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(57) ABSTRACT

A compound capable of functioning as a phosphorescent
emitter in an organic light emitting device at room tempera-
ture that includes at least one aromatic ring and at least one
substituent R where each of the at least one R is of Formula
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ORGANIC ELECTROLUMINESCENT
MATERIALS AND DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 62/680,614, filed
Jun. 3, 2018, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] The present invention relates to compounds for use
as emitters, and devices, such as organic light emitting
diodes, including the same.

BACKGROUND

[0003] Opto-electronic devices that make use of organic
materials are becoming increasingly desirable for a number
of reasons. Many of the materials used to make such devices
are relatively inexpensive, 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 of organic opto-electronic
devices include 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 appropriate dopants.

[0004] OLEDs make use of thin organic films that emit
light when voltage is 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 materials and configurations
are described in U.S. Pat. Nos. 5,844,363, 6,303,238, and
5,707,745, which are incorporated herein by reference in
their entirety.

[0005] One application for phosphorescent emissive mol-
ecules is a full color display. Industry standards for such a
display call for pixels adapted to emit particular colors,
referred to as “saturated” colors. In particular, these stan-
dards call for saturated red, green, and blue pixels. Alterna-
tively the OLED can be designed to emit white light. In
conventional liquid crystal displays emission from a white
backlight is 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.
[0006] One example of a green emissive molecule is
tris(2-phenylpyridine) iridium, denoted Ir(ppy);, which has
the following structure:

N/
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[0007] Inthis, and later figures herein, we depict the dative
bond from nitrogen to metal (here, Ir) as a straight line.
[0008] As used herein, the term “organic” includes poly-
meric 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
is not a polymer, and “small molecules” may actually be
quite large small molecules may include repeat units 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
of 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 it is believed that all dendrimers
currently used in the field of OLEDs are small molecules.
[0009] As used herein, “top” means furthest away from
the substrate, while “bottom” means closest to the substrate.
Where a first layer is described as “disposed over” a second
layer, the first layer is disposed further away from substrate.
There may be other layers between the first and second layer,
unless it is specified that the first layer is “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.

[0010] As used herein, “solution processable” means
capable of being dissolved, dispersed, or transported in
and/or deposited from a liquid medium, either in solution or
suspension form.

[0011] A ligand may be referred to as “photoactive” when
it is believed that the ligand directly contributes to the
photoactive properties of an emissive material. A ligand may
be referred to as “ancillary” when it is believed that the
ligand does not contribute to the photoactive properties of an
emissive material, although an ancillary ligand may alter the
properties of a photoactive ligand.

[0012] As used herein, and as would be generally under-
stood by one skilled in the art, a first “Highest Occupied
Molecular Orbital” (HOMO) or “Lowest Unoccupied
Molecular Orbital” (LUMO) energy level is “greater than”
or “higher than” a second HOMO or LUMO energy level if
the first energy level is 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 TP that is less negative). Similarly, a higher LTUMO
energy level corresponds to an electron affinity (EA) having
a smaller absolute value (an EA that is less negative). On a
conventional energy level diagram, with the vacuum level at
the top, the LUMO energy level of a material is 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.

[0013] As used herein, and as would be generally under-
stood by one skilled in the art, a first work function is
“greater than” or “higher than” a second work function if the
first work function has a higher absolute value. Because
work functions are generally measured as negative numbers
relative to vacuum level, this means that a “higher” work
function is more negative. On a conventional energy level
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diagram, with the vacuum level at the top, a “higher” work
function is illustrated as further away from the vacuum level
in the downward direction. Thus, the definitions of HOMO
and LUMO energy levels follow a different convention than
work functions.

[0014] More details on OLEDs, and the definitions
described above, can be found in U.S. Pat. No. 7,279,704,
which is incorporated herein by reference in its entirety.

SUMMARY

[0015] Disclosed herein are novel alkyl substitutions for
making transition metal dopants for improving their thermal
properties. The alkyl substitutions lower the sublimation
temperature of the compounds and improve their thermal
stability.

[0016] A compound capable of functioning as a phospho-
rescent emitter in an organic light emitting device at room
temperature is disclosed. The compound comprises at least
one aromatic ring and at least one substituent R. Each of the
at least one R is of Formula I

where; R is selected from the group consisting of hydrogen,
deuterium, alkyl, cycloalkyl, heteroalkyl, and cyclohet-
eroalkyl; R? to R* are each independently selected from the
group consisting of alkyl, cycloalkyl, heteroalky, and cyclo-
heteroalkyl; R is H or deuterium; at least one of R! to R?
comprises a chemical structure selected from the group
consisting of a tertiary carbon atom, cycloalkyl, and cyclo-
heteroalkyl; and any two of R to R* can join together to
form a ring.

[0017] An OLED comprising the compound of the present
disclosure in an organic layer therein is also disclosed.
[0018] A consumer product comprising the OLED is also
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows an organic light emitting device.
[0020] FIG. 2 shows an inverted organic light emitting
device that does not have a separate electron transport layer.

DETAILED DESCRIPTION

[0021] Generally, an OLED comprises at least one organic
layer disposed between and electrically connected to an
anode and a cathode. When a current is applied, the anode
injects holes and the cathode injects electrons into the
organic layer(s). The injected holes and electrons each
migrate toward the oppositely charged electrode. When an
electron and hole localize on the same molecule, an “exci-
ton,” which is a localized electron-hole pair having an
excited energy state, is formed. Light is 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 relax-
ation, may also occur, but are generally considered undesir-
able.
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[0022] The initial OLEDs used emissive molecules that
emitted light from their singlet states (“fluorescence”) as
disclosed, for example, in U.S. Pat. No. 4,769,292, which is
incorporated by reference in its entirety. Fluorescent emis-
sion generally occurs in a time frame of less than 10
nanoseconds.

[0023] More recently, OLEDs having emissive materials
that emit light from triplet states (“phosphorescence”) have
been demonstrated. Baldo et al., “Highly Efficient Phospho-
rescent Emission from Organic Electroluminescent
Devices,” Nature, vol. 395, 151-154, 1998; (“Baldo-1") and
Baldo et al., “Very high-efficiency green organic light-
emitting devices based on electrophosphorescence,” Appl.
Phys. Lett., vol. 75, No. 3, 4-6 (1999) (“Baldo-II""), are
incorporated by reference in their entireties. Phosphores-
cence is described in more detail in U.S. Pat. No. 7,279,704
at cols. 5-6, which are incorporated by reference.

[0024] FIG. 1 shows an organic light emitting device 100.
The figures are not necessarily drawn to scale. Device 100
may include a substrate 110, an anode 115, a hole injection
layer 120, a hole transport layer 125, an electron blocking
layer 130, an emissive layer 135, a hole blocking layer 140,
an electron transport layer 145, an electron injection layer
150, a protective layer 155, a cathode 160, and a barrier layer
170. Cathode 160 is a compound cathode having a first
conductive layer 162 and a second conductive layer 164.
Device 100 may be fabricated by depositing the layers
described, in order. The properties and functions of these
various layers, as well as example materials, are described in
more detail in U.S. Pat. No. 7,279,704 at cols. 6-10, which
are incorporated by reference.

[0025] More examples for each of these layers are avail-
able. For example, a flexible and transparent substrate-anode
combination is disclosed in U.S. Pat. No. 5,844,363, which
is incorporated by reference in its entirety. An example of a
p-doped hole transport layer is m-MTDATA doped with
F4-TCNQ at a molar ratio of 50:1, as disclosed in U.S.
Patent Application Publication No. 2003/0230980, which is
incorporated by reference in its entirety. Examples of emis-
sive and host materials are disclosed in U.S. Pat. No.
6,303,238 to Thompson et al., which is incorporated by
reference in its entirety. An example of an n-doped electron
transport layer is BPhen doped with Li at a molar ratio of
1:1, as disclosed in U.S. Patent Application Publication No.
2003/0230980, which is incorporated by reference in its
entirety. 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 such as Mg:Ag with an overlying
transparent, electrically-conductive, sputter-deposited 1TO
layer. The theory and use of blocking layers is described in
more detail in U.S. Pat. No. 6,097,147 and U.S. Patent
Application Publication No. 2003/0230980, which are
incorporated by reference in their entireties. Examples of
injection layers are provided in U.S. Patent Application
Publication No. 2004/0174116, which is incorporated by
reference in its entirety. A description of protective layers
may be found in U.S. Patent Application Publication No.
2004/0174116, which is incorporated by reference in its
entirety.

[0026] FIG. 2 shows an inverted OLED 200. The device
includes a substrate 210, a cathode 215, an emissive layer
220, a hole transport layer 225, and an anode 230. Device
200 may be fabricated by depositing the layers described, in
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order. Because the most common OLED configuration has a
cathode disposed over the anode, and device 200 has cath-
ode 215 disposed under anode 230, device 200 may be
referred to as an “inverted” OLED. Materials similar to
those described with respect to device 100 may be used in
the corresponding layers of device 200. FIG. 2 provides one
example of how some layers may be omitted from the
structure of device 100.

[0027] The simple layered structure illustrated in FIGS. 1
and 2 is provided by way of non-limiting example, and it is
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 in
nature, and other materials and structures may be used.
Functional OLEDs may be achieved by combining the
various layers described in different ways, or layers may be
omitted entirely, based on design, performance, and cost
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, it is 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, in 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 injection 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.

[0028] Structures and materials not specifically described
may also be used, such as OLEDs comprised of polymeric
materials (PLEDs) such as disclosed in U.S. Pat. No. 5,247,
190 to Friend et al., which is incorporated by reference in its
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. 5,707,745 to Forrest
et al, which is incorporated by reference in its entirety. The
OLED structure may deviate from the simple layered struc-
ture illustrated in FIGS. 1 and 2. For example, the substrate
may include an angled reflective surface to improve out-
coupling, such as a mesa structure as described in U.S. Pat.
No. 6,091,195 to Forrest et al., and/or a pit structure as
described in U.S. Pat. No. 5,834,893 to Bulovic et al., which
are incorporated by reference in their entireties.

[0029] Unless otherwise specified, any of the layers of the
various embodiments may be deposited by any suitable
method. For the organic layers, preferred methods include
thermal evaporation, ink-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, which are incorporated by
reference in their entireties, organic vapor phase deposition
(OVPD), such as described in U.S. Pat. No. 6,337,102 to
Forrest et al., which is incorporated by reference in its
entirety, and deposition by organic vapor jet printing
(OVJP), such as described in U.S. Pat. No. 7,431,968, which
is incorporated by reference in its entirety. Other suitable
deposition methods include spin coating and other solution
based processes. Solution based processes are preferably
carried out in nitrogen or an inert atmosphere. For the other
layers, preferred methods include thermal evaporation. Pre-

Dec. 5, 2019

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 in their entireties, and patterning associated with some
of the deposition methods such as ink jet and organic vapor
jet printing (OVJP). 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 in small molecules to enhance their
ability to undergo solution processing. Substituents having
20 carbons or more may be used, and 3-20 carbons is a
preferred range. Materials with asymmetric structures may
have better solution processability than those having sym-
metric structures, because asymmetric materials may have a
lower tendency to recrystallize. Dendrimer substituents may
be used to enhance the ability of small molecules to undergo
solution processing.

[0030] Devices fabricated in accordance with embodi-
ments of the present invention may further optionally com-
prise a barrier layer. One purpose of the barrier layer is to
protect the electrodes and organic layers from damaging
exposure to harmful 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 inorganic or an organic compound or
both. The preferred barrier layer comprises a mixture of a
polymeric 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 entire-
ties. 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 material. In one
example, the mixture of a polymeric material and a non-
polymeric material consists essentially of polymeric silicon
and inorganic silicon.

[0031] Devices fabricated in accordance with embodi-
ments of the invention can be incorporated into a wide
variety of electronic component modules (or units) that can
be incorporated into a variety of electronic products or
intermediate components. Examples of such electronic prod-
ucts or intermediate components include 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 invention can be incorporated into a wide
variety of consumer products that have one or more of the
electronic component modules (or units) incorporated
therein. A consumer product comprising an OLED that
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includes the compound of the present disclosure in the
organic layer in the OLED is disclosed. Such consumer
products would include 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 prod-
ucts include flat panel displays, curved displays, computer
monitors, medical monitors, televisions, billboards, lights
for interior or exterior illumination and/or signaling, heads-
up displays, fully or partially transparent displays, flexible
displays, rollable displays, foldable displays, stretchable
displays, laser printers, telephones, mobile phones, tablets,
phablets, personal digital assistants (PDAs), wearable
devices, laptop computers, digital cameras, camcorders,
viewfinders, micro-displays (displays that are less than 2
inches diagonal), 3-D displays, virtual reality or augmented
reality displays, vehicles, video walls comprising multiple
displays tiled together, theater or stadium screen, a light
therapy device, and a sign. Various control mechanisms may
be used to control devices fabricated in accordance with the
present invention, including passive matrix and active
matrix. Many of the devices are intended for use in a
temperature range comfortable 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.

[0032] 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 structures. More generally, organic devices, such as
organic transistors, may employ the materials and structures.
[0033] The terms “halo,” “halogen,” and “halide” are used
interchangeably and refer to fluorine, chlorine, bromine, and
iodine.

[0034] The term “acyl” refers to a substituted carbonyl
radical (C(O)—R,).

[0035] The term “ester” refers to a substituted oxycarbo-
nyl (—O0—C(0)—R, or —C(O)—O0—R,) radical.

[0036] The term “ether” refers to an —OR, radical.
[0037] The terms “sulfanyl” or “thio-ether” are used intet-
changeably and refer to a —SR radical.

[0038] The term “sulfinyl” refers to a —S(O)—R, radical.
[0039] The term “sulfonyl” refers to a —SO,—R radical.
[0040] The term “phosphino” refers to a—P(R,); radical,

wherein each R can be same or different.

[0041] The term “silyl” refers to a —Si(R,), radical,
wherein each R, can be same or different.

[0042] In each of the above, R, can be hydrogen or a
substituent selected from the group consisting of deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, and combina-
tion thereof. Preferred R, is selected from the group con-
sisting of alkyl, cycloalkyl, aryl, heteroaryl, and
combination thereof.

[0043] The term “alkyl” refers to and includes 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-
ethylpropyl, 2,2-dimethylpropyl, and the like. Additionally,
the alkyl group is optionally substituted.
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[0044] The term “cycloalkyl” refers to and includes mono-
cyclic, polycyclic, and spiro alkyl radicals. Preferred
cycloalkyl groups are those containing 3 to 12 ring carbon
atoms and includes cyclopropyl, cyclopentyl, cyclohexyl,
bicyclo[3.1.1Theptyl, spiro[4.5]decyl, spiro[5.5]undecyl,
adamantyl, and the like. Additionally, the cycloalkyl group
is optionally substituted.

[0045] The terms “heteroalkyl” or “heterocycloalkyl”
refer to an alkyl or a cycloalkyl radical, respectively, having
at least one carbon atom replaced by a heteroatom. Option-
ally the at least one heteroatom is selected from O, S, N, P,
B, Si and Se, preferably, 0, S or N. Additionally, the
heteroalky! or heterocycloalkyl group is optionally substi-
tuted.

[0046] The term “alkenyl” refers to and includes both
straight and branched chain alkene radicals. Alkenyl groups
are essentially alkyl groups that include at least one carbon-
carbon double bond in the alkyl chain. Cycloalkenyl groups
are essentially cycloalkyl groups that include at least one
carbon-carbon double bond in the cycloalkyl ring. The term
“heteroalkeny]” as used herein refers to an alkenyl radical
having at least one carbon atom replaced by a heteroatom.
Optionally the at least one heteroatom is selected from O, S,
N, P, B, Si, and Se, preferably, O, S, or N. Preferred alkenyl,
cycloalkenyl, or heteroalkenyl groups are those containing
two to fifteen carbon atoms. Additionally, the alkenyl,
cycloalkenyl, or heteroalkenyl group is optionally substi-
tuted.

[0047] The term “alkynyl” refers to and includes both
straight and branched chain alkyne radicals. Preferred alky-
nyl groups are those containing two to fifteen carbon atoms.
Additionally, the alkynyl group is optionally substituted.
[0048] The terms “aralkyl” or “arylalkyl” are used inter-
changeably and refer to an alkyl group that is substituted
with an aryl group. Additionally, the aralkyl group is option-
ally substituted.

[0049] The term “heterocyclic group” refers to and
includes aromatic and non-aromatic cyclic radicals contain-
ing at least one heteroatom. Optionally the at least one
heteroatom is selected from O, S, N, P, B, Si, and Se,
preferably, O, S, or N. Hetero-aromatic cyclic radicals may
be used interchangeably with heteroaryl. Preferred hetero-
non-aromatic cyclic groups are those containing 3 to 7 ring
atoms which includes at least one hetero atom, and includes
cyclic amines such as morpholino, piperidino, pyrrolidino,
and the like, and cyclic ethers/thio-ethers, such as tetrahy-
drofuran, tetrahydropyran, tetrahydrothiophene, and the
like. Additionally, the heterocyclic group may be optionally
substituted.

[0050] The term “aryl” refers to and includes both single-
ring aromatic hydrocarbyl groups and polycyclic aromatic
ring systems. 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
is an aromatic hydrocarbyl group, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles, and/or het-
eroaryls. 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 is an aryl group having six carbons, ten carbons or
twelve carbons. Suitable aryl groups include phenyl, biphe-
nyl, triphenyl, triphenylene, tetraphenylene, naphthalene,
anthracene, phenalene, phenanthrene, fluorene, pyrene,
chrysene, perylene, and azulene, preferably phenyl, biphe-
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nyl, triphenyl, triphenylene, fluorene, and naphthalene.
Additionally, the aryl group is optionally substituted.
[0051] The term “heteroaryl” refers to and includes both
single-ring aromatic groups and polycyclic aromatic ring
systems that include at least one heteroatom. The heteroa-
toms include, but are not limited to O, S, N, P, B, Si, and Se.
In many instances, O, S, or N are the preferred heteroatoms.
Hetero-single ring aromatic systems are preferably single
rings with 5 or 6 ring atoms, and the ring can have from one
to six heteroatoms. The hetero-polycyclic ring systems can
have two or more rings in which two atoms are common to
two adjoining rings (the rings are “fused”) wherein at least
one of the rings is a heteroaryl, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles, and/or het-
eroaryls. The hetero-polycyclic aromatic ring systems can
have from one to six heteroatoms per ring of the polycyclic
aromatic ring system. Preferred heteroaryl groups are those
containing three to thirty carbon atoms, preferably three to
twenty carbon atoms, more preferably three to twelve carbon
atoms. Suitable heteroaryl groups include dibenzothiophene,
dibenzofuran, dibenzoselenophene, furan, thiophene, ben-
zofuran, benzothiophene, benzoselenophene, carbazole,
indolocarbazole, pyridylindole, pyrrolodipyridine, pyrazole,
imidazole, triazole, oxazole, thiazole, oxadiazole, oxatriaz-
ole, dioxazole, thiadiazole, pyridine, pyridazine, pyrimidine,
pyrazine, triazine, oxazine, oxathiazine, oxadiazine, indole,
benzimidazole, indazole, indoxazine, benzoxazole, ben-
zisoxazole, benzothiazole, quinoline, isoquinoline, cinno-
line, quinazoline, quinoxaline, naphthyridine, phthalazine,
pteridine, xanthene, acridine, phenazine, phenothiazine,
phenoxazine, benzofuropyridine, furodipyridine, benzoth-
ienopyridine, thienodipyridine, benzoselenophenopyridine,
and selenophenodipyridine, preferably dibenzothiophene,
dibenzofuran, dibenzoselenophene, carbazole, indolocarba-
zole, imidazole, pyridine, triazine, benzimidazole, 1,2-aza-
borine, 1,3-azaborine, 1,4-azaborine, borazine, and aza-
analogs thereof. Additionally, the heteroaryl group is
optionally substituted.

[0052] Of the aryl and heteroaryl groups listed above, the
groups of triphenylene, naphthalene, anthracene, dibenzo-
thiophene, dibenzofuran, dibenzoselenophene, carbazole,
indolocarbazole, imidazole, pyridine, pyrazine, pyrimidine,
triazine, and benzimidazole, and the respective aza-analogs
of each thereof are of particular interest.

[0053] The terms alkyl, cycloalkyl, heteroalkyl, heterocy-
cloalkyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
aralkyl, heterocyclic group, aryl, and heteroaryl, as used
herein, are independently unsubstituted, or independently
substituted, with one or more general substituents.

[0054] In many instances, the general substituents are
selected from the group consisting of deuterium, halogen,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl, het-
eroalkenyl, alkynyl, aryl, heteroaryl, acyl, carboxylic acid,
ether, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl,
phosphino, and combinations thereof.

[0055] In some instances, the preferred general substitu-
ents are selected from the group consisting of deuterium,
fluorine, alkyl, cycloalkyl, heteroalkyl, alkoxy, aryloxy,
amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl, aryl, het-
eroaryl, nitrile, isonitrile, sulfanyl, and combinations
thereof.

[0056] In some instances, the preferred general substitu-
ents are selected from the group consisting of deuterium,
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fluorine, alkyl, cycloalkyl, alkoxy, aryloxy, amino, silyl,
aryl, heteroaryl, sulfanyl, and combinations thereof.

[0057] In yet other instances, the more preferred general
substituents are selected from the group consisting of deu-
terium, fluorine, alkyl, cycloalkyl, aryl, heteroaryl, and
combinations thereof.

[0058] The terms “substituted” and “substitution” refer to
a substituent other than H that is bonded to the relevant
position, e.g., a carbon or nitrogen. For example, when R!
represents mono-substitution, then one R* must be other
than H (i.e., a substitution). Similarly, when R' represents
di-substitution, then two of R' must be other than H.
Similarly, when R' represents no substitution, R', for
example, can be a hydrogen for available valencies of ring
atoms, as in carbon atoms for benzene and the nitrogen atom
in pyrrole, or simply represents nothing for ring atoms with
fully filled valencies, e.g., the nitrogen atom in pyridine. The
maximum number of substitutions possible in a ring struc-
ture will depend on the total number of available valencies
in the ring atoms.

[0059] As used herein, “combinations thereof” indicates
that one or more members of the applicable list are com-
bined to form a known or chemically stable arrangement that
one of ordinary skill in the art can envision from the
applicable list. For example, an alkyl and deuterium can be
combined to form a partial or fully deuterated alkyl group;
a halogen and alkyl can be combined to form a halogenated
alkyl substituent; and a halogen, alkyl, and aryl can be
combined to form a halogenated arylalkyl. In one instance,
the term substitution includes a combination of two to four
of the listed groups. In another instance, the term substitu-
tion includes a combination of two to three groups. In yet
another instance, the term substitution includes a combina-
tion of two groups. Preferred combinations of substituent
groups are those that contain up to fifty atoms that are not
hydrogen or deuterium, or those which include up to forty
atoms that are not hydrogen or deuterium, or those that
include up to thirty atoms that are not hydrogen or deute-
rium. In many instances, a preferred combination of sub-
stituent groups will include up to twenty atoms that are not
hydrogen or deuterium.

[0060] The “aza” designation in the fragments described
herein, i.e. aza-dibenzofuran, aza-dibenzothiophene, etc.
means that one or more of the C—H groups in the respective
aromatic ring can be replaced by a nitrogen atom, for
example, and without any limitation, azatriphenylene
encompasses both dibenzo[f,h]quinoxaline and dibenzo[f,h]
quinoline. One of ordinary skill in the art can readily
envision other nitrogen analogs of the aza-derivatives
described above, and all such analogs are intended to be
encompassed by the terms as set forth herein.

[0061] As used herein, “deuterium” refers to an isotope of
hydrogen. Deuterated compounds can be readily prepared
using methods known in the art. For example, U.S. Pat. No.
8,557.400, Patent Pub. No. WO 2006/095951, and U.S. Pat.
Application Pub. No. US 2011/0037057, which are hereby
incorporated by reference in their entireties, describe the
making of deuterium-substituted organometallic complexes.
Further reference is made to Ming Yan, et al., Tetrakedron
2015, 71, 1425-30 and Atzrodt et al., Angew. Chem. Int. Ed.
(Reviews) 2007, 46, 7744-65, which are incorporated by
reference in their entireties, describe the deuteration of the
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methylene hydrogens in benzyl amines and efficient path-
ways to replace aromatic ring hydrogens with deuterium,
respectively.

[0062] It is to be understood that when a molecular
fragment is described as being a substituent or otherwise
attached to another moiety, its name may be written as if it
were a fragment (e.g. phenyl, phenylene, naphthyl, diben-
zofuryl) or as if it were the whole molecule (e.g. benzene,
naphthalene, dibenzofuran). As used herein, these different
ways of designating a substituent or attached fragment are
considered to be equivalent.

[0063] In some instance, a pair of adjacent substituents
can be optionally joined or fused into a ring. The preferred
ring is a five, six, or seven-membered carbocyclic or het-
erocyclic ring, includes both instances where the portion of
the ring formed by the pair of substituents is saturated and
where the portion of the ring formed by the pair of substitu-
ents is unsaturated. As used herein, “adjacent” means that
the two substituents involved can be on the same ring next
to each other, or on two neighboring rings having the two
closest available substitutable positions, such as 2, 2' posi-
tions in a biphenyl, or 1, 8 position in a naphthalene, as long
as they can form a stable fused ring system.

[0064] A compound capable of functioning as a phospho-
rescent emitter in an organic light emitting device at room
temperature is disclosed. The compound comprises at least
one aromatic ring and at least one substituent R. Each of the
at least one R is of Formula I

where; R! is selected from the group consisting of hydrogen,
deuterium, alkyl, cycloalkyl, heteroalkyl, and cyclohet-
eroalkyl; R? to R* are each independently selected from the
group consisting of alkyl, cycloalkyl, heteroalky, and cyclo-
heteroalkyl; R® is H or deuterium; at least one of R* to R*
comprises a chemical structure selected from the group
consisting of a tertiary carbon atom, cycloalkyl, and cyclo-
heteroalkyl; and any two of R* to R* can join together to
form a ring.

[0065] In some embodiments, at least one of R* to R*
comprises cycloalkyl or cycloheteroalkyl. In some embodi-
ments, at least one of R' to R* is cycloalkyl or cyclohet-
eroalkyl. In some embodiments, the at least one substituent
R is directly bonded to the at least one aromatic ring.
[0066] Insome embodiments, the compound is capable of
emitting light from a triplet excited state to a ground singlet
state at room temperature.

[0067] In some embodiments, the compound is a metal
coordination complex having a metal-carbon bond. In some
embodiments, the metal is selected from the group consist-
ing of Ir, Rh, Re, Ru, Os, Pt, Pd, Au, and Au. In some
embodiments, the metal is Ir or Pt. Preferably, Ir is Ir(III) and
Pt is and Pt(ID).

[0068] In some embodiments, R' is selected from the
group consisting of hydrogen, deuterium, alkyl, and
cycloalkyl. In some embodiments, each R? to R* is inde-
pendently selected from the group consisting of alkyl, and
cycloalkyl. In some embodiments, R is H or deuterium.
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[0069] In some embodiments, R* is substituted or unsub-
stituted tert-butyl. In some embodiments, R* and R are each
methyl. In some embodiments, R* is methyl. In some
embodiments, R* is cyclopentyl or cyclohexyl.

[0070] In some embodiments of the compound, the com-
pound has the formula M(L*) (L*),(L),; where L, L%, and
1.2 can be the same or different; Where xis 1,2, or 3 where
vy is O, 1, or 2; where z is 0, 1, or 2; Where X+y+Z is the
oxidation state of the metal M; where L', .2, and L3 are each
independently selected from the group consisting of:

R,
Y2|Y1

Rb’\"l A\ N~~..
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where each Y' to Y' are independently selected from the
group consisting of carbon and nitrogen; where Y' is selected
from the group consisting of B R, NR_, PR_, O, §, Se,
C=0, 8=0, SO,, CR_R; SiR R, and GeR_R; where R,
and R, are optionally fused or joined to form a ring; where
eachR, R, R, R, andR.isindependently selected from the
group consisting of hydrogen, deuterium, halogen, alkyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl, alkoxy,
aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
alkynyl, aryl, heteroaryl, acyl, carboxylic acid, ether, ester,
nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and
combinations thereof; where each R, R;, R, and R, can
independently represent from mono substitution to the maxi-
mum possible number of substitutions, or no substitution;
whereeach R, R,, R, and R, is independently hydrogen or
a substituent selected from the general substituent group
defined herein; where any two adjacent substituents of R,
R,. R_, and R, are optionally fused or joined to form a ring
or form a multidentate ligand; and where at least one of the
R, Ry R R, R, R, and R, includes at least one substitu-
ent R defined herein, so that in the compound, at least one
ligand (can be any one of L', L%, or L.*) comprises at least
one substituent R defined herein.

[0071] In some embodiments, at least one of the R, R,,
R_, and R, in at least one of L' includes at least one
substitutent R defined herein.

[0072] In some embodiments of the compound having the
formula M(L"),(L?)(L?), as defined above, the compound
has the formula Ir(L"),(L?) and at least one of L' and L>
comprises at least one substituent R defined herein. In some
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8
embodiments of the compound having formula Ir(L"),(I.%),
L! has a formula selected from the group consisting of: SN
o o)
R, Ry | F R
X =4
~N /] S
Req— X
A i
| PAN where, R;, R, R, and R, are independently selected from
e ™ group consisting of alkyl, cycloalkyl, aryl, heteroaryl, and
7 N . combination thereof; at least one of R;,, R, R, and R, has at
~ | Z N\ least two carbon atoms; and R, is selected from group
/ X | consisting of hydrogen, deuterium, halogen, alkyl,
R¢ \/\ cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl, alkoxy,
R/ aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,

alkynyl, aryl, heteroaryl, acyl, carboxylic acid, ether, ester,
nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and
combinations thereof.

[0073] Insome embodiments where the compound has the
formula Ir(L'),(L*). L' and L* are different and each is

independently selected from the group consisting of®
i W

] N
and
a8
= ‘ \/\
X Re
A

&\(\

S I S
7 |
\/\

Re

7

Z

where X 1s C or N; and

where > has the formula

’ v

Il \\
o|’ 0
Rx)ﬁ)\ R,
Ry

whereR , R, R, R jandR, are as defined above and at least

one of L' and I.? comprises at least one substituent R defined
herein. In some embodiments, 1> has the formula:
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where R, and R_ are as defined above and at least one of L
and [*> comprises at least one substituent R defined herein.

[0074] In some embodiments where the compound has the
formula Ir(L'),(L?), L' and L? are different and each is
independently selected from the group consisting of:

h
[T\
Rb\/ \ N /N\\

-

.
.
\ .

Y
R

Rb\/’ \ N /N .
e
B
//
K
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[0075] where R, R,, and R_ are as defined above and at
least one of L' and [ comprises at least one substituent R
defined herein.

[0076] In some embodiments where the compound is a
metal coordination complex having a metal-carbon bond,
the compound has the formula of Pt(L'), where L' com-
prises at least one substituent R, or Pt(L')(L*) where at least
one of L' and L? comprises at least one substituent R. In
some embodiments, L' is connected to the other L' or L to
form a tetradentate ligand.
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[0077] Insome embodiments where the compound has the -continued
formula M(L'),(L?),(L?), as defined above, at least one of
L', 12 and I is ligand T, selected from the Ligand Group R R,
A consisting of:
Ry Ry,
L, typel
R
l Rs/NYNx\
Ry
A ;
|
X N.
Y AT R? R
e
L, type2 / \N~
RZ Rl R3 N/ RETON
R N cl}
R R
Ry /N,N . 3 / 2
’ N
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R, cl;
Rs Ry
R, R
R —
Ry X : HN
N ~
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G- Rs
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Ry Ry
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Ry R
N Rs LN
LN @
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G Ry
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R, R,
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et i
3 L R4 |
S 2 , S /N~
boee
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e
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R3
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R, R,
N N,
Rs/ Y RO
e

where, X is Cor N, Y' and Y* is independently selected from
the group consisting of C and Si, G is an aromatic ring, and
each R, to Ry is independently selected from the group
consisting of hydrogen, R defined herein, deuterium, alkyl,
cycloalkyl, heteroalkyl, arylalkyl, aryl, heteroaryl, and com-
binations thereof, where the ligand L, comprises at least one
substituent R.

[0078] Insome embodiments where at least one of L;, L,,
and L, is ligand L, selected from the Ligand Group A, the
others of L, L,, and [; can be selected from the structures
in Ligand Group B consisting of the following structures Lz,
through [ z,66:
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Lpass

structures in Ligand Group C consisting of L., through
L1260 based on a structure of Formula X

Ligand R! R’ R?
Le RD! R2! H
Lo RD2 R22 H
L RD? RD? H
Loy RD* RD* H
Les RDS RDS H
Lee RDS RDS H
Lo RD7 RD7 H
Les RDS RDS H
Lo RP® RZ® H
Leto ey RO H
Loy RO RO H
LClZ RD 12 RD 12 H
e

Cl4 R R H
Leys RP1S RP1S H
LCl 6 RD 16 RD 16 H
A

c18 R R H
R E
Ez? §D2l §D21 g

D22 D22

Ezj §D23 §D23 g
Leos RP24 RO H
Leos RP® RD® H
Leos RD26 RD26 H
ch . RD27 RD27 H
LCZS RD28 RD28 H
chg RD29 RD29 H
LC30 RD30 RD30 H
LC3 A RD31 RD31 H
LC32 RD32 RD32 H
LC33 RD33 RD33 H
Leas RD34 RD34 H
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36 D2 D29 H
Le RPH R4 H Lo R R
LCﬂ RD® RO® H Lot R RD30 H
38 D2 RDSI "
L RP® RO H Leis R
€39 D2 D32 H
L RD%6 RD%6 H Lo R R
ca0 D2 D33 H
L RPSE RDS8 H | R R
el D2 D34 b=t
L RP76 RP76 H Clis R R
2 D2 RDSS H
L RP! RP? H Ly R
3 D2 D40 H
L RP! RP? H Les R R
ca4 D2 D41 b=t
L RP! R4 H Lo R R
45 D2 D42 b=t
RP! RD® H ci%0 R R
a6 D2 RD64 H
L RP! RPS H Lot R
o7 D2 D66 H
L RP! RP7 H | R R
o8 D2 D68 b=t
L RP! RD® H Lo R R
o D2 RD76 H
L RP! R?Y H cioa R
€0 D3 RDA H
L RP! RP10 H Leios R
ol D3 D5 H
L RO RPU H | R R
32 D3 D6 b=t
L RP! ROV H Lear R R
€3 D3 RD7 H
L RP! RP1 H | R
4 D3 RDS H
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7 D3 RDll H
L RO RPV H Lo R
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L RO RP1® H Lepss R R
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L RP! RPY H Leisa R R
ceo D3 Dl4 H
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cel D3 RDIS H
L RO RP? H Leiss R
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L RO RP? H Leysy R
ce3 D3 D17 H
L RP! RP# H Loiss R R
ce4 D3 D18 H
L RO RD# H Leiso R R
63 D3 RDIQ H
L RO RP» H Leiao R
LC66 RDI RDZG H LC141 RD3 RDZO H
ce7 D3 D21 H
L RP! RP? H Lo R R
68 D3 D22 H
L RO RP% H Leas R R
e D1 D29 RD3 RDZ3 H
Lo R R H Cl44 24
Ler ROt RD30 H Leras RD3 R H
LC' ! RO RP3! H Lewss RD3 RD2 H
Lcﬂ,z RD! RD32 H Lewss RD3 RD26 H
ch RD! RD33 H s RD3 RD?7 H
LC'4 R2! RD34 H Lera RD3 RD?8 H
€ D3 D29 H
Ler R R o Leiso R R
Lcﬂ,s RD! RD40 H Letss RD3 RD30 H
Lcj R2! RO H i RD3 RD31 H
LC'8 R2! RD®2 H Leiss RD3 RD32 H
c’ D3 D33 H
L R R o Leiss R R
LO&O RPO! RD66 q Leyss RP3 RD34 q
LO81 RDl RDGS H Cis6 RD3 RD35 H
82 D3 D40 H
L RP! RO76 H cis7 R R
83 D3 RD41 H
L RP? RP! o Leiss R
o84 D3 RDAZ H
L RP? RP3 H Leyse R
83 D3 RD64 H
L RP? RP4 H 160 R
86 D3 D66 H
L RP? R H _ R R
87 D3 D68 H
L RP? RPS o Lee R R
8 D3 RD76 H
L RP? RP7 H Leiss R
89 D4 RDS H
L RP? RP8 H clea R
@0 D4 RDG H
L RP? R H 65 R
ol D4 D7 H
L RP? RP1 o Leiss R R
o2 D4 RDS H
L RP? RPU H Legy R
o3 D4 RDQ H
LC94 RDZ RDIZ H C168 R
L RDZ RD13 H LC169 RD4 RDIO H
LCQS RP2 RPM4 I Leyro R4 ROU I
«s D4 D12 H
L R RPY H Lo R R
LC97 RD2 RD16 H LCl72 RD4 RDIS H
s D4 D14 H
L RP? RPV H Leirs R R
0 D4 D15 H
L R?? RP18 H Lo R R
LCIOO RDZ RDIQ H LCl 75 RD4 RDIG H
LCIOI RD2 RD20 q Leyrs RD4 RP17 q
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clos RDZ RDZZ b=t L 17s RDA RD 19 b=t
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R RP> H Leiso R R
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341 D26 D16 b=t
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La RPM R H Laao R
C:’AS RD14 RDS H LC420 RD25 RD20 H
LCJAS RD14 RDQ H LC421 RD25 RDZI H
347 D26 D23 H
L RPM RP10 H Loy R R
€348 D26 D24 b=t
La RPM ROV H Lo R R
C:’Ag RD 14 RD 15 H L Cioa RD25 RDZS H
LC:SO RD14 RDIS H LC425 RD25 RD27 H
sl D26 D28 b=t
L RPM RPY H Leis R R
332 D26 D29 H
La RPM RD!8 H | . R R
C:’SS RD14 RDIQ H LC428 RD25 RDSO H
LCJSA RD14 RDZO H LC429 RD25 RDSI H
€335 D26 D32 H
L RPM RP2L H Leaso R R
€336 D26 D33 H
Lo RPM RPZ H Lot R R
C:’57 RD14 RDZS H LC432 RD25 RD34 H
LCJSS RD14 RDZA H LC433 RD25 RD35 H
339 D26 D40 H
L RPM RP% H Legsa R R
€360 D26 D41 H
Lo RPM RD?6 H Lasss R R
C:’SI RD14 RDZ7 H LC436 RD25 RDAZ H
LCJSZ RD14 RDZ8 H LC437 RD25 RD64 H
€363 D26 D66 H
L RPM RP% H Loiss R R
c364 D26 D68 H
La RPM RD30 H Laiso R R
C:’ 63 RD 14 RD3 1 H L a0 RD25 RD 76 H
LCjGG RD14 RD3Z H LC441 RD35 RDS H
chm ROM RO q Lo RO RDS q
LC:’SS RD14 RD34 H LC443 RD35 RDQ H
stg RD14 RD35 H LC444 RD35 RDIO H
LCJ 7 RD14 RD40 H LC445 RD35 RD 12 H
7 D35 D15 H
La RPM RO4 H Lous R R
LC:JZ RD14 RDAZ H LC447 RD35 RDIG H
Cj73 RD14 RD64 H LC448 RD35 RD17 H
LCJ74 RD14 RDGG H LC449 RD35 RD18 H
&7 D35 D19 H
L RPM RDSS H Laiso R R
376 D35 RDZO H
T RD14 RD76 q Leus, R
Cj 77 RDZZ RDS H L cuso RD35 RDZ 1 H
378 ROZ RDS I Loy RO N I
&7 D35 RDZ4 H
La RPZ R H Laysa R
LC:vSO RDZZ RDIO H LC455 RD35 RDZS H
CjSI RDZZ RDIZ H LC456 RD35 RDZ7 H
382 ROZ RDI5 I Leger RO RO I
€383 D35 D29 H
La RPZ RO16 H Layss R R
LC2784 RDZZ RD17 H LC459 RD35 RD30 H
C:’SS RDZZ RD18 H LC460 RD35 RD31 H
€386 ROZ ROV I Lewer RO RD% I
LC387 RDZZ RDZO H LC462 RD35 RD33 H
388 D35 RD34 H
T RD22 RD21 q Leouss R
€389 RDZZ RDZ3 H LC464 RD35 RD40 H
LCjQO RDZZ RDZA H LC465 RD35 RD41 H
L C:’ ot RD22 RD25 " L cas RDSS RD42 "
LC_:92 RD22 RD26 H LC467 RD35 RD64 H
LCJ93 RD22 RD27 H LC468 RDSS RD66 H
304 D35 D68 H
L RP?2 RP? H Leaso R R
€393 D35 D76 H
L RP?2 RP? H Legro R R
LC:’96 RDZZ RD.’:O H LC471 RD40 RDS H
L Cf o7 RDZZ RD3 1 H L can RD40 RDG H
LC:y98 RDZZ RD3Z H LC473 RD40 RDQ H
1, 399 RDZZ RD33 b=t L ca RDAO RD 10 b=t
L 00 RD22 RD34 H L 475 RDAO RD 12 H
ot RD22 RD35 H L e RD40 RD 15 H
LCA02 D40 D16
L RP2 RP40 H Leyrr R R H
03 D22 D41 L RD40 RD 17 H
LC404 R R H C478
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D40 D18 RD64 RDGG H
LC479 R R H LC553 Déi "hés 0
L RP% RPY H Lessy R R
480 D64 D76 H
L RP%0 RP20 ¢ Lesss R
casl D66 D5 H
L RP40 RP2! H Lesss R R
a8 D66 D6 "
L RP% RP? H Lessy R R
83 D66 D9 H
L RP% RP H Lesss R R
cas4 D66 D10 H
L RP% RP® H Lesso R R
485 D66 D12 b=t
L RD40 RP?7 H Leseo R R
cas6 D66 D15 H
L RP% RP% H Lesel R R
a8t D66 D16 H
L RP% RP¥ H Leser R R
488 D66 D17 b=t
L RD40 RP30 H Lese R R
489 D66 D18 b=t
L RP# RP3! H Lesen R R
€490 D66 D19 H
L RP% RP® H Leses R R
LCAQI RD40 RD33 H LCS o6 RD66 RDZO H
92 D66 D21 b=t
L RD40 RD34 H Leser R R
LCAQ3 RD40 RD41 H LCS 68 RD65 RD23 H
caod D66 D24 H
L RP RP® H Leseo R R
493 D66 D25 H
L RP RO H Lesyo R R
496 D66 D27 b=t
L RD40 RD66 H Lest R R
LC497 RD40 RD68 H LCS » RD66 RDZS H
LCAQS RP40 RD76 a Lesrs RDS6 RD29 a
99 D66 D30 b=t
L RPH RP? H Lesa R R
e300 D66 D31 H
L RPH RPS H Lesys R R
30l D66 RDSZ H
L RPH RPY H Less R
0 D66 D33 H
L RPH RP10 H Lesyr R R
303 D66 D34 H
L RPH ROV H Leszs R R
304 D66 D42 H
L RPH ROV H | R R
LC505 RD41 RDIS H LC580 RD66 RD68 H
€206 D66 D76 H
L RPH RPV H Lessy R R
07 D68 D5 H
L RPH RP18 H Lesso R R
308 D68 D6 H
L RPH RPY H Lesss R R
€209 D68 RDQ H
L RPH RP20 H Lessa R
LC5 10 RDAL RP21 q Lesss RDSS RP10 q
LC5 1 RD41 RDZ3 H LC586 RDGS RD 12 H
12 D68 D15 H
L RPH RO# H Lesgr R R
€13 DAl D25 L RDGS RD 16 H
LC5 14 R R H C588 D6s p17
L RP4 RP?7 H Lesgo R R H
o315 RD41 RDZS H LC590 RDGS RD 18 H
LC516 DAl D29 RDGS RDIQ H
L R R H Lesoy
17 DAl D30 L RDGS RDZO H
LC518 R R H C592 D6s 21
L RP4 RP3! H Lesos R R H
19 D68 D23 H
L RP4 RP* o Lesoa R R
Lc5zo RDAL RD33 q Lesos RDSS RD24 q
LC521 RD41 RD34 H LC596 RD68 RDZS H
Lc5zz RDAL RD42 q Leses RD6S RP27 q
523 RD41 RD64 H LC598 RDGS RDZS H
LC524 DAl D66 L RD68 RDZQ H
LC525 R R H C599 D6s n30
L RP4 RPS8 H Lesoo R R H
€526 D68 D31 H
L ROH RO76 H Lcsor R R
27 D68 D32 H
L RO R o Leso R R
€228 D68 RD33 H
L RPS RPS H Lceos R
LC529 RD64 RDQ H LC604 RD68 RD34 H
€330 D68 D42 H
L RDS R0 H Lcsos R R
331 D68 D76 H
L RO RO o Lesos R R
LC53Z RD64 RP1S q Lesor RD76 RDS q
LC533 RD64 RDIG H LC608 RD75 RDG H
334 D76 D9 H
L RDS RPY H L cso9 R R
€335 D76 D10 H
L RO RDIS o Lesio R R
LC536 RD64 RP19 q Loty RD76 RP12 q
LC537 RD64 RDZO H LCG " RD75 RD 15 H
LC538 RD% RP2L o Leoss RP76 RP16 o
LC539 RD64 RD23 " LC6 " RD75 RD 17 "
€40 D76 D18 H
L RPS RP H Legts R R
LCSM RO RP2 ¢ Lests RP76 ROV ¢
o D76 D20 H
L RPS RP?7 H | R R
a3 D76 D21 H
L RPS RP? H Lesis R R
LC544 RD64 RD29 H LC6 19 RD 76 RD23 H
LC545 RD64 RD30 H LCGZO RD 76 RDZ4 H
LC546 RD64 RD31 H LC621 RD 76 RDZS H
a7 RD64 RDSZ b=t LC622 RD 76 RD27 b=t
LCSAS D76 D28 H
RP& RP33 H Leen R R
LC549 D76 D29 H
RPS RD34 H Legoa R R
LC550 D76 D30
L RPS RP# H Legos R R H
et D64 D64 L RD75 RDSI H
LC5 52 R R H C626
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Ligand R! R? R? Ligand R! RZ R?

D76 D32 RDI RDSO RD[
iC627 §D76 §D33 g iz:z; RDI RDSI RD[
ngjz RD76 RD34 H LC:703 RDI RD32 RD[
LC630 RD76 RD42 H LC704 RDI RD33 RD[
LC631 RDI RDI RDl LC705 RDI RD34 RD[
LC632 RD2 RD2 RDl LC706 RDI RDSS RD[
LC633 RDS RDS RDl LC707 RDI RD40 RD[
LC634 RD4 RD4 RDl cr08 RDI RD41 RD[
LC635 RDS RDS RDl LC709 RDI RD42 RD[
LC636 RDS RDS RDl LC710 RDI RD64 RD[
LC637 RD7 RD7 RDl LC711 RDI RD66 RD[
LC638 RDS RDS RDl 1o RDI RD68 RD[
LC639 RDQ RDQ RDl LC713 RDI RD76 RD[
LC640 RDIO RDIO RDl LC7 14 RDZ RDI RD[
LC641 RDll RDll RDl LC715 RDZ RD3 RD[
LC642 RDIZ RD 12 RDl 6 RD2 RD4 RD[
LC643 RD13 RDIS RDl LC717 RDZ RDS RD[
LC644 RD14 RD 14 RDl LC718 RDZ RD6 RD[
LC645 RDIS RDIS RDl LC719 RDZ RD7 RD[
LC646 RD16 RD 16 RDl 20 RDZ RDS RD[
LC647 RD17 RD17 RDl LC721 RDZ RDQ RD[
LC648 RDIS RD 18 RDl LC722 RDZ RD 10 RD[
LC649 RD19 RDIQ RDl LC723 RDZ RDll RD[
LC650 RDZO RDZO RDl - RDZ RD 12 RD[
LC651 RDZl RDZI RDl LC725 RDZ RD13 RD[
LC652 RDZZ RDZZ RDl LC726 RDZ RD 14 RD[
LC653 RDZ3 RDZ3 RDl LC727 RDZ RDIS RD[
LC654 RD24 RD24 RDl P RDZ RD 16 RD[
LC655 RDZS RDZS RDl LC729 RDZ RD17 RD[
LC656 RDZG RDZG RDl LC730 RDZ RD 18 RD[
LC657 RDZ7 RDZ7 RDl LC731 RDZ RDIQ RD[
LC658 RDZS RDZ8 RDl P RDZ RDZO RD[
LC559 RDZQ RDZQ RDl LC733 RDZ RDZI RD[
LC660 RD30 RDSO RDl LC734 RDZ RDZZ RD[
LC661 RD31 RD.’:I RDl LC735 RDZ RDZ.’: RD[
LCGGZ RD3Z RDSZ RDl 136 RDZ RDZ4 RD[
LC663 RD33 RD33 RDl LC737 RDZ RDZS RD[
LC664 RD34 RD34 RDl LC738 RDZ RDZG RD[
LCGGS RD35 RD35 RDl LC739 RDZ RDZ7 RD[
LCGGG RD40 RD40 RDl a0 RDZ RDZ8 RD[
LC667 RD41 RD41 RDl LC741 RDZ RDZQ RD[
LC668 RD4Z RD4Z RDl LC74Z RDZ RD.’:O RD[
LCGGQ RD64 RD64 RDl LC743 RDZ RD31 RD[
LCG 20 RDGG RDGG RDl LC744 RDZ RD3Z RD[
LC671 RD68 RDGS RDl LC745 RDZ RD33 RD[
LCG = RD76 RD 76 RDl LC746 RDZ RD34 RD[
LCG 7 RDI RDZ RDl LC747 RDZ RD35 RD[
LCG ” RDI RD3 RDl cs RDZ RD40 RD[
LCG 75 RDI RD4 RDl 9 RDZ RD41 RD[
LCG 76 RDI RDS RDl LC750 RDZ RD4Z RD[
LC677 RDI RDG RDl LC751 RDZ RD64 RD[
LCG 78 RDI RD7 RDl 75 RDZ RDGG RD[
LCG 7 RDI RD8 RDl 753 RDZ RD68 RD[
LC680 RDI RDQ RDl LC754 RDZ RD76 RD[
LC681 RDI RDIO RDl LC755 RD3 RD4 RD[
LC68Z RDI RDll RDl 756 RD3 RDS RD[
LC683 RDI RDIZ RDl 757 RD3 RDG RD[
LC684 RDI RD13 RDl LC758 RD3 RD7 RD[
LC685 RDI RD14 RDl LC759 RD3 RD8 RD[
LC686 RDI RDIS RDl 760 RD3 RDQ RD[
LC687 RDI RDIG RDl LC761 RD3 RDIO RD[
L RDI RD17 RDl LC762 RDS RDll RD[
LC688 RDI RDIS RDl LC‘763 RD3 RD12 RD[
Lizzz RDI RD19 RDl LC764 RDS RDIS RD[
LC691 RDI RD20 RDl LC765 RDS RD 14 RD[
LC592 RDI RD21 RDl LC766 RDS RDIS RD[
LC693 RDI RDZZ RDl LC767 RD3 RDIG RD[
L RDI RDZ3 RDl LC768 RD3 RD17 RD[
LC694 RDI RDZ4 RDl LC‘769 RD3 RDIS RD[
LC695 RDI RDZS RDl LC‘770 RD3 RDIQ RD[
LC696 RDI RD26 RDl LC‘771 RD3 RD20 RD[
LC697 RDI RD27 RDl LC‘772 RD3 RD21 RD[
LC698 RDI RD28 RDI LC‘773 RDS RD22 RD[
LZG',:)?) RDI RD29 RDl LC7 7 RDS RD23 RD[
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. 1 2 3
Ligand R! R? R? Ligand R R R
D7 D22 RD[
. RD3 RO R2! Lesao R R
LC’ » RDS RD25 RDl L 0 RD7 RD23 RD[
LC776 s D7 D24 Dl
L RP3 RP26 R?! Lcgst R R R
cn RDS RD27 RDl LC852 RD7 RD25 RD[
LC778 D7 D26 RD[
RDS RD28 RDl LC853 R R
LC77Q D7 D27 Dl
RD? RP® R2! Lcgss R R R
LC780 D1 s D7 D28 RD[
- RP3 RP30 R Lcsss R R -
el RD3 RD3! RP! Lesse RD? RD® R
82 1 D7 RDSO RD[
Leo R RP® RP Lessy R o
crss RD3 RD33 RP! Loss RD7 RD3! R
LC784 D1 s D7 D32 RD[
Leo RD3 RD34 R Lcsso R R -
€8s RD3 RD RP! Leseo RD? RO R
86 1 D7 RD34 RD[
Leo R RP40 RP Leset R o
7 RD3 RP4 RP! Loser RP7 RD3 R
LC788 D1 s D7 D40 RD[
Leo RDP3 R4 R Leses R R
€789 RDS RD64 RDl LC864 RD7 RD41 RD[
€790 1 D7 RD42 RD[
L RD3 RD66 R? Leses R
ol D7 D64 RD[
RD3 RD68 RDl LC866 R R
LC792 D7 D66 RD[
RD3 RD76 RD! Leser R R
LC793 D7 D68 RD[
. RP? RP? RP! Leses R R o
LC' o4 R RD6 RP! Leses RD7 RD76 R
€793 D8 D5 Dl
D4 RD7 RDl L R R R
LC796 R D1 870 D8 D6 RD[
Leo R4 RP8 R L7t R R -
Cﬂ'w R RD® RP! Lesr RPS RD® R
o8 RD4 RDIO RDl LC873 RDS RDIO RD[
LC799 D8 DIl Dl
D4 RDll RDl L R R R
LCBOO R 874 D8 D12 RD[
R RP12 RP! Lesvs R R
LC\801 1 D8 RDIS RD[
L RD4 RP13 R? Lesss R o
802 RD4 RD14 RDl L - RDS RD14 R
LCBOS s D8 D15 Dl
D4 RDIS RDl L R R R
LC\804 R 78 D8 D16 RD[
RD4 RDIG RDl LC%79 R R
LO805 1 D8 RD17 RD[
L RD4 RPY7 R? Lesso R o
LO806 RD4 RDIS RDl LC881 RDS RDIS R
807 D8 D19 Dl
D4 RDIQ RDl L R R R
LCBOS R 882 D8 D20 RD[
R RP20 RD! Lcsss R R
LO809 D8 D21 RD[
L RD4 RrD21 RD! Lessa R R o
ch to RD4 RDZZ RDl LC%SS RDS RDZZ R
81l D4 RDZ3 RDl L RDS RDZ3 RD[
LC\8 2 R 886 D8 D24 RD[
L RD4 RrD24 RD! Lessy R R o
ch 13 RD4 RDZS RDl LC%SS RDS RDZS R
ch 14 RD4 RDZG RDl LC%SQ RDS RDZG RD[
815 1 D8 D27 RD[
L R4 RP?7 R? Lcsoo R R
816 D8 D28 RD[
L RD4 RD28 RD! Lcsor R R o
ch 17 RD4 RDZQ RDl LCSQZ RDS RDZQ R
ch 1 RD4 RD30 RDl LC%QS RDS RD30 RD[
819 D8 D31 D1
L R4 RD3L R?! Lcson R R R
€820 D8 D32 RD[
L RD4 RD32 RD! Lcsos R R o
LC\XZI RD4 RD33 RDl LC%QG RDS RD33 R
82 D4 RD34 RDl L RDS RD34 RD[
LOXZS R 1 897 D8 D35 RD[
L R4 RO R? Lcsos R R
824 D8 D40 RD[
L RD4 RD40 RD! Lcsoo R R
823 D8 D41 RD[
L RD4 ROM RD! L cvoo R R
826 D8 D42 RD[
RD4 RO42 R2! Lesos R R
LO827 D8 D64 Dl
R4 RD64 R?! | R R R
LC\SZS D8 D66 D1
RD4 RD66 RD! Levos R R R
LOSZQ D8 D68 Dl
D4 RD68 RDl R R R
LO830 R o0 D8 D76 Dl
L R4 RO76 R?! Lcgos R R R
83l D1 D11 D5 RD[
L R4 RP! R Lcgos R R
832 D11 D6 RD[
L RP7 RPS RP! | R R
LO833 RD7 RDG RDl LC908 RDll RDQ RD[
LC\834 RD7 RDS RDl LC909 RDll RDIO RD[
LC\835 RD7 RDQ RDl LC910 RDll RD12 RD[
LO836 RD7 RDIO RDl LC911 RDll RD13 RD[
837 D1l D14 Dl
RY7 ROU RD! Lot R R R
LCSSS D1l D15 RD[
L RP7 RP12 RP! Leoss R R
€839 D1l D16 RD[
L RD7 RDIS RDl ch " R R
LO840 RD7 RD14 RDl LC915 RDll RD17 RD[
LOS41 RD7 RDIS RDl LC916 RDll RD18 RD[
LO84Z RD7 RDIG RDl ch17 RDll RDIQ RD[
LC\843 RD7 RD17 RDl LC918 RDll RDZO RD[
LOSM RD7 RDIS RDl LC‘919 RDll RD21 RD[
e85 RD7 RDIQ RDl ch20 RDll RD22 RD[
LCS46 D1l D23 Dl
L RY7 RP20 R?! Levar R R R
847 D24 pall
LO848 RD7 RD21 RDl LC922 RDll R R
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Ligand R! R? R? Ligand R! RZ R?

L RDll RD25 RDl L RD 14 RD32 RD[
LCQ23 RDll RD26 RDl chg7 RD 14 RD33 RD[
Lij‘; RDll RD27 RDl ngz RD 14 RD34 RD[
LC926 RDll RD28 RDl LClOOO RD14 RDSS RD[
LC927 RDll RD29 RDl LClOOl RD14 RD40 RD[
LC928 RDll RDSO RDl LC 002 RD14 RD41 RD[
LC929 RDll RDSI RDl LClOO" RD14 RD42 RD[
LCQSO RDll RDSZ RDl LCiOOZ RD14 RD64 RD[
LC931 RDll RD33 RDl LC1005 RD14 RDSS RD[
ch32 RDI 1 RD34 RDl LC 006 RD 14 RDSS RD[
ch33 RDll RDSS RDl LClOO’ RD14 RD76 RD[
LC934 RDll RD40 RDl LCi 008’ RDZZ RDS RD[
LC935 RDll RD41 RDl LCl 000 RD22 RDS RD[
LC936 RDll RD42 RDl LC 010 RDZZ RDQ RD[
ch37 RDll RD64 RDl LCiOll RDZZ RDIO RD[
LC938 RDll RDSS RDl LC1012 RD22 RD12 RD[
LCQSQ RDll RD68 RDl LClOl" RDZZ RDIS RD[
LC940 RDll RD76 RDl LC 01: RDZZ RDIS RD[
LC941 RDIS RDS RDl LCiOlS RDZZ RD17 RD[
ch42 RD13 RD6 RDl LC1016 RDZZ RDIS RD[
ch43 RDIS RDQ RDl LClOl" RDZZ RDIQ RD[
LC944 RDIS RDIO RDl LC 018’ RDZZ RDZO RD[
LC945 RD13 RDIZ RDl LCiOlQ RDZZ RDZI RD[
LC946 RDIS RD 14 RDl LCl 090 RDZZ RD23 RD[
ch47 RDIS RD 15 RDl LC o1 RDZZ RD24 RD[
LC948 RD13 RDIG RDl LCl 022 RDZZ RDZS RD[
LCQAQ RD13 RD17 RDl LCiOZ" RDZZ RDZG RD[
LCQSO RDIS RDIS RDl LCl 02: RDZZ RD27 RD[
LCQSI RD13 RDIQ RDl LC1025 RDZZ RDZ8 RD[
LCQSZ RD13 RDZO RDl LC 026 RDZZ RDZQ RD[
ch53 RD13 RDZI RDl LCiOZ" RDZZ RDSO RD[
LC954 RD13 RDZZ RDl LCl 028’ RDZZ RD31 RD[
LC955 RD13 RDZ3 RDl LCl 029 RDZZ RDSZ RD[
LC956 RD13 RDZ4 RDl LC 030 RDZZ RD33 RD[
ch57 RD13 RDZS RDl LCi 031 RDZZ RD34 RD[
LC958 RD13 RDZG RDl LCl 032 RDZZ RD35 RD[
chjg RD13 RDZ7 RDl LCl 033 RDZZ RD40 RD[
LC960 RD13 RDZS RDl LCl 03: RDZZ RD41 RD[
LCQGI RD13 RDZQ RDl LCl 035 RDZZ RD4Z RD[
LCQGZ RD13 RDSO RDl LCl 036 RDZZ RD64 RD[
LC963 RD13 RD31 RDl LC103" RDZZ RDGG RD[
LC964 RD13 RD.’:Z RDl LCl 03% RDZZ RDGS RD[
LCQGS RD13 RD33 RDl LCl 039 RDZZ RD76 RD[
LCQGG RD13 RD34 RDl Clodo RD25 RDS RD[
LC967 RD13 RD35 RDl LC o1 RD25 RDG RD[
LC968 RD13 RD40 RDl LCi 01 RD25 RDQ RD[
LCQGQ RD13 RD41 RDl LC104" RD25 RDIO RD[
LCQ % RD13 RD4Z RDl a 04; RD25 RD 12 RD[
LC971 RD13 RD64 RDl Cloas RD25 RDIS RD[
LC97Z RD13 RDGG RDl LC1046 RD25 RDIG RD[
LC973 RD13 RDGS RDl LC104" RD25 RD17 RD[
LC974 RD13 RD76 RDl c 04; RD25 RDIS RD[
LC975 RD14 RDS RDl C1049 RD25 RDIQ RD[
LC976 RD14 RDG RDl LCl 050 RD25 RDZO RD[
LC977 RD14 RDQ RDl LC1051 RD25 RDZI RD[
LC978 RD14 RDIO RDl LC 053 RD25 RDZ3 RD[
LCQ 7 RD14 RD 12 RDl Ci 053 RD25 RDZ4 RD[
LC980 RD14 RDIS RDl LCl 052 RD25 RDZS RD[
LC981 RD14 RDIG RDl LC1055 RD25 RDZ7 RD[
LCQSZ RD14 RD17 RDl LC1056 RD25 RDZS RD[
LC983 RD14 RD18 RDl LClOS" RD25 RDZQ RD[
LC984 RD14 RDIQ RDl LCl 058’ RD25 RDSO RD[
L RD14 RD20 RDl L RD25 RD31 RD[
Lizz RD14 RD21 RDl Lil 222 RD26 RD32 RD[

1
LC987 RD14 RD22 RDl LCl 061 RD25 RDSS RD[
L RD14 RD23 RDl L RD25 RDS4 RD[
Li:z RD14 RD24 RDl in zzf RD26 RD35 RD[
LC990 RD14 RDZS RDl LCl 06; RD25 RD40 RD[
L RD14 RDZG RDl L RD25 RD41 RD[
Lzz; RD14 RD27 RDl in 222 RD26 RD42 RD[
chgg, RD14 RD28 RDl LCl 067 RD25 RD64 RD[
L RD14 RD29 RDl L ' RD26 RD66 RD[
Liz: RD14 RDSO RDI Lzl zzz RD26 RDGS RD[
1
LCQQG RD14 RD31 RDl LCl 070 RD25 RD76 RD[
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Ligand R R R Ligand R! RZ R?
Letont RD3 RDS RD! Ltas RDA RP?7 R!
Letors RD? RDS R2! Leyiae RD4 RDS RO
Leyors RD® DY RD! Loyias ROA RD2 RD
Letorn RD® RP10 R2 Loy ias ROA RD30 R
Letors RD? RO R2! Lias RD4 RP3 RO
Letore RD? RPI5 RD! Leiso RD4 RP® RO
Letors RD® RP'6 RD! Leyisg ROA RD33 RD
Leyors RD® ROV RD Leviss ROA RD3 RD:
Letors RD? RIS RD! Liiss RD4 RP® RO
Loz RD? RP19 RD! Loyisa RD4 RD® RO!
Leyoss RD® RP20 RD! Loyiss ROA RDS6 RD
o8 RD3 RP2! RD! Loyise ROA RDSS el
Letoss RD? RD?3 RD! Letisn RD4 RD76 RO!
D35 D24 DI '
iaom RD35 RDZS RDl Leiiss RP® R RP!
LC1085 RD35 RD27 RDl Leiiso RP® RPS RM!
C1086 RD35 szs R Leiiso RD® RP? R
Leiogy R R R Leiien RD® RP1 RP!
Leyoss RD¥ RD? RD! Lovieo RD® RO RD!
Leross RD3 RD30 RD! Levies ROSH RPSS RD
Letoso RD¥ RP3 RD! Leies RD® RPI6 RD!
Letoor RD¥ RP¥® RD! Levies RD® RP!7 RD!
Lvos RD3 RD33 RD! Loviee ROSH RDIS RD
Lroos RD3 R34 RD! Leovier RS RPW RD:
L1o0e RD¥ RP%0 RD! Loties RD® RP? RD!
L1oos RD¥ RPH RD! Levieo RD® RP2! RD!
Letooe RD3 RP%2 RD! Levino ROSH RD23 RD:
Leoos RD3 RDS RD Leyioy ROSH RD RD
Leioos RD¥ RDS6 RD! Lo RD® RD?S RD!
L1oss RD? RDSS RD! Leyios RD& RP?7 RP!
Letioo RD® RD76 RD Loy ROSH RD28 RD:
Levior RDA0 RDS RD! Leyios ROSH RP2 RD
. RD%0 RDS RD! Lo RD& RP RP!
Leyion RD40 RDY RD! Lo RDS RD31 RD!
L D40 D10 D1 i
C1104 RD R R Leiirs RP® RP? RM!
Levios R0 RO RD Leyiog RS RD3 RD
Lesios RD40 RDIS RD! Lotz RDS RD3 RD!
L RD40 D16 DI
C1107 R R Leiiss RD® RP® R2!
D40 D17 DI
Letiog RD40 RDIS R Lenigo RP® RP® RM!
Letios R R RM! Leiiss RD® RPS RP!
L RD40 D19 DI ?
ci110 R R Leiisa RD® RDSS RP!
L RD40 D20 DI
ciit R R Leiiss RD® RO R2!
Lottt RO RP2! R2! Loyise RO RDS RO
L RD40 D23 DI h
Ci113 R R Leiisy RDS RDS RP!
L RD40 D24 DL '
cil14 R R Leiiss RDS RP? RP!
L RD40 D25 DI
ci115 R R Leiiso RDS RP10 R2!
Letiie RO RP?7 R2! Levioo RO RP12 RO
L RD40 D28 DI h
ci117 R R Leion RDS RDY RP!
L RD40 D29 DI
ciits R R L RDS6 RD16 DI
D40 D30 DI cuioz K
Levito R R R lios RO RPY7 RO
L R4 D31 D1 1193
c1120 R R Leiios RPS RP1S RP!
L RD40 D32 DI
cii21 R R Leiios RDS RDY RP!
103 RD40 RD33 RD! Leyiog RDS6 RD20 RO!
it RD%0 RD RD! 107 RO RP2! RO
L RD40 D4l D1 L197
Cl124 R R Leiios RPS RPZ RP!
L RD40 D42 DI
. R R L RDS6 RD24 DI
D40 D64 DI 119 X
Leinze R R R L1200 RDS RPZ R2!
. RD%0 RDS6 RD! Lessor RO RP?7 RO
Leyios RD%0 RDSS RD! Lo RO RDS RO!
L RD40 D76 DI h
C1129 R R Leizos RDS RP? RP!
Leiso RD4! RDS RD! Lioon RDS6 RD30 RO!
Leyiag RDA RDS RD! Lros RDS6 RD3! RD:
Levias RP4 RD? R2! Leioog RO RP® RO
Leyias RP4 RP10 RD! Leioos RO RP? RO!
Leyian RPA RO RD! Lyoos RO RD3 el
LC] 135 RD41 RD15 RDl LC1209 RD65 RD42 RD[
LC1135 RD41 RDIG RDl LC1210 RD65 RDGS RD[
Lesiss RO R2L7 R2: Loy RO RO76 e
Leyias RD4! RD18 RD! Less RDSS RDS RO!
Leyiso RD4 RD19 RD! Leiis RDSS RDS RO!
Letiao RDA RP20 RD! Leiois RDS RD? RD
Lot RP4 RP2! RD! Lo RDSS RP10 RO!
Leyias RO RD?3 R2! L RS RO RO
Leyias RPA RD? RO D RDS RP!SS RD:
D4l '
LC] 144 R RD25 RDl LC1218 RD68 RDIG RD[
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LC1219 RDGS RD17 RDl
LC1220 RDSS RDIS RDl
LC1221 RDSS RDIQ RDl
LC1222 RDSS RD20 RDl
LC1223 RDSS RD21 RDl
LC1224 RDSS RD23 RDl
LC1225 RDSS RD24 RDl
LC1226 RD68 RDZS RDl
LC1227 RDSS RD27 RDl
LC1228 RDSS RD28 RDl
LC1229 RD68 RDZQ RDl
LC1230 RD68 RDSO RDl
LC1231 RDSS RDSI RDl
LC1232 RD68 RDSZ RDl
LC1233 RD68 RD33 RDl
LC1234 RDSS RD34 RDl
LC1235 RD68 RD42 RDl
LC1236 RD68 RD76 RDl
LC1237 RD76 RDS RDl
LC1238 RD76 RD6 RDl
LC1239 RD76 RDQ RDl
LC1240 RD76 RDIO RDl
LC1241 RD76 RD 12 RDI
LC1242 RD76 RDIS RDl
LC1243 RD76 RDIG RDl
LC1244 RD76 RD17 RDl
LC1245 RD76 RD18 RDl
LC1246 RD76 RDIQ RDl
LC1247 RD76 RD20 RDl
LC1248 RD76 RD21 RDl
LC1249 RD76 RD23 RDl
LC1250 RD76 RD24 RDl
LC1251 RD76 RD25 RDl
LCIZSZ RD76 RD27 RDl
LC1253 RD76 RDZS RDl
LCIZSA RD76 RDZQ RDl
LC1255 RD76 RDSO RDl
LC1256 RD76 RD31 RDl
LC1257 RD76 RD32 RDl
LC1258 RD76 RD33 RDI
LC1259 RD76 RD34 RDl
LCIZGO RD76 RD42 RDl

[0079] wherein RP* to RP®! have the following structures:

RDI
,-CH;,
RDZ
.CDy,
RD3
RD4
RDS
RD6
RD7
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RDS

RD9
RDIO
RDI 1
RDIZ
RD13
RD14
RDIS
RDIG
RD17
RDIS
RDIQ
RDZO




US 2019/0372026 A1l Dec. 5, 2019
72

-continued -continued
RDZI RD34

.
.
.

.
»
\{\ |
RD2
-
/j’ RDSS
»
RO
e RD36
.
.
-
? "
»
RD#
’ RD37
RD2S R
|
> \ »
RD% RD38
B 'r’
P >
RDY é
-
\/\/\" R
RD2®
, »
.
/\/\\:
»
RD40
RP® L’
ll ‘
B
, »
>
ROH
f"
RD30 ,
l"
.
»
rRO®2
RD31
> .
D43
RD32 R
>
»
.
\j\’ *%
RO RDH
T &
7 >
.-



US 2019/0372026 A1l

-continued

»
’
’ s
2
Ry
] |

&G Q o

,
s
’
,

Q0 &

RD45

RD46

RD47

RD48

RD49

RD50

RDS 1

RDSZ

RD33

RD54
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RDSS

RD36

RD57

RDSS

RDSQ

RDGO

RD61

RD62

RD63

RD64

RD65

RD66

RD67

RD68

RD69
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\/\CFg,

CFs,

@]
3]
%

.
“

A

N
v

CF;

.
s
Y
Ly

CF3,

o
e

\
s
[y
\

CF3,

.
. \
r Y
S 0y
a
gs]
o
;4 m

jw]

.
;
/
U>>T
o)
e 5}
B

ey
o}

‘

\

‘

,
les]

i

@]
2]
i

CF3,

.
[y
\

.

FiC

and

.
.
\
N

CF3

CF,

Y
\
\
Y

CF3,

RO

RO

RD72

RD73

RO

RD75

RD76

RD77

RD78

RD7®

RDSO

RD8 1
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and structures in Ligand Group D consisting of L, through

Lipso:

Lpi
CD;
AN
s
O .~ |
Lp2
CDy
DsC \
s
e} -~ ,
Lps
DsC \
2N
0 o
Lpa
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Lps Lpo

Lpio
Lps

Lpni
Lp7

Lpiz

Lps
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Lpis Lpi7

Lpia
Lpis
Lpio
Lpis
Lpao

Lpis
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CD;
N
| P

Lpai

Lp2s

Lpaa
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Lpas

Lpas

Lpas

Lpag
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Lpo
DyC
8
PN
Lpso
Lps;
CD;
8
P
C O ‘
Lps2
CD,
DyC
8
P

Lps3

Lps4

Lpss

Lpss
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Lps7 Lpa

Lpss

Lpsy

Lpso

Lpao Lpys
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Lpa4 Lpe7

Lpag

Lpas

Lpso

Lpss

.
, and
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A7
Lpso R
RAS
RA9
[0080] Insomeembodiments of the compound, the at least RAIO
one R is selected from the group consisting of:
RAI ’
N )A / , RAl!
RAZ
RAIZ
RA3
RA13
RA4
RA14
RA5
RAIS

RA 6
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RA416 RA23

RA7
,
RAM
RAIS . )
, RA
RAL ,
426
s R
RA20 ’
-~ ,
R4
RA21
,
,
RAZ
pA2

RA2
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D

>

D

83

-continued

RA30

RAZI

RA32

RA33

R434

RA35

RA36

R437

RA38
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RA39

RA40

R44

RA 42

RA43

RA44

RA®

RA46

R4Y7
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-continued wherein R, R,, X, and G are defined as follows:
RA75

Ligand R, R X G Ligand R, R, X G
Ly R H CHGlI L, R H CH Gl
L3 R® H CHGI Ly R* H CH Gl
’ Lys R* H CH Gl Ly R H CH Gl
Ly R H CH Gl Ly R® H CH Gl
Lo R® H CHGlI Lg, R" H CH Gl
Ly, R H CHGI Ly, R H CH Gl
Lgs R H CH Gl Ly, RM™M H CH Gl
RAT Lgys R H  CHGI Ly, RIS H CH Gl
Lg; R H  CHGI Lgs RY H CH Gl
Lis R H CHGI Lg, R¥ H CH Gl
Lo R H CH Gl Ly R H CH Gl
Ly PRZ2 H CHGL Ly, R H CH Gl
Los R H  CHGI Ly R¥2H CH Gl
’ Loy R H CHGI Lgpe R2 H CH Gl
Lo R H CH G1 Ly, R¥ H CH Gl
Ly R™H  CHGL Ly, R¥%2H CH Gl
Liszs R H CHGI Ly, R™ H CH Gl
Lias R H  CHGI Ly R¥ H CH Gl
Lys; R H CH Gl Ly R H CH Gl
e Ligs R H CHGI Ly, R¥ H CH Gl
R Lia; R™ H CHGI Ly R¥ H CH Gl
Lus R™ H CH Gl Ly, R™ H CH Gl
Lus R™ H CH G1 Lygus R™ H CH Gl
Ly; R™ H CHGI Ly, R¥ H CH Gl
Lus R™ H CHGlI Ly, R® H CH Gl
; Ly R®H CH Gl Ly R H CH Gl
. Lisy RS H CH Gl Ly, R™ H CH Gl
. Liss R H  CHGI Ly, R¥ H CH Gl
D Lis; R¥™ H  CHGlI Ly R™ H CH Gl
D Ly R*™ H CH Gl Ly, R H CH Gl
Ly R H CHGI Ly, RY REY CH Gl
R L., RY R®Z CcHGlL Ly RY ORB cH Gl
Lis R™ R CHGI Ly RY RP® CH Gl
L7 R RS CHGlI Ly, RY REY CH @1
Lo R R CHGI Ly, RY R CH Gl
L R™M RPY CHGI Ly RY REM CH @1
» and Lin R™ RPZ CHGI Ly RY REB CcH &1
Lgs R OREM CHGI Ly RY ORES CH @1
L, R R CHGI L, RY REY CH Gl
D Lig R RE® CH Gl Ly RY REY CH @1
D Lii R*™ RF® CH Gl Ly, RY R CH @1
RAT L R™ RFZ CH Gl Ly, RY RF2 CH @1
Ls R RF* CH Gl L, RY RE® CH Gl
L7 R RF® CH Gl Ly RY R CH Gl
Lo R RF® CH Gl Ly, RY R CH @1
L R*™ RPO CHGI L, RY RP¥ CH @1
Ly R RP2 CHGI Ly, RY RE¥ CH a1
. Lis R RF¥ CH Gl Ly RY RE® CH &1
L7 R¥M RP® CH Gl Ly, RY RP¥ CH @1
Lws R RP® CH Gl Lge RY RE¥ CH Gl
: Laor R RF CH Gl Ly, RY REM CH Gl
Ligs R*™ RF*? CH Gl Lge RY RE® CH @1

RY® Luios R R CH GI Ly R R CH Gl
Lior R¥™ RE¥® CH G1 Ly RY" R CH @1
Lag R*™ RF® CH Gl Ly, RY RE* CH &1

. Lau R*™ RFP® CHGI Lgp, RY REY CH @1
[0081] In some embodiments of the compound where the Lo R4 RE? CH Gl L, RV RES CH GI

at least one R is selected from the group consisting of R* Lyis ROORPY CHGL Ly, RY RP® CH &t
to R*™, L, is selected from the group consisting of: L, to  Luuz Rji RZZ CH GI  Liug Rji Rﬁ; ca al
Liaw R RF® CH Gl Lgy RY R cH &1

L4335, based on the structure of o1 RAORE® CH GI Ly, RYOH CH G
Ly RY H CHGS Ly, RY H CH G4

Liss R¥M H CHGS Lgsx RY H CH G6

R Li»y R H CHGI Ly RY H CH G8

L, R' H CHGY 1, R H CH GI0

R, AN Ly RY H  CHGIl Ly, RY H CH GI2

| Lys; R H  CHGI3 Ly, RY H CH Gl4

’ Liss R H CHGI5S Ly, R H  CH Gl6

X N, Lsy RY H CHGIT L, RY H CH GI8

Y Lgs RY H CH G19 Ly RY H CH G20

G-" Lgyuy BRY H CHG2M Ly, RY H CH G2

Lis RY H CHG2 L. RY H CH G4

Liss R H CHGX Lgs RY H CH G
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Ligand R, R, X G Ligand R, R, X G Ligand R, R, X G Ligand R, R, X G
Lgs RY H CH G27 Ly RY H CH G28 Loos R R N G69 Ly RP REC N G70
Laswo R H CHG2Y Lgs RY H  CH G0 Lo, R REY N G71 Lgyee RAil R®? N 72
Las; R*M H  CHG3l Lgs RY H CH G32 Liog R™ RFP N G73 Lggp R® REAP N G4
Las; R*M H CHG33 Lgsa RY H CH G34 Laogr  R*™ RFP N G75 Lpp R® RES N G76

Y a1 B78 -
Luss R H  CH G Lgss R H  CH G36 Lios R#¥ R N G717 Lguw R RFB N 78
Lys; R H  CHGY Lgss R H  CH G38 Liaos R RE® N G719 Ly RAil R N G80
Lase R% H CH G39 Lge R* H CH G40 Lagr R REBL N G81 Ly RA;I R®® N G82
Laes RM H CHG4 Lge RYM H CH G4 Lige R™ RES® N G83 Lg, RE REMY N G4
Luiss R H CHG4 Lge R H CH G#4 Lian R RES N G85 Lgp, R#A RPN GE6
Lues R H CHG4 L R H  CH G46 Lz R REST N G87 Ly, R#A RPN Geg
Laes RY H CH G47 L RY H CH @48 Liais R™ RPN G899 L, R¥PY RFC N G90
Lie R™ H CHG4 Lg RY H CH G350 Laiy R RPY N G91 Ly, REY REZ N GR2
Lan R H CHGS Lgn RY H  CH G322 Liaw R RE® N G93 Lgpe R¥A RPN G944
Ly RMY H CHGS Loy R H  CH G4 Lo R RE® N G95 Ly RAil R®¢ N G%
Lajs RM H  CHGSS Ly R H CH G536 L R¥™ RF7 N G97 Ly, REY RE® N G98
Lan R H  CHGS Lgs RY H  CH G358 Lios R REP® N G99 Lgpe R#A REO N G100
Luaw R H  CHGS Lgs R H  CH G6O Lo R REIOUN G101 Lgps R REIZ N G102
Lgsg R H CHG6l Ly, R H  CH G2 L R REIOB N G103 L., R REM N Glo4
Lass R™ H  CHG63 Ly RY H CH Gé64 Lias R REI® N GI05 Ly, R¥PY REOS N G106
Luss R H  CHG65 Lgs RMY H  CH  G66
Lusgy R H  CHG67 Lgss R H  CH  G68
Lase RM H  CHG6 Lge R H CH G70 L "
g oL based on the structure of
Lior R H CHGMl Lge R H CH G722 4333 4772
a0s RY H  CHG73 Ly RY™ H CH G4
Lugos RM H CHGS L R H CH G76
Lagy RM H  CHGI7 Lge RY H CH @78 R; X
Lig R H CHGI9 Lpw R H CH G80 ﬁ
Lo R H CHG8L Lpp R H CH G2 |
Loz RMY H  CHGS Lpw RM H CH G#4 AN
Lioos R H  CHGS5S Lo RY H CH G%6 Ry .
Loy R H  CHG87 Lpe RY H CH G88 »
Low R H CHG8S Ly R H CH G% G-
Lo, R H CHGIY1 L1,, RY H CH G2
Lpois R H  CHGY Lpw R H CH G%4
Lois R%H  CHG%S Lpe RY H - CH G% wherein R?, R, X, and G are defined as follows:
Lo, R H  CHGY Lo R H O CH G698
Lpw RIDH  CHGY L1,, RY H CH G0
Lo R H  CHGIOL Lpn, R H  CH GI2
Lo RYYOH  CHGI03 Ly, R H  CH Glo4 Ligd Ry Ry, X G  Ligand Ry R, X G
Loy RYOH  CH GI05S Ly, RN H  CH  GI06 -
Loy RP RB N Gl Ly, RPN RZ N & Lyss R H CHG2 Lgy R? H CH G2
Lo R R® N G Ly, RPN R®* N o4 Liss R¥® H CHG2 Lg, R* H CH G2
Loy, RS RES N G5 Ly, RSB RES N G Lisy R¥® H  CHG2 Lgi R H CH G2
o RBURET N GT Ly, RSB REBON O G8 L RY H CHG2 Lge R® H CH &2
Lois R R® N GI L, RP RPN GlO Ly R¥* H CHG2 Lgp R H CH G2
L3 R4 RBIL N gUl Loss RA3L RB2Z N G12 Lz RAL CH G2 Lisas R412 CH 5
Low RO RBB N GI3 Ly, RS REM4 N G4 Liss R H  CHG Ly R™ T CH G2
on  RBURBS N GIS L, RS RES N Gl6 Liasr R H  CHG2 L RS H O CH G2
a3 RPBYREYON G17T L, RPU REB N G18 L 4340 Rjg H CH G2 Ly Rjjz H CH 2
Logs R REY N GI9 Lo, R® R N G2 Lssi RA21 H CHG Lgsp RA; H CH 2
Lig; R RPZL N G2l Ly R¥A RP2Z N G2 Lgss R H CHG2 Lgy R H CH G2
s  RPUORFZ N G23 L, RBU RPN G24 Lass Rﬁz H CH G2 Lyse Rjj: H CH 2
s RBLOREB N G5 L, RBLORE® N G26 Lss7 R{127 H CHG Lgs RAjS H CH 2
Lposs R RE N G27 L, R¥ADREE N Go8 L RO H  CHG2 Lpe RH - CH G2
Loss RA3L RB2 N (329 Lose RA3IL RBIO N G30 Lzt RA® [ CH G2 Lo RA;O H CH 5
sy RPLORPBL N GIl L, RBUREZ N G32 Lzes Rjz; H CH G2 Lyu Rj;i H CH 2
450 RBLREB N G333 Lpe, RPDOREM N G4 L ses RA35 H CH G Ly RA;G H CH 2
Lps  R# RPN G35 Ly, RP RS N 636 Ly R H  CHG2 Lge R H CH G2
Lioss R RPN G37 Lgpe RP RP® N G38 Liasw R¥ H CHG2 ILge R* H CH &
e RPLORBY N G309 L, RALOREO N GAD L7t ijj H CHG Lg» Rjj;’ H CH &
Lper  RP RPN G4l Lpg RPY RE2 N G2 Lgp R H  CHG Lg, RO H - CHG2
Lo RP RP® N G43 I, RS RPN G4 Lizs R H  CHG2 Lge R™ H CH G2
Loy RPRBS N G455 Lo, RED RPN G46 Ly R¥™ H  CHG Ly, R™ H CH 2
’ ' L R H CHG2 L R H CH G2
Lpa  R# RPN G47 L RBYRP® N G48 a0 oo -
L R RPN G491 R®ORPO N G50 Ligee RO H CHG Ly, RVH - CH G2
‘4275 ‘4276 L RASI H CH G2 L RA52 H CH 2
L RASI RBSI N G51 L. RASI R852 N G52 ‘4383 “ ‘4384
‘4277 ‘4278 L RASS H CH G2 L RA54 H CH 2
L RASI RBSS N GS3 L RASI R854 N G54 ‘4385 455 ‘4386 56
4279 4250 L R H CHG2 L R H CH G2
L RPL RPN G55 L REL REE N GS6 AT sy A s
A281 4282 L R*® H CHG2 L R¥™ H CH G2
L R4 REST N GST L R4 RB® N (38 A8 s 430 460 5
2 ansa NN Liow R*™ H CHG2 Lgp R H CH &
Lsgs R,m Rle N G539 Lyss Rw Rm N G60 Lios R H CHG2 Lgow RY R CH G2
Lipg7 R R™ N G6l Lpg R R™ N G62 Liags R R CH G2 L RY R CH 2
Lig RP RPN G635 Ly R* R N Go4 L R RP CH G2 Lo RY RP® CH G2
Loor R RS N G65 Lo R RFS N G66 L R R CH G2 Lu, R R CH 2
Lo R RPY N G67 Lgpes RP RS N G68 Luow R RP® CH G2 Lup R R¥ CH &2
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Ligand R4 Ry X G Ligand R, R, X G Ligand R Ry X G Ligand R, Ry X G
Luos R REC CH G2 Ly RY REYM CH &2 Lssi R RPN G2 Ly, R REE N G2
Lugs R RPIZ CH G2 Ly R RPB CH &2 Lyuss; R REF N G2 Lgs, R RN &2
Loy R REM CH G2 Ly RY RE® CH &2 Liss R¥% RFY N G2 Lygss RY RE¥Y N &2
Lige R RS CH G2 Ly RY REY CH &2 Lisy R¥%M RF¥® N G2 Ly RY REM N &2
Lun R ORP CH G2 Lyap R RPY CH &2 Lisso R RE® N G2 Ly R R N (2
Lz RAORPY CH G2 Ly, R RPCH &2 Lises R R N G2 Ly R R N @2
Luis R% RFZ2 CHG2 Ly RY RE® CH &2 Lisss R™ R N G2 Ly RY REFO N &2
Ly R%M RE® CH G2 Ly, RYM RE® CH &2 Lises R™M RFPPL N G2 Ly RY REZ N &2
Luw R RPS CH G2 Ly R R CH (2 Liss7 RAL RPP N G2 Ly R RP* N (2
L. R ORP® CH G2 Ly, R R CH (2 Lisso RAL RFP N G2 Ly, R RPN (2
Lips R REO CH G2 Ly RY REM CH & Lin RM RFY N G2 L RY RE®E N &2
Lips RM RE3Z CH G2 Ly RY RE®B CH & Lis;z R™M RFY N G2 Ly RY REO N &2
Lup; R RPM CH G2 Lyps R RPP CH (2 Liss H  RM CHG2 Iy H R? CH (2
Lo R RE¥ CH G2 Ly, R RP CH (2 Lis;, H R¥® CHG2 L H RY CH &2
Ly RYM O RE® CHG2 Ly RY RE¥ CH &2 Lise H R¥® CH G2 Lygp H R CH &2
Luss R RPYC CH G2 Ly R R CH (2 Lisss H RY CHG? Ly H O R® CH (2
Luss R RPY? CH G2 Ly R RE® CH (2 Lisss H R® CHG2 Ly H R CH (2
L, RADORPY™ CH G2 Ly R R CH (2 Lisgs H  RM CH G2 Ly, H RV CH (2
Liswe R¥™M REYC CH G2 Ly RYM REY CH &2 Ligy H R CH G2 Ly H  R™M CH &2
Lug RYORE*® CH G2 Lun R R CH (2 Lissg H RN CH G2 Ly H R CH G2
Luss R ORPC CH G2 Ly R RPY CH (2 Lisss H R CHG2 Ly H R CH (2
Liss RYM RFZ CH G2 Ly RYM RE® CH &2 Lisos H R CH G2 Ly H R ¢CH &2
Luss RY% RP* CHG2 Ly RYM RE® CH &2 Lisos H R?! CH G2 Ly H R CH &2
Lusw R RPS CH G2 Lus R RPT CH &2 Lissy H R™ CHG2 Lges H R CH (2
Luasi R ORP® CH G2 Ly, R RFPY CH (2 Lo H R CHG2 Ly H R CH (2
Luss R REO CHG2 Lysy RY H N &2 Lo H R?" CH G2 Lygw H R CH &2
Luss R2 H N G2 Lus R® H N &2 Lios H R CH G2 Lyo H R™ CH &2
Lus; R* H N G2 Lus R® H N @& Lios H R® CH G2 Ly H R CH &2
Luso R H N G2 Lyyw R H N @ Loy H R™ CHG2 Ly H R CH @2
Luss R® H N G Lue R H N &2 Lo H R CH G2 Ly H R™ CH &2
Lues R H N G2 Ly RK''H N @& Ly H R¥7 CH G2 Lo H R™ CH &2
Luss R H N G2 Lues RSP H N @ Lis H R™ CHG2 Ly H R™ CH &2
Lusy RM™ H N G2 Ly, R H N &2 Lys H R CHG2 Ly H R™W CH &2
Lug R H N G2 Lypo R H N &2 Ly H R CH G2 Ly H R™ CH &2
Lun R¥® H N G Ly, R H N @& Liww H R CH G2 Ly H R™ CH G2
s R H N G2 Lyy R?PH N G2 Lot H R CH G2 Lgp H R CH G2
Lyus R2Z2 H N G Ly, RP H N & Lyos H R CHG2 1L, H R CH &
Luyp R H N G2 Ly RP H N @& Lios H R¥®Y CH G2 Ly H R¥™ CH &2
Luw R H N G2 Ly R H N &2 Liy; H R CH G2 Ly H R CH G2
s RZ H N G2 Lypy R® H N G2 Lige H R CH G2 Lgs H R CH G2
Ly RP H N G2 Ly R H N & Ly H R¥ CHG2 Ly, H R CH (&
Luss R H N G Ly RP H N & Lis; H R CH G2 Ly H R CH &2
Lusg; R H N G2 Ly R H N &2 Liss H R CH G2 Ly H RY N G2
ase R H N G2 Ly R H N G2 Lis7 H RZ N G2 Ly H R® N &
Ly R¥® H N G2 Ly, R H N & Lygw H R¥ N G2 Ly H R® N &
Lugs R H N G Ly R H N & Liu H R¥® N G2 Lgyp H RY N &2
Luos R H N G2 Ly R® H N & Ligss H R® N G2 Ly H RY N &
a97 R H O ON (2 Ly, R H N @& Lys H RO N G2 Ly H RIM N &
a0 R H N G2 Iy R H N &2 Ly H RIZ N G2 Ly, H RIEB N &2
Loty R H N G Lgp R H N & L H R4 N G2 Ly H RPN &2
Lisss R H N G2 Ly R H N &2 Lisy H RS N G2 Lys, H RV N &2
a0 RPT2H N (2 Ly R H N @ Lyss H RIS N G2 Ly, H RPN &
407 R H N G2 Iy R H N G2 Liuss H R N G2 Ly H RZ N &2
Lisge R H N G2 Ly, R H N &2 Lis7 H R N G2 Ly H RPN &2
Lisy R H N G Ly, R H N & Lisss, H R N G2 Ly H RPN &2
3 R H O ON 32 Ly, R H N @ Ly H RIS N G2 Ly, H RPN 2
Lisis R REL N G2 Ly, RYMY REZ N &2 Liss H R N G2 Ly H RPN 2
Lisiz R RB N G Ly, RYMY R N &2 Liss H R N G2 Ly H R® N 2
Lisig R RPN G2 Ly, R R N (2 Liss7y H R N G2 Ly H RPN 2
Ly RIRFT N G2 Ly, R R® N & Lo H RPN G2 Ly H RPN &
Liss R™M RP N G2 Ly RYM REO N &2 L H R¥ N G2 Lgn H R¥ N 2
Lips R RPN G2 Ly R RPN (2 Lis H R N G2 Lyw H RPN 2
Liyy R RPN G2 Ly, RYM REM N &2 Li;s H R N G2 Ly H R™M N &2
Lisze R RES N G2 Lysyp RY R N &2 Ly H R N G2 Ly H R¥™ N 2
Lissi R ORPY N G2 Lgsp R RPN (2 Lo H R™ N G2 Lys H R¥™ N 2
Lysaa R RPY N G2 Ly, R REX2 N (2 Ly H RM N G2 Ly H RW N &2
Lias R¥ RFEL N G2 Ly RYM REEZ N &2 Liss H R N G2 Lyg H R¥ N 2
Liss; RAD RPN G2 Ly R RP* N (2 Liss H R N G2 Lyg H RPN 2
Ly RAD RPN G2 Ly, RY RS N & Ly H RPN G2 Ly H RPN &
Lisas R™M RET N G2 Ly, RYM REE N &2 Liso H R™ N G2 Ly H R® N 2
Lz R RFPP N G2 Ly R RPO N G2 Lo H R*¥ N G2 Ly» H R*®" N 2
Lyus R REBL N G2 Ly, RY REZ2 N &2 Ligs H R N G2 Ly H R™ N &2
Lissy R RP2 N G2 Ly, RY RE¥ N &2 Lios H R N G2 Ly H R® N 2
Lisao R RPP N G2 Lysse R RPN G2 Lior REY R CH G2 Lyws R R CH G2
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Ligand R4 Ry X G Ligand R, R, X G Ligand R, R, R, G Ligand R, R, Ry G
Ligo RZP RY CH G2 Ly RP* R CH @2 Lo, R*® H H G2 Ly R¥ H H 2
Lo R RM CHG2 Ly R RY CH &2 Liwo R¥ZT H H G2 Lge R H H 2
Lios R RM CHG2 Lgw R RYMY CH &2 Ligor R H H G2 Lgp R H H 2
Lios RE® R CH G2 Ly REYC RM CH &2 Loz R™ H H G2 Lgou R*™ H H G2
Ligr REM RAL CH G2 Ly RPZ RN CH &2 Lios R H H G2 Lge R*™ H H &
Ly REZ RN CH G2 Ly REM RY CH (2 Loy R H H G2 Lgg R H H &
Lo REP R CHG2 Lgyp RES RM CH &2 L R™ H H G2 Lgo R™ H H G2
Liis REY R CH G2 Ly, REB RM CH &2 Leny R H H G2 Lgp R¥ H H G2
Liis REP RAY CH G2 Ly RO RYM CH &2 Liizs R¥™M H H G2 Lgy, R H H &
Ly, RED RN CH G2 Ly RP?2 RYMY CH (2 Ligis R¥™ H H G2 Lge R H H &
Liww REZ R CH G2 Ly REH* RM CH &2 Ly R*™ H H G2 Lgi R¥ H H G2
Lim  RE®P RYM CHG2 Ly RE® RM CH &2 L R™ H H G2 Lgo R™ H H G2
Lins REY RA CH G2 Ly RE® RYM CH &2 Ly R¥™ H H G2 Lgpn R H H &
Lyns REZ® RN CH G2 Ly REFC RY CH @2 L R¥® H H G2 Ly, R H H &
Liny REM R CH G2 Ly RE¥ RM CH &2 Lios R H H G2 Lgs R™ H H G2
Lime REP RAL CH G2 Ly R RYM CH &2 Ly R H H G2 Lgs R H H &
Lo RE® R CHG2 Ly REC R CH (2 Lige R H H G2 Lgp R H H &
L, REY RM CH G2 Ly RE® RYMY CH (2 Ly R™ H H G2 Lgp R H H &2
Lins RE¥® R CH G2 Ly REC RM CH &2 L R H H G2 Ly RY REL H G2
Ly REM RA CH G2 Ly RE2Z R CH &2 Liis R R H G2 Ly RY RP H &2
Lie RE® R CH G2 Ly R RYM CH @2 Ly R R H G2 Ly RY RP H &2
Lia  RE® R CHG2 Ly, RES RM CH &2 Liw R%M R® H G2 Ly RY RF H G2
Lias REY RYM CH G2 Ly RE® RYM CH &2 Liga R R H G2 Lgp R R¥ H &2
Lius RE® RA CH G2 Ly RPC RYM CH @2 Luas R REC H G2 Ly RY REM H &2
Ly, RED RN CH G2 Ly RFPZ R CH (2 Lyuas R REZ H G2 Ly, R REB H (2
Liue RE® R CH G2 Ly RE*Y RM CH @2 Liar R REM H G2 Ly RY REP H G2
Lisi RE® R CHG2 Lygs RES RM CH @2 Luaw R REC H G2 Ly R REY H G2
Liss REY R CH G2 Lyys RE® R CH @2 Lisi R RES H G2 Lgyn RY REP H &2
Lyss REP RN CH G2 Ly REC RYM CH @2 Lugss R RFY H G2 Ly, R RPPH Q2
Lis7  REY RAY CH G91 Ly REY R CH  G92 Luss R¥M RFZ H G2 Ly RY RF2Z H G2
Lise  REY RA CH G93 Ly REY RYM CH G944 Lis7 R RFY H G2 Ly RY RFP® H G2
Liei  REY RAY CH G95 Lyge REY R CH  G9% Luso RAY RF® H G2 Lgeo RY R H G2
Lies REL RA CH G97 L, REY R CH  G98 Lygsi R RF® H G2 Ly, RY R H &
Lies REY RA CH G99 Ly REY R CH G100 Lies R RFC H G2 Ly R RFPY H G2
Lisr  REY RAL CH GI01 Ly REY R CH G102 Lues R RFZ H G2 Ly RY RFP® H 2
Lieo REV R CH G103 Ly, REY RAL CH G104 Lier RAT REM H G2 Ly R REP H 2
L,y REL R4 CH GI05 L,,,, RE' R CH G106 Lo R RFS H G2 Ly, RY RFY H 2
Linn R RF® H G2 Lgn RY RF¥ H 2
Lz RAL RPO H G2 Ly, R R H 2
L ;75 10 L 1,1, based on the structure of Lgrs RY RM H G2 Ly R R H 2
Ly, RALREM H G2 L RY R H 2
Lo RA RFC H G2 Ly RY RFY H 2
R Lt R RES H G2 Ly, R R H 2
3 Lygss RAD RFO H G2 Lyg RY RBI H &2
R R, Lyss RAL RFZ H G2 Ly RY REP H 2
2 > Lsss R4l REM g @ L sz R4l RBS 2
Liso R RPS H G2 Ly R RF H 2
Lo RAL RF® H G2 Ly, RY RFY H 2
AN Liuos R RO H G2 Ly RY H H Gl
Lios R¥Z H H Gl Lge R® H H Gl
N Lio; R¥ H H Gl Ly R*® H H Gl
Ly R H H Gl Ly, RY H H Gl
Loy R¥® H H Gl Lgp R*® H H Gl
GT Lioes R H H Gl Ly RY H H Gl
L R42 H H Gl L M3 H  H Gl

‘4905 ‘4906
Loy R H H Gl Ly R H H G
L4009 Rji: H H Gl Ly Rji; H H Gl
where R, R,, R,, and G are defined as follows: EAQH E o g g gi iAQlZ E o g g g}

‘4913 ‘4914
Lois Rji H H Gl Ly ijz H H Gl
Loy R H H Gl Ly R H H Gl
Ligand R, R, R, G Ligand R, R; R, G Loto Rjj: H H Gl L4920 ij; H it Gl
” — Ly R H H Gl Ly R H H Gl
i.ms 543 g g gg iam ;4 g g gg Loy R H H Gl Lgw R H H a6
LAWS R® H H G2 L’”Z" R* H H G2 Lins  R¥® H H Gl Ly R H H Gl
Low X H E G Lyo R H H @ Ly RECCHHGL Ly RO G
Lo R® H H G Loy RO H H G Line R¥ H H Gl Ly R; H H Gl
L-4783 RAN H & Liss RYZ H H & Lys R H H Gl L R¥™ H H Gl
L:4785 RAB [ H & Lise R H H & Loz R4 H H Gl L o34 R4 H H Gl
Lier R H H G Ly R H H & Liss R™ H H Gl Luy R H H Gl
Ligoe RV H H G2 Lo RIS H H G2 Ly R*™ H H Gl Ly R®* H H Gl
Lo R H H G2 Lgg R H o G2 L R¥ H H Gl Ly R* H H Gl
Lios R H H G2 Ly R H H G2 Lo R H H Gl Lgp, R¥™ H H Gl
Ligs R H H G2 Ly R* H H &2 Lias R H H Gl Lgu R®™ H H Gl
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Ligand R, R, R, G Ligand R, R, Ry G Ligand R, R, R, G Ligand R, R, Ry G
Liss R*™ H H Gl Ly R H H Gl Lo H R H Gl Ly H R H Gl
Ly R H  H Gl Ly,e R H H 61 Lisws H R H Gl Lggee H R H &
L 040 A% H  H Gl Lgs R H H Gl Loy H R H Gl Lgws H RZP H &1
Lisi R H H Gl Lgs» R H H Gl Liigeo H R H Gl Lgwe H R H &1
Liss R H  H Gl Lgsy R H H 61 Lot H R H Gl Ly H RY H &
Loss RIOREY H Gl Ly RY RZ H 61 Ly H R H Gl Ly H R® H &
Lis7 R%M R® H Gl Ly RY RF* H Gl Liws H R¥® H Gl Lgws H R® H &1
a0 RYORE OH Gl L RY R H O Gl Ly H R™¥2 H Gl Lgwee H R¥®B H 61
Lo R R H Gl Lge R R® H G Liw H R H Gl Ly, O R O Gl
Lo RITOR® H Gl Ly, RY RO H 61 Lyyy H O R H Gl Ly, H RY H &t
Liss RM REMY H Gl L RY REZ H O GI Lis H R¥ H G Lgu H R*® H &1
67 RYOREB H Gl L RY OREM H O Gl Lans H R H Gl Lgue H R™M #H 61
L R OREY H Gl Ly RY RS H O G1 Ly H R*™ H Gl Lgys H R H &t
Lon RY REYV H Gl Ly, RY RES H 61 Ly H R*™ H Gl Lgp H R H &
Lz R%M REY H Gl Lgu RY REC H Gl Lap H R H Gl Lgy» H R¥ H Gl
75 RUMORPLH Gl Ly R R H Gl Lups H R H Gl Lgps H R H &t
Lo RTORPP H Gl Lgpe RY R H 6L Lups H  R¥ H Gl Lgps H R H &
Lo RITORP H Gl Ly RY RES H O GL Lyoy H R H Gl Lgpe H RSP H &I
L.os1 Rji RZ; H Gl Lgp Rji Rﬁi H Gl Lapme H R H Gl Lgm H RS H &1
4983 R,n Rw H Gl L RA1 RB32 H @Gl Ly H R H Gl Ly H RS H Gl
Lsoss R,n Rm H Gl Luoss R,n Rm H G Layss H R™ H Gl Lga H R H Gl
Ligs KR R H Gl Lggs X R H Gl L H R H G1 L H RA¢!
A1 B35 A1 B36 A1135 41136 H Gl
Lisy X R H Gl Lgew K R H Gl La, REL R H G2 Ly RFZ RAL H G2
o1 RTOREPT T Gl Ly, RO OREE O Gl L RES R B g Lo pme Rl g
Loz R R H Gl Ly R R H Gl e ALO e AL
Al B4l Al B42 LA 1141 R S H G2 LA 1142 R S H G2
LAQQS R R H Gl LAQQS S R H Gl B7 Al B8 Al ~
L 1007 R4 REB O @1 L so0s R4l REM [ Gl Lauws R R H G2 Linaa R R H G2
- Al pBaS Al BA6 Laws R®® RY H G2 L REIC R4 H 2
R ORE® H Gl L AL146
‘4999 41000 R R H Gl Bll Al B
Lios R RE7 H Gl Ly R RS H G Ly, REM R H G2 Lgue REZ RM H 2
Lios R RE H Gl Ly RY RE H Gl Lo REP RYM H G2 Lyso REY R H 2
L1005 RAUORBSL o1 La100s R4 OREZ @ Gl Laiist Riij R H G2 Liiiss RBI6 R4l )
Loy RA RF H Gl Lygs R RE H Gl Lyss RZ7 R H G2 Ly RS RMOH 2
Lioe R RES T GI L,,, R RES O Gl Liaiss RE® R T G2 Ly REX RAL W 2
Loou R R™ H Gl Lge, R R H Gl Ly, R R H G2 Ly REZ R H 2
Lios R R H Gl Lgou R* R H 61 Laise REZ R H G2 Ly RF* R H 2
Liois H Rj; H G2 Iy H Rﬁ H G2 L REZ R H G2 Ly RES RY W 2
Loy H RAj H G2 Lggs H RAG H G2 Lies RFY RYM H G2 Lge REZ® RYM H 2
Liore H RA7 H G2 Ljype H RAS H G2 Liws RPZ R™ H G2 Ly RF R H 2
Laoar H R H G2 Lge H R H G2 Liw; REM RYM H G2 L RE2 R4 W 2
A9 410 ‘41168
Liogs H KR H G2 Liowa H R H G2 L B33 4l 9 B34 Al ~
411 412 1160 K R H G2 Linze X R H <
Ligs H R H G2 Limos H R H G2 L RE® R4l H ;2 L RB¥ R4l q )
Ly H R H G Iyp H RM™ H @& L e pat p o L e opat g N
~ Z
LAIOZQ H RA15 H G2 LA1030 H RAIG H G2 AT B39 Al 5 A B40 Al ey
L H RA17 H G2 L H RAIS H G2 LA1175 R S H G2 LA1176 R S H <
‘41031 ‘41032 B4l Al Y B42 Al A
L H RO OG L H R O @ Loy R RH G2 Lyyge ROGORH G2
‘41033 ‘41034 BA3 Al Y Bd4 Al a
Lioss H R?! H G2 L,us H RAZ2 [ ey Lyjin K R H G2 Ly X R H 2
Loy H R H G2 Ly H R H G2 Liggs R R H G2 Ly, R R H 2
Loy H R H G2 Ly H R T @2 Ligss R®Y R H G2 Ly R® R H 2
Lyow H R? H G2 Ly H RZ® H G2 Luws R®¥ R H G2 Ly R R™ H 2
L I R O G L H RO @ L R RM H G2 L REZ RAq 2
Ljiﬁﬁ H RBL H @2 Ljﬁz H R42 [ G2 Ljii:; REZ Rl H G2 Ljiiz REM RAL H :
Liw7 H R® H G ILgus H R*™ H &2 Liaw R R H G2 Ly, RPS R H 2
Liowe H RB> H G2 Lo H R3¢ H G2 Laws R R H G2 Ly, R*® R H 2
Laios; H R H G2 Ly, H RS H G2 Laws RP¥ R H G2 Ly RE® R H 2
Lyoss H R*™ H G2 Iy H R H & Lywe, RE' R H G91 Ly, RE RA H O GO2
Liyoss H R® H G2 Ly H R¥ H G2 L RB R OH G93 L R¥ RY H Gw
L H R™ H G L H R H & Y 1200
41057 s 41058 o Lisor RZ' R H G955 Lgye R R H  G9%
Liiose H R H G2 Lioso H R H G2 Bl Al B1 Al
o s Loz RZ' R H G97 Ly R® R H G
Liosw H R H G2 Ly H RM H &2 Bl ol Bl pal
A49 A50 LAIZOS R S H G99 LAIZOG R S H G100
L41063 H R H G2 LA1064 H R H G2 Bl Al Bl Al
L H RS [ 452 Lio7 R R H G101 Ly K R H G102
‘41065 G2 LA1066 H R 0 G2 Bl Al Bl Al
53 s Lioew R R H G103 Ly, R¥' R H  Glo4
Loy H R™ H G2 L H R™ H G2
41068 L R®Y R OH G105 L RE' R H GI06
LAIOGQ H RASS H G2 LA1070 H RASG H G2 ‘41211 41212
Lign H R® H G2 Lgem H R®® H &2
Lios H R H G2 Lgew H R H &2
Lygs H R H G2 Lyue H R H Gl [0082] where R5' to R®®° are as follows:
Lo H R¥ H Gl Lyws H R® H Gl
Liow H R¥™ H Gl Ly H R H Gl
Ly H R® H Gl Ly H RY H Gl .
Lies H R® H Gl ILye H R® H Gl - R
Licss H R¥C H Gl Ly H R H Gl P
Ligr; H RM2 H Gl Ly, H RIB H Gl
A14 415 R%?
Liose H R¥™ H Gl Lgwe H R H Gl D
Lics H RU H Gl Ie H RV H Gl L
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[0084] In some embodiments of the compound having the
formula M(L'),(L?),(L?),, where at least one of L', L?, and
1.2 is L, selected from the group consisting of L, t0 L4155
defined above, the compound is Compound Ax having the
formula Ir(L 4 )o (L)

[0085] where x=1212j+k-1212, k is an integer from 1 to
1212, j is an integer from 1 to 1260, and

G106

[0086] where L is selected from the Ligand Group C
defined above.
[0087] In some embodiments of the compound having the

formula M(Ll)X(Lz)y(Ls)Z, where xis 1, 2, or 3;y 15 0, 1, or
2;71s 0, 1, or 2; x+y+z is the oxidation state of the metal M,
and at least one of L', %, and L? is L, selected from the
group consisting of L ,; to L,,,,, the compound is Com-
pound By having the formula Ir(L ,,);; where y=i; 1 is an
integer from 1 to 1212.

[0088] In some embodiments of the compound having the
formula M(Ll)x(Lz)y(L3)Z, where xis 1,2, 0r3;yis 0, 1, or
2;71s 0, 1, or 2; x+y+z is the oxidation state of the metal M,
and at least one of L', L? and L’ is L, selected from the
group consisting of L ,; to L,;,,,, the compound is Com-
pound C,, having the formula Ir(L,,)(Lz.),, where z=468i+
k-468, 1 is an integer from 1 to 1212, and k is an integer
from 1 to 468; or

[0089] the compound is Compound D, having the for-
mula Ir(L ,,),(L,,), where O=50i+k-50, i is an integer from
1to 1212, and k is an integer from 1 to 50; and

[0090] where each L, has structures defined in the Ligand
Group B defined above and each [, has structures defined
in the Ligand Group D defined above.

[0091] According to another aspect of the present disclo-
sure, an OLED is disclosed, where the OLED comprises: an
anode; a cathode; and an organic layer disposed between the
anode and the cathode. The organic layer comprises the
compound described herein that is capable of functioning as
a phosphorescent emitter in an OLED at room temperature.
[0092] A consumer product is disclosed that comprises an
OLED whose organic layer comprises the inventive com-
pound described herein that is capable of functioning as a
phosphorescent emitter in an OLED at room temperature.
[0093] In some embodiments, the OLED has one or more
characteristics selected from the group consisting of being
flexible, being rollable, being foldable, being stretchable,
and being curved. In some embodiments, the OLED is
transparent or semi-transparent. In some embodiments, the
OLED further comprises a layer comprising carbon nano-
tubes.

[0094] In some embodiments, the OLED further com-
prises a layer comprising a delayed fluorescent emitter. In
some embodiments, the OLED comprises a RGB pixel
arrangement or white plus color filter pixel arrangement. In
some embodiments, the OLED is a mobile device, a hand
held device, or a wearable device. In some embodiments, the
OLED is a display panel having less than 10 inch diagonal
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or 50 square inch area. In some embodiments, the OLED is
a display panel having at least 10 inch diagonal or 50 square
inch area. In some embodiments, the OLED is a lighting
panel.

[0095] An emissive region in an OLED is also disclosed.
The emissive region comprises a compound capable of
functioning as a phosphorescent emitter in an organic light
emitting device at room temperature is disclosed. The com-
pound comprises at least one aromatic ring and at least one
substituent R. Each of the at least one R is of Formula I

where; R is selected from the group consisting of hydrogen,
deuterium, alkyl, cycloalkyl, heteroalkyl, and cyclohet-
eroalkyl; R? to R* are each independently selected from the
group consisting of alkyl, cycloalkyl, heteroalky, and cyclo-
heteroalkyl; R is H or deuterium; at least one of R! to R*
comprises a chemical structure selected from the group
consisting of a tertiary carbon atom, cycloalkyl, and cyclo-
heteroalkyl; and any two of R* to R* can join together to
form a ring

[0096] In some embodiments of the emissive region, the
compound is an emissive dopant or a non-emissive dopant.
[0097] In some embodiments, the emissive region further
comprises a host, wherein the host contains at least one
group selected from the group consisting of metal complex,
triphenylene, carbazole, dibenzothiophene, dibenzofuran,
dibenzoselenophene, aza-triphenylene, aza-carbazole, aza-
dibenzothiophene, aza-dibenzofuran, and aza-dibenzosele-
nophene.

[0098] In some embodiments, the emissive region further
comprises a host, wherein the host is selected from the group
consisting of:
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and combinations thereof.

[0099] In some embodiments, the compound can be an
emissive dopant. In some embodiments, the compound can
produce emissions via phosphorescence, fluorescence, ther-
mally activated delayed fluorescence, i.e., TADF (also
referred to as E-type delayed fluorescence; see, e.g., U.S.
application Ser. No. 15/700,352, which is hereby incorpo-
rated by reference in its entirety), triplet-triplet annihilation,
or combinations of these processes. In some embodiments,
the emissive dopant can be a racemic mixture, or can be
enriched in one enantiomer. In some embodiments, the
compound can be homoleptic (each ligand is the same). In
some embodiments, the compound can be heteroleptic (at
least one ligand is different from others).

[0100] In some embodiments, the compound can be used
as a phosphorescent sensitizer in an OLED where one or
multiple layers in the OLED contains an acceptor in the form
of one or more fluorescent and/or delayed fluorescence
emitters. In some embodiments, the compound can be used
as one component of an exciplex to be used as a sensitizer.
As a phosphorescent sensitizer, the compound must be
capable of energy transfer to the acceptor and the acceptor
will emit the energy or further transfer energy to a final
emitter. The acceptor concentrations can range from 0.001%
to 100%. The acceptor could be in either the same layer as
the phosphorescent sensitizer or in one or more different
layers. In some embodiments, the acceptor is a TADF
emitter. [n some embodiments, the acceptor is a fluorescent
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emitter. In some embodiments, the emission can arise from
any or all of the sensitizer, acceptor, and final emitter,

[0101] According to another aspect, a formulation com-
prising the compound described herein is also disclosed.

[0102] The OLED disclosed herein can be incorporated
into one or more of a consumer product, an electronic
component module, 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.

[0103] The organic layer can also include a host. In some
embodiments, two or more hosts are preferred. In some
embodiments, the hosts used maybe a) bipolar, b) electron
transporting, ¢) hole transporting or d) wide band gap
materials that play little role in charge transport. In some
embodiments, the host can include a metal complex. The
host can be a triphenylene containing benzo-fused thiophene
or benzo-fused furan. Any substituent in the host can be an
unfused substituent independently selected from the group
consisting of CH,,,,, OC,H,, ,, OAr,, N(CH,,, ).,
N(Ar))(Ar,), CH=CH—C,H,,,,, CsC—CH,,,,, Ar,
Ar,—Ar,, and C,H,,—Ar,, or the host has no substitutions.
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 inorganic compound. For example a Zn containing
inorganic material e.g. ZnS.

[0104] The host can be a compound comprising at least
one chemical group selected from the group consisting of
triphenylene, carbazole, dibenzothiophene, dibenzofuran,
dibenzoselenophene, azatriphenylene, azacarbazole, aza-
dibenzothiophene, aza-dibenzofuran, and aza-dibenzosele-
nophene. The host can include a metal complex. The host
can be, but is not limited to, a specific compound selected
from the group consisting of:
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and combinations thereof.

Additional information on possible hosts is provided below.
[0105] In yet another aspect of the present disclosure, a
formulation that comprises the novel compound disclosed
herein is described. The formulation can include one or more
components selected from the group consisting of a solvent,
a host, a hole injection material, hole transport material,
electron blocking material, hole blocking material, and an
electron transport material, disclosed herein.

[0106] The present disclosure encompasses any chemical
structure comprising the novel compound of the present
disclosure, or a monovalent or polyvalent variant thereof. In
other words, the inventive compound, or a monovalent or
polyvalent variant thereof, can be a part of a larger chemical
structure. Such chemical structure can be selected from the
group consisting of a monomer, a polymer, a macromol-
ecule, and a supramolecule (also known as supermolecule).
As used herein, a “monovalent variant of a compound”
refers to a moiety that is identical to the compound except
that one hydrogen has been removed and replaced with a
bond to the rest of the chemical structure. As used herein, a
“polyvalent variant of a compound” refers to a moiety that
is identical to the compound except that more than one
hydrogen has been removed and replaced with a bond or
bonds to the rest of the chemical structure. In the instance of
a supramolecule, the inventive compound can also be incor-
porated into the supramolecule complex without covalent
bonds.
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Combination with Other Materials

[0107] The materials described herein as useful for a
particular layer in an organic light emitting device may be
used in combination with a wide variety of other materials
present in the device. For example, emissive dopants dis-
closed herein may be used in conjunction with a wide variety
of hosts, transport layers, blocking layers, injection layers,
electrodes 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 in combination
with the compounds disclosed herein, and one of skill in the
art can readily consult the literature to identify other mate-
rials that may be useful in combination.

Conductivity Dopants:

[0108] A charge transport layer can be doped with con-
ductivity dopants to substantially alter its density of charge
carriers, which will in turn alter its conductivity. The con-
ductivity is increased by generating charge carriers in the
matrix material, and depending on the type of dopant, a
change in 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 electron-transporting layer.

[0109] Non-limiting examples of the conductivity dopants
that may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials: EP01617493,
EP01968131, EP2020694, EP2684932, US20050139810,
US20070160905,  US20090167167,  US2010288362,
WO006081780, W02009003455, W02009008277,
WO02009011327,  W02014009310,  US2007252140,
US2015060804, US20150123047, and US2012146012.

F | F
F F




US 2019/0372026 A1l

-continued

A\
N

Dec. 5, 2019
111
-continued
F
F\/F
[6) 6]

F AN F
SO0
F A~ F
[6) (6]

F/\F

E

HIL/HTL:

[0110] A hole injecting/transporting material to be used in
the present invention is not particularly limited, and any
compound may be used as long as the compound 1s typically
used as a hole injecting/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-
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mer derived from compounds such as phosphonic acid and
silane derivatives; a metal oxide derivative, such as MoO,;
a p-type semiconducting organic compound, such as 1,4,5,
8,9,12-Hexaazatriphenylenehexacarbonitrile; a metal com-
plex, and a cross-linkable compounds.

[0111] Examples of aromatic amine derivatives used in
HIL or HTL include, but not limit to the following general
structures:

Ar A
1 A A \N/
T \ |
Al |
N , /N Al'—N N /AI\N P
AP At Q3 AL
AP Ar®
Arz\ At
N—Ar'—N
A{3 AP
AP—N N—Ar, and
Ar’ AL
Ard AP
\N/
L
N
<N
A A A A
i |
A .

[0112] 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 dibenzothio-
phene, dibenzofuran, dibenzoselenophene, furan, thiophene,
benzofuran, benzothiophene, benzoselenophene, carbazole,
indolocarbazole, pyridylindole, pyrrolodipyridine, pyrazole,
imidazole, triazole, oxazole, thiazole, oxadiazole, oxatriaz-
ole, dioxazole, thiadiazole, pyridine, pyridazine, pyrimidine,
pyrazine, triazine, oxazine, oxathiazine, oxadiazine, indole,
benzimidazole, indazole, indoxazine, benzoxazole, ben-
zisoxazole, benzothiazole, quinoline, isoquinoline, cinno-
line, quinazoline, quinoxaline, naphthyridine, phthalazine,
pteridine, xanthene, acridine, phenazine, phenothiazine,
phenoxazine, benzofuropyridine, furodipyridine, benzoth-
ienopyridine, thienodipyridine, benzoselenophenopyridine,
and selenophenodipyridine; 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
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cyclic group. Each Ar may be unsubstituted or may be
substituted by a substituent selected from the group consist-
ing of deuterium, halogen, alkyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl,
alkenyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, het-
eroaryl, acyl, carboxylic acids, ether, ester, nitrile, isonitrile,
sulfanyl, sulfinyl, sulfonyl, phosphino, and combinations
thereof.

[0113] 1In one aspect, Ar' to Ar® is independently selected
from the group consisting of:

101 o0

“7 ~a

a8a)

l YIOS
o (‘Q/
XIOG

01
01
104 }‘105
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.

[0114] Examples of metal complexes used in HIL or HTL
include, but are not limited to the following general formula:

vl

Met— L1Oh%"
Y102

wherein Met is a metal, which can have an atomic weight
greater than 40; (Y'°'-Y'%?) is a bidentate ligand, Y'°' and
Y'2 are independently selected from C, N, O, P, and S; L*
is an ancillary ligand; k' is an integer value from 1 to the
maximum number of ligands that may be attached to the
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metal; and k'+k" is the maximum number of ligands that
may be attached to the metal.

[0115] In one aspect, (Y''-Y'®?) is a 2-phenylpyridine
derivative. In another aspect, (Y'°-Y'°%) is a carbene
ligand. In another aspect, Met is selected from Ir, Pt, Os, and
Zn. In a further aspect, the metal complex has a smallest
oxidation potential in solution vs. Fc*/Fc couple less than
about 0.6 V.

[0116] Non-limiting examples of the HIL. and HTL mate-
rials that may be used in an OLED in combination with
materials disclosed herein are exemplified below together
with references that disclose those materials: CN102702075,
DE102012005215, EP01624500, EP01698613,
EP01806334, EP01930964, EP01972613, EP01997799,
EP02011790, EP02055700, EP02055701, EP1725079,
EP2085382, EP2660300, EP650955, JP07-073529,
JP2005112765, ITP2007091719, JP2008021687, JP2014-
009196, KR20110088898, KR20130077473,

N,
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TW201139402, U.S. Ser. No. 06/517,957, US20020158242,

US20030162053,  US20050123751,  US20060182993,
US20060240279,  US20070145888,  US20070181874,
US20070278938,  US20080014464,  US20080091025,
US20080106190,  US20080124572,  US20080145707,
US20080220265,  US20080233434,  US20080303417,
US2008107919,  US20090115320,  US20090167161,
US2000066235,  US2011007385,  US20110163302,
US2011240968,  US2011278551,  US2012205642,
US2013241401, US20140117329, US2014183517, U.S.
Pat. Nos. 5,061,569, 5,639,014, WO05075451,
WO07125714, WO008023550, WO008023759,
W02009145016, WO02010061824,  WO02011075644,
W02012177006,  WO02013018530,  WO2013039073,
W02013087142, WO02013118812,  WO2013120577,
WO02013157367,  WO2013175747,  WO2014002873,
W02014015935,  WO02014015937,  WO2014030872,
W02014030921,  WO2014034791,  WO2014104514,
W02014157018.
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EBL:

[0117] 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 in 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 emitter
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.

O o

&
9,
0y

&
‘Q

Host:

[0118] The light emitting layer of the organic EL device of
the present invention preferably contains at least a metal
complex 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 is larger than
that of the dopant. Any host material may be used with any
dopant so long as the triplet criteria is satisfied.

[0119] Examples of metal complexes used as host are
preferred to have the following general formula:

y1i03
Met— (L1
Y104
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wherein Met is a metal; (Y'®-Y'*) is a bidentate ligand,
Y'® and Y'°* are independently selected from C, N, O, P,
and 8; I.'°! is an another ligand; k' is an integer value from
1 to the maximum number of ligands that may be attached
to the metal; and k'+k" is the maximum number of ligands
that may be attached to the metal.

[0120] In one aspect, the metal complexes are:

O, O
< Al_(L101)3_k < ZH_(LIOI)Z_E
N N
¥ ¥

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

[0121] In another aspect, Met is selected from Ir and Pt. In
a further aspect, (Y*°>-Y'**) is a carbene ligand.

[0122] In one aspect, the host compound contains at least
one of the following groups selected from the group con-
sisting of aromatic hydrocarbon cyclic compounds such as
benzene, biphenyl, triphenyl, triphenylene, tetraphenylene,
naphthalene, anthracene, phenalene, phenanthrene, fluorene,
pyrene, chrysene, perylene, and azulene; the group consist-
ing of aromatic heterocyclic compounds such as dibenzoth-
iophene, dibenzofuran, dibenzoselenophene, furan, thio-
phene, benzofuran, benzothiophene, benzoselenophene,
carbazole, indolocarbazole, pyridylindole, pyrrolodipyri-
dine, pyrazole, imidazole, triazole, oxazole, thiazole, oxadi-
azole, oxatriazole, dioxazole, thiadiazole, pyridine,
pyridazine, pyrimidine, pyrazine, triazine, oxazine, oxathi-
azine, oxadiazine, indole, benzimidazole, indazole, indox-
azine, benzoxarzole, benzisoxazole, benzothiazole, quino-
line, isoquinoline, cinnoline, quinazoline, quinoxaline,
naphthyridine, phthalazine, pteridine, xanthene, acridine,
phenazine, phenothiazine, phenoxazine, benzofuropyridine,
furodipyridine, benzothienopyridine, thienodipyridine, ben-
zoselenophenopyridine, and selenophenodipyridine; 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 hetero-
cyclic 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 unsubstituted or may be substituted by a
substituent selected from the group consisting of deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbox-
ylic acids, ether, ester, nitrile, isonitrile, sulfanyl, sulfinyl,
sulfonyl, phosphino, and combinations thereof.

[0123] 1In one aspect, the host compound contains at least
one of the following groups in the molecule:
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_continued disclosed herein are exemplified below together with refer-

1 ences that disclose those materials: EP2034538,

EP2034538A, EP2757608, JP2007254297,

KR20100079458, KR20120088644, KR20120129733,

KR20130115564,  TW201329200,  US20030175553,

US20050238919,  US20060280965,  US20090017330,

US20090030202, US20090167162,  US20090302743,

US20090309488,  US20100012931,  US20100084966,

US20100187984,  US2010187984, US2012075273,

US2012126221, US2013009543, US2013105787,

wherein R'°" is selected from the group consisting of hydro- ~ US2013175519,  US2014001446,  US20140183503,
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, het- US20140225088, US2014034914, U.S. Pat. No. 7,154,114,
erocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk- WO02001039234,  W02004093207, W02005014551,
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl, WO02005089025, W02006072002, W02006114966,
acyl, carboxylic acids, ether, ester, nitrile, isonitrile, sulfa- W02007063754, WQ02008056746, WO2009003898,
nyl, sulfinyl, sulfonyl, phosphino, and combinations thereof, W02009021126, W02009063833, W0O2009066778,
and when it is aryl or heteroaryl, it has the similar definition W02009066779,  W(02009086028, W02010056066,
as Ar’s mentioned above. k is an integer from O to 20 or 1 W02010107244, W02011081423, W02011081431,
to 20. X! to X'°® are independently selected from C W02011086863, W02012128298, W02012133644,
(including CH) or N. Z'' and Z'* are independently =~ W02012133649, WO2013024872, W02013035275,
selected from NR'®, O, or S. WO02013081315, WQ02013191404, W02014142472,
[0124] Non-limiting examples of the host materials that US20170263869, US20160163995, U.S. Pat. No. 9,466,

may be used in an OLED in combination with materials

803,
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Additional Emitters:

[0125]

One or more additional emitter dopants may be

used in conjunction with the compound of the present
disclosure. Examples of the additional emitter dopants are
not particularly limited, and any compounds may be used as

US20100295032,
US2010244004,
US20110108822,
US2011227049,
US20130146848,
US2013181190,

Dec. 5, 2019

US2010102716,  US2010105902,
US2010270916,  US20110057559,
US20110204333,  US2011215710,
US2011285275,  US2012292601,
US2013033172,  US2013165653,
US2013334521,  US20140246656,

long as the compounds are typically used as emitter mate-
rials. Examples of suitable emitter materials include, but are
not limited to, compounds which can produce emissions via
phosphorescence, fluorescence, thermally activated delayed
fluorescence, i.e., TADF (also referred to as E-type delayed
fluorescence), triplet-triplet annihilation, or combinations of
these processes.

[0126] Non-limiting examples of the emitter materials that
may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials: CN103694277,
CN1696137, EB01238981, EP01239526, EP01961743,
EP1239526, EP1244155, EP1642951, EP1647554,
EP1841834, EP1841834B, EP2062907, EP2730583,
JP2012074444, JP2013110263, JP4478555,
KR1020090133652, KR20120032054, KR20130043460,
TW201332980, U.S. Ser. No. 06/699,599, U.S. Ser. No.

US2014103305, U.S. Pat. Nos. 6,303,238, 6,413,656, 6,653,
654, 6,670,645, 6,687,266, 6,835,469, 6,921,915, 7,279,704,
7332232, 7,378,162, 7,534,505, 7,675,228, 7,728,137,
7.740.957, 7,759,489, 7,951,947, 8,067,099, 8,592,586,
8,871,361, WOO06081973, WO06121811, WO07018067,

WO07108362, WO007115970, WO07115981,
WO08035571, W02002015645, W02003040257,
WO02005019373, WO2006056418,  W0O2008054584,
WO02008078800,  WO2008096609,  W02008101842,
WO02009000673,  W02009050281, W02009100991,
WO02010028151, WQ2010054731, W0O2010086089,
WO02010118029, W02011044988, W02011051404,
WO02011107491,  W02012020327, WO2012163471,
WO02013094620, WO02013107487, WO02013174471,
WO02014007565, W02014008982,  W02014023377,
WO02014024131, WO02014031977, 'W02014038456,
W02014112450.

06/916,554, US20010019782, US20020034656,
US20030068526,  US20030072964,  US20030138657,
US20050123788,  US20050244673,  US2005123791,
US2005260449,  US20060008670,  US20060065890,
US20060127696,  US20060134459,  US20060134462,
US20060202194,  US20060251923,  US20070034863,
US20070087321, US20070103060, US20070111026,
US20070190359,  US20070231600,  US2007034863,
US2007104979, US2007104980, US2007138437,
US2007224450, US2007278936, US20080020237,
US20080233410,  US20080261076,  US20080297033,
US200805851, US2008161567, US2008210930,
US20090039776,  US20090108737,  US20090115322,
US20090179555, US2009085476, US2009104472,
US20100090591,  US20100148663,  US20100244004,

Et

Et

Et

Et,

Et
Et
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HBL:

[0127] Aholeblocking 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 in a device may
result in substantially higher efficiencies 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.

[0128] In one aspect, compound used in HBL contains the
same molecule or the same functional groups used as host
described above.
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[0129] 1In another aspect, compound used in HBL contains
at least one of the following groups in the molecule:

wherein k is an integer from 1 to 20; L'°! is an another
ligand, k' is an integer from 1 to 3.

ETL:

[0130] Electron transport layer (FTL) may include a mate-
rial 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.

[0131] In one aspect, compound used in ETL contains at
least one of the following groups in the molecule:

N 0 | AN
NI VAR 2 }\1—1\/1 }\1—1\/1 e
RloI
|
PN X101 N X108
I\i N Xl‘/{Z \ / \\le
\ /
kN/ Xm$.X104 x(los"Xlo6
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wherein R is selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, het-
erocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl,
acyl, carboxylic acids, ether, ester, nitrile, isonitrile, sulfa-
nyl, sulfinyl, sulfonyl, phosphino, and combinations thereof,
when it is aryl or heteroaryl, it 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 V' is selected from C (including CH) or N.

[0132] In another aspect, the metal complexes used in
ETL contains, but not limit to the following general formula:

@) @)
< Al— (L) < Be— (L"), y
N N
¥ i
0. N
( Zn— (L1%,p < Zn—(L10,p
N N
14 14

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

[0133] Non-limiting examples of the ETL materials that
may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-

105t XIO6

ences that disclose those materials: CN103508940,
EP01602648, EP01734038, EP01956007, JP2004-022334,
JP2005149918, JP2005-268199, KRO117693,
KR20130108183, US20040036077, US20070104977,
US2007018155,  US20090101870,  US20090115316,
US20090140637,  US20090179554,  US2009218940,
US2010108990, US2011156017, US2011210320,
US2012193612, US2012214993, US2014014925,
US2014014927, US20140284580, U.S. Pat. Nos. 6,656,612,
8,415,031, WO02003060956, WO02007111263,
WO02009148269, WO02010067894, W02010072300,
WwO02011074770,  WO02011105373, W02013079217,
WO02013145667, WO02013180376, W02014104499,

WO02014104535,
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Charge Generation Layer (CGL)

[0134] In tandem or stacked OLEDs, the CGL plays an
essential role in the performance, which is 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
injected from the cathode and anode, respectively; then, the
bipolar currents reach a steady state gradually. Typical CGL
materials include n and p conductivity dopants used in the
transport layers.

[0135] In any above-mentioned compounds used in each
layer of the OLED device, the hydrogen atoms can be
partially or fully 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 sub-
stituents such as, without limitation, alkyl, aryl, cycloalkyl,
heteroaryl, etc. also may be undeuterated, partially deuter-
ated, and fully deuterated versions thereof.

EXPERIMENTAL

Synthesis of Materials

[0136]
A
0
N \L/ 0
| ZnCl ~
0 nCl
~5~ b 5
| 0° C.to RT

[0137] Tert-butyl chloride (80 mL, 738 mmol) was added
to a solution of ((1-methoxy-2-methylprop-1-en-1-yl)oxy)
trimethylsilane (50 mL, 246 mmol) in DCM (154 mL) at 0°
C. Then, ZnCl1,(1.677 g, 12.31 mmol) was added, and then
the reaction mixture was stirred at r.t. for 5 hrs. Solid was
filtered off, and the solvent was removed by a rotary
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evaporator. The resulting crude product was purified by
vacuum distillation to give 23 g of methyl 2,2,3,3-tetram-
ethylbutanoate in 58% yield.

®

O~ LiAlH, OH
_ -
THF

0 0°C.to RT
2h

Methyl 2,2,3,3-tetramethylbutanoate (25 g, 158 mmol) in
THF (100 mL) was added dropwise to a suspension of
LiAIH,(7.2 g, 190 mmol) in THF (600 mL) at 0° C. while
stirring. After addition, the reaction mixture was stirred at r.t.
for 2 hrs. Then cooled the reaction mixture to 0° C., and H,O
(10 mL), 15% NaOH (10 mL), and H,O (50 mL) were added
sequentially to quench excess LiAlH,. THF was removed,
and ether (200 mL) and H,O (200 mL) were added. Organic
layer was collected, and the aqueous solution was extracted
with ether (100 mLx3). Combined organic layer was washed
with brine and dried over Na,SO,. After removal of the
solvent, desired alcohol 2,2,3,3-tetramethylbutan-1-ol (19.7
g, 144 mmol, 91% yield) was obtained as white solid.

©
I, PPhy
imidazole

on _ HF I

_—
0°C., 30 min
then reflux 2 h

[0138] A mixture of 2,2,3,3-tetramethylbutan-1-01 (33.1 g,
254 mmol), triphenylphosphine (80 g, 305 mmol) and
imidazole (34.6 g, 508 mmol) in THF (726 mL) was cooled
to 0° C. I, (77 g 305 mmol) was added to this solution
portionwise. After addition, the reaction was heated to reflux
for 2.5 hrs. Then the solvent was removed via fractional
distillation. Pentane was added to the residue and the mix-
ture was filtered through a silica pad. The organic layer was
washed with water, saturated Na,S,0;, brine and then dried
over MgSQ,. Fractional distillation gave 51 g of 1-iodo-2,
2,3,3-tetramethylbutane in 70% yield.

- D)
Br / |
N NN
A T
Br

Pd(Ph,P), (34.0 g, 29.4 mmol) and K,CO,(81 g, 588 mmol)
was added to a N, bubbled solution of 2,5-dibromo-4-
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methylpyridine (78 g, 309 mmol) and p-tolylboronic acid
(40 g. 294 mmol) in acetonitrile (892 ml) and methanol
(446 mL). The reaction mixture was then heated to 60° C.
for 4 hrs, and LCMS showed disappearance of 113-2. After
cooling down to r.t., the solid was filtered off, and the solvent
was removed by a rotary evaporator. Water and CH,C,
were added. Organic layer was collected, and the aqueous
layer was extracted with CH,C, ,. After drying over MgSO,,
the solvent was removed, and the residue was purified by
column chromatography to give S5-bromo-4-methyl-2-(p-
tolyl)pyridine (61.7 g, 80%).

®

Zinc dust was pre-activated by washing with 2% HCI. Acid
was removed by decant and Zinc was wash three times with
water. After filtration, Zinc was washed with water, EtOH,
acetone, and ether. Then the solid was collected and dried
under high vactum (<10~ Torr) at 120° C. for 30 min. and
then cooled down to r.t. LiCl was dried under high vacuum
(<107 Torr) at 120° C. for 1 hr, and then cooled down to r.t.
A mixture of Zinc (8.82 g, 135 mmol) and LiCl (5.72, 135
mmol) was heated to 120° C. for 30 minutes under vacuum.
After cooling down, THF (187 mL), Bu,NI (8.31 g, 22.49
mmol) and 1,2-dibromoethane (1.292 ml, 14.99 mmol)
were added. The mixture was heated to reflux. Foaming was
observed and the brown color disappeared. After cooling
down to 30° C., a mixture of TMSCI (0.279 mL, 3.75 mmol)
and 1-iodo-2,2,3,3-tetramethylbutane (18 g, 75 mmol) in
THF (20 mL) was added. The reaction mixture was heated
to 60° C. (in oil bath) for 16 hrs. After cooling to r.t., the
solids were settled down to the bottom.

@

N, was bubbled through a mixture of 5-bromo-4-methyl-2-
(p-tolyl)pyridine (7.5 g, 28.6 mmol), palladium acetate
(0.321 g, 1.43 mmol) and CPhos (1.24 g, 2.86 mmol) in THF
(143 mL) for 5 minutes. The reaction mixture was placed in
ice bath, and Zinc iodide precursor (190 mL, 35.3 mmol)
was added dropwise. After addition, the reaction mixture
was heated to reflux for 2 hrs. After cooling down, saturated
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Na,CO; and ethyl acetate were added, and the reaction
mixture was stirred for 10 minutes. The mixture was then
filtered through Celite plug, and organic layer was collected.
Aqueous layer was extracted with ethyl acetate. Combined
organic layer was washed with brine, and dried over MgSO,.
After removal of the solvent, the residue was purified by
column chromatography, using heptane: CH,Cl, from 100:0
to 0:100 to give the desired product in 85% yield. The
product was further purified by recrystallization from
hexanes: CH,Cl, (1:1 ratio) to give 99.91% pure product.

D
D
CDs
B
Nz LCly
CD3

CD;
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[0139] Di-p-chloro-tetrakis[k2(C2,N)-4-((methyl-d;)-2-
(4-(methyl-d, )phenyl)-2"-y1)-5-(2,2,3,3-tetramethylbutyl-1,
1-d,)pyridin-1-yl]diiridium(IIl): A mixture of 4-(methyl-
d;)-2-(4-(methyl-d, )phenyl)-5-(2,2,3,3-tetramethylbutyl-1,
1-d,)pyridine (17.8 g, 58.9 mmol, 2.2 equiv) and iridium
(IIT) chloride hydrate (8 g, 26.8 mmol, 1.0 equiv) in
2-ethoxyethanol (210 mL) and DIUF water (70 mL) was
sparged with nitrogen for 10 minutes then heated at reflux
(102° C.) for 70 hours. The cooled reaction mixture was
filtered. The solid was washed with methanol (4x100 mL)
then air-dried to give di-p-chloro-tetrakis[k2(C2,N)-4-
((methyl-d,)-2-(4'-(methyl-d;)phenyl)-2'-y1)-5-(2,2,3,3-te-
tramethylbutyl-1,1-d,)pyridine-1-yl]diiridium (IIT) (12.5 g,
56% yield) as a yellow solid.

[0140] [Ir(4-(Methyl-d,)-2-(4'-(methyl-d, )phenyl)-2'-y1)-
5-((2,2,3,3-tetramethylbutyl 1,1-d,)pyridin-1-y1)(-1H),
(MeOH),|(trifluoromethanesulfonate): A solution of silver
trifluoromethanesulfonate (4.24 g, 16.51 mmol, 2.2 equiv) in
methanol (30 mL) was added to a solution of di-p-chloro-
tetrakis[k2(C2,N)-4-((methyl-d,)-2-(4'-(methyl-d, )phenyl )-
2'-yD)-5-(2,2,3,3-tetramethylbutyl-1,1-d,)pyridine-1-yI]di-
iridium (I) (125 g 7.50 mmol, 1.0 equiv) in
dichloromethane (200 mL). The reaction flask was wrapped
with aluminum foil then stirred at r.t. for 16 hrs. The reaction
mixture was passed through a silica gel pad (80 g), rinsing
with dichloromethane (500 mL). The filtrate was concen-
trated under reduced pressure to give [Ir(4-(methyl-d,)-2-
(4'-(methyl-d,)-phenyl)-2'-y1)-5-((2,2,3,3-tetramethylbutyl-
1,1-d,)pyridin-1-y1)(-1H),(MeOH), |-
(trifluvoromethanesulfonate) (13.3 g, 94% yield) as a yellow
solid.

[0141] Bis[4-(methyl-d,)-2-(4'-(methyl-d; )phenyl-2'-yl)-
5-(2,2,3,3-tetramethylbutyl-1,1-d,-pyridin-1-y1]-[ (4,5-bis
(methyl-d,)-2-(naphtho[1,2-b]benzofuran-10-y1)-2'-yl)pyri-
din-1-yl]iridium(III): A solution of 4,5-bis-(methyl-d,)-2-
(naphtho[1,2-b]benzofuran-10-yl)pyridine (2.24 g, 6.80
mmol, 2.0 equiv) in ethanol (85 ml) was sparged with
nitrogen for 15 minutes. [Ir(4-(methyl-(d,)-2-(4'-(methyl-
d;)phenyl)-2'-y1)-5-((2,2,3,3-tetramethylbutyl-1,1-d,)-pyri-
din-1-y1)(-1H),(MeOH), ]-(trifluoromethanesul fonate)

(3.43 g, 3.39 mmol, 1.0 equiv) was added and the reaction
mixture heated at 75° C. for 7 hours. The reaction mixture
was cooled to r.t. and filtered. The solids were combined
with those from a front-run reaction (0.49 mmol scale),
dissolved-suspended in dichloromethane and purified on an
Interchim automated system (220 g silica gel cartridge atop
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a 60 g basic alumina cartridge), eluting with 65% dichlo-
romethane in heptanes. Product fractions were concentrated
under reduced pressure and the recovered material was
re-purified twice on an Interchim automated system (4x220
g stacked silica gel cartridges), eluting with 65% toluene in
heptanes. Pure product fractions were concentrated under
reduce pressure. The residue (1.8 g, 97% LCMS purity) was
triturated with toluene (6 volumes) at reflux for 1 hour,
cooled and filtered to give bis[4-(methyl-d,)-2-(4'-(methyl-
d;)phenyl-2'-yl)-5-tetramethylbutyl-1,1-d,)-pyridin-1-y1]-
[(4,5-bis(methyl-d;)-2-(naphtho[1,2-b]benzofuran-10-y1)-
2'-yDpyridin-1-yl]iridium(I1I) (1.20 g, 99.2% UPLC purity)
as a yellow solid.

[0142]

The sublimation temperature of the following inventive
compound

Experimental Data

Inventive compound

DD CDy
. | N
| N

F
x N\ /
/Ir 0
CDy

was compared to the sublimation temperature of a known
Comparative compound

_ _—
CDy / |
Y N\
CD;

The inventive compound sublimed at 280° C., which was
unexpectedly and significantly lower than the sublimation
temperature of the comparative compound, which was 291°
C., even though the inventive compound has a higher
molecular weigh by 294. In OLED manufracturing process,
the operation temperature is largely determined by the
sublimation temperature of the materials used in the OLEDs.

/

Comparative compound
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During fabrication, the OLED materials need to be kept
above their sublimation temperatures for a long period of
time. For materials having high sublimation temperature,
this results in a significant energy cost. In addition, high
operation temperature also causes more material degrada-
tion and tool contamination. Therefore, the inventive com-
pounds of the present disclosure that are useful as emitters
in OLEDs are beneficial compared to known emitter com-
pounds such as the Comparative compound because the
inventive compounds have significantly lower sublimation
temperature.

[0143] It is 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 include variations from
the particular examples and preferred embodiments
described herein, as will be apparent to one of skill in the art.
Tt is understood that various theories as to why the invention
works are not intended to be limiting.

We claim:

1. A compound capable of functioning as a phosphores-
cent emitter in an organic light emitting device at room
temperature, the compound comprising:

at least one aromatic ring and at least one substituent R;

wherein each of the at least one R is of Formula I

wherein R' is selected from the group consisting of
hydrogen, deuterium, alkyl, cycloalkyl, hetercalkyl,
and cycloheteroalkyl;

wherein R to R* are each independently selected from the

group consisting of alkyl, cycloalkyl, heteroalkyl, and
cycloheteroalkyl;

wherein R® is H or deuterium;

wherein at least one of R' to R* comprises a chemical

structure selected from the group consisting of a ter-
tiary carbon atom, cycloalkyl, and cycloheteroalkyl;
and

wherein any two of R? to R* can join together to form a

ring.

2. The compound of claim 1, wherein the compound is
capable of emitting light from a triplet excited state to a
ground singlet state at room temperature.

3. The compound of claim 1, wherein the compound is a
metal coordination complex having a metal-carbon bond.

4. The compound of claim 3, wherein the metal is selected
from the group consisting of Ir, Rh, Re, Ru, Os, Pt, Pd, Au,
and Au.

5. The compound of claim 1, wherein R! is selected from
the group consisting of hydrogen, deuterium, alkyl, and
cycloalkyl.

6. The compound of claim 1, wherein each R* to R* is
independently selected from the group consisting of alkyl,
and cycloalkyl.
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7. The compound of claim 3, wherein the compound has _continued
the formula M(L') (L*),(L*).;

wherein L*, L, and L? can be the same or different;
wherein X is 1, 2, or 3;
wherein y is 0, 1, or 2;
wherein z is 0, 1, or 2;
wherein x+y+z is the oxidation state of the metal M;

wherein L', L% and . are each independently selected
from the group consisting of:

R, R,

Y2, 3
Y2 | Yl 2 P Ny
v
N " Y\ Ra\/}ﬁ\‘/ %Yl J\ ||1 [|
\ Y4\: | A Y'oys N
X T N
\ e Y /N\ v /N\
Slflf/ 2yl 3|(|7 Xy
10 g .-
R, i Y8, ylo YNy v Ny
/‘Y9 | |
R} Yf/ 9¢Y1° v8, _yl
g /Y9
R, R
R, b b
Y2
Y4/Y /
Rp~ti_ NN
Y“S R" R Y2§Yl /Ra
Ny ; R, V=N ™\ N
\ Pie ’ b ::I \\ Yz\ \|
| Yz\ PN - N 4 e
N
Y/ Y’
R, . .
3|(|3J\"" XﬁSJ\[
Yi 4Y6 Yf Y
R, R, g RC/‘W
Y3_ _YZ
4 | N\
4 y!
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_continued wherein at least one of the R,,, R;, R, R, R, R, and R,
R, includes at least one R.
vs—Y Yé/:Yz
Rb\ll N\ \ 8. The compound of claim 7, wherein the compound has
Yé\ \ P the formula Ir(L1),(L2), Pt(L), or PHLYY(L2).
Y N \ 9. The compound of claim 7, wherein at least one of L!,
5 [, and I? is ligand [, selected from the group consisting of:
WP
RC\: | Ly typel
A
Y&\no’w R
2 R R
aat NS
=N | |
>¢N\\ XA ’
. T
Wl YN S 6
G $ L type2
v A~/ \ R, R
Y Y°:
Y75 3/ Rs
- _Y \
Re
N
Ry 7
wherein L, and [, each can also independently be e
L, type3
P R,
TS Ry R,
a
RX RZ7
R N
Ry
/ N~\‘ ’
wherein each Y to Y'? are independently selected from G
the group consisting of carbon and nitrogen; L, typed
wherein Y' is selected from the group consisting of B R,,
NR,.PR,,O,8, Se, C=0,5=0,80,, CR R, SiR R4
and GeR Ry
wherein R, and R are optionally fused or joined to form
a ring;
wherein each R, R,, R,, R, and R, is independently
selected from the group consisting of hydrogen, deu-
terium, halogen, alkyl, cycloalkyl, heteroalkyl, hetero-
cycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl,
alkenyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, het- L types
eroaryl, acyl, carboxylic acid, ether, ester, nitrile, isoni- R; R,
trile, sulfanyl, sulfinyl, sulfonyl, phosphino, and com- R
binations thereof; R,
wherein each R, R,, R, and R, can independently AN
represent from mono substitution to the maximum
possible number of substitutions, or no substitution; ¥ . PAN
wherein each R , R,, R, and R, is independently hydro- o
gen or a substituent selected from the group consisting G-
of deuterium, halogen, alkyl, cycloalkyl, heteroalky], L, type6
heterocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, R, R
silyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
aryl, heteroaryl, acyl, carboxylic acid, ether, ester, / AN
nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phos- R; |
phino, and combinations thereof; g 2N

wherein any two adjacent substituents of R , R,, R_, and
R, are optionally fused or joined to form a ring or form G
a multidentate ligand; and
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-continued
R R,
Ry Ry,
N, N,
Rs/ \( .~
e
R? R!
/| N\
R? N/ S
e
R, R,
/
/)
Ry 1|\1 e
G
R, Ry

Rs ‘

Ry NN
Rs .
Rg
Ry
Rz | Nﬁ
N,
R 2N
e
R;
N\
—d T )
S P
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-continued
L4 type7 L type 14
L, typels
L, type8
L, type9
L4type 16
R;
Ry Ry, and
L, typeld
L, typel?
R, R
N, N
e Y N
L, typell 5
e

wherein X is C or N;

wherein Y' and Y* is independently selected from the
group consisting of C and Si;

wherein G is an aromatic ring; and

wherein each R, to R is independently selected from the
group consisting of hydrogen, deuterium, alkyl,
cycloalkyl, heteroalkyl, arylalkyl, aryl, heteroaryl, and
combinations thereof, wherein at least one of R, to R
in each formula includes at least one R.

10. The compound of claim 1, wherein the at least one R

is selected from the group consisting of:

L, type 13 X/ ,

TLatype 12
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-continued -continued
R4 RAL
RA4 RA 13
RAS
RA 14
)
)
RA6
RA 15
,
RA7
. , RAI6
RA8 ’
RA 17
RA9
, RA 18
RA 10 >
)
RA 19

RAll
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RAZO

R421

RA423

RA24

166

-continued
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RA26

RA27

RAZS

R430

RA31

RA 32

RA33
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-continued

RA34

R435

RA36

RA37

R438

RA39

R440

RA41

R442
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-continued

RA43

RA44

RA45

RA46

RAYT

RA48

RA44

RA 50




US 2019/0372026 A1l

-continued

Dec. 5, 2019

-continued
RASI RA57
RASZ
RASS
RA53
RASQ
D D
RA60
RA54
D D
RASI
A55
R . D
RAGZ
RASG

R463
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-continued
RA64 RA71
RA72
RA65
A73
RA66 R
RA74
RA67
RA75
RA68
RA76
RA69
RA77
RA70
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-continued -continued
RA78

Ligand R, R, X G Ligand R, R, X G

Lz R¥™ R CHGlI Ly, RY R CH @1

Ls R RP* CH GI L, R RP® CH Gl

, and Lis R RE® CH GI  Lgs R RY CH G1

Lo R™ R CHGI Lg RY RP® CH &1
) L R OREY CHGI Lg»n R REPM CH GI
D L, R REZ CHGI Ly, RYM REB CH Gl

D Lis R RPM CH Gl Ly RY RE® CH @1
R4 L R REC CHGI Lg RY REV CH G

Liw RA RE CH GI  Lg, R RPY CH GI

L R RF CH GI L, R R CH Gl

Ly RYM RFZ CH Gl L RY REB CH GI

Lis R RF? CH Gl L RY RE® CH Gl

Ligr RAL RE CH GI Ly R RPY CH Gl

. Lo R RE® CH GI  L,, R RF CH Gl

Lii R*™ RE® CHGI L, RY REM CH G

Lis R REZ CH GI Ly, R RPB CH 61
Lis RAL RE¥M CH GI Ly R RF® CH G1

Lo, R RE¥ CH GI L, R RFY CH Gl

Lo R™ RE¥ CH Gl Lge RY RE¥ CH G
Lior R RE* CH G1  Lge R REY CH GI
Lios R RE? CH GI Ly R RE® CH GI

11. The compound of claim 9, wherein L, is selected from Lios R RE*¥™ CH GI Ly R RE® CH 61

RA'/Q

isti : L RYORM CcHGI L RY R* cH Gl
the group consisting of: Ljigg M pEE G of Lji?i Mo R oan o
L, to L 55, based on the structure of L, R" RF® CHGI L,, R" R¥ CH Gl

Lais R*™ RFP2 CHGL Ly, RY RE® CH Gl
Lais R*™M RFY CHGI Lg,e RY RE® CH G

R, Lty Rji Rﬁz CH Gl Ly Rji Rﬁ; CH Gl

Ly R RF® CH Gl Ly, &Y RP CH Gl

R L R*™ RF CHGI Lyg»n RY H CH 2

AN Li»s RY™ H CHGS Ly R H CH G4

| Lios R H  CHGS Ly, R H CH G6

X M. Ly R H CHGI 1L, RY H CH G8

~ Liw R H CHGY Lgp RY H CH GI0

Lagsy RY H  CHGIl Lgyp RY H CH GI2

G-"" Lus; RY H CHGI3 Ly, RY H CH Gl4

Lyss R H CHGIS Ly, RY H CH Gl6

Lasy R¥%M H  CHGI7 Ly RY H CH GI8

. Al Al ",

wherein R, R,, X, and G are defined as follows: Las R L B CHGI9 Ly RAI HoocG2

Lyw RY H CHGM Ly, RY H CH G2

Lgs RY H CHGS3 L,, RY H CH G2

Liass R H  CH G2 Ly, RY H CH G2

Ligd R, R, X G Ligmd R, R, X G L4 RY H CH G27 L, RY H CH G2

— — Liw R H CHGY L,s, RY H CH G

L, ® #H CHG 1, R® H CH Gl Lgsi R H  CHG Ly, RY H CH GR2

L, R®R® O CHG L, RY H CH Gl Luss RY H CHGI Ly, RY H CH G4

Ls RY H CHGI 1, R H CH Gl Luss R H  CHG35 Ly RY H  CH  G36

L, R H CHGl L, R® H CH Gl Lys; R H  CHGY Ly, R H  CH G38

Ly R® H CHGl I,, R H CH Gl Laso RY H  CHG3 Lyig, RY H  CH G40

Ly, R T cHG 1, R" O I Gl Lae R H CHGH Ly, RY H CH G2

ax R H ocEG Ly, RMH O cH Gl Laes R H CHG43 L,e RY H CH GM

Lys R H  CHGL Ly, R H CH Gl Lues R H  CHG45 Ly R H  CH G4

Ly; R H CHGI 1L, R H CH Gl Lae R H  CHG47 Ly RY H  CH G4

Lye R H  CHGI Lg R H CH Gl Lae R H CHG4 L, RY H CH G%

o R H O CHGL 1, R H CH Gl Lygn RY H  CHGSU Ly, RY H  CH G2

Lps R H CHGL Lp, R"™ H CH Gl Ly, R H  CHGSS Ly, RY H CH G4

Lps R H CHGL Ly RP H CH Gl Lass R H  CHGSS Ly, RY H  CH  G3

Loy R H O CHGL Ly R? O CH Gl Ly R H  CHGST Ly R H  CH GS8

2 R H CHGl L5 R® H CH Gl Liw RY H  CHGS Ly, RY H  CH  GEO

L R®H  CHGL Ly R H O CH Gl Lys; R H CHG6l Ly, R H CH G6&

i_m ﬁjzz g gg gi i,m Ejj‘; g gg gi Liss RT H  CHG6 Lyg R H CH G&
Al Al

R H CHGI L R® O CH Gl i’“” %Al g gg gg; i’““ §41 g gg ggg

L R O CHGI L R T CH G AT A -

2 pm g ocnal T R ou o @ Lasp  RYH - CH GO Ly RYH - CH GI0

O w ocnoel T R op cn ol Lose  RTH - CH Gl Ly, RYOH - CH oG]

I s g cmal Y R w on o Lges R H CHGW L, RY H CH G4

L e § mal L r g cH Gl Lios R*™ H CHGIS Ly RY H CH G76

sz M o CH Gl szz MY N CcH Gl Lisy R H CHGIT Ly RY H CH G78

Lo RS CHGI L. R H  CH Gl Lasw R H CHGI L RY H CH G80

L., R®™ H CHGl La, R H CH Gl Lot Rji H CH G81 Lpp Rji H CH g%

Liss R H CHGl L, R H CH Gl Lpos R H  CHG8 Lpw R H CH G84

L., R H CHGl L R H CH G Lpos R H  CHG8 Ly, R H CH G86

Liso R™ H CHGlI Lsu R H CH Gl Lioor R H  CH G87 Ly R H  CH G883

Lig R H CHGI 1L, R R¥ CH Gl Lo R H CHG8 Ly, RY H CH G
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_continued wherein R?, R*, X, and G are defined as follows:
Ligand R, R, X G Ligand R, R, X G

i G Ligad Ry R, X G

Loy RY H  CHGY Lo, R H  CH G2 Lignd B R X ¢ 2 :
Loz R H  CHGY Ly, RY H CH G9% L BRI H  CHG2 Ly, R®RE H CH G2
Lois RY H  CHGYS Lps R H  CH G% Lass RS® H CHG Law R* H CH &
Loz RY H  CHGY Lpg R H  CH G98 Lo RP H CHG2 Ly R* H CH &
Lpow R H  CHGY Ly R H  CH GO0 Liaw B H  CHG2 L, R® H CH G2
Ly RY H  CHGIOL Ly, RY H  CH Gl Loy R® H CHG La, RN H CH &
Ly RY H  CHGIO3 Lgy R H  CH Gl4 Las RYM H CHG Lay R2 H CH &
Lins RY H  CHGIOS Ly R H  CH  GI06 Las R H CHG Law RM H CH &
Lz R R N Gl L R RPN @2 Lo RIS H  CHG L, RIS H CH G2
Lo RPR® N G Ly, RPN R™ N G4 Law RY7 H  CHG Lo RIS H CH &2
Loy RP RPN G5 Lpp R R N G6 Las: R H CHG Lapn R H CH &
o RPURYON GT Lpw RPR® NGB Lass R2H CHG Ly R H CH &
Lpis RP R NG9 Ly, RP RPN GlO Lass RZ2 H CHG Lgs, R H CH G2
Loy, RPDRED N GIL Ly R® RPP N G2 Lasw R H CHG Lgas R H CH &
Lo RPREP N GI3 Ly, R RP4 N G4 Law RY H CHG Lpaew R H CH &
o RPYRES N GI5 Ly, REDORPS N GI6 Lo B2 H CHG2 Lae R H  CH G2
Lo RPREYT N GI7 Lpw RPN RPN GI8 Lpes RSB H CHG Lay R2 H CH &
Lo RPRFP N GI9 Ly, R R N G2 Lipes R® H CHG Lpe R*™ H CH &
Loy RPRPD N G Lpg R RPN G2 Loer R H CHG Lpge R H CH &
o RPYOREBON G23 Lps, R¥ORP* N G4 Lo B H  CHG2 L R H  CH G2
Lpsi RS RPN G5 Ly, RP R N Gl Lyn R H CHG Ly, R H CH G
Lips; RPDRPT N G27 Lps, RPRP® N G628 Las R H CHG Lgay R H CH &
Loss RP RPN GO Lps R RPO N G3o Las R H  CHG Lgs R™ H CH &
057 RBYORPLON GIl Ly RPORPZ N G2 Lars BR™ H  CHG2 Lge R™ H CH G2
Liose R RE3 N G333 Ly, RP REM N GHM Lian RY H  CH G2 Lgg R™ H CH G2
Lo RP RPN G35 Lpe R RPN G36 L R™ H CHG Lpgp R™ H CH &
Lo RP RPT N G37 Lpe R RPN 638 L RS H CHG Ly R™ H CH G2
oes  RPYORPYON GI9 Lo RPNORPYON S G40 Liags B H  CH G2 Log R H CH G2
Losy R REM N G4l Ly RPN REY N G42 Liasr R H  CH G2 Ly R H CH G2
Lo RP RPN G433 Lpp R RPN oM L R H CHG Lo R H CH G2
Lon RP RPN G455 Lepp RPN RPN G4 Lio: R H CHG2 Lgm R® H CH G2
o3 RPD RPN GAT Ly RPN RPN GRR Ly R H  CHG Lg, RY R CH &
Lios RPDRE® N G4 L, RP RPN G3O Liss R R CH G2 Ly R R CH G2
Loz RPRPI N G651 Lpg RP RPN G2 Loy R RP OCH G2 Ly R R® CH G2
Lo RPRPP N GS3 Lggp R RP* N G4 L R RE CH G2 Luew R RY CH G2
st RPDRPP NGS5 Ly, RPN ORPY N GS6 Luow RY RE CH G2 Ly, BRY R® CH &
Ly RPDRPT N GS7 L RP RPN GS8 L RY R CH G2 L R REL CH G2
Logs RPD RPN GS9 Ly R* RPN Géo Lios R REZ CH G2 Lo RY RE2 CH G2
Lpg; RPLRBSL N G61 L RU RE® N GE2 Luor B REM CH G2 L RY RES cH G2
iz RPDORFSON GE3 L R RPN G4 Luw RY RES CH G2 Ly, BRY RFY CH @&
Lo RV RE® N G655 L, RPN RP® N G66 Ly R REE CH G2 Ly, RY RP® CH &2
Ly RV RET N G67 Ly RPN RP® N Ges Lus R RE® CH G2 L, RY R CH &2
Lpgs R®L REY® N G699 L RPN REO N GT0O Las B RE2 CH G2 L, RY REB CcH G2
o7 RPL RN Gl Ly, RPN REP N G2 Ly, REY R4 CH G Ly, RY RP CH &
Lig RPHREP N GT3 L RPN RP® N G4 Luw RY RES CH G2 L RY R CH G2
Log RPREP N G715 Lye RP RPN G Lo RY REE CH G2 Ly»n RY R CH &2
Loz R% RET7 N G77 L RPRE® N G78 Ly B RBC CH G2 Lo, RY RB! cH G2
os RPURFYON GO L RPDORPC N GRO Lips R REZ CH G2 L, RY RPE CH G2
o7 RPUORPDON G81L L RPYORP N GR2 Ly RY RE¥ CH G2 Lns RY RS CH G2
Liag RV RPN G683 L, RPRM N G4 Lige R RE® CH G2 L, R R® CH G2
Ly R#PDORE® N G85 I, RU RS N Ge Lusn R ORPS® CH G2 L, RY RE¥ CH G2
o RPURMTON G871y, RPNORFS N Ges L R RE CH G2 L, RY R CH G2
s RPURMTON G89 Ly RPYORMY N GO0 Liss RY RF2 CH G2 L RY RP¥® CH &2
Laiz RPD RPN N @91 Ly RP RPN G2 Lusy R REM CH G2 Lous R RS CH &2
Ly R#PDRES N GO3 Ly RPDOREPY N Go4 Lus RN RE% CH G2 Ly, RY R CcH G2
a1 RPDRPPON GO9S Ly, RPN RPN GY% Lum RY RS CH G2 Lgp RY RPY cH G2
o RPURPTON G97T Ly, RPYORPS N Gos Lo R RE® CH G2 L, RY RPL CH &2
Lyps RPD RPN G99 L RPD RPN Gloo Luss R RP2 CH G2 L, RY RP® CH G2
Lgz;  RPY RPN GIOL L RPD RPN Gl Lo RE R CH G2 L, RY RPS CH G2
a9 RO RPN GI03 L, RPN RPN Glo4 Lusw RY RES CH G2 Lgus RY RP CcH G2
au RPURPP N GIOS L, RPN RPN Glos Luas; RY RE® CH G2 Lun R R®P® CH &2
Luss R RO CHG2 Luu R H N G2
Luss R¥Z H N G2 Ly RY H N &2
5 A
L4335 to L7, based on the structure of Las7 Rj: H N G2 Lus Rj: i N 2
Luses RS H N G2 Lue R H N 2
Lys R® H N & Lgo R H N @&
L R H N G2 L R4 H N 2
R3 X ‘4463 P 7 ‘4464 13 N
AN Lues RIZ H N G2 Lue RV H N 2
| W Lusy B H N G2 Ly R H N @&
N, Lusw R H N G2 Ly RY H N 2
Ry R Lan R H N G Ly R H N 2
Lun B2 H N G Lyy R'H N @&
G-~ Luss RZ2 H N G2 Ly RP H N 2
Lumw R H N G2 Lgys RP H N G2
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-continued -continued
Ligand R4 Ry X G Ligand R, R, X G Ligand R Ry X G Ligand R, Ry X G
La70 Rﬁ: H N G2 Lo Rﬁ; H N G2 L4 H R CH G2 Ly H R*™ CH G2
L as1 Rm H N G Ly RA31 H N G2 Lo H R*™ CH G2 Ly H R CH &2
Las3 R/132 H N G2 Luu Rm H N G2 Ly H R®™ CH G2 Ly H A% CH G2
L sass R/134 H N G2 Lugs R/135 H N G2 Lz H R CH G2 Ly H R CH &2
Loiag7 Rm H N G2 Lyg Rm H N G2 Liss H R® CH G2 Ly H RY N &2
L ag0 Rm H N G2 Ly Rm H N G2 Lis; H RZ2 N G2 Ly H R® N &2
L401 R/140 H N G Lue RA41 H N G2 Liw H R* N G2 Lgw H R® N &2
1493 Rw H N G Ly ' H N & Lin H R N G2 Lgp H RY N &
L 105 RM; H N G Lue R™ H N G2 Liis H R® N G2 Ly H RY N &2
L 107 Rm H N G Lyg Rj;‘: H N G2 Liss H RO N G2 Ly H RMY N @2
L 4400 Rm H N G ILgep R H N & Lisy H RIZ N G2 Ly H REB N &
401 R*® H N G2 Ly R* H N &2 Lo H R N G2 L H R N G2
Lsos R’“S H N & ILgyuw R H N G2 Liesi H RIS N @2 Ljiij H RY N G2
L 4sos Rj; H N G2 Ly Rﬁz H N G2 Liss H R N G2 Ly, H RY N (2
Lso7 Rm H N G2 ILge R H N & Liss H R N G2 Ly H R N &2
a0 R H N G2 Ly R H N G2 Liss H R N G2 Ly H R N G2
Lisuy R H N G2 Lgsp R H N &2 Liso H R N G2 L - H R? N G2
Lisizs R® H N G2 Ly, R H N @2 Ly H R N @2 szz H R? N Gg
Lasis Rji RZ N G2 Ly, RY RE N G2 Liss H R N G2 Lgg H RPN &
Lisi; RMORBP N G2 Lys R RN (2 Liss H R¥ N G2 Ly H RPN (2
Lisio Rji Ri: N G2 Lyspo Rji Riz N @& Lis7 H R¥ N G2 Ly H RPN &2
Lsar RAI RBQ N G2 Lyp RYE RE N G2 Liso H R N G2 Lo H R®P N &
Liss R%M RF N G2 Ly RY REO N &2 L H R¥ N G2 Lugn H R® N G2
Lis»s RALORBMN N G2 Ly R REZ N (2 Lis H R N @2 LAs;z H R¥ N G2
L;s; RALOREBZ N G2 Ly R REM N @2 Lis H R¥ N @2 sz;z H R™ N Gg
Lso Rji jo N G2 Ly R REE N G2 L7 H R N G2 L H R N @2
Lisyi R REY N G2 Ly RYM OREB N (2 Lo H R N G2 L H R™ N G2
Lisss RAOREY N G2 Ly R RPN (2 Lt H R¥™ N @2 LA680 H RY N G2
Lisss RIDORPPL N G2 Ly R RFPZ N @2 Liss H R¥™ N G2 L’m82 H R™ N G:
41 B23 5 4684 5
Ly R RFP N G2 Ly RYM RE* N &2 Liss H R N G2 L H RPN @2
AL B25 4686 :

Lisze R%M REPP N G2 Ly, RYM RES N &2 Lis7y H R™2 N G2 L H R® N G2
Lisa R RF7 N G2 Lys R RPN @2 Lo H R™ N @2 L’m88 H R™ N @2
Lysss RIDRP® N G2 Ly, RY REO N &2 Ly H RPN @2 szzz H RY N Gg
Lysas Rji Rﬁ; N G2 Ly RY REZ N G2 Lios H R N G2 Ly H R N &2
Lisay R RB¥ N G2 Ly, RYM RE¥Y N &2 Lios H R N G2 Ly H R® N &2
Lsao Rji Rﬁ: N G2 Lysso Rji Rﬁz N &2 Liso; REL R CH G2 Lys R R CH G2
EASSI RAI RB39 N G2 Ly, RAI RMO N &2 L 4600 Rﬁ R CH G2 L, R R CH G2
L,m ﬁ,u %341 E gi Lyssq RA1 Rm N &2 Lior R R CH G2 Lgp R R™ CH @2
4555 Lisss R RM2 N &2 Lios RE7 R CH G2 Ly R RYM CH G2
Liss; RAL REY N G2 Lysss R RBM N (2 Lios RE® R CH G2 Ly REC RY CH G2
L 550 Rji RZ‘; N G2 Ly Rji RZ‘Z N & Lyo; REM R4 CH G2 Ly REZ R CH &
Lsser RAl Rm N G2 Lge RAl RMO N & Lige RE® R CH G2 Ly REM RY CH @2
Lses RAI RBSI N Gl Lysg RAI RBsz N &2 Ly, RE® R CH G2 Ly, RES RYM CH G2
Lses RA1 RB53 N G2 Lyse RA1 RB54 N & Lys REY7 R CH G2 Ly, RES RY CH &2
EAW RA1 RB55 N G2 Ly RA1 RB56 N & Lins R RE CH G2 L, RO R CH @2
ng ﬁﬂ ;57 E G2 Lysyo RAI Rm N & L7 RZ; R CH G2 Lgy R RYMOCH G2
o KR G2 Lysp, RA1 RBso N & Lie REZ R CH G2 Lgp, R RYM CH &2
4573 RA1 N G Ly R REO N & Lyn REP R4 CH G2 L, RIS RM CH &
4s7s  H RA3 CHG2 Iy H R2 CH &2 Lins REY R CH G2 Ly RE® RM CH @2
Ly H RA5 CHG2 Iy H R¥™ CH @2 Lins REP RAL CH G2 Ly REC RM CH &2
Lo H RA7 CHG2 Lygp H R CH G2 Lin, REM R CH G2 Lgns RPZ BRI CH &2
s H RA9 CHG2 1Ly H R® CH &2 Ly RE®P R4 CH G2 L,y RPM RYM CH &
I RA“ CH G2 Ly H R;“O CH G2 Ly RE® R CHG2 Ly RES RM CH &2
Lysss H R[113 CH G2 Ly H RYM CH @2 Liss REY R CH G2 Ly RE® RM CH &2
Lyisg; H RA15 CH G2 Ly H R CH G2 Liss RE¥® R CH G2 Ly R BRI CH &2
sz H RA” CHG2 1Ly, H RIS CH &2 Ly, REY RAL CH G2 Ly RE2 R CH (2
491 H RA19 CH G2 Ly, H Rj;s CH G2 Lie RE® R CH G2 Ly RE¥ RM CH &2
Lysgs H RAZl CH G2 Ly H R CH @2 Lo RE® R CHG2 Ly, RE RM CH &2
Lysos H RA23 CH G2 Ly H R CH G2 Lyas RP¥ R CH G2 Ly R BRI CH &2
507 H RA25 CHG2 Ll H R CH & Lyus REY R4 CH G2 Ly, RFC RYM CH &
Lises H RA27 CH G2 Ly H R CH G2 L REPY R CH G2 Ly RE2 R CH G2
Lot H R CHGL Ly RA® CH &2 Limwg RE? R CH G2 Ly RF RY CH @2
Ligs H R CHG2 Luo H R™® cH G2 Lisy RP® R CH G2 Ly, RPS RY CH @2
Lios H RS CHGL Ly H R® cH G2 Lisy RSV RAMCH G2 Ly, RS RIMCH O G2
Loy H RP CHG) L, H RS CH @ Lyss REY R CH G2 Ly R R cH G2
Lew H R® CHG 1,, H R CH & Lys;  REV RA CH G91 Ly RED RA CH  G92
" H R®T CHGL Tan H RS CH 3 L7so Rﬁi RAi CH G93 Ly RE' RAL CH G%
Il H R CHG L H R™ CH @ L6 RB1 le CH G95 L, REY R CH  GY
I H R ocHG L H R oH @ Lies R R CH G97 Ly REY R CH  G98
. IR of o 4616 o Lies RE' R CH G99 L RB' RAl CH G100
1617 Lis H R ¢ @2 Bl pal 4766

L R R4l CH GI01 L RB' RAl CH G102
Lo H R™ CHG2 Luy H R¥™ cH G2 AT Th Lal ATE B Al
Loy H RY CHG Li» H R CH &2 i’”ﬁg Kol o SHOI03 Lgo RORTCHOGIO4
I RS He L H R i o 4 REYORM CH G105 L, RE' R CH G106
Lios H R® CHG2 Ly H R™ CH G2
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L
773 10 L
411> based o
n the structure of
(0]
R;
Ry Ligand -continu
Ry, R, R R, ed
LAg G
LASZ Rji RE%0 Ligand R
\ L, R RER2 H G2 2 R,
887 RA! u L, R,
Ly R4 RES P R G
=N Lisor RAI RES H G2 LAggs 41 RB51 H
. Lo R RESS E G2 4858 41 R®% @ G2
. 03 AL o - L, RESS 3
Ls RES G2 o R -
- os  RE H L R257 A
L, H G2 sy R H 2
s7 R H L RE® -
LA H Gl 4894 RA! b 2
Wh . 899 RA6 H L H N
erein R, R Lot R b e R 0 on
25 N33 R.. a T 400 g H Gl LAggg RAS H H Gl
4+ and G are defi LAQ(; Alo H B oo e R I & Gl
Li efined as fi L, RA2 H I Gl o R H - &l
igand R ollows: L oy RAY T H Gl Lioos L H &l
L > R R ’ LAQOQ R4S H I Gl L iooe RAII o H peh
ams R 4 G L e R4S H G Lo RS H H Gl
EAW e non oo gnd R R Lo RA20 g H Gi Lo §j15 H H Gl
3 0 1
Lj777 RAS g H Gg Ly RE2 ;5 Re G szf ﬁjzz H E Gl iAgl2 RAI; H g G1
a0 RY H L H 7 24 H y o a1
L H G2 Lome RA H Ly H Gl oig R H
‘4781 RA9 H L H 919 RA26 H L e G
L H G2 Lo RA¢ H a2 Ly H a1 e RA23 H 1
‘4783 RAll H L H G 021 RAZ o LA o o
G2 ‘4780 R4S H 2 L, H Gl 918 RA25 H
s RAD H H L H oz RAP - L H p
L H G2 752 RALO H G2 L4 H Gl o0 R o 1
‘4787 RALS H L H G 925 RA32 H L o p
L H G2 a7sa  RAE H 2 Ly H Gl 0y RAP n 1
‘4789 RAL7 H L H G 927 RA3 H L, H o
G2 a6 RAM H 2 Lo u Gl o R H 1
‘4791 RAL H H L H G 29 RA36 H L, o ol
G2 ars RS H 2 L, H Gl 02s  RAP H
a0y R H H L - 0y RAE o L H p
L G 479 4 G2 L H Gl 4928 435 1
ij% RA2 g H Gi imz ;;i it g G2 Lj:i %jjo H H Gl %930 §A37 i g Gl
arr R H H G L 2 H 4 it Gl
G2 704 R H 2 49 H Gl o RA¥ H
4799 RA27 H H L H G 37 RA44 H L, H a1
G2 Lome RA24 i 2 L, ) Gl o R H
o1 RZ H H L - oo R4S H L H G
L G 479 A G2 L H Gl 4036 a3 1
Lj:os RA31 g H Gi iAsoz ;i: H g G2 sz: %j:g H H Gl iAg 3 § . g Gl
ssos ROT H H G L 0 H 4 H Gl
L H G Law R3¢ H 2 A 31 Gl o0 R H
4807 R4 H L H G 045 RA%2 o LA - P
G2 asq  REE o 2 Ly ¢ Gl o R H
as00 R H H L " ony  RAM o L " G
L G 480 G2 L bEi Gl /4944 A5 1
Tnons RAS g H Gg LA8OZ Ejj: H g G2 sz@ R4S H H Gl Lous %Afi H g Gl
Lo R B8 Lew KO iR o Lioss Mo I oo Low R0 Lo Gl
o R H H G L 0 y a1
G ‘481 2 H Gl 950 45
LASW R g H Gg LA81421 Ej:g H g G2 ngjj R4l REL H a1 Lyos ﬁ,ﬁ; H g G1
LASIQ R H H G2 Lisie R H H G2 LA257 R4l RE H G1 Ligsa  RAG H o Gl
LASZI R H H G2 Liis R H H G2 LA;Q R4l RE H G Lyoss R H I Gl
- REL H H G2 Las20 RA448 H H G2 L, ol R4l REY H G1 Loss R4 RB2 ¢ G1
Lj825 T g H & Ly, RA% H I @2 LAzzs le RE I ol Log  RA R 1 Gl
Lo R H H @ Ligag R H H G2 Lioer R R 1o al i“gﬁz R41 R 61
L;igji ﬁjz H g G2 iASZG R4 g H G2 LAQGQ %Al RB13 g Gl LA964 RA! %BTO I gl
. G 482 4 G2 L RELS G1 4966 A1 1
LA833 R g H Gé LAS; %AZG H u G2 ng71 R4l RBV H Gl Lsoes §A1 R312 g Gl
4s3s R H Lo 5 H G L o3 RA oG Lor R34 Gl
L, R32 G2 asp R H 2 497 P REV 1L o R n
L;i:37 R4l RB4 H &2 Lya R H o G2 LAQ; EAi RE2! H Gt LA97Z RA! R?G H Gl
483 4
L_434£; %Ai R3¢ H G2 II:AS:,G Al Ril u G2 Lo RA! RED g Gl LAQ74 R4 EB;;) I gl
e R RS g Gy s RA1 RZH G2 Lo RA! RED K G e R4l pB2 H Gl
Lisa y RB1O G T R4 R H G2 Liss RA RF G ow R4 RE2 H 1
L > R4l RB12 H G2 4842 Al R H G2 Lo RE29 Gl 4980 RA! R34 [ Gl
Lo R4 REM H G2 Liga R R¥® H G2 L, s RYORP H Gl Lygp R RE% § Gl
L-4849 RA41 u Ly R2U G2 L os7  RA! o H G L g8 9 RE28 Gl
4851 Rl RBS [ G2 L 8§46 R4l RE13 q o 4959 RAL REP® . 1 L 4 A REO I °
Ly R R 1 G2 LA848 RA 51 H 2 Lyo R4 RE® [ Gl LAQ85 RAl REM H Gl
Lygss  RY RP20H a2 LA850 Rt R315 H a2 Lyes R R®7 H Gl L/1988 RAL B 0 Gl
Lss7 AL RB22 G2 LAS52 RA41 RB 70 G2 L 4005 R RE® H Gl LAQQO RA! RB56 H Gl
Ly RB24 H G2 P RZY W G2 Log7 g RE4 Gl LAggz RA H 1
L > RAL RE26 H G2 Lasse RAL RZ' G2 Lo R4l R H a1 4994 RAL RE® H Gl
Lj%l R RS oo Ligss R L :t G2 L 129 Rj L RE® H Gl II:AQ% R4l R Gl
48 5 -
LA863 RERY L Liggo R RP?H G2 Lo : RAI RE4 H Gl Lo RA! RE2 Gl
L 65 R H Ly R227 & L s R ORE H G 1o 9 RE Gl
PR S R®2 1 @ Lie R RE® H G a100s R4 R*Y [ 1 Lo RAl  RB46 H Gl
Lieo R RZ* G T R H 2 Ly, RS Gl LAlooz R4l RE I
L R B H G 486! R* G2 007 R H G 410! 4 R4 Gl
4 R RE¥ 27 L . Rl RS I L1000 M RESS 1 L o RAL R H o
Lis R2%S G Lo R H a2 L R ORPP Gl atoos R H
5 R u L RZ3 410 4 L RES G
L RB40 G2 as0 R > H G2 L n RE B H G ‘41008 A1 2 H 1
4875 RAL H 1, R2Y7 G2 41013 R RES W 1 L R RES Gl
Ls y R342 G2 s R I L RE Gl o0 R H
L s RALOREM H G2 Lagwa A1 RZ¥ G2 ators H H La RE%¢ G1
LAS79 RA41 - I G Len RA REH H G2 Lios H IR Gl L 012 Rl RESS " o
s R RB ¢ g G2 LAS;G RAl RE4 H G2 Lios U P G2 LAlol4 RAl RE H o
RE% g G2 LAs;; RAI RES H G Lo R4S %) LAlol6 H o2 H Gl
? LAsso RAI R34 H G2 LAIO; g R47 E G2 LA1018 ¢ R H 1
2 K 1 H 3 ‘410 2
R#®H G2 Lioos H R* H @ Laos H RS H 2
G, L RAN 2 e H H
2 1027 H H L R4S G2
L RA S e H H -
a0 H H L, RAL0 )
R4S 2 1ms  H o
H L, RAL2 2
G2 L g H » H P
ai030 H rRAM g 2
RALe 2
H
G2
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-continued )
-continued
Ligmd R, Ry Ry G Li
gmd R, R; Ry G Li
J gamd R, Ry R, G Ligand R
Luoar B R" H G2 Lgg H RS § G2 L BA3 4l - A B B
Lios H R H G2 Ly H RO | & 41179 RBAS RA1 H G2 Ly RE4 RAL o 5
Loss H R H G2 Ly, H FERR Laus: RBA R H G2 L, REY RM H 3
Ly H R g 36 4 G2 Laws REY R H G2 L A3 Al
1037 G2 Lgse H R H @ B Al anga ROORTH 2
Liow H R H G2 Ly H RS o Lai1ss RB51 R H G2 Ly RF° R H 5
Lo H R? H G2 Ly, H RS o Liiig7 R353 R H G2 Lye REZ R W a2
Loz H R? H G2 Ly H 430 g G Lins RBSS R H G2 Ly RE¥ RM H 5
Lios H RS B G2 Lo H R I Gg Lai1o1 R357 R H G2 L., RF® RY W 5
Loy H R H G Lygs H R p L1103 RB R H G2 Lyes RES R H 5
Liow H RS H G2 Ly H RS Gg L1105 RBTQ R H G2 Ly RFY RYM H 5
Luosi H BT H G2 LAlosg H 438 q P Lanos RBI R H G91 Lyee REY RM H G92
Lioss H R 1 & Lsjosa H R H G2 Lanoo RBl RY H 693 Lo R®! R H G9%4
Lyoss H R H G2 Lyee H R o Laizo1 RB1 R H @95 I,h REY R OH G96
Lgos7 H R H G2 Lgese H R4 & L1203 RBI R H G97 Lypos R* R H G98
Lo H R H & Ly H R4 R p L1205 RB1 R H G99 Ly, R RY H G100
Liosse H R¥ H @2 143 Lioey REY RYM H Glol L Bl pal
Lisz H R i G2 21 41208 R R H G102
Lioss H R™ H G2 Lyees H RP° H G2 Laos R R H GI03 Lype R R H G104
Liugs H R®H G2 Ly H R H G2 Loy R¥ R™ EH GIOS Lyp, R¥ RY H  GIOG
Lsosr H R T G2 Lyes H RP* H G2
Lioss H R® H G2 Lggo H RS H G
Lion H RP7T H G2 L41072 q R4 H Gg herei Bl 560
Laon B R H G Lyg B R® T G wherein R** to R** are as follows:
Lsors H R T G2 Lygs H RY H Gl
Liors H R? H Gl Lyes H R¥® H Gl
iﬂom i RjA H Gl Lyg H R® H Gl
6
LA1081 H RAS H Gl Ly H R H & o RB!
1083 H S H aGt Lsjosa H R® H Gl /" 3,
Lioss H RM0 H Gl  Lges H R H G
Lios7 H R™2 H Gl Ly H R H Gl CD R
Lioso H RIH Gl Ly H R4S T Gl S
Liioor H RS H GI L H 417
41092 R H Gl
Liows B RIS O Gl Ly, H R O Gl RE
Lioes H R H G1 L, q RA2T |
L 02 1096 Gl
1007 H R H Gl L, H RA23 ,
24 098 H Gl L.
Liiooo H R H GI L H RA2 .
L o 126 141100 H Gl
41101 R H Gl Lt H RA7T H 2
L H A28 02 G1 R
41103 R H Gl L, H RA29 .-
430 1104 H G1 -
Laos H R H GI L H R4
1, H 432 41106 H Gl ,
41107 S H Gl Ly H R4 H Gl
Liiee H R™** H Gl Ly, H R4S o
Ly H R#% H Gl L, H RS H Gl . RES
Lans H R¥ H G1 L 439 e
s H R H G1
Lans H RMOH Gl Lyye H R4 H G1 ’
Ly H R¥2 H Gl Lyys H R4 H Gl
Line H R H Gl L q RA45
L 146 41120 H Gl RE6
a1 H R H Gl Lg» H R4 ol
L H R¥S H Gl Lyps H R H Gl
Lais H RS § G1 L i RS I I i
L I 452 41126 Gl
41127 R H Gl 1, H RA%
L q A54 1128 Gl
41129 R H Gl Ly H R H Gl
LA1131 H RS H Gl L,1113z H RP7 H Gl RB7
Loz H RP® H Gl L q RA® [
L I 460 ‘41134 Gl
41135 R H Gl L H RA6!
L B1 4l 41136 H Gl s
4137 K R H G2 Lgss R RY 0 G2 .
Ly R R H G2 Ly R® RY H G2 d
Lyw RF° R H G2 L RBE  RAL
B7 4l ‘41142 H G2 RE8
Lz R R H G2 Lgu R*® RY 0 G2
Laws R¥® RY H G2 Ly, RO R H @2 .
Ly, R R H G2 Ly RE2 RY H G2 -
Liuw BRE® RY H G2 L RBI4 pAl ’
BIS  ndl 41150 H G2
Liisi R R H ¢ L REI6 RAI
217 bl 41152 H G2
Lyss R R H G2 Ly RE® RY W G2
Ligiss BREY RY H G2 L RB20 R4l R®®
Bl oAl 41156 i G2
Liis7 K R H G2 Lg;ss RF2 RYM H G2
Laiiso R®? RMH G2 Laiis0 R4 R W G2 . -~
L R R" H G2 L RBS  RAL
57 ol 41162 R H G2 ’
Lz X R H G2 Ly R RY @ G2
Lije RPZ R H G2 Ly R RY H G2
L RE¥ R H G2 L RER pAl
233l 41168 R H G2
Lse R R H @& L B34 Al RB10
235 o u1170 R R H G2
Ly R R # G L B36 Al
237 od a2 K R H G2
Lz RE¥ RM H G2 L RE¥ Rl .
330 oAl 41174 R H G2 .
Lis XK R H G2 Lgpe R R H G2 ’
Liiy R R*" H @2 Laiis RP¥? R H G2
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RBll

RBIZ

RB13

RBl4

RBIS

RBIG

RB17

RBIS

RB19

RB20

RBZ 1
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RB22

RBB

RB24

R32

RB26

RBZ7

RBZS

RBZQ

RB3 0

RB31



US 2019/0372026 A1l Dec. 5, 2019
176

-continued -continued
RB32 RB43
7©© RBH
RB33
Rb’34 RB46
RB47
RBSS ,
D,
L7 RB48
RB36
D;C
3 \<D
CDs,
RZY B49
R
D D
R338
D, D .
RBS9
D :
RB40 RBSI
CDs,
[ ) O/
RB41 RBSZ
D D D;C
RBS3

R4 DsC
D D Q
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-continued -continued
RBS4 G2
DsC. : CDs,
RB55
D;C ; CD;,
CD; G3
RBSG
D D
\ﬁ<CF3,
RES7
RE5S G4
RBS9
G5
RB60
G6
and
wherein G1 to G106 are as follows: -
Gl
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Iy 1y

G9
G15
G10
Gl6
CDy
DsC
Gll

S
G17
DsC
G12
0
Q |

GI13
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G19 G24
S
N
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G25
G20
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N —
/ N\
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G21 G26
\ /
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N ==N
\ /
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G27
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=N
G23
G28
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G30
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G9%6 G102
\O o e

G103

G97
G104

G98
G105

G99
G106

G100
12. The compound of claim 11, wherein the compound is
Compound Ax having the formula Ir(L ;),(L,); wherein
x=1212j+k-1212, k is an integer from 1 to 1212, j is an
integer from 1 to 1260, and wherein L. is selected from the
group consisting of the following structures:
G101

L, through L., based on a structure of Formula X

Rl
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wherein R, R, and R” are defined as:
-continued
Ligand ! l ﬂ
- - ~ ~ Ligand R! RZ R?
L RO D L -
LCl poos RP! H LC74 RD Ao i
o X i : s RD! RPM
Les RP? RP? H Lo o Row :
Les R4 RP4 o o - :
L o 1 : - R H
: X > ; s RD! RP4
Les RP¢ RP¢ H L o o :
Ler RY’ R?P7 [ o o :
L RDS D8 i - o ;
R . R RDS6
Loy RD® DY i - o g
K ; . R RS H
Leso RD© RP10 H Less N R
Len RPH RPU L R o 7
Lo RO D12 i - - g
R o R RD3
Lo RDB D13 i - - g
K ; coe R R4 H
Lews ROM ROM H ba e A
Leis RPT RO . o R 7
L, RDI6 D i - - g
: R oo R RP7
L RPY q b - i
i RPY H o0 N A
Leis RS RD!8 H [ R R0 :
Leig RO RPY L oo o 7
L RD2© i - - i
cs K os R RO
L RD2 i - - :
o1 RP2! H o X A
Lean RP2 RP22 H e Ao o 7
Leos RD? RD?3 s R R e i
L RD? i r - :
on RD o7 N A e
Leos RD?S D25 i - - "
K ; o R RDI6 H
Leog RD? RD? H oo R R
Loy RDY RP?7 pee X K :
L RDS i - ;
< Roos cio1 R RPY
L RD® i - - ;
e s 0 c102 R RP20
Leso RP¥ RP30 o R o 2
Lo RP3 i r - ;
e R ot N RP22
Lo D32 i - ;
@ X R c105 R RP?
Lo RD® i L o :
o2 R " C106 R RP2 H
Leag RD¥ RDH peor N K e
Les RD% R 1 2 :
- Rpas c1o8 R RP?
Lo D40 i - :
o X R I C109 R RP? H
L RPA RPA H bt N o °
Leag RD® RP® H pos R N
Leso RO RP o o v :
L RDS6 i o x
o R I ci13 R RP3! H
Less RDSS RDSS H Fei . i
Less RP76 RP76 o o Row :
L R - L D2 a
o R " cl16 R RD3 H
Lo > K> ; i RD2 RD35 H
Lo R R ; Loy RD2 RD40 H
Lo R R Levis RD? RPA
L x> - L D2 a
e Roe " €120 R RD# H
Lo x> R ; ot RD2 RD64 H
Lo R R ; . RD? RDS6
Leso RO R?? o o o 2
L > - L D2 a
- Roto " c124 R RP76 H
Les RD! RPU H 2 A o
Less RO RP12 H o Ror Roe :
Lesa RO RP13 o os ko 2
Less RP! Dl i L o :
x I c128 R RP7 H
Lese RD! RPSS H Fai A A
Lesy RO RP16 (o Ror Ror :
L R I L D3 a
e Rt C131 R RP10
L R o L D3 a
s Rous I c132 R RPU H
icso R R ; ras RD3 RD12 H
LC61 R R i Levag RD3 RDB o
cs R R H Lsas RD? RPM o
b R R i Leyae RD? RPIS
Lcoa RP! RP23 H Lo ron R .
icss R R i Leovss RD? RPY7 E
LC“ R R i Leyso RD? RP!S H
LC67 R R i Levo RD? RO H
Lcss RD! RD?7 H Feiat R R a1
Lcsg R R i Lovs RD3 RD2L H
LC70 R R i Leovas RD3 RP22 i
e R R i Levas RD? RP?3 H
ECD R R i Levss RD? R H
e R R . Leyae RD? RS
L RD? -
c1a7 RP?6 H
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. 1
Ligand R R? R? Ligand R! RZ R?
L RD3 RD27 D7
LC148 RD3 RD28 H LCZ22 R RD25 H
C149 H LCZ23 RD7 RD26 H
1, RDS RD29 D7
c150 H Lo R R2 H
LC151 RDS RDSO H LCZ25 RD7 RD28 H
LC152 RDS RDSI " LCZ26 RD7 RD29 "
LC153 RDS RD32 H L RD7 RDSO H
1, RDS RD33 27 D7
cis4 H Lcazs R RP3! H
1, RD3 D34
C155 R 0 LCZ29 RD7 RD32 0
LC156 RDS RDSS H LCZ RD7 RD33 H
L RDS RD40 H 0 D7
C157 LCZSI R RD34 H
Letss RD? ROM H L RE7 RO H
1, RD3 D42 x
C159 R H LC233 RD7 RD40 H
Letso RD? s H Ly RD7 RP41 H
L RD3 RD66 H o D7
Cl61 LC235 R RDAZ H
Late R>? RDS8 H Loy RE7 RD6 H
LC163 RDS RD76 H 3 D7
Loy S RPS6 i
Lees R4 RDS H Lenss RD7 RDS8 H
Letes R RDS H Leozs RD7 RD76 H
Letes RD? RY7 H Loy RP® RZS H
LC167 RD4 RD8 H 40 D8
Lo i3 RPS i
Leves R RZ? H Lo RDS RZ? H
LCISQ RD4 RDIO b=t L RDS RDIO b=t
1L RD4 DI11 c2a3
c170 R H Leaaa RPS RO H
LCI - RD4 RD 12 H D8
Leas R RPR2 5§
LCI » RD4 RD13 H LC246 RDS RD13 H
Lot R>? RO H L RP8 RPM H
L RD4 D15 car
C174 R H Leoas RDS RD1S H
LCI 75 RD4 RD16 H LCZ RDS RD16 H
L RD4 RD17 H 49 D8
C176 LCZSO R RD17 H
LC177 RD4 RD18 H LCZSI RDS RD18 H
LCI 7 RD4 RDIQ H LCZSZ RDS RDIQ H
LCI 7 RD4 RDZO H LC253 RDS RDZO H
LC180 RD4 RDZI H LC254 RDS RDZI H
LC181 RD4 RDZZ H LCZ RDS RDZZ H
LCISZ RD4 RDZ?: H » D8
Loass R RP# H
L Cls3 RD4 RDZ4 H L D8 D24
c257 R R H
LC184 RD4 RDZS H LCZSS RDS RDZS H
LC185 RD4 RDZG H LCZ RD8 RDZG H
LC186 RD4 RDZ7 H 59 D8
Lo R RP?7 H
LC187 RD4 RDZ8 H LCZGI RDS RDZ8 H
LC188 RD4 RDZQ H LCZ RD8 RDZQ H
LC189 RD4 RD30 H 6 D8 D
Loes R RP30 H
LCIQO RD4 RD31 H LC264 RDS RD31 H
LCIQI RD4 RD3Z H LCZGS RD8 RD3Z H
LCIQZ RD4 RD33 H LCZGG RD8 RD33 H
Lcioa R4 RO H Lessy RDS RDH I
LC194 RD4 RD35 H LCZGS RD8 RD35 H
Ltos RD4 R240 ¢ Lo RD8 RD40 ¢
Lcios R4 RO H Lo RDS RDA I
Leior RP4 RP# H Lo RDS N I
Leyos RD4 RDO64 ¢ Ly RD8 R84 ¢
LCIQQ RD4 RDGG H LCZ RD8 RDGG H
LCZOO RD4 RDGS H 73 D8 D6
Lo R RDSS H
Lesor RD4 RD76 H Lears RDS RD76 H
LCZOZ RD4 RDI H LCZ76 RDll RDS H
Leyos RD7 RDS ¢ L RO RDS ¢
LC204 RD7 RDG H an D11
Loz R R H
LCZOS RD7 RD8 H LCZ79 RDll RDIO H
LCZOG RD7 RDQ H LCZ RDll RD 12 H
L RD7 RDIO H 8o D11
Cc207 LCZSI R RD13 H
L RD7 DI11
08 R H L RPU RO H
L RD7 D12 2
200 R H L ROU RD1S H
L RD7 D13 8
210 R H Leosa ROU RD16 H
1 RD7 RD 14 D1
o H Leass RO ROV H
LC212 RD7 RDIS H LCZ RDll RDIS H
L RD7 D16 86
oL R H LC287 RDll RDIQ H
L RD7 D17
14 R H Leoss ROU RD20 H
L RD7 D18
ols R H LCZSQ RDll RDZI H
L RD7 D19
ol6 R H LCZQO RDll RDZZ H
1, RD7 RDZO
c217 H LCZQI RD“ RD23 H
L RD7 RD21
o8 H LC’292 RDll RD24 H
L RD7 D22
16 R H LC‘293 RDll RD25 H
1 RD7 D23
220 R H Leoon RPU RD26 H
LC221 RD7 RD24 H LC‘ZQS RDll RD27 H
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Ligand R! R? R? Ligand R R R
D11 D28 RD14 RD35 H
LCQQG R R H LC370 D4 "pao 0
L RPH RP¥ H Loy R R
297 D14 DAl H
L RPU RP30 H | . R R
C298 D14 D42 H
L RPU RP3! H Lo R R
€299 D14 D64 "
L RPH RP® H Leyza R R
€300 D14 D66 H
L RPH RP3 H Leys R R
cso1 D14 D68 H
L RPU RD34 H Lezs R R
e D14 D76 b=t
) ROU RDP¥ I Leyys R R
chos ROU RO i Lears ROZ RS i
304 D22 RDS H
L RPU ROM I Lesso R
€305 D22 D9 b=t
L RPU RP# H Lciso R R
€306 D22 D10 b=t
3 RPU RDS H Least R R
LCJO7 RDI 1 RDSS H LC382 RD22 RD 12 H
308 D22 D15 H
L RPH RP%® H Lesgs R R
30 D22 D16 b=t
La RPU RD76 H Lcsa R R
Cflo RDI} RDS H LC385 RD22 RD17 H
LCJ“ RDIS RDS H LC386 RDZZ RDIS H
312 D22 D19 H
L RPB RPY H Lesgy R R
313 D22 D20 b=t
La RPB R0 H Lcass R R
C:’ 14 RDIS RD 12 H LC}SQ RDZZ RDZI H
LCJIS RDIS RD14 H LC}QO RDZZ RDZS H
316 D22 D24 b=t
L RPB RPB H Lcior R R
17 D22 D25 H
La RPB ROt6 H | R R
Cfls RDIS RD17 H LC393 RDZZ RDZS H
LCJ 1o RDIS RD 18 H LC394 RDZZ RD27 H
€320 D22 D28 H
L RPB RPY H Lcaos R R
321 D22 D29 H
Lo RPB RP?0 H Lcios R R
C:’ZZ RDIS RDZI H LC397 RDZZ RD}O H
LCJ23 RD13 RDZZ H LC}QS RDZZ RDSI H
324 D22 D32 H
L RPB RP# H Lo R R
€325 D22 D33 H
L RPB RP# H Lcaoo R R
€326 D22 RD34 H
R RP1 RD25 o Leior R
LCJ27 RD13 RDZG H LCAOZ RDZZ RD35 H
328 D22 D40 H
L RPB RP? H Lcios R R
329 D22 D41 H
La RPB RD?8 H Lcsos R R
C:’}O RD13 RDZQ H LC405 RDZZ RDAZ H
LC_'31 RD13 RD30 H LC406 RDZZ RD64 H
332 D22 D66 H
La RPB RD3! H Lcyor R R
LC:’33 RD13 RD3Z H LC408 RDZZ RDGS H
Cj34 RD13 RD33 H LCAOQ RDZZ RD76 H
LCJ35 RD13 RD34 H LC410 RD25 RD5 H
€336 D26 D6 H
La RPB RO H Loy R R
Lcj37 RD13 RDAO H LCAIZ RD25 RDQ H
Cj38 RD13 RD41 H LC413 RD25 RDIO H
LC:GQ RD13 RD4Z H LC414 RD25 RDIZ H
LC:'AO ROV RO I Leus RO RDI5 I
LCjAI RD13 RDGG H LC416 RD25 RDIG H
CjAZ RD13 RDGS H LC417 RD25 RD17 H
343 ROV N I Leus RO RDIS I
G334 D26 RDIQ H
L RPM R H Lato R
€343 D26 RDZO H
Les RPM RPS H | R
C:’AG RD 14 RDQ H L _ RD25 RDZ 1 H
347 RO RD10 I Lo RO N I
348 D26 D24 H
La RPM ROV H Los R R
LC:MQ RD14 RDIS H LC4Z4 RD25 RDZS H
€330 RD14 RDIG H LC425 RD25 RDZ7 H
351 RD14 RD17 H LC426 RD25 RDZS H
332 D26 D29 H
L RPM RO!S H | . R R
€353 D26 RD30 H
T RD14 RP19 q Leis R
€334 RD14 RDZO H LC429 RD25 RD31 H
Lcjjj RD14 RDZI H LC430 RD25 RD3Z H
LCJS6 RD14 RD22 " LC431 RD25 RD33 "
97 D26 D34 H
L RPM RP% H | R R
LCJSS RD14 RD24 H LC433 RD26 RDSS H
€% D26 D40 H
L RPM RP? H Leysa R R
60 D26 D4l H
L RPM RP%S H Leaas R R
LCJGI RD14 RD27 H LC436 RD26 RD42 H
LCfGZ RD14 RDZS H LC437 RD25 RD64 H
LC:’63 RD14 RDZQ H LC438 RD25 RDGG H
LC:’GA RD14 RD}O b=t LC439 RD25 RD68 b=t
LC_:SS RD14 RD31 H LC440 RD25 RD76 H
LC_:GG RD14 RD32 H LC441 RD35 RDS H
LCJ67 ROM RD» ¢ Lo RD3 RDS ¢
e D14 D34 L RD35 RDQ H
Lcssg R R H C443
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Ligand R! R? R? Ligand R R R
D35 D10 RD41 RD}O H
Leaaa R R H Lests DAl D31 H
L RP® RP12 H Lesio R R
ca45 D4l D32
L RP® RPP H Lesao R H
caa6 D4l D33 H
L RD® RP!6 H Lesar R R
caa7 DAl D34 "
L RP® RPV H Leso R R
€448 D4l D42 H
L RP® RP1® H Lesas R R
ca49 D4l D64
L RP® RPY H Lesaa R H
€430 DAl D66 b=t
L RDP® RP20 H Lcsas R R
casl DAl D68 H
L RP® RP? H Lesse R R
cas2 DAl D76 H
L RP® RP? H Lesyy R R
€453 Dt D 0
L RDP® RP# H Lcsag R R
C454 Dt D6 n
L RDP® RP% H Lcsao R R
C455 'péd RDQ n
L RD3S RD27 I Lesso R
LCASS RD35 RDZS H LC531 RD64 RDIO H
57 D64 D12 b=t
L RDP® RP% H | R R
LCASS RDSS RDSO H LC533 RD64 RDIS H
%9 D64 D16 H
L RP¥® RP3! H Lesa R R
ca60 D64 D17 H
L RP¥® RP® H Lesss R R
casl D64 D18 b=t
L RDP® RD33 H Lesis R R
LC462 RD35 RD34 H LC537 RD64 RDIQ H
LCAS3 RD35 RDAO H LC538 RD64 RDZO H
caed D64 D21 b=t
L RDP® R4 H Lcso R R
€463 D64 D23 H
L RDP® RP# H Lesao R R
LCASS RD35 RD64 H LC541 RD64 RDZA H
ca67 D64 D25 H
L RP¥® RPS6 H Lesa R R
468 D64 D27 H
L RDP® RDS8 H Lesas R R
469 D64 D28 H
L RDP® RD76 H Lesas R R
o D64 RDZQ H
L RP RP? H Lesas R
L D64 D30 H
L RP RP¢ H Lesas R R
2 D64 D31 H
L RD40 R H Lesar R R
73 D64 D32 H
L RD40 RO H Lesas R R
LC474 RDAO RD 12 H LC549 RD64 RD33 H
LC475 RD40 RDIS H LC550 RD64 RD34 H
ci76 D64 D42 H
L RD40 ROt6 H Lessy R R
Cc477 Der e 0
L RD40 R2Y H Lcss R R
s D40 D18 L RD64 RDGG H
LC479 R R H C553 D6d h6s
L RP40 RP1® H Lessa R R H
LCASO RD40 RDZO H LC555 RD64 RD 76 H
LCASI RD40 RDZI H LC556 RD65 RDS H
LCASZ RD40 RDZ3 H LC557 RD65 RDG H
LCM3 RD40 RDZA H LC558 RD65 RDQ H
cis4 D66 D10 H
L RD40 RO% H Lcsso R R
LC485 RD40 RDZ7 H LC560 RD65 RD 12 H
LCASG RD40 RDZS H LC561 RD65 RDIS H
LC487 RD40 RDZQ H LC562 RD65 RDIG H
488 RD40 RD30 H LC563 RD65 RD17 H
LCASQ D40 D31 L RD65 RDIS H
LCAQO R R H C564 D66 D19
L RP40 RP3? H Leses R R H
ca9l D66 D20 H
L RD40 RD33 H Leses R R
92 D66 D21 H
L RD40 RD34 H Leser R R
LCAQ3 RD40 RD41 H LC5 65 RD65 RDZ3 H
LC494 RDA40 RO42 a LC5 0 RDG6 RD24 H
LC495 RD40 RD64 H LC5 % RD65 RDZS H
496 D66 D27 H
L RD40 RD66 H Lesy R R
LC497 RD40 RDGS H LC5 7 RD65 RDZS H
LCAQS RD40 RD76 H LC5 7 RD65 RDZQ H
499 D66 D30 H
L ROH R H Lesza R R
e300 D66 D31 H
L ROH RD¢ H Lesys R R
ol D66 RD3Z H
L RP# RP® H Lesye R
LC5OZ RD41 RDIO H LC5 - RD65 RD33 H
€03 D66 D34 H
L RPH RPV2 H Leszs R R
LC504 RD41 RDIS " LCS 7 RD65 RD42 "
€05 D66 D68 H
L RPH RPI6 H Lesgo R R
€06 D66 D76
RPH RPY H Lessi R R H
LCS07 D68 D5 H
L RPH RP1® H Lesso R R
08 D68 D6 H
L RPH RP1® H Lesss R R
LC5 0 RD41 RDZO H LC5 - RD68 RDQ H
LC510 RD41 RDZI H LC585 RDGS RDIO H
LC5 1 RD41 RDZ3 H LC586 RD68 RD 12 H
o RD41 RDZA b=t LC587 RD68 RDIS b=t
LC5 B D68 D16 H
RD4 RD25 0 Lesss R R
LC5 1 D68 D17 H
ROM RrD27 0 Lesso R R
LCS 15 D68 D18
L RPH RP?8 H Lesoo R R H
e D41 D29 L RDGS RDIQ H
LC5 17 R R H C591
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Ligand R! R? R? Ligand R! RZ R?

D68 D20 RD40 RD40 RD[
iCS 92 §D68 §D21 g izzzi RD41 RD41 RD[
Li zi RDSS RD23 H LC668 RD42 RD42 RD[
LC595 RDSS RD24 H LCGGQ RD64 RD64 RD[
LC596 RDSS RD25 " LC6 20 RD65 RDSS RD[
LC597 RDSS RD27 H LC671 RDSS RDSS RD[
LC598 RDSS RD28 H LC6 = RD 76 RD 76 RD[
LCSQQ RD68 RDZQ b=t LC6 7 RDI RDZ RD[
LC600 RDSS RDSO H LC6 - RDI RDS RD[
LC601 RDSS RDSI H LC6 75 RDI RD4 RD[
LC602 RD68 RDSZ b=t LC6 76 RDI RDS RD[
LC603 RD68 RD33 b=t LC677 RDI RD6 RD[
LC604 RDSS RD34 H LC6 8 RDI RD7 RD[
LC605 RD68 RD42 H LC6 7 RDI RDS RD[
LC606 RD68 RD 76 b=t LC680 RDI RDQ RD[
LC607 RD76 RDS H LC681 RDI RDIO RD[
LC608 RD76 RD6 H LC682 RDI RDll RD[
LC609 RD76 RDQ H LC683 RDI RD 12 RD[
LC610 RD76 RDIO b=t LC684 RDI RDIS RD[
LC611 RD76 RDIZ H LC685 RDI RD14 RD[
LC612 RD76 RDIS H LC686 RDI RDIS RD[
LC613 RD76 RDIS b=t LC687 RDI RDIS RD[
LC614 RD76 RD17 H LC688 RDI RD17 RD[
LC615 RD76 RDIS H LC689 RDI RDIS RD[
LC616 RD76 RDIQ H LC690 RDI RDIQ RD[
LC617 RD76 RDZO H LC691 RDI RDZO RD[
LC618 RD76 RDZI H Lcﬁgz RDI RDZI RD[
LC619 RD76 RD23 H LC693 RDI RDZZ RD[
LC620 RD76 RDZ4 H LC694 RDI RDZ3 RD[
LC621 RD76 RDZS H Lcﬁgj RDI RDZ4 RD[
LC622 RD76 RDZ7 H LC696 RDI RDZS RD[
LC623 RD76 RDZ8 H LC697 RDI RDZG RD[
LC624 RD76 RDZQ H LC698 RDI RDZ7 RD[
LC625 RD76 RDSO H Lcﬁgg RDI RDZ8 RD[
LC626 RD76 RD.’:I H LC700 RDI RDZQ RD[
LC627 RD76 RDSZ H 01 RDI RDSO RD[
LC628 RD76 RD33 H LC702 RDI RD31 RD[
LC629 RD76 RD34 H LC703 RDI RD.’:Z RD[
LC630 RD76 RD4Z H LC704 RDI RD33 RD[
LC631 RDI RDI RDl LC705 RDI RD34 RD[
LC632 RDZ RDZ RDl LC706 RDI RD35 RD[
LC633 RD3 RD.’: RDl LC707 RDI RD40 RD[
LC634 RD4 RD4 RDl LC708 RDI RD41 RD[
LC635 RDS RDS RDl 100 RDI RD4Z RD[
LC636 RDG RDG RDl LC710 RDI RD64 RD[
LC637 RD7 RD7 RDl LC711 RDI RDGG RD[
LC638 RD8 RDS RDl LC7 12 RDI RDGS RD[
LC639 RDQ RDQ RDl 13 RDI RD76 RD[
LC640 RDIO RDIO RDl 4 RDZ RDI RD[
LC641 RDll RDll RDl LC715 RDZ RD3 RD[
LC64Z RDIZ RD 12 RDl LC7 16 RDZ RD4 RD[
LC643 RD13 RD13 RDl 7 RDZ RDS RD[
LC644 RD14 RD 14 RDl s RDZ RDG RD[
LC645 RDIS RDIS RDl LC719 RDZ RD7 RD[
LC646 RDIG RDIG RDl LC720 RDZ RDS RD[
LC647 RD17 RD17 RDl — RDZ RDQ RD[
LC648 RD18 RD 18 RDl o RDZ RD 10 RD[
LC649 RD19 RDIQ RDl LC7Z3 RDZ RDll RD[
LCGSO RDZO RDZO RDl LC7Z4 RDZ RD 12 RD[
LC651 RDZl RDZI RDl s RDZ RD 13 RD[
LC652 RDZZ RDZZ RDl LC726 RDZ RD 14 RD[
L RD23 RD23 RDl LC727 RD2 RD 15 RD[
LC653 RD24 RD24 RDl LC‘728 RD2 RD 16 RD[
Lizz: RD25 RD25 RDl LC:729 RD2 RD 17 RD[
LC656 RD26 RD26 RDl LC730 RD2 RDIS RD[
LC557 RD27 RD27 RDl LC731 RD2 RDIQ RD[
L RD28 RDZS RDl LC732 RDZ RDZO RD[
LC658 RD29 RDZQ RDl LC;33 RDZ RDZI RD[
LC659 RD30 RD30 RDl LC‘734 RDZ RDZZ RD[
LC660 RDBI RDBI RDl LC‘735 RDZ RDZS RD[
LC661 RD32 RD32 RDl LC‘736 RD2 RD24 RD[
LC662 RD33 RD33 RDl LC‘737 RD2 RD25 RD[
LC663 RD34 RD34 RDI LC‘738 RD2 RD26 RD[
LZZZ: RD35 RD35 RDl LC:739 RD2 RD27 RD[
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Ligand R! R? R? Ligand R! RZ R?
LC740 RD2 RD28 RDl LCS " RD4 RD25 RD[
LC741 RD2 RD29 RDl ch is RD4 RD26 RD[
D2 D30 D1 D4 D27 Dl
i o o o poue Noa oz o
LC744 RD2 RD32 RDl LCS i RD4 RD29 RD[
LC745 RD2 RD33 RDl LCS 1 RD4 RDSO RD[
LC746 RD2 RD34 RDl LC820 RD4 RDSI RD[
7 RDZ RD35 RDl LC821 RD4 RD32 RD[
LC748 RD2 RD40 RDl LC822 RD4 RD33 RD[
LC749 RD2 RD41 RDl LC823 RD4 RD34 RD[
LC750 RDZ RD42 RDl LC824 RD4 RD35 RD[
st RDZ RD64 RDl LC825 RD4 RD40 RD[
D2 D66 D1 D4 D41 Dl
Lo N R o o Rod R o
LC754 RDZ RD 76 RDl LC828 RD4 RD64 RD[
55 RDS RD4 RDl LC829 RD4 RDSS RD[
LC756 RD3 RDS RDl LC830 RD4 RD68 RD[
LC757 RD3 RD6 RDl LC831 RD4 RD76 RD[
LC758 RD3 RD7 RDl LC832 RD4 RDI RD[
50 RD3 RD8 RDl LC833 RD7 RDS RD[
LC760 RD3 RDQ RDl LC834 RD7 RD6 RD[
LC761 RD3 RDIO RDl LC835 RD7 RD8 RD[
LC762 RD3 RDll RDl LC836 RD7 RDQ RD[
D3 D12 D1 D7 D10 Dl
o s o o o o7 o o
LC765 RD3 RD14 RDl LCSSQ RD7 RDIZ RD[
LC766 RD3 RDIS RDl LC840 RD7 RD13 RD[
6 RD3 RDIS RDl LC841 RD7 RD14 RD[
LC768 RD3 RD17 RDl LC842 RD7 RDIS RD[
LC769 RD3 RDIS RDl LC843 RD7 RDIG RD[
LC770 RD3 RDIQ RDl LC844 RD7 RD17 RD[
P RD3 RDZO RDl LC845 RD7 RDIS RD[
LC772 RD3 RDZI RDl LC846 RD7 RDIQ RD[
LC7 7 RD3 RDZZ RDl LC847 RD7 RDZO RD[
LC7 - RD3 RDZ?: RDl LC848 RD7 RDZI RD[
75 RD3 RDZ4 RDl LC849 RD7 RDZZ RD[
LC776 RD3 RDZS RDl LCSSO RD7 RDZ3 RD[
LC777 RD3 RDZG RDl LCSSI RD7 RDZ4 RD[
D3 D27 D1 D7 D25 Dl
Lo Rs Ros w1 Lo v Ro%e 2o
LC780 RD3 RDZQ RDl LC854 RD7 RDZ7 RD[
LC781 RD3 RD30 RDl LC855 RD7 RDZS RD[
D3 D31 D1 D7 D29 Dl
Lo v R0 w1 o v R0 2o
LC784 RD3 RD33 RDl LC858 RD7 RD31 RD[
LC785 RD3 RD34 RDl LC859 RD7 RD3Z RD[
LC786 RD3 RD35 RDl LCSGO RD7 RD33 RD[
87 RD3 RD40 RDl LCSGI RD7 RD34 RD[
css RD3 RD41 RDl LCSGZ RD7 RD35 RD[
LC789 RD3 RD4Z RDl LC863 RD7 RD40 RD[
LC790 RD3 RD64 RDl LC864 RD7 RD41 RD[
o1 RD3 RDGG RDl LCSGS RD7 RD4Z RD[
cr9 RD3 RDGS RDl LCSGG RD7 RD64 RD[
. RD3 RD 76 RDl L RD7 RDGG RD[
Li’:’gi RD4 RDS RDl ng; RD7 RDGS RD[
. RD4 RDG RDl L RD7 RD 76 RD[
Cﬂ'gj RD4 RD7 RE! LCSGQ RDS RDS RO
L;zi R4 RDS8 RP! ng(f RDS RD6 RO
LC798 RD4 RDQ RDl LC% 7 RD8 RDQ RD[
D4 D10 D1 D8 D10 Dl
i Rt Rl 2o [ aos Rl a0l
LC801 RD4 RD12 RDl LC875 RDS RD12 RD[
D4 D13 D1 D8 D13 Dl
Lo o rou w0l Lo s o 2ol
LC804 RD4 RDIS RDl LC878 RDS RDIS RD[
D4 D16 D1 D8 D16 D1
Lo o o 2ol o s o ol
LC\807 RD4 RD18 RDl LC881 RD8 RD18 RD[
D4 D19 D1 D8 D19 D1
Lo a0t R0 2o [ s R0 2ol
ch 0 RD4 RD21 RDl LCSS4 RDS RD21 RD[
D4 D22 Dl D8 D22 Dl
Lo o o ol Lo s o 2ol
LCB 3 RD4 RD24 RDl LC887 RDS RD24 RD[
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L RDS RD25 RDl L RD13 RDSO RD[
ngz RDS RD26 RDl ngi RDIS RDSI RD[
LC890 RDS RD27 RDl LC964 RDIS RD32 RD[
LC891 RDS RD28 RDl LC965 RDIS RD33 RD[
LC892 RDS RD29 RDl LC966 RDIS RD34 RD[
chg;; RDS RDSO RDl LC967 RDIS RDSS RD[
chg4 RDS RDSI RDl LC968 RDIS RD40 RD[
chg5 RDS RDSZ RDl LC969 RDIS RD41 RD[
LCSQS RDS RD33 RDl ch70 RDIS RD42 RD[
chg7 RDS RD34 RDl LC971 RDIS RD64 RD[
chgg RDS RDSS RDl ch72 RDIS RD66 RD[
chgg RDS RD40 RDl ch73 RDIS RD68 RD[
LCQOO RDS RD41 RDl ch74 RDIS RD76 RD[
LCQOI RDS RD42 RDl ch75 RD 14 RDS RD[
ch02 RDS RD64 RDl LC976 RD 14 RD6 RD[
LCQOS RDS RDSS RDl ch77 RD 14 RDQ RD[
ch04 RDS RD68 RDl LC978 RD14 RDIO RD[
LCQOS RDS RD76 RDl ch7g RD14 RDIZ RD[
LCQOS RDll RDS RDl LC980 RD14 RDIS RD[
ch07 RDll RD6 RDl LC981 RD14 RDIS RD[
LCQOS RDll RDQ RDl LC982 RD14 RD17 RD[
LCQOQ RDll RDIO RDl LC983 RD14 RDIS RD[
LCQIO RDll RDIZ RDl LC984 RD14 RDIQ RD[
LCQll RDll RD13 RDl LC985 RD14 RDZO RD[
ch12 RDll RD14 RDl LC986 RD14 RDZI RD[
LC913 RDll RDIS RDl LC987 RD14 RDZZ RD[
LC914 RDll RDIG RDl LC988 RD14 RDZ3 RD[
LCQIS RDll RD17 RDl LC989 RD14 RD24 RD[
LCQIS RDll RD18 RDl LC990 RD14 RDZS RD[
LC917 RDll RDIQ RDl LC991 RD14 RDZG RD[
LCQIS RDll RDZO RDl LC992 RD14 RDZ7 RD[
LCQIQ RDll RDZI RDl chg3 RD14 RDZ8 RD[
LCQZO RDll RDZZ RDl ch94 RD 14 RDZQ RD[
LCQZI RDll RDZ3 RDl chgj RD14 RDSO RD[
LCQZZ RDll RDZ4 RDl LC996 RD14 RD.’:I RD[
LCQZS RDll RDZS RDl chg7 RD 14 RDSZ RD[
LC924 RDll RDZG RDl LC998 RD 14 RD33 RD[
LCQZS RDll RDZ7 RDl chgg RD 14 RD34 RD[
LCQZG RDll RDZ8 RDl LClOOO RD14 RD35 RD[
LC927 RDll RDZQ RDl LClOOl RD14 RD40 RD[
LCQZS RDll RD30 RDl LC1002 RD14 RD41 RD[
LCQZQ RDll RD.’:I RDl LClOO" RD14 RD4Z RD[
LC930 RDll RDSZ RDl LClOOjl RD14 RD64 RD[
ch31 RDll RD33 RDl LC1005 RD14 RDGG RD[
LC93Z RDll RD34 RDl LClOOG RD14 RDGS RD[
LC933 RDll RD35 RDl LClOO" RD14 RD76 RD[
LC934 RDll RD40 RDl LCl 00?; RDZZ RDS RD[
LC935 RDll RD41 RDl LCl 009 RDZZ RDG RD[
LC936 RDll RD4Z RDl LClOlO RDZZ RDQ RD[
LC937 RDll RD64 RDl LClOll RDZZ RDIO RD[
LC938 RDll RDGG RDl LC1012 RDZZ RDIZ RD[
ch3g RDll RDGS RDl Clots RDZZ RDIS RD[
LC940 RDll RD76 RDl LCiOlZ RDZZ RDIG RD[
LC941 RD13 RDS RDl LC1015 RDZZ RD17 RD[
LC94Z RD13 RDG RDl LClOlG RDZZ RDIS RD[
ch43 RD13 RDQ RDl clo? RDZZ RDIQ RD[
ch44 RD13 RDIO RDl LC1018’ RDZZ RDZO RD[
LC945 RD13 RDIZ RDl LCiOlQ RDZZ RDZI RD[
LC946 RD13 RD 14 RDl LCl 020 RDZZ RDZ3 RD[
LC947 RD13 RDIS RDl LClOZl RDZZ RDZ4 RD[
LC948 RD13 RDIG RDl LCl 02 RDZZ RDZS RD[
LCQAQ RD13 RD17 RDl LC102" RD22 RD26 RD[
L RD13 RDIS RDl L RD22 RD27 RD[
Liz(l) RD13 RD19 RDl Lil zj: RD22 RD28 RD[

1
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L RD13 RD21 RDl L . RD22 RDSO RD[
Lizz RD13 RDZZ RDl in 3;; RDZZ RD31 RD[
LC955 RD13 RDZ3 RDl LCl 029 RDZZ RD3Z RD[
L RD13 RDZ4 RDl L RDZZ RD33 RD[
Lzz: RDIS RDZS RDl in 22(1) RDZZ RD34 RD[
LC‘QSS RD13 RD26 RDl LCl 012 RD22 RD35 RD[
L RD13 RD27 RDl L 5 RD22 RD40 RD[
Lizz RD13 RD28 RDI Lzl 224 RD22 RD41 RD[
1
LCQGI RD13 RD29 RDl LCl 035 RD22 RD42 RD[
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Leross RD2 RS R2 Loviis RD4 RD23 R
Letoso RD? RDS R2! Leiiia RD% R RO
Levous RD? RDS RD! Leviis RD% RP?S RO
Lvons RD26 DY RD! Loviie R4 RP? RD

crom RD26 RP10 RD - R0 RD28 RD:
L RD26 D12 DI M

C1044 R R Leins RD4 R R
Lvous RD? RPI5 RD! Levito RD% RP RO!
Letore RD26 RPI6 RD! Lo R0 RP3! RD

ot RD26 ROV RD! Loy RD%0 RP32 el
Ltoss RD? RIS RD! Lt RD% RP? RO!
Lvos RD RP19 RD! Ly ios RD% RDH RD!
Letose RD26 RP20 RD! Loy o R0 RPA RD
Letost RD? RP2! RD! Leiios RD% RP® RO!
L RD D23 DI

C1052 R R Leiis RD4 RP® RP!
Lyoss RD? RD™ RD! Loy RD% RDS6 RD!
Letoss RD26 RD2S RD! Loy ios RD%0 RDSS RD

Cross RD RP?7 RD! Lo RD% RD76 RD!
Letose RD? RD?S RD! Lesiso RD4 RDS RD!
Letoss RD26 RD2 RD! Leyiag ROAL RDS RD
Levoss RD26 RD30 RD! Levin ROA RD? RD:
Letoss RD? RP3 RD! 133 RD4 RPI0 RD!
L RD? D32 DI ?

1060 R R Leiias RO RPL R2!
Levos RD26 RD33 RD! Le ROA RPSS RD:
L D26 D34 DI L35

C1062 R R R Leiss RO RP16 RM!

cro6s RD? RD? RD! clias RD4 RPY7 RD!
L RD26 D40 DI '

C1064 R R Leniss RD4 RP1S RM!
Lroes RD26 RPM RD Levizo ROA RPY RD:
Lerose RD26 RP%2 RD! Leyiao ROA RP20 RD

o6 RD RD® RD! Loy RD4 RP2! RP!
Lvoss RD26 RDS6 RD! Leviao RD4 RD% RD!
Lvos RD26 RDSS RD Leyias ROA RD RD:
Letore RD26 R276 RD Loyian ROA RS RD
Lesort RD3 RDS RD! Leyias RD4 RD?7 RD!
Leors RD3 RDS RD! Leyiae RD4 RD2 RD!
Leyors RD3 RD® RO Loyias ROA RDZ® RD
Letora RD3 RD10 RD! Loy e RD4 RD30 RD!

covs RD3 RD12 RD! Ly g RD4 RD31 RD!
L RD3 D15 DI

C1076 R R Leiiso RO RP? R2!
Letors RD3 RD16 R2! Loy RO RD3 RO
L RD3 D17 DI h

crovs R R L RD4 RD3 DI

D35 D18 DI i X
Leiore R R R C1153 RP4 RD# RP!
L RD3 D19 DI ?

1080 R R Leiiss RO RO R2!
Leyoss RD3 RD20 R2! Leyias RO RDS6 RO
L RD3 D21 DI h

C1082 R R Leiise RP4 RDSS RP!

cros RD3 RD?3 RD! 3 RD4 RD76 RO!
L RD3S RD24 RO! Ly D64 D5
LC1084 s s o Leiiss R R RA!
LC1085 RD35 RDZ7 R/:n Leiise RP® RPS RP!

1086 RD35 RDZ R Leiiso RDS RP? RP!

C1087 R RD2S R2! Leiis RD® RP10 R2!
Lorons RD3 RD? RD! Leovier RO% RP12 RO
Lcrons RD3 RD3 RD! Leyies RD& RPI5 RO!
L RD3 D31 DI 1163

1090 R R Leries RDS RP16 RP!
L RD3 D32 DI

c1091 R R Leiiss RD® ROV R2!

1002 RD3 RD33 RD! Levice RO% RDIS RO
L c1o0s RD3 RD RD! Loier RD& RP19 RO!
L RD3 D40 DI Lo

C1094 R R Leiies RD® RP20 RP!

ro0s RD3 RD4L RD! Levieo RO RD2L RO!
Lton RD3 RP2 RD! Lovino ROSH RD23 RD:
Letoos RD? RD® R2! Loy RS R RO
L vos RD3 RDS6 RD! Leyin RD& RP?S RO!
Lesons RD® RS RD! Leyios RO& RP? el
LCI 100 RD35 RD76 RDl LCl 174 RD64 RD28 RD[
LC] 101 RD40 RDS RDl LCl 175 RD64 RD29 RD[
Leyion R4 RDS R2: Leyire RO RP e
Leyios RD40 RDY RD! Loy RDS4 RD31 RO!
Leyion RD40 RD10 RD! Leyios RD6 RD3? RO!
Levios RD40 RO RD! Leviro ROSH RD33 RD
Letios RD% RPIS RD! Leviso RD& RPH RO!
Lesion RD% RD16 R2! Leysss RD& RO® RO

D40 D17 DI
Letios RO R R Leiiss RES RO RPY
LC1109 R R RDl LC1183 RD64 RDGG RD[
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igizz §D65 §D5 %Dl Lcioss RD76 RD33 RO
Letier Rﬁzz Rﬁz Rg Leiose RP78 RP34 RP!
Iig izz §D65 %D to %D L Leizso RP7 RP* R2!
Leiioo RP% RP12 R?!
Letior RP% RP1 R?!
Lenoz RO RPIS R - DI D81 .
Letoa RDS6 ROV RP! wherein R™" to R™" have the following structures:
Letios RD RP18 RP!
1195 RDS RPY RP!
D66 D20 DI
II:CI 196 ﬁmﬁ %DZI ﬁm RD!
Letiog RDS RO RP! D2
Letoo RDS RP® RV D,
Leizor RDS RP27 RP! -
Lenoz RP% RP2E RP! RD3
1203 RDS RP% RV . \
Leizos RP6 RP30 RP! . ,
Leos RP% RP3! RP! RV
Letoos RP% RP* RP!
C1207 RDS RP3 RV
Leinos RP% RP3 RV P }\
Leoo RDS RP42 RP! e ,
Lenio RP% RPS® RP! RDS
Lenin Rﬁzz Rﬁ;ﬁ Rﬁ i
. ;
icmz gpss %DG %Dl - '\/
c1213 s - - "
Leia R R 1S
c1215 RO RP10 RV i E
Leiaie RDSS RPL R . >
Lty RP® RP1 RP! .
Lenig RDS RP16 R?! RY7
Leiaig RDGS ROV RP! ,
Leizo RDSS RD1S RM! ,r"
Leon RPS RP1® R?!
Lets RDGS RP20 RP!
1223 RDGS RP2 RP! 05
Leis RO RP23 RP!
Leias RO RP24 RV
Leias RPS RP2 RP! ---- ;
c1227 RDS RP?Z RP!
Leioas RO RP28 RP!
Leiaze RO RP2 RV RP®
Letso RDS RP30 RP! ,
Leigsi RO RO3! R D
c1232 RO RD32 RP! .-
Leioss RPS RP3 RV I
Letaag RDS RD34 RP! RD10
C1235 RO RP42 RP!
Leiss RO RP76 R?! ,
Leay RD76 RP? RV
Leag RP76 RPS RP! R
Leiase RP76 R RO ROU
Leraao RP7 RP1O RP!
Leiaar RP7 RP12 RV J\/
Leiaz RD76 RO RP! T )
C1243 RD76 RP16 R2! ‘
Leias RP7 RPY RP! RP12
Leioas RP7 RP® R g ,
Letas RE76 RP1® RV
Leizas R RP2 R?!
Leioag RP76 RP2! R?! RDI3
Leiaag RD7 RP> RP! )
Lecizso RP7 RO R L7
Leiosy RD76 RP® RP!
Leizsz RD76 RP27 RP!
Leizsa RP7 RP2# RP! RO
Lciosa RE76 RP% RV
Letoss RE76 RP0 RP! ,
Lecizse RP7 RP3! R .
Leiosy RP76 RP32 RP! e
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13. The compound of claim 11, wherein the compound is
Compound By having the formula Ir(L ,);, wherein y=i; 1 is
an integer from 1 to 1212; or

the compound is Compound C, having the formula Ir(L )

(Lg1)2, wherein z=468i+k—468, 1 is an integer from 1 to
1212, and k is an integer from 1 to 468; or

the compound is Compound D,, having the formula
Ir(L ) (L pe), wherein 0=50i+k-50, 1 is an integer from
1 to 1212, and k is an integer from 1 to 50; and

wherein L, has the following structures:
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x
.
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14. An organic light emitting device (OLED) comprising:

an anode;

a cathode; and

an organic layer, disposed between the anode and the
cathode, comprising a compound capable of function-
ing as a phosphorescent emitter in an organic light
emitting device at room temperature, the compound
comprising:

at least one aromatic ring and at least one substituent R;

wherein each of the at least one R is of Formula I

wherein R' is selected from the group consisting of
hydrogen, deuterium, alkyl, cycloalkyl, heteroalkyl,
and cycloheteroalkyl;

wherein R* to R* are each independently selected from the
group consisting of alkyl, cycloalkyl, heteroalky, and
cycloheteroalkyl;

wherein R’ is H or deuterium;
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wherein at least one of R' to R* comprises a chemical -continued

structure selected from the group consisting of a ter-
tiary carbon atom, cycloalkyl, and cycloheteroalkyl, Q O
- .O

wherein any two of R? to R* can join together to form a
ring.

15. The OLED of claim 14, wherein the organic layer is / N

further comprises a host; wherein the host comprises at least

Dec. 5, 2019

N
an emissive layer and the compound is an emissive dopant \
or a non-emissive dopant. ==y )
16. The OLED of claim 14, wherein the organic layer

one chemical group selected from the group consisting of
triphenylene, carbazole, dibenzothiophene, dibenzofuran,
dibenzoselenophene, azatriphenylene, azacarbazole, aza-
dibenzothiophene, aza-dibenzofuran, and aza-dibenzosele-
nophene. §

17. The OLED of claim 16, wherein the host material is O N N

selected from the group consisting of:
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O, Z0
05§ HoC

and combinations thereof.

18. A consumer product comprising an organic light-

Q emitting device comprising:
S

an anode;

a cathode; and

ing as a phosphorescent emitter in an organic light

O , an organic layer, disposed between the anode and the
Q cathode, comprising a compound capable of function-
emitting device at room temperature, the compound

comprising:

at least one aromatic ring and at least one substituent R;
Q wherein each of the at least one R is of Formula I
S 5

wherein R' is selected from the group consisting of
hydrogen, deuterium, alkyl, cycloalkyl, heteroalkyl,
and cycloheteroalkyl,

wherein R” to R* are each independently selected from the

O group consisting of alkyl, cycloalkyl, heteroalky, and

cycloheteroalkyl;
wherein R’ is H or deuterium;

wherein at least one of R' to R* comprises a chemical

structure selected from the group consisting of a ter-
tiary carbon atom, cycloalkyl, and cycloheteroalkyl,
and
wherein any two of R? to R* can join together to form a
¥ ring.
19. A formulation comprising a compound of claim 1.
o 20. A chemical structure selected from the group consist-
{ ing of a monomer, a polymer, a macromolecule, and a

S supramolecule, wherein the chemical structure comprises
7 the compound of claim 1 or a monovalent or polyvalent

variant thereof.
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