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ORGANIC ELECTROLUMINESCENT
MATERIALS AND DEVICES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a non-provisional U.S. patent applica-
tion claiming priority, under 35 U.S.C. §119(e)(1), to U.S.
Patent Application Ser. No. 62/161,948, filed on May 15,
2013, the entire contents of which are incorporated herein by
reference.

PARTIES TO A JOINT R
AGREEMENT

L1
)

EARCH

The claimed mvention was made by, on behalf of, and/or
in connection with one or more of the following parties to a
joint university corporation research agreement: The
Regents of the University of Michigan. Princeton Univer-
sity, University of Southern California, and the Universal
Display Corporation. The agreement was in eflect on and
before the date the claimed invention was made, and the
claimed 1nvention was made as a result of activities under-
taken within the scope of the agreement.

FIELD OF THE INVENTION

The present invention relates to compounds for use as
emitters, and devices, such as organic light emitting diodes,
including the same.

BACKGROUND

Opto-electronic devices that make use of organic mate-

rials are becoming increasingly desirable for a number of

reasons. Many of the matenials used to make such devices
are relatively 1nexpensive, so organic opto-electronic
devices have the potential for cost advantages over inorganic
devices. In addition, the inherent properties of organic
materials, such as their flexibility, may make them well
suited for particular applications such as fabrication on a
flexible substrate. Examples ol organic opto-electronic
devices 1nclude organic light emitting diodes/devices
(OLEDs), organic phototransistors, organic photovoltaic
cells, and organic photodetectors. For OLEDs, the organic
materials may have performance advantages over conven-
tional materials. For example, the wavelength at which an
organic emissive layer emits light may generally be readily
tuned with approprnate dopants.

OLEDs make use of thin organic films that emit light
when voltage 1s applied across the device. OLEDs are
becoming an increasingly interesting technology for use in
applications such as flat panel displays, illumination, and
backlighting. Several OLED matenals and configurations
are described 1n U.S. Pat. Nos. 5,844,363, 6,303,238, and
5,707,745, which are incorporated herein by reference 1in
their entirety.

One application for phosphorescent emissive molecules 1s
a full color display. Industry standards for such a display call
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2

for pixels adapted to emit particular colors, referred to as
“saturated” colors. In particular, these standards call for
saturated red, green, and blue pixels. Alternatively the
OLED can be designed to emit white light. In conventional
liquid crystal displays emission from a white backlight 1s
filtered using absorption filters to produce red, green and
blue emission. The same technique can also be used with
OLEDs. The white OLED can be either a single EML device
or a stack structure. Color may be measured using CIE
coordinates, which are well known to the art.

One example of a green emissive molecule 1s tris(2-
phenylpyridine) iridium, denoted Ir(ppy)s;, which has the
following structure:

)

Ir

N
P

8.

(

In this, and later figures herein, we depict the dative bond
from nitrogen to metal (here, Ir) as a straight line.

As used herein, the term “organic” includes polymeric
materials as well as small molecule organic materials that
may be used to fabricate organic opto-electronic devices.
“Small molecule” refers to any organic material that 1s not
a polymer, and “small molecules” may actually be quite
large. Small molecules may include repeat unmits in some
circumstances. For example, using a long chain alkyl group
as a substituent does not remove a molecule from the “small
molecule” class. Small molecules may also be incorporated
into polymers, for example as a pendent group on a polymer
backbone or as a part of the backbone. Small molecules may
also serve as the core moiety of a dendrimer, which consists
ol a series of chemical shells built on the core moiety. The
core moiety of a dendrimer may be a fluorescent or phos-
phorescent small molecule emitter. A dendrimer may be a
“small molecule,” and 1t 1s believed that all dendrimers
currently used 1n the field of OLEDs are small molecules.

As used herein, “top” means furthest away from the
substrate, while “bottom™ means closest to the substrate.
Where a first layer 1s described as “disposed over” a second
layer, the first layer 1s disposed further away from substrate.
There may be other layers between the first and second layer,
unless 1t 1s specified that the first layer 1s “in contact with”
the second layer. For example, a cathode may be described
as “disposed over” an anode, even though there are various
organic layers in between.

As used herein, “solution processible” means capable of
being dissolved, dispersed, or transported 1n and/or depos-
ited from a liquid medium, erther in solution or suspension
form.

A ligand may be referred to as “photoactive” when 1t 1s
believed that the ligand directly contributes to the photoac-
tive properties of an emissive material. A ligand may be
referred to as “ancillary” when 1t 1s believed that the ligand
does not contribute to the photoactive properties ol an
emissive material, although an ancillary ligand may alter the
properties ol a photoactive ligand.

As used herein, and as would be generally understood by
one skilled in the art, a first “Highest Occupied Molecular
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Orbital” (HOMO) or “Lowest Unoccupied Molecular
Orbital” (LUMO) energy level 1s “greater than™ or “higher
than™ a second HOMO or LUMO energy level if the first
energy level 1s closer to the vacuum energy level. Since
ionization potentials (IP) are measured as a negative energy
relative to a vacuum level, a higher HOMO energy level
corresponds to an IP having a smaller absolute value (an IP
that 1s less negative). Similarly, a higher LUMO energy level
corresponds to an electron athinity (EA) having a smaller
absolute value (an EA that 1s less negative). On a conven-
tional energy level diagram, with the vacuum level at the
top, the LUMO energy level of a material 1s higher than the
HOMO energy level of the same material. A “higher”
HOMO or LUMO energy level appears closer to the top of
such a diagram than a “lower” HOMO or LUMO energy
level.

As used herein, and as would be generally understood by
one skilled 1n the art, a first work function 1s “greater than™
or “higher than” a second work function if the first work
function has a higher absolute value. Because work func-
tions are generally measured as negative numbers relative to
vacuum level, this means that a “lhigher” work function 1s
more negative. On a conventional energy level diagram,
with the vacuum level at the top, a “higher” work function
1s 1llustrated as further away from the vacuum level 1n the
downward direction. Thus, the definitions of HOMO and

LUMO energy levels follow a different convention than
work functions.

More details on OLEDs, and the definitions described
above, can be found in U.S. Pat. No. 7,279,704, which 1s

incorporated herein by reference 1n 1ts entirety.

SUMMARY

According to some embodiments of the present disclo-
sure, a compound comprising a ligand L, of Formula I,

X2
S
R— B ——R*;

wherein ring A 1s a 5-membered or 6-membered carbo-
cyclic or heterocyclic ring;

wherein R 1s fused to ring B and has a structure of
Formula II:

Formula II

Xx——

wherein the wave lines indicate bonds to ring B;
wherein R' represents mono, di, tri, or tetra substitution,
or no substitution;

wherein R® represents mono or di substitution, or no
substitution;
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4

wherein X', X*, X°, and X* are each independently
carbon or nitrogen;

wherein at least two adjacent of X', X*, X°, and X* are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR, O, S, Se, C=0, S—0, SO,, CR'R", S1R'R", and
GeR'R"; wherein R', R*, R°, R*, R', and R" are each
independently selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, ary-
lalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxvlic acid, ester, nitrile, 1sonitrile, sulfanyl, sulfinyl, sulfo-
nyl, phosphino, and combinations thereof; and wherein any
two adjacent substituents are optionally joined to form nto
a ring;

wherein at least one of R® and R* comprises a chemical
group selected from the group consisting of alkyl, cycloal-
kyl, partially fluorinated alkyl, partially fluorinated cycloal-
kyl, and combinations thereof;
wherein the ligand L , 1s coordinated to a metal M;
wherein the ligand L, 1s optionally linked with other
ligands to comprise a tridentate, tetradentate, pentadentate,
or hexadentate ligand; and

wherein M 1s optionally coordinated to other ligands is
disclosed.

According to some embodiments, a first OLED compris-
ing an anode, a cathode, and an organic layer, disposed
between the anode and the cathode, comprising a compound
comprising a ligand L. , of Formula I 1s disclosed.

According to some embodiments, a formulation compris-
ing a compound comprising a ligand L , of Formula I 1s also
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an organic light emitting device.
FIG. 2 shows an inverted organic light emitting device
that does not have a separate electron transport layer.

DETAILED DESCRIPTION

Generally, an OLED comprises at least one organic layer
disposed between and electrically connected to an anode and
a cathode. When a current 1s applied, the anode 1njects holes
and the cathode 1njects electrons nto the organic layer(s).
The 1njected holes and electrons each migrate toward the
oppositely charged electrode. When an electron and hole
localize on the same molecule, an “exciton,” which 1s a
localized electron-hole pair having an excited energy state,
1s formed. Light 1s emitted when the exciton relaxes via a
photoemissive mechanism. In some cases, the exciton may
be localized on an excimer or an exciplex. Non-radiative
mechanisms, such as thermal relaxation, may also occur, but
are generally considered undesirable.

The 1mitial OLEDs used emissive molecules that emitted
light from their singlet states (“fluorescence”) as disclosed,
for example, 1n U.S. Pat. No. 4,769,292, which 1s 1incorpo-
rated by reference 1n 1its enftirety. Fluorescent emission
generally occurs 1n a time frame of less than 10 nanosec-
onds.

More recently. OLEDs having emissive maternials that
emit light from triplet states (“phosphorescence”) have been
demonstrated. Baldo et al., “Highly Eflicient Phosphores-
cent Emission from Organic Flectroluminescent Devices,”
Nature, vol. 395, 151-154, 1998; (*Baldo-I"") and Baldo et
al., “Very high-efliciency green organic light-emitting
devices based on electrophosphorescence.” Appl. Phys.
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Lett., vol. 75, No. 3, 4-6 (1999) (*Baldo-II""), are incorpo-
rated by reference in their entireties. Phosphorescence 1s
described 1n more detail in U.S. Pat. No. 7,279,704 at cols.
5-6, which are icorporated by reference.

FIG. 1 shows an organic light emitting device 100. The 5
figures are not necessarily drawn to scale. Device 100 may
include a substrate 110, an anode 115, a hole 1njection layer
120, a hole transport layer 125, an electron blocking layer
130, an emissive layer 135, a hole blocking layer 140, an
clectron transport layer 145, an electron 1njection layer 150, 10
a protective layer 155, a cathode 160, and a barrier layer 170.
Cathode 160 1s a compound cathode having a first conduc-
tive layer 162 and a second conductive layer 164. Device
100 may be fabricated by depositing the layers described, 1n
order. The properties and functions of these various layers, 15
as well as example matenals, are described in more detail 1n
U.S. Pat. No. 7,279,704 at cols. 6-10, which are incorporated
by reference.

More examples for each of these layers are available. For
example, a flexible and transparent substrate-anode combi- 20
nation 1s disclosed in U.S. Pat. No. 5,844,363, which 1s
incorporated by reference 1n 1ts entirety. An example of a
p-doped hole transport layer 1s m-MTDATA doped with
F,-TCNQ at a molar ratio of 50:1, as disclosed 1n U.S. Patent
Application Publication No. 2003/0230980, which 1s imncor- 25
porated by reference 1n its entirely. Examples of emissive
and host materials are disclosed 1n U.S. Pat. No. 6,303,238
to Thompson et al., which 1s incorporated by reference 1n its
entirety. An example of an n-doped electron transport layer
1s BPhen doped with L1 at a molar ratio of 1:1, as disclosed 30
in U.S. Patent Application Publication No. 2003/0230980,
which 1s incorporated by reference 1n 1ts enftirety. U.S. Pat.
Nos. 5,703,436 and 5,707,745, which are incorporated by
reference in their entireties, disclose examples of cathodes
including compound cathodes having a thin layer of metal 35
such as Mg:Ag with an overlying transparent, electrically-
conductive, sputter-deposited I'TO layer. The theory and use
of blocking layers 1s described 1n more detail 1n U.S. Pat.
No. 6,097,147 and U.S. Patent Application Publication No.
2003/0230980, which are imncorporated by reference in their 40
entireties. Examples of mjection layers are provided i U.S.
Patent Application Publication No. 2004/0174116, which 1s
incorporated by reference in 1ts enftirety. A description of
protective layers may be found in U.S. Patent Application
Publication No. 2004/0174116, which 1s incorporated by 45
reference in 1ts entirety.

FI1G. 2 shows an inverted OLED 200. The device includes
a substrate 210, a cathode 2135, an emissive layer 220, a hole
transport layer 225, and an anode 230. Device 200 may be
tabricated by depositing the layers described, i order. 50
Because the most common OLED configuration has a cath-
ode disposed over the anode, and device 200 has cathode
215 disposed under anode 230, device 200 may be referred
to as an “imverted” OLED. Matenals similar to those
described with respect to device 100 may be used in the 55
corresponding layers of device 200. FIG. 2 provides one
example of how some layers may be omitted from the
structure of device 100.

The simple layered structure 1llustrated 1n FIGS. 1 and 2
1s provided by way of non-limiting example, and 1t 1s 60
understood that embodiments of the invention may be used
in connection with a wide variety of other structures. The
specific materials and structures described are exemplary 1n
nature, and other materials and structures may be used.
Functional OLEDs may be achieved by combining the 65
various layers described in different ways, or layers may be
omitted entirely, based on design, performance, and cost
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factors. Other layers not specifically described may also be
included. Materials other than those specifically described
may be used. Although many of the examples provided
herein describe various layers as comprising a single mate-
rial, 1t 1s understood that combinations of materials, such as
a mixture of host and dopant, or more generally a mixture,
may be used. Also, the layers may have various sublayers.
The names given to the various layers herein are not
intended to be strictly limiting. For example, 1n device 200,
hole transport layer 225 transports holes and injects holes
into emissive layer 220, and may be described as a hole
transport layer or a hole 1njection layer. In one embodiment,
an OLED may be described as having an “‘organic layer”
disposed between a cathode and an anode. This organic layer
may comprise a single layer, or may further comprise
multiple layers of different organic materials as described,
for example, with respect to FIGS. 1 and 2.

Structures and materials not specifically described may
also be used, such as OLEDs comprised of polymeric
materials (PLEDs) such as disclosed 1mn U.S. Pat. No. 35,247,
190 to Friend et al., which 1s incorporated by reference in 1ts
entirety. By way of further example, OLEDs having a single
organic layer may be used. OLEDs may be stacked, for
example as described in U.S. Pat. No. 3,707,745 to Forrest
et al. which 1s incorporated by reference 1n 1ts entirety. The
OLED structure may deviate from the simple layered struc-
ture illustrated 1n FIGS. 1 and 2. For example, the substrate
may include an angled retlective surface to improve out-
coupling, such as a mesa structure as described 1n U.S. Pat.
No. 6,091,195 to Forrest et al., and/or a pit structure as
described 1n U.S. Pat. No. 5,834,893 to Bulovic et al., which
are mcorporated by reference 1n their entireties.

Unless otherwise specified, any of the layers of the
vartous embodiments may be deposited by any suitable
method. For the organic layers, preferred methods include
thermal evaporation, mk-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, which are incorporated by
reference 1n their entireties, organic vapor phase deposition
(OVPD), such as described in U.S. Pat. No. 6,337,102 to
Forrest et al., which 1s incorporated by reference in 1ts
entirety, and deposition by organic vapor jet printing
(OVIP), such as described 1n U.S. Pat. No. 7,431,968, which
1s 1ncorporated by reference 1n its entirety. Other suitable
deposition methods 1include spin coating and other solution
based processes. Solution based processes are preferably
carried out 1n nitrogen or an inert atmosphere. For the other
layers, preferred methods include thermal evaporation. Pre-
ferred patterning methods include deposition through a
mask, cold welding such as described in U.S. Pat. Nos.
6,294,398 and 6,468,819, which are incorporated by refer-
ence 1n their entireties, and patterning associated with some
of the deposition methods such as ik jet and OVID. Other
methods may also be used. The materials to be deposited
may be modified to make them compatible with a particular
deposition method. For example, substituents such as alkyl
and aryl groups, branched or unbranched, and preferably
containing at least 3 carbons, may be used 1n small mol-
ecules to enhance their ability to undergo solution process-
ing. Substituents having 20 carbons or more may be used,
and 3-20 carbons 1s a preferred range. Materials with asym-
metric structures may have better solution processability
than those having symmetric structures, because asymmetric
materials may have a lower tendency to recrystallize. Den-
drimer substituents may be used to enhance the ability of
small molecules to undergo solution processing.

Devices fabricated in accordance with embodiments of
the present invention may further optionally comprise a
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barrier layer. One purpose of the barrier layer 1s to protect
the electrodes and organic layers from damaging exposure to
harmiul species in the environment including moisture,
vapor and/or gases, etc. The barrier layer may be deposited
over, under or next to a substrate, an electrode, or over any
other parts of a device including an edge. The barrier layer
may comprise a single layer, or multiple layers. The barrier
layer may be formed by various known chemical vapor
deposition techniques and may include compositions having
a single phase as well as compositions having multiple
phases. Any suitable material or combination of materials
may be used for the barrier layer. The barrier layer may
incorporate an mmorganic or an organic compound or both.
The preferred barrier layer comprises a mixture of a poly-

meric material and a non-polymeric material as described in
U.S. Pat. No. 7,968,146. PCT Pat. Application Nos. PCT/
US2007/023098 and PCT/US2009/042829, which are

herein incorporated by reference in their entireties. To be
considered a “mixture”, the aforesaid polymeric and non-
polymeric materials comprising the barrier layer should be
deposited under the same reaction conditions and/or at the
same time. The weight ratio of polymeric to non-polymeric
material may be in the range of 95:5 to 5:95. The polymeric
material and the non-polymeric material may be created
from the same precursor maternial. In one example, the
mixture of a polymeric material and a non-polymeric mate-
rial consists essentially of polymeric silicon and 1norganic
s1licon.

Devices fabricated in accordance with embodiments of
the mvention can be incorporated into a wide variety of
clectronic component modules (or units) that can be incor-
porated 1nto a variety of electronic products or intermediate
components. Examples of such electronic products or inter-
mediate components 1include display screens, lighting
devices such as discrete light source devices or lighting
panels, etc. that can be utilized by the end-user product
manufacturers. Such electronic component modules can
optionally include the driving electronics and/or power
source(s). Devices fabricated in accordance with embodi-
ments of the mvention can be incorporated mto a wide
variety ol consumer products that have one or more of the
clectronic component modules (or units) incorporated
therein. Such consumer products would 1include any kind of
products that include one or more light source(s) and/or one
or more of some type of visual displays. Some examples of
such consumer products include flat panel displays, com-
puter monitors, medical monitors, televisions, billboards,
lights for interior or exterior illumination and/or signaling,
heads-up displays, fully or partially transparent displays,
flexible displays, laser printers, telephones, cell phones,
tablets, phablets, personal digital assistants (PDAs), wear-
able device, laptop computers, digital cameras, camcorders,
viewlinders, micro-displays, 3-D displays, vehicles, a large
arca wall, theater or stadium screen, or a sign. Various
control mechanisms may be used to control devices fabri-
cated 1n accordance with the present invention, including
passive matrix and active matrix. Many of the devices are
intended for use i a temperature range comiortable to
humans, such as 18 degrees C. to 30 degrees C., and more
preferably at room temperature (20-25 degrees C.), but
could be used outside this temperature range, for example,
from —-40 degree C. to +80 degree C.

The materials and structures described herein may have
applications in devices other than OLEDs. For example,
other optoelectronic devices such as organic solar cells and
organic photodetectors may employ the materials and struc-
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tures. More generally, organic devices, such as organic
transistors, may employ the materials and structures.

The term “halo,” “halogen,” or “halide” as used herein
includes fluorine, chlorine, bromine, and 1odine.

The term “alkyl” as used heremn contemplates both
straight and branched chain alkyl radicals. Preferred alkyl
groups are those containing from one to fifteen carbon atoms
and includes methyl, ethyl, propyl, 1-methylethyl, butyl,
1-methylpropyl, 2-methylpropyl, pentyl, 1-methylbutyl,
2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dim-
cthylpropyl, 2,2-dimethylpropyl, and the like. Additionally,
the alkyl group may be optionally substituted.

The term “cycloalky]l” as used herein contemplates cyclic
alkyl radicals. Preferred cycloalkyl groups are those con-
taining 3 to 10 ring carbon atoms and includes cyclopropyl,
cyclopentyl, cyclohexyl, adamantyl, and the like. Addition-
ally, the cycloalkyl group may be optionally substituted.

The term “alkenyl” as used herein contemplates both
straight and branched chain alkene radicals. Preferred alk-
enyl groups are those containing two to fifteen carbon atoms.
Additionally, the alkenyl group may be optionally substi-
tuted.

The term “alkynyl” as used herein contemplates both
straight and branched chain alkyne radicals. Preferred alky-
nyl groups are those containing two to fifteen carbon atoms.
Additionally, the alkynyl group may be optionally substi-
tuted.

The terms “aralkyl” or “arylalkyl” as used herein are used
interchangeably and contemplate an alkyl group that has as
a substituent an aromatic group. Additionally, the aralkyl
group may be optionally substituted.

The term “heterocyclic group” as used herein contem-
plates aromatic and non-aromatic cyclic radicals. Hetero-
aromatic cyclic radicals also means heteroaryl. Preferred
hetero-non-aromatic cyclic groups are those containing 3 or
7 ring atoms which includes at least one hetero atom, and
includes cyclic amines such as morpholino, piperdino, pyr-
rolidino, and the like, and cyclic ethers, such as tetrahydro-
furan, tetrahydropyran, and the like. Additionally, the het-
erocyclic group may be optionally substituted.

The term “‘aryl” or “‘aromatic group” as used herein
contemplates single-ring groups and polycyclic ring sys-
tems. The polycyclic rings may have two or more rings in
which two carbons are common to two adjoining rings (the
rings are “fused”) wherein at least one of the rings 1s
aromatic, e€.g., the other rings can be cycloalkyls, cycloalk-
enyls, aryl, heterocycles, and/or heteroaryls. Preferred aryl
groups are those containing six to thirty carbon atoms,
preferably six to twenty carbon atoms, more preferably six
to twelve carbon atoms. Especially preferred 1s an aryl group
having six carbons, ten carbons or twelve carbons. Suitable
aryl groups include phenyl, biphenyl, triphenyl, triph-
enylene, tetraphenylene, naphthalene, anthracene, phe-
nalene, phenanthrene, fluorene, pyrene, chrysene, perylene,
and azulene, preferably phenyl, biphenyl, triphenyl, triph-
enylene, fluorene, and naphthalene. Additionally, the aryl
group may be optionally substituted.

The term “heteroaryl” as used herein contemplates single-
ring hetero-aromatic groups that may include from one to
five heteroatoms. The term heteroaryl also includes polycy-
clic hetero-aromatic systems having two or more rings 1n
which two atoms are common to two adjoining rings (the
rings are “fused”) wheremn at least one of the rings 1s a
heteroaryl. e.g., the other rings can be cycloalkyls, cycloalk-
enyls, aryl, heterocycles, and/or heteroaryls. Preferred het-
eroaryl groups are those containing three to thirty carbon
atoms, preferably three to twenty carbon atoms, more pret-
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crably three to twelve carbon atoms. Suitable heteroaryl
groups 1nclude dibenzothiophene, dibenzoturan, dibenzose-
lenophene, furan, thiophene, benzofuran, benzothiophene,
benzoselenophene, carbazole, indolocarbazole, pyridylin-
dole, pyrrolodipyridine, pyrazole, imidazole, triazole, oxa- 5
zole, thiazole, oxadiazole, oxatriazole, dioxazole, thiadiaz-
ole, pyridine, pyridazine, pyrimidine, pyrazine, triazine,
oxazine, oxathiazine, oxadiazine, indole, benzimidazole,
indazole, indoxazine, benzoxazole, benzisoxazole, benzo-
thiazole, quinoline, 1soquinoline, cinnoline, quinazoline, 10
quinoxaline, naphthyridine, phthalazine, pteridine, xan-
thene, acridine, phenazine, phenothiazine, phenoxazine,
benzofuropyridine, furodipyridine, benzothienopyridine,
thienodipyridine, benzoselenophenopyridine, and seleno-
phenodipyridine, preferably dibenzothiophene, dibenzo- 15
turan, dibenzoselenophene, carbazole, indolocarbazole, 1mi-
dazole, pyridine, triazine, benzimidazole, and aza-analogs
thereol. Additionally, the heteroaryl group may be optionally
substituted.

The alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, heterocy- 20
clic group, aryl, and heteroaryl may be unsubstituted or may
be substituted with one or more substituents selected from
the group consisting of deuterium, halogen, alkyl, cycloal-
kvyl, heteroalkyl, arylalkyl, alkoxy, aryloxy, amino, cyclic
amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl, 25
aryl, heteroaryl, acyl, carbonyl, carboxylic acid, ether, ester,
nitrile, 1sonitrile, sulfanyl, sulfiny/, sultfonyl, phosphino, and
combinations thereof.

As used herein, “substituted” indicates that a substituent
other than H 1s bonded to the relevant position, such as 30
carbon. Thus, for example, where R' is mono-substituted,
then one R' must be other than H. Similarly, where R' is
di-substituted, then two of R' must be other than H. Simi-
larly, where R' is unsubstituted. R' is hydrogen for all
available positions. 35

The “aza” designation 1n the fragments described herein,
1.¢. aza-dibenzofuran, aza-dibenzothiophene, etc. means that
one or more of the C—H groups 1n the respective fragment
can be replaced by a nitrogen atom, for example, and
without any limitation, azatriphenylene encompasses both 40
dibenzo[1,h]quinoxaline and dibenzo[f,h]quinoline. One of
ordinary skill in the art can readily envision other mitrogen
analogs of the aza-derivatives described above, and all such
analogs are intended to be encompassed by the terms as set
forth herein. 45

It 1s to be understood that when a molecular fragment 1s
described as being a substituent or otherwise attached to
another moiety, its name may be written as if 1t were a
fragment (e.g. phenyl, phenylene, naphthyl, dibenzoturyl) or
as 11 1t were the whole molecule (e.g. benzene, naphthalene, 50
dibenzofuran). As used herein, these different ways of
designating a substituent or attached fragment are consid-
ered to be equivalent.

According to an aspect of the present disclosure, ligands
containing five-membered ring fused on pyridine or pyrimi- 55
dine ring combined with partially fluorinated side chains that
are found to be useful as phosphorescent light-emitting
metal complexes for organic light emitting devices are
disclosed. The resulting light-emitting metal complexes
exhibited improved external quantum efliciency and life- 60
times.

Some exemplary ligands disclosed herein are fluoropy-
rimidine, thienopyrimidine, pyrrolopyrimidine, and cyclo-
pentapyrimidine. In some embodiments, these ligands can
be combined with aliphatic substituents containing at least 65
one F atom. The combination of these two moieties on a
single ligand was used for multiple reasons. Pyridine- or
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pyrimidine-based ligands used for red dopants have shown
very good device efliciency and good lifetime. The 1ncor-
poration ol one or multiple side chains contaiming F atom

will allow fine tuning of the color and especially provide a
red shift.

According to some embodiments, a compound compris-
ing a ligand L , of Formula I,

X2
3% Ty

R—— B +R2 |
)& N.
A

1s disclosed; wherein ring A 1s a 5-membered or 6-membered
carbocyclic or heterocyclic ring:

wherein R 1s fused to ring B and has a structure of
Formula II,

wherein the wave lines idicate bonds to ring B;

wherein R' represents mono, di, tri, or tetra substitution,
or no substitution;

wherein R” represents mono or di substitution, or no
substitution;

wherein X', X*, X°, and X* are each independently
carbon or nitrogen;

wherein at least two adjacent of X', X*, X°, and X* are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR!, O, S, Sc, C=0, S—0, SO,, CR'R", S1R'R", and
GeR'R";

wherein R', R*, R, R* R', and R" are each independently
selected from the group consisting of hydrogen, deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, arylalkyl, alkoxy,
aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
alkynyl, aryl, heteroaryl, acyl, carbonyl, carboxylic acid,
ester, nitrile, 1sonitrile, sulfanyl, sulfinyl, sulfonyl, phos-
phino, and combinations thereof; and wherein any two
adjacent substituents are optionally joined to form into a
rng;

wherein at least one of R" and R* comprises a chemical
group selected from the group consisting of alkyl, cycloal-
kyl, partially fluorinated alkyl, partially fluorinated cycloal-
kyl, and combinations thereof;

wherein the ligand L, 1s coordinated to a metal M;
wherein the ligand L, 1s optionally linked with other
ligands to comprise a tridentate, tetradentate, pentadentate,
or hexadentate ligand, and wherein M 1s optionally coordi-
nated to other ligands.

In some embodiments of the compound, M 1s selected
from the group consisting of Ir, Rh, Re, Ru, Os, Pt, Au, and
Cu.

In some embodiments of the compound, M 1s Ir or Pt.
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In some embodiments of the compound, the ligand L, 1s _continued
selected from the group consisting of: R4 R, R4 R

5 R2 X
\ , \
: ‘ R"'--..._L
|
Ne N N
10 e

3
X
R/ R/
R’ R’
R* R*
. . R? = X \ X \
/ 7Ry ? / YA ’ ) 4
R3 ‘ R3 ‘ N7 R a XX R
2
X__...-"'" / N-..“ X’__.—-'"'" /N_'*‘ R'\-.._..:-
~ - X, [~
20 R2 Z 22
()
R! R/
R3 R4 R3 R4 55 Rl Rl
R4 R’ and nd R,
2 — —
X n2 X R
\ rl \ \\ ) X X
‘ ‘ 30 N N R4l N
N N. N. ~—
E/ R 7 2N I N
RZ S N
R! R > g
R! R/

In some embodiments of the compound, the ligand L | 1s:

40
X2
SRS
2
R :;{4 B II!J R
45 X
RI—-
|
P
50
In some embodiments of the compound, the ligand L , 1s:
55
X2
S
2
R = B ——R
XN
60
63

In some embodiments of the compound, at least one of R>
and R* is a chemical group selected from the group consist-
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ing of alkyl, cycloalkyl, partially fluorinated alkyl, partially _continued

fluorinated cycloalkyl, and combinations thereof. RAL2
In some embodiments of the compound, at least one of R” E F

and R* is a chemical group selected from the group consist- \)Q

ing of partially fluorinated alkyl, partially fluorinated 5 e :

cycloalkyl, and combinations thereof. RA13
In some embodiments of the compound, R” and R* are not oo

hydrogen. ) \)4
In some embodiments of the compound, at least one of CT3,

X', X*, X, and X* is nitrogen. 10 RAl4
In some embodiments of the compound, X 1s O. . CFs,
In some embodiments of the compound, X 1s NR". g Y
In some embodiments of the compound, X 1s CR'R" or

SiR'R". RALS
In some embodiments of the compound. R', R*, R, R*, 15 ) CH,F,
R' and R" are each independently selected from the group

consisting of hydrogen, deuterium, alkyl, cycloalkyl, and \r

combinations thereof.

‘ RAlﬁ
In some embodiments of the compound, R', R*, R®, R”, . CHF,,
R' and R" are each independently selected from the group 20 d
consisting of hydrogen, deuterium, methyl, ethyl, propyl,
1 -methylethyl, butyl, 1-methylpropyl, 2-methylpropyl, pen- RAI7
tyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,1-dim- . CF;,
cthylpropyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl, cyclo- gl Y
pentyl, cyclohexyl, and combinations thereof. 25 OF
In some embodiments of the compound, at least one of R° i
and R* is selected from the group consisting of: RAIS
"’\/F’
RAI 30
"'”*\CF% RAI9
i . CH,F,
#’a'\/CF3? ’
A 35 CH,F
RAZU
- CHFE,,
<" N, ] ‘\(
RA4 CHF,
l\ 40 RA2!
Pl CH,F, \/I\
RA3 CF;,
RAZZ
) 45 CF;
-7 CHF>,
RA6 Pt
CF3 CFS:
}\ RA23
.-""'# CF 50 CHEF
3: '\/]\
A7 -
#”\A : ol CH»F,
. Clks, RA24
R4S CHF,
\/\CHEF? 55 \)\
R CHF,
*'*#\/\C} S, RA25
RAIU :
60 .
RAZﬁ

65
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-continued -continued

RAz? RAT;’

CF; Ck3
CF;
S ~ 5 CF3
) CFs,
RA28 .
-” CF
/kjF% 3
s 10

RA38
CFEs,
RA29
CF,
3 14 RA39
RA30 k3
FC CF
-~ 20 RA40

and

CF;
25
RA41
3.

RA31

2 C
CFj, F
| | :“F,

Clj 30
F,C
CF, In some embodiments of the compound, R* and R* are
jomed to form a ring structure selected from the group
CF; ,5 consisting of:
RABB
’ A42
F . R
N .
F 40 CF3:
k RA43
RA34 Cl3
EF 45
F F CF3:
K,
. CF3
I I3 50 ‘ p A4
RA435 .
F3C Qilj‘,
. " 55 RA45
- F
CFE
3 . F
RA36 -’
Cls 60 R446
b
K,
.o N )
CFs, s .
b
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D
5 - CF3,
.’ CF;,
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~. CE3, R
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10 D
o CF3:
. - - \CF3 w
RA49 CE5
Cl3 RAS9
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D
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! 30 D
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In some embodiments of the compound, the ligand L , 1s
selected from the group consisting of:

In some embodiments of the compound, at least one of R® <4
and R* is selected from the group consisting of:

v e TN e
; \

> 60 - N“‘-.. 0 /N.._h“
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-continued TABLE 1-continued
R4
N Ligand R? R?
/ \
R3 / LAll RAEE RA‘B
N 5 LA . RAES RA‘B
Sf / -.__hh LAL’} H RA‘ 14
T RA2 RA14
Lj i: RAE RA‘ 14
..""'# L RA14 RA 14
\ i LAI6 RA22 RA14
\ 0 L mw o pe
\/\/ L4ig H R4+
? Rl : LAQG RAE RAEE
. T RA3 RA22
R ij; RAlﬁl RA‘EE
N
/ \ LAQB RAEE RA‘EE
/ s L s RA28 RA22
3
: - ‘ _z N F2s HA‘E Rji
- L R R
N T Lji RA3 RA28
R’ L oo RA14 RA28
’,“' L RAEE RAES
XYy L‘ﬂg RA28 RA28
~ \/ L 43 RA? H
, R! ; L 433 RAM H
R4 LA34 Rjj; H
N N s RAE HBI
L R R
Ry N 436 A3 Bl
25 L. R R
R? ‘ R ‘ A37 414 Bl
\ N N s RA‘IE RBI
~. ~ L R R
\/ . L . LABQ A28 nB!
4 440 A2 B2
R L ot R R
/\ el X el L 410 R4 R
i i I RAlﬁl RBE
| | 30 [ 22 RE2
M / / L RAEB RBE
ke e 57 e e
LA‘4? RAS RB3
I e RAL4 R B3
_ A22 B3
wherein R*, R*, R, and R' are as defined above. 35 15449 E s §B3
In some embodiments of the compound, the ligand L, is Lj: A2 RB4
selected from the group consisting of L ,, through L ,-., I s R43 R34
defined as follows: L 453 RAM RZ
LA54 RAEE RB4
L. ,, through L ,;-. are based on a structure of Formula IV, L A28 "y
40 Bl A2
L R R
szj R3B! RA3
LA58 RBI RA 14
L RBI RAEE
R L‘ﬁg RB! RA428
iji} RBE RAE
B2 A3
45 L 46> R R
L RBE RA‘ 14
L“m3 R B2 RA22
Lj: RBE RA‘ES
LAE,E, RBS RAE
I R B3 RA3
T R B3 RA14
’ >0 szj R B3 RA22
LA?D RBB RAES
: : . B4 A2
in which R®, R*, and X are defined as shown in Table 1 ]]:A?l 534 E '
. A72
below . LA o RB4 RA14
55 Laza R R e
TABLE 1 L 475 R R
I H RA2
| A7 A2 A2
Ligand R3 R4 X L 477 R R
L.a7e R R
L. H R4 O L 7o R R
Lj; RA2 RA2 O L 450 R4 R4
43 12 60 A28 A2
L 43 R R O L 431 R R
L 44 R4 RA2 O L g H R4
I s RA422 R42 O L ss3 RA2 RA3
L 46 RA%3 R4~ O L 4sa Rj; Rji
L H RA3 O L 45 R R
Lj; RA2 RA3 O L 456 R4# R4
I . R A3 RA43 O 65 Lo RA28 RA43
Laio RAM R4 O I fas H RA14

NN NNNNNNNNnNnnnQOOOOOOO0O000000000000000000000000000000O0000000C00O000OC0O0O0O000000O00O00O0CO0O0O0O0O | X
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21 :ed TABLE 1-continued
TABLE 1-continue

4
3 4 X Ligand R R X
Higand : - R422 RA14 C(CH,),
T RA‘Q RA14 5 5 ifili; RAQS RA 14 C(CH3)2
A89 RAB RA14 s LAI - RAEE C(CH3)2
L 400 RA14 RA14 S LAmQ A2 RA22 C(CH,),
L o1 422 RA414 Q A170 3 A2 C(CH.),
L 495 RAES RA14 Q L4171 pAld RA22 C(CH,),
L 403 R RA22 Q L4172 A2 RA22 C(CH,),
L 404 HAE RA22 Q L4173 D28 RA22 C(CH,),
L 495 RAS RA422 S 10 L4974 o A28 C(CH.).
L 406 RAM RA22 Q L4175 DA RA28 C(CH,),
L 497 RAEE RA22 Q L 4176 A3 RA28 C(CH,),
L 408 RAES R422 q L4177 pAld RA28 C(CH,),
L 400 R RA28 S L417s A2 RAS C(CH,),
LAmG EAE RA‘EB S ]I:AHQ RAES RAES C(CH3)2
L4101 R 43 RA428 S 15 4180 e - C(CH,),
Lo {14 RA428 Q L 4181 3 H C(CH.).
L4103 RAEE RA28 S L 4190 nld - C(CH.).
L4104 RAES RA28 S L 4193 p22 - C(CH.),
L410s RAE H S L 4184 28 . C(CH.,),
L 4106 RA3 5] S L41gs A2 RBI C(CH,),
L4107 RAM H S 50 L 416 A3 RBI C(CH,),
L410s RAEE H S L4187 Al RBI C(CH,),
L4100 RAQS H S L 4183 A2 RE! C(CH,),
Lsi1o RAE R3B! Q L4189 D A28 REI C(CH,),
Lsi11 RA.3 R3B! Q L4190 R A2 RE? C(CH,),
Ltz RAM RB! S Lol A3 RE2 C(CH,),
L4113 RAEE RB! Q L4190 Al RE2 C(CH,),
Lsi14 RAES RB! S 25 L4193 22 DB C(CH),
L4i1s RAE RB2 Q L4194 A28 RE? C(CH,),
Lsiie Rﬂ RB2 Q L4195 A2 RE3 C(CH,),
L4117 RAM RB2 Q L4196 A3 RE3 C(CH,),
IBYERT: RAEE RB2 S L 4107 nld R B3 C(CH.).
L1 RAES RB2 Q L 4108 A2 RB3 C(CH,),
L4120 RA.Q RB3 S 30 L4199 A28 R B3 C(CH,),
L4121 Rﬂ RB3 S L4200 A2 R B4 C(CH.),
Lsi2o RAM CE Q L 4201 R A3 RBA C(CH,),
L4123 R 497 RB3 Q L 420> DAl RBA C(CH,),
L4124 RAES RB3 Q L 4503 A2 RB4 C(CH,),
Lsios R P RB4 S L1204 D A28 RBA C(CH,),
L4126 R 43 RB4 Q 35 L 4205 RBI RA2 C(CH,),
L4127 RAM RB4 Q L 4506 RBI RA3 C(CH,),
L4128 RAEE RB4 S L 1207 Y RAl4 C(CH,),
L4129 R 428 R34 S L4208 RB] RA22 C(CH,),
L 4130 RB i RA2 Q L 4500 RBI RAS C(CH,),
L4131 RBI R43 Q Lo B2 RA2 C(CH,),
L132 RBI R-A14 S 40 Lo s RA3 C(CH,),
L 4133 RBI RA22 S L212 B2 RAL4 C(CH,),
L4134 RBI R428 q Lo DB RA22 C(CH.),
L4135 Rgz R42 Q L4o14 R B2 RAS C(CH,),
La136 RBE R43 S Lois B3 RA2 C(CH,),
L 4137 RBE RA14 q Lsoie B3 RA3 C(CH,),
Li3s RBE RA22 S Lao17 D B3 RAL4 C(CH,),
L4130 RBE RA428 Q 45 L o1g 3 A2 C(CH.).
L4140 RB3 R42 S Lo B3 RA28 C(CH,),
L4141 RB3 RA3 Q L 4200 'y RA2 C(CH,),
L 140 RB3 R-A14 Q Loy Y RA3 C(CH,),
L4143 RE3 R422 S L4222 R B RAl4 C(CH,),
L4144 RB3 R428 Q L 4203 R B4 RA22 C(CH,),
L4145 §B4 R42 S 50 L4224 B4 RA28 C(CH,),
L4146 R B4 RA3 q ]I:AQES o RA? NCH,
L4147 R B4 RA14 S LAEEG p 42 RA2 NCH,
Ls1as R B4 RA422 S Lfizz? A3 A2 NCH,
L4140 R B4 RA428 S LAEES pAld pA? NCH,
L1150 H RA2 C(CH,), LA229 P22 A2 NCH,
L4151 R42 RA42 C(CH3)2 55 LAEBD RA28 RA2 NCH,
Lg1s R A3 RA2 C(CH,), LA231 o RA3 NCI,
L4153 RAl4 RA2 C(CH,), LAEBE P2 pA3 NCH,
La1s4 R 422 RA2 C(CH;), LA233 pA3 A3 NCH,
L4155 RA28 R42 C(CHB)E LA234 RA1L4 RA3 NCH,
L4156 H RA3 C(CH,)- LA235 RA22 A3 NCH,
L4157 R42 RA3 C(CH;)» 60 LAEBG RA28 RA3 NCH,
L4158 R 43 R43 C(CH;), LAEST o RAI4 NCH,
L4iso RA14 RA3 C(CH,), LAEBS 2 RAla NCH,
L 4160 RA22 RA3 C(CH;), LAEBQ 3 RAL4 NCH,
L4161 RA428 RA3 C(CH3)2 LA24D RAL4 RAl4 NCH,
Lie H RA414 C(CH,), LA241 P22 RAl4 NCH,
Lates RA2 RAL4 C(CH,), s LA242 A28 pAld NCH,
Lirea RA3 RA14 C(CH,), LA243 o A2 NCH.,
Lates 414 RA4 C(CH3)- 4244
L4166 R
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TABLE 1-continued TABLE 1-continued

Ligand R’ R* X Ligand R? R? X
L 4545 RA2 RA22 NCH, L 433 RA22 RA22 N(isobutyl)
L soa6 Rj; Rji NCH, 5 L 4394 RA23 Rji N(isobutyl)
L 4547 R R NCH,; L 4355 H R N(isobutyl)
L sous Rji Rji NCH, L 4396 Rji Rjjz N(isobutyl)
L 4540 R RA28 NCH; L 4357 RA L RAES N(%sc: butyl)
L 4550 H R NCH, L 43>8 R R N(isobutyl)
L o5 R42 RA%8 NCH, L 4390 RA%2 RA%3 N(isobutyl)
| S R4 RA%S NCH, 10 L 4330 RA%S RA%3 N(isobutyl)
L 553 RA14 RA28 NCH, L 4331 RA2 H N(isobutyl)
L 4554 R4+ RA2S NCH, L 4335 RA2 H N(isobutyl)
L 455 R4S RA%8 NCH, L 4333 RA H N(isobutyl)
| B R4 H NCH; L 4334 RA%2 H N(isobutyl)
L ;557 RA3 H NCH, L 4335 RA23 H N(isobutyl)
L ;558 RA14 H NCH,; 5 L 336 RA2 R5! N(isobutyl)
L 450 R4 H NCH, L 4337 RA? R5! N(isobutyl)
L 260 R4S H NCH; L 4338 RAM R5! N(isobutyl)
L 61 R-2 R5! NCH, L 4330 RA422 R51 N(isobutyl)
L 56 R4 R5! NCH, L 4340 RA28 R5! N(isobutyl)
L 063 R4 R5! NCH, L 4241 RA2 R5? N(isobutyl)
L 264 RA#2 R? NCH, .0 L 4345 RA? R5? N(isobutyl)
L 65 R-4%S R51 NCH, L 4343 RA14 R52 N(isobutyl)
L oec RA42 R5? NCH, L 4344 RA22 R5? N(isobutyl)
L 567 R4 R5? NCH; L 4345 RA%S R5? N(isobutyl)
L 063 RA14 R52 NCH, L 1346 RA42 R55 N(isobutyl)
L 4560 RA2 R52 NCH; L 4347 R4 R55 N(1sobutyl)
L 4570 R4S R5? NCH, L 434¢ RA14 R5? N(isobutyl)
L o7 R4 R5Z? NCH; 25 L 4340 RA%2 R5? N(isobutyl)
L 57 RA3 R53 NCH, L 4350 RA23 R53 N(isobutyl)
L 573 RA4 R57 NCH, L 4351 RA2 R54 N(isobutyl)
L 4574 R4 R5? NCH, L 4355 RA? RZ4 N(isobutyl)
L 4575 RA428 R5? NCH, L 4353 RAM RZ* N(isobutyl)
L 76 R-2 R54 NCH, L 4354 RA422 R54 N(isobutyl)
L 57 R4 R54 NCH, 30 L 4355 RA28 R54 N(isobutyl)
L o7e R4 R54 NCH, L s356 R5! RA2 N(isobutyl)
L 4579 R4 RZ4 NCH; L 4357 R5! RA? N{1sobutyl)
L 4230 R4S RZ NCH; L 4359 R5! RA14 N(isobutyl)
AZ Bl Bl 422 :
L2s1 RAB RBI NCHj; L 4350 R R N(isobutyl)
L sogo R R NCH; L R5! RA%3 N{1sobutyl)
L RAL4 RZ! NCH 4300 -
4283 P 1 3 35 L 4361 R R4 N(isobutyl)
LA234 RAES RBI NCH3 LA_’}.EQ RBE RAE N(iSD Jllty__)
A2 B2 L4363 R R N{isobutyl)
LA‘ESE R R NCHS B2 A22 -
43 B2 L 4364 R R N(1sobutyl)
LAES? R R NCHS B2 A28 -
A14 B2 L 4365 R R N(1sobutyl)
LA‘ESS R R NCHS B3 A2 ;
T R 422 R 32 NCH L 4366 R R N(1sobutyl)
A289 3 B3 43 :
L o0 RA28 RB2 NCH, 40 L (367 RB3 RA y N(%sm outyl)
L o RA2 R33 NCH, L 268 RB3 ]E{A22 N(%sc: butyl)
L 505 R43 R23 NCH, L 4360 Rm RAES N{isobutyl)
L o5 RA14 R B33 NCH, L 4376 RB4 RA2 N(%SD butyl)
L 4504 Rji Ri j NCH, L 437 RB4 RAB N(%SD butyl)
L 4595 R R NCH; L 4375 R R: N{isobutyl)
4296 Rjj Rij NEH 4> L4373 R RAM N(isobutyl)
L 297 RA y R34 NCHj; L 4374 RZ4 R4 N(1sobutyl)
L 4208 R R NCH; L 4375 R54 RA428 N(1sobutyl)
L 4500 RA22 R54 NCH,
L 4300 RA%3 Rj;‘ NCH,
L H R N(isobutyl
Ljil RA2 RA2 N&SG juttyy_g 5o and L5 through L5, are based on a structure of, Formula
L 4303 RA2 RA42 N(1sobutyl) V,
L 4304 RA14 RA2 N(isobutyl)
L 4305 RA#2 RA2 N(1sobutyl)
L 4306 R4S Rj‘j N(1sobutyl)
L H R N(isobutyl
LASD? RA2 R4 NEis-::u :Juty |
4308 tyl) 55
L R4 RA? N(1sobutyl)
4309 1
L RAM RA3 N(isobutyl
Lﬂm RA22 RA3 NEiSG :Juty |
4311 tyl)
L 4315 R4S RA2 N(isobutyl)
L 4313 H RA4 N(1sobutyl)
L 4314 RA2 RAM N(1sobutyl)
L 4315 RA2 RA14 N(1sobutyl) o0
L 4316 RA14 RAM N(isobutyl)
L 4317 R4+ RAM N(1sobutyl)
L 4318 RA%3 RA14 N(1sobutyl)
L 4310 H RA422 N(1sobutyl)
L 4390 RA42 RA22 N(isobutyl)
L 435 R4 RA%2 N(1sobutyl) 65
I 135 R4 RA22 N(isobutyl) in which R°, R* and X are defined as shown in Table 2

below:
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TABLE 2 TABLE 2-continued
Ligand R’ R? X Ligand R? R* X
L4376 H R4 O Laasa R4 R4 S
LA_} - RAE RAE O 5 LA‘455 RAEE RAE S
LA_’} - RAE RAE O LA456 RAES RAE S
L4379 R4 R O L aas7 H R S
LABSD RAEE RAE O LA453 RAE RAB S
LA_’}Sl RAES RAE O LA459 RAS RAS Q
L43so H R O L aa60 R R S
L 4383 R4 RA O 10 L 1461 R4 R4 S
LA‘334 RA3 RAB O LA‘462 RAES RAB S
LA335 RA 14 RAS O LA463 H RA 14 Q
LABS:S RAEE RAB O LA464 RAE RA 14 Q
LASS? RAES RAS O LA465 RA‘S RA‘ 14 q
LA‘BSS H RA 14 O LA::IGG RA 14 RA 14 S
LA_’}SQ RAE RA 14 O 3 LA46? RAEE RA 14 Q
LABQD RAS RA 14 O LA453 RAES RA 14 Q
LASQl RA 14 RA 14 O LA::IGQ H RAEE Q
LABQE RA‘EE RA‘ 14 O LA‘4?0 RA‘E RAEE Q
LABQ} RAES RA 14 O LA‘.«:l?l RAB RAEE S
LA394 H RAEE O LA4?2 RA 14 RAEE Q
LA395 RAE RAEE O LA‘::I?E RAEE RAEE Q
I roc RA3 R422 0O 20 I 117 R428 R422 <
LABQ? RA 14 RAEE O LA4?5 H RAES S
LASQS RAEE RAEE O LA4?6 RAE RAES Q
LA‘BQQ RAES RAEE O LA‘ril?? RAB RAES Q
LA4DD H RAES O LA4?S RA 14 RAES Q
LA::IDl RAE RAES O LA4?Q RAEE RAES Q
LA4U2 RAS RAES O 75 LA4SD RAES RAES Q
L 140 R RA2S 0 L sas: R H S
L4404 R4 R4S O L 448 R4 H S
LA405 RAES RAES O LA483 RA 14 5| q
Lus06 R H 0 Lsseu RA22 H S
Ltsor R H 0 L ras: R2S H S
L 4408 RAM H O 30 L 4436 R4 RE! S
L 100 RA22 H 0 Luser R R! S
Lusic RS H 0 L ys08 R4 RZ! S
LA411 RAE RBI O LA4SQ RAEE RBI Q
LA::I . RA3 RBI O LA::IQD RAES RBI Q
LA413 RA 14 RBI O LA::IQl RAE RBE Q
LA::I i RAEE RB 1 O 15 LA492 RA 3 RBE Q
LA‘415 RAES RBI O LA493 RA 14 RBE S
LA::I 6 RAE RBE O LA::IEM RAEE RBE S
LA‘41? RAB RBE O LA‘495 RAES RBE Q
LA::I s RA 14 RBE O LA::IQG RAE RBB Q
LAr:l . RAEE RBE O ]_91145_'_#F RAB RBB S
LA420 RAES RBE O LA4QS RA 14 RBS Q
Lo RA2 RB3 O 40 L. 1100 RA22 RB3 S
LA 49 RA 3 R.E 3 O LA 500 RAE 3 R.E 3 q
LA‘423 RA 14 RBB O LA‘501 RAE RB4 Q
LA 494 RA 22 RB 3 O LA . RA 3 RB4 Q
LA::IQS RAES RBB O LASDB RA 14 RB4 Q
LA425 RAE RBd O LA‘5'D4 RAEE RBfil S
LA‘ 197 RA 3 RB4 O 45 LA‘ 505 RAE 3 RB4 S
LA‘423 RA 14 RBd O LA5D6 RBI RAE S
LA::IQQ RAEE RB4 O LASD? RBI RAB Q
LA430 RAES RBd O LA_SDS RBI RA 14 S
LA431 RBI RAE O LASDQ RBI RAEE Q
LA432 RBI RAB O LA5 . RBI RAES Q
L 4a33 R RAH O 50 L4s1i R R4 S
LA‘434 RBI RAEE O LA5 - RBE RAB Q
LA435 RBI RAES O LA5 i3 RBE RA 14 Q
LA435 RBE RAE O LAS 4 RBE RAEE Q
LA43? RBE RAE O LA5 5 RBE RAES Q
LA‘433 RBE RA 14 O LA‘S 6 RBB RAE S
LA‘439 RBE RAEE O 55 LA5 . RBB RAB S
LA44D RBE RAES O LAS s RBB RA 14 Q
LA‘441 RBB RAE O LA5 o RBB RAEE Q
LA442 RBS RAS O LASED RBS RAES Q
LA443 RB3 RA 14 O LA521 RB4 RAE S
LA 444 RB 3 RA 22 O LA - RB4 RA 3 q
LA445 RB3 RAES O LASEB RB4 RA 14 Q
I oaac RB4 RA2 O 60 L. (5o R34 R422 S
LA 447 RB4 RA 3 O LA <95 RB4 RAE 3 Q
Laas R R O L 4s26 H R C(CH;)5
L4440 R R4 O L 4s27 R4 R4 C(CH;);
Laso R R4S O L 4528 R4 R4 C(CH;)5
LA451 H RAE S LASEQ RA t RAE C(CHB)E
L4aso R4 R S 65 L4530 R R C(CH;)>
L4as3 R4 R4 S L 4s31 R4S R4 C(CH;)>



US RE48,809 E

27 28
TABLE 2-continued TABLE 2-continued

Ligand R’ R? X Ligand R? R* X

L 4535 H R4 C(CHs;)- L 610 RAM R4 NCH;
L4533 Rjj Rjj C(CHj) 5 L611 Rji Rji NCH;
LA534 RA 14 RA‘B C(CHB)E LAGlE R RA 14 NCHS

L 4535 Rm RA; C(CHj) L4613 HAE RAM NCH;

L 4536 Rm RAS C(CHs;)- L4614 RAS RAM NCH;
LA53? R RAM C(CHB)E LA615 RA‘M RAM NCHS

L 4s3s HAE RAM C(CHj) L 616 Rm RAM NCH;

L 4539 RA3 RA s C(CH;)- 10 L 17 RAES RA s NCH;

L 4540 RA o RAM C(CHj) L 61 R Rm NCH;
LA541 RAEE RA 14 C(CHS)E LAﬁlQ HAE RAEE NCHS
L4542 Rm RAM C(CHj); L 4620 RAS Rm NCH;

L 4543 R R C(CHs;)- L 4621 R R NCH;

L ssaa HA[2 Rji C(CH;); L 629 Rj;‘ Rji NCH,
Lysas RA3 RAEE C(CHj), 15 L 4623 RAES RAEE NCH,

L 4546 RA g RM C(CHj) L 4624 R RAES NCHj
L4547 RAEE RAEE C(CHs;)- L 4625 HAE RAES NCH;

L 4548 Rm RA‘EE C(CHj) L 4626 RA; RAES NCH;
LA549 R RAES C(CHB)E LAGE? RA 14 RAES NCHS

L 4550 Hﬂ RAES C(CHj) L 4628 RAEE RAES NCHj;
Lassl RAB RAES C(CH5), 20 L6 RAES RA‘ES NEHs
L4552 RA . Rm C(CHj) L 4630 RAE R NCHj;
LASSB RAEE RAES C (CHS)E LAGBl RAS H NCHB

L 4554 RAEE RAEB C(CHs;)- L 4632 RAM H NCH;

L 4sss RAE R C(CHj); L 4633 RAEE H NCH;

L 4556 RA; H C(CHs;)- L 4634 Rm H NCH;
LASS? R H C(CHB)E LAGBS R H NCHB

L 4sss Rj; H C(CHs;)- 23 L 4636 Rjﬁ Ri NCH;

L 4559 Rm H C(CHj) L 4637 RAM RBI NCHj

L 4560 RA-; HBI C(CHs;)- L 4638 Rm RBI NCH;

L 4561 RAB RBI C(CH3), L 4639 Rm RBI NCHj;
Lser RA y RBI C(CHj) L 4640 RAE RBE NCH;

L 4s63 Rm RBI C(CHj) L 4641 RA; RBE NCHj

L 564 RAES RBI C (CH3)2 30 L 4642 RA i RBE NCH;

L 4565 R R C(CHs;)- L 4643 R R NCH;

L ises Rjj Rij C(CH;) L s6aa Rji Rij NCH,
L4567 RA . RBE C(CHs;)- L 4645 RAE RBS NCH;
LASGS RA‘EE RBE C (CHS)E LA‘646 RAB RBB NCHB

L 4560 RAES RBE C(CHs;)- L 4647 RAM RBS NCH;

L 4s70 RAE RBS C(CHj) 33 L 4648 RAEE Rm NCH;
L4571 RAB RBB C(CHs;)- L 4649 Rm RBB NCH;
LA5 72 RA 14 RBB C(CHB)E LA65D RA‘E R34 NCHB
Ls7a RAEE RBB C(CHj) L 4651 RAS RM NCH;
L4574 RAEE RBS C(CHj) L 4652 RAM RM NCHj
Ls7s RAE RM C(CHj) L 4653 Rm RM NCH;
LA5 76 RAB RB4 C (CHS)E 40 LA654 RAES RBd NCHS

L ys77 RA g RM C(CHj) L 4655 RAE REI NCH;

L 4573 RAEE RM C(CHs;)- L 4656 RA; RBI NCH;
Lys7o Rm R34 C(CHj) L 4657 RAM RBI NCH;
LA530 RBI RAE C(CHB)E LA‘GﬁS RAEE RBI NCHB

L 4581 RBI RA; C(CHj) L 4650 Rm RBI NCH;

L ssgo R R C(CHs;)- L 4660 R R NCH;

L 4sg3 Ri i Rj; C(CHj) 45 L 4651 Rjj Rij NCH;
LASSr:l RBI RAES C(CHB)E LAGGE RA 14 RBE NCHS

L 4sgs R R C(CHj) L 4663 R R NCHj

| D Rij Rji C(CH;)> L 664 Rji Rij NCH,

L 4sg7 RBE RAM C(CHj) L 4665 RAE RBS NCHj

L 4sgs REE RAEE C(CHj) L 4666 RAS RBS NCH;

L 4589 RBE RAES C(CH;)- 50 L 4667 RA s RB3 NCH;

L 4590 RBB RAE C(CHj) L 4668 RAEE RBB NCH;
LA591 RBB RAS C(CHB)E LAGGQ RAES RBS NCHB

L 4592 RBB RAM C(CHj) L 4670 RAE R34 NCH;
L4593 RBB Rm C(CHs;)- L4671 RAB RM NCH;

L 4594 RBB RAES C(CHj) L4672 RAM RM NCH;
L4sos R34 RAE C(CH3), 55 L 4673 RAEE RM NCH;

L 4596 RB4 RA;:, C(CHj) L 4674 Rm RM NCHj

L 4s97 R R C(CHj) L 4675 R R NCH;

L ;s0g R&4 RAL4 C(CH;), L 676 H R42 N(isobuty]
L 4509 Ri Rji C(CH,)- L 4677 Rjj Rji N(isobuty.
L 4600 R RA2 C(CHs3)- L 4678 RA y RA2 N(%sm buty.
L 4601 HAr2 RAr2 NCH, 0 L 4670 RA22 RAr2 N(%sc:- buty.
L 4600 R R: NCH; L 4620 R: R: N{1sobuty]
L 4603 RA43 R42 NCH, L ;a1 R4S R42 N(isobuty]
L 604 R4 RA4° NCH, L s620 H RA43 N(isobuty!
L o5 R4%2 R42 NCH, L 4623 R42 RA43 N(isobuty]
L 606 RA448 R42 NCH, L 4634 RA43 RA3 N(isobuty]
L 607 H RA43 NCH, L ;6s5 RA4 RA43 N(isobuty]
L4608 R42 RA43 NCH, 65 L s6s6 G RA43 N(isobuty!
L sc00 RA43 RA43 NCH, L 4657 R4S RA43 N(isobuty]




Ligand

LA 638
LA‘ 689
LA‘ 690
LA‘GQI
LA‘ 692
LA 693
LA 6944
LA 695
LA 696
LA 697
LA‘ 693
LA 699
LA‘ 700
LA‘ 701
LA 702
LA‘ 703
LA‘ 704
LA‘ 705
LA 706
LA‘ 707
LA 708
LA 709
LA 710
LA‘ 711
LA 712
LA 713
LA‘ 714
LA 715
LA‘ 716
LA 717
LA‘ 718
LA 719
LA 720
LA 721
LA 722
LA 723
LA‘ 724
LA‘ 725
LA‘ 726
LA‘ 727
LA 728
LA‘ 729
LA 730
LA‘ 731
LA 732
LA 733
LA 734
LA 735
LA‘ 736
LA‘ 737
LA‘ 738
LA‘ 739
LA‘ 740
LA 741
LA‘ 742
LA 743
LA 744
LA 745
LA 746
LA‘ 747
LA‘ 748
LA‘ 749
LA‘ 750

TABL.
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R4

RA 14
RA 14
RA 14
RA 14
RA 14
RA 14
RA‘EE
RAEE
RA‘EE
RA‘EE
RA‘EE
RA‘EE
RAES
RA‘ES
RAES
RA‘ES
RA‘ES

T
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RA 14
RAEE
RA‘ES

RAE

RA3
RA‘14

RAEE
RA‘ES

RAE

RAS
RA14

RA‘EE
RAES

RAE

RAE
RAlﬁl

RA‘EE
RAES

X

N(iso
N(1so
N(iso
N(iso
N(iso
N(iso
N(1so
N(iso
N(1so
N(1so
N(1so
N(1iso
N(1so
N(1iso
N(iso
N(iso
N(iso
N(iso
N(iso
N(1so
N(iso
N(1so

N(1sobutyl

N(1so
N(1iso
N(1so
N(iso
N(1so
N(iso
N(1iso
N(1so
N(iso
N(1so
N(1iso
N(1so
N(1iso
N(1so
N(iso
N(1so
N(iso
N(1so
N(1so
N(iso
N(1so
N(iso
N(1so
N(1iso
N(1so
N(1iso
N(1so
N(iso
N(1so
N(iso
N(iso
N(1so
N(iso
N(1so
N(1iso
N(1so
N(1iso
N(1so
N(iso
N(1so
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wherein R”" to R®* have the following structures:

-

In some embodiments of the compound, the compound
has a structure of Formula I1I, (L. ,), IR(L 3),_,., wherein L 5 1s

‘,"‘CHS? ’#L | \r: aﬂd ".-
RBI RBZ RB3

a bidentate ligand and n 1s 1, 2, or 3.

RB 4
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In some embodiments of the compound having t

ne struc-

ture of Formula III, the ligand L, 1s selected tfrom t
consisting of:

e group
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and

Lz12
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Lp17

In some embodiments of the compound having the struc-
ture of Formula III, the compound 1s selected from the group
consisting of Compound 1 through Compound 12,7350;

W]

\vid

nerein each Compound x has the formula Ir(L ,,)-(L Bj);

nerein x=7501+k-750, k 1s an integer from 1 to 750, and

j 1s an integer from 1 to 17; and wherein ligands [, through
L,~ are defined as follows:

Lp)
0=
)
L
O—
)
L3
.rO -
b/
Lp4
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In some embodiments of the compound, the compound
has a structure of Formula VI, (L ,) Pt(L-),_. ., wherein L -
1s a bidentate ligand, and m 1s 1, or 2.

In some embodiments of the compound having the struc-
ture of Formula VI, m1s 1, and L , 1s connected to L~ to form
a tetradentate ligand.

According to another aspect of the present disclosure, a
first organic light emitting device comprising: an anode; a
cathode, and an organic layer disposed between the anode
and the cathode 1s disclosed. The organic layer comprises a
compound comprising a ligand L , of Formula I.

wherein ring A 1s a 5-membered or 6-membered carbocyclic
or heterocyclic ring;

wherein R 1s fused to ring B and has a structure of
Formula II,
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wherein the wave lines indicate bonds to ring B;

wherein R' represents mono, di, tri, or tetra substitution,

or no substitution;

wherein R* represents mono or di substitution, or no
substitution;

wherein X', X*, X°, and X* are each independently
carbon or nitrogen;

wherein at least two adjacent of X', X*, X°, and X* are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR!, O, S, Se, C=0, S—0, SO,, CR'R", SiR'R", and
GeR'R";

wherein R', R*, R®, R* R', and R" are each independently
selected from the group consisting of hydrogen, deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, arylalkyl, alkoxy,
aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
alkynyl, aryl, heteroaryl, acyl, carbonyl, carboxylic acid,
ester, nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phos-
phino, and combinations thereof; and wherein any two
adjacent substituents are optionally joined to form into a
ring;

wherein at least one of R® and R* comprises a chemical
group selected from the group consisting of alkyl, cycloal-
kvyl, partially fluorinated alkyl, partially fluorinated cycloal-
kvyl, and combinations thereof;
wherein L, 1s coordinated to a metal M;
wherein [, 1s optionally linked with other ligands to
comprise a tridentate, tetradentate, pentadentate, or
hexadentate ligand; and

wherein M 1s optionally coordinated to other ligands.

The organic light emitting device disclosed herein can be
incorporated into one or more of a consumer product, an
clectronic component module, an organic light-emitting
device, and a lighting panel. The organic layer can be an
emissive layer and the compound can be an emissive dopant
in some embodiments, while the compound can be a non-
emissive dopant in other embodiments.

The organic layer can also include a host. In some
embodiments, two or more hosts are preferred. In some
embodiments, the hosts used may be a) bipolar, b) electron
transporting, ¢) hole transporting or d) wide band gap
materials that play little role 1n charge transport. In some
embodiments, the host can include a metal complex. The
host can be a triphenylene containing benzo-tfused thiophene
or benzo-fused furan. Any substituent in the host can be an
unfused substituent independently selected from the group
consistng of C H, . ,, OCH, ., OAr,, N(C H, _,)-.
N(Ar, )(Ar,), CH=CH—CH, ,,, C=sC—CH, ., Ar,
Ar,-Ar,, and C H, —Ar,, or the host has no substitution. In
the preceding substituents n can range from 1 to 10; and Ar,
and Ar, can be independently selected from the group
consisting of benzene, biphenyl, naphthalene, triphenylene,
carbazole, and heteroaromatic analogs thereof. The host can
be an morganic compound. For example a Zn contaiming,
inorganic material e.g. ZnS.

The host can be a compound comprising at least one
chemical group selected from the group consisting of triph-
enylene, carbazole, dibenzothiophene, dibenzofuran, diben-
zoselenophene,, azatriphenylene, azacarbazole, aza-diben-
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zothiophene, aza-dibenzofuran, and aza-
dibenzoselenophene. The host can include a metal complex.

The host can be, but 1s not limited to, a specific compound
selected from the group consisting of:
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and combinations thereof. Additional information on pos-
sible hosts 1s provided below.

According to another aspect of the present disclosure, a
formulation comprising a compound comprising the ligand
L., of Formula I, as defined above, 1s disclosed. The formu-
lation can 1include one or more components selected from the
group consisting of a solvent, a host, a hole injection
material, hole transport material, and an electron transport
layer material, disclosed herein.

Combination with Other Materials

The materials described herein as useful for a particular
layer 1n an organic light emitting device may be used 1n
combination with a wide variety of other materials present
in the device. For example, emissive dopants disclosed
herein may be used 1 conjunction with a wide variety of
hosts, transport layers, blocking layers, injection layers,
clectrodes and other layers that may be present. The mate-
rials described or referred to below are non-limiting
examples of materials that may be useful 1n combination
with the compounds disclosed herein, and one of skill 1n the
art can readily consult the literature to 1dentity other mate-
rials that may be useful in combination.

Conductivity Dopants:

A charge transport layer can be doped with conductivity
dopants to substantially alter its density of charge carriers,
which will in turn alter 1ts conductivity. The conductivity 1s
increased by generating charge carriers in the matrix mate-
rial, and depending on the type of dopant, a change 1n the
Fermi level of the semiconductor may also be achieved.
Hole-transporting layer can be doped by p-type conductivity
dopants and n-type conductivity dopants are used in the
clectron-transporting layer. Non-limiting examples of the
conductivity dopants that may be used mn an OLED 1n
combination with materials disclosed herein are exemplified
below together with references that disclose those materials:

EP01617493, EP01968131, EP2020694, EP2684932,
US20050139810, US20070160905, US20090167167,
US2010288362, WO06081780, W0O2009003455,
wWQ02009008277,  W02009011327, W02014009310,
US2007252140, US20135060804 and US2012146012.
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b b

HIL/HTL:

A hole injecting/transporting material to be used in the
present mvention 1s not particularly limited, and any com-
pound may be used as long as the compound 1s typically
used as a hole 1injecting/transporting material. Examples of
the material include, but are not limited to: a phthalocyanine
or porphyrin derivative; an aromatic amine derivative; an
indolocarbazole derivative; a polymer containing fluorohy-
drocarbon; a polymer with conductivity dopants; a conduct-
ing polymer, such as PEDOT/PSS; a self-assembly mono-
mer derived from compounds such as phosphonic acid and
silane derivatives; a metal oxide derivative, such as MoO_;
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a p-type semiconducting organic compound, such as 1.4,5,
8,9,12-Hexaazatriphenylenehexacarbonitrile; a metal com-

plex, and a cross-linkable compounds.

Examples of aromatic amine derivatives used i HIL or
HTL include, but not limit to the following general struc-
tures:

1 Ar? Ar? ;
‘TI \ / Ari.. AT
! /N—AIJ—N\ Tf

NG 3 4 I 7
Ar? A, AP Ar, A A AT,
N N
A A
Ar? Art
\ /
/N—Arl—N\
AL Ar’
/ \
ArP—N /N—Arg, and
\Ar? Ar®
Ar? AT
SN
Arl
_N
Ar® Ar? Ar; Ar’,
“\N/ MTJ
Jxr? Ar®

Each of Ar' to Ar’ is selected from the group consisting
of aromatic hydrocarbon cyclic compounds such as benzene,
biphenyl, triphenyl, triphenylene, naphthalene, anthracene,
phenalene, phenanthrene, fluorene, pyrene, chrysene,
perylene, and azulene; the group consisting of aromatic
heterocyclic compounds such as dibenzothiophene, diben-
zoluran, dibenzoselenophene, furan, thiophene, benzoturan,
benzothiophene, benzoselenophene, carbazole, indolocarba-
zole, pyridylindole, pyrrolodipyridine, pyrazole, imidazole,
triazole, oxazole, thiazole, oxadiazole, oxatriazole, dioxa-
zole, thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine,
triazine, oxazine, oxathiazine, oxadiazine, indole, benzimi-
dazole, indazole, indoxazine, benzoxazole, benzisoxazole,
benzothiazole, quinoline, 1soquinoline, cinnoline, quinazo-
line, quinoxaline, naphthyridine, phthalazine, pteridine, xan-
thene, acridine, phenazine, phenothiazine, phenoxazine,
benzoturopyridine, furodipyridine, benzothienopyridine,
thienodipyridine, benzoselenophenopyridine, and seleno-
phenodipyridine; and the group consisting of 2 to 10 cyclic
structural units which are groups of the same type or
different types selected from the aromatic hydrocarbon
cyclic group and the aromatic heterocyclic group and are
bonded to each other directly or via at least one of oxygen
atom, nitrogen atom, sulfur atom, silicon atom, phosphorus
atom, boron atom, chain structural unit and the aliphatic
cyclic group. Fach Ar may be unsubstituted or may be
substituted by a substituent selected from the group consist-
ing of deuterium, halide, alkyl, cycloalkyl, heteroalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl,
carboxylic acids, ester, nitrile, 1sonitrile, sulfanyl, sulfinyl,
sulfonyl, phosphino, and combinations thereof.

In one aspect, Ar' to Ar” is independently selected from
the group consisting of:
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wherein k is an integer from 1 to 20; X'%! to X'°® is C
(including CH) or N; Z'°" is NAr', O, or S; Ar" has the same
group defined above.

Examples of metal complexes used in HIL or HTL
include, but are not limited to the following general formula:

~ YlUl
C Met_(Llﬂl)kﬂ
102
i Y,

wherein Met 1s a metal, which can have an atomic weight

greater than 40; (Y'°'-Y,,,) is a bidentate ligand. Y'°' and

Y'°* are independently selected from C, N, O, P, and S; L'°*
1s an ancillary ligand; k' 1s an integer value from 1 to the
maximum number of ligands that may be attached to the
metal; and k'+k" 1s the maximum number of ligands that
may be attached to the metal.

In one aspect, (Y'°'-Y'%?) is a 2-phenylpyridine deriva-
tive. In another aspect, (Y'°'-Y'“?) is a carbene ligand. In
another aspect, Met 1s selected from Ir, Pt, Os, and Zn. In a
turther aspect, the metal complex has a smallest oxidation
potential in solution vs. Fc*/Fc¢ couple less than about 0.6 V.

Non-limiting examples of the HIL and HTL materials that
may be used i an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials:

CN102702073, DE102012005215, EP01624500,
EPO1698613, EP018306334, EP01930964, EP01972613,
EPO1997799, EP02011790, EP02055700, EP02055701,
EP1725079,  EP2085382, EP2660300, EP650953,
JPO7073529, JP2005112763, JP2007091719,
JP2008021687, JP2014-009196, KR20110083398,

KR20130077473, TW201139402, U.S. Pat. No. 6,517,957

US20020158242, US20030162053, US20050123751,
US20060182993,  US20060240279,  US20070145888,
US20070181874, US20070278938,  US20080014464,
US20080091025, US20030106190,  US20080124572,
US20080145707, US20080220265, US20080233434,
US20080303417, US2008107919, US20090115320,




US RE48,809 E

47 48

US20090167161, US2009066239, US20110073853, wO02011075644, W0O2012177006, WQO02013018530,
US20110163302, US2011240968, US2011278551, w02013039073, WO0O2013087142, WO201311383812,
US2012205642, US2013241401, US20140117329, wO02013120577,  WO2013157367,  WO2013175747,
US2014183517, U.S. Pat. No. 5,061,569, U.S. Pat. No. w02014002873, WO02014015935, WO02014015937,
5,639,914, WOO03075451, WOO07125714, WO08023550, 5 WO02014030872, W02014030921, W02014034791,
WO08023759, W02009145016, WwW02010061324, w02014104514, WO2014157018.
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EBL:

An electron blocking layer (EBL) may be used to reduce
the number of electrons and/or excitons that leave the
emissive layer. The presence of such a blocking layer 1n a
device may result in substantially higher efficiencies, and or
longer lifetime, as compared to a similar device lacking a
blocking layer. Also, a blocking layer may be used to confine
emission to a desired region of an OLED. In some embodi-
ments, the EBL material has a higher LUMO (closer to the
vacuum level) and/or higher triplet energy than the ematter
closest to the EBL interface. In some embodiments, the EBL
material has a higher LUMO (closer to the vacuum level)
and or higher triplet energy than one or more of the hosts
closest to the EBL interface. In one aspect, the compound
used in EBL contains the same molecule or the same
functional groups used as one of the hosts described below.
Host:

The light emitting layer of the organic EL device of the
present invention preferably contains at least a metal com-
plex as light emitting material, and may contain a host
material using the metal complex as a dopant material.
Examples of the host material are not particularly limited,
and any metal complexes or organic compounds may be
used as long as the triplet energy of the host 1s larger than
that of the dopant. While the Table below categorizes host
materials as preferred for devices that emit various colors,
any host material may be used with any dopant so long as the
triplet criteria 1s satisfied.

Examples of metal complexes used as host are preferred
to have the following general formula:

i v 103 l
C \/Met—(Lml)k”

wherein Met is a metal; (Y,,,-Y ") is a bidentate ligand,
Y'"? and Y'°* are independently selected from C, N, O, P,
and S; L'°! is an another ligand; k' is an integer value from
1 to the maximum number of ligands that may be attached
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to the metal; and k'+k" 1s the maximum number of ligands
that may be attached to the metal.
In one aspect, the metal complexes are:

- 0O - O\-\
< Al— (L") ¢ < /ZH—(LIUI)M
- N1, - N1,

wherein (O—N) 1s a bidentate ligand, having metal coordi-
nated to atoms O and N.

In another aspect, Met 1s selected from Ir and Pt. In a
further aspect, (Y'*°-Y'%*) is a carbene ligand.

Examples of organic compounds used as host are selected
from the group consisting of aromatic hydrocarbon cyclic
compounds such as benzene, biphenyl, triphenyl, triph-
enylene, tetraphenylene, naphthalene, anthracene, phe-
nalene, phenanthrene, fluorene, pyrene, chrysene, pervlene,
and azulene; the group consisting of aromatic heterocyclic
compounds such as dibenzothiophene, dibenzoturan, diben-
zoselenophene, furan, thiophene, benzofuran, benzothi-
ophene, benzoselenophene, carbazole, indolocarbazole,
pyridylindole, pyrrolodipyridine, pyrazole, imidazole, triaz-
ole, oxazole, thiazole, oxadiazole, oxatriazole, dioxazole,
thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine, tri-
azine, oxazine, oxathiazine, oxadiazine, indole, benzimida-
zole, indazole, indoxazine, benzoxazole, benzisoxazole,
benzothiazole, quinoline, 1soquinoline, cinnoline, quinazo-
line, quinoxaline, naphthyridine, phthalazine, pteridine, xan-
thene, acridine, phenazine, phenothiazine, phenoxazine,
benzofuropyridine, furodipynidine, benzothienopyridine,
thienodipyridine, benzoselenophenopyridine, and seleno-
phenodipyridine; and the group consisting of 2 to 10 cyclic
structural units which are groups of the same type or
different types selected from the aromatic hydrocarbon
cyclic group and the aromatic heterocyclic group and are
bonded to each other directly or via at least one of oxygen
atom, nitrogen atom, sulfur atom, silicon atom, phosphorus
atom, boron atom, chain structural unit and the aliphatic
cyclic group. Each option within each group may be unsub-
stituted or may be substituted by a substituent selected from




US RE48,809 E

77

the group consisting of deutertum, halide, alkyl, cycloalkyl,
heteroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl,
cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carbonyl, carboxvlic acids, ester, nitrile, 1sonitrile, sulfanyl,
sulfinyl, sulfonyl, phosphino, and combinations thereof.

In one aspect, the host compound contains at least one of
the following groups 1n the molecule:

R
AL PGSy
_ / ‘/ ‘/
) VN N X
‘\/\/‘/ 7

/ \\ N N
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-continued

wherein each of R'”" to R'"’ is independently selected from
the group consisting of hydrogen, deuterium, halide, alkyl,
cycloalkyl, heteroalkyl, arylalkyl, alkoxy, aryloxy, amino,
silyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl,
heteroaryl, acyl, carbonyl, carboxylic acids, ester, nitrile,
isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and com-
binations thereof, and when 1t 1s aryl or heteroaryl, it has the
similar definition as Ar’s mentioned above. k 1s an integer
from 0 to 20 or 1 to 20; k™ is an integer from 0 to 20. X"
to X'°® is selected from C (including CH) or N.
7' and 7'°% is selected from NR'™*!, O, or S.
Non-limiting examples of the Host materials that may be
used 1n an OLED 1n combination with materials disclosed
herein are exemplified below together with references that
disclose those materials:

EP2034538, EP2034538A, EP2757608, JP2007254297.

KR20100079458, KR20120088644, KR20120129733,
KR20130115564, 1TW201329200, US20030175553,
US20050238919,  US20060230965,  US20090017330,
US20090030202, US20090167162, US20090302743,
US20090309488, US20100012931, US20100084966,
US20100187984, US2010187984, US2012075273,
US2012126221, US2013009543, US2013105787,
US2013175519, Us2014001446, US20140183503,
US20140225088, US2014034914, U.S. Pat. No. 7,154,114,
w02001039234, WwWO02004093207, WO02005014551,
WwO02005089025, W0O2006072002, W0O2006114966,
WO0O2007063754,  WO2008056746,  WO2009003898,
wO02009021126, WO02009063833,  W0O2009066778,
w02009066779,  WO0O2009086028,  W02010056066,
w02010107244, W0O2011081423, WO0O2011081431,
WO02011086863, W0O2012128298, W02012133644,
wW02012133649, WO02013024872, WO2013035275,
WO0O2013081315, WO2013191404, WO2014142472.




US RE48,809 E

Q o
N N, 2 eYavat
500




US RE48,809 E

81

6
~
R
P

N\

7
N
4

Y

SRR ate s

PO

_/
OO~

32

N ¢
O O S




US RE48,809 E

-continued

| <_\ !\
\ 7/ \ 7
\__/

34




US RE48,809 E

%@
%

N /

Q

A

\
\

4
/
)
\
4

9 @

¢Q ’ |

Q;m é
yse

86

W,

3¢
S1 \ /




88

US RE48,809 E

Si \ /

/




-continued

QZ -
@
g@

9




US RE48,809 E

-continued

92



US RE48,809 E
93

_ /
X )
/ \
9 Y
/ \ / \
JlaTalmRa
g
® DaUad,
7\ o
P - \ /
]
_ a
Oh \_/

94




US RE48,809 E

N N
N)\N NA\N
AN A




-continued




US RE48,809 E

100

99

N/ \_/ \
[ —/

e

>,

\




US RE48,809 E

101 102

Emutter:
An emitter example 1s not particularly limited, and any Bt

compound may be used as long as the compound 1s typically =

used as an emitter material. Examples of suitable emitter

materials include, but are not limited to, compounds which > g

can produce emissions via phosphorescence, fluorescence,

thermally activated delayed fluorescence, 1.e., TADF (also

referred to as E-type delayed fluorescence), triplet-triplet

annihilation, or combinations of these processes.
Non-limiting examples of the emitter materials that may

Et

be used in an OLED 1in combination with materials disclosed Rt

herein are exemplified below together with references that Ft

CN103694277, CN1696137,
EPO1961743, EP1239526, 15

disclose those matenals:
EB01238981, EP01239526,

EP1244155, EP1642951, EP1647554, EP1841834,
EP18418348, EP2062907, EP2730583, JP2012074444,
JP2013110263, IP44785355. KR1020090133652,
KR20120032054, KR20130043460, TW201332980, U.5. |
Pat. No. 6,699,599, U.S. Pat. No. 6,916,554,
US200100197382,  US20020034656.  US20030068526,
US20030072964,  US20030138657,  US20050123788,
US20050244673, US2005123791, US2005260449,
US20060008670, US20060065890, US20060127696, 23
US20060134459, US20060134462, US20060202194,
US20060251923, US20070034863,  US20070087321,
US20070103060, US20070111026,  US20070190359,
US20070231600, US2007034863, Us2007104979,
US2007104980, US2007138437, US2007224450,
US2007278936,  US20030020237,  US20080233410,
US20080261076, US20080297033, US200805851,
US2008161567, US2008210930, UsS20090039776,
US20090108737, US20090115322,  US20090179555, 35
US2009085476, Us2009104472, US20100090591,
US20100148663, US20100244004, US20100295032,
US2010102716, US2010105902, US52010244004,
US2010270916, US20110057559, US20110108322, A0
US20110204333, US2011215710, US2011227049,
US2011285273, US2012292601, US20130146848,
US2013033172, US2013165633, US2013181190,
US2013334521, US20140246656, US2014103305. U.S.

Pat. No. 6,303,238, U.S. Pat. No. 6,413,656. U.S. Pat. No.
6,653,654. U.S. Pat. No. 6,670,645, U.S. Pat. No. 6,687,266,
U.S. Pat. No. 6,835,469, U.S. Pat. No. 6,921,915, U.S. Pat.
No. 7,279,704, U.S. Pat. No. 7,332,232, U.S. Pat. No.
7,378,162, U.S. Pat. No. 7,534,505, U.S. Pat. No. 7,675,228.
U.S. Pat. No. 7,728,137, U.S. Pat. No. 7,740,957, U.S. Pat.
No. 7,759,489, U.S. Pat. No. 7,951,947, U.S. Pat. No.
3,067,099, U.S. Pat. No. 8,592,586. U.S. Pat. No. 8,871,361,

WO06081973, WO006121811, WO07013067,
WO07108362, WO07115970, WOO07115981,
WO08035571, W02002015645, WwW02003040257,
WwO02005019373,  WO0O2006056413, W0O2008054534,
wO020080733800,  WO2008096609,  W020038101342,
w02009000673,  WO0O2009050281, WO02009100991,
w02010028151, WwWO0O2010054731, WO2010086039,
w02010118029,  wW02011044988, WwW02011051404,
wO02011107491, W02012020327, WO02012163471,
w02013094620, WO0O2013107487, WO02013174471,
wWO02014007565, WO020140089382, W02014023377,
w02014024131, WO0O2014031977, W02014038456,

w02014112450.
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HBL.:

A hole blocking layer (HBL) may be used to reduce the
number of holes and/or excitons that leave the emissive
layer. The presence of such a blocking layer 1n a device may
result 1n substantially higher efliciencies and/or longer life-
time as compared to a similar device lacking a blocking
layer. Also, a blocking layer may be used to confine emission
to a desired region of an OLED. In some embodiments, the
HBL material has a lower HOMO (further from the vacuum
level) and or higher triplet energy than the emitter closest to
the HBL interface. In some embodiments, the HBL. material
has a lower HOMO (further from the vacuum level) and or
higher triplet energy than one or more of the hosts closest to

the HBL interface.

In one aspect, compound used 1n HBL contains the same

molecule or the same functional groups used as host
described above.

In another aspect, compound used 1n HBL contains at
least one of the following groups in the molecule:
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wherein k is an integer from 1 to 20; L'°" is an another
ligand, k' 1s an integer from 1 to 3.

ETL:

Electron transport layer (ETL) may include a matenal
capable of transporting electrons. Electron transport layer
may be intrinsic (undoped), or doped. Doping may be used
to enhance conductivity. Examples of the ETL material are
not particularly limited, and any metal complexes or organic
compounds may be used as long as they are typically used
to transport electrons.

In one aspect, compound used 1n ETL contains at least one
of the following groups 1n the molecule:

S
Xl/j(ml\( 7//X§;10?
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wherein R is selected from the group consisting of hydro-
gen, deuterium, halide, alkyl, cycloalkyl, heteroalkyl, aryl-
alkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxylic acids, ester, nitrile, isonitrile, sulfanyl, sulfinyl,
sulfonyl, phosphino, and combinations thereof, when 1t 1s
aryl or heteroaryl, 1t has the similar definition as Ar’s
mentioned above. Ar' to Ar’ has the similar definition as

Ar’s mentioned above. k is an integer from 1 to 20. X'°* to
X'7% is selected from C (including CH) or N.

In another aspect, the metal complexes used i ETL
contains, but not limit to the following general formula:

i o
( \Bﬂ—(Lml)z-y
N/
- 4

Al—(L1%);

. N

C \Zﬂ_(Lml)z-k’ C \Zﬂ_(Lml)z-k’
N/ N/

L <y - -k

wherein (O—N) or (N—N) 1s a bidentate ligand, having
metal coordinated to atoms O, N or N, N; L'°! is another
ligand; k' 1s an mteger value from 1 to the maximum number
of ligands that may be attached to the metal.

Non-limiting examples of the E'TL materials that may be
used 1n an OLED in combination with materials disclosed

herein are exemplified below together with references that
disclose those materials: CN103508940, EP01602648,

EP01734038, EPO1956007, JP2004-022334,
JP2005149918, JP2005-263199, KRO117693,
KR201301081383, US20040036077, US20070104977,
US2007018153, US20090101870, US20090115316,
US20090140637,  US20090179554, US2009218940,
US2010108990, US2011156017, US2011210320,
US2012193612, US2012214993, US2014014925,
US2014014927, US20140284530, U.S. Pat. No. 6,656,612,
U.S. Pat. No. 8,415,031, WO2003060956, W0O2007111263,
w02009148269, WO02010067394,  W02010072300,
wO02011074770,  WO2011105373, WO0O2013079217,
wWO02013145667, WO2013180376, W02014104499,
wW02014104535.
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Charge Generation Layer (CGL)

In tandem or stacked OLED)s, the CGL plays an essential
role 1n the performance, which 1s composed of an n-doped
layer and a p-doped layer for injection of electrons and
holes, respectively. Electrons and holes are supplied from
the CGL and electrodes. The consumed electrons and holes
in the CGL are refilled by the electrons and holes 1njected
from the cathode and anode, respectively; then, the bipolar
currents reach a steady state gradually. Typical CGL mate-

rials mclude n and p conductivity dopants used in the
transport layers.

In any above-mentioned compounds used in each layer of
the OLED device, the hydrogen atoms can be partially or
tully deuterated. Thus, any specifically listed substituent,
such as, without limitation, methyl, phenyl, pyridyl, etc. may
be undeuterated, partially deuterated, and fully deuterated
versions thereof. Similarly, classes of substituents such as,
without limitation, alkyl, aryl, cycloalkyl, heteroaryl, etc.
also may be undeuterated, partially deuterated, and fully
deuterated versions thereof.

EXPERIMENTAL

Materials Synthesis

All reactions were carried out under nitrogen protections
unless specified otherwise. All solvents for reactions are
anhydrous and used as received from commercial sources.
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Synthesis of Compound 3676

Synthesis of 4-(3,5-dimethylphenyl)-7-1sopropylth-
1eno|3,2-d]pyrimidine

HO._ _OH
N B
> Pd(PPh;),
N F ‘ K,CO,
e AN
N
4 ‘ S
S /N

X

4-chloro-7-1sopropylthieno[3,2-d|pyrimidine (4.50 g,
21.2 mmol). Pd(PPh,), (0.73 g, 0.64 mmol), potassium
carbonate (7.31 g, 52.9 mmol), tetrahydrofuran (THF) (200
ml), and water (50.0 ml) were combined i1n a flask. The
mixture was degassed by bubbling nitrogen gas for 15
minutes and the reaction was then heated to reflux overnight.
The reaction was extracted with ethyl acetate and washed
with brine, dried with sodium sulfate, filtered and concen-
trated down. The brown o1l was purified with silica gel using
DCM to 90/10 DCM % ethyl acetate solvent system. The
orange o1l was further purified with silica gel using 75/25
hept/ethyl acetate solvent system to get 5.50 g of a white

solid for a 90% vyield.
Synthesis of the Ir(III) Dimer

74 ‘Nﬁ

[rClsHeO
q /N 3 84-‘

N\

P YN
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4-(3,5-dimethylphenyl)-7-1sopropylthieno[ 3,2-d|pyrimi-
dine (3.07 g, 10.9 mmol) was mserted 1n a flask and was
solubilized 1n 2-ethoxyethanol (40 mL) and Water (13 mL).
The mixture was degassed by bubbling nitrogen gas for 15
minutes then IrCl;H.,O, (1.15 g, 3.10 mmol) was 1nserted.
The reaction was heated at 105° C. for 24 hours under
nitrogen. The reaction was cooled down to room tempera-
ture, diluted with 10 mL of MeOH, filtered and washed with
MeOH to obtain 1.6 g of a solid for a 65% yield.

Synthesis of Compound 3676

at N
SN Cl "N S
h‘/ )h‘
odBhihe
- NF I YN

The Ir(III) dimer (1.00 g, 0.63 mmol), 3,7-diethylnonane-
4,6-dione (1.34 g, 6.33 mmol) and 2-ethoxyethanol (15 ml)
were combined 1n a flask. Nitrogen was bubbled into the
suspension for 15 minutes and potassium carbonate (0.87 g,
6.33 mmol) was added. The rxn was stirred at room tem-
perature overnight. The mixture was filtered through celite
using dichloromethane (DCM) and the filtrate was concen-
trated down. The solid was triturated in 100 mL of MeOH
and the solid was filtered off. The solid was purified with
silica gel (Pre-treated with Triethylamine) using 95/5 to
90/10 hept/DCM to afford 0.45 g of the title compound (37%
yield).
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Synthesis of Compound 6796

Synthesis of 6,7-dichloro-4-(3
dimethylphenyl)thieno[3,2-d]pyrimidine

HO OH
N \B/
/ ﬁ Pd(PPhs),
- ‘ " K,CO;
Q /N 23
Cl
] O O
/\
/ .
K,CO;
—_2
N
a =
N
S a O
7\
‘/ XX \O_
N F
—_—2
-continued
Cl
N
/ AN
Cl ‘
S e
/\‘
/\/\
4,6,7-trichlorothieno[3,2-d]Jpyrimidine (12.0 g, 50.1

mmol), (3,5-dimethylphenyl)boronic acid (8.27 g, 55.1
mmol), potasstum carbonate (17.3 g, 125 mmol), THF (300
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ml.), and Water (75 mL) were combined 1 a flask. The
solution was purged with nitrogen for 15 min then palladium
tetrakis (1.74 g, 1.503 mmol) was added. The reaction was
heated to reflux under nitrogen overnight. The reaction
mixture was extracted with ethyl acetate (3 times), then
washed with Brine and Water. The yellow solid was purified
with silica gel using 90/10 hept/EtOac as the solvent system
to afford a white solid. The sample was further purified with
silica gel using DCM to 95/5 DCM/EtOac as the solvent
system to get 8.4 g of a white solid for a 54% vield.

Synthesis of 4-(3,5-dimethylphenyl)-6,7-bis(3,3,3-
trifluoropropylthieno[3,2-d]pyrimidine

F-C
: \/\znl__

(CPhos
Pd(OAc),

F3C

F3C
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140
-continued
F4C N
/1 )
FBCJ \S_,,,.... _N

A
N

6,7-dichloro-4-(3,5-dimethylphenyl)thieno[3,2-d]pyrimi-
dine (5.00 g, 16.2 mmol), palladium(II) acetate (0.73 g, 3.23
mmol), and 2'-(dicyclohexylphosphanyl)-N2,N2,N6,N6-te-
tramethyl-[1,1'-biphenyl]-2,6-diamine (CPhos) (2.82 g, 6.47
mmol) were combined 1n an oven dried flask. The system
was purged with nitrogen then THF (50 mL) was added via
syringe. The reaction was stirred for 15 min, then (3,3,3-
tritluoropropyl)zinc(1l) 1odide (300 mL, 64.7 mmol) was
added quickly via syringe. The reaction was stirred at room
temperature overnight and then 1t was quenched with
sodium bicarbonate solution The mixture was extracted 3
times with ethyl acetate and the suspension was filtered
through celite to remove the insoluble solids. The organic
phase was washed twice with brine, dried with sodium
sulfate, filtered and concentrated down to a brown oil. The
crude product was purified with silica gel using 90/10
heptanes/ethyl acetate to get a light brown oil. The sample
was further purified with C18 columns using 70/30 to 90/10
acetonitrile/water as the solvent system to aflord 2.56 g of a
white solid for a 37% yield.

Synthesis of the Ir(III) Dimer

II‘Clg H304

-

CF;

N N
Z \ /Cl\ N s CL3
Ir Ir
P
Cl / ‘
N \
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4-(3,5-dimethylphenyl)-6,7-b1s(3,3,3-trifluoropropyl)
thieno[3,2-d]Jpyrimidine (2.86 g, 6.61 mmol), 2-ethoxy etha-
nol (24 mL) and water (8 mL) were combined 1n a flask.

Nitrogen was bubbled 1nto the reaction for 15 minutes, then
IrC1,H,O, (0.70 g, 1.89 mmol) was added. The reaction was

F4C

N
akh
N
FsC ST N\F N
Ir Ir
/
Nai

W

/
T~~~
-

55

60

65
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heated at 105° C. overnight under mitrogen. The reaction was
cooled and diluted with 10 mL. of MeOH, filtered and

washed with MeOH to aflord 2.28 g (Quantitative Yield) of

an orange-red solid.
Synthesis of Compound 6796

CF; O

N

\
_/

~

AN

K>CO;

\
/

CF;

/

XN

F3C

e

The Ir(IIl) dimer (2.10 g, 1.59 mmol), 3,7-diethyl-3-
methylnonane-4,6-dione (4.0 ml, 15.9 mmol) and 2-ethoxy-
cthanol (30 ml) were combined 1n a flask. Nitrogen was
bubbled 1nto the suspension for 15 minutes then potassium
carbonate (2.20 g, 15.9 mmol) was added. The reaction was
stirred at room temperature overnight. Upon completion of
the reaction, the reaction was diluted in DCM and was
filtered through celite. The red o1l was triturated in 75 mL of
hot MeOH, cooled to room temperature and then filtered off.
The solid was purified with silica gel (Pre-treated with
Triethylamine) using 95/5 to 85/15 of heptanes/DCM sol-

vent system to afford 1.41 g of the title compound (35%
yield).
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Synthesis of Compound 6841

Synthesis of 6-bromo-4-(3,5-dimethylphenyl)-7-
1sopropylthieno[3,2-d]|pyrimidine

SO0
sTNA STNF
XN N
/‘\/\ /‘ #

4-(3,5-dimethylphenyl)-7-1sopropylthieno[3,2-d Jpyrimi-

dine (5.00 g, 17.7 mmol) was added to an oven-dried flask.
The system was evacuated and purged with mitrogen three
times. THF (200 mL) was added and the solution was cooled
to =70° C., then 2.5 M butyllithium (8.5 mL, 21.3 mmol)
was added dropwise. The reaction was stirred for three hours
at this temperature, then dibromine (1.0 mL, 19.5 mmol)
was added dropwise. The reaction was stirred for 30 minutes
at —70° C. then 1t was allowed warm up to room temperature
and stirred overnight. The mixture was quenched with water
and extracted with ethyl acetate and washed twice with
brine, dried with sodium sulfate, filtered and concentrated
down to an orange-yellow solid. The crude product was
purified with silica gel using 95/5 to 90/10 heptane/EtOac
solvent system to obtain an off-white solid. The purification
with silica gel was repeated using 97.5/2.5 to 95/5 heptane/
EtOac solvent system to get 5.10 g of a white solid for an
0% vield.

Synthesis of 4-(3,5-dimethylphenyl)-7-1sopropyl-6-
(3,3,3-trnfluoro-2,2-dimethylpropyl)thieno[3,2-d]
pyrimidine

Br

=\
/

\_/
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F3C Pd(OA
3 \/\ZHBI ( G)g _

(CPhos

N\
e )
F,C Q

NN

6-bromo-4-(3,5-dimethylphenyl)-7-1sopropylthienol3,2-
d]pyrimidine (4.50 g, 12.5 mmol), palladium(Il) acetate
(0.11 g, 0.50 mmol), and 2'-(dicyclohexylphosphanyl)-N2,
N2,N6,N6-tetramethyl-[1,1'-biphenyl]-2,6-diamine (Cphos)
(0.44 g, 1.00 mmol) were combined 1n an oven dried tlask.
The solids were solubilized 1n THF (50 mL) and the reaction
was stirred for 15 min, then (3,3,3-trifluoro-2,2-dimethyl-
propyl)zinc(Il) bromide (110 ml, 24.9 mmol) was added via
syringe and the mixture was stirred overnight. The reaction
was quenched with sodium bicarbonate solution, extracted
with ethyl acetate (3 times). The combined organics were
washed twice with brine, dried with sodium sulfate, filtered
and concentrated down. The crude product was purified with
silica gel using 85/135 heptane/ethyl acetate to get 5.0 gof a
brown o1l. The product was purified again with silica gel
using 97.5/2.5 to 95/5 heptane/ethyl acetate to get 4.1 g of
a clear o1l which changed to a white solid for an 80% vyield.

Synthesis of the Ir(1II) Dimer

II‘C13 H304

-




US RE48,809 E

145

-continued

=N /c1 /N

4-(3,5-dimethylphenyl)-7-1sopropyl-6-(3,3,3-trifluoro-2,
2-dimethylpropyl)thieno[3,2-d]pyrimidine (3.84 g, 9.44
mmol), 2-ethoxyethanol (34 mL), and water (11 mL were

combined 1n a flask. The mixture was degassed by bubbling
nitrogen gas for 15 minutes, then IrC1,H,O, (1.00 g, 2.70

Cl

/ \
\ /

Ir

/
7< L

NN

Cl

A

CN
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S

CF;

mmol) was added. The reaction was heated at 105° C. for 24

hours. The reaction was cooled down to room temperature,

diluted with 30 ml MeOH, then the product was filtered and

washed with MeOH to aflord 2.50 g (Quantitative yield).
Synthesis of Compound 6841

L > )
NS K->CO;
CF

3

i

O\

N O

\11~ / \
/ \

O
~_. < \

The Ir(Il) dimer (2.00 g, 1.58 mmol), 3,7-diethyl-3-
methylnonane-4,6-dione (3.58 g, 15.8 mmol) and 2-ethoxy-
cthanol (30 ml) were combined 1n a flask. Nitrogen was
bubbled into the suspension for 15 min. and then potassium
carbonate (2.18 g, 15.8 mmol) was added. The reaction was
stirred at room temperature overnight. The mixture was
filtered through celite using DCM and the filtrate was
concentrated down. The solid was triturated 1n 100 mL of
MeOH and the solid was filtered ofl. The solid was purified
with silica gel (Pre-treated with Triethylamine) using 90/10

hept/DCM to afford 1.20 g of the title compound (31%
yield).

\
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<\
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Synthesis of Compound 6836

The Ir(IIl) dimer (1.80 g, 1.14 mmol), 3,7-diethyl-5- 40
methylnonane-4,6-dione (2.9 mL, 11.4 mmol) and 2-ethoxy-
cthanol (25 ml) were combined 1n a flask. Nitrogen was
bubbled 1nto the suspension for 15 minutes and then potas-
sium carbonate (1.57 g, 11.4 mmol) was added. The reaction
was stirred at room temperature overnight. The mixture was 43

filtered through celite using

DCM and the filtrate was

concentrated down. The solid was triturated in 100 mL of

MeOH and was filtered off, T

e crude product was purified

with silica gel (Pre-treated wit.

1 Triethylamine) using 95/5 to

90/10 heptanes/DCM to afford 1.20 g of the title compound >

(54% vyield).

Synthesis of Comparative Compound 1

Synthesis of the Ir(III) Dimer

53
4 ‘ N
S /N 60
[rCl3(H>0)3
‘/ X
NN 65

148
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N N

Ir

Ny
Cl/ \
L

7-(3,5-dimethylphenyl)thieno[2,3-c]pyridine (2.063 g,
8.62 mmol) was solubilized 1n Ethoxyethanol (26 mL) and
Water (9 mL). The mixture was degassed by bubbling
nitrogen gas for 15 minutes and then iridium(Il) chlornde

trihydrate (0.80 g, 2.269 mmol) was inserted and the reac-

tion was heated at 105° C. for 24 hours. The reaction was

cooled down to room temperature, diluted with 10 mL of
MeOH, filtered and washed with MeOH to afford 1.20 g
(75% vield) of the product.
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Synthesis of Comparative Compound 1

_ N _ _ K\ _
/S ‘ N Cl N\/‘ Q
Ir/ \Ir

\c1/ F
P ‘

The Ir(IIT) Dimer (1.15 g, 0.82 mmol), 3,7-diethylnonane-
4.6-dione (1.30 g, 6.12 mmol) and 2-ethoxyethanol (14 mL)
were combined and the mixture was purged with nitrogen
for 15 minutes Potasstum carbonate (0.85 g, 6.12 mmol) was
added and the reaction was stirred at room temperature
overnight. The mixture was solubilized in DCM and filtered
through a pad of Celite. The solvent were rotovaped down
and the mixture was triturated from methanol and filtered.
The crude material was further purified via column chro-
matography (pre-treated with triethylamine) using a Hep-
tanes % DCM (95/3) solvent system. The product was then
recrystallized from a DCM/MeOH muxture to afford 1.30 g
(90%/0 vield) of an orange powder.

Device Examples

All example devices were fabricated by high vacuum

(<107 Torr) thermal evaporation. The anode electrode was
1150 A of indium tin oxide (ITO). The cathode consisted of

10 A of Liq (8-hydroxyquinoline lithium) followed by 1,000
A of Al. All devices were encapsulated with a glass lid
sealed with an epoxy resin 1n a nitrogen glove box (<1 ppm
of H,O and O,) immediately after tabrication, and a mois-
ture getter was incorporated 1nside the package. The organic

stack of the device examples consisted of sequentially, from
the ITO surface, 100 A of LG101 (purchased from LG

chem) as the hole injection layer (HIL); 400 A of HTM as
a hole transporting layer (HTL); 300 A of an emissive layer
(EML) containing Compound H as a host (a stability dopant
(SD) (18%), and Comparative Compound 1 or Compounds
3676, 6836, and 6841 as the emitter (3%); 100 A of
Compound H as a blocking layer; and 350 A of Lig
(8-hydroxyquinoline lithtum) doped with 40% of E'TM as

the E'TL. The emitter was selected to provide the desired
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color, efhiciency and lifetime. The stability dopant (SD) was
added to the electron-transporting host to help transport
positive charge in the emissive layer. The Comparative
Example device was fabricated similarly to the device
examples except that Comparative Compound 1 was used as
the emitter 1n the EML. Table 3 below shows the device
layer thickness and materials. The chemical structures of the
materials used 1n the devices are shown 1n Table 5 below.

The device performance data are summarized 1n Table 4
below. Inventive compounds have much longer lifetime vs.
comparative compound 1. Also Compounds 3676, 6836, and
6841 have superior performance to Comparative Compound
1 1n color saturation as a red shift of 28 to 38 nm was
observed. Moreover, the inventive compounds aflforded
either similar or higher EQE than Comparative Compound

1.

TABLE 3

Device layer materials and thicknesses

Layer Material Thickness [A]
Anode ITO 1150
HIL LG101 (LG Chem) 100
HTL HTM 400
EML Compound H: SD 18%: 300
Emitter 3%
BL Compound H 100
ETL Liq: ETM 40% 350
EIL Liq 10
Cathode Al 1000
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(Ll

Device performance data

At 10 mA/cm? At 80 mA/cm?

Device 1931 CIE A max FWHM Voltage LEQE LT g50,

Example  Emitter X y [nm] [nm] [V] [90] [h]

Example 1 Compound 0.649 0.349 618 54 1.00 1.04 11.5
6841

Example 2 Compound 0.650 0.348 617 59 1.00 0.92 9.82
6836

Example 3 Compound 0.629 0.369 608 55 1.03 1.00 7.91
3676

CEl Comparative 0.547 0451 380 48 1.00 1.00 1
Compound 1

TABLE 5

Materials used in the OLED devices

/\ F COMPOUND H
\/‘YN\ \ ‘
|
N\/N

_
NN 7
\11~ /
@ \‘/\
A i \/_2
SD
Comparative
< Compound 1
-/ N - /
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TABLE 5-continued

Materials used in the OLED devices
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H 5-continued

Materials used in the OLED devices
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Compound 6841

Compound 6836

Compound 3676
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It 1s understood that the various embodiments described

herein are by way of example only, and are not intended to
limit the scope of the invention. For example, many of the
materials and structures described herein may be substituted
with other materials and structures without deviating from
the spirit of the invention. The present invention as claimed
may therefore 1nclude vanations 1rom the particular
examples and preferred embodiments described herein, as

will be apparent to one of skill 1n the art. It 1s understood that
various theories as to why the mnvention works are not
intended to be limiting.

We claim:
1. A compound comprising a ligand [ , of Formula I:

Formula I

wherein ring A 1s a 5-membered or 6-membered carbo-
cyclic or heterocyclic ring;

wherein R 1s fused to ring B and has a structure of
Formula II:

Formula 11

el

"

wherein the wave lines indicate bonds to ring B;

wherein R' represents mono, di, tri, or tetra substitution,

or no substitution;

wherein R* represents mono or di substitution, or no
substitution;

wherein X', X*, X°, and X* are each independently
carbon or nitrogen;

wherein at least one of X’ to X* is nitrogen;

wherein at least two adjacent of X', X*, X°, and X* are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR, O, S, Se, C—=0, S—0, SO,, CR'R", SiR'R",
and GeR'R";

wherein R', R*, R®, R* R', and R" are each independently
selected from the group consisting of hydrogen, deu-
tertum, halogen, alkyl, cycloalkyl, heteroalkyl, arylal-
kvyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carbonyl, carboxylic acid, ester, nitrile, 1somitrile, sul-
fanyl, sulfinyl, sulfonyl, phosphino, and combinations
thereol; and wherein any two adjacent substituents are
optionally joined to form into a ring;

wherein at least one of R® and R* comprises a chemical

group selected from the group consisting of [alkyl,

cycloalkyl,] partially fluorinated alkyl, partially fluori-

nated cycloalkyl, and combinations thereof;

10

15

20

25

30

35

40

45

50

55

60

65

158

wherein the ligand L , 1s coordinated to a metal M;
wherein the ligand L, 1s optionally linked with other
ligands to comprise a tridentate, tetradentate, pentaden-
tate, or hexadentate ligand; and

wherein M 1s optionally coordinated to other ligands.

2. The compound of claim 1, wherein M 1s selected from

the group consisting of Ir, Rh, Re, Ru, Os, Pt, Au, and Cu.

3. The compound of claim 1, wherein the ligand L, 1s

selected from the group consisting of:

2
A N\ R Xx/‘\*AR
R? ‘ R’ ‘ W
\ / N"".., \ / N"".,.
R? R*
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R, nd R,
X
R* N
~L

Rl
R3
, and
I\
R4
R= N
\l
I /N-...
R/ R!
R3 I, and R3
R* ’ R4
X X
N \ R2\| \
‘ N | N
R2 / H"'-.. / H"'-..
R! R!

X3 )&
|

v
o

-
L

[S. The compound of claim 1, wherein at least one of R*
and R* is a chemical group selected from the group consist-
ing of partially fluorinated alkyl, partially fluorinated
cycloalkyl, and combinations thereof.]

6. The compound of claim 1, wherein R® and R* are not
hydrogen.

R
R1|

[7. The compound of claim 1, wherein at least one of X',
X*, X°, and X* is nitrogen.]

8. The compound of claim 1, wherein at least one of R”
and R* is selected from the group consisting of:

ﬂ'\
-~
L
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-continued

s"\/CFS?

J\CFg,

CH,F,

\
v Y
% * LY
A * LY
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CHFE>,
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RA2

RA4

RA 12

RAB

RA 14

RAJS

RAlﬁ

RAJ?

RAIS
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',\/CHEF,

CH,F

RAIQ

RAEU

RAE]

RAZZ

RA23

RA24

RAZS

RA26

RAE?

RA28

RAZQ

RA30

RA31

US RE48,809 E

10

15

20

25

30

35

40

45

50

55

60

65

162

-continued

CF;
FsC. z
CF3
F
| J;‘(
F

Cls,

k,

RA 32

RA33

RA 34

RA35

RA36

RAST

RA38

RA39

RA40

RA41
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D
D
. CFs.
D
kD/\
CFs,

D
D
. CF;,
D
D
. CF;,
CF;

D CF;
PN
CF;,

CFks,
D
D
CF;
h CF3.
D
D
Q/CF%
D

CF;
:\/|—CF3, and
D
F
i\/|_F.
D

RA 55

RA 56

RA 57

RA 58

RA 59

RA 60

RA!S]

RA 62

RA 63

RA 64

to form a ring structure selected from the group consisting

of:

US RE48,809 E
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9. The compound of claim 1, wherein R” and R* are joined 5
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. F.
’ I3

10. The compound of claim 1, wherein the ligand L, 1s

selected from the group consisting of:

US RE48,809 E

RA 53

RA 54

10

11. The compound of claim 8, wherein the ligand L , 1s
selected from the group consisting of L ,, through L ,-.,

15
defined as follows:

L ,, through L ,,-. are based on a structure of Formula IV,

R4
N
5 R’ ‘ 1
a
N
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/

()
(P

Rl
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e
b
u
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20 N
R A ﬁ
3
" TN\ ‘ N
R / ‘ w &
4
O //Nh‘“h 25 :
| T
/o
R Y in which R?, R*, and X are defined as:
R4
N N
S :
AN / N Ligand R’ R?
R \ ‘ R’ ‘ -
L H R
/N“'nh S /N‘uh‘ 33 Lj; RAE RAE
T RA3 RA2
R4 n . Lji RA14 RA2
/\,f' N I s R422 RA2
‘ ‘ I, RA428 RA2
I H RA5
5 A7
1\/ l/ F 40 L 48 R4 RA43
R R LA‘Q RAB RA‘B
R4 LAH} RA14 RAE
. . R422 R43
T RA428 R43
- A12
3 / N L 14 H RA414
R 45 L 14 RA2 RA14
- N“ L RAS RA 14
/N \/ ~. Lji RA14 RA14
’ T RA422 RA14
R * 417 P 14
" e \ P Lais R R
, I o o RA22
50 LAQ{} RAE RA‘EE
~ L RAE RA‘EE
\/ Lﬂl RA14 RA22
R/ LAEE RA22 RA22
iji RA428 RA22
La2s i R e
I o RA3 RA428
L o RA414 RA428
N L oo RA422 RA28
RN I RA28 RA428
S ! e
. L R H
Z 60 Lji AL -
ni L on RA22 =
/\ " H"Ild LA35 RAES H
\ - L e RA2 RB!
‘ LA_‘:-‘,? RAS RBI
§ T RA14 RB!
\/ 65 LABS RA422 RB1
R1 Ljiz R428 RB1

COO0O0CO0O0O0O000000O00O0CO0OCO0O000000C0O0OC0OLOO0OO0O00000O0O00O0O0O | X
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-continued -continued
; 3 4
Ligand R’ R* X Ligand R R X
A2 B2 I, RAlﬁl RBE Q
LA41 R R O 5 A118 (95 25 S
L R4 R5? O Liio R R
A42 A28 RBE Q
L R4 R5? O L 4190 R
A43 A2 RBE Q
L RA22 R52 O L1 R
Ada A3 RB3 Q
L R4S R5? O L 195 R
A4S Al4 B3 Q
L R42 R5Z? O L 193 R R
A46 A22 B3 Q
L R4 R5? O L 4194 R R
A4 A28 RBE Q
L RA4 R55 O 10 L (o5 R
Lﬁd3 RA‘EE RBS O LA 26 RA‘E RB4 Q
A49 A3 B4 Q
L RA428 R5? O L 157 R R
A50 A14 B4 Q
L R4 R54 O L siog R R
A>1 A22 RB4 Q
L RA2 R54 O L 4120 R
A>2 A28 RB4 Q
L R4 R54 O L ;130 R
LA53 RAEE RBd O 15 LA131 RBI RA‘E Q
A4 Bl RA‘B Q
L R4S RZ4 O L 4135 R
A>3 Bl RA 14 Q
L RZ! RA42 O L 4133 R
A6 Bl RA‘EE Q
L RZ1 RA2 O L ;134 R
A7 Bl A28 Q
L RZ! RAM O L 4135 R R
A>3 B2 RAE Q
L RZ! RA22 O L 4136 R
429 B2 A3 Q
L RZ! RA23 O L4137 R R
460 20 B2 A14 Q
L R52 RA2 O L i3g R R
A6l B2 A22 Q
L R5? RA? O L 4130 R R
A2 B2 RA‘ES Q
L RZ? RA14 O L 4140 R
463 B3 RAE Q
L RZ? RA422 O L4141 R
404 B3 A3 Q
L R5? RA%S O L4140 R R
46> B3 A14 q
L RZ? RA2 O L 143 R R
460 25 B3 RA22 Q
L RZ? R4 O L 4144 R
A7 B3 RAES Q
L RZ? RA14 O L ;145 R
A68 B4 A2 Q
L RZ° RA%2 O L s146 R R
469 B4 A3 Q
L RZ° RA%S O L 147 R R
A70 B4 RA‘ 14 Q
L RZ4 RA2 O L 4143 R
471 B4 RA‘EE Q
L R54 RA2 O L ;140 R
LA 2 RB4 RAlﬁl O 30 Lﬂljﬂ RB4 RAES S
LA?S R54 RA%2 O L s H RA2 C(CHs),
A74 A2 A2 C(CH )
L RZ4 RA23 O | P R R: (CH;)5
A7 A3 A2 C(CH )
L H R4~ S L is3 R R: (CH;),
A76 Al4 A2 C(CH )
L R R4 S Lais4 R R (CH;),
A77 A22 A2 C(CH )
L R4 RA2 S L siss R R (CH;),
A78 A28 RA‘E C(CH )
L 479 RAM R4 S 35 L4156 R 3)2
LA? R4 RA2 S L 4157 H RA2 C(CH,),
A0 A2 RA‘B C(CH )
L R4S RA2 S L sise R 2)5
481 A3 RA‘B C(CH )
L H RA S L4150 R (CH3),
A82 Al4d A3 C(CH )
L RA2 R4 S L 4160 R R: (CH;)>
A83 A22 RA‘B C(CH )
L RAB RAB S LAlﬁl R ( 32
A84 A28 RA‘B C(CH )
L RAM R4 S 40 Laie2 R (CH3),
LA85 RA22 RA3 S L 4163 H RA14 C(CH;),
A86 A2 A14 C(CH )
L RA<5 R4 S L4164 R R (CH3),
A8 7 A3 RA 14 C(CH )
L H RAM S LA165 R ( 3/2
ASS Al4 A14 C(CH
R R4 S L1iss R R (CH3),
LASQ A22 RAlril C(CH )
L R4 RAM S Lais7 R (CH;),
A90 A28 RAlﬁl C(CH )
I, RA 14 RAlﬁl Q LA‘UEE R )5
LAQ : RA22 RAL4 g 45 L. 110 H RA22 C(CH,)-
A92 A2 A22 C(CH )
L RA% R4 S L4170 R R (CH3),
493 A3 A22 C(CH )
L H RA22 S L4171 R R (CH3),
LAQ4 RA‘E RAEE Q LA 179 RA 14 RA‘EE C (C H3)2
49> A22 A22 C(CH
L R R4 S L4173 R K (CH3),
A96 A28 A22 C(CH )
L RAM R4 S L4174 R R (CH3),
LAQ? RA22 RA422 S 50 L 475 H R4S C(CH;)>
A98 A2 RAES C(CH )
L RAES RAEE S LAITG R ( 3/2
A99 A3 A28 C(CH
L H R4S S L4177 R R (CH3),
LA HO0 RA42 R-428 S I ;175 R-414 R-28 C(CH,),
4101 A22 A28 C(CH )
L R4 RA25 S L4179 R R (CH3),
]'_jﬁI 102 RA‘ 14 RAES Q LA 120 RAES RAES C (C H3)2
LAIDB R4 RA%S S 55 L s RA2 H C(CH;)
LAW1 RA%3 RA23 S L 4125 RA3 H C(CH;),
4105 14 . (O
L RAE H S LA‘ISS R ( 32
A106 499 C(CTT
L R H S L4184 R H (CH3),
4107 P C(CHY
L RA14 H S L 4125 R H (CH;)5
A1038 P 21 C(CH )
L 09 RAEE H S LA‘IEG R R ( 3/2
LAI RA428 H S 60 L 17 RA? R5! C(CH;)
ALLO Al4d Bl C(CH
L R4 R? S L.41ss R R (CH3),
AL A22 Bl C(CH
AL A28 £l C(CH
L RAM R S L4190 R R (CH;),
LA“S RA22 R5! S L 01 RA2 R52 C(CH;),
A114 e P (T
AL Al4 B2 C(CH
L R R S 65 L4103 R R (CH3),
ALLS A3 B2 I, RAEE RBE C(CH )2
LA‘ll? R R S 4194 3



US RE48,809 E
169 170

-continued -continued

Ligand R’ R* X Ligand R? R? X

L4105 RA% R5 C(CH;), L4272 R4 R NCH;

L 106 R+2 R?3 C(CHs); . L 73 RA14 R?3 NCH,
L4197 R RZ C(CHz), L4274 R4 RZ NCH;
L41os RAM R C(CHa), L4275 RA28 R NCH;
L4109 RA%2 RZ C(CH;), L4276 R4 R NCH;
L4200 R4S R C(CHz) L4277 R4 R NCH;
Lo R R C(CHz), L.4o7s R4 R NCH;
Lo R4 RZ C(CHz) 10 L4279 RA22 RZ4 NCH;
L4203 RAM RE* C(CH;), L 4280 R425 R NCH,4
L4204 R4 R C(CHz) L 4os1 R4 RZ! NCH;
L.so0s R4 R C(CHz), L.4og> R4 R NCH;
L4206 R R4 C(CHz) L 4283 RAM R” NCH;
L4207 R7! R4S C(CH;), L 4284 R4 RZ! NCH,4
L4208 R R4 C(CHj3), 15 L 4285 R4S RZ NCH;
L4209 R”! R4 C(CHs), L.s2s6 R4 R NCH;
L.o1o R RA28 C(CHz3), L 4287 R4 R NCH;
L1 R? R4 C(CH;), L 4288 R4 R NCH;
Lo R R4 C(CHz), L 4289 R4 RZ NCH;
Lo1a R% RAM C(CHz) L4290 RA28 R NCH;
Lio1a R RA22 C(CHz), 20 L4201 R R NCH;
Li21s R? R4S C(CH;), L 4202 R4 R NCH;
Lis R R4 C(CHa), L4293 R4 R NCH;
Lo17 R R4 C(CHz) L4294 RA22 R NCH;
Liois R RAM C(CHz), L4205 RA28 R NCH;
Lo1o R R4 C(CHz3), L4296 R4 R* NCH;
L4220 R R4S C(CHs), L4297 R4 R NCH;

L o1 R2* RA2 C(CH,), 2 L 4208 RA14 RE4 NCH,

L 422 R R4S C(CH;), L 4299 R4 R NCH,4
L4223 R R4 C(CHz), L 4300 R4S R NCH;

L 4554 R54 RA%2 C(CH;), L 4301 H RA2 N(isobuty!
L 1595 RZ4 RA23 C(CH;) L 4305 RA2 RA2 N(isobuty]
L 506 H RA2 NCH, L 4303 RA2 RA2 N(isobuty!
L 4557 RA42 RA2 NCH, 30 L 4204 RA RA2 N(isobuty!
| S R4 RA2 NCH, L 4305 RA%2 RA2 N(isobuty!
L 4599 R4 RA2 NCH, L 1306 RA23 RA2 N(isobuty]
L 4530 R4 RA2 NCH, L 4307 H RA2 N(isobuty!
L o3 RS RA2 NCH, L 1308 RA2 RA? N(isobuty!
| S H RA? NCH, L 4300 RA? RA? N(isobuty!
L 4533 R42 R4 NCH; 35 L 4310 RA14 R4 N{1sobuty]
L 4534 R4 RA2 NCH, L 311 RA22 RA2 N(isobuty!
L 435 R4 RA? NCH; Lo RA%S RA? N(isobuty!
L 036 RA22 RA3 NCH, L 4313 H RA14 N(isobuty]
L 537 RA%3 R4 NCH, L 4314 RA2 RA14 N(isobuty]
L ;53¢ H RAM NCH, L 315 RA2 RA14 N(isobuty!
L 4530 R4 RAM NCH, 40 Lisie RAM RAM N(isobuty!
L 540 RA3 RA14 NCH, L 4317 RA422 RA14 N(isobuty]
L o4 RA14 RA14 NCH, L 43s RA28 RA14 N(isobuty]
L ou5 RA22 RAL4 NCH, L 310 H RA22 N(isobuty!
L sou3 R4S RAM NCH, L 4390 RA2 RA%2 N(isobuty!
L 4544 H RA422 NCH; L 4351 R4 RA22 N{1sobuty]
L 4545 RA42 RA22 NCH, L 4395 RA14 RA%2 N(isobuty!
L oac R4 RA22 NCH, 43 L 11os RA22 RA22 N(isobuty
L 4047 R4 RA%2 NCH, L 4394 RA%S RA%2 N(isobuty!
L io4s RA22 RA422 NCH, L 4355 H RA2S N(isobuty]
L 4540 RA28 RA22 NCH, L 4296 RA2 RA%3 N(isobuty!
L 4550 H RA%8 NCH, L 4357 RA? RA%3 N(isobuty!
L o5 RA42 RA%S NCH, L 4308 RA RA%3 N(isobuty!
L 555 RA2 RA28 NCH, 50 L 4370 RA422 R4S N(isobuty]
L 553 R-A14 RA28 NCH, L 1330 RA28 RA%3 N(isobuty!
L 4554 R4 RA%S NCH, L 4331 RA2 H N(isobuty!
L 4555 RS RA%S NCH, L 4335 RA3 H N(isobuty!
L iose R42 H NCH, L 4333 RA14 H N(isobuty]
L 557 R4 H NCH,; L 4334 RA22 H N(isobuty!
| B R4 H NCH, 55 L 4335 RA%S H N(isobuty!
L 550 RA22 H NCH, L 1336 RA2 R51 N(isobuty]
L 4560 RA28 H NCH, L 4337 RA2 R5! N(isobuty!
L o6 R4 R5! NCH, L 4338 RA R5! N(isobuty!
L o6 RA2 R5! NCH, L 4330 RA422 R51 N(isobuty]
L 563 RA14 R5! NCH, L 4340 RA28 R5! N(isobuty!
L 264 RA#2 R5! NCH, 60 L s34 RA2 R5? N(isobuty!
L 065 RA%3 R5! NCH, L 4345 R4 R52 N(isobuty]
L 566 RA2 R5? NCH,; L 4343 RA4 R5? N(isobuty!
L 067 R4 R5? NCH, L 4344 RA%2 R5? N(isobuty!
L ioes R4 R52 NCH, L 4345 RA23 R52 N(isobuty]
L 4560 RA22 R5? NCH, L 4246 RA2 R5? N(isobuty!
L 4570 R4S R5? NCH, 65 L 4347 RA? R5? N(isobuty!
L o7 R42 R55 NCH, L 4345 RA14 R55 N(isobuty]
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. -continued
Ligand o3
I R
LA349 RA22 X
Lf'm R-128 R5? . , -continued
L 351 RAE RBE' N(lSﬂbuty) ngﬂ.ﬂd R3
LA352 RA‘B RBr:l N(lsﬂbuty__) ’ R4
A353 414 R24 N(isobu d A400
L 43 R N tyl) L H
T >4 RA22 R54 ({Sﬂbuty__) Lﬂ%l RA2 RA%S
LA355 A28 RB4 N(isobutyl) LA‘402 RA3 R428
LA‘E_. 56 RBI R34 N(%sg butyl) LA4..:13 RAL4 R428
Lo RE! R N(isobutyl) Lo RA22 R
LA353 RBI RAS N(%SD Jllty__) Lfi'405 RAES RAEB
LA;:, 59 R B RA14 N(isobuty!) 10 LA405 pA2 RA28
LA35D RBI R422 N(isobutyl) LA4G7" RA3 H
LA‘351 R B2 RA423 N(%SG juty__) LA4'3'3 R-A14 H
LA352 RB2 RA42 N(}SD butyl) LA4D9 RA22 H
LA353 R B2 RA3 N(ISG juty__) LA41G R-128 H
LA354 R B2 RA14 NQSG butyl) LA41 ! RA42 H
. RE? RA22 N(isobutyl) 15 e A3 RB!
LA:"!GG RB3 RAES N(lSDbuty) LA413 RA 14 R‘Bl
LA35? R B3 RA2 N(isobuty!) LA‘414 RA22 R21
Lo R?3 R N(isobutyl) s RA2 R!
LABGQ RB3 RA‘ 14 N(%SD jllty__) LA‘415 RAE Rﬁl
[ R B4 RA428 N(isobutyl) » s Rl R B2
LAS 72 RB4 RAQ N(%SG Jllty__) LA419 RAEE RBE
o R R+ N(isobuty) e Y% e
LA‘B 74 RB A RA‘ 14 N(lsg juty__) LA421 R 47 RZ2
A375 B4 RAQQ N(isﬂ H A422 B3
R | utyl) ’ R43 R
R428 N(ISC} H 4423 B3
N utyl) T RA14 R
and L (1sobutyl) 3 Lfmzﬁ1 R422 RZ
F a7¢ through L i LAr425 R428 R
ormula V. 7so are based A426 RA2 R23
’ C Oon a LA:“—’IE
structure of Lo RA3 R™
LA428 RA‘ 14 RB4
LA429 RAEQ RB4
R4 30 Lj%ﬂ RA28 R™
N iﬁ‘ﬁmz EBI RAZ
4 7N Lo, R R4
‘ LA‘434 RB1 R4
4435 A22
X __,..--""" RBI R
\F N. i‘q‘“ﬁ RB2 RA%8
35 LA43? RB2 R42
e LA433 R5? R*
\H LA439 R B2 RA14
‘ LA44Q RBE RA‘EQ
/ \/ LAJ1141 R5? R4
N Lfdz R53 R+
. 443 A3
1n : 4 B3 R
which R°®, R* " L 4a4a s RA14
. . and X a LALM RB3
re defined as: T > RB3 S
. Ljij RB4 Rjjs
ngﬂﬂd 3 LA443 RB4 RA
LA3?6 R < 45 T 9 RB4 RA‘ 14
T H 4450 B4 R422
A377 RA'E RAE LA45 R A
L 437 A O L 1 H R°™
T S R3 RA2 4452 RA2 RA2
LAB 79 RA14 RAE O LA453 A2
4380 A2 O L RAB r
L RAEE R A454 A2
ol . o T RAL4 R
T R428 RA42 4455 y RA2
y R 22
382 RA2 O 50 L a5 A
L 4383 H A O L ° R4S R
T RAE R 3 4457 A2
4384 A O L H R
I RA.} R 3 A458 A3
s . o T R42 R
T RA414 RA3 A459 A3
Py P O I RA‘B R
I RA‘QQ R A460 RA‘3
4387 A3 O L R4
LA- RAES R LA461 RAEE RAB
T 388 H RA3 O 55 4462 RA3
P ’ o T R428
4390 Al14 O L. H R
T R43 R 4464 RA14
4391 A14 O L RAE
LA392 RA' 14 RAI o A465 RA‘B RA 14
L. RA22 RAL4 o L 4166 » pALd
L - R-128 RAM L4 R A
LA394 H RA4 O L >’ R4 R
LA395 R A2 RA22 O 60 ijZS A28 ij
LAS% RA3 RA422 O I 44 7 H RA 4
LA39? RAM oo O I 7o R42 R
Lo RA22 RA22 O Lo R R
4399 A28 RA22 O Lﬂﬁl?z RAl4 RA22
RA22 O LA4?3 RA22 R-422
O 63 L‘M?‘i‘ RA28 RA22
LA4?5 e RAEE
4476 RAE RAES
RA428

IR IR s IR
non o oo
N A U0
LA LA A
SRR R R,

o A A )

O OO

O OO

O OO

OO O

OO0

O OO

O OO

O OO

O OO
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continued -continued
| & R4 X
Ligand R’ R* X Ligand
RAEE RA‘ES C(CH3)2
. RO R > 5 Lassa A28 A28 C(CH,)
A477 Al4 A28 q LA555 R R: 25
5 R R A2 H C(CH,)
A47S A22 A28 q LASSG R )5
5 R R A3 H C(CH,)
o A28 A28 S LA55? R 3/2
e RA‘? H L RA14 H C(CH,),
LA431 RAB H S LA55S RAEE - C(CH3)2
s RAM H g Lﬁ:} R4S H C(CHj),
e RAEE . S 10 L 4se1 R4 R5! C(CHj),
LA434 RA‘ES - I RA‘S RBI C(CH3)2
LA485 RAE HBI > LA562 RA 14 RBI C (C H3)2
LA‘436 R 3 RBI S LA563 RAEE RBI C(CH3)2
L RA R S A>64 A28 rzal C(CH )
e 414 Bl S LA565 R R 3/2
LA‘433 RA‘EE EBI S LA566 RAE RBE C(CH3)2
e RAES o1 S 15 L 4567 R4 R? C(CH;)
LA‘49|D RAE RBE I RA 14 RBE C (C H3)2
LA491 RA.'S RBE S ]_;‘45IES RAEE RBE C(CH3)2
LA492 R RBE S LA569 RA‘ES RBE C(CH3)2
L RAM R S 4576 > - o
e 422 52 S LA5?1 R R 3/2
L R R A3 RBE C(CH )
o A28 B2 S LA5?2 R 3/2
L R R Al4 A3 C(CH )
e A2 B3 S LA5?3 R R 3/2
LA495 R RBS 20 L RAEE RBE C(CH3)2
L RAB R S A>74 A28 A3 C(CH )
e Al 3 S LA5?5 R R 3/2
L R R A2 84 C(CH )
o Az B3 S LA'5?6 R R 3/2
LA‘499 X 28 RBS I RAS RE4 C(CH3)2
L RA R S A>77 Al4 84 C(CH )
ol A2 2 S LA5?8 R R 3/2
LA501 RAS RB4 1. RAEE RB4 C (C H3)2
L R R > 25 A>77 A28 B4 C(CH,)
o 414 B4 S LA‘5E'D R R 3/2
LA503 X 2z RB4 L RBI RAE C(CH3)2
L R4? R S (581 - - CCI
o A28 2 S LA532 R R 3/2
LASDS RBI RAE I RBI RA‘ 14 C (C H3)2
L R R S A>83 Fzal A2 C(CH )
o Bl A3 S LA‘5E4 R R 3/2
LA5D? RBI EA 14 S LA535 RBI RA‘ES C (C H3)2
LA508 RBI A22 S 3 0 LAjg.ﬁ RBE RA‘E C (C H3)2
L R R B2 A3 C(CH )
e sl A2S S LA'5S? R R 3/2
L X X B2 RA 14 C(CH )
o B2 A2 S LA533 R 3/2
LA5 H R RAS L RBE RA‘EE C (C H3)2
L RBE X > A>89 B2 A28 C(CH )
o 52 Al S LA59G R R 3/2
L R R B3 A2 C(CH )
iy RZ2 RA422 S L 450 R R 2)5
L B2 A28 S 35 L 4595 R5? R4 C(CH;)-
LA5 b R 3 RAE L RBS RA 14 C (C H3)2
L RB N > A593 B3 A2 C(CH )
P 53 A3 S LA594 R R 3/2
L R R 23 RA‘ES C(CH )
s B3 A4 S LA595 R 3/2
L R R B4 RAE C(CH )
o B3 A2 S LA596 R 3/2
LA5 19 R 3 RAES L R.Bril RA‘B C (C H3)2
L RB R S A>97 B4 Al4 C(CH )
. 24 A2 S LA598 R R 3/2
LA521 X RAS 40 I RB4 RAEE C(CH3)2
L RB4 R S 499 B4 A28 C(CH )
P R4 RAM S L 4600 R RAr2 )5
o B4 A22 S L o1 H R NCH,
L N X A2 A2 NCH
A>24 B4 A28 Q LAGDE R R: .
[ > R RA43 R42 NCH
R# C(CHs) L 4603 3
LA526 H 372 RAlﬁl RA‘E NCH
A2 R4 C(CHj;) L 4604 3
Las27 X 32 45 A22 RA2 NCH
A2 R* C(CHj;) L 4605 R 3
LA52S R 372 RA‘ES RA‘E NCH
L RAM R* C(CHj), L 4606 . NCH3
o A22 RA2 C(CH,) L 4607 H R: 3
LA‘53'D R 372 RAE RA‘B NCH
L RAEE RAE C(CHB)E LAGDS 3
A531 13 RAS NCH
R C(CHj;) L 4609 R 3
LA'532 H 372 14 RA‘B NCH
A2 R C(CHj;) L4610 R 3
LA533 R 372 RAEE RA3 NCH
A R4 C(CHj;) 50 L611 3
LA‘534 R 372 RAES RAS NCH
L RA14 R4S C(CH), Lo ° c,
- A22 RA? C(CH,) L i3 H R NCH,
LA‘536 R 372 5 RA ” NCH
425 R4 C(CHs) L4614 R 3
LA53? R 372 43 RA14 NCH
RAM C(CHj;) L 615 R 3
LA538 H 3 RAlﬁl RAlril NCH
A2 RAM C(CH3) L 616 3
LA539 X 32 A22 RA 14 NCH
43 RA C(CHj) 35 L4617 R 3
LA54G R 372 P RA 4 NCH
L RAM RAM C(CH;), L6138 R o 3
o A22 RAM C(CH,) L 1o H R NCH,
LA542 R 352 P RA‘EE NCH
A28 RAM C(CHj;) L 4620 R 3
LA543 R 372 43 RAEQ NCH
R4 C(CHj;) Ls621 R 3
LA544 H 32 Al4 RA‘EE NCH
42 RA22 C(CH,) L s R ;
LA545 R 372 99 RA‘EE NCH
A3 RA%2 C(CH;) 60 L 693 R 3
LA‘546 R 372 P RA‘EE NCH
L RAM R4 C(CHj3), L 4624 R o 3
o 422 422 C(CH.,) L cos H R NCH,
LA54S R R 352 P RAES NCH
425 R4 C(CHs) L4626 R 3
LA549 R 372 43 RAES NCH
R4 C(CHj;) L 4627 R 3
LA55G H 32 Al4 RA‘ES NCH
42 RA2S C(CH,) Lo R ;
LA551 R 352 499 RA‘ES NCH
43 R4S C(CHj;) 65 L 4620 R 3
LASSE R A28 32 L RAES RA‘ES NCH3
LA553 RA 4 R C(CHB)E A630



US RE48,809 E

175 176

-continued -continued

Ligand R’ R* X Ligand R? R? X

L ;631 RA42 H NCH, 5 L ;708 RA4 H N(isobutyl)
L 630 Rj; H NCH, L 4700 RA%2 H N(isobutyl)
LA‘633 RAQQ H NCH3 LA 710 RAES H N(iSG jl]_ty..)
L 4634 RAES H NCH; L 4711 RA2 R51 N(isobutyl)
L 4635 R H NCHj; L 4715 RA? R5! N(1sobutyl)

A2 Bl

L.s3s RA3 RBI NCH; L 4713 RA4 RZ! N{isobutyl)
L 4637 R R NCH; T, RA22 R2! N(isobutyl)
L. R-414 RB! NCH 10 47 428 B1 -

LA639 RA28 RB1 NCH3 L4716 R R N(isobutyl)

A640 A2 B2 ’ L4717 RA R N{isobutyl)
L 4641 RAB RB . NCH, I, RA14 RZ? N(isobutyl)
e RA 14 RBE R Lfﬂ18 RA22 R”? N(1s0 :Juty")
L 4643 RA22 RB2 NCH, LA 719 26 e N mty__)
L 64 R R NCH; 15 4720 » . i I
L 4645 R4S R5? NCH; L721 RAS RBB N(}SG butyl)
L 646 R42 R23 NCH, L4722 RAM RBB N{isobutyl)
L 4ea7 R4 RZ3 NCH, L 4753 R R: N(isobutyl)
LA64E RA 14 RBB NCH3 LA 724 RAEE RBB N(iSD Jllty__)
L 4640 Rji Ri NCH, | B RA23 R55 N(isobutyl)
L 4650 RAE RB4 NCH; 0 | B RA2 RZ4 N(isobutyl)
L 4651 RA3 R34 NCH, L 4757 RA? R54 N(1sobutyl)
L4652 RA y R};m NCH; L 47s RA14 R54 N(isobutyl)
L 4653 RAEE RE4 NCH; L 796 RA22 R54 N(isobutyl)
LA654 RAES ]E{B‘4 NCH3 LA 136 RAES RB4 N(iS'D :ﬂlty_-)
LA'555 RAE RBI NCH3 LA?_’}l RBI RA‘E N(iSD juty)
Lsse R R NCH; Bl A3 -

43 Bl 25 L4732 R R N(isobutyl)
657 RA 14 RBI R L4733 R RAM N{isobutyl)
L s658 R R NCH; Bl A22 -

A22 Bl L 4734 R R N{isobutyl)
L 4659 R R NCH, 21 8 ,
’ RA428 RB! NCH L 4735 R R N(1sobutyl)
LAGED R42 R52 NCH3 L4736 R R N(isobutyl)
szz RA2 R52 NCHi L 4737 R R4 N{isobutyl)
L rees RA14 RB2 NCH, 30 | Rij Rj ; N(%sa butyl)
L se64 RZ? NCH, | D R R N{isobutyl)
Lﬂﬁﬁ_ﬁ RAES RBE NCH3 LA 740 RBE RAES N(iSD Jllty__)
| B Rji Ri NCH, L 474 Rij Rjj N(isobutyl)
L 4667 RA y RB3 NCH; L 4745 R R N{1sobutyl)
LAGIGE RA‘EE RBB NCH3 LA 743 RBB RA 14 N(iSD Dllty__)
L4669 RAES RBB NCH; 35 L 744 R5? RA22 N(isobutyl)
L 4670 R R NCH,4 L 4745 RZ” RA45 N(isobutyl)

A2 B4
Lﬂﬁ?l R R NCH3 L RB4 RAE N iSG hu |

A746 ( tyl)

L RA3 R74 NCH B4 43 -

4672 414 4 3 L 4747 R R N(1sobutyl)
673 RA‘EE RB4 R L4748 R4 RAM N(isobutyl)
L1674 R R NCH; B4 A22 -

A28 B4 L 4749 R R N{isobutyl)
LA‘-S?ﬁ R R NCHB 4() I RBd RA‘ES N(iSD Jllty )
L 4676 H RA42 N(isobutyl) A750 )
L 4677 Rjj Rji N(%sm butyl)
a67S RA 14 RA‘E N(sobuty} . DAl B4 -
L 4679 R R N(isobutyl) wherein R”" to R™" have the following structures:
L R422 RA2 N(1sobutyl
LAﬁSG RA3 RA42 NEiSD ::ruty 3

4681 » NG t}’--) 45
L H R 1sobutyl
Lj:j R4 RA? N(iso :Jug__) -

L 4654 RA2 R4 N(1sobutyl) ol
L RA14 RA3 N(1sobutyl) CH and :

468> 422 R 43 N(i ) St ’ ’ e
L R 1sobutyl - - -
szzj RAES RAB N(iSD jug--) RB] RB2 RB3 RB4
L 46sg H RA14 N(isobutyl) 50
L R-2 RA14 N(isobutyl
szjz R4 RAM NEiSD Jug_g
L R4 RA4 N(1sobutyl) : ‘
oot 22 A4 o tyl 12. The compound of claim 1, wherein the compound has

isobutyl : :

szi RA2S RAl4 NE o mttyyg a structure of Formula III, (L ), Ir(L3);.,,, wherein L is a
L. scon H RA22 N(isobutyl) 55 bidentate ligand and n 1s 1, 2, or 3.

A2 A22 - _ _ _ _
i““m E 43 E 499 i?m mg'g 13. The compound of claim 12, wherein the ligand L, 1s

4606 isobutyl .. _

Lo RAl4 RA22 N(isobutyl) selected from the group consisting of:
L 4608 RA22 RA422 N(1sobutyl)
L 4699 R4S Rji N(isobutyl)
LA 700 H R N(%SD 3111:}") 60 LB]
L 4701 RA2 RA23 N(1sobutyl)

A3 A28 -
e R R® N o=
L 4704 RA22 RA23 N(1sobutyl)
L 4705 RA428 RA2S N{1sobutyl) ‘ /
L 4706 R4 H N(1sobutyl) 65 O
L 4707 R H N{1sobutyl) ;
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_continued wherein ligands L, through L, are defined as follows:

Lp13

10

Lpia 5

e

20

‘ -~ ‘O
TO O/J\A
b 4“:; “‘t
- -
/K)\
3

O 0O

25 O

Lpis

/ 30

O=— 0
O 35 ""-.O

Lzis

Lps
40
o —
Y / 0=
O 45 /
0
, and

s |

#"# h"ho

N
N

Lp17 \
50
O—
s Ls
/ 55
’ < /
. o \
60 ‘ /
14. The compound of claim 11, wherein the compound 1s 0
selected from the group consisting of Compound 1 through /
Compound 12,750; \
wherein each Compound x has the formula Ir(L ;),(Lz)); o5

wherein x=7507+k-"750, k 1s an integer from 1 to 750, and
1 1s an mteger from 1 to 17; and
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5
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50
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-continued
Lp17

15. A first device comprising a first organic light emitting
device, the first organic light emitting device comprising:
an anode;
a cathode; and
an organic layer, disposed between the anode and the
cathode, comprising a compound comprising a ligand
L., of Formula I:

Formula I

wherein ring A 1s a S-membered or 6-membered carbo-
cyclic or heterocyclic ring;

wherein R 1s fused to ring B and has a structure of
Formula II:

Formula 11

wherein the wave lines indicate bonds to ring B;

wherein R' represents mono, di, tri, or tetra substitution,

or no substitution;

wherein R” represents mono or di substitution, or no
substitution;

wherein X', X, X°, and X* are each independently
carbon or nitrogen;

wherein at least one of X' to X is nitrogen;

wherein at least two adjacent of X', X*, X7, and X* are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR, O, S, Se, C=0, S—0, SO,, CR'R", SiR'R",
and GeR'R";

wherein R', R, R, R* R', and R" are each independently

selected from the group consisting of hydrogen, deu-

terium, halogen, alkyl, cycloalkyl, heteroalkyl, arylal-

kyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-

enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,

carbonyl, carboxylic acid, ester, nitrile, 1sonitrile, sul-

fanyl, sulfinyl, sulfonyl, phosphino, and combinations

10

15

20

25

30

35

40

45

50

55

60

65
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thereof; and wherein any two adjacent substituents are
optionally joined to form into a ring;

wherein at least one of R® and R* comprises a chemical
group selected from the group consisting of [alkyl,
cycloalkyl,] partially fluorinated alkyl, partially fluori-
nated cycloalkyl, and combinations thereof;

wherein L , 1s coordinated to a metal M;

wherein L, 1s optionally linked with other ligands to
comprise a tridentate, tetradentate, pentadentate, or
hexadentate ligand; and

wherein M 1s optionally coordinated to other ligands.

16. The first device of claim 15, wherein the first device
1s selected from the group consisting of a consumer product,
an electronic component module, an organic light-emitting
device, and a lighting panel.

17. The first device of claim 135, wherein the organic layer
1s an emissive layer and the compound 1s an emissive dopant
or a non-emissive dopant.

18. The first device of claim 15, wherein the organic layer
further comprises a host, wherein host comprises at least one
chemical group selected from the group consisting of car-
bazole, dibenzothiophene, dibenzofuran, dibenzoseleno-
phene, azacarbazole, aza-dibenzothiophene, aza-dibenzo-

furan, and aza-dibenzoselenophene.

19. The first device of claim 15, wherein the organic layer
turther comprises a host, wherein the host 1s selected from
the group consisting of:

portees

7\

“ \
g
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20. A formulation comprising a compound comprising a
ligand L. , of Formula I:

Formula I D

XZ
X3¢ \Xl
R— B 4R
X4\ .
10
R g
- - - 15
wherein ring A 1s a S-membered or 6-membered carbo-
cyclic or heterocyclic ring;
wherein R 1s fused to ring B and has a structure of
Formula II:
20
Formula 11
R4
R3
/ 25

el

<

190

wherein the wave lines mdicate bonds to ring B;

wherein R' represents mono, di, tri, or tetra substitution,

or no substitution;

wherein R* represents mono or di substitution, or no
substitution;

wherein X', X*, X°, and X* are each independently
carbon or mitrogen;

wherein at least one of X' to X° is nitrogen;

wherein at least two adjacent of X', X°, X°, and X" are
carbon and fuse to R;

wherein X 1s selected from the group consisting of BR',
NR', PR', O, S, Se, C=0, S—0, SO,, CR'R", SiR'R",
and GeR'R™;

wherein R', R?, R?, R* R', and R" are each independently
selected from the group consisting of hydrogen, deu-
tertum, halogen, alkyl, cycloalkyl, heteroalkyl, arylal-
kyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carbonyl, carboxylic acid, ester, nitrile, 1sonitrile, sul-
fanyl, sulfinyl, sulfonyl, phosphino, and combinations
thereof; and wherein any two adjacent substituents are
optionally joined to form into a ring;

wherein at least one of R® and R* comprises a chemical
group selected from the group consisting of [alkyl,
cycloalkyl,] partially fluorinated alkyl, partially fluori-
nated cycloalkyl, and combinations thereof;

wherein the ligand L, 1s coordinated to a metal M;

wherein the ligand L, 1s optionally linked with other

ligands to comprise a tridentate, tetradentate, pentaden-

tate, or hexadentate ligand; and

wherein M 1s optionally coordinated to other ligands.

¥ ¥ H ¥ H
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