, about 100 A to about 1500 A.
When the thickness of the HTL is within these ranges, the
HTL may have good hole transporting ability without a
substantial increase in driving voltage.

The H-functional layer (having both hole injection and
hole transport capabilities) may contain at least one material
from each group of the hole injection layer materials and
hole transport layer materials. The thickness of the H-func-
tional layer may be from about 500 A to about 10,000 A, and
in an embodiment, may be from about 100 A to about 1,000
A. When the thickness of the H-functional layer is within
these ranges, the H-functional layer may have good hole
injection and transport capabilities without a substantial
increase in driving voltage.

In an embodiment, at least one of the HIL, HTL, and
H-functional layer may include at least one of a compound
of Formula 300 below and a compound of Formula 301
below:

Formula 300
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-continued
Formula 301

Rin

/N . . N\
Ryz; Ry

In Formula 300, Ar,,, and Ar, 4, each independently may
be a substituted or unsubstituted C,-C, arylene group. In an
embodiment, Ar,,, and Ar,,, each independently may be
one of a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an acenaphthylene group, a fluore-
nylene group, a phenalenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylenylene group, a chryse-
nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group; and a
phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an acenaphthylene group, a fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, and a pentacenylene group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a nitro group, a cyano group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or salt thereof, a sulfuric acid group or salt
thereof, a phosphoric acid group or salt thereof, a C,-Cq,
alkyl group, a C,-Cg, alkenyl group, a C,-Cy, alkynyl group,
aC,-Cq, alkoxy group, a C;-C, cycloalkyl group, a C5-C,
cycloalkenyl group, a C;-C,, heterocycloalkyl group, a
C;-C,, heterocycloalkenyl group, a C4-Cgy, aryl group, a
Cs-Cg aryloxy group, a C¢-Cgq arylthio group, and a C,-Ce,
heteroaryl group.

In Formula 300, x, and x, each independently may be an
integer from 0 to 5, for example, may be O, 1, or 2. For
example, x, may be 1, and x, may be 0.

In Formulae 300 and 301, R, to Ry5, Ry;; to R, o, and
R,,; to R;,, each independently may be a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted C,-Cy,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl group,
a substituted or unsubstituted C,-Cg, alkoxy group, a sub-
stituted or unsubstituted C,-C,,, cycloalkyl group, a substi-
tuted or unsubstituted Cs-Cg, aryl group, a substituted or
unsubstituted C5-Cg, aryloxy group, or a C5-Cg, arylthio
group.

In an embodiment, R 5, to R, 5, R};; t0 R} 5, and R, t0
R,,, each independently may be one of a hydrogen atom; a
deuterium atom; a halogen atom; a hydroxyl group; a cyano
group; a nitro group; an amino group; an amidino group; a
hydrazine; a hydrazone; a carboxyl group or a salt thereof;
a sulfonic acid group or a salt thereof; a phosphoric acid
group or a salt thereof; a C,-C,, alkyl group (for example,
a methyl group, an ethyl group, a propyl group, a butyl
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group, a pentyl group, a hexyl group, or the like); a C,-C,
alkoxy group (for example, a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, a pentoxy group, or
the like); a C,-C,, alkyl group and a C,-C,, alkoxy group
that are substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, and a phosphoric acid group or a salt
thereof; a phenyl group; a naphthyl group; an anthryl group;
a fluorenyl group; a pyrenyl group; and a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, and a
pyrenyl group that are substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof;, a C;-C,, alkyl group, and a C,-C,,,
alkoxy group.

In Formula 300, R, may be one of a phenyl group, a
naphthyl group, an anthryl group, a biphenyl group, and a
pyridyl group; and a phenyl group, a naphthyl group, an
anthryl group, a biphenyl group, and a pyridyl group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, and a sub-
stituted or unsubstituted C,-C,,, alkoxy group.

In an embodiment, the compound of Formula 300 may be
a compound represented by Formula 300A below:

<Formula 300A>
Rips
\
N

N/

InFormula 300A, R, 45, R;10, Ry5;, and R, oo may be as set
forth above.

In an embodiment, at least one of the HIL, HTL, and
H-functional layer may include, e.g., at least one of com-
pounds represented by Formulae 301 to 320 below:
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At least one of the HIL, HTL, and H-functional layer may
further include a charge-generating material for improved
layer conductivity, in addition to a suitable hole injecting
material, hole transport material, and/or material having
both hole injection and hole transport capabilities as
described above.

The charge-generating material may be, for example, a
p-dopant. The p-dopant may be, for example, one of quinine
derivatives, metal oxides, and compounds with a cyano
group. Examples of the p-dopant are quinone derivatives
such as tetracyanoquinonedimethane (TCNQ), 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinonedimethane (F4-
TCNQ), and the like; metal oxides such as tungsten oxide,
molybdenum oxide, and the like; and cyano-containing
compounds such as Compound 200 below.
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<Compound 200>
CN
NC | \N
N. N CN
A ‘ N
F
I\i N CN
N
NC 7
CN
<F4-TCNQ>
F F
NC CN
F F
When the hole injection layer, hole transport layer, or
H-functional layer further includes a charge-generating
material, the charge-generating material may be homoge-
neously dispersed or unhomogeneously distributed in the
layer.
Abuffer layer may be disposed between at least one of the
HIL, HTL, and H-functional layer, and the EML. The buffer

layer may compensate for an optical resonance distance of
light according to a wavelength of the light emitted from the
EML, and thus may increase efliciency. The buffer layer may
include a suitable hole injecting material or hole transporting
material. In some other embodiments, the buffer layer may
include the same material as one of the materials included in
the HIL, HTL, and H-functional layer that underlie the
buffer layer.

Then, an EML may be formed on the HTL, H-functional
layer, or buffer layer by vacuum deposition, spin coating,
casting, Langmuir-Blodget (LB) deposition, or the like.
When the EML is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be simi-
lar to those for the formation of the HIL, though the
conditions for deposition and coating may vary according to
the material that is used to form the EML.

The EML may include the organometallic compound (as
a dopant) represented by Formula 1 above, and a host.

An amount of the dopant (i.e., the organometallic com-
pound of Formula 1) in the EML may be selected from a
range of, e.g., about 0.01 to about 15 parts by weight based
on 100 parts by weight of the host.

The thickness of the EML may be from about 100 A to
about 1000 A, and in an embodiment, may be from about
200 A to about 600 A. When the thickness of the EML is
within these ranges, the EML may have good light emitting
ability without a substantial increase in driving voltage.

A hole blocking layer (HBL) may be formed on the EML
to prevent diffusion of triplet excitons or holes into the ETL.
When the HBL is formed using vacuum deposition or spin
coating, the conditions for deposition and coating may be
similar to those for the formation of the HIL, although the
conditions for deposition and coating may vary according to
the material that is used to form the HBL. A suitable
hole-blocking material may be used. Examples of hole-
blocking materials are oxadiazole derivatives, triazole
derivatives, and phenanthroline derivatives. For example,
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bathocuproine (BCP) represented by the following formula
may be used as a material for forming the HBL.

BCP

H;C

CH;

The thickness of the HBL may be from about 200 A to
about 1000 A, and in an embodiment, may be from about 30
A to about 300 A. When the thickness of the HBL is within
these ranges, the HBL may have improved hole blocking
ability without a substantial increase in driving voltage.

Then, an ETL may be formed on the HBL by a suitable
method, for example, vacuum deposition, spin coating, or
casting. When the ETL is formed using vacuum deposition
or spin coating, the deposition and coating conditions may
be similar to those for the formation of the HIL, though the
deposition and coating conditions may vary according to a
compound that is used to form the ETL. A material for
forming the FTL may be a suitable material that can stably
transport electrons injected from an electron injecting elec-
trode (cathode). Examples of materials for forming the ETL
are a quinoline derivative, such as tris(8-quinolinorate)
aluminum (Alq3), TAZ, BAlg, beryllium bis(benzoquinolin-
10-olate) (Bebq2), 9,10-di(naphthalene-2-yl)anthracene
(ADN), Compound 201, and Compound 202.

<Compound 201>

TAZ

<Compound 202>

BAlg
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BCP

The thickness of the ETL may be from about 100 A to
about 1000 A, and in an embodiment, may be from about
150 A to about 500 A. When the thickness of the ETL is
within these ranges, the ETL may have satisfactory electron
transporting ability without a substantial increase in driving
voltage.

In an embodiment the ETL may further include a metal-
containing material, in addition to a suitable electron-trans-
porting organic compound.

The metal-containing material may include a lithium (Li)

compound. Examples of the Li compound are lithium qui-
nolate (LiQ) and Compound 203 below:
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<Compound 203>

Li'\_o

<LiQ>

Then, an EIL, which may facilitate injection of electrons
from the cathode, may be formed on the ETL. A suitable
electron-injecting material may be used to form the EIL.

Examples of materials for forming the EIL are LiF, NaCl,
CsF, Li,0, and BaO. The deposition and coating conditions
for forming the EIL may be similar to those for the formation
of the HIL, though the deposition and coating conditions
may vary according to the material that is used to form the
EIL.

The thickness of the EIL may be from about 1 A to about
100 A, and in an embodiment, may be from about 3 A to
about 90 A. When the thickness of the EIL is within these
ranges, the EIL, may have satisfactory electron injection
ability without a substantial increase in driving voltage.

A second electrode 17 may be disposed on the organic
layer 15. The second electrode 17 may be a cathode that is
an electron injection electrode. A material for forming the
second electrode 17 may be a metal, an alloy, an electro-
conductive compound, which may have a low work func-
tion, or a mixture thereof. In an embodiment, the second
electrode 17 may be a transmission (e.g., transparent) elec-
trode and may be formed using a thin film of Li, Mg, Al,
Al—Li, Ca, Mg—In, Mg—Ag, or the like. In an embodi-
ment, to manufacture a top-emission light-emitting device,
the transmission electrode may be formed of indium tin
oxide (ITO) or indium zinc oxide (IZO).

The above description of the organic light-emitting device
illustrated in the FIGURE is given by way of example.

The following Examples and Comparative Examples are
provided in order to highlight characteristics of one or more
embodiments, but it will be understood that the Examples
and Comparative Examples are not to be construed as
limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the
scope of the embodiments. Further, it will be understood that
the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Examples of the unsubstituted C,-Cg,, alkyl group used
herein are linear or branched C,-C, alkyl groups, such as
methyl group, ethyl group, propyl group, isobutyl group,
sec-butyl group, pentyl group, iso-amyl group, hexyl group,
or the like. In the substituted C,-C, alkyl group, at least one
hydrogen atom of the unsubstituted C,-Cg, alkyl group
described above may be substituted with a deuterium atom,
a halogen atom, a hydroxyl group, a nitro group, a cyano
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group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or salts thereof, a sulfonic acid
group or salts thereof, a phosphoric acid group or salts
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
C,-Ce, alkynyl group, a C4-Cy,, aryl group, a C,-Cy, het-
eroaryl group, —N(Q,,)(Qy,). or —Si(Q;3)(Q,4)(Q;5);
wherein Q, to Q, 5 each independently may be selected from
the group of a hydrogen atom, a C,-Cg, alkyl group, a
C,-Cy, alkenyl group, a C,-C, alkynyl group, a C5-C, aryl
group, and a C,-Cg, heteroaryl group. The unsubstituted
C,-C¢, alkoxy group may be a group represented by —OA,
wherein A is an unsubstituted C,-C, alkyl group described
above.

Examples of the unsubstituted C,-Cy, alkoxy group are a
methoxy group, an ethoxy group, and an isopropyloxy
group. At least one of the hydrogen atoms in the alkoxy
group may be substituted with the substituents described
above in conjunction with the substituted C,-Cq, alkyl
group.

As used herein, the unsubstituted C,-C, alkenyl group
may be a hydrocarbon chain having a carbon-carbon double
bond in the center or at a terminal of the unsubstituted
C,-Cq, alkyl group. Examples of the unsubstituted C,-Cy,
alkenyl group are ethenyl group, propeny! group, and bute-
nyl groups. At least one hydrogen atom in the unsubstituted
C,-Cg, alkenyl group may be substituted with the substitu-
ents described in conjunction with the substituted C,-Cy,
alkyl group.

The unsubstituted C,-Cg, alkynyl group may be a hydro-
carbon chain having at least one carbon-carbon triple bond
in the center or at a terminal thereof. Examples of the
unsubstituted C,-Cy, alkynyl group are an ethenyl group, a
propenyl group, a butenyl group, and the like. At least one
hydrogen atom in the alkynyl group may be substituted with
the substituents described above in conjunction with the
C,-Cg, alkyl group.

The unsubstituted C4-Cg, aryl group may be a monovalent
group having a carbocyclic aromatic system having 6 to 60
carbon atoms including at least one aromatic ring. The
unsubstituted C4-Cy,, arylene group may be a bivalent group
having a carbocyclic aromatic system having 6 to 60 carbon
atoms including at least one aromatic ring. When the aryl
group and the arylene group have at least two rings, they
may be fused to each other via a single bond. At least one
hydrogen atom in the aryl group and the arylene group may
be substituted with the substituents described above in
conjunction with the C,-C, alkyl group.

Examples of the substituted or unsubstituted C,-C, aryl
group are a phenyl group, a C,-C,, alkylphenyl group (e.g.,
an ethylphenyl group), a C,-C,, alkylbiphenyl group (e.g.,
an ethylbiphenyl group), a halophenyl group (e.g., an 0-, m-,
or p-fluorophenyl group and a dichlorophenyl group), a
dicyanophenyl group, a trifluoromethoxyphenyl group, an
0-, m-, or p-tolyl group, an o-, m- or p-cumenyl group, a
mesityl group, a phenoxyphenyl group, a (o,a-dimethylben-
zene)phenyl group, a (N,N'-dimethyl)aminophenyl group, a
(N,N'-diphenyl)aminophenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a halonaphthyl group (e.g.,
a fluoronaphthyl group), a C,-C,, alkylnaphthyl group (e.g.,
a methylnaphthyl group), a C,-C,, alkoxynaphthyl group
(e.g., a methoxynaphthyl group), an anthracenyl group, an
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an anthraqui-
nolyl group, a methylanthryl group, a phenanthryl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, an
ethyl-chrysenyl group, a picenyl group, a perylenyl group, a
chloroperylenyl group, a pentaphenyl group, a pentacenyl
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group, a tetraphenylenyl group, a hexaphenyl group, hexace-
nyl group, a rubicenyl group, a coronenyl group, a trinaph-
thylenyl group, a heptaphenyl group, a heptacenyl group, a
pyranthrenyl group, and an ovalenyl group. Examples of the
substituted C5-C, aryl group may be inferred based on
those of the unsubstituted Cs-Cg, aryl group and the sub-
stituted C,-Cg, alkyl group described above. Examples of
the substituted or unsubstituted C,-C, arylene group may
be inferred based on those examples of the substituted or
unsubstituted C5-Cy, aryl group described above.

The unsubstituted C,-Cg, heteroaryl group may be a
monovalent group having at least one aromatic ring having
at least one of the heteroatoms selected from the group of N,
O, P, and S. The unsubstituted C,-C,, heteroarylene group
may be a divalent group having at least one aromatic ring
having at least one of the heteroatoms selected from the
group of N, O, P, and S. In this regard, when the heteroaryl
group and the heteroarylene group have at least two rings,
they may be fused to each other via a single bond. At least
one hydrogen atom in the heteroaryl group and the het-
eroarylene group may be substituted with those substituents
described above in conjunction with the C,-Cy, alkyl group.

Examples of the unsubstituted C,-Cg,, heteroaryl group
are a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridinyl group, a pyridazi-
nyl group, a pyrimidinyl group, a triazinyl group, a carba-
zolyl group, an indolyl group, a quinolinyl group. an iso-
quinolinyl group, a benzoimidazolyl group, an
imidazopyridinyl group and an imidazopyrimidinyl group.
Examples of the substituted C,-Cg, heteroarylene group
may be inferred based on those examples of the substituted
or unsubstituted C,-Cg, arylene group described above.

The substituted or unsubstituted C4-Cg, aryloxy group
may be —OA, (wherein A, may be a substituted or unsub-
stituted C4-C,, aryl group described above). The substituted
or unsubstituted Cs-Cg, arylthio group may be —SA,
(wherein A, may be a substituted or unsubstituted C,-C,,
aryl group described above).

SYNTHESIS EXAMPLES

Ligand 1 (L1) to Ligand 43 (L43)

L1

L2
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Ligand Synthesis 1: Synthesis of Ligand 1 LL1)

FC CF; Ligand 1 (L1) was synthesized according to Reaction
Scheme 1 below:
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<Reaction Scheme 1>

N

=\
NH
~

Benzyl N iso-Propyl

chloroformate =\ pinacol borate
_ N—Cbz ———
—

1(3)

Cbz
<N;I\[ 2-Bromopyrimidine
= 0
B\/
e}

1(1) L1

Synthesis of Intermediate 1(3)

Following adding 1.9 g (80.8 mmol) of NaH to 80 ml of
dichlormethane, 5.0 g (73.5 mmol) of pyrazole was added
thereto at 0° C. and then stirred for about 30 minutes.
Afterward, 11.5 ml (80.8 mmol) of benzyl chloroformate
dissolved in 30 ml of dichloromethane was dropwise added
thereto at 0° C., and stirred for about 1 hour, then further at
room temperature for about 3 hours. After completion of the
reaction, 100 ml of saturated sodium hydrocarbonate was
added thereto, followed by extraction with 50 ml of meth-
ylene chloride three times to obtain an organic layer, which
was then dried using magnesium sulfate, followed by dis-
tillation under reduced pressure. The resulting product was
separated and purified using column chromatography to
obtain 12.6 g (62.4 mmol, Yield: 85%) of Intermediate 1(3).
This compound was identified using liquid chromatography-
mass spectroscopy (LC-MS).

LC-MS m/z=203 (M+H)+

Synthesis of Intermediate 1(2)

After dissolving 10.0 g (49.5 mmol) of Intermediate 1(3)
in 80 ml of anhydrous tetrahydrofuran, 25 ml (2.2M in THE,
54.5 mmol) of n-BulLi was slowly added thereto at 0° C., and
stirred at room temperature for about 1 hour. After 1 hour,
the temperature was lowered to about -78° C., 12.0 m1 (59.4
mmol) of isopropyl pinacol borate was slowly added to the
reaction mixture, and stirred at —=78° C. for about 15 minutes.
Afterward, the temperature was slowly increased to 0° C,,
and the reaction mixture was further stirred for about 1 hour.
After completion of the reaction, 100 ml of a saturated
chloroammonium solution as added thereto, and extracted
with 100 ml of dichloromethane to obtain an organic layer,
which was then washed with 100 mL of distilled water twice
and dried using magnesium sulfate, followed by distillation
under reduced pressure to obtain 9.7 g (29.7 mmol, Yield:
60%) of Intermediate 1(2).

LC-MS m/z=329(M+H)+

Synthesis of Intermediate 1(1)

After dissolving 1.9 g (12.2 mmol) of 4-bromopyrimidine
in 120 ml of a mixed solvent of dioxolane and water (5:1)
in a seal-tube, 5.0 g (36.6 mmol) of potassium carbonate, 1.4
2 (1.2 mmol) of Tetrakistriphenylphosphine Pd(0), and 8.0 g
(24.4 mmol) of Intermediate 1(2) were added thereto. The
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resulting reaction mixture was stirred at 90° C. for a day.
After completion of the reaction, 100 ml of distilled water
was added to the reaction product, followed by extraction
with 100 ml of dichloromethane to obtain an organic layer,
which was then dried using magnesium sulfate, and distilled
under reduced pressure to obtain 2.0 g (7.3 mmol, Yield:
60%) of Intermediate 1(1).

LC-MS m/z=280(M+H)+
Synthesis of Ligand 1 (L1)

After dissolving 2.0 g (7.3 mmol) of Intermediate 1(1) in
60 ml of methanol at room temperature, 0.2 g of Pd/C (10%
w/w) was added thereto and stirred at room temperature for
about 12 hours with hydrogen purging After completion of
the reaction, Pd/C was removed using CELITE to obtain an
organic layer, which was then concentrated under reduced
pressure. The resulting product was separated and purified
using column chromatography to obtain 1.0 g (6.9 mmol,
Yield: 95%) of ligand 1 (IL1). This compound was identified
using LC-MS.

LC-MS m/z=203(M+14)+

Ligand Synthesis 2: Synthesis of Ligand 2 (L2)

Ligand 2 (L2) was synthesized according to Reaction
Scheme 2 below:

<Reaction Scheme 2>

0]
\B _0
= 4-bromopyrimidine
—_—
NH
S /
N

L2

Synthesis of Ligand 2 (L.2)

After dissolving 2.0 g (12.6 mmol) of 4-bromopyrimidine
in 80 ml of 1,2-dimethoxyethane at room temperature, 1.4 g
(1.2 mmol) of tetrakistriphenylphosphine Pd(0), and 4.6 g
(18.9 mmol) of 1H-indazol-3-ylboronic acid pinacol ester
were added thereto. The resulting reaction mixture was
heated at about 90° C. for about 18 hours under reflux. After
completion of the reaction, 100 ml of distilled water was
added to the reaction product, followed by extraction with
100 ml of dichloromethane to obtain an organic layer, which
was then dried using magnesium sulfate, distilled under
reduced pressure, and then separated and purified using
column chromatography to obtain 1.1 g (5.7 mmol, Yield:
45%) of ligand 2 (L.2).

LC-MS m/z=197(M+H)+

Ligand Synthesis 3: Synthesis of Ligand 3 (L3)

Ligand 3 (L3) was synthesized according to Reaction
Scheme 3 below:
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<Reaction Scheme 3>

0]
\B _0
4-bromoquinazoline
_—m
e
NH
~. 7
N

10

0.8 g (3.2 mmol, Yield: 25%) of ligand 3 (L3) was
synthesized in the same manner as in the synthesis of ligand
2 (L2) (Ligand Synthesis 2), except that 4-bromoquinazo-
line, instead of 4-bromopyrimidine, was used in synthesiz-
ing Ligand (L3).

LC-MS m/z=197(M+H)+
Ligand Synthesis 4: Synthesis of Ligand 4 (L4)

Ligand 4 (L4) was synthesized according to Reaction
Scheme 4 below:

<Reaction Scheme 4>

//

QJW .y

41

acetone

L4

Synthesis of Intermediate 4(1)

Following adding 1.0 g (43.4 mmol) of NaH to 80 ml of
anhydrous tetrahydrofuran, 2.6 ml (34.8 mmol) of acetone
was slowly added thereto at 0° C. After 1 hour, 4.0 g (29.0
mmol) of pyrimidine-4-carboxylic acid methyl ester was
slowly added thereto and heated under reflux at about 80° C.
for about 16 hours. After completion of the reaction, 30 ml
of distilled water was added thereto, 2.5 ml of acetic was
then slowly added and stirred at room temperature for about
30 minutes. After 30 minutes, the resulting product was
extracted with 100 ml of dichloromethane five times to
obtain an organic layer, which was dried using magnesium
sulfate and distilled under reduced pressure. The resulting
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product was separated and purified using column chroma-
tography to obtain 1.8 g (11.0 mmol, Yield 38%) of Inter-
mediate 4(1).

LC-MS m/z=165(M+H)+
Synthesis of Ligand 4 (1.4)

After dissolving 1.8 g (11.0 mmol) of Intermediate 4(1) in
30 ml of ethanol at room temperature, 1.6 ml (55.0 mmol)
of hydrazine hydrate was added thereto and heated under
reflux at about 80° C. for about 18 hours. After completion
of the reaction, the reaction product was concentrated under
reduced pressure and extracted with 80 ml of distilled water
and 100 m! of dichloromethane to obtain an organic layer,
which was then dried using magnesium sulfate, distilled
under reduced pressure, and then separated and purified
using column chromatography to obtain 1.5 g (9.3 mmol,
Yield: 88%) of ligand 4 (L4).

LC-MS m/z=161(M+H)+

Ligand Synthesis 5: Synthesis of Ligand 5 (L5)

Ligand 5 (L5) was synthesized according to Reaction
Scheme 5 below:

<Reaction Scheme 5>

0
0
N
[N
N o
o
0
N O
/I
N —
=

51

L5

Ligand 5 (L5) was synthesized in the same manner (Yield:
25%) as in the synthesis of ligand 4 (L4) (Ligand Synthesis
4), except that 3,3-methylbutane-2-one, instead of acetone,
was used in synthesizing Intermediate 4(1).

LC-MS m/z=189(M+H)+
Ligand Synthesis 6: Synthesis of Ligand 6 (L6)

Ligand 6 (L6) was synthesized according to Reaction
Scheme 6 below:

<Reaction Scheme 6>

0]

65 N
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L6

Ligand 6 (L.6) was synthesized in the same manner (Yield: 15

21%) as in the synthesis of ligand 4 (L4) (Ligand Synthesis
4), except that 3,3-dimethylbutane-2-one, instead of
acetone, was used in synthesizing Intermediate 4(1).
LC-MS m/z=203(M+H)+
Ligand Synthesis 7: Synthesis of Ligand 7 (I.7)

Ligand 7 (L7) was synthesized according to Reaction
Scheme 7 below:

25
<Reaction Scheme 7>
0 0]
N )k
30
N N e
/
35
N=N\
N
0
N OH \ / 5t
N
N e | N 40
- CF, /
(1) CF3
L7
45

Ligand 7 (1.7) was synthesized in the same manner (Yield:
63%) as in the synthesis of ligand 4 (I4) (Ligand Synthesis
4), except that 1,1,1-trifluoropropan-2-one, instead of
acetone, was used in synthesizing Intermediate 4(1).

LC-MS m/z=215(M+H)+

Ligand Synthesis 8: Synthesis of Ligand 8 (L.8)

Ligand 8 (L8) was synthesized according to Reaction
Scheme 8 below: 3

50

<Reaction Scheme 8>
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8(1)
L8

Ligand 8 (L8) was synthesized in the same manner (Yield:
35%) as in the synthesis of ligand 4 (L4) (Ligand Synthesis
4), except that cyclohexanone, instead of acetone, was used
in synthesizing Intermediate 4(1).

LC-MS m/z=201(M+H)+
Ligand Synthesis 9: Synthesis of Ligand 9 (1.9)

Ligand 9 (L9) was synthesized according to Reaction
Scheme 9 below:

<Reaction Scheme 9>

o)

L9

Ligand 9 (L9) was synthesized in the same manner (Yield:
43%) as in the synthesis of ligand 4 (L.4) (Ligand Synthesis
4), except that 2,2-dimethylcyclohexanone, instead of
acetone, was used in synthesizing Intermediate 4(1).

LC-MS m/z=229(M+H)+

Ligand Synthesis 10: Synthesis of Ligand 10 (L10)

Ligand 10 (L10) was synthesized according to Reaction
Scheme 10 below:

<Reaction Sheme 10>
0]
[0}
N,
I\ {
N o
—
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<Reaction Scheme 12>

0]
0
0—"
1001)
L10
O
Ligand 10 (L10) was synthesized in the same manner 15 // N\ P
(Yield: 65%) as in the synthesis of ligand 4 (I4) (Ligand N/ =
Synthesis 4), except that camper, instead of acetone, was — —_—
used in synthesizing Intermediate 4(1).
LC-MS m/z=254(M+H)+ 20
Ligand Synthesis 11: Synthesis of Ligand 11 (L11) 2
Ligand 11 (L11) was synthesized according to Reaction
Scheme 11 below:
25
<Reaction Scheme 11>
0]
N,
[N
N o OiME 30
e
L12
35
@]
N OH Ligand 12 (L12) was synthesized in the same marner
/// N - (Yield: 12%) as in the synthesis of ligand 6 (L6) (Ligand
N . . T Synthesis 6), except that methyl 6-methylpyrimidine-4-ca-
3

40 boxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 6(1).

11(1) LC-MS HI/,Z:217(M+H)+
Ligand Synthesis 13: Synthesis of Ligand 13 (L13)

4 Ligand 13 (L13) was synthesized according to Reaction
NN Scheme 13 below:

N <Reaction Scheme 13>

{
|\ 50
/

L 55 /// N
N o
/
Ligand 11 (L11) was synthesized in the same manner
(Yield: 17%) as in the synthesis of ligand 4 (L4) (Ligand o
Synthesis 4), except that methyl 6-methylpyrimidine-4-ca- 4, N on
boxylate, instead of pyrimidine-4-carboxylic acid methyl /// N
ester, was used in synthesizing Intermediate 4(1). N = S
= CF3

LC-MS m/z=175(M+H)+
Ligand Synthesis 12: Synthesis of Ligand 12 (1.12) 65

Ligand 12 (L12) was synthesized according to Reaction 13()
Scheme 12 below:
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Ligand 13 (L13) was synthesized in the same manner
(Yield: 35%) as in the synthesis of ligand 7 (L7) (Ligand
Synthesis 7), except that methyl 6-methylpyrimidine-4-ca-
boxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 7(1).

LC-MS m/z=229(M+H)+
Ligand Synthesis 14: Synthesis of Ligand 14 (1.14)

Ligand 14 (L14) was synthesized according to Reaction
Scheme 14 below:

<Reaction Scheme 14>
0
0
N,
[N
N o —~ .
o
0
N (0]
I N
— —_—
14(1)
NFN\
N
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N
[
/

L14

Ligand 14 (L14) was synthesized in the same manner
(Yield: 26%) as in the synthesis of ligand 9 (L9) (Ligand
Synthesis 9), except that methyl 6-methylpyrimidine-4-ca-
boxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 9(1).

LC-MS m/z=243(M+H)+
Ligand Synthesis 15: Synthesis of Ligand 15 (L15)

Ligand 15 (L15) was synthesized according to Reaction
Scheme 15 below:
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<Reaction Scheme 15>

(]

15(1)

L15

Ligand 15 (L15) was synthesized in the same manner
(Yield: 35%) as in the synthesis of ligand 10 (L10) (Ligand
Synthesis 10), except that methyl 6-methylpyrimidine-4-
caboxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 10(1).

LC-MS m/z=269(M+H)+

Ligand Synthesis 16: Synthesis of Ligand 16 (1.16)

Ligand 16 (L.16) was synthesized according to Reaction
Scheme 16 below:

<Reaction Scheme 16>

(0]
N
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Ligand 16 (L16) was synthesized in the same manner
(Yield: 14%) as in the synthesis of ligand 4 (I4) (Ligand 15
Synthesis 4), except that methyl 6-methoxypyrimidine-4-
carboxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 4(1).
LC-MS m/z=191(M+H)+ %
Ligand Synthesis 17: Synthesis of Ligand 17 (1.17)
Ligand 17 (L17) was synthesized according to Reaction
Scheme 17 below:
25
<Reaction Scheme 17>
O
0 30
N
[N —
N o
o
35
MeO
O
N OH
/IR
/
—_—
= 40
MeO

17()

55

Ligand 17 (L17) was synthesized in the same manner
(Yield: 12%) as in the synthesis of ligand 6 (L6) (Ligand
Synthesis 6), except that methyl 6-methoxypyrimidine-4-
carboxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 6(1).

LC-MS m/z=233(M+H)+
Ligand Synthesis 18: Synthesis of Ligand 18 (L.18)

Ligand 18 (L18) was synthesized according to Reaction
Scheme 18 below:
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<Reaction Scheme 18>
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L18

Ligand 18 (L.18) was synthesized in the same manner
(Yield: 25%) as in the synthesis of ligand 7 (L7) (Ligand
Synthesis 7), except that methyl 6-methoxypyrimidine-4-
carboxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 7(1).

LC-MS m/z=245(M+H)+

Ligand Synthesis 19: Synthesis of Ligand 19 (L.19)

Ligand 19 (L19) was synthesized according to Reaction
Scheme 19 below:

<Reaction Scheme 19>
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Ligand 19 (L19) was synthesized in the same manner
(Yield: 22%) as in the synthesis of ligand 9 (L9) (Ligand
Synthesis 9), except that methyl 6-methoxypyrimidine-4-
carboxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 9(1).

LC-MS m/z=259(M+H)+ 20
Ligand Synthesis 20: Synthesis of Ligand 20 (L.20) NEShN

15

21(1)

Ligand 20 (L20) was synthesized according to Reaction oF \ /
Scheme 20 below: ’
25 |
<Reaction Scheme 20>
0 CH;
Y L21

= Ligand 21 (I1.21) was synthesized in the same manner
(Yield: 26%) as in the synthesis of ligand 4 (L4) (Ligand
MeO 35 Synthesis 4), except that methy! 6-(trifluoromethyl)pyrimi-
dine-4-carboxylate, instead of pyrimidine-4-carboxylic acid
methyl ester, was used in synthesizing Intermediate 4(1).
LC-MS m/z=229(M+H)+
Ligand Synthesis 22: Synthesis of Ligand 22 (1.22)

Ligand 22 (L22) was synthesized according to Reaction
Scheme 22 below:

40

20(1)

<Reaction Scheme 22>

0]
0
0—"
L20
55 op,
Ligand 20 (L20) was synthesized in the same manner
(Yield: 30%) as in the synthesis of ligand 10 (L.10) (Ligand 0
Synthesis 10), except that methyl 6-methoxypyrimidine-4- 4, N, OH
carboxylate, instead of pyrimidine-4-carboxylic acid methyl / N =
ester, was used in synthesizing Intermediate 10(1). - .
LC-MS m/z=285(M+H)+
Ligand Synthesis 21: Synthesis of Ligand 21 (1.21) 65 CFs
Ligand 21 (L21) was synthesized according to Reaction 22(1)

Scheme 21 below:
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L22

Ligand 22 (1.22) was synthesized in the same manner
(Yield: 24%) as in the synthesis of ligand 6 (L6) (Ligand
Synthesis 6), except that methy! 6-(triftuoromethyl)pyrimi-
dine-4-carboxylate, instead of pyrimidine-4-carboxylic acid
methyl ester, was used in synthesizing Intermediate 6(1).

LC-MS m/z=271(M+H)+

Ligand Synthesis 23: Synthesis of Ligand 23 (1.23)

Ligand 23 (L23) was synthesized according to Reaction
Scheme 23 below:

<Reaction Scheme 23>
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L23

Ligand 23 (L.23) was synthesized in the same manner
(Yield: 37%) as in the synthesis of ligand 7 (L7) (Ligand
Synthesis 7), except that methyl 6-(trifluoromethyl)pyrimi-
dine-4-carboxylate, instead of pyrimidine-4-carboxylic acid
methyl ester, was used in synthesizing Intermediate 7(1).

LC-MS m/z=283(M+H)+

Ligand Synthesis 24: Synthesis of Ligand 24 (1.24)

Ligand 24 (L24) was synthesized according to Reaction
Scheme 24 below:
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<Reaction Scheme 24>

24(1)

L24

Ligand 24 (1.24) was synthesized in the same manner
(Yield: 42%) as in the synthesis of ligand 10 (1.10) (Ligand
Synthesis 10), except that methyl 6-(trifluoromethyl)pyrimi-
dine-4-carboxylate, instead of pyrimidine-4-carboxylic acid
methyl ester, was used in synthesizing Intermediate 10(1).

LC-MS m/z=323(M+H)+
Ligand Synthesis 25: Synthesis of Ligand 25 (1.25)

Ligand 25 (1.25) was synthesized according to Reaction
Scheme 25 below:

<Reaction Scheme 25>
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25(1)



US 9,997,728 B2

141

-continued

L25

Ligand 25 (L.25) was synthesized in the same manner
(Yield: 17%) as in the synthesis of ligand 6 (L6) (Ligand
Synthesis 6), except that methyl 2-methylpyrimidine-4-ca-
boxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 6(1).

LC-MS nz=217(M+H)+
Ligand Synthesis 26: Synthesis of Ligand 26 (1.26)

Ligand 26 (L.26) was synthesized according to Reaction
Scheme 26 below:

<Reaction Scheme 26>

A A
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L26

Ligand 26 (L26) was synthesized in the same manner
(Yield: 22%) as in the synthesis of ligand 7 (L7) (Ligand
Synthesis 7), except that methyl 2-methylpyrimidine-4-ca-
boxylate, instead of pyrimidine-4-carboxylic acid methyl
ester, was used in synthesizing Intermediate 7(1).

LC-MS m/z=229(M+H)+
Ligand Synthesis 27: Synthesis of Ligand 27 (1.27)

Ligand 27 (L27) was synthesized according to Reaction
Scheme 27 below:

<Reaction Scheme 27>
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-continued

(@]
N OH
[N
/
N —_—
/
27(1)

L27

Synthesis of Intermediate 27(1)

Following Adding 1.9 g (19.3 Mmol) of NatOBu (Sodium
t-Butoxide) to 50 ml of anhydrous tetrahydrofuran, 2.2 g
(17.5 mmol) of 2,2-dimethyl-3-pentanone was slowly added
thereto at 0° C. After heating the mixture at about 60° C. for
about 2 hours, 2.2 g (15.7 mmol) of pyrimidine-4-carboxylic
acid methyl ester was slowly added thereto and heated under
reflux at about 80° C. for about 12 hours. After completion
of the reaction, 50 ml of distilled water was added, and a 4N
diluted hydrochloric acid was added for neutralization, fol-
lowed by extraction with 100 ml of dichloromethane about
three times to obtain an organic layer, which was then dried
using magnesium sulfate, distilled under reduced pressure,
and then separated and purified using column chromatog-
raphy to obtain 0.6 g (2.5 mmol, Yield: 16%) of Intermediate
27(1).

LC-MS m/z=223(M+H)+

Synthesis of Ligand 27 (L17)

After dissolving 0.5 g (2.5 mmol) of Intermediate 27(1) in
10 ml of ethanol at room temperature, 0.7 ml (55.0 mmol)
of hydrazine hydrate was added thereto and heated under
reflux at about 80° C. for about 18 hours. After completion
of the reaction, the reaction product was concentrated under
reduced pressure and extracted with 30 ml of distilled water
and 50 ml of dichloromethane to obtain an organic layer,
which was then dried using magnesium sulfate and distilled
under reduced pressure. The resulting product was separated
and purified using column chromatography to obtain 0.4 g
(2.1 mmol, Yield: 85%) of ligand 27 (L27).

LC-MS m/z=217(M+H)+
Ligand Synthesis 28: Synthesis of Ligand 28 (1.28)

Ligand 28 (1.28) was synthesized according to Reaction
Scheme 28 below:

<Reaction Scheme 28>

0]
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(6]
N OH
N
/
N —_—
/
28(1)

L28

Ligand 28 (L.28) was synthesized in the same manner
(Yield: 12%) as in the synthesis of ligand 27 (L.27) (Ligand
Synthesis 27), except that 2,2,5,5-tetramethylhexan-3-one,
instead of 2,2-dimethyl-3-pentanone, was used in synthesiz-
ing Intermediate 27(1).

LC-MS m/z=259(M+H)+
Ligand Synthesis 29: Synthesis of Ligand 29 (1.29)

Ligand 29 (L29) was synthesized according to Reaction
Scheme 29 below:

<Reaction Scheme 29>
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29(1)

L29

Ligand 29 (L29) was synthesized in the same manner
(Yield: 9%) as in the synthesis of ligand 27 (L.27) (Ligand
Synthesis 27), except that 2,2-dimethyl-4-(trifluoromethyl)-
butanone, instead of 2,2-dimethyl-3-pentanone, was used in
synthesizing Intermediate 27(1).

LC-MS m/z=271(M+H)+
Ligand Synthesis 30: Synthesis of Ligand 30 (1.30)

Ligand 30 (L30) was synthesized according to Reaction
Scheme 30 below:

144
<Reaction Scheme 30>
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Ligand 30 (L.30) was synthesized in the same manner
20 (Yield: 10%) as in the synthesis of ligand 27 (1.27) (Ligand
Synthesis 27), except that 1.4,-di(trifluoromethyl)-2-bu-
tanone, instead of 2,2 -dimethyl-3-pentanone, was used in
synthesizing Intermediate 27(1).
LC-MS m/7z=283(M+H)+
Ligand Synthesis 31: Synthesis of Ligand 31 (L31)

25
Ligand 31 (L.31) was synthesized according to Reaction
Scheme 31 below:
30 <Reaction Scheme 31>
0}
(0]
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N P
40 31(2)
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Synthesis of Intermediate 31(2)

Following dissolving 25.0 g (143.6 mmol) of 4-quinazo-
line-carboxylic acid in 100 m1 of methanol, 5 ml of sulfuric
acid (conc.) was added thereto, and heated under reflux at
about 80° C. for about 18 hours. After completion of the
reaction, the reaction mixture was concentrated under
reduced pressure, and then dissolved in 100 ml of dichlo-
romethane. A saturated sodium hydrocarbonate solution was
slowly added thereto at 0° C. for basification, followed by
extraction to obtain an organic layer, which was then dried
using magnesium sulfate, and distilled under reduced pres-
sure to obtain 26.0 g (137.8 mmol, Yield: 96%) of Interme-
diate 31(2).

LC-MS m/z=189(M+H)+

Synthesis of Intermediate 31(1)

Following adding 1.0 g (43.4 mmol) of NaH to 80 ml of
anhydrous tetrahydrofuran, 2.6 ml (34.8 mmol) of acetone
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was slowly added thereto at 0° C. After 1 hour, 5.5 g (29.0
mmol) of Intermediate 31(2) was slowly added thereto and
heated under reflux at about 80° C. for about 16 hours. After
completion of the reaction, 30 ml of distilled water was
added, and a 4N diluted hydrochloric acid solution was
slowly added thereto for neutralization. The resulting neu-
tralized reaction mixture was extracted with 100 ml of
dichloromethane about five times to obtain an organic layer,
which was dried using magnesium sulfate and distilled
under reduced pressure. The resulting product was separated
and purified using column chromatography to obtain 3.3 g
(15.1 mmol, Yield 52%) of Intermediate 31(1).

LC-MS m/z=215(M+H)+
Synthesis of Ligand 31 (L31)

After dissolving 3.0 g (13.9 mmol) of Intermediate 31(1)
in 50 ml of ethanol at room temperature, 4.0 ml (140.0
mmol) of hydrazine hydrate was added thereto and heated
under reflux at about 80° C. for about 18 hours. After
completion of the reaction, the reaction product was con-
centrated under reduced pressure and extracted with 80 ml
of distilled water and 100 ml of dichloromethane to obtain
an organic layer, which was then dried using magnesium
sulfate, distilled under reduced pressure, and then separated
and purified using column chromatography to obtain 2.2 g
(10.4 mmol, Yield: 75%) of ligand 31 (L31).

LC-MS m/z=211(M+H)+
Ligand Synthesis 32: Synthesis of Ligand 32 (1.32)

Ligand 32 (L32) was synthesized according to Reaction
Scheme 32 below:

<Reaction Scheme 32>
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-continued

132

Ligand 32 (1.32) was synthesized in the same manner
(Yield: 25%) as in the synthesis of ligand 31 (1.31) (Ligand
Synthesis 31), except that 3,3-dimethylbutane-2-one,
instead of acetone, was used in synthesizing Intermediate
31().

LC-MS m/z=253(M+H)+

Ligand Synthesis 33: Synthesis of Ligand 33 (L33)

Ligand 33 (1.33) was synthesized according to Reaction
Scheme 33 below:

<Reaction Scheme 33>
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Ligand 33 (1.33) was synthesized in the same manner
(Yield: 22%) as in the synthesis of ligand 31 (1.31) (Ligand
Synthesis 31), except that 1,1,1-trifluoropropan-2-one,
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instead of acetone, was used in synthesizing Intermediate _continued
31(1). 0 0
LC-MS m/z=265(M+H)+
Ligand Synthesis 34: Synthesis of Ligand 34 (131) N\
Ligand 34 (L34) was synthesized according to Reaction 5 (
Scheme 34 below: N __#
<Reaction Scheme 34>
0 10 35(1)
N N/\N
r X OH | -
I\! R N N\
Y
15 N
L
0
N (0]
( A o 20 135
N P
Ligand 35 (1.35) was synthesized in the same manner
—_— (Yield: 22%) as in the synthesis of ligand 31 (L31) (Ligand
25 Synthesis 31), except that 2,2-dimethylbutane-2-one,
1) instead of acetone, was used in synthesizing Intermediate
31(D).
o 0 AN
N |N LC-MS m/z=279(M+H)+
N\ . i\ Ligand Synthesis 36: Synthesis of Ligand 36 (1.36)
( | \N 30 Ligand 36 (1.36) was synthesized according to Reaction
N A Y/ Scheme 36 below:
<Reaction Scheme 36>
35 -
340 L34 0
N
Ligand 34 (L34) was synthesized in the same manner f = oH
(Yield: 20%) as in the synthesis of ligand 31 (L31) (Ligand w0 N —_—
Synthesis 31), except that cyclohexanone, instead of 7
acetone, was used in synthesizing Intermediate 31(1).
LC-MS nyz=251(M+H)+
Ligand Synthesis 35: Synthesis of Ligand 35 (L35)
Ligand 35 (L35) was synthesized according to Reaction 45
Scheme 35 below: o
N, O
<Reaction Scheme 35> ( X O/
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L36

Ligand 36 (L36) was synthesized in the same manner
(Yield: 22%) as in the synthesis of ligand 31 (L31) (Ligand
Synthesis 31), except that camphor, instead of acetone, was
used in synthesizing Intermediate 31(1).

LC-MS m/z=305(M+H)+

Ligand Synthesis 37: Synthesis of Ligand 37 (137)

Ligand 37 (L37) was synthesized according to Reaction
Scheme 37 below:

<Reaction Scheme 37>
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L37

Ligand 37 (L37) was synthesized in the same manner
(Yield: 18%) as in the synthesis of ligand 31 (L31) (Ligand
Synthesis 31), except that 2,2-dimethylbutane-3-one,
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instead of acetone, was used in synthesizing Intermediate
31().
LC-MS m/z=267(M+H)+
Ligand Synthesis 38: Synthesis of Ligand 38 (1.38)
Ligand 38 (L.38) was synthesized according to Reaction
Scheme 38 below:

<Reaction Scheme 38>
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Ligand 38 (I.38) was synthesized in the same manner
(Yield: 20%) as in the synthesis of ligand 31 (1.31) (Ligand
Synthesis 31), except that 2,2-dimethyl-4-(trifluoromethyl)
butan-3-one, instead of acetone, was used in synthesizing
Intermediate 31(1).

LC-MS m/z=321(M+H)+

Ligand Synthesis 39: Synthesis of Ligand 39 (L.39)

Ligand 39 (1.39) was synthesized according to Reaction
Scheme 39 below:

<Reaction Scheme 39>
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Synthesis of Intermediate 39(4)

Following adding 2.1 g (86.8 mmol) of NaH to 120 ml of 65
anhydrous tetrahydrofuran, 8.7 ml (69.6 mmol) of 1,1,1-
trifluoropropan-2-one was slowly added thereto at 0° C.

152

After 1 hour, 12.6 g (58.0 mmol) of methyl 2-bromopyrimi-
dine-4-carboxylate was slowly added thereto and heated
under reflux at about 80° C. for about 16 hours. After
completion of the reaction, 100 ml of distilled water was
added, and a IN diluted hydrochloric acid solution was
slowly added thereto and stirred at room temperature for
about 30 minutes until the reaction mixture was neutralized.
After 30 minutes, the resulting product was extracted with
100 ml of dichloromethane about five times to obtain an
organic layer, which was then dried using magnesium sulfate
and distilled under reduced pressure. The resulting product
was separated and purified using column chromatography to
obtain 5.3 g (18.6 mmol, Yield 32%) of Intermediate 39(4).

LC-MS m/7z=297(M+H)+

Synthesis of Intermediate 39(3)

After dissolving 3.0 g (10.4 mmol) of Intermediate 39(4)
in 30 ml of ethanol at room temperature, 2.6 ml (100.0
mmol) of hydrazine hydrate was added thereto and heated
under reflux at about 80° C. for about 18 hours. After
completion of the reaction, the reaction product was con-
centrated under reduced pressure, and then extracted with 80
ml of distilled water and 100 ml of dichloromethane to
obtain an organic layer, which was then dried using mag-
nesium sulfate and distilled under reduced pressure. The
resulting product was separated and purified using column
chromatography to obtain 2.1 g (7.5 mmol, Yield 72%) of
Intermediate 39(3).

LC-MS m/z=293(M+H)+

Synthesis of Intermediate 39(2)

Following adding 0.2 g (9.0 mmol) of NaH to 120 ml of
anhydrous tetrahydrofuran, 2.1 g (7.5 mmol) of Intermediate
39(2) was slowly added thereto at 0° C. After 30 minutes,
1.5 ml (8.3 mmol) of 2-(trimethylsilyl)ethoxymethyl chlo-
ride was slowly added thereto and stirred at room tempera-
ture for about two days. After completion of the reaction, the
reaction product was extracted with 100 ml of distilled water
and 100 ml of dichloromethane to obtain an organic layer,
which was then dried using magnesium sulfate and distilled
under reduced pressure. The resulting product was separated
and purified using column chromatography to obtain 2.7 g
(6.6 mmol, Yield 88%) of Intermediate 39(2).

LC-MS m/7=423(M+H)+

Synthesis of Intermediate 39(1)

Following dissolving 2.7 g (6.6 mmol) of Intermediate
39(2) in 60 ml of toluene, 0.05 g (0.05 mmol) of tris
(dibenzylideneacetone)dipalladium(0), 0.2 ml (2.6 mmol) of
aniline, 0.06 g (0.1 mmol) of 1,1-bis(diphenylphospino)
ferrocene, and 0.6 g (6.6 mmol) of sodium t-butoxide were
added thereto, and then heated under reflux at about 120° C.
for about 16 hours. After completion of the reaction, the
reaction product was extracted with 100 ml of distilled water
and 200 ml of ethyl acetate to obtain an organic layer, which
was then dried using magnesium sulfate and distilled under
reduced pressure. The resulting product was separated and
purified using column chromatography to obtain 2.6 g (3.4
mmol, Yield 52%) of Intermediate 39(1).

LC-MS m/z=778(M+H)+

Synthesis of Ligand 39 (L39)

After dissolving 2.0 g (2.7 mmol) of Intermediate 39(1) in
30 ml of ethanol at room temperature, 50 ml of a 4N diluted
hydrochloric acid solution was added thereto and heated
under reflux at about 80° C. for about 18 hours. After
completion of the reaction, the reaction product was con-
centrated under reduced pressure, and then extracted with
200 ml of dichloromethane to obtain an organic layer, which
was then dried using magnesium sulfate and distilled under
reduced pressure. The resulting product was separated and
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purified using column chromatography to obtain 1.1 g (2.4
mmol, Yield 90%) of ligand 39 (L.39).
LC-MS m/z=518(M+H)+
Ligand Synthesis 40: Synthesis of Ligand 40 (1.40)
Ligand 40 (L40) was synthesized according to Reaction
Scheme 40 below:

<Reaction Scheme 40>
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Synthesis of Intermediate 40(2)

After dissolving 5.0 g (47.6 mmol) of 2-cyanopyrimidine
in 100 ml of ethanol at room temperature, 20 ml (475.7
mmol) of hydrazine hydrate was added thereto and stirred at
room temperature for about two days. After completion of
the reaction, the reaction product was concentrated under
reduced pressure, and then extracted with 100 ml of salt
water and 200 ml of dichloromethane to obtain an organic
layer, which was then dried using magnesium sulfate and
distilled under reduced pressure. The resulting product was
separated and purified using column chromatography to
obtain 3.0 g (21.9 mmol, Yield 46%) of Intermediate 40(2).

LC-MS m/z=138(M+H)+

Synthesis of Intermediate 40(1)

Following dissolving 40(2) 2.9 g (21.6 mmol) of Inter-
mediate 40(2) in 120 ml of anhydrous tetrahydrofuran and
40 ml of distilled water at room temperature, 2.7 g (32.1
mmol) of sodium hydrocarbonate was added to the reaction
mixture at room temperature and stirred for about 30 min-
utes. After 30 minutes, 3.2 ml (25.9 mmol) of trimethyl
ethylchloride was slowly added thereto at 0° C. and stirred
at room temperature for about 16 hours. After completion of
the reaction, the reaction product was extracted with 100 ml
of distilled water and 200 ml of dichloromethane to obtain
an organic layer, which was then dried using magnesium
sulfate and distilled under reduced pressure. The resulting
product was separated and purified using column chroma-
tography to obtain 1.2 g (5.4 mmol, Yield 25%) of Inter-
mediate 40(1).

LC-MS m/z=222(M+H)+

Synthesis of Ligand 40 (1.40)

After dissolving 1.2 g (5.4 mmol) of Intermediate 40(1) in
30 ml of ethylene glycol at room temperature, the resulting
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solution was heated under reflux at about 190° C. for about
4 hours. The resulting product was dissolved in 30 ml of
ethanol, and 50 ml of a 4N diluted hydrochloric acid solution
was added thereto and heated under reflux at about 80° C. for
about 18 hours. After completion of the reaction, the reac-
tion product was extracted with 100 ml of distilled water and
200 ml of dichloromethane to obtain an organic layer, which
was then dried using magnesium sulfate and distilled under
reduced pressure. The resulting product was separated and
purified using column chromatography to obtain 0.7 g (3.4
mmol, Yield 64%) of ligand 40 (L40).

LC-MS m/z=204(M+H)+

Ligand Synthesis 41: Synthesis of Ligand 41 (I41)

Ligand 41 (L41) was synthesized in the same marner
(Yield: 19%) as in the synthesis of ligand 30 (1.30) (Ligand
Synthesis 30), except that methyl 6-methylpyrimidine-4-
caboxylate, instead of methyl pyrimidine-4-carboxylate,
was used in synthesizing Intermediate 30(1).

LC-MS m/z=297(M+H)+

Ligand Synthesis 42: Synthesis of Ligand 42 (142)

Ligand 42 (1.42) was synthesized in the same manner
(Yield: 9%) as in the synthesis of ligand 39 (L.39) (Ligand
Synthesis 39), except that 3,3-dimethylbutan-2-one, instead
of 1,1,1-trifluoropropan-2-one, was used in synthesizing
Intermediate 39(4).

LC-MS m/z=494(M+H)+

Ligand Synthesis 43: Synthesis of Ligand 43 (L43)

Ligand 43 (1.43) was synthesized in the same manner
(Yield: 7%) as in the synthesis of ligand 39 (L39) (Ligand
Synthesis 39), except that 3,3-dimethylbutan-2-one, instead
of 1,1,1-trifluoropropan-2-one, was used in synthesizing
Intermediate 39(4), and p-a, instead of aniline, was used in
synthesizing intermediate 39(1).

LC-MS m/z=508(M+H)+

Synthesis Example 1: Synthesis of Compound 1

Compound 1 was synthesized according to Reaction
Scheme 41 below:

<Reaction Scheme 41>

Compound 1

After dissolving 1.0 g (6.8 mmol) of ligand 1 (I.1) in 50
ml of an aqueous ethanol solution at room temperature, 1.4
g (3.4 mmol) of K2PtCl4 was added thereto and heated
under reflux at about 100° C. for about 18 hours. After 18
hours, the reaction product was cooled to 0° C. to obtain a
solid product, which was then filtered. The filtrated solid was
rinsed with 80 ml of hot water and then with 50 ml of hot
ethanol. The resulting product was separated and purified
using column chromatography, and further purified by sub-
limation to obtain 0.6 g (1.2 mmol, Yield 19%) of Com-
pound 1.
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LC-MS n/z=486(M+H)+
'H NMR (300 MHz, CDCL,) 0=10.72 (s, 1H), 8.84 (d,
1H), 7.72 d, 1H), 7.53 (d, 2H), 636 (d, 1H)

Synthesis Example 2: Synthesis of Compound 2

Compound 2 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 4 (1.4),
instead of ligand 1 (L.1), was used.

LC-MS m/z=514(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.97 (s, 1H), 8.68 (d,
1H), 7.47 (d, 1H), 6.58 (s, 1H), 2.92 (s, 3H)

Synthesis Example 3: Synthesis of Compound 3

Compound 3 (Yield 42%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 5 (L5),
instead of ligand 1 (L1), was used.

LC-MS m/z=570(M+H)+

1H NMR (300 MHz, CDCI3) 0=11.00 (s, 1H), 8.71 (d,
1H), 7.32 (d, 1H), 6.72 (s, 1H), 3.72 (m, 1H), 1.28 (d, 6H)

Synthesis Example 4: Synthesis of Compound 4

Compound 4 (Yield 35%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 6 (L6),
instead of ligand 1 (L1), was used.

LC-MS m/z=598(M+H)+

'H NMR (300 MHz, CDCL,) o=11.10 (s, 1H), 8.73 (d,
1H), 7.56 (d, 1H), 6.64 (s, 1H), 1.43 (s, 9H)

Synthesis Example 5: Synthesis of Compound 5

Compound 5 (Yield 32%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 7 (L7),
instead of ligand 1 (L1), was used.

LC-MS m/z=622(M+H)+

'H NMR (300 MHz, CDCl,) c=11.07 (s, 1H), 8.81 (d,
1H), 7.61 (d, 1H), 6.14 (s, 1H)

Synthesis Example 6: Synthesis of Compound 6

Compound 6 (Yield 29%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 8 (L8),
instead of ligand 1 (L1), was used.

LC-MS m/z=594(M+H)+

"H NMR (300 MHz, CDCl,) 0=10.96 (s, 1H), 9.17 (d,
1H), 8.17 (d, 1H), 2.76 (br s, 2H), 2.72 (br s, 2H), 1.79~1.73
(br s, 4H)

Synthesis Example 7: Synthesis of Compound 7

Compound 7 (Yield 28%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 9 (19),
instead of ligand 1 (L1), was used.

LC-MS m/z=650(M+H)+

'H NMR (300 MHz, CDCl,) c=11.01 (s, 1H), 9.26 (d,
1H), 8.32 (d, 1H), 2.71 (br s, 2H), 1.82 (br s, 2H), 1.54 (br
s, 2H), 1.38 (s, 6H)

Synthesis Example 8: Synthesis of Compound 8
Compound 8 (Yield 17%) was synthesized in the same

manner as in Synthesis Example 1, except that ligand 10
(L10). instead of ligand 1 (L1), was used.
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LC-MS m/z=702(M+H)+
'H NMR (300 MHz, CDCl,) 0=11.03 (s, 1H), 9.23 (d,
1H), 8.37 (d, 1H), 2.77 (brs, 1H), 1.68~1.62 (m, 4H), 1.47
(s, 3H), 1.01 (s, 6H)

Synthesis Example 9: Synthesis of Compound 9

Compound 9 (Yield 36%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 11
(L11), instead of ligand 1 (L1), was used.

LC-MS m/z=542(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.36 (5, 1H), 8.48 (s,
1H), 6.21 (s, 1H), 2.36 (s, 3H), 2.33 (s, 6H)

Synthesis Example 10: Synthesis of Compound 10

Compound 10 (Yield 48%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 12
(L12), instead of ligand 1 (L1), was used.

LC-MS m/z=626(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.34 (s, 1H), 8.42 (s,
1H), 6.01 (s, 1H), 2.32 (s, 3H), 1.36 (s, 9H)

Synthesis Example 11: Synthesis of Compound 11

Compound 11 (Yield 42%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 13
(L13), instead of ligand 1 (L1), was used.

LC-MS m/z=650(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.41 (s, 1H), 8.19 (s,
1H), 6.02 (s, 1H), 2.33 (s, 3H)

Synthesis Example 12: Synthesis of Compound 12

Compound 12 (Yield 49%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 14
(L14), instead of ligand 1 (L1), was used.

LC-MS m/z=678(M+H)+

'H NMR (300 MHz, CDCL,) 0=10.34 (s, 1H), 8.36 (s,
1H), 2.77 (br s, 2H), 2.29 (s, 3H), 1.82 (br s, 2H), 1.55 (br
s, 2H), 1.36 (s, 614)

Synthesis Example 13: Synthesis of Compound 13

Compound 13 (Yield 36%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 15
(L15), instead of ligand 1 (L1), was used.

LC-MS m/z=730(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.31 (s, 1H), 8.28 (s,
1H), 2.82 (br s, 1H), 2.31 (s, 1H), 1.66~1.62 (m, 4H), 1.45
(s, 3H), 0.99 (s, 6H)

Synthesis Example 14: Synthesis of Compound 14

Compound 14 (Yield 28%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 16
(L16), instead of ligand 1 (L1), was used.

LC-MS m/z=574(M+H)+

1H NMR (300 MHz, CDCl,) 0=10.06 (s, 1H), 7.84 (s,
1H), 6.36 (s, 1H), 3.65 (s, 3H), 2.21 (s, 3H)

Synthesis Example 15: Synthesis of Compound 15
Compound 15 (Yield 34%) was synthesized in the same

manner as in Synthesis Example 1, except that ligand 17
(L17), instead of ligand 1 (L1), was used.
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LC-MS n/z=658(M+H)+
'H NMR (300 MHz, CDCl,) 0=10.00 (s, 1H), 7.69 (s,
1H), 6.12 (s, 1H), 3.67 (s, 3H), 1.42 (s, 9H)

Synthesis Example 16: Synthesis of Compound 16

Compound 16 (Yield 27%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 18
(L18). instead of ligand 1 (LI), was used.

LC-MS m/z=682(M+H)+

'H NMR (300 MHz, CDCI,) 0=10.13 (s, 1H), 7.42 (s,
1H), 6.02 (s, 1H). 3.80 (s, 3H)

Synthesis Example 17: Synthesis of Compound 17

Compound 17 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 19
(L19). instead of ligand 1 (L1), was used.

LC-MS m/z=694(M+H)+

'"H NMR (300 MHz, CDCl,) 0=10.03 (s, 1H), 7.76 (s,
1H), 3.83 (s, 3H), 2.76 (s, 2H), 1.76 (br s, 2H), 1.54 (br s,
2H), 1.36 (s, 6H)

Synthesis Example 18: Synthesis of Compound 18

Compound 18 (Yield 19%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 20
(L20). instead of ligand 1 (L1), was used.

LC-MS m/z=762(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.10 (s, 1H), 7.81 (s,
1H), 3.81 (s, 3H), 2.72 (br s, 1H), 1.69~1.65 (m, 4H), 1.43
(s, 3H), 0.99 (s, 6H)

Synthesis Example 19: Synthesis of Compound 19

Compound 19 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 21
(L21). instead of ligand 1 (L1), was used.

LC-MS m/z=650(M+H)+

'H NMR (300 MHz, CDCl;) 0=11.07 (s, 1H), 8.51 (s,
1H), 6.41 (s, 1H), 2.21 (s, 3H)

Synthesis Example 20: Synthesis of Compound 20

Compound 20 (Yield 38%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 22
(L22). instead of ligand 1 (L1), was used.

LC-MS m/z=734(M+H)+

'H NMR (300 MHz, CDCl;) 0=11.00 (s, 1H), 8.38 (s,
1H), 6.28 (s, 1H). 1.58 (s, 9H)

Synthesis Example 21: Synthesis of Compound 21

Compound 21 (Yield 42%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 23
(L23). instead of ligand 1 (L1), was used.

LC-MS m/z=758(M+H)+

'"H NMR (300 MHz, CDCl,) 0=11.02 (s, 1H), 8.13 (s,
1H), 6.53 (s, 1H)

Synthesis Example 22: Synthesis of Compound 22
Compound 22 (Yield 37%) was synthesized in the same

manner as in Synthesis Example 1, except that ligand 24
(L24). instead of ligand 1 (L1), was used.
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LC-MS m/z=838(M+H)+
'H NMR (300 MHz, CDCL,) 0=11.12 (s, 1H), 831 (s,
1H), 2.96-2.94 (m, 1H), 1.93-1.89 (m, 2H), 1.69~1.65 (m,
2H), 1.42 (s, 3H), 0.9 (s, 6H)

Synthesis Example 23: Synthesis of Compound 23

Compound 23 (Yield 35%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 25
(L25), instead of ligand 1 (L1), was used.

LC-MS m/7z=626(M+H)+

'H NMR (300 MHz, CDCl,) 0=8.87 (d, 1H), 7.68 (d,
1H), 6.32 (s, 1H), 2.63 (s, 3H), 1.33 (s, 9H)

Synthesis Example 24: Synthesis of Compound 24

Compound 24 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 26
(L26), instead of ligand 1 (L1), was used.

LC-MS m/z=650(M+H)+

'"HNMR (300 MHz, CDCl;) c=8.76 (d, 1H), 7.53 (d, 1H),
6.48 (s, 1H), 2.44 (s, 3H)

Svnthesis Example 25: Synthesis of Compound 25

Compound 27 (Yield 36%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 27
(L27), instead of ligand 1 (L1), was used.

LC-MS m/z=626(M+H)+

'H NMR (300 MHz, CDCl;) ¢=11.32 (s, 1H), 9.21 (d,
1H), 8.17 (d, 1H), 2.04 (s, 3H), 1.36 (s, 9H)

Synthesis Example 26: Synthesis of Compound 26

Compound 26 (Yield 34%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 28
(L28), instead of ligand 1 (L1), was used.

LC-MS m/z=710(M+H)+

'H NMR (300 MHz, CDCl;) 0=11.23 (s, 1H), 8.78 (d,
1H), 8.05 (d, 1), 1.41 (s, 9H), 1.33 (s, 9H)

Synthesis Example 27: Synthesis of Compound 27

Compound 27 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 29
(L29), instead of ligand 1 (L1), was used.

LC-MS m/z=734(M+H)+

'H NMR (300 MHz, CDCl;) o=11.18 (s, 1H), 9.13 (d,
1H), 8.15 (d, 1H), 1.38 (s, 9H)

Synthesis Example 28: Synthesis of Compound 28

Compound 28 (Yield 35%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 30
(L30), instead of ligand 1 (L.1), was used.

LC-MS m/z=758(M+H)+

'H NMR (300 MHz, CDCl,) o=11.13 (s, 1H), 8.86 (d,
1H), 7.64 (d, 1H)

Svnthesis Example 29: Synthesis of Compound 68

Compound 68 (Yield 27%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 40
(L40), instead of ligand 1 (L1), was used.

LC-MS m/z=600(M+H)+

'H NMR (300 MHz, CDCl,) 0=10.86 (s, 1H), 8.92 (d,
1H), 7.73 (d, 1H), 1.35 (2, 9H)
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Synthesis Example 30: Synthesis of Compound 37

Compound 37 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 2 (L2),
instead of ligand 1 (L1), was used.

LC-MS m/z=586(M+H)+

"H NMR (300 MHz, CDCl,) 0=10.47 (s, 1H), 9.20 (d,
1H), 8.32 (d, 1 h), 8.17 (d, 1H), 7.92 (d, 1H), 7.62 (m, 1H),
7.48 (m, 1H)

Synthesis Example 31: Synthesis of Compound 38
Compound 38 (Yield 26%) was synthesized in the same
manner as in Synthesis Example 1, except that ligand 3 (L3),
instead of ligand 1 (L1), was used.
LC-MS m/z=686(M+H)+
'H NMR (300 MHz, CDCl,) 0=10.54 (s, 1H), 8.46 (m,
1H), 7.84 (m, 1H), 7.58 (m, 1H), 7.34 (d, 1H), 6.31 (d, 1H)
Synthesis Example 32: Synthesis of Compound 29

Compound 29 was synthesized according to Reaction
Scheme 42 below:

<Reaction Scheme 42>

PICL(SELy),
D ——_—

Compound 29

Following dissolving 0.1 g (4.9 mmol) of NaH in 50 ml
of anhydrous tetrahydrofuran at 0° C., 1.0 g (4.8 mmol) of
ligand 31 (L.31) was slowly added thereto. After 30 minutes,
1.1 g (2.4 mmol) of PtCI(SEt,), was added to the mixture,
stirred at room temperature for about 1 hour, and then heated
under reflux at about 80° C. for about 18 hours. After 18
hours the reaction product was extracted with 80 ml of
distilled water and 100 ml of dichloromethane to obtain an
organic layer, which was then dried using magnesium sulfate
and concentrated under reduced pressure. The resulting
product was separated and purified using column chroma-
tography, followed by further purification by sublimation to
obtain 0.4 g (0.6 mmol, Yield 28%) of Compound 29.

LC-MS m/z=614(M+H)+

'"H NMR (300 MHz, CDCl,) 0=10.32 (s, 1H), 8.36 (d,
1H), 7.83-7.81 (m, 2H), 7.58 (br s, 1H), 7.43 (s, 1H), 2.04
(s, 3H)
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Synthesis Example 33: Synthesis of Compound 30

Compound 30 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 32, except that ligand 32
(L32), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDCl,) 0=10.29 (s, 1H), 8.16 (d,
1H), 7.84-7.83 (m, 2H), 7.55 (br s, 1H), 6.38 (s, 1H), 1.39
(s, 9H)

Synthesis Example 34: Synthesis of Compound 31

Compound 31 (Yield 18%) was synthesized in the same
manner as in Synthesis Example 32, except that ligand 33
(L33), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDCl,) 0=1041 (s, 1H), 831 (d,
1H), 7.85-7.81 (m, 2H), 7.49 (br s, 1H), 6.02 (s, 1H)

Synthesis Example 35: Synthesis of Compound 32

Compound 32 (Yield 31%) was synthesized in the same
manner as in Synthesis Example 32, except that ligand 34
(L34), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDCl,) 0=10.29 (s, 1H), 8.16 (d.
1H), 7.83-7.81 (m, 2H), 7.52 (br s, 1H), 2.76-2.72 (m, 4H),
1.83-1.76 (m, 4H)

Synthesis Example 36: Synthesis of Compound 33

Compound 33 (Yield 27%) was synthesized in the same
manner as in Synthesis Example 32, except that ligand 35
(L35), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDCl,) 0=1036 (s, 1H), 8.21 (d,
1H), 7.86-7.84 (m, 2H), 7.56 (br s, 1H), 2.74-2.72 (m, 2H),
1.82-1.79 (m, 2H), 1.58-1.54 (m, 2H), 1.42 (s, 6H)

Synthesis Example 37: Synthesis of Compound 34

Compound 34 (Yield 25%) was synthesized in the same
manner as in Synthesis Example 32. except that ligand 36
(L36), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDC1,) 0=1028 (s, 1T1), 8.18 (d,
1H), 7.84-7.83 (m, 2H), 7.58 (br s, 1E), 2.77-2.75 (m, 2H),
1.93-1.90 (m, 2H), 1.87-1.85 (m, 2H), 1.47 (s, 3H), 1.02 (s,
6H)

Synthesis Example 38: Synthesis of Compound 35

Compound 35 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 32. except that ligand 37
(L37), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDC1,) 0=10.29 (s, 1H), 8.16 (d,
1H), 7.86-7.84 (m, 2H), 7.61 (br s, 1H), 2.12 (s, 3H), 1.37
(s, 9H)

Synthesis Example 39: Synthesis of Compound 36

Compound 36 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 32. except that ligand 38
(L38), instead of ligand 31 (L31), was used.

'H NMR (300 MHz, CDCl,) 0=10.16 (s, 1H), 8.35 (d,
1H), 7.73-7.71 (m, 2H), 7.55 (br s, 1H), 1.35 (s, 9H)
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Synthesis Example 40: Synthesis of Compound 39

Compound 39 was synthesized according to Reaction
Scheme 43 below:

<Reaction Scheme 43>

KPtCly
—_—
L7
N, N
1 0
/N\ Cl /N\
/N
/Pt\ /Pt\ 14
—_—
2N NN
/ \
—N N=
F;C CF;
Compound 39(1)

Compound 39

Synthesis of Compound 39(1)

Following dissolving 1.0 g (4.7 mmol) of ligand 7 (L7)
and 1.9 g (4.7 mmol) of K,PtCl, in 100 ml of distilled water
at room temperature, 3 ml of a 4N diluted hydrochloric acid
was added thereto and heated under reflux at about 80° C. for
about 6 hours. After 6 hours the reaction product was cooled
to room temperature and filtered to obtain a solid compound,
which was then rinsed with 50 ml of distilled water and dried
to obtain 2.0 g (2.4 mmol, Yield: 50%) of Compound 39(1).

Synthesis of Compound 39

Following dissolving 0.1 g (4.9 mmol) of NaH in 50 ml
of anhydrous tetrahydrofuran at 0° C. 0.4 g (2.4 mmol) of
ligand 4 (L4) was slowly added thereto. After about 30
minutes, 2.0 g (2.4 mmol) of Compound 39(1) was added
thereto and heated under reflux at about 80° C. for about 18
hours. After 18 hours, the reaction product was extracted
with 80 ml of distilled water and 100 ml of dichloromethane
to obtain an organic layer, which was then dried using
magnesium sulfate and concentrated under reduced pres-
sure. The resulting product was separated and purified using
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column chromatography, followed by further purification by
sublimation to obtain 0.6 g (1.2 mmol, Yield 48%) of
Compound 39.

LC-MS m/z=568(M+H)+

H NMR (300 MHz, CDCl,) 0=1132 (s, 1H), 11.26 (s,
1H), 8.92 (d, 1H), 8.76 (d, 1H), 6.75 (s, 1H), 6.64 (s, 1H),
2.32 (s, 3H)

Synthesis Example 41: Synthesis of Compound 40

Compound 40 (Yield 9%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 6
(L6) was used, instead of ligand 4 (L4) used in synthesizing
Compound 39.

"H NMR (300 MHz, CDCl,) 0=11.29 (s, 1H), 11.19 (s,
1H), 8.96 (d, 1H), 8.65 (d, 1H), 6.81 (s, 1H), 6.68 (s, 1H),
1.35 (s, 9H)

Svnthesis Example 42: Synthesis of Compound 41

Compound 41 (Yield 12%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 27
(L27) was used, instead of ligand 4 (I.4) used in synthesizing
Compound 39.

'"H NMR (300 MHz, CDCL,) 0=11.30 (s, 1H), 11.24 (s,
1H), 8.90 (d, 1H), 8.71 (d, 1H), 6.72 (s, 1H), 2.04 (s, 3H),
1.33 (s, 9H)

Svnthesis Example 43: Synthesis of Compound 42

Compound 42 (Yield 10%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 29
(L29) was used, instead of ligand 4 (I.4) used in synthesizing
Compound 39.

'H NMR (300 MHz, CDCL,) 0=11.29 (s, 1H), 11.21 (s,
1H), 8.91 (d, 1H), 8.56 (d, 1H), 6.70 (s, 1H), 1.38 (s, 9H)

Synthesis Example 44: Synthesis of Compound 43

Compound 43 (Yield 11%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 30
(L30) was used, instead of ligand 4 (I.4) used in synthesizing
Compound 39.

'"H NMR (300 MHz, CDCL,) 0=11.32 (s, 1H), 11.15 (s,
1H), 8.92 (d, 1H), 8.72 (d, 1H), 6.72 (s, 1H)

Synthesis Example 45: Synthesis of Compound 44

Compound 44 (Yield 12%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 13
(L13), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and ligand 30 (1.30), instead of ligand 4 (L.4)
used in synthesizing Compound 39, were used.

'H NMR (300 MHz, CDCL,) o=11.16 (s, 1H), 11.26 (s,
1H), 9.21 (d, 1H), 8.64 (d, 1H). 6.68 (s, 1H), 2.36 (s, 3H)

Svynthesis Example 46: Synthesis of Compound 45

Compound 45 (Yield 11%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 13
(L13), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and ligand 41 (L41), instead of ligand 4 (L4)
used in synthesizing Compound 39, were used.

'H NMR (300 MHz, CDCl,) 0=11.13 (s, 1H), 11.10 (s,
1H), 8.07 (d, 1H), 8.02 (d, 1H), 6.35 (s, 1H)
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Synthesis Example 47: Synthesis of Compound 46

Compound 46 (Yield 7%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 31
(L31) was used, instead of ligand 4 (L4) used in synthesizing
Compound 39.

"H NMR (300 MHz, CDCl,) 0=11.33 (s, 1H), 11.26 (s,
1H), 10.85 (d, 1H), 8.63 (d, 1H), 8.54 (br s, 1H), 7.85-7.83
(m, 2H), 7.58 (br s, 1H), 6.85 (s, 1H), 6.33 (s, 1H), 2.33 (s,
3H)

Synthesis Example 48: Synthesis of Compound 47

Compound 47 (Yield 10%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 42
(L42) was used, instead of ligand 4 (L4) used in synthesizing
Compound 39.

'H NMR (300 MHz, CDCL,) 0=11.32 (s, 1H), 9.20 (d,
1H), 8.85 (d, 1H), 8.57 (d, 1H), 8.05-8.03 (m, 1H), 7.87-7.85
(m, 1H), 6.39 (s, 1H), 6.32 (s, 11

Synthesis Example 49: Synthesis of Compound 48

Compound 48 (Yield 12%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 43
(L43) was used, instead of ligand 4 (L4) used in synthesizing
Compound 39.

'H NMR (300 MHz, CDCl,) 0=11.23 (s, 1H), 9.52 (d,
1H), 8.55 (d, 1H), 8.31 (d, 1H), 8.16-8.14 (m, 1H), 7.92-7.90
(m, 1H), 6.35 (s, 1H), 633 (s, 1H), 1.37 (s, 911)

Synthesis Example 50: Synthesis of Compound 49

Compound 49 (Yield 11%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 6
(L6), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and ligand 43 (1.43), instead of ligand 4 (L.4)
used in synthesizing Compound 39, were used.

'H NMR (300 MHz, CDCL,) o=11.13 (s, 1H), 9.86 (d,
1H),8.71 (d, 1H), 8.46 (d, 1H), 8.09-8.07 (m, 1H), 7.88-7.87
(m, 1H), 6.39 (s, 1H), 6.30 (s, 1H), 1.37 (s, 9H), 1.35 (s, 9H)

Synthesis Example 51: Synthesis of Compound 50

Compound 50 (Yield 16%) was synthesized in the same
manner as in Synthesis Example 40, except that 2-phe-
nylpyridine was used, instead of ligand 4 (L4) used in
synthesizing Compound 39.

'H NMR (300 MHz, CDCl,) o=11.21 (s, 1H), 9.20 (d,
1H), 8.56 (d, 1H), 8.30 (d, 1H), 8.17 (d, 1H), 7.97 (d, 1H),
7.51-7.47 (m, 3H), 7.41 (br s, 1H), 7.02-7.00 (m, 1H), 6.32
(s, 1H)

Synthesis Example 52: Synthesis of Compound 51

Compound 51 (Yield 14%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 6
(L6), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and 2-phenylpyridine, instead of ligand 4 (L.4)
used in synthesizing Compound 39, were used.

"H NMR (300 MHz, CDCl,) o=11.18 (s, 1H), 9.17 (d,
1H), 8.48 (d, 1H), 8.36 (d, 1H), 8.21 (d, 1H), 7.88 (d, 1H),
7.55-7.51 (m, 3H), 7.36 (br s, 1H), 7.02-7.00 (m, 1H), 6.33
(s, 1H), 1.38 (s, 9H)

10

15

20

25

30

35

40

45

50

55

60

65

164
Synthesis Example 53: Synthesis of Compound 52

Compound 52 (Yield 16%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 9
(L9), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and 2-phenylpyridine, instead of ligand 4 (L.4)
used in synthesizing Compound 39, were used.

'H NMR (300 MHz, CDCI,) 0=11.22 (s, 1H), 9.20 (d,
1H), 8.53 (d, 1H), 8.31 (d, 1), 8.15 (d, 1H), 8.02 (d, 1H),
7.50-7.46 (m, 3H), 7.43 (br s, 1H), 7.05-7.03 (m, 1),
2.76-2.74 (m, 2H), 1.79-1.77 (m, 2H), 1.54-1.52 (m, 2H),
138 (s, 6H)

Synthesis Example 54: Synthesis of Compound 53

Compound 53 (Yield 26%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 6
(L6), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and sodium acetylacetate (Na(acac)), instead
of ligand 4 (L4) used in synthesizing Compound 39, were
used.

'H NMR (300 MHz, CDCl,) 0=10.89 (s, 1H), 9.20 (d,
1H), 8.17 (d, 1H), 6.21 (s, 1H), 5.31 (br s, 1H), 3.52-3.50 (m,
1H), 1.38 (s, 9H), 1.18 (s, 6H)

Synthesis Example 55: Synthesis of Compound 54

Compound 54 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 40, except that sodium
acetylacetate (Na(acac)) was used, instead of ligand 4 (1.4)
used in synthesizing Compound 39.

'H NMR (300 MHz, CDCl,) 0=10.74 (s, 1H), 9.26 (d,
1H), 8.13 (d, 1H), 6.36 (s, 1H), 5.3 (br s, 1H), 3.53-3.51 (m,
1H), 1.18 (s, 6H)

Svnthesis Example 56: Synthesis of Compound 55

Compound 55 (Yield 26%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 9
(L9), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and sodium acetylacetate (Na(acac)), instead
of ligand 4 (I.4) used in synthesizing Compound 39, were
used.

'H NMR (300 MHz, CDCL,) 0=11.02 (s, 1H), 8.72 (d, 1
h), 8.58 (d, 1H), 531 (br s, 1H), 3.52-3.50 (m, 1H).
2.75-2.73 (m, 2H), 1.79-1.76 (m, 2H), 1.54-1.52 (m, 2H),
1.40 (s, 6H), 1.20 (s, 6H)

Synthesis Example 57: Synthesis of Compound 56

Compound 56 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 40, except that ligand 27
(L27), instead of ligand 7 (L7) used in synthesizing Com-
pound 39(1), and sodium acetylacetate (Na(acac)), instead
of ligand 4 (L4) used in synthesizing Compound 39, were
used.

'H NMR (300 MHz, CDCl,) 0=10.91 (s, 1H), 8.25 (d, 1
h), 7.85 (d, 1H), 531 (br s, 1H), 3.52-3.50 (m, 1H).
2.75-2.73 (m, 2H), 2.10 (s, 3H), 1.35 (s, 9H), 1.18 (s, 611)
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Synthesis Example 58: Synthesis of Compound 57

Compound 57 was synthesized according to Reaction
Scheme 44 below:

<Reaction Scheme 44>

PtCly

\ 20

CF3
L39

35

Compound 57

40

Following dissolving 2.0 mmol of ligand 39 (L.39) in 30
ml of benzonitrile, 0.7 g (2.0 mmol) of PtCl4 was added
thereto and stirred at about 240° C. for about 36 hours. After
36 hours, the reaction product was cooled to room tempera-
ture and filtered to obtain a solid product, which was rinsed
with 50 ml of ether and dried to obtain Compound 37 (Yield:
less than 3%).

LC-MS m/z=711(M+H)+

45
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Synthesis Example 59: Synthesis of Compound 58

Compound 58 (Yield 3%) was synthesized in the same
manner as in Synthesis Example 58, except that ligand 44
(L44). instead of ligand 39 (1.39), was used.

LC-MS m/z=701(M+H)+

55

Synthesis Example 60: Synthesis of Compound 59

Compound 59 (Yield 7%) was synthesized in the same o

manner as in Synthesis Example 58, except that ligand 45
(LA45). instead of ligand 39 (1.39), was used.

LC-MS m/z=701(M+H)+

"HNMR (300 MHz, CDCl,) 0=7.48-7.45 (m, 2H), 7.25-
7.23 (m, 2H), 6.99-6.97 (m, 2H), 6.66-6.63 (m, 2H), 6.51-
6.49 (m, 2H), 6.32 (s, 2H), 2.31 (s, 3H), 1.35 (s, 18H)
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Synthesis Example 61: Synthesis of Compound 60

Compound 60 was synthesized according to Reaction

Scheme 45 below:

<Reaction Scheme 45>

i) 0s3(CO) 1o, DGME
ii) MesNO

iii) PPhMe,

Compound 60

Following dissolving 6.0 mmol of ligand 7 (L7) in 40 ml
of diethylene glycol monoethyl ether, 0.9 g (1.0 mmol) of
0s,(CO), , was added thereto and stirred at about 180° C. for
about 24 hours. After the temperature was cooled to about
140° C., 0.4 g (5.0 mmol) of trimethylamine N-oxide was
added thereto and stirred at about 180° C. for about 5
minutes. After 5 minutes, 5.0 mmol of dimethyl(phenyl)
phosphine (PPhMe2) was added thereto and stirred for about
24 hours. After completion of the reaction, the reaction
product was extracted with 80 ml of distilled water and 200
ml of dichloromethane to obtain an organic layer, which was
then dried using magnesium sulfate and distilled under
reduced pressure. The resulting product was separated and
purified using column chromatography, followed by further
purification by sublimation to obtain Compound 60 (Yield
65%).

'H NMR (300 MHz, CDCl;) 0=11.19 (s, 2H), 7.62 (d,
2H), 7.05 (d, 2H), 6.92-6.87 (m, 8H), 6.41-6.38 (m, 4H),
0.81 (m, 6H), 0.60 (m, 6H)

Synthesis Example 62: Synthesis of Compound 61

Compound 61 (Yield 62%) was synthesized in the same
manner as in Synthesis Example 61, except that ligand 6
(L6), instead of ligand 7 (L7) was used, and diphenyl
(methyl)phosphine (PPh2Me), instead of PPhMe2, was
used.

'H NMR (300 MHz, CDC1,) 0=11.20 (s, 2H), 7.73 (d,
2H), 7.12 (d, 2H), 6.96-6.93 (m, 8H), 6.46-6.43 (m, 4H),
1.37 (m, 18H), 0.81 (m, 6H), 0.60 (m, 6H)

Synthesis Example 63: Synthesis of Compound 62
Compound 62 (Yield 62%) was synthesized in the same

manner as in Synthesis Example 61, except that ligand 6
(L6), instead of ligand 7 (L7), was used.
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'H NMR (300 MHz, CDCL,) 0=11.17 (s, 2H), 7.55 (d,
2H), 7.32 (d, 2H), 7.23-7.11 (m, 4H), 7.00-6.97 (m, 4H),
6395-6.92 (m, 4H), 6.89-6.85 (m, 4H), 6.69-6.64 (m, 4H),
1.26 (t, 6H)

Synthesis Example 64: Synthesis of Compound 63

Compound 63 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 61, except that 1,2-bis
(diphenylphospino)ethanol, instead of dimethyl(phenyl)
phosphine (PPhMe2), was used.

'H NMR (300 MHz, CDCl,) 0=9.06-9.03 (m, 2H), 7.90-
7.87 (m, 4H), 7.78-7.75 (m, 2H), 7.43-7.41 (m, 2H), 7.35-
7.31 (m, 4H), 7.30-7.27 (m, 2H), 7.17-7.15 (m, 2H), 7.09-
7.08 (m, 2H), 6.80-6.77 (m, 4H), 6.62-6.60 (m, 4H), 6.41-
6.38 (m, 2H)

Synthesis Example 65: Synthesis of Compound 64

Compound 64 (Yield 21%) was synthesized in the same
manner as in Synthesis Example 61, except that ligand 6
(L6), instead of ligand 7 (L7), and 1,2-bis(diphenylphos-
pino)ethanol, instead of diphenyl(methyl)phosphine
(PPh2Me), were used.

'"H NMR (300 MHz, CDCl,) u=9.03-9.01 (m, 2H), 7.84-
7.2 (m, 4H), 7.75-7.73 (m, 2H), 7.46-7.44 (m, 2H), 7.43-
7.40 (m, 4H), 7.35-7.32 (m, 2H), 7.21-7.19 (m, 2H), 7.12-
7.10 (m, 2H), 6.76-6.73 (m, 4H), 6.63-6.60 (m, 4H), 6.53-
6.51 (m, 2H), 1.37-1.34 (m, 18H)

Synthesis Example 66: Synthesis of Compound 65

Compound 65 was synthesized according to Reaction
Scheme 46 below:

<Reaction Scheme 46>

IIC13 ‘Hzo
—_—

L4

Compound 65
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Following dissolving 2.0 mmol of ligand 4 (L4) in 30 ml
of ethyleneglycol, 0.4 g (0.3 mmol) of IrCl;.3H,O was
added thereto and stirred at about 220° C. for about 24 hours.
After completion of the reaction, the reaction product was
extracted with 50 ml of distilled water and 100 ml of
methylenechloride to obtain an organic layer, which was
then dried using magnesium sulfate and distilled under
reduced pressure. The resulting product was separated and
purified using column chromatography to obtain Compound
65 (Yield 26%).

LC-MS m/z=671(M+H)+

Synthesis Example 67: Synthesis of Compound 66
Compound 66 (Yield 22%) was synthesized in the same
manner as in Synthesis Example 66, except that ligand 7
(L7), instead of ligand 4 (L4), was used.
LC-MS m/z=833(M+H)+
Synthesis Example 68: Synthesis of Compound 67

Compound 67 was synthesized according to Reaction
Scheme 47 below:

<Reaction Scheme 47>

=
N\
/ N ) IClLeH0, MeOH
N

i) L7, Glycerol
—_—
iii) phenylacetlyene

Z\

N
\
N— N

7
\_

Compound 67

1.5 g (7.1 mmol) of 2,6-dipyrazole-1-yl pyridine as a start
material and 2.6 g (2.0 mmol) of IrCl,.3H,0 were dissolved
in 60 ml of methanol and heated under reflux for about 15
hours. Afterward, the reaction product was cooled and
filtered to obtain a solid product, which was then dried and
dissolved in 120 ml of glycerol. 4.5 g (21.3 mmol) of ligand
7 (L'7) was added to the reaction mixture and subjected to
microwave radiation (300 W) for about 3 hours for reaction.
After completion of the reaction, 200 ml of a saturated salt
solution was added to the reaction product and filtered to
obtain a solid product, which was then dried and recrystal-
lized using a mixed solvent of dichloromethane and hexane.
The resulting solid compound was dissolved in 80 ml of
glycerol, and subjected to microwave radiation (300 W) for
about 6 hours with an addition of potassium hydroxide. After
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completion of the reaction, the reaction product was
extracted with 100 m1 of a saturated salt solution and 300 ml
of methylenechloride at room temperature to obtain an
organic layer, which was then dried using magnesium sulfate
and distilled under reduced pressure. The resulting product
was separated and purified using column chromatography to
obtain Compound 67 (Yield 2%).

LC-MS m/z=719(M+H)+
Example 1

A glass substrate with an anode (ITO/Ag/ITO deposited to
a thickness of 70 A/1000 A/70 A, respectively) was cut to
a size of 50 mmx50 mmx0.5 mm and then sonicated in
isopropyl alcohol and pure water each for five minutes, and
then cleaned by irradiation of ultraviolet rays for 30 minutes
and exposure to ozone. The resulting glass substrate was
loaded into a vacuum deposition device.

2-TNATA was deposited on a surface of the anode to form
an HIL having a thickness of 600 A, and then 4.4'-bis|N-
(1-naphthyl)-N-phenylamino|biphenyl (NPB) was depos-
ited on the HIL to form a HTL having a thickness of 1000
A.

CBP (host) and Compound 2 (dopant) were co-deposited
in a weight ratio of 95:5 on a surface of the HTL to form an
EML having a thickness of about 400 A, followed by
deposition of BCP on the EML to form a HBL having a
thickness of about 50 A. Then, Alq, was deposited on the
HBL to form an ETL having a thickness of about 350 A, and
then LiF was deposited on the ETL to form an EIL having
a thickness of about 10 A. Then, Mg and Ag were deposited
in a weight ratio of 90:10 on the EIL to form a cathode
having a thickness of about 120 A, thereby completing the
manufacture of an organic light-emitting device.

Example 2

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 3,
instead of Compound 2, was used to form the EML.

Example 3

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 4,
instead of Compound 2, was used to form the EML.

Example 4

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 6,
instead of Compound 2, was used to form the EML.

Example 5

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 7,
instead of Compound 2, was used to form the EML.
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Example 6

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 68,
instead of Compound 2, was used to form the EML.

Example 7

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that the thickness of
the HTL was changed to about 1350 A, and CBP (host) and
Compound 30 (dopant) were co-deposited in a weight ratio
of 94:6 to form an EML having a thickness of about 400 A.

Example 8

An organic light-emitting device was manufactured in the
same manner as in Example 7, except that Compound 33,
instead of Compound 30, was used to form the EML.

Example 9
An organic light-emitting device was manufactured in the

same manner as in Example 7, except that Compound 34,
instead of Compound 30, was used to form the EML.

Example 10

An organic light-emitting device was manufactured in the
same manner as in Example 7, except that Compound 60,
instead of Compound 30, was used to form the EML.

Example 11

An organic light-emitting device was manufactured in the
same manner as in Example 7, except that Compound 63,
instead of Compound 30, was used to form the EML.

Comparative Example 1

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Ir(ppy)s;, instead
of Compound 2, was used to form the EML.

Comparative Example 2

An organic light-emitting device was manufactured in the
same manner as in Example 7, except that PtOEP, instead of
Compound 30, was used to form the EML.

Comparative Example 3
An organic light-emitting device was manufactured in the

same manner as in Example 1, except that Compound A
below, instead of Compound 2, was used to form the EML.

Comparative Example 4

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound B
below, instead of Compound 2, was used to form the EML.
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-continued

Ir(ppy)3
PtOEP
BCP

Evaluation Example 1

Driving voltages, current densities, luminescences, effi-
ciencies, and color purities of the organic light-emitting
devices of Examples 1 to 11 and Comparative Examples 1
to 4 were measured using a PR650 (Spectroscan) Source
Measurement Unit. (available from Photo Research, Inc.).
LT,, is lifetime data as the time it takes for an initial
luminescence (assumed as 100% at a current density of
about 10 mA/cm? is reduced to 97%. The results are shown
in Table 1 below, in which V , is driving voltage, Cmp is
compound, L is luminance, Eff is efficiency, Clr is emission
color, and Clr___ . is color coordinate.

coor
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TABLE 1
Current

Vg density L Eff LTy,

Host Dopant (V) (mA/em?) (cd/m?) (cd/A) Clr Clr,,, (HR)

Examplel CBP Cmp2 353 10 6,330 63.3 green  0.29, 97
0.70

Example2 CBP Cmp3 3.6 10 6,521 65.2 green  0.26, 94
0.72

Example3 CBP Cmp4 353 10 6,870 68.7 green  0.27, 98
0.72

Example4 CBP Cmp6 3.6 10 6,625 66.2 green  0.25, 92
0.71

Example 5 CBP Cmp7 5.7 10 6,590 65.9 green  0.26, 93
0.71

Example 6 CBP Cmp 68 5.6 10 6,228 62.2 green  0.28, 90
0.70

Example 7 CBP Cmp 30 5.9 10 3,042 304 red 0.65, 121
0.34

Example 8 CBP Cmp33 353 10 3,283 32.8 red 0.66, 116
0.37

Example 9 CBP Cmp 34 353 10 3330 333 red 0.66, 110
0.35

Example 10 CBP Cmp 60 5.3 10 3,570 35.7 red 0.64, 92
0.33

Example 11 CBP Cmp 63 5.6 10 3,487 34.8 red 0.63, 105
0.34

Comp. CBP Ir(ppy); 6.8 10 4,766 477 green  0.25, 61
Example 1 0.70

Comp. CBP PtOEP 73 10 2,212 22,1 red 0.67, 89
Example 2 0.32

Comp. CBP CmpA 59 10 4,856 485 green  0.25, 76
Example 3 0.68

Comp. CBP CmpB 63 10 5,510 55.1 green 0.27, 55
Example 4 0.70

Referring to Table 1 above, the organic light-emitting
device of Examples 1 to 6 are found to be improved in terms
of driving voltage, luminance, efficiency, and lifetime char-
acteristics, relative to the organic light-emitting devices of
Comparative Examples 1, 3, and 4. The organic light-
emitting device of Examples 7 to 11 are found have
improved driving voltages, luminances, efficiencies, and
lifetime characteristics, as compared with the organic light-
emitting device of Comparative Example 2.

By way of summary and review, an OLED may have a
structure including a substrate, and an anode, a hole trans-
port layer (HTL), an emission layer (EML). an electron
transport layer (ETL), and a cathode which are sequentially
stacked on the substrate. In this regard, the HTL, the EML,
and the ETL may be organic thin films formed of organic
compounds.

An operating principle of an OLED having the above-
described structure may be as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode move to the EML via the HTL, and electrons
injected from the cathode move to the EML via the ETL. The
holes and electrons recombine in the EML to generate
excitons. When the excitons drop from an excited state to a
ground state, light is emitted.

As described above, an organic light-emitting device
including the organometallic compounds according to one or
more of the above embodiments may provide an OLED with
a low driving voltage, a high efficiency, and a long lifetime.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
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to be interpreted in a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims.

What is claimed is:
1. An organometallic compound represented by one
selected from the group of Formulae 5 to &:

<Formula 5>
R, N R,
Y X=X
A X
R = \ / 7"
M

x? N/ \N/ Xo
! |
o6y %25

¥, \(

L)ma
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-continued
<Formula 6>
Xn
\( Xz/l \\X
|| Y
24
’ I/
Xl/ /
>: /
¥ Y
Om
<Formula 7>
Ry
R | NYRI R4y ‘(
x? N Ny
)=N Xzs‘X
Ry
L2
< <Formula 8>
/ 22
X1 X3
R, N \
) N
% Z N =%
>; /
H X
Xas, V4 7
L X
wherein, in Formulae 5 to 8:
M is a transition metal;

X, is Nor C(Ry);
R, to R, are each independently selected from the group
of a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C5-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C5-C,, het-
erocycloalkyl group, a substituted or unsubstituted
C;-Cy, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
stituted C4-Cy,, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsub-
stituted C,-Cg, heteroaryl group, —N(Q, )(Q,),

(Q:)(Q(Qs5), —C(—=0)(Qy), and a binding site with
an adjacent ligand via a single bond or a divalent
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linking group, provided that when X,, in Formula 5 is
C(Rsy), R, in Formula 5 is not a binding site with Ry,
of an adjacent ligand and provided that when X,, in
Formula 6 is C(Rs,), R, in Formula 6 is not a binding
site with Rs, of an adjacent ligand;

two substituents of R to R are optionally linked together
to form one selected from the group of a substituted or
unsubstituted C,-C,,, alicyclic ring, a substituted or
unsubstituted C,-C,, hetero alicyclic ring, a substituted
or unsubstituted C,-C,, aromatic ring, and a substituted
or unsubstituted C,-C,, heteroaromatic ring;

Q, to Q, are each independently selected from the group
of a hydrogen atom, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted
C-Cqo aryl group, and a substituted or unsubstituted
C,-Cyo heteroaryl group;

m2 is 0, 1, or 2, wherein when m2 is 1 or 2, L is a
monodentate, bidentate, tridentate, or tetradentate
organic ligand;

X, and X4, are each independently N or C;

X,,isNorC(Rs,), X,,isNor C(Rs,), X,; is Nor C(Rs),
X, 18 N or C(Rsy), X,5 18 N or C(Rss), X56 18 N or
C(Rs4), X5, 18 Nor C(R5,), X, 18 N or C(Rs,), and X,
is N or C(Ry):

R,;, Rus, and Ry, to Rsg are each independently selected
from the group of a hydrogen atom, a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cg,, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C¢, alkoxy group, a substituted or
unsubstituted C;-C |, cycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted
or unsubstituted C,-C, , heterocycloalkyl group, a sub-
stituted or unsubstituted C;-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C,, heteroaryl group,
—N(Q)(Q12). —8i(Q2)(Q14)(Q;5), and a binding
site with an adjacent ligand via a single bond or a
divalent linking group;

two adjacent substituents of R, |, R,,, and Ry, to R, are
optionally linked together to form one selected from the
group of a substituted or unsubstituted C,-C,,, alicyclic
ring, a substituted or unsubstituted C,-C,,, heteroalicy-
clic ring, a substituted or unsubstituted C4-C,, aromatic
ring, and a substituted or unsubstituted C,-C,, het-
eroaromatic ring; and

Q,, to Q, 5 are each independently selected from the group
of a hydrogen atom, a C,-C, , alkyl group, a C4-C,, aryl
group, and a C,-C,, heteroaryl group.

2. The organometallic compound as claimed in claim 1,

wherein:

the organometallic compound is the organometallic com-
pound represented by Formula 5 and the organometal-
lic compound represented by Formula 5 is one selected
from the group of Formulae 5-(1), 5-(2), 5-(3), and
5-(4):
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atom, a deuterium atom, a halogen atom, a hydroxyl
<Fomula 5-(1)> group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a substi-
tuted C,-C,, alkyl group, a substituted C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, a carbazolyl group, a pyridi-
nyl group, a pyrimidinyl group, a triazinyl group, and
a substituted cyclic group that is substituted with at
least one selected from the group of:

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a fluorenyl group, a
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, and a triazinyl group;

the substituted C,-C,, alkyl group and the substituted
C,-C,, alkoxy group are each substituted with at least
one selected from the group of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, and an amino group; and

the substituted cyclic group is selected from the group of

a substituted phenyl group, a substituted naphthyl
<Formula 5-(3)> group, a substituted anthryl group, a substituted fluo-
renyl group, a substituted carbazolyl group, a substi-
tuted pyridinyl group, a substituted pyrimidinyl group,
and a substituted triazinyl group.

Re>

3. An organometallic compound represented by one
selected from the group of Formulae 5-(a), 6-(a), and 7-(a):

Res

40 <Formula 5-(a)>

Rs N Y
Y T
<Formula 5-(4)> | \

N N X3
RN N :E
M
45
x? N/ \N 7 %y
! |
X6 Xas
50 R4
L2 Ra
55 Y, <Formula 6-(a)>
R> N Xn
Y™y
wherein, in Formulae 5-(1) to 5-(4): N Xp X
M, X, X,, to X, and R to Rs are defined in Formulae RS 7 \ / ji
5to 8, 60 M
m2is 0,1, or 2, wherein when m2 is 1 or 2, L is as defined X/ N/ \N 7 Ny
in Formulae 5 to 8§; ! / | ||25
X, 1sNorC(Rg,), X,, s Nor C(Rs, ), X5, is Nor C(Rs5), >:N Xor KXo
X,418 Nor C(Rs,), X55 18 N or C(Rs5), and X, is N or
R4
C(Rs¢); and 65 R,
R.;, R, to Ry, Ry to Req, and R, to R, are each LI !

independently selected from the group of a hydrogen
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-continued
<Formula 7-(a)>

M
Xl/ N I\\I N X
/ /
=N Ros=xy
R4
(1

wherein, in Formulae 5-(a), 6-(a), and 7-(a):

M is a transition metal;

X, is N or C(Rs);

R, to R; are each independently selected from the group
of a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cq, alkyl
group, a substituted or unsubstituted C,-C,,, alkenyl
group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C;-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C;-C,, het-
erocycloalkyl group, a substituted or unsubstituted
C;-Cy, heterocycloalkenyl group, a substituted or
unsubstituted C4-C, aryl group, a substituted or unsub-
stituted C4-Cg,, aryloxy group, a substituted or unsub-
stituted C4-Cy, arylthio group, a substituted or unsub-
stituted C,-Cg, heteroaryl group, —N(Q, )(Q,), —Si
(Q)(Q(Qs5), —C(=0)(Qy), and a binding site with
an adjacent ligand via a single bond or a divalent
linking group;

two substituents of R, to R are optionally linked together
to form one selected from the group of a substituted or
unsubstituted C,-C,, alicyclic ring, a substituted or
unsubstituted C,-C,, hetero alicyclic ring, a substituted
or unsubstituted C,-C,, aromatic ring, and a substituted
or unsubstituted C,-C,, heteroaromatic ring;

Q, to Qg are each independently selected from the group
of a hydrogen atom, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted
Cs-Cg aryl group, and a substituted or unsubstituted
C,-C¢ heteroaryl group;
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B in Fornmula 6-(a) and 7-(a), m2 is 0, 1, or 2, and in
Formula 5-(a), m2 is 1 or 2, wherein, when m2 is 1 or
2, L is a monodentate, bidentate, tridentate, or tetra-
dentate organic ligand;

X,,i8CorN;

X,,18NorC(Rs), X5, isNor C(Rs,), X5 is Nor C(Rs3),
X, 18 N or C(Rsy), X55 18 N or C(Rss), X56 18 N or
C(Rs,), and X, is N or C(R;,);

R,; and Ry, to Ry, are each independently selected from
the group of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkyl group substituted with at least one fluorine atom,
a C,;-C,, alkoxy group, a phenyl group, a naphthyl
group, and an anthryl group;

Y, is a single bond or a divalent linking group including

at least one selected from the group of —O0—, —S—,
—N(Zy)— —ACEZ)Z5)]— and —[Si(Z4)
(ZIS)]d_;

Z,, 10 Z, 5 are each independently selected from the group
of a hydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, C,-Cg, alkyl group, a C,-Cy, alkyl group
substituted with at least one halogen atom, a C,-Cq,
alkenyl group, a C,-C, alkynyl group, a C,-C, alkoxy
group, a C,-C,, cycloalkyl group, a C,-C,, cycloalk-
enyl group, a C5-C, heterocycloalkyl group, a C5-C,
heterocycloalkenyl group, a C-Cy, aryl group, or a
C,-C¢o heteroaryl group; and

¢ and d are each independently an integer from 1 to 4.

4. An organic light-emitting device, comprising:

a substrate;

a first electrode;

a second electrode opposite the first electrode; and

an organic layer between the first electrode and the second
electrode, the organic layer including the organometal-
lic compound as claimed in claim 1.

5. An organic light-emitting device, comprising:

a substrate;

a first electrode;

a second electrode opposite the first electrode; and

an organic layer between the first electrode and the second
electrode, the organic layer including the organometal-
lic compound as claimed in claim 3.
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