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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. 62/628,423, filed
Feb. 9, 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 incor-
porated 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 phosphorescent 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 LUMO
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] A compound comprising a first ligand L of For-
mula |

is disclosed. In Formula I, Ring A is a 5-membered or
6-membered carbocyclic or heterocyclic ring;

[0016] Z', 7%, and 7> are each independently selected
from the group comprising C and N; Y is selected from the
group consisting of O, S, Se, NR?, CRR', SiRR', GeRR', and
a single bond; a metal M forms a direct bond to Ring A or
Ring B;

[0017] M is selected from the group consisting of Os, Ir,
Pd, Pt, Cu, and Au; R and RZ each independently represents
mono to a maximum possible number of substitutions, or no
substitution; R4, R?, R, R®, R® R, and R' are each inde-
pendently a hydrogen or a substituent selected from the
group consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alkeny],
cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carboxylic acid, ether, ester, nitrile, isonitrile, sulfanyl, sulfi-
nyl, sulfonyl, phosphino, and combinations thereof;

[0018] one of R* and R? is a S-membered or 6-membered
aromatic ring that is bonded to M;

[0019] the ligand L, is optionally linked with other ligands
to form a ligand having a denticity of tridentate to a
maximum possible denticity to which M can coordinate;

[0020] any two substituents may be joined or fused
together to form a ring, provided that R* and R? are not
joined to form a 6-membered aromatic ring when Y is a
single bond; and

[0021]

[0022] An OLED comprising the compound of the present
disclosure in an organic layer therein is also disclosed.

[0023] A consumer product comprising the OLED is also
disclosed.

M is optionally coordinated to other ligands.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

[0025] FIG. 2 shows an inverted organic light emitting
device that does not have a separate electron transport layer.

FIG. 1 shows an organic light emitting device.
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DETAILED DESCRIPTION

[0026] 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.

[0027] 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.

[0028] 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-IT"), 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.

[0029] 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.

[0030] 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
F,-TCNQ at a molar ratio of 50:1, as disclosed in U.S. Patent
Application Publication No. 2003/0230980, which is incor-
porated by reference in its entirety. Examples of emissive
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-
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conductive, sputter-deposited ITO 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.

[0031] 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
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.

[0032] 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.

[0033] 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.
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[0034] 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
(OVIP), 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-
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.

[0035] 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.
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[0036] 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
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.

[0037] 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.
[0038] The terms “halo,” “halogen,” and “halide” are used
interchangeably and refer to fluorine, chlorine, bromine, and
iodine.

[0039] The term “acyl” refers to a substituted carbonyl
radical (C(O)—R,).

[0040] The term “ester” refers to a substituted oxycarbo-
nyl (—O0—C(0)—R, or —C(O)—0—R,) radical.

[0041] The term “ether” refers to an —OR radical.
[0042] The terms “sulfanyl” or “thio-ether” are used inter-
changeably and refer to a —SR radical.

[0043] The term “sulfinyl” refers to a —S(O)—R, radical.
[0044] The term “sulfonyl” refers to a —SO,—R radical.
[0045] The term “phosphino” refers to a—P(R,); radical,

wherein each R can be same or different.

[0046] The term “silyl” refers to a —Si(R,); radical,
wherein each R can be same or different.
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[0047] 1In 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.

[0048] 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.

[0049] 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.

[0050] 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.

[0051] 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.

[0052] 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.

[0053] 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.

[0054] 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-
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drofuran, tetrahydropyran, tetrahydrothiophene, and the
like. Additionally, the heterocyclic group may be optionally
substituted.

[0055] 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-
nyl, triphenyl, triphenylene, fluorene, and naphthalene.
Additionally, the aryl group is optionally substituted.
[0056] 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-polvcyclic 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.

[0057] 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.

[0058] The terms alkyl, cycloalkyl, heteroalkyl, heterocy-
cloalkyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
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aralkyl, heterocyclic group, aryl, and heteroaryl, as used
herein, are independently unsubstituted, or independently
substituted, with one or more general substituents.

[0059] 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.

[0060] 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.

[0061] In some instances, the preferred general substitu-
ents are selected from the group consisting of deuterium,
fluorine, alkyl, cycloalkyl, alkoxy, aryloxy, amino, silyl,
aryl, heteroaryl, sulfanyl, and combinations thereof.

[0062] 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.

[0063] 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.

[0064] 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.

[0065] 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
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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.

[0066] 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., Tetrahedron
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
methylene hydrogens in benzyl amines and efficient path-
ways to replace aromatic ring hydrogens with deuterium,
respectively.

[0067] 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.

[0068] A compound comprising a first ligand 4 of For-
mula [

is disclosed. In Formula I, Ring A is a 5-membered or
6-membered carbocyclic or heterocyclic ring;

[0069] Z', Z°, and Z? are each independently selected
from the group comprising C and N;

[0070] Y is selected from the group consisting of O, S, Se,
NR?, CRR', SiRR', GeRR', and a single bond; a metal M
forms a direct bond to Ring A or Ring B;

[0071] M is selected from the group consisting of Os, Ir,
Pd, Pt, Cu, and Au; R* and R” each independently represents
mono to a maximum possible number of substitutions, or no
substitution; R#, R%, R*, R?, R? R, and R’ are each inde-
pendently a hydrogen or a substituent selected from the
group consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alkeny],
cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carboxylic acid, ether, ester, nitrile, isonitrile, sulfanyl, sulfi-
nyl, sulfonyl, phosphino, and combinations thereof;

[0072] one of R? and R? is a 5-membered or 6-membered
aromatic ring that is bonded to M;

[0073] theligand L, is optionally linked with other ligands
to form a ligand having a denticity of tridentate to a
maximum possible denticity to which M can coordinate;
[0074] any two substituents may be 1joined or fused
together to form a ring, provided that R* and R? are not
joined to form a 6-membered aromatic ring when Y is a
single bond; and

[0075] M is optionally coordinated to other ligands.
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[00761 In some embodiments of the compound, R*, R,
R', R*, R? R, and R’ are each independently a hydrogen or
a substituent selected from the group consisting of deute-
rium, fluorine, alkyl, cycloalkyl, heteroalkyl, alkoxy, ary-
loxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl, aryl,
heteroaryl, nitrile, isonitrile, sulfanyl, and combinations
thereof.

[0077] In some embodiments of the compound, M is
selected from the group consisting of Ir and Pt. In some
embodiments, M is selected from the group consisting of
Ir(IIT) and Pt(IT). In some embodiments, R' and R* are H. In
some embodiments, Y is a single bond.

[0078] In some embodiments of the compound, Y is
selected from the group consisting of O, S, and NR?. In some
embodiments, one of R* or R” comprises a benzene ring,
that is bonded to M. In some embodiments, one of R* or R®
comprises a pyridine ring, that is bonded to M.

[0079] In some embodiments, one of Z', 7> and 7Z° is N
and forms a dative bond to M, and the remaining two of Z",
7%, and 73 is C.

[0080] In some embodiments, Ring A contains an N atom
that forms a dative bond to M.

[0081] In some embodiments, the compound is homolep-
tic. In some embodiments, the compound is heteroleptic.

[0082] In some embodiments, Ring A is a 5-membered
aromatic ring. In some embodiments, Ring A is a 6-mem-
bered aromatic ring.

[0083]

[0084] In some embodiments, Ring A contains only C
atoms. In some embodiments, Ring A contains at least one
N atom.

[0085] In some embodiments, the first ligand L[, is
selected from the group consisting of:

In some embodiments, 7', 72, and 7 are each C.
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_continued [0089] In some embodiments, [, is selected from the
group consisting of L, through L ,,,, having structures of
Formula I

Rl

RS

wherein R', R? R®, RS, and R” are defined as follows:

Ligand R} R? R’ R® R®
Ly H H H H H
Lo RE! H H H H
Ly RE! REL H H H
L, RE! RE! RE! H H
Lss R! H RE! H H
L H H RE! H H
L, H H H REL RZ!
L RE! H H RE! RB!
Lo RE! R H REL RE!
Lo RE! R RE! REL RE!
o RE! H RE! REL RE!
b H H RE! RE! RE!
L H H H REH REH
L RE! H H RE# RB44
L RE! RE! H RBM R34
6 RE! RE! RE! REM R34
Lo RE! H RE! RE# RB44
Ls H H RE! RE# RB4
Lo H H R34 H H
it RE! H R34 H H
Lo H RE! R34 H H
Lo RE! RE! RA34 H H
Loy H H R34 RE! RB!
o RE! H R34 RE! RE!
Los H RE! RA34 RE! RE!
Los RE! RE! RA34 RE! RE!
Lo, H H RA34 RBM R34
et RE! H R34 REM RBM
Lo H RE! RA34 RE# RB4
LA30 RB 1 RB 1 RA 34 RB44 RB44
Lt H H RZ18 H H
. RE! H RS H H
L H R R?18 H H
LA34 RBI RBI RBIS H H
Ls H H RE!8 RE! RE!
e RE! H RE18 REL RE!
L H R RE18 REL RE!
LA38 RBI RBI RBIS RBI RBI
L H H RE!8 RBM R34
0 RE! H RE18 RB# RB44
LA41 H RB 1 RB 18 RB44 RB44
Lo RE! RE! RE!8 RBM R34
[0086] wherein, L H H RZ? H H
[0087] R represents mono to a maximum possible 11:444 EBI EBI gz g g
number of substitutions, or no substitution; and ijz RE! RE! RE3 H H
[0088] R and R*are each independently a hydrogen or L H H R* R* R*
a substituent selected from the group consisting of Las RE H RE2 R%! REY
. . L H RBI RBS RBI RBI
deuterium, fluorine, alkyl, cycloalkyl, heteroalkyl, LA‘“’ RE REL RE? REL RE!
alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl, sz(l’ H H RZ3 REHM REH
heteroalkenyl, aryl, heteroaryl, nitrile, isonitrile, sulfa- Lso RZ! H RZ? RE4 RZ44

nyl, and combinations thereof.



US 2019/0252627 A1l Aug. 15,2019
11

-continued -continued
Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Lyss H R2! R2? R34 R34 L7 R®? H R34 H H
Lss RB! R2! R2? R34 R34 Lis R} R34 u u u
Lss H H RZ4 H H L4120 RZ3 RZ! RZ4 H H
Lise R2! H RZ4 H H L.30 RZ3 R24 RE! H H
Lss u R2! R34 u u L. R} u R34 R3! R3!
L s RB! R3! R34 u u L5 RE? R34 u R3! R3!
Lsso o o R34 R3! R3! L RZ? R3! R34 R3! R3!
Lo RE! o R34 R3! R3! L RE? RE R3! R3! R3!
Ls1 u R3! R34 R3! R3! Liss RE? u R34 R34 R34
Lo RB! R3! R34 R3! R3! Liss RE? R34 u R34 R34
L o o R34 R34 RB4 L RE? R3! R34 R34 Ba4
L RB! o R34 R34 R34 Liss RE3 RE R3! R34 RB44
Lss u R3! R34 R34 R34 Lo RE? u R37 u u
L6 RB! R3! R34 R3M R34 Lo RE? RE7 u u u
Ls7 H H RE’ H H Ll R53 RE! RE7 H H
L.ss R3! H R¥7 H H Lo R?? RZ7 R?! H H
Lso u R3! RE7 u u Lz RE? u R®7 R3! RB!
Lo RB! R3! RE7 u u L RE? RE7 u R3! RB!
Lo o o RE7 R3! R3! Liias RE3 R3! RE7 R3! R3!
Li» RB! u RE7 R3! RB! Loius RE? RE7 RE! R3! RB!
L7 u R3! RE7 R3! RB! L7 RE? u RE7 R34 R34
Lo RB! R3! RE7 R3! R3! Lius RE3 R o R34 RB44
L H H RE7 R34 RE44 Lo R?3 R3! R®7 R34 RE44
LA 76 RB 1 H RB 7 RBA4 RBAA LA 150 RB3 RB 7 RB 1 RBA4 RBAA
L H R2! R®7 RE# REH Lst R#? H H H H
LA 8 RB 1 RB 1 RB 7 RBA4 RBAA LA 152 RBZ RB 1 H H H
Lo RZ3 H H H H Liss R%? RZ! RE! H H
L so RZ3 R2! H H H Lisa R#? H R#! H H
L RZ? R2! RZ! H H Liss R#? H H Rt R&!
Lg> RZ3 H RZ! H H Lise R%? RZ! H R2! RE!
LA83 RB3 H H RBI RBI LA157 RBZ RBI RBI RBI RBI
LA 54 RB3 RB 1 H RB 1 RB 1 LA is8 RBZ H RB 1 RB 1 RB 1
LA o5 RB3 RB 1 RB 1 RB 1 RB 1 LA 150 RBZ H H RBA4 RBAA
L.ss R?? H R3! R3! R3! Lso R R3! H R34 R4
L R?? H H R34 R4 L61 R®2 R3! R3! R34 R34
L sss RB3 RBL bEi RB44 RB44 L RE2 bEi RB! RB44 RB44
L se0 RB3 RBL RB! RB44 RB44 L63 RE2 bEi RA34 bEi bEi
Lo R?? H R3! R34 R4 Lea R®2 R4 H H H
Lo, RB3 bEi RA34 bEi bEi Les RE2 RBL RA34 bEi bEi
Lo RB3 R434 bEi bEi bEi Lss RE2 R434 RB! bEi bEi
L o3 RB3 RBL RA34 bEi bEi Les RE2 bEi RA34 RBL R3B!
L ios RB3 R4 R3! H H Li6s RE2 RA34 H R3! R3!
Los RB3 bEi RA34 RBL RB! Lo RE2 RBL RA34 RBL RB!
L.os RB3 R434 bEi RBL R3B! L7 RE2 R434 RB! RBL R3B!
Lo, RB3 RBL RA34 RBL R3B! Lo RE2 bEi RA34 RB4 RB44
Lo RB3 R4 R3! R3! RB! L7 RE2 RA34 H R34 R34
Lo RB3 bEi RA34 R34 RB44 L RE2 RBL RA34 RB4 RB44
L0 RB3 R434 R34 RB44 Ly RE2 R434 RB! RB4 RB44
Lor RB3 R3! RA34 R34 R34 Liss RE2 H RB18 H H
Lo R33 R434 R3! R34 R34 Lis RE2 R318 H H H
L3 RB3 bEi RB18 bEi bEi L7 RE2 RBL RB18 bEi bEi
Lo RB3 R218 bEi bEi Ls RE2 RB18 RB! bEi bEi
Liios R33 R3! RB18 H H Lo RE2 H RB18 R3! R3!
L.ios R33 R218 R3! H H L.so RE2 R318 H R3! R3!
L1o7 RB3 bEi RB18 RBL R3B! Ls1 RE2 RBL RB18 RBL R3B!
L8 RB3 R218 bEi RBL R3B! L RE2 RB18 RB! RBL R3B!
Lo R33 R3! RB18 R3! RB! Liiss RE2 H RB18 R34 R34
Lo R33 R218 R3! R3! RB! Lsa RE2 R318 H R34 R34
Lo RB3 bEi RB18 RB44 RB44 Lss RE2 RBL RB18 RB44 RB44
Lo RB3 R218 bEi RB44 RB44 Lss RE2 RB18 RB! RB44 RB44
LA 13 RB3 RB 1 RB 18 RBA4 RBAA LA 187 RBZ H RB3 H H
LAl “ RBS RB 18 RBI RBA4 RBAA LA 158 RB2 RBS H H H
Lis RZ3 H RZ3 H H L4180 R#? RZ! RZ3 H H
Laits RZ3 RZ3 H H H Liso RZ? RZ3 R#! H H
LA117 RB3 RBI RB3 H H LA191 RBz H RBS RBI RBI
LA118 RB3 RBS RBI H H LA192 RBz RBS H RBI RBI
LA119 RB3 H RB3 RBI RBI LA193 RBZ RBI RB3 RBI RBI
LA 120 RB3 RB3 H RBI RBI LA194 RBZ RB3 RBI RBI RBI
LA o1 RB3 RB 1 RB3 RB 1 RB 1 LA 195 RBZ H RB3 RBA4 R344
LA 12 RBS RBS RB 1 RB 1 RB 1 LA 196 RBZ RBS H RBA4 RBAA
LA 123 RB3 H RB3 RBA4 RBAA LA 197 RB2 RB 1 RBS RBA4 RBAA
LA 54 RB3 RB3 H RBM RB44 LA 108 RB2 RB3 RB 1 RBM RB44
Lios R R2! R2? R34 R34 Liio0 R® o R o o

Lotz RE3 RZ3 RE! RB# RB44 L1200 RE2 RB4 H H H
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-continued
Ligan
gand R = -
/
LA201 RBz P R Ré RS -Contin
[ R Rlet R% Ligand ved
iAzog RE E REL g H g Rl =
R’
LA204 R” R24 R* Bl i Los RE4 R¢ 5
/4205 RE2 B1 H R31 RE! Lo - - - R
LA206 RZ2 RB R R RZ! Ly ’ RB R34 R R2!
Luz07 R R R2! R R3! Lo R RE! H R2! R2!
Loos  RP o R R” R2! L R RH R* RE! R2!
L s200 RE RE4 H REM RB LA279 RE4 o RE! K R
Lo RE Rﬁ ! RE4 R34 RB szso Ri“ Mo RE R R
paau R R R2! R REM Loes R RE! H REH REM
Lo R i RE7 R#H RBM Lo R RE* R REM R34
L3 RE R¥’ o H H LAzs 3 RZ4 i RE! R i
Low  RP xR R H H Lee R RE7 R* H REM
Laois RE RE27 R o I LA285 RE4 b o i H
Late R R R¥ i H Lo R RET R¥ 0 H
L7 R32 R’ H RB! RE! LA28 7 RE4 H RE! i H
Faois R xR RZ7 R R2! szgg R? RE7 R* RE! H
Lo RE2 RE7 RE! R3B! R5 L 289 RE4 RE! H b R
LA220 RBZ H RB7 RBI RBI LA290 RBA RB7 RB7 RBI RBI
Lo RE2 RE27 H REM RB LAzg 1 RE4 H RE! R B!
Lo R® R” RE7 REH RBM LA292 Rf RE7 R*7 RBM RB!
Lioas R® R RE! RE REM LA293 REY RE! H REH RB44
L R34 H H R#H R34 - R¥ RE7 R¥7 REM RB44
. R H RE! B44
Lj22 5 Ri“ REL H H H L R34 §344
L 226 R H RE! H 1205 through
y s H ghL ,
L RE4 H R3! H ssae having stru
s RO H 5 H ctures of
Lo R4 RZ! H R RE! ormula 11
Laoso R* R RE! Ril RE! R!
ijﬂl RE* g RE! %Bi o
2 B4
LAsz §B4 RB L H RB44 Rﬁ ;4
L R3B! H R4 R
‘4234 RB4 RB 1 i RB 44 R7
EABS R g RZ! %B " RBH
B e
7
Lioss RZ R EAM H g
Laso  RE R RY H H
L 240 RE H R34 H I
Lou RB4 R H R RE!
L RB4 RZ! R434 R2! 31 .-
LA B RA34 RBI R
L 243 RB4 H RB! o A1
4
= E LR ER OV AN
4 W . RE:
L6 RE REL R34 RBM R4 eremn Rl, R2 R5. RS ;
Liza7 RB4 RAM . RB44 204 , R, R® and R7 ar
L H R REH R e defined
—— R34 REIS RZ1S H REM as follows:
4249 B4 .
Lo RB4 R B H H Ligand R! z
L 50 R RE1S RE218 H H - R =
42 B4 B
L, 51 RB g RE! H H 1295 q R =
252 R34 51 RB18 " it L o6 REL it
LA253 RB4 R318 H RBI RB1 LA297 Bl H H H
[ R x RA1S R2 RB! Ly RB RE! H H H
Lass RB4 RB18 " R3B! R L 208 RE! e H " H
Fanss RB4 H RB18 R RB! LAzgg RE4 H RZ! H H
Las7 RP REBI8 g R24 o LAsoo bEi - RE! 1 H
A3
Laoss RE4 Rﬁi R318 Rﬁ“ RB44 LAszi EBI H R” )t H
Lzse R34 R218 RE! RBM N L 03 R H H RE! H31
e R R K, R L, : W k. X
Lo B4 RE3 H L 304 RE! 22! o - 2!
61 R 21 H H 4305 R2! RP! R L
Lo B R B3 H L H RE! R
L 62 R 4 RBS R H H ‘4306 H RBI - RBI
4263 R34 R2! H Lso7 H H REL R -
Ly B H y:] H L H R3! R
L 264 R RZ? R23 RE2! H 4308 RE! u - R
‘4265 R34 H RBl LA309 RBI H R -
B1 B1 - H - REH
Lss RZ4 R RZ3 R B1 Laio B1 R RE44 B
L R? RZ! R L R RE! H REH RB44
LA267 R34 - R2! R R2! LA311 RE! i R2! R REM
4
LAZGS o R#3 RE? RE# R” LA?Z = H Rzl RBM RE4
LA259 R34 REL H " RB44 L 13 it H R f RBM A
‘4270 RBA 2 RE3 a4 RB44 LA314 RZL H R 134 . RB44
L7t R4 R RE! R RB4 LA315 H R R34 g
Lo R4 H R4 REM RE44 LA315 RE! ! R34 g -
L7 R34 R H it - LA317 H s RA i H
Lo RE* R3! R H 0 LA3 18 REL H R4 R H
R34 RE! H H LA319 H REL RA34 - RE!
H Lo R 51 R34 N R
H 4321 H R RA RB 5
Rz RZ! H RA34 R&lm RE!
H R34 R REM
RZ# RBM
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-continued -continued
Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Lz H R2! RA34 R34 R34 L 307 R®? H R2!8 H H
Lyioa RB! R2! RA34 R34 R34 L 308 R} R3!8 u u u
L.s H H RE18 H H L300 RZ3 RZ! RZ18 H H
Ly RE! o R218 o o L 00 RZ? R3S R3! o o
L 37 u R2! RB18 u u L o1 R} u R218 R3! R3!
L s RB! R3! RB!8 u u L4100 RE? R3S u R3! R3!
Lo o o R218 R3! R3! L 103 RZ? R3! R3S R3! R3!
Lo RE! o RE18 R3! R3! Lyioa RE? R3S R3! R3! R3!
L33, u R3! RB!8 R3! R3! Lojuos RE? u R2!8 R34 R34
L3 RB! R3! RB!8 R3! R3! L 106 RE? R3S u R34 R34
L s o o RE18 R34 RB4 Lior RE? R3! R3S R34 Ba4
Ly RB! o RB18 R34 R34 L 108 RE3 R3S R3! R34 RB44
L s u R3! RB!8 R34 R34 Lsu00 RE? u R2? u u
L s RB! R3! RB!8 R3M R34 Lo RE? R33 u u u
L.37 H H RE3 H H L R53 RE! RE3 H H
L s R3! H R?? H H L R?? RZ? R%! H H
L 330 u R3! RE? u u L RE? u RE? R3! RB!
L a0 RB! R3! RE? u u Ly RE? RE3 u R3! RB!
Liaas o o R2? R3! R3! Las RE3 R3! R?? R3! R3!
Lo RB! u RE? R3! RB! Luts RE? R33 RE! R3! RB!
L3 u R3! RE? R3! RB! L7 RE? u RE? R34 R34
Ly RB! R3! R2? R3! R3! Lius RE3 R o R34 RB44
L sas H H R23 R34 RE44 Lo R?3 R3! R?3 R34 RE44
L s RB! u RE? R3M RBM L0 RE? RE3 RB! R34 R34
L s u R3! RE? R3M RBM L RE? u R34 u u
L yas RB! R3! R23 R34 RE44 Ly R?3 R3 H H H
L g340 H H RZ4 H H Lios R53 R2! RE4 H H
L aso RE! H R34 H H L s R®? R2 R&! H H
L s, u R3! R34 u u L s RE3 u R34 R3! RB!
L s RB! R3! R4 H H L R?? R® H R3! R3!
L sss H H R4 R3! R3! Loy R?? R3! R4 R3! R3!
L sa RB! u R34 R3! RB! Lyos RE3 R34 RE! R3! RB!
L 355 bEi RBL RB4 RBL RB! L0 RB3 bEi RB4 RB44 RB44
Lsse RB! R3! R4 R3! R3! Lo R?? R® H R34 R4
Ly H H R?4 R34 R4 L, R?3 R3! R?4 R34 R34
L sss RB! bEi RB4 RB44 RB44 L RB3 RB4 RB! RB44 RB44
L 350 bEi RBL RB4 RB44 RB44 L s RB3 bEi RB7 bEi bEi
L0 RB! R3! R?4 R34 R4 Ly R?3 R H H H
L6t H H R?7 H H Lass RZ3 R2! R®7 H H
L.es R3! H R?7 H H Laze RZ3 R27 R3! H H
L 1363 bEi RBL RE7 bEi bEi L sy RB3 bEi RB7 RBL R3B!
Lssea RB! R3! R37 H H Liass RE3 R37 H R3! R3!
L 65 bEi bEi RB7 RBL RB! Lo RB3 RBL RB7 RBL RB!
Lsss RB! bEi RE7 RBL R3B! L 4a40 RB3 RB7 RB! RBL R3B!
L s bEi RBL RE7 RBL R3B! L yaar RB3 bEi RB7 RB4 RB44
L 368 RB! R3! R37 R3! RB! L jaiz RE3 R37 H R34 R34
Lo bEi bEi RE7 R34 RB44 Ljaas RB3 RBL RB7 RB4 RB44
Lo RB! bEi RE7 R34 RB44 L yaaa RB3 RB7 RB! RB4 RB44
L7t H RZ! RE7 RE4 RE44 Laaas RZ? H H H H
Lisr RB! R3! R37 R34 R34 L s RE2 R3! H H H
L3 RZ3 H H H H La47 R?? R2! R3! H H
Ls7a RZ3 R2! H H H L s R?? H R3! H H
Lisss R33 R3! R3! H H L sa0 RE2 H H R3! R3!
Liye R33 H R3! H H L1450 RE2 R3! H R3! R3!
L377 RB3 bEi bEi RBL R3B! Ls, RE2 RBL RB! RBL R3B!
L s RB3 RBL bEi RBL R3B! L a2 RE2 bEi RB! RBL R3B!
Lo R33 R3! R3! R3! RB! Liass RE2 H H R34 R34
L 1350 R33 H R3! R3! RB! Liasa RE2 R3! H R34 R34
Lss1 RB3 bEi bEi RB44 RB44 Louss RE2 RBL RB! RB44 RB44
P RB3 RBL bEi RB44 RB44 L se RE2 bEi RB! RB44 RB44
L33 R?? R3! R3! R34 R4 Lsy R H R4 H H
LA 184 RBS H RB 1 RBA4 RBAA LA45 s RB2 RA 34 H H H
L sses R33 H RA3 H H L jso R2? R3! RA3 H H
L s R R4 o o o L 60 R® R34 R2! o o
LA387 RBS RBI RA34 H H LA461 RBz H RA34 RBI RBI
LA 188 RBS RA 34 RB 1 H H LA462 RBz RA 34 H RB 1 RB 1
LA389 RBS H RA34 RBI RBI LA463 RBZ RBI RA34 RBI RBI
LA 190 RB3 RA 34 H RB 1 RB 1 LA464 RBZ RA 34 RB 1 RB 1 RB 1
LA 01 RB3 RB 1 RA 34 RB 1 RB 1 LA465 RBZ H RA 34 RBM RB44
LA . RBS RA 34 RB 1 RB 1 RB 1 LA466 RBZ RA 34 H RBA4 RBAA
LA 203 RB3 H RA 34 RBA4 RBAA LA46 . RB2 RB 1 RA 34 RBA4 RBAA
L 304 R R4 H R34 R34 L 168 R R4 R3! R34 R34
LA 205 RBS RB 1 RA 34 RBM RB44 LA469 RB2 H RB 18 H H

LASQG RBS RA 34 RBI RB44 RB44 LA470 RB2 RB 18 H H H
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-continued -continued
Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
L7 R3? R2! R218 H H Lssas R34 H R2!8 R3! R3!
L iar R32 R318 R3! u u Lss R34 R3!8 u R3! R3!
Lyars R® o R218 R3! R3! Lysas R4 R3! R3S R3! R3!
Ly R® R2S o R3! R3! Lysss R4 R3S R3! R3! R3!
Ls R32 R2! RB18 R3! R3! Lssao R34 u R218 R34 R34
Las R32 R38 R3! R3! R3! Lsso R34 R3S R34 R34
Lyars R® o R218 R34 B44 L s, R4 R3! R3S R34 B44
Las R® R28 o R34 RB4 L s R34 R3S R3! R34 RB44
Lo R32 R3! RB!8 R34 R34 Lsss R34 u R2? u u
L g0 R32 R38 R3! R34 R34 Lssa R34 R33 u u u
Lst RZ? H RE3 H H L.sss R54 RE! RE3 H H
Liso RZ? RE3 H H H Lsse R54 RE3 RE! H H
Luss R32 R3! R2? u u Lss7 R34 u R2? R3! R3!
L jusa R32 R33 RE! u u L 4sss R34 R33 u R3! RB!
L s RE o R2? R3! R3! L ssso R34 R3! R?? R3! R3!
L use R32 R23 u R3! R3! L.ssso R34 R33 R3! R3! R3!
L g7 R32 R3! RE? R3! RB! Lse1 R34 u RE? R34 R34
L yuss R3? RE3 RB! R3! RB! L ser RE4 RE3 u R34 R34
L ys0 RE o R2? R34 R34 L ss63 R34 R3! R?? R34 RB44
L 400 R32 R33 u R3M R34 Lsea R34 R33 RE! R34 R34
L i1 R3? R3! RE? R3M RBM Lses RE4 u R34 u u
L 10 RE RZ3 RE! R34 R34 Lses R34 RE o o o
L1103 RZ? H RZ4 H H Lsse7 R54 R2! RE4 H H
L 104 R?? RZ H H H L ses RZ* R2 R&! H H
L4105 R3? R3! R34 u u L ss0 RE4 u R34 R3! RB!
Ljaos R RZ R3! H H Ls7o R4 R3 H R3! R3!
Lo R® H R4 R3! R3! L, R4 R3! R4 R3! R3!
L oz R3? R34 u R3! RB! L5y RE4 R34 RB! R3! RB!
L4100 R3? R3! R34 R3! RB! L5 R34 u R34 R34 R34
Lo R® R* R3! R3! R3! Lysia R4 R® H R34 R4
Lssor R® H R4 R34 R4 Lsss R4 R3! R4 R34 R4
Lson R3? R34 u R34 R34 Lss R34 R34 RE! R34 R34
LA s03 RBZ RB 1 RBA RBA4 RBAA LAS 77 RBA H RB 7 H H
LA so4 RBZ RBA RB 1 RBA4 RBAA LAS 73 RBA RB 7 H H H
L4505 RZ H R¥’ H H Liss7 R® R R¥’ H H
L.sos R2? RZ7 H H H L sso RZ4 R27 R3! H H
LA507 RBZ RBI RB7 H H LA581 RBA H RB7 RBI RBI
LASOS RBZ RB7 RBI H H LASSZ RBA RB7 H RBI RBI
LASOQ RBZ H RB7 RBI RBI LA583 RBA RBI RB7 RBI RBI
LASIO RBZ RB7 H RBI RBI LA584 RBA RB7 RBI RBI RBI
LA si1 RBZ RB 1 RB 7 RB 1 RB 1 LA58 s RBA H RB 7 RBA4 RB44
LA 12 RBZ RB 7 RB 1 RB 1 RB 1 LA58 s RBA RB 7 H RBA4 RB44
LA s13 RBZ H RB 7 RBA4 RBAA LA58 . RBA RB 1 RB 7 RBA4 RBAA
LA S1a RBZ RB 7 H RBA4 RB44 LA58 s RBA RB 7 RB 1 RBA4 RB44
LA sis RBZ RB 1 RB 7 RBA4 RB44
LA si6 RBZ RB 7 RB 1 RBA4 RB44
iAsn gi Em g g g L sg0 through L ¢, having structures of Formula 11
‘4518

Lsio R4 R3! R3! H H R R
Lsz0 R34 H R H H
Lo RB4 bEi bEi RBL R3B!
Lysn RB4 RBL bEi RBL R3B!
Lysss R34 R3! R3! R3! RB! R’
Lo R34 H R3! R3! RB!
Lss RB4 bEi bEi R34 RB44
L o6 RB4 RBL bEi RB44 RB44 X
Lsss R34 R3! R3! R34 R34 ..
Lo R34 H R3! R34 R34
Lszg R34 H R4 H H .
L sz0 R34 R4 H H H -
Lss, R R3! R4 H H
LA 32 RBA RA 34 RB 1 H H
Ls3s R34 H RA3 R3! R3! RS Ré;
Lsas R R4 o R2! R3!
Lisss R R?! R4 R?! R?! wherein R', R? R®, RS, and R” are defined as follows:
LA536 RB4 RA 34 RBI RBI RBI
Lsss R34 H R4 REM R34

B4 A34 B44 B44
]]:jzzz §B4 E}n EA34 5344 5344 Ligand R! R R’ R R’
Lsao RZI R4 Rﬁis REH R Lo H H H H H
Lsar RB4 Hms R H H Lsso0 RZ! H H H H
Lsis RB4 RB1 HB18 H H Lossor R® R2! H H H
L sa3 R’ R R’ H H L 4592 R®! R%! R®! H H
L s RZ* R218 R H H L 503 R H R H H
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-continued
Ligan
gand R 2 -
LA594 Rl R6
H 5 -C 1
EASQS - g o R g ontinued
an
LAsgs RE! u I EBI - R! 2 -
45 Bl !
7 R RE! H R2! R?! Lsess R R R¢
4508 RE! H RE! L RE R®
LA599 REL R2! RE! RBI RBI LAssg RE3 REL H
Ls00 - H RE! R2! R LA670 RE3 0 R2L g H
Lot o H RE! R2! R LA671 RE3 H R2! H "
LAsoz R2! H o RBl RBI LA672 RE3 REL H RBI H
LA 603 RB 1 H H RBM R344 LAG73 RBS RB 1 H RB 1 RB !
LA 04 RB L RB 1 " RB44 R344 LA674 RBS 0 RB 1 RB L RB 1
LA <05 RB L RB 1 RB L RB44 B4 LA67 5 RB3 " RB 1 RB L R3L
L sos H H RE! RE4 RB44 LA676 RZ R H REM RZ!
Liso7 o H R?! RE¥ RE% il RE2 RE! H RE4 R4
LAsos RBI H RA34 RBM RB44 Lj678 RB} H RBI RBAA RBAA
B
LAsog H HBl RA34 H H L ;79 R; H RBI RBA4 RBAA
LASlo RBI RB RA34 H 1 L 680 R 3 RA34 RA34 - R344
LA611 H R ! RA34 H H LA681 RBS RBl H H H
LAslg RBI H RA34 H H LASS2 RBS RA34 RAM H H
Lasta H H R434 RZ! RE! LA683 RZ H R H H
Lsia RE! Ril R4 REL REL LA684 RB3 R RA34 RE! H
LA615 H R ! RA34 RBI RBl Ij1685 RBS RBI H RBI RBI
Lusis R3B! H RA34 RZ! R3L LA686 R# RA34 R34 RB! RE!
LAS 17 H HB RA34 RBM RB44 LjSS 7 RBS H RBI RBI RBI
LA618 RBI RBl RA34 RBAA RB44 L 688 RB3 RA34 RA34 RBA4 RBI
Lusto H R2! RA34 REH R34 LA689 RZ2 RB! H RB4 R4
i,;szo RE3! H RES RB4 R4 Lj590 RE3 R R4 REH R34
H H 691 RB} RBl B44
‘4621 H R218 H L H Ba4 R
L/1622 RBI Ril RBls H " LAsgz RB3 RBIS RBls % RB44
LA623 H R RB18 H H ]:1693 RB3 RBl H H H
L/1624 RBI H RBls H - LA694 RB3 RBls RBIS H H
L.sos - H RIS RB! R LA695 RE3 H R?! H H
Lusos R3B! Ril RB18 R2! R3! ]:1696 R RB18 RE18 RE! H
L7 H R2 RO1S RZ! RB! LT R?* RE! H RE! RE!
L R3! H RE18 R RE! LASQS R RE1S RE18 RE! R3!
Lsao u HB RALE RE# RBH P RP H RE! o RE!
L ss30 RE! R2 REIS RE# RBia LA700 RB3 RIS RE1S v RE!
LA 631 H RB ! RB 18 RBM RB44 LA 7ol RBS RB 1 H RB44 RBM
Lss REI H R RBH RB4s LA702 RE3 REIS RB18 RE RB4
Lus3s I HB RE3 u 1 LA703 RE3 H R3! B RB4
L/1634 RA RB8! RE? H H LA704 RE3 RE3 RE3 g R344
LA635 - R38! RE3 H " LA705 RB3 RBI H " H
Luese RE! H RE? H " LA705 RE3 RE3 RB3 0 H
LA637 I H RE3 RBl RBI LA707 RE3 u RBL " H
LA638 RB! R? RE3 R2! R3B! LA708 R53 RB3 R R3B! H
Lo H RZ! RE3 R RB! LA70g R%? RB! H R3B! R?!
Lsao RE! H RE3 R3B! RE! LA710 RE3 RE3 RE3 REL RBL
LA64 1 H H RE3 RE% RB44 LA71 ! RE3 H R R3B! R?!
LA 642 RB 1 R®! RE3 REH RB44 LA712 RZ RB3 R#3 RBM RE!
Lgeas - RE2! RE? R34 R4 LA7 13 RE3 RE! H REH RB44
L.as RE! H RP4 RE R4 e RE2 R RZ3 RB4 R4
Leas I H RE4 H H LA715 RE3 g RBL REH RB4M
LA 46 RB L RB 1 RB4 H - LA 716 RB3 RB4 RB4 g RB44
LA647 u RBl RB4 H " LA717 RB3 RBI H - H
L 43 RB! H RE H o il RE3 RB4 R o H
LA649 I H RE4 RBl RBI LA719 RE3 u R8I - it
LA 650 RB L R38! RE R21 RE! LA 720 RB3 RB4 RB4 RE! H
Lsst H R RB4 RZ! RBL LA 71 R RB! H R3B! R?!
Lss2 RA H RH R3B! R LA7Zz RE3 RF4 R34 - RB!
LA s H RB44 ‘4723 RB3 RB 1 S RB 1
53 H R34 RB44 L H R3B!
L RB 1 RB44 ‘4724 RB3 RB4 Bl
‘4654 RB 1 R34 RB44 L RB4 RB4 R
1, REL RBM4 4725 RE3 H RB44
4655 H R34 RB44 L RB! RB44
L H R34 ‘4726 RE3 R34 R34
4656 RBI RB7 R344 L R34 RB44
Lgs H 27 H LA727 RE H RZ! B4 R4
it ts RZ! N H I ans R 87 R#7 N RE44
- 658 RB! R R H H Lo RE3 RB1 o H u
se0 B RY’ H Liso  R® R RE7 H 0
Lass B1 H 27 H L R?7 H
0 R K 31 H 4731 R® R3! "
Lusst H H RE7 R REL L H it
Lo - R3! - R3! ’ LA732 RZ3 27 R 31 H
LA;Z R RE! RB7 RB! RBI 4733 RZ3 Rm H RBI RZ!
L 63 H H RE7 8 RB! Lra RE R RE7 R RE!
4664 RE! RE7 RB! L, R RE!
L H R344 735 RB3 RBl 2 RB 1
4665 H R®7 R34 L, H R2!
Ls 51 RE! " R34 " 736 RE3 RET RB7 s R3!
- 66 R i RE7 o R34 Lar7 RE I R R4
‘4667 B3 R B7 R B44 L RBI RB44
R KR 344 R 4738 RE3 R®7 RB44
H R 344 L R? RPM
H KR 4730 RE2 RE! B44
H L H REM R
H 14740 RB2 21 H R344
L7a1 R2? S H H H
R3! " H
RB! H
H H
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Ligand
L R -conti
LA742 tinued
ij3 RE2 R2
744 R3? -
iA745 R®? g R’
4
LA746 R3? R R RS
L 747 R32 Bl H
LA748 R® E 1 H o RS
Lj749 R32 0 R2! R2! -
L, 750 R32 RE! R2! R3! R L
L .
o w o i S o )
LA753 RE2 H ) REM R3B! L, R! ontinu
A H R 2 816 ed
754 R32 REM R? L R2
L R4 R?! R? 81 R
LA755 R22 34 RA3 REM 44 L, 7 B
s RE2 %Bl ' R RBAA LAZIS E; RZ! R’
475 RE 434 H a4 e 4 5
Lay . R3 H R*34 R34 4820 RE4 R H R¢
L, 58 2 A R?! H 1 Lus R H
L 759 RB2 4 R4 H L 21 o REL R? RS
LA 760 RE2 R2L H 4 H H L"Sz > R34 R RE! !
AT R5 RA434 2 H 482 RE4 ! H RZ!
L 61 2 A R3B! L 3 R2
4 H RA34 H 4 5 R RE! !
Toves %BZ R4 RE! R R? Trns n ; H Y R R
7 B, 4 B 1 8. B:
L, 63 BZ R R34 R3B! P! L, 25 4 H RB!L R RE!
L 764 RE2 R4 H RE! L 526 R5 R4 R2! RB44
A765 RB2 34 RBM RZ! 482 RZ4 34 RA RZ#
L, H RA34 R® L 7 R® 34 RB4M
L 766 RZ? R? RB4 t 4828 RE4 ! H R24 -
A7 B R218 ! R34 L RA2 RE44
L 67 RB? B RBM 4 482 RB4 4 A H
LA768 R REL RS R2M REM LAS39 RE H R;“ H RE4
‘476 RE? RBI8 o REM L 0 R RE! u i
L 9 RB! 483 R34 4 RA
LA770 R? HB R318 H R L"Ssl R34 R#! H * H "
LA771 RB? RE!8 R3 H H L. 2 RZ R4 RA! H
LA772 RE2 R?! o ' 31 H LA833 RB4 H R RB! H
5 73 RE? RE18 o RE! H LA834 RB4 RAM RE! RE R8!
iy RE? H RBIS RZ! H LAS35 N R?! Rt R2! RZL
LA775 RZ? 518 REIS R2 R L,4836 R? R4 H REM R
LA775 R3? RBI H RB! ﬁil LA837 §B4 H RA34 REM RB!L
LA777 R32 18 RE R 1 L 838 4 REL RE! " R3M
H 8 RE Zt 8 RB44
A7 RB R® 1 83 RE4 RE
Ly 8 2 R? RE! 44 RE L4 o RE! 18 RE4 R34
L 779 RB2 3 RE? REM 44 L 840 RB4 " H R4
A7 R R3B! RE RBM 8 R® R?!8 H 4
L, 80 2 RE u 44 RE L 41 4 H RE18 H RBH
L 781 R o : RE3 o R344 LA842 R# R® R?! H
e RE2 R2! H . L RZ4 N RE1E i i
A7 RE R23 H H Y R%! H
53 2 2 s RE4
i’“&t e RE! % 3 I H L, W RP R5 H REI H
3 B
4785 RE? RE3 RE! H L 45 4 H RZ18 REL H
L RB3 484 R34 R2
LA785 RE? H RP RE! H L, 6 R R2I8 Rl RE! RZ!
1 8- B B
b
L 788 B2 o RBL ! L 8 RZ18 RE% !
R R3 4 B B
o Lo Lok o :
B
L, 90 2 RE RE! 44 R L, 50 RE3 1 REM 4
L 791 RB2 RP4 R34 4 851 R34 RB3 RB44
479 RE2 R3! R? RBM Ly " R3! REM 2
L 2 it 44 852 RZ4 H RB44
‘47 RE R24 H RB44 L RE3 H
L, 93 2 u RB4 RP /4853 RE4 R23 REM
Lo RE? R RZ! H H “ Lissa RE4 1 R?! i H
LA795 RZ? 4 RP H L REZ3 H
A R3! 4 H 485 RE4 R H
L 796 R " o H H L 3 R R2! q H 0
Lj797 RB2 H 4 R4 R2! - LA;G RB4 R2? R5 RZ! H
L 798 RBZ RB RBI L 57 4 H 3 RB
4 R24 ! R3B! 4 B 2 t B
LA;% RB2 RE1 RE4 RB! RE! LA858 RE4 RE3 RBL 21 R3!
L 00 RB2 H R3B! 559 R34 RE3 R3!
48 R R24 RB! L R2! R3B!
L 01 2 RB RB44 486! RZ4 H R3!
A H 4 R3B! L 0 R23 REM
L 302 RB2 RE! R34 /486 RE4 RE3 RB!
48 RE RZ7 RB RE44 L ! H RBM
L 03 2 RE R37 44 R? 4862 R34 RBI RB44
LA804 RZ ! H RE4 i Ly R R RE RPM R?
Lasos RE2 E’” RS H g‘u Lj"3 RB“ RE! o 4 REM R;“
4. 86 4 44
LASOG Rr22 R RE! g I 4 L 485: RE R34 RH H R
LA807 RZ? R21 RZ7 0 H L.se R24 1 R2 " H
LASOS RE2 H o L s R34 H
Lo R* R R?’ RZ o it RZ RE! R - H
4
Ljslo RZ2 EB7 RE! iﬁi R3! LAZGS ﬁij R24 EBA RA! E
LA811 RE2 REL RZ7 22 RB! LASSQ R H " RE!L o
L 812 R RZ H ! R3! L 70 RB4 ! R3! !
481 R34 7 RE RE# 4871 R RB4 RB!
e H 7 R R2! L, RE! R
4814 R4 RE! 44 RE 572 RE4 2 H 2 R3B!
RE4 R2! I RB# 44 L7 RB4 R* R24 R R3!
R RBM R4 L, 3 H " R34 "
H H R4 L 874 RB4 RE R3B! RE RB44
H 4 7 A4
R3! H R4 LA87 5 RE4 RE RZ7 REH RB44
RE . H LA87 o RZ4 R H 0 REM
H ‘4877 R54 R27 RE4H4
H L H H
H 487! RE4 R3B! H
L 8 RE7 H
)it 4879 R34 RE7 H
L RP RE! I H I
L 850 4 RE7 RB!
LASgl RB4 H R37 REI H
4882 R34 R2! R3!
RE7 R3B!
RE4 RE7 RB!
R3! . R3! RE
1
RrR2 RBM
RB7 R3!
R34
R3B! RB44
REH RB4
R34 RE 4
44
R34

L
4815
R34
H
H
R2!
RBL
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es3 through T
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g structures of
of F
ormul
alv
R!
— -continued
7 Rl
R 2
L4034 R 0 .
L o35 R :
L4 % B :
L . i, L RB3 B4, Rr3
4937 N v : B
L H B4 i
LAQSS 1 R RE3 RB4 RB# R3!
\~ LAQ}Q H ; N RBM R34 R3B!
LAQAO v i R3 H H REL
L’ LAQAI H N RBA : : :
LAQQ v X RB g H RB!L
4943 R RBA :
H
RS %944 REL R2! R% gi EBI RBI
W. . 6. & Bl : |
B . Losons HB E RB4 RZ! Rﬁl %m
) 3 R3, RS R6 i’i947 E ! H RE* Rﬁl iBi i
,R® and R7 [ RE! RE! RZ4 e p 4
| N o X R RB4 RB44 R34 RB!
gand R ned: Loso RB! H RE* b N i
Ls R ; i"%l H R o : : :
Ly 83 H R R¢ L4952 R®! R & H : :
L 884 RE! H RS 4953 K v : :
LA885 ; H : : R3 Lsosa HB u RE7 H H RE!
LA886 o R H H H Loss RE! H RE7 q o RB!
z B . i R3! L, H RE7 RB! H
L RE! u H 036 9 o B :
z H : i H RE! L o5 R 2 RE7 RB! RE! ’
ASS RBI H ; L 7 H RB! 21 RB! RE!
L 9 bEi H H RE! /1958 I 4 : :
LASQO 1 i RB! H H R3! L4050 RB! H RE7 R3! RE 51
- : : H R2! L H B RBH RB! R
Ly RE! H R3! H LA%o R?! i g = :
LAgg2 R3! RB! R2! R3B! R3! 4961 RE? R3! R®7 o o 3
LASQ3 RE! RZ! EBI R2! RB! RB! if‘gsz RE3 H R% R?A o 3
L AZ? H H RE! RE! RE!L Ril s R o H 1 :
LA895 ; i R RE! R3B! RBI L"964 RE3 RE! o q o RE!
Lg 6 RE! H H REL RE! R2! L/1965 R53 I a2 H H :
LA;7 RE! H - RE# RE! RZ! o RE3 x i : : :
L, o8 RE! R8! - REH RBM RE! LA967 R i : H : :
: . i B4 R3! 496 B H RB! 5
LA ] - : L 3 RE3 R8! RBL R3!
| 900 H H R R3! 496 R3! R3! "
B RB44 g : H | Rl
: H o RE! L R B R3! RB!
Lo H R3! REH REM LA970 RE3 R i : : :
L 02 REL H RE4 REM RE! 4971 o " = :
LA903 ) H R 4 pBU RE! L4972 R 51 H RB44 R® -
- v i a4 H u RE! Lo73 RE3 R RE! RB44 RBM R?
LA%S g & R34 g H R3! Lio7a RE3 g R3B! RBM RBM %Bi
A : Ba4
LAQOG i R Re34 it RE3L Lao7s R R34 R434 RB4 R R3!
: : : . L RE3 1 RB44
L 7 H H 4 RB! H R2 4976 RE3 ! : H :
o " i RA34 B1 R3L Lo RA34 H
LA R R43 RB! R L 77 RE3 R : :
LAzog H . RA; g R R3! LA978 RE3 H RB! H u RE!
L 10 RE! H RE RE! RE! 4979 5 R34 R x :
: H o RE! L RE3 RB! H
Ly H RA3 REM R2! LAgso RE3 R . : :
912 i, et 4 REM RBL 49 R4 R3B!
Ly R43 RB44 L 31 RE3 RA34 - -
LA913 o RE - 4 pBM REHM RE! 4082 RE x e : : :
L 914 RE! H R4 2 RBH R3! L4083 " » : Bl
Agl = R 3 L RE3 R34 REA RB! R
L > H H REHM RE! 4984 o : 4 :
= Bl o X B1 L RE3 RB4 RB4M4
L RB! R H R 4985 K a B
LA917 H RB! RB18 g H R3! L 4086 o x 4 2 - : ﬁBi
A B : Ba4
L 918 RE! H RBI18 H H RB! Los7 RB RB18 RB18 ol RB o
= H o R3! L RE3 q R84
L H 3 R2! H 4988 5 o : :
= . s RE! L REZ3 5 I H
Lo R RE18 RB! RZ! LAQ89 RE3 N © : :
L 21 H RZ! RE! R3B! RE! 14990 B o i H :
LAQZZ v X RBS " RB! R3L L g001 RE RB! RBI8 H 0 R3!
: ; K RBL RE! L RE3 8 R3! H
L H 24 R® - Bl | Bl
B REM B R B |
: ] o R3! L RZ3 B RB! RB!
- i, w N RB44 RB44 RB! LA993 RE3 RBI8 RBI8 R3B! R3B! R3B!
L H B RBM RBM 4994 5 R a2 B :
LAQZG i R RB18 24 REM R3L L4095 R% B1 RBI18 RB! RE! R3!
Agz : 2 R23 RB18 B RB!
1, 7 bEi H R34 L v H : B
Agz B i R B 96 RB3 RB!L B RB4 R3!
8 RB! RE! H RE! L4 3 = B
L B H 997 RB18 A : .
: . - R3L 1, R23 RE4 REM
= H H & 0 H R s RE H R2! > 4 pou RE!
- : : R 1 H R3! Losgo9 RE3 R23 R3? RB44 REM RB!
L, H B RB! H LAI B | H RBI
. i, R RZ3 RZ! RZ! L 000 RE2 RZ! H H
B R33 RB! 2 ‘41001 N 3 :
R3! 2 RB! R ; . | H
RZ3 igi RE R3! LA1002 RE3 x 2 : : :
B
R2! RE! Lj1003 R e E 3 3 : Ril
: L - e R 2 RB! R3B! RB!L
LAIOOS v NS RB3 R3! RB! RB1
A RZ! B
1006 2 H RBI R |
: B o NS RB!
B RB4 R
H RBHM i RBI
REM K
RE!

L
4933 H
H RE
3
RB44
RB#
RE!
L
41007 R#
RE!
RB3
RB44
RB#
RE!
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?

Liroos RE RE3 RB! RBM  RBM  RBI Litos: RE2 R34 H q H RB!
Laow  RZH R* H H R?! Lyoss RZ  REY R @ H R2!
Lot RE3 RZ4 I H i R2! L 11081 RE R2 R2! o i RE!
Lon R R%! B> H H R&! L1o0ss R* H RZ4 RZ! RZ! RE!
Lo RZ R R2! H H R&! L.t108s R* RE4 H RZ! RZ! RE!
Lo R H R4 RE! R2! R2! L 41087 R#? RZ! R2* R3! R2! R3!
Laions R? R H RZ! RZ R&! L1088 R* R RE! RZ! RZ! RE!
Laio1s R% R%! R R?! R® RE! Li08o R*? H RE4 REM RE* RE!
Lio1s R RZ4 RE! RZ! R3! R2! L1000 R#? R34 H RB4 R2M R3!
Lotz R H R4 RZ# RE R2! L 41001 R#? RZ! R2* RB4 R2M R3!
Lot RZ R H RE#  pEM pE L1002 R RE RE! RE#  REM  RE!
Lot R? R%! RB4 RE#  REM RE L 41003 R® H R®7 H ¢ RE!
L 41020 R RE R2! RE#  REM Rl L1104 RZ R’ H H ¢ RZ!
L1021 RE3 H RE7 H H RB! L 41005 RZ? R®! RE7 H H R3!
L1022 R? R®7 H H ¢ RE! L.1100s R® RE7 RE! H ¢ RE!
Li023 R R%! R?7 H H R&! L.11007 R% H R®7 RZ! RZ! RE!
L1024 RZ R®7 R?! H H RE! L.t1008 R®2 RE7 H RE! RE! RE!
L1025 R®3 H RE7 RE! RE! RB! L 41000 RZ? R®! RE7 R3! RE! R3!
L i1o0s RE3 RE7 o RE! RE! RE! Liton RE? RE7 RB! RE! RE! RE!
L 11007 R RE! RE’ RB! RE! RB! Ltior RE2 H RE7 RE4  RBM  RBI
L1028 R R%7 RE! R! RE! RB! Lo RZ? RE7 H RB4 REM R3!
Lao» R®H R pEM pEM RA Lujs RE REL  RET pEM REM Bl
L 1030 R? R%7 H RZ4 REM RE Laitos R RE7 RE! RE#  REM  REI
L1031 RZ R®! RE7 RE44  REM - REI Litos RE H H H H R®!
Lo R% R¥7 R?! RBM - REM - RAL Liiios R34 RE! H H ¢ RE!
Lis1033 R® H H I )i RE! L1107 R® RE! R8! H )i RE!
L1034 R? R?! H 3l H R&! Laitos R H RE! H H RE!
L0 RZ R®! R?! I H RE! Lanioo R34 H H RE! RE! RE!
Liio3s R®2 H RE! H H RB! L R34 R2! H R3! R2! R3!
L1037 R H H R?! R R?! Lain R RS RE! RZ! RZ! RE!
L1038 R? R3! H RZ! RZ R&! L R H RE! RZ! R2! RE!
L1030 RZ R3! RE! RE! RB! RB! Lais R34 H H RB4 RBM R3!
L 040 R? H R?! RB! R RE! L RE4 RS! H RE44  REM  REL
Laow RZ” H H REM - REM RE! Lugys R REL REL REM pEM REI
Liion RE2 RE! o RB4  RB4  RB Lo RE4 o RE! RP“  pBM Al
L1104 R RE! RB! RBM  pBM REL Lo RE u R4 o RB!
L o RE2 o RB! RBM  pBM REL Lo RE R4 [ I o RE!
L itoss RE2 i M® O oq o RE! Lo RE RE! M* i RE!
L 11000 R R4¥ I u RE! Lo RE RA34  RB I u RE!
L1047 RZ2 RE! D H RE! Lz RE4 H R4 REI RE! R3!
Lsi0a R R4 A H H R2! L1 R54 R4 R3! RB! RB!
L 110a R u RA% R8I R RB! L RE4 RB! R4 RBI RE! RE!
L 1105 RE2 R4¥ RE! RE! RE! Lt RE RA34 B RE! RE! RE!
L siost RE2 REL RAM RE! RE! RB! Laiios R54 H R4 RB4  RBM  RBI
L1052 RZ R4 RpE RE! RZ! RB! Laii2s R54 R H RB4  RBM  RBI
L1100 R u RAM  pBM  pBa4 pBl Lo RE4 RB! RA34  pB44  pBM  pBI
Lios4 RB? R H RBM  pBM4 p3l L1 1o RE4 R4 pBt RB44  RBM Bl
L 100 RE2 RE! RA34  pBM  pBa Bl L1 RE o REIS u RB!
L iiose R RAM  pBl RBM  pBM  pBl L s RE4 RES o I I RE!
Liiomr RE? u RBE u RB! L iial RE4 RB! RES H RE!
Luoss ~ R¥  R¥S W H H R3! Li» R RES RELq H RB!
L1050 R RE! RE® g H R8I Laiiss RE4 H REI  REI RE! R3!
L ~ RZ R R H H R?! Ly R¥* RS 0 RE RA RH
L 41061 RE2 H RBIS RE! RE! RB! Laiiss R54 R3! RB18 R8I R2! R3!
L1062 R22 RIS H RZ! RB! R3! La13s RE4 RB18 RB! RB! RBL R3!
L 1063 RZ R2! RE1S RE! RE! RB! L1137 R54 H RB18 RB4  RBM  RBI
L iio0es RE2 REIS  pBl RB! R RB! Liiias RE4 RES o RB4  pBM  pBl
L 41065 R H RBIS RBP4 RE¥ RS Laii3e RE4 RE! RB18 RB¥  pBM RS!
L1066 RB? RB18 H RB#4  pB4 pBI Liiiao RE4 RBIS  pB! RB44  pBM  pBl
Lioer RE2 RE! RBIS  pBM  pBa Bl Lo R4 I RE3 - u REI
L 1ocs RE2 RES  RB! RBY  pB4  pBl Lo RE4 R33 o o o RE!
Lioe R® H R i H RB! Tiias RE RB! R33 I H RB!
Laow RZ  R¥® W H H RZ! Lyw R*  R® R W H R3!
Lont R? R®! R?} H H R Latias R* H R® RZ! RZ! RZ!
Laior R R® R2! H it RE! Latias RZ4 R23 H RZ! R2! RB!
Litors R H RZ RZ! RB! R2! Laiya7 RE4 RE! R23 RB! RZ! R3!
Ltz R R® H RE! RZ! RZ! Lai1as RZ4 R%? RZ! RZ! R?! R3!
Laio7s R22 R2! RE3 R&! RB! R3! Lai149 RE4 H RB3 RB44 RB4 R3!
L7 R R R R2! R®! R3! Lo R R® H RB4  REM - RBEI
Laoy  R¥ H R pEM pEM RH Ly REY REL RE pEM REM RE
Lio7s R RZ3 H REM R2# R2! Laiss RZ4 RZ3 RB! RB4 RBM R3!
L 1107 RE RA! R REM  RBM  RBl Lo R4 - R4 - H RE!
L 11080 RE2 RE RE! RBM  RB4 pBt Lo N RE - - H REL
LAIOSI RBz H RB4 H H RBI LA1155 RB4 RBI RB4 H H RBI
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?

Laiiss R R RZ! H H RZ! L4230 RZ! R®! RZ3 RZ4  REM  RE
Lisy R i RE4 RE! R2! R2! L1231 H H R2* H H R33
Laiiss R R H RZ! RZ R&! L3 R¥! H RE H H RZ3
Latiso R R%! B> RZ! RZ R&! L1233 H R%! RZ H H RZ3
Laiteo R R RZ! R2! RZ! RE! Lo RZ! R®! RZ4 H 0 RZ3
Liiet R H R4 RZ# RE R2! Li23s H H R2* R3! R2! R33
Luie R R H RE#  pEM A L1236 R¥! H RE RZ! RZ! RZ3
Luies R3 R®! i RE#  REM RE L1237 H RE! RE R®! RE! RE3
Lauier R RE R2! RE#  REM Rl Lo i R®! RZ4 R2! RZ! RZ3
Lites R H RE7 H H R2! L1230 H H R2* RB4 R2M R33
Laiies R® RE7 H H H RE! L1240 RE! H RE4 REM RE* RE3
Lme R® R R H H RZ! Lo H RE!  REY REM  REM P
Laites R R® R2! H H RE! Laioa i R®! RZ4 RE4  REM  RE3
Lo R H RE7 RE! RE! RE! Lo 0 0 RE7 1 H R
Lot N RE7 H RE! RE! RE! Loom RE! 1 RE7 - H e
L R R2 RE7 RE! R2! R2! L4245 H R2! RE7 H o RE?
Liiio R RE RB! RE! RE! RE! L ioas R RE! RE7 I o RE3
Lo R H RE7 RB4  RpBM  REI Loon 0 0 RE7 R5! R NS
Liim N RE7 " REM  RBM  RBI Lo RE! 1 RE7 281 ¥ e
Lo R RZ! RE7 RB4  RpBM  REI I iom 0 REL RE7 R51 REI R
Lo R RE RB! RB4  RpBM  REI L R RE! RE7 RE! RE! RE3
L7 = H H H H R23 Liost H o RE RB4  pB4 B
Lz R®! H H H H RE? Lioss RE! H RZ7 REM B RE
L RE! RE! H H H R23 Loss H RE! RE7 RBM  RBM  pB3
Liiiso R2! RE! RB! H H R23 Liosa RE! RE! RE7 RB4  RBM  RE3
Lzt R¥! H RZ! H H RE? Loioss RE3 H H H H R
Linus H H R®! H H RE? Lioss RZ3 R3! u H H RE3
Laiss H H H R2! R R®3 Lisy RZ3 RE! RE! H H RE3
Liiiss R H H R3! R RE3 Lgioss R®3 H RE! H ¢ RZ3
Laiiss R% R H RZ! R2 RZ3 Laoso R H H RZ! RZ! RE3
Laiiss R* R®! R?! RZ! RZ RZ3 Laizeo R RS H RZ! RZ! RE3
Linsr RE! H R7! R?! R®! R33 Lanet R®3 RS RE! RZ! R2! RZ3
Lings  H H R?! R RE! RE3 Lo R H RBL RB! RB! RE3
Linis H H H RBM RE# RZ3 Laiizes RZ3 H H REM RE# R
Luo R H - H RS ORI RE Lises R® R H  RE4 pEM RE
Laiior R3! R3! H REM RE# R33 Lai26s RE3 R8! RB! RB4 RB4 R33
Lo R R?! R?! RBa - REM pE3 L1266 RE3 H RE!L RE4  RBM  RE3
L1105 R H RE! RBM  pBM  pB3 Lo RE3 H R4 H R
Laitoa H H RE! RB44  RpBM RE3 L16s RE3 R4 g H o RE3
L1105 H H R4¥ g o RE3 Lo RE3 R8! R4 I RE
L1106 RB! H R4 H H RE3 Liom RE3 R34 pBl I H RE3
Ly H R R W H RZ3 Lyon R®H R34 pEl pEL R
Lairos RZ! RE! RS H H RE3 Liom RE3 R34 o RE! RE! R33
L1100 H H Ré¥  pBl RB! RE3 Loy RE3 R8! R4 pBI RB! RE?
L1200 R7! H R4 RE! RE R33 Lion RE3 R#4  pE RZ! RE! R3?
Lol H RE! RAM RE! RE! R La27s R53 H R4 RB4 RBM RE3
Lipe R3! R2! RA34 R2! RB! RB3 La27s REZ3 RA34 H RB4 RB4 RB3
LA1203 H H RA3 RB44 RBM RB3 LA1277 RE3 RBL RA434 RB44 RB44 R23
Lipw R3! H RAM RE# RE R Laa7s R53 RA3 RB! RB4 RBM RE3
Liios o RE! RA¥  pBM  pBM B3 - N o RES u R
Liios R3! R3! R4 RpBM  pBa4 B3 Lios RE3 RIS I I RE
Ly H H RES  H H R3? Lyss  RP R5! RBS  H H R33
Lipes R H RE® g H RE3 Lyog R R31® R i H RE3
Lip H R REE g H RZ3 Ly R®H REIS  REl Rl pE
La1o R3! R2! RB18 H H RB3 L1284 REZ3 RB18 H RB! RBL RB3
Lyon H H REIS Bl RE! RE3 L1285 RZ3 R8! RBIE  RBI RB! RE?
Lipp R3! H RBI8 RE! RE! R L1286 RZ3 R518 RB! R8I R2! RB3
L3 H RE RBIS RE! RE! R L1287 R53 H RB18 RB44 RBH RB3
Lioia RE! RE! RBIS RE! RZ! RE3 Li2ss RZ3 RE1®E H RB44  RBM  RB3
Liais H H RE RB44 RB4 R23 L2 RE RE! RE18 RB44 RB4 RB3
Lo R H REIS  RBM  pBaA B3 L 11200 RE3 REIS  pBI RB4  pBM B
Lo H RZ! RBIS  RpBM  RpBM  pB L1001 RE H R33 o o RE?
Lios RE! RZ! RBIS  RpBM  pBM g3 L 100 R ) I - o RE3
Lo H H R H H R®3 L1203 R% R RZ3 H H R2?
L1220 R3B! H RB3 H H RB3 Leisos RZ3 RB3 RBL q H RB3
Lo H RB! RZ3 H H R23 L 1205 RE23 H RB3 RE! RE! R
Lap» R3! RE RZ? H H RZ? L1296 RZ? R%? H RZ! R?! RE3
L1223 H H RZ RZ! RE! RE3 L1297 RE3 RS RB3 RE! RE! R33
Lio24 R7! H R® R5! RE R23 L1208 RE3 R53 RE! RZ! RE! R3?
Luzs  H RERE R ORE R Ly R® H R REM REM B
L1226 R2 R%! RZ3 RZ! R3! RZ L1300 RZ3 RZ3 H RB4 RBM R33
L1227 H H RZ3 REM RBM RZ L1301 R®? R3! RZ3 RBH RBH R
Ly RE! H RE3 REM  pBM pB3 L 11300 RE3 R RE! RB4  RBM B

Li22 H R®! RZ REM RE# R23 Laizos R® H RE4 H H RE3
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?

Lazos R R% H H H RZ3 Laia7 RZ R4 RZ! H H RZ3
L1305 R RE! RE4 H H R Lz R#? H R2* R3! R2! R33
L1306 R R R?! H H R®? Li3so R* RE H RZ! RZ! RZ3
Lisor RZ? H RE R2! R2! RZ3 Liiser RE2 R RE4 R2! R2! RE3
Li308 RZ R>4 H R2! RE RZ3 Lz R* RE RE! RZ! RZ! RZ3
L300 R RE! RE4 RE! R2! R L i3s3 R#? H R2* RB4 R2M R33
Lusio R? R R?! RZ! RE R®? Li3sa R* RE H RE#  REM  RE3
L RB3 " RB4 RBM R34 R3? L1385 RE2 R3! RB RBH R34 R3?
Lausn R RE4 H RE44  REM  RE3 L.i3ss RZ R®4 R2! RE4  REM  RE3
Liisis RE RZ! RB4 RB4  RpEM  RB . RE2 I RE7 - o RE3
Lisi RE3 RE RE! REM  RBM  pB3 I o RE RE7 - - o RE3
Liisis RE3 H RE7 " H RE3 Liiss RE2 RE! N I H RE3
Losts RE R H i H R® L 1130 R% RZ7 RZ! i H R®
Liair RE3 RE RE7 H H RE3 L 41301 RZ? H RE7 R3! RE! R33
Laais R? i R?! H H R®3 L4130 R® RE7 H R®! RE! RE3
L1 RZ H R?7 R2! RE RZ3 L1303 R% R2! R®7 RZ! RZ! RZ3
L3z RZ R®7 H RE! RE RE3 L1304 R®2 RE7 RE! RE! RE! RE3
Lzt R®3 RE! RE7 RE! RE! RE3 L 41305 RZ? H RE7 RB4 REM R33
Liam R i R?! RE! RE R®3 L1305 R® RE7 H RE4#  REM  RE3
L1323 R H RE7 REM RE* RE3 Lizor RZ? R®! RE7 RB4 REM R33
L 1o R RE H RB4  RBM  RE L1308 R® RE7 RZ! RBM  RBM  pB3
L1325 RZ R%! R®7 RE4#  REM RE L1300 R H H H ¢ RE3
L1326 R R’ R?! RE4 REM RE L.11400 R R3! H H H RE3
L1327 R2? H H H H REZ3 L1401 RE4 R®! RE! H H RZ3
Lass RZ O R¥ W H H R?3 Liuw R* H REL H R
L 132 R? R®! R®! H H RZ3 Lsia03 R H H RZ! RZ! RE3
Laiszo R? H RB! 3l H RZ3 Lsiaos R RS H RZ! RZ! RE3
Luiast RZ2 H H RE! R R®3 L1405 R34 R5! RE! RE! RE! RE3
Liian R? RE! H R3! R RE3 L 1406 R34 H RE! RZ! RB! RZ3
Liisas R R R®! R?! RE RZ3 Lstao7 RZ4 H H REM RE# R
Laszaa R% H R R”! R R?3 L1408 R RS H RE#  REM  RE3
L1335 R? H H RE#%  REM  RE? L1400 R34 R3! RB! RB44  RBM  RB3
Li336 R? RE! H RE44 - RBM RES L gia10 RE H RE!L RE4  RBM  RE3
Liss RE2 RE! RE! REM  pBM  pB3 Lo RE4 H R4 g H RE
L s RE2 H RE! RBM  RBM  pB3 Lo RE4 R q H R
L 133 R o R4¥ o RE3 Lis RE R3! LTI o RE3
Liiza RE2 RGE O H H H RE3 Lgiaia RE4 R34 RE H H R33
Lzt R R%! R H R® Laiais R H R4 RE RZ! R33
Lo REZ RS REL H R Lyas RV R W RE!  pEL RS
Ltz RZ2 H RA3 REL RE! RE3 Laarz RE4 RE! R4 REI RE! R33
Lia RE2 R4 R3! RB! RE3 Loass RE R34 pBl R3! RB! RE3
Liaes R RE! R4 pBI R3! N L s RE o R4 pBM  pBa4 B3
Lt3as RZ2 R34 RB! RB!L RE! R33 L1420 RE4 RA34 H RB44 RBM RB3
L a0 RE2 o R4 RpBM  pBa4 B3 Loy RE R8! R4 pBa pBa B3
L s RE2 R4 RBM  pBM  pB3 L1 RE R34 pBl RBM4  pBM  RE3
Liss R RE! RA¥  pBM  pBM B3 . RE o RES u R
L 41350 R22 RA3 RE! RBM RB# RE3 L1424 RE4 RB18 H H H RB3
Lyizsi R H RE®H H R53 L1425 RE4 RE! RES g H R33
Ly RZ O RMS W H H R® Laws R R¥®RP @ H R3?
L13s3 RE2 RE RBIS H H R L1427 R54 H RB18 R8I R2! RB3
Laisss RZ RZS 2 H H RZ L1a2s RE REE o RE! RE! R33
Li3ss RE2 H RBIS RZ! RB! RB3 L1420 R54 R3! RB1S RB! RBL RB3
L 13ss RE2 RS H RE! RE! R L1430 R54 R518 RB! R8I R2! RB3
L 41357 RE2 RE RBIS RE! RE! R L1431 R54 H RB18 RB44 RBH RB3
Lui3ss RZ RE1S RE! RE! RE! R33 L1432 RE4 RB18 H RB44 RBM RB3
L1350 RZ H RE1S RB4  RBE¥  RE3 L1433 R54 R3! RB18 RB44  RBM  RB3
L i3 RE? RES RB4  pBM  pB Loss RE REIS  RBI RB4  pBM  pB3
Liser RE? RE! RBIS  pBM  pBM B3 L onse RE4 - RE? - u RE3
Liser RE2 RBIS  RBI RB#  pBM pB3 Lo RE4 RS I I H RE3
L1363 RZ? H RE3 H H RE3 L 41437 R34 R8I R23 H H RE3
Laizes R® R33 H H H R23 L1a3s RZ4 RZ3 RE! H H R
Liies R R%! R? I H RZ3 L1439 R* H RZ3 RZ! RZ! RZ3
L 13ss R R® RE! H H RZ L1a00 RZ4 RZ3 H RZ! R2! R33
Liiser RE2 H RE? R2! R2! RE3 Lot RE4 R RE3 RE! R2! RE3
Lizes R R® H RE! RZ! R23 Latan RZ4 R23 RZ! RZ! R2! RE3
Li3eo R? R R RE! RZ! R23 L ia43 R5 H RZ3 R4 REM  RE3
Lism RE2 RE? RE! RE! R2! RZ L oaas RE RE I REM  pEM  pB3
Lasn R H RE3 RB#  RBM RS L1445 R34 R8I RE3 RB44  RBM  RB3
Lsn RE2 RE? i RBM  pBM  pB3 L 1ais RE4 RE3 RB! RBM4  pBM  RE3
L iiss RE2 RE! RE3 REM  RBM  pB3 Lossr RE4 H REA a H RE3
Lian RE R RA! RE4  RpBM  RB L gy R4 R4 I - o RE3
Lia7s R H RE4 H H RZ L1449 RZ4 RZ! RZ* H H R33
L iysme RE2 RE4 H H H R Liss RE4 RE4 RE! q H RE3
L7z R R®! RZ4 H H R23 La1as1 RE4 H RE4 R?! RB! RE3



US 2019/0252627 A1l Aug. 15,2019
21

-continued -continued
Ligand R} R2 R’ R¢ R® R? Ligand R! R2 Y R®
L1459 Rij RZ‘ HB4 Rﬁ i Ri Rﬁ L 41405 HBI H RZ Rﬁz
Latass RBA RBA RBI RBI RBI RBS Lisraos K HB 1 RB7 RBS
Latast RBA R RBA RBAA RBAA RBS Laiasr HBI RBI RB7 RBS
Latess RBA HBA X RBAA RBAA RBS Laras R R R R
Lise R R H R R R L1149 RZ3 H H RES
Lias7 R R2! R34 REM  REM - RE3 L1500 RZ3 H R2! RZ¢
L RE4 RE4 RE! REM  REM  pB3 L RE RE! H RE6
Ljiﬁi RE4 H RE i H RE3 L’moi RE3 RE! RE! RES
Lisw R¥® R H H H RZ? Liisos R®? H R RZ6
L R RZ! RZ7 i H R® L i R® R4 RZS
LAMGi R34 RB7 R3! H " RE3 LA1504 RB3 RB! RA34 R3S
Ljiji; RE H RE7 RE! RE! RE3 Ljiz:, RE! RES RAM RES
L iaes R R H R2! R2! R® L 207 R i R21 RS
L jacs R RZ! RE7 RE! RE! R L i1e0s H R RB18 RS
=)
L e N RE7 RE! RE! RE! RE3 L. 11209 RE3 RE! RBIS RES
Lauer R% H RY REM  REM - RE3 Laisio R2! RZ3 RZ18 RZS
L1463 R34 R’ H RE#  REM RS Laisu RE3 H R3 RBS
Ltae0 R RE! R%7 RB - RpEM pBE3 Lasi o RZ? RE3 RE¢
Lo N RE7 RE! REM  RBM  pB3 L ioss RE? RE! RE3 RES
Lo RE! R B3 RES
. Laisis RE3 H RE4 R3S
L through L having structures of Formula V Lisis H RZ? RE4 RE¢
41471 /41690 2
B3 B1 B4 B6
Lis17 R R S S
Lisg RE! R® RB4 RES
Lot RE H RE7 RES
L 10 H RES Ny RE6
Loy RE RE! RE RE6
L1 RE! R® RE7 RES
Liisn H H H RB12
Laisoa R?! H 0 RB2
Lass KN i K
L R R R R
LA1526 R3! i R3! RB12
41527
Laisas H H R?! RB2
Laiso H RZ! 0 RE2
Ljs H RB! R3! RBL
Liisat H H R34 RBL2
Lijon RE! H R4 RBL
; Lo H RB! R34 RB12
L ioa R3! RB! R34 RBL2
L H H RB1S RBL2
]:“535 R I RB18 RBL
41536
Ljoss H RB! RB1S RBL2
Liox R3! RB! RB1S RBL2
Laiss H H R33 REL
. B1 B3 B12
wherein R', R? R®, and R” are defined as follows: i/ﬂm ﬁ EB . 533 ﬁm
41541
Lop R3! RB! RE3 RBL2
Lsisas H H RB4 RE2
Ligand R! R? R’ R’ Lisaq RE! H RZ4 REV
— Liisss H R3! BB RBL2
Laan HBI H H RBG L 41546 RE! R! RZ4 RE12
Ltz RBI HBI H RBG L1547 H H RE7 REL2
Liia7 R R H R Lgisas RB! H RE7 RBL2
Lo Rii R2! Rii Riz Lot I RE! RE7 RBL2
L1475 'S H RB1 RB6 Lisso RB1 R3B! RB7 RB12
L1476 H HBI R RBG Lissi RE3 H H RB12
L1a77 H RB1 HB1 RB6 Liss RB3 q R3! RB12
Lit1a7s H S R R Liss3 RE3 RE! H RE12
L 41470 HBl H Rjzj Riz Lions R23 RE! RB! RB12
L iias0 R HB1 RA34 RB6 L. 555 RZ3 H R4 RBL2
L1481 HBl RBl R,434 RB6 L.isss bed R R34 R312
Litas R S RB18 RB6 L yissr RE? RE! RA34 RED
Liasa H H R 'S Lisse RE! RE? R34 RBL2
Bl Bl18 B6
Liasa R H R R L RE? H RE1S REL
L _ H RBI RBIS RBG ‘41559 R
LA148> RBI RBI RBIS RBG LA1560 H RB3 RBIS RBI,
LA1486 s s am 2B Liisel RZ R2! R21 R2L
41487 B1 B3 B13 B12
L R3! H RE3 R3S Lise R R R R
Ljij: H RE! R2? R3S Lises RB3 H RB3 RB12
L RE! RE! RB3 RB6 Lsises H RE? RE3 RE2
1490 B4 B6 B3 Bl B3 B12
L1401 H H R R Lises R R R R
Bl B4 B6 Bl B3 B3 B12
L1402 R H R IS Lsises R R S S
LA149; H R RZ4 RZS Laiser RZ? H RZ4 RE22

Lira0s RE! RE! RB4 RB6 Liises H R R RE2
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-continued -continued
Ligand R! R? R’ R® Ligand R! R2 Y R®
Loaises RZ3 R2! RZ* RE Lieas H o RE3 RE4S
L RB! R RE4 REL L RB! H R RE®
Lji;? R? )i R%7 REL2 Ljiz: H R2 RE3 RES
Lausn I R? R?7 RE2 L5 RE! RE! RE3 RBS
Las7 RZ R2! RZ7 RE Liear H u RE4 RE4S
Lasn R?! R23 RZ7 RZ12 Lieis R2! H R RES
B4 Bl B4 B4S
Laiss H H H R Lisa H R R R
L RE! it H REM Lites R3! RE! RE4 RE4S
Lji;i R2! R2! H REH Ljizzf H bed RB7 RES
Liss R2! R?! RZ RE# Lies RB! H RE7 RES
Las7 R?! H RE! REM L5 u RE! RE7 RES
L.isso H H RE! REM Liiss R3! RB! RE RE®
21 B4 23 245
L1581 H R H R L 41655 R H H R
L H RB! RE! RB# L R H RB! RE®
S R o S R S
Lisss R?! H RA3 RE# L.isss R23 RE! RE! RES
Lyisss H R2! RA3 REH Li65 R2? o RA3 RES
Lisse RE! RE! R REH Lo = RF R4 RE
Laissr H H RP1S REM L 1661 RZ3 RE! RA3 RE®
Lyisss R®! H RELE REH Lser RE! R RA3 RES
Lisso H R2! RELE REH L1663 RZ? o RE13 RE®
L1500 R%! R®! RE!S REM Lsss H RE? RBIS RB4S
Laiso1 )¢ H R®? REH L iises RE3 RE! RBIS RES
L1502 R®! H RS REH L1665 RE! RE RE13 RE®
L1503 H RZ! R®3 REH Licer RE? H B3 RE®
L1504 R?! RZ! RE3 REM L.isss H RZ? RE3 RES
L1505 H H RZ4 REM L1660 R33 RB! RE3 RE®
L,usg; R®! H RE4 REH L7 RE! RE B3 RE®
Liso7 0 RE! RB4 RBM L, 671 R33 H R4 RBS
L1508 R?! RZ! R4 REM Lien H R3? RB4 RES
L1500 H H R?’ RE¥ Laen RZ3 RE! RZ4 RE®
Latso0 R?! H RE7 RBM Liisn R2! RZ? RB4 RB4
Lieo1 H R?! RE7 REB# Liie7s RB3 H RE7 RS
Liiso2 R?! RZ! R®7 REM L.isss H RZ? RE7 BB
L1603 R H H REH L7 RZ? RE! RE B4
L1604 RE3 H RB! RE# Lss R3B! RE3 RE7 RBIS
Lo R53 RE! I RBM L q H - RBS
41605 41679
L RE3 RE! RE! RBH Lo R H H RB4
Lncor R R [ NI o R
L 1608 H RB3 RA34 RE# L1682 RB! RB! RB! RBIS
L1600 R R?! R4 REM Lisss RB! H RB! RB%
Lats1o RZ! R® R4 REH Loiiesa H H RB! RB%
L6t RB3 H RB18 RE# L 1685 o RB! H RB%
Laen 0 RE3 RALE REM Lssess H RE! RZ! RBS
Laisis R R?! RB18 REM L 657 H H RA3 RB4S
Leia R8! RB3 RB8 RBM L1688 RB! H R4 RBI6
Late1s RZ H RE? REH L1680 o RB! RA3 RB46
L.iets H RE3 RZ3 RBM L 41690 RE! RE! RA34 RB4
Late17 R RZ! RZ? REH L1601 H H RB18 RB%
Lie1s R8! RB3 RE3 RBH L1602 R3! H RE1S RB46
L RE3 H R24 RE# Lsicos q RB! RB18 RE%
LAIGIQ s s e » LAIGQ} o M L N
Lj iz(: RE3 RZ! R24 RBH Lj izz: q H RB3 RE%
L6 R R? R® RE4 L 41606 RZ! H RZ3 RB%
Laex R33 H R®7 RE# L1697 H RE! RB3 RB4S
L H RB3 RB7 RBH4 L RB! RB! RE3 RB46
LAIGZ? RB3 RB! RE7 RBH LA1698 H H BB RB46
Lj 122 RZ! RZ? RE7 RBH Lj ii?’i RB! H RB4 RE%
L H H H RB 45 L H RBI RB4 RB45
41627 41701
L RE! H H RE® L RB1 RBL R24 RB46
Lj iZE R®! R?! H RE® Lj i Zzi H H RE7 RE%
Lie3o R2! RZ! RZ! RE# Lo R2! H RE7 R34
L RB! H RE! RE® L H RE! RE7 RB46
Luew  H H R e A R S
Le3s H RE! H RE# L1707 RE3 H H RB%
L H RBI RBI RB45 L RB3 H RBI RB46
Lj 124 H H R4 RE® Lj i Zzz R3? R3! H RE%
LA163; R3! H RA34 RE# Lo RB3 RE! RB! R34S
L I B! R34 R4 L R53 I R34 RB46
Loes R RH Rt pes g Met
L1630 I H RE! RE® L7 R23 R3! RA34 RB%
L RB! H RE18 RE® L RB! RZ3 R34 RB46
LA 1640 » o ~ai o LA 1714 o X o N
‘41641 ‘41715

Laise R?! R? RB18 RE® Lavis H RE3 RB13 RB4S
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-continued
-continued -
.
| 2 R R Ligand R! R * -

Ligand R R H RA3 RBLO
3 5 R RE18 RB42 i,uwl gBl 0 R34 RZE

A1717 21 RE? RB1 RB4 41792 RE! RA34 R
Lau7s Rgs RZ? RB4 L1703 HBI B1 RA3 RBI
Lo R 1 3 B3 RBA6 L1704 R R BIS RBIO
L H R? R BA6 L H H R B10

41720 - REL RE3 R 41795 RE H RB!8 R
L RBI 23 RE3 R24 L1705 R REIS REL
L7z RBS R RE4 RE4 L1797 v B1 RB18 RB1®
L7 R HB3 REA RB46 L1708 R % RE3 RE1
L1724 HBS %Bl RE R24 L1799 gBl 0 RE? RB10
Las RBI 23 RB4 R2% L 11800 R R RBLO
L1726 RB3 R RE7 RBI6 L.isot HB1 1 R RBIO
L7 R HB3 RE7 RBA6 Laiso R % RB4 REL0
L1728 HBS %Bl RZ RB4 L 41303 EBI 0 RE RBI
L1720 RBI 23 RE7 RB4 L isos R5 RE4 RBIO
Lai73o R R " R’ Lsisos HBI R RB4 REL0
L7t HBI H H RE7 L 11806 R = RE7 RBLO
L7z RBI HBI H RE7 L 41807 HBI = RE7 RB1
L3 RBI RBI REL RZ7 L 1808 R R RE7 RELO
L7a RBI R RB! RE7 L1509 HBI 21 RE RBLO
Lai73s R g RZ! RB7 Lausio R33 % i RB10
L1736 i RE! H RE7 Lasu RB3 " RE! RED
L1737 H 21 RB! RE7 Ligio RB3 RE! o RBL
L1733 H R RA34 RE7 Lausis RB3 R3B! RB! RpBI1O
L1739 HBI H R34 RE7 Lausus R33 u RA3 RBLO
Lai7a0 R HBI R434 RZ7 Lasis R RE R34 RBLO
Lsi7a HBI RBI RAM RE7 Liisis HB3 R3B! R34 REW
L4 R R RBLS RE7 Lausiz R31 RZ? RA3 RBL
Loz HBI i RE1S RE7 Lausis RB3 0 RB13 RBI10
Li7as R HBI RBLS RE7 Lasio R RE3 RBI8 R
Li7as HBI RBI RBLS RB7 Lisoo HB3 81 RBIS R3O
Lai746 R R RE3 RE7 Lasan R31 §B3 RB13 R
Lai7ar HBI g RE? RE7 Lais»n RB3 p RE? RB10
L1743 R RE! RE3 RB7 Liiss R RE? B2 R3O
L1749 HBI 31 RE? RB7 Laisoa HB3 B1 R RBLO
Lai750 R R RP* RZ7 L igos RBI §B3 RE? RBL
Lai7st HBI g RB4 RB7 Lis2s RB3 q RB4 RBI0
Lars2 ﬁ R3! RB4 RB7 LAlsy ﬁ RE3 R34 R8I0
L1733 51 REL RE4 RZ7 Laiss R53 REI RB4 RBI0
Lai75a R RE7 RB7 Lais2 51 RE3 RB4 RBI0
L1755 HBI g RE7 RB7 Lais3o RB3 q RB7 RBI0
Li7ss E RB! RE7 RB7 Lisa E R RE7 B0
Lai7s7 31 RE! RE7 R37 Laisa RE RE! RE7 RBIO
Lai7ss RB3 q H RB7 Lig33 L RE? RE7 RBIO,
L1750 RB3 H RB! RB7 Liga R
e o w0 w I VI

41761 L B1 . a
Laze Rﬁi ﬁB g,m §B7 L4535 through L, 55 having structures of Formu
LA1763 g RE? RA3 RB7 Rl
LA1764 RB3 RBI RA34 RB7
L1765 51 RE? RA3 .S ;
L1766 RB3 I RB18 RB7 R
Lai767 R RE3 RBI8 RB7
L1763 HB3 R3! RBIS RB7
L1760 RBI e RBIS RB7
L7 RB3 I RB3 RB7
Lan R RE3 RB3 RB7
LA177Z HB3 RE! RB3 RB7
L7 RBI e RB3 RB7
Lai77a RB3 I RB4 RB7
Lai77s R RE R4 RE7
L7 §B3 RE! R RB7
L,41777 RBI RBS RB4 RB7
Lai77s RE? H R®7 RB7 RS RG;
L - RE? R®7 R37
Lat7s0 B7 B7 7 S
Last R?3 RZ N Em wherein 10, R R®, R®, and R” are defined as follows
L R* R R B10
LA1782 - H I RBIO

41783 - I R / - .
T£A1784 EB . EB L I Rﬁiz Ligand Rl R2 R R R

41785 1 B1
Lai7ss R R RBI EBIO Lisas H H H o g
L R?! H R 210 RE! H H H

41787 H R3B! R Liisas o REL = H H
L1783 E REL H RBI Laisar RBI R RE! H H
Li7so B1 RB! RBL0 Lisas R
LA1790 H R
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-continued -continued

Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Liso RZ! H RZ! H H Lo RZ3 H H H H
Lassw H H R?! H H Loy R R2! H H H
Lsigar H H H RZ! RE! Liors RZ3 R2! RE! H H
Lisa RE! H H RZ! RE! Liois RZ3 H RE! H H
L.isas RB! R2! u R3! R3! L1 R} u u R3! R3!
Liiem RB! R3! R3! R3! R3! Lo RE? R3! u R3! R3!
L1045 RE! o R2! R3! R3! Lo RZ? R3! R3! R3! R3!
L6 o o RE! R3! R3! L1000 RE? o R3! R3! R3!
Loisa7 u u u R34 R34 L1001 RE? u u R34 R34
L1048 RB! u u R34 R34 L0, RE? R3! u R34 R34
L0 RE! R3! o R34 RB4 L1003 RE? R3! R3! R34 Ba4
Lsso RB! R3! RE! R34 R34 Liiom RE3 o R3! R34 RB44
Lss1 RB! u R3! R34 R34 L1005 RE? u RA34 u u
Les u u RE! R3M R34 L1006 RE? R434 u u u
L.isss H H RA34 H H L1027 R53 RE! RA34 H H
Lss RB! u RA34 u u L1008 RE? R4 R3! u u
Lsss u R3! RA34 u u L1020 RE? u RA34 R3! RB!
Les6 RB! R3! RA34 u u L1050 RE? R4 u R3! RB!
Lsss o o R434 R3! R3! Lo RE3 R3! R34 R3! R3!
Lisss RB! u RA34 R3! RB! Lion RE? R434 RE! R3! RB!
Lisso u R3! RA34 R3! RB! L1033 RE? u RA34 R34 R34
Lise RB! R3! R434 R3! R3! Lom RE3 R4 o R34 RB44
Lisel H H R434 R34 RE44 L1035 R?3 R3! R34 R34 RE44
LA 1562 RBI H RA34 R344 RBAA LA 1936 RBS RA 34 RBI RBA4 RBAA
LA1863 H RBI RA34 R344 RBAA LA1937 RBS H RBIS H H
LA1864 RBI RBI RA34 RBA4 RBAA LA1938 RB3 RBI8 H H

L iis6s H H RZ18 H H L 103 RZ3 RZ! RE18 H H
Luses  RP! H RE18 H H Liosn  RP? RS R&! H H
LA1867 H RBI RBI8 H H LA1941 RB3 H RBI8 RBI RBI
LA1868 RBI RBI RBI8 H H LA1942 RB3 RBI8 H RBI RBI
LA1869 H H RBI8 RBI RBI LA1943 RB3 RBI RBI8 RBI RBI
LA1870 RBI H RBI8 RBI RBI LA1944 RB3 RBI8 RBI RBI RBI
LA1871 H RBI RBI8 RBI RBI LA1945 RB3 H RBI8 RBA4 RBAA
LA 187 RBI RBI RB 18 RBI RBI LA 1946 RB3 RB 18 H RBA4 RBAA
LA 1873 H H RB 18 RBM RB44 LA 1947 RB3 RBI RB 18 RBM RB44
LA 1574 RBI H RB 18 RBA4 RBAA LA 1948 RB3 RB 18 RBI RBA4 RBAA
LA 1875 H RBI RB 18 RBA4 RBAA LA 1949 RB3 H RB3 H H

LA 1876 RBI RBI RB 18 RBM RB44 LA 1950 RB3 RB3 H H H
Lasyy H H RZ3 H H L1051 RZ3 R2! R23 H H
Lisss R3! H RZ3 H H Lioss RZ3 R2? R3! H H
L7 bEi RBL RB3 bEi bEi L1053 RB3 bEi RB3 RBL R3B!
L1550 RB! R3! R33 H H Liioss RE3 R33 H R3! R3!
L 581 bEi bEi RB3 RBL RB! Lioss RB3 RBL RB3 RBL RB!
Liss RB! bEi RB3 RBL R3B! L.oss RB3 RB3 RB! RBL R3B!
L1583 bEi RBL RB3 RBL R3B! Loss RB3 bEi RB3 RB4 RB44
Liiss4 RB! R3! R33 R3! RB! L1053 RE3 R33 H R34 R34
Lisss bEi bEi RB3 R34 RB44 Lios RB3 RBL RB3 RB4 RB44
L1586 RB! bEi RB3 R34 RB44 L1060 RB3 RB3 RB! RB4 RB44
Liss7 H R3! R33 R34 R34 Lio61 RE3 H R34 H H
L1585 RB! R3! R33 R34 R34 L1062 RE3 R34 H H H
L.isso H H R34 H H L1063 RZ3 R3! R34 H H
Losoo  RZ! H R34 H H Looss  R® R24 R3! H H
Lis01 H R3! R34 H H L1065 RE3 H R34 R3! R3!
L1502 RB! R3! R34 H H L1065 RE3 R34 H R3! R3!
L1503 bEi bEi R4 RBL R3B! Liosr RB3 RBL RB4 RBL R3B!
Lis04 RB! bEi R34 RBL R3B! L1063 RB3 RB4 RB! RBL R3B!
L4405 H R3! R34 R3! RB! L1060 RE3 H R34 R34 R34
L1506 RB! R3! R34 R3! RB! L7 RE3 R34 H R34 R34
L1507 bEi bEi R34 RB44 RB44 L1 RB3 RBL R34 RB44 RB44
L 1508 RB! bEi R34 RB44 RB44 Lion RB3 RB4 RB! RB44 RB44
L1500 H R3! R4 R34 R4 L7 R?? H R?7 H H
L1000 RB! R2! R34 R34 R34 Lo RE3 RE7 H H o
L1001 H H RZ7 H H L7 RZ3 RZ! RZ7 H H
Lioos R2! H RZ7 H H Lioms RZ RZ7 R#! H H
L1003 H R2L RE7 H H Liiorr RB3 H RE7 RBL RB!
LA1904 RBI RBI RB7 H H LA1978 RBS RB7 H RBI RBI
LA1905 H H RB7 RBI RBI LA1979 RBS RBI RB7 RBI RBI
LA1906 RBI H RB7 RBI RBI LA1980 RB3 RB7 RBI RBI RBI
LA1907 H RBI RB7 RBI RBI LA1981 RB3 H RB7 RBA4 RB44
LA 1908 RBI RBI RB7 RBI RBI LA 199 RBS RB7 H RBA4 RBAA
Lo H H R®7 R34 R34 L1083 R®? R3! R®7 R34 R34
Laioto R?! H R?’ RE4 RE44 Lsiosa RZ R%7 RE! RE# RE4
Lion H RZ! RZ7 R4 RE44 Lioss RZ? H H H H

LAIQ 2 RBI RBI RB7 RB44 RB44 LAIQSG RB2 RBI H H H



US
20
19/
02
5
2627 Al
25
A
u
g 1
5
, 20
19

Li
- gand
4 -
LA1987 -Ccon
Lo ey -
LAIQSQ ¢ ed
LAlg90 RB2 RBI
LAlg91 RB2 H R7
LAlgz2 ¢ H RB
Lj lggi §§2 Rr2! R2 i RS
g 1995 2 1 H
iiiggg v g H g |
99 RB
Yy 7 Y l RB
LAIQQS RBi 5, RB!L RBI H
LA;gQg N EBI H RBI E
L 00 H 1 Bl Ll
4 0 R RB l
= RBZ EA R2! RBAIM El gand
LA2002 : RB34 RB!L R34 RBI Lo rR!
| : : R 1 R434 R2 1 L, 061 -con
L A2004 RE 434 RBM RB44 L 2062 . =
L 2005 R 2 H R4 44 REM LAZOG_ 4 ] ed
| J : ] 34 H R2 A 3 R24
iﬂg% - RB34 RE! H R344 L 42054 RE4 H
07 | 1 RA3 44 L 20 R’
ijos Rf RA34 H 4 g i LAQOZS RE4 RE!
L | 2 | : ' A 6 RE4 R3B! H
A2 g RE2 R 34 R3! o L o : R6
i@olo RE2 R334 RB! RE! o LA?os8 RBA E H
011 1 | : 4 RB
LAmp ﬁf RA34 o 4 %BI RE! L AZOGQ R* RE! RBI R®! RS
LAZO A 2 | g R® L 070 RE 1 R2!
13 | RA3 1 4 4 R H
| Z : 4 R34 R? L 207 ! R2 R
| : RB ’ R2 1 4 1 RE4 H 1 B1
| Z RB l R3M R? L 20 H R2
iﬂzlj z RBI R218 REM RBI LAZOZZ EB“ H R3! RBI EBI
A | RBZ 18 R® 44 A2 3 B4 R4 R® 44 Bl
i;g” : EBI R218 u 44 §§44 I£A2274 RZ4 RBI4 R A; §§44 RE!
LAZOIS : " 8 RE! o R344 L42075 R R4 g 4 RB““ R34
LAZOIQ 3 RBi %Bl?? H u 44 LA2076 R H R H 44 RB44
LAZOZO RZ? H $ H H 42 7 R4 R RP 4 RB44
> 21 RE RBI8 v L 078 | 4 1 H RM
| 2027 Z : RE ! H LAZO 4 R3! RA3 H 4
LAZOZA : b RBI R2! H o 7 R34 R34 H 4 H H
LAZO; i RZ18 - 18 R3! R LAZESO RZ4 H R4 R H
LAZO; : : RZ RE! RE! Lo 81 RB4 R43 R334 31 H
A2 > R32 R2 18 R34 5 L 082 s 4 l RBI H
L 02 3 RB RB! A2 4 R2! R4
LAZOZG i R3! RBI RB# RE! L A;’Ss RE* RA3 g 34 RZ! RB!
LA2027 i RZ3 H 3 RB44 R34 L, 084 RE4 H 4 R R2! RB!
LAZOZE gz : RE3 %344 RB44 L Azoss RZ4 RE! R;34 R34 RB!
= | Z RM R3 RB44 Ly 086 RE4 RE 8 R L R34 R2!
42 B2 R? L H R? L 208 | : RB44 |
LA : : R : RB3 H 44 120 7 RE4 RIS H R 44
L | R 33 H : Ly 88 R24 )it 44 RB4
AZ BZ H H : L 20 R3B! H 4
L 033 | R33 Y 39 RE4 RZ 8 R34
| Z : RB! it 1, 20 18 R2 H 4
- RB 3 RZ! y 90 RE4 R ! R34
| Z RB RB! u 2 1 R2 4
LAZOSS = RBI RE3 R L 42091 RE4 REL q 15 H o
L, 036 RP2 H 3 H RBI RB! L, 092 e H 8 H H
: RB 4 1 R3! L 2093 RE R218 REL H
A Z R RB A 4 R2
L 20 34 RB 3 RB L 20! 18 RB!L R3
LA203S v RE! ! R34 RBI 42 94 RE4 R2! R? ! H
4 39 RB2 RB4 RE ! L 095 o 18 RBl RBI
L 2041 RZ4 H 44 RB4 LAzo : : H RB
LAZMO : : RE RE# RB44 42096 RZ4 H R? R ! R®!
LAZO 1 - RB4 4 H RB 4 Ly, 97 RE4 RE 18 B44 REL
A 42 RZ R3! bEi 44 L 209 | RBI | R
| 204 Z e RB RB4M A2 3 RE4 R2! R® 44 Bl
LAZOAZ : b - 4 H H L, 009 RE4 RE 0 3 R34 RB44
LAZOAS Eiz X RB4 E H L A?OO R34 H 3 RE R2* R34
sz(m RBi g}m R3! Rﬁ ! H EAZ i o R RE3 RB? E RE#
B l 0
LAZOM : 1 RB4 R? H LAZI 2 R* RE! RE3 - RE#
L 204 RB4 H l RB! y 03 RE4 RrE H
0 3 RP? H R3! R? L 2104 % | H | H
L 049 RB 3 RE ! A2 B4 H R2
4 2 R2 44 RE L 10 3 |
L 205 R 7 e RZ ! Y 5 R4 R? 1 H
o 0 B2 RE! R 44 R3 L 210 R 3 RBI RB H
L 05 RB . R L » 6 B4 RZ R® t
LAZO ! 2 RZ )t RBM R34 L p107 A RBI 3 RBI RBI
LAZOZ Eiz : R?7 o 44 §B44 L:Zlog RE4 H 3 E R®! R
B
LA2054 R; R R2! o Ba4 L 2100 RE4 R? 33 R34 R3!
Y 2 RZ? R R34 a2 | ! RB
LAEOSS : RBi HB7 H I 4 LAzllo RE4 RE! RB4 Rgz ﬁ?
| | RBZ H : u L 42111 RE4 R34 H RE 44
ij RBZ RB RZ7 RE! H L, 112 RE4 H R? q 44 RB44
L 205 7 v R2 H L 211 RZ 4 R34
4 3 RB4 RSB 1 4 3 4 - : H
L 20 | g R3 2 RB4
o 59 R34 Rr2 bEi ! R3L L, 114 s : : H 4
06 7 | | 4 H
0 R34 H R3 R ! RE! : 15 : RM H H H
R34 R2! RB: R§44 EBI LAzils v H ; RBI H
. B
: H - RBI Lo 17 RZ4 R24 RE! RB! H
H H 44 L 118 o : :
REH RB+ L"z 1t e | 4 RBI RBI
RE H RB44 LA2129 2 : : H RBI RBI
R2! H 1{1?4;1 LA2 1 2? le E RBA RBM RBI
B
E H LAZIZ? RB4 RB7 §BI R34 R3B!
H LA212; RB4 R 1 B7 R34 RB44
H LA212 | 4 : . REM RB44
H LA2124 BA ; R37 H R34
LAZI; §§4 RB7 R2! H RE4H4
LA2126 RB4 RB! RE7 H H
A2127 : : RE7 H H H
3 B4 H o : H
RE4 RE7 o : H
§31 : v RBL
27 x : :
RE o :
: e R2!
o RB44
= REH
5944
B44
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L 5,46 through L, ., having structures of Formula VI _continued
Ligand R! R? R’ R
R? R!
Loz H R23 R’ RZ¢
R7 Lo RB3 RB! RE7 R3S
= 7 Loiso i RZ? RE7 RZ¢
| Loist H )i H RE2
S Lo R2! H H RZ12
\ Loies RB! R3B! hit REL2
| Loisa i RZ RZ! RE2
L RE! H RB! RBL2
N, 2185
R Loiss H H RZ! RE
Lisy H RZ! H REL
L I RE! RE! REL
42188 434 B12
Loiso H H R R
L oo RE! o R4 RED
Ljizf o RZ! RA3 RED
RS Loz R®! RE! RA3 RE2
Loios H H R218 REL
L RE! o RB18 RED
Lﬁi: o RZ! RE13 RED
L.ios R?! R® REIS REV
Lo H H RE3 RE12
. 5 B1 23 B12
wherein R', R? R®, and R” are defined as follows: Lio10s R HBI RB3 RB17
L.igo H R R RE12
L 2200 R?! R® RE3 REV
Lot H H RE4 REL
Ligand R! R? R’ RS LA2202 RB!L H RB4 RBL2
L 2203 H R2 RE4 REV
L2129 H H H RZS Lo RE! RE! RE RED
Laoiso R7! H H R7 L os I H RE7 REL
L1t RZ! RZ! H RS L 12206 RB! H R’ RE12
LA213Z RZ RZ! RZ Riz L2207 H R3B! RB7 RB12
L3 R H R R Lo RB! RE! RE7 RED
Laoisa H H R2! RE¢ Lo RE3 H H RED2
L213s H R7! H RES Lo RB3 H R8I RB
Loi3s H RZ! RZ! RS Lo RE3 RZ! H RE2
Laoisr H H R4 RE¢ Lot RB? RE RB! RBL
51 434 56 2
paenas N HBI RA34 RBG Liais R HB3 Rjzj Rﬁi
ra HBI RBI R,m Rgs Lo H R R RB12
Laoiao R 1S R S Lois RB? RE RA3 RED
Lot H H RZ1S RZ¢ Lo RE! RE? R34 REL
Lioia RZ! H RE1S RZ6 Liois RE3 H RB18 REL
L o4z H RE! RE18 RE¢ Lo H RE3 RB!S RBL2
Loia RZ RE! RE18 R2¢ Lo RE3 RB! RE1S RBL
Lo1as H H RZ? RZ6 Lo REL RE? RB1S RBL
L2145 RZ! H RZ? RZS Lo RE3 H R53 RB
Liaiar H RZ! RZ? RZS Loon H RZ3 R53 RB
Liotas RZ RE! RZ R L o223 R RE! RE3 RZ12
L1 H H RZ4 R2¢ Loooa RB! RE? BB RBL2
L2150 RZ! H RZ* RES L 222s RE3 H RZ4 RB
Liisi H R2! RZ RZ6 L H R23 RE4 RE2
21 51 24 26 42226 .
Lois S S R S L o7 RE3 RB! RB4 RBL2
Loiss H H R*7 R2¢ Loss RB! RE? RB4 RBL2
Laiss RZ! H RZ7 RZS Lo RE3 H RZ7 RB
La1s5 H RZ! R’ RZ¢ L H RE3 RE7 RE2
Bt 51 57 56 42230 B3 B1 B7 B12
Laiss R R R R st R R R RE2
L5y RE3 H H RZS Lon RE! RZ2 RE7 RB
Laiss R H RZ! RZS LAZZ3; H H H RB#
23 21 36
L21so R83 RBl HBl RB6 Lo Rﬁ i HB1 H Rﬁﬁ
L2160 R83 R R,434 RBG L9235 RB1 RB1 HB1 RB44
Lo R H83 R,434 RBG Lo23s RB1 R RB1 RB44
Lioie H83 RBI RA34 RBG L o37 R H RB1 RB44
Liies RBI R83 R,434 RBG L o3s H H R R
Laoies R R R R L2030 H RZ! H RE#
Liies R? H RE! RZS Bl B1 BA4
> 23 B18 36 Looao H R R R
Loies I R R R A34 B4
L RZ3 RE! RE18 RES Lpoat HB1 H RA34 RB44
LA2167 RE! RE? RBL RES L R H 'S R
Ljiss RZ3 H R33 RB6 L ooa3 H R3B! RA34 REM
L @ H RE3 RE? RES Looas R?! RZ! RA34 RB4
42170 - i i RE1 s
Lo RZ R RZ? RZS 42245
Bl B3 B3 B6 L RB! H RB18 RBM
Lo R R R R 42245
Loin R?? H RZ4 RZ6 Looar H R® RE1S REM
Lo H RZ3 R* RZS Lsooas R?! RE! RE18 REZM
Lai7s R R RZ RZ¢ Looas H H R23 RE#
Loz R?! R RZ RZ¢ Loso RZ! H RZ? RE#

Laoizr R?? H RE7 RS L.oost H RB! RE3 RE%
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Line RZ? H RE! REM Loass R3! RE? RE RES
Lines R®? RE! H REM L33 a H o RB%
Line RZ3 RZ! R2! RE# L.osss RB! H H RB46
L 12265 R33 H RA34 RE# L33 RB! REL H RB46
LA2262 3§ R® R34 REM L osio R3! RE! RE! RB4
Lxer RZ R2! R4 RE# Loaar RB! H RE! RB4
Line RZ! R?3 RA3 REM Losa H H RE! RB4
Line R® H RELE REM L s H R H RB46
Lo H RE3 RE1 REM Loaa H RB! RE! RBI
L7 RZ3 R2! RELE REH L sas u o RA3 RE%
Liomn RZ! R?3 REL® REH L s RE! o RA3 RE%
Li» 7; RE3 H RZ3 REM L2347 H RB! R434 RB4
Linn H RE3 RB? REM L o3as RBL RB! RA34 RB4
Lu»7s RZ R2! RS REH L s u o RE13 RE%
L7 R?! R® RE3 REH L osso RE! o RE18 RE%
Loy R% H R3 RE¥ Losst I RE! RBIS R4
Li27s H R® R3 RE¥ Loss RE! RE! it RB%
Ln RZ R2! RE4 RE# Lsss H H RE? RB4
Lsooso RZ! R® RZ4 RE# L osss RB! H RP3 RB4
Loost R® H R’ REM L o355 H RB! RE3 RBI
Lins H R33 R’ REM L o356 R3! RB! RE3 RBI6
Lss RZ R RE7 REM Lsss u o RB4 RB%
L oos1 R! RE3 RE7 RBH L io3ss RE! H RB4 RB46
545 B1 B4 545
Lss H H H R Losso H R R R
L RE! o o RBS Lo RE! RE! R4 RB4
Lipmer R H o> e i N N M
L 2288 RP! RB! RB! RES L e R31 H RE7 RB%
L.iso R?! H R2! RES Lses H RB! RE7 R
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L2204 R! H RA34 RE® L oses RB3 RB! RB! RBIS
L 42205 H RE! R4 REH Lo RB3 H RA3 RB46
LAzzgz B! RE! R34 RB4 L oo I RE3 Y RB46
L»o7 H H RE18 RE® L snt RE? RB! pA3 RB%
L2293 R?! H RELE RE® Losn RBL RE3 RA3 RB46
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L H RE! RE7 RB® L sss R23 H RE7 RB4S
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R s R4l 451 llowing struc :
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L2423 RB 1 RE R34 RB7
Loas RB3 H RB18 RB7 )
L 2425 % RE RBS G R
L2426 3 B1 R3S RB7
R -
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L 1250 o RB! RA3 RB1O "" CFs.
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L s2ass g B! RB3 R8I0
L 2450 B1 RE! R2? R8I0
Lo R R RB10 »
L H H B10 . CHF,,
142461 Bl H RB4 R RA?
Liue R R2! R24 RB1
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Lizaes R H RZ7 RBL0
L o463 HBI RE7 RB10 e
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I RB! R R
L2467 - RE! RET RB10
L R B10 FiC
A2463 3 - H R D
L 240 RB3 H RA! RB10
Lano RB3 RE! H RE10 -~
Lza7t RBS R2! R2! R210 CF,
LAz47z RB3 H RA34 RBIO
LA2473 R
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and wherein R?* to

CF3;

R?*® have the following structures:
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RBY RZ¥
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RBgo RE40
\@ RB41
D D
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RB42
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RER2 _,.\40
R533 RB4
.0

RB45

B34
R# RB46

” .0
& [0090] In some embodiments, the compound has a for-
mula of M(L ;) (I.3),(L), where I, can be as defined above

RB3S and L; and L. are each a bidentate ligand; and where x is 1,

}<)_ 2,0r3;yis 0, 1, 0or 2; z is 0, 1, or 2; and x+y+z is the
i oxidation state of the metal M. In some embodiments, the
compound has a formula selected from the group consisting

R of Ir(L )3, Ir(L 1)(Lg)n, Ir(L4)o(Lg), Ir(L4)o (L), and Ir(L )

DsG D (L)L), and wherein L, L, and L are different from
\< each other.
- D, [0091] In some embodiments, the compound has a for-

mula of Pt(L,)(Lz); and wherein L, and L5 can be same or
different. In some embodiments, I, and L, are connected to
form a tetradentate ligand. In some embodiments of the
compound having the formula of Pt(L ,)(Lz), L, and L are
connected at two places to form a macrocyclic tetradentate
ligand.

RBYT

RE# [0092] In some embodiments where the compound has a
b P formula of M(L ,),(Lz),(L), where L, can be as defined
. above and [ and L. are each a bidentate ligand; and where
xis 1,2,0r3;y1s 0,1, 0r 2; zis 0, 1, or 2; and x+y+z is
the oxidation state of the metal M; L and L. are each

independently selected from the group consisting of:
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Ry XL QXS/
R X3 Rc
X4' \ §X2
X"5 J\ [0093] wherein,
WT X! [0094] each X' to X" are independently selected from
<6 Il\l the group consisting of carbon and nitrogen;
2 [0095] X is selected from the group consisting of BR',
NR', PR, O, S, Se, C=0, S—=0, SO,, CRR", SiRR",
e o and GeR'R";
Pﬂ Ny )|<|7 Ny [0096] R' and R" are optionally fused or joined to form
8 1 8 10 a ring,
§\~X9”X i%xsf’x [0097] each R_. R,, R, and R, may represent from
b b

mono substitution to the a maximum possible number
of substitutions, or no substitution;
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[0098] R',R".R,,R,,R_, and R are each independently _continued
a hydrogen or a substituent selected from the group
consisting of deuterium, fluorine, alkyl, cycloalkyl,
heteroalkyl, alkoxy, aryloxy, amino, silyl, alkenyl,
cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile,
isonitrile, sulfanyl, and combinations thereof; and
[0099] any two adjacent substitutents of R, R,, R, and
R, are optionally fused or joined to form a ring or form
a multidentate ligand.
[0100] In some embodiments where the compound has a
formula of M(L,),(Ls),(L), where L, can be as defined
above and [; and L - are each a bidentate ligand; and where
xis1,2,0r3;yis 0, 1, 0r2; zis 0, 1, or 2; and x+y+z is
the oxidation state of the metal M, wherein L and L. are
each independently selected from the group consisting of:
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[0101] In some embodiments where the compound has a
formula selected from the group consisting of Ir(L,);,

Aug. 15,2019

Ir(L )(Ls)y, Ir(Ly)x(Lg), Ir(L)o(Le), and I )(Lp)(Le);
and wherein L ,, Lz, and L. are different from each other, the
compound is Compound Ax having the formula Ir(L,),,
Compound By having the formula Ir(L ,,)(Lzk),, or Com-
pound Cz having the formula Tr(L ,)»(L¢));

[0102] where x=i, y=460i+k-460, and 7=27i+j-27,
[0103] where i is an integer from 1 to 2492, and k is an
integer from 1 to 460, and j is an integer from 1 to 27,
[0104] where Lz, has the following structures:

N/ Lz
i
Lg:
v
N)f
Lps
N
Ci.
Lpq

{ ).
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Laas7  wherein L, has the following structures based on a structure
of Formula X,

Rl
)
. / .
0
R2

in which R*, R?, and R? are defined as:

Lpass
Ligand R! R? R?
Lo, R2L RDL H
Lo RrP2 RE2 H
Ley RP3 RD3 q
Les RD4 RD4 q
Les R RP i
Les RPS RS i
Lo RP7 RP7 H
Leg RPS RPS H
Le R R i
LClO RDIO RDIO H
LCl ! RDI 1 RDI 1 H
D12 D12
(éi EDIS EDIS g
LC14 RD 14 RD 14 H
LC15 RDIS RDIS H
D16 D16
Lpsso Leis ED” ED” g
L(C;i; RDIS RDIS H
LC19 RDIQ RDIQ H
D20 D20
EZ? §D21 §D21 g
D22 D22
EZ; EDZS EDZS g
D24 D24
Eg: EDZS EDZS g
LCZG RDZG RDZG H
LCZ7 RD27 RD27 H
D28 D28
Ezz §D29 §D29 g
LC30 RDSO RDSO H
LC3 L RDSI RDSI H
D32 D32
o - - o
LC34 RD34 RD34 H
LC35 RD35 RD35 H
LC36 RD40 RD40 H
L o7 RD41 RD41 H
‘B460 LC38 Ri;ti Rz;ti H
[ Ro N o
i RDGS RDGS H
LC42 RD76 RD76 H
Less RP! RP2 H
Leaa RP! R} H
Leas RP! RD4 q
LC46 RDI RDS H
, Leyr RP! RP¢ H
Leus RPL RY7 H
Lo RP! RDS q
LC50 RDI RDQ H
Les, RPL RP10 H
Less RPL ROU H
Less RP! RP12 H
Lesy RP! RP13 H
Less RPL ROM H
Lese RP! RP1S H
Lesy RP! RP16 H
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2
! R2 R? Ligand R! R R
Ligand R — — -
Less R2! R u iasz RD2 RD12 H
R R " a3 RD? RD13 H
o o R H beisa D3 RDM4 H
Leso RDl o0 " po RD3 o 5
L1 RDl Ao n po RD3 s A
Leso RDl R H pose RD3 o 7
Lees RDl R . pe RD3 e i
Lcea RDl oo n as RD3 o A
Less RDl Roos H pos RD3 e "
Less RDl R H o RD3 e i
Legr RDl Roa7 . po RD3 e "
Less RDl s H o RD3 e "
Leso RDl R H pos RD3 e i
Lero RDl R0 H po RD3 e i
Len RDl Roat " pos RD3 e i
Len RDl R H e RD3 e i
Lers RDl N H po RD3 e i
Lera RDl Nom H pous RD3 e i
Lers RDl ~pss e poe RD3 e "
Lers RDl R H o RD3 e i
Lerr RDl o H pos RD3 e i
Lers RDl b2 e res RD3 e "
Lero RDl R H pos RD3 e i
by RDI - = s RD3 RD3S H
e RDI R = Leiss RDs RD40 H
o RDI R H Leisy RD3 RP4 H
L5, RDZ R = beiss RD3 RD®2 H
Lesa RD2 s H o RD3 e i
Lo RDZ A = Leieo RDs RDS6 H
o RDZ R u Leiel RD3 RDS8 H
Lo RDZ R = bae RDs RD76 H
Less RDZ or H oe RD4 & :
Leso RDZ o n roe RD4 e i
Leso RDZ s . Lo RD4 e "
Lo RDZ RD10 H Leree RD4 R I
Lew2 RDZ RO H 167 RD4 R B
Fess RDZ RD12 H Leres RD4 R ;
b RDZ RD13 H Lees RD4 R I
Lo RDZ L n Lerro RD4 RD12 H
e RDZ R n an RD4 RD13 H
o RDZ A n L RD4 RO H
Lon RDZ R n beis RD4 RD1S H
Lo RDZ L n beim RD4 RD16 H
Lcioo RDZ o " o RD4 o "
Lcio RDZ om0 " ren RD4 e i
Lo RDZ NS H pee RD4 o "
Lcios RDZ ron " ror RD4 e "
Leioa RDZ ~om " o RD4 e i
Lcios RDZ Ron H o RD4 e "
Lcios RDZ s " po RD4 o "
Lcioy RDZ o " pos RD4 xe "
Lcios RDZ oo " e RD4 e i
Lcio RDZ Rozs H o RD4 R "
Letio RDZ Moo " pos RD4 o "
Lein RDZ o0 " fos RD4 e "
Lo RDZ ot " s RD4 e i
Lens RDZ o H e RD4 e "
Leiia RDZ - " pos RD4 o "
Leus RDZ s " fos RD4 e "
Leiis RDZ ~oss " e RD4 o i
Leny RDZ w00 i Lo RD4 e 5
Lens %m o e e RD4 e :
Leio - RDP " Lo RD4 > !
Leizo RD2 oo . i RD4 e :
Leias RD2 Roce . poss RD4 e :
Leiz RD2 Roes . pove RD4 e :
Leis EDZ RS H L RD4 e u
Lo RD3 D4 H % RD4 e u
Les R0 - H Lo RD4 e "
Lcizs s RDS - Lo RD4 w :
Lciay RD3 o . peo RD7 e :
o RD3 R u b3 RD7 RPS H
Leso RD3 oo . poe RD7 e :
ke RD3 R2L0 H Lo R
Leisy R
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2
! R2 R? Ligand R! R R
ngand - RDI 1 RD 12 H
RD7 RDQ H LCZSO RDll RDIS H
LQOG RD7 RDIO I LCZSI RDll RD14 H
LCQ07 o RD“ i LCZ82 D11 RDIS H
LQOS RD7 RD12 H LCZS} RDll RDIS H
LQOQ RD7 RD13 I LCZSA 1{Dll RD17 H
LQIO §D7 RDIA 1 LC285 1{Dll RDIS H
LQ“ o RDIS H LCZSG l{Dll RDIQ H
LQQ RD7 RD16 I LCZ87 1{Dll RD20 H
LQI} §D7 RD17 1 LCZSS %Dll RD21 H
LQIA RD7 RDIS H LCZSQ D11 RDZZ H
LQU RD7 RDIQ H LCZQO 1{Dll RD23 H
LQIG RD7 RDZO 1 LCZQI %Dll RD24 H
LQ17 RD7 RD21 i LC292 RDll RDZS H
LQIS RD7 RDZZ i LCZQ} RDll RDZS H
LQIQ RD7 RD23 1 LCZQA RDll RD27 H
LQzO RD7 RD24 i LCZQS RDll RDZS H
LQ21 RD7 RDZS i LCZQS RDll RDZQ H
Lsz RD7 RDZS i LCZ97 RDll RD30 H
LQzS RD7 RD27 i LCZQS RDll RD31 H
LQ24 RD7 RDZS i LCZQQ RDll RD32 H
LQzS RD7 RDZQ i LC300 D11 RD33 H
LQZS o RD30 H LC301 1{Dll RD34 H
LQ27 RD7 RD31 i LC302 RDll RD35 H
LQzS RD7 RD32 i LC303 RDll RD40 H
LQZQ RD7 RD33 i LC304 RDll RD41 H
LQSO §D7 RD34 H LC}OS RDll RD4Z H
LQSI RD7 RD35 H LC306 %D“ RDGA i
LQSZ RD7 RD40 i LC307 RDll RDGG H
LQSS RD7 RDAI i LC}OS D11 RD68 H
LQSA RD7 RDAZ H LC}OQ %Dll RD76 H
LQSS RD7 RDGA i LC3 to RDIS RD5 H
LQ36 RD7 RDGG H LC311 RD13 RDG i
LQ37 RD7 RD68 H LC3 o - RDQ i
LQSS RD7 RD76 H LC313 RD13 RDIO H
LQSQ RD8 RD5 i LC3 14 %DIS RDIZ H
LQAO RD8 RDG H LC315 RDIS RD14 H
LCZAI RD8 RDQ i LC316 RD13 RDIS H
LQAZ RD8 RDIO i LC317 RDIS RDIG H
LQAS RD8 RD“ H LC318 RDIS RD17 H
LCZM RD8 RDIZ H LC}IQ RD13 RD18 H
LC245 RD8 RD13 i LC320 RD13 RDIQ H
LQAS RD8 RD14 H LC321 RDIS RDZO H
LC247 RD8 RD15 H LC}ZZ RD13 RDZI H
LC248 RD8 RDIG H LC3Z3 RD13 RDZZ H
LCZAQ RD8 RD17 i LC324 RD13 RDZ.’: H
LCZSO RD8 RDIS H LC325 RD13 RDZ4 H
LCZSI RD8 RDIQ H LC326 RD13 RDZS H
LCZSZ RD8 RDZO i LC3Z7 RD13 RDZG H
LC253 RD8 RDZI H LC328 D13 RDZ7 H
LC254 o RDZZ H LC329 RD13 RDZS H
chjj RD8 RDZ3 H LC330 RD13 RDZQ H
chjs EDS RDZA i LC331 RD13 RD30 H
LC257 o RDZj H LC33Z RD13 RD31 H
LC258 RD8 RDZG H LC333 RD13 RD3Z H
chjg RD8 RDZ7 H LC334 RD13 RD33 H
chso RD8 RDZS i LC335 RD13 RD34 H
LCZGI RD8 RDZQ H LC336 RD13 RD35 H
chsz RD8 RD30 H LC337 RD13 RD40 H
LC263 EDS RD31 H LC338 EDL’: RD41 H
LC264 RD8 RD3Z - LC339 D13 RD4Z H
LC265 RD8 RD33 H LC340 §D13 RDM i
LQ66 RDS RD34 1 LC341 RD13 RDGS H
LQ67 RDS RD35 i LC342 RDIS RD68 H
Lasg RDS RD40 H LC343 RDIS RD76 H
LCQGQ RD8 RD41 H LC}M RD 14 RDS H
LCQ70 RD8 RD42 H LC345 RD 14 RDG H
chn RD8 RD64 - LC346 RD 14 RDQ H
LCZ . RD8 RDGG - LC347 RD 14 RD 10 H
LCZ 73 RD8 RDGS u LC348 RD 14 RD 12 H
LQ . RDS RD76 I LC}AQ RD 14 RD 15 H
LQ75 RD“ RD5 - LC350 RD14 RD16 H
LCQ76 RD“ RD6 i LCSSI RD14 RD17 H
LC277 RDII RDQ H LC352 RD14 RDIS H
LCQ78 D11 RDIO H LC353
Lo R
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! 2 R} Ligand R! R
Ligand R R — — -
ROM RPY H Leps R R R
Fasa D14 RD20 H Lo R R B
Lesss RD14 Roan . pom o e "
Lesss RD14 Non " o v o 5
Lessy RD14 Aoz n pos o o A
Lesss RD14 Ve H po o e 7
Lesso RD14 Roas . pos o e i
Feseo §D14 RD26 I Logas R R R
o6 RPM RP27 H Lesss R R R
fae D14 RD28 H Lossr R R B
Lo RD14 R . po o e "
Leses R1)14 RD30 I Lot R RS R
Lesss RD14 R H pow o e i
Lesss RD14 R H pou e e i
Leser RD14 N " o e 2 i
Lo §D14 RD34 H Losss R R R
369 RO RD3S H Loass R R B
Lesto D14 RDH40 H Lesas R R :
Lan RD14 ot e pos e e "
o ﬁDM R u Lewr RD3S RPY7 H
o A R = beus RD RD18 I
o o R H Leuas RO RD1 o
Lesvs RD14 Rocs H pow s e i
Lo ﬁDM e = beist RD3S RD2L H
o A e = beis2 RD RD23 o
o o R H Leuss RO RD% o
Leswo RDZZ nos H pos e e i
Lo §D22 A = beiss RD3 RD27 H
i N R = beiss RD RD2 o
o o R u Leisy RD¥ RD® o
Lesss RDZZ o H pos s e i
Lo ﬁDZZ A = beuso RD3S RD31 H
i N R a bcieo RD¥ RD3 o
Lo e R H Leuet RD RO o
Lesgy RDZZ 020 H poe s e :
o ﬁDZZ s n beies RD3S RDY0 H
o - R n bcies RD3 RP4 o
o o A = beies RD3S RD2 H
Lesor RDZZ s n fow e o 7
Lo §DZZ N n Lewer RD3S RD66 H
o N R n beies RD3S RDS8 H
Lo N R n beie RD3S RD76 H
Fesos D22 RD® H Lesro R R .
Fesss %DZZ RD30 H Lot R RS .
97 RDP22 RD3! H Logn R R B
e N R n beus RP40 RD10 H
Lo o R n b RP40 RD12 H
Lcaoo RDZZ s " o o o i
Lcsor RDZZ Roas H ro o e "
Lo RDZZ a0 " pove o o "
Leaos RDZZ o " po o wor "
Lo RDZZ R n b RD40 RO H
Lcuos RDZZ Ros H pon o e "
Lcaos RDZZ - " o o o "
Lcaor RDZZ o " pos o e "
Lcaos RDZZ o " ro o e i
Lcaoo RD26 ros H pos o e "
Leato RD26 o " po o e "
Lo EDZG o n Leiss RP40 RD28 H
Lo e o a bt RD40 RD® o
Lo A R 1 Fouss R0 REZ30 H
oo R R i Losss RD40 RD3L H
o R e A " Lo RD40 RD32 H
Lo A R u Leios RD40 RD33 H
o R R n b2 RD40 RD34 H
Lo R e A a Feass REPH40 RO H
Lo A R n Lo RP40 RD#2 H
Lo RD26 RD21 H Lios R R B
Lo e A a Lo RD40 RD66 I
oo R R i Loy RD40 RDS8 H
‘o R e u b RD40 RD76 H
b RD26 RD27 H Leiss R R I
Feis RD26 RD28 H Leson R R ;
Feie D26 RD2® H Lsor
Lecazy R
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! 2 R} Ligand R! R
Ligand R R — — -
o o a Fests RDS6 RD33 H
Lesoz R o n peve o oo ;
Rou & L R R
Lo o R H s RDS6 RD% H
Lo RDAI R a Fesn RDS6 RDS8 H
Lesos RD41 ADis n o e e A
Fesos §D41 RPY7 H Lessy R R B
Fesor D41 RD18 H Less RS R B
Lesos RD41 ~oi n row v e A
Lesoo RD41 R0 H pos e & "
o §D41 i " Fesss RDS8 RD12 I
o o R 1 Lesss RDS8 RD1S I
Lesio RD41 Ron H pose e s "
Lesia RD41 R oos H pow e o i
L §D41 R = besso RDS8 RD18 I
o R R H Feesoo RDS8 RPY H
L o R u Fesor RDS8 RD20 H
Lesiy RD41 R0 H po e e i
o §D41 R = besos RDS8 RD2 I
o i R u Feesou RDS8 RD24 H
Lo o N u besos RDS8 RDZS H
Lesar RD41 Nom H pos e e i
Lesn RD41 b2 e pove e e "
Lesas RD41 R H por e e i
Lesaa RD41 Noc H poss e e i
Lesos RD41 s H pow e e i
Lesas RD41 o6 H oo e e "
Lesay RD64 ~ps H pos e e i
Lesas RD64 o H pos e e i
o §D64 R = besos RDS8 RD% o
besso D64 RD10 o L ceos RS RO B
Lesat RD64 o2 H poss e v i
Lesn RD64 s H pose e e :
besss §D64 RDI6 H Lcos R R B
Fesas D64 RDY7 o L ccos R R B
Lesss RD64 s H pow v s :
Lesss RD64 i n o o o 7
bessr §D64 RD20 H Leeis R R ;
Fesss RD64 RP2L o Leets R R I
besso D64 RD23 H Lo R R B
Lesao RD64 oo " oo o wr "
Fesar §D64 RD25 H Leore R R B
Fes RD64 RD27 H Lo R R R
Fesas D64 RD28 H Leas R R .
Fesu RDs4 RD2 H Leeto R R .
Feses §D64 RD30 H Leoro R R B
Fesas RD64 RD3L H Loy R R R
Fesar D64 RDP32 H Leen R R .
Fests §D64 RD33 H Lors R R B
Fesas RD64 RD34 H Lo R R R
Fesso D64 RD#2 H Leors R R R
Lesst RD64 ot " pos o e "
Fess2 §D64 RD66 H Lo R R B
Fesss RD64 ez H Leos R R R
Lessa RD64 RD76 H Lo R R R
Lo N e R n besao RP! RD! RP!
Lo N e R n besst RD2 RZ2 REL
Lo R R u bee RD3 RZ3 REL
o e R n besss R4 RD4 RP!
Lesse RD66 ~oi2 " poss e e o
Lesso RD66 ~ois " o v v o
Leser RD66 N i L i e 5
Lese RDss o . e o e o
Lesss RDss rore . e - i o
Lo §D66 R u besa RDL0 R0 REL
o R e A n besao RPU RPU REL
Lo R e A a b RPR2 RO12 RE!
Lon A A n Foosz RP13 RD13 RP!
Lo N e A n Fses RPM4 ROM RP!
L5 R e R a Foou RD15 RD15 RP!
Lo N R i Lcoss RDL6 RDL6 REL
o R A u b gy R2Y7 ROL
o R e A " Lot RD18 RD18 RP!
e R R n besas RDY RDY REL
b D66 RD3L H L e
Lesvs R
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-continued -continued

Ligand R! R2 R? Ligand R! R2 R?
Lesso RD20 RD2 RO Lema RD? RO RD!
Logey RO RO RO Lers R RO RO
Leges RO22 ROZ N Leme RD? RO RO
Leges RD?3 RO RO Loy RD? RDIS RO
Lecas RO RO RO L R RDIS RO
Leges RO RD?S RO Lo R RDV RO
Lece RD26 RD? RO Lerso RD? RDIS RO
Legar Ny Ny RO i RD? RD1O RO
Leest RD?8 RS RO Lerso R RD2 RO
Legeo RO RD® RO Lerss R RV RO
Lccso RD30 RO RO Lerss RD? RDZ RO
Losst RD3 RD3 RO s RD? RO RO
Leeeo RO® RO® RO Lerse R RO RO
Leces RO® RD% RO Lensy RD? RS RD!
Lecss RD3 R RO Lenss RD? RD? RO
Leees R3S R3S RO 30 R RDY RO
Leese RD40 RD40 RO Lo RD? RS RD!
Lecer R4 RD4L RO Lewas R RD® RD!
Lcess RO RD© RO Lo RD? RD RO
Leeso RD64 RO RO s RD? RD3L RD!
Leero RDS6 RDS6 RO L R RO® RD!
Legns N RDSS RO Lenas RD? RO RO
Leer RD76 RD76 RO Lo RD? RO RO
Leers RO RD? RO i R RD3 RD!
Leers RO RD? RO Lews R? RD40 RO
Leers RO R RO Lo RD? ROH RO
Lecre RD! RDS RO Lerso RD? RO© RO
Leer RO RDS RO ot R? RO RO
Leers RO RD7 RO ey R? RES6 RO
Leer RO RDS RO Lo RD? RDS RO
Leeso RD! RE® RO Lo RD? RD76 RO
Leest RO R0 RO cres RS R4 RO
Lecsr RO! RO RO! Lense RD3 RDS ROL
Legss RO RO RO Lerny RD3 RDS RO
Leesq RO PNZE) RO Lereg RO RY RO
Leess RO! RO RO! 0 RD3 RDS ROL
Lecse RO! RDIS RO! Lereo RD3 RD® ROL
Legsr RO RO RO Lever RO RO RO
Lcess RO! ROV RO! Lo RD3 RO ROL
Leeso RO! RDIS RO! s RD3 RO ROL
Lceso RO! RO RO! Leves RD3 RD1 ROL
Logor RO RO RO Leves N RO RD!
Lecor RO! RD2L RO! Leee RD3 RO ROL
Lecos RO! RD2 RO! e RD3 ROI6 ROL
Lccos RO! RD23 RO! Leves RD3 ROV ROL
Lccos RO RO RO Lere N RDIS RD!
Leeor RO! RD25 RO! Lero RD3 RO ROL
Lecor RO! RD26 RO! . RD3 RD20 ROL
Lccos RO RD? RO ity N RO2L RD!
Lceoo RO RO RO Lo N RO22 RO!
Lo RO! RD29 RO! Levma RD3 RD23 ROL
: RO! RD30 RO! s RD3 RO ROL
cioL RO RD3L RO . R RO RD!
ng RO RO RO L;: N RO RO!
Lc"’o4 RO! RD33 RO! Lems RD3 RO ROL
Lc"’os RO! RO RO! P RD3 RD28 ROL
c"’os RO RD3 RO 150 R RO RD!
Lc"’o7 RO N RO Lerss N RO RO!
Lc"’os RO! RO RO! Lo RD3 RD3L ROL
c"’og RO! RD42 RO! s RD3 RD32 ROL
Lo RO! RDS RO Lerss RD3 RD® RO
L;i? RO RDS6 RO LC:785 R RDH RO
LC;Q RO RDS8 RO Lerse R RD3 RD!
Lc;13 RO N RO Lc;s7 RD3 RD40 RO
LC”' " RD2 RDI RDI LC788 RD3 RD41 RDI
LC”' is RD2 RD3 RDI LC789 RD3 RD42 RDI
L. D2 RD* R2! Lerso RO? ROS R2:
Lzﬂij RD2 RDS RO! Lcjwl RD3 RD6S ROL
Lo RD2 RDS RO! Leror RD3 RDSS ROL
LC;IS R? RY RO Lc%gs RO RO RO
LC;IQ R> RD® R! Lc‘794 R4 RDS RO
Lcﬂ,zo R RD® R! Lc;gs R4 RES RO
Lcé; RD? RD10 RO Lc;gs RO RY RO
LZ’:’Q} RD2 RDII RDI LC797 RD4 RDS RDI



US 2019/0252627 Al

91

Aug. 15,2019

i -continued
-continued
. 2 R}
2 3 Ligand R! R
Ligand R! R R g
D1 L RS RD® RDL
re i o X an DS RR10 el
s D4 D10 RD! L R -
Ler R X DS ROU R
€9 2 DIL RD! Leswa R -
k R R DS RO R
o R R K bwrs RDS D13 el
Lo i R o Levrs RDS RD14 el
Fesor RP? RO RO! Lesrr R RD15 o
Lesos D4 D15 RO Lears RS R RDI
k X X DS RDI6 R
s R R K Lesm RDS D17 el
Lo i R o Fesso RDS RDIS el
Fesos D4 DIs RO! Lesst R R o
k X X DS ROV R
o7 D4 D19 RO Lessr N o
b X iy DS RD® R
o R R o Lesss RDS D21 el
Lo R R o Fesss RDS RDZZ RDL
Fesio RP? RD2 RO! Lesss R RD23 o
Lo D4 D23 RO Lesse RS R R :
k R R DS RD2 )
812 Da D24 RO! LC887 R .
k R R DS RD?S N
o D4 D25 RO! Lesss R o
k X X DS RD26 R
s A A X b RDS D27 RO
Fovis D4 D27 RO Lcss0 N R !
k R R DS RD%8 R
cs16 RP? RD% RO! Lesor RD8 o R
Lesi7 RO RD?® RO! Leson RD8 RD30 &
beuis R RD30 RO Lesos N RD31 o
Laso D4 D31 RO Lesod RS R R :
k X X DS RD®2 'Y
820 RD? RD®2 RO! Lesos RD8 = x>
Lesar RO RD3 RO! Lesos RD8 RD34 &
Lo R RDH RO Lesr N RD35 o
L D4 D35 RO Lesos RS R Y :
2 X x DS RD40 'Y
e84 RD? RDA0 RD! Lesoo RD8 o x>
Lesas RO RDM RO! Lesoo RD8 RD4Z &
bevs D4 D42 RO Levos N R o
b x R D8 RDS R
27 D4 D64 RO Levor N o
2 X x D8 RDSS R
o8 RD? RDSS R! Leoos RD8 oo R
bew D4 D68 RD! Levos N R !
- iy iy D8 RD76 R?
30 R RD76 RO Levos RD“ > X
Lesan RO R?! RPL Lesos R 1 RDG R
iossz RO RDS RD! Lcoor Riil RDg R
3 D7 RDS RD! Levos N N o
- iy DIL RP10 Y
a4 D7 D8 RO Levos N o
- R R RO RDI12 R
3 D7 RD® RD! Leoto o
- iy DIl RD!3 R
836 D7 RDIO RD! Leont N o
- iy DIl RDI4 R
37 D7 RO RO! Lo N o
- iy DIL RD1S Y
38 D7 D12 RO! Leoss R !
- iy iy DIl RDI6 R
839 D7 RDI3 RD! Leoia N o
- iy DIl RDI7 R
40 D7 RDI4 RO! Leos N o
- iy DIl RDIS R
csal D7 RDI5 RO! Leoe N o
- iy DIL RD1® Y
G D7 D16 RO! Leots R !
- iy iy DIl RD20 R
43 D7 RDI7 RO! Leors N o
- iy DIl RD21 R
coaa D7 RDIS RO! Leoo N o
- iy DIL RD2 Y
s D7 D19 RO! Leuso R o
- iy X D1 RD%3 N
cuas D7 D20 R2! Leon N !
- iy iy DIl RD24 R
47 D7 RD21 RO! Legrs N o
- iy DIl RD25 R
o4 D7 D22 RO! Leors N o
- iy iy DIl RD?6 Y
a9 D7 D23 R2! Leons R o
- iy 0y D1 RP? N
€850 D7 D24 R2! Leurs N !
- iy iy DIl RDS R
1 D7 RD25 RO! Leone N o
bevs2 r D1 L RO RD29 R
- N R iy @27 DIl RD30 el
€853 D7 D27 R2! Leus R o
- iy 0y D1 RD3! N
o D7 D28 R2! Leus N !
Fesss R N D1 L RO RD32 R
- b R iy 30 DIl RD33 RO!
836 RD7 RD30 RO! Leuss N - !
Fest D7 D31 RO Leoso ROU R iy
Feuss X X D1 L ROU RD3S el
- e R &y 3 DIL RD40 RO
w39 RY7 RD3 RO! Leoss R - >
beseo D7 D34 RO Legss ROU R Y
L R R D11 RD42 RDI
cset D7 D35 RDI LC935 R
L R R D11 RD64 RDI
e RD7 RD40 RDI LC937 R o -
Feses RO RDM R2! Lcoss ROU RD68 RDI
Fess RD7 RD42 RO! Leos RO RD76 RDI
Feves RD7 RD®4 RO! Lesio RO RD5 RDI
Fesss RY7 RDS6 RO Lcont RD13 RDS RDI
Leer RY7 RDS8 R! Leos RO1 RDQ RDI
Loses D7 D76 R! Leoss RO R Y
- iy X D13 D10 RO
cueo D8 D5 RO Leoms R N
LC870 R RDG D1 L RD13 RD12 RDI
Les7t RPS R S Coas
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-continued -continued

. 1 2 3 . Rl R2 RS

Ligand R R R Ligand
D13 D14 D1 L RD22 RD23 RDI

i@% §D13 §D15 %Dl ng? RP2 RD24 REL

47 D13 D16 D1 L RD22 RD25 RDI
Lovs RD13 R1)17 RDI 1022 D22 D26 RP!
Leoao R R R Leions R R ) -
L RD!3 RD!S RD! Levons RP2 RZ2 R
sto RD!3 RPY RD! Letoos RP2 RD28 RE!

o3l D13 D20 D1 D22 RD29 RDI
L R R R Lcioos R
LC952 RDI 3 RDZI RDI cloo7 RDZZ RDBO RDI
LCQ53 RDIS RD22 RDI LC1028 RD22 RDSI RDI
LCQSA RDI 3 RD23 RDI LCl 029 RD22 RD32 RDI
LC955 RDIS RD24 RDI LC1030 RDZZ RD33 RDI
LC956 RDIS RDZS RDI LC1031 RDZZ RD34 RDI
ch57 RDIS RD26 RDI LC1032 RD22 RDSS RDI
LCQSS RDI 3 RD27 RDI LCl 033 RDZZ RD40 RDI
LC959 RDIS RDZS RDI LC1034 RDZZ RD41 RDI
LCQSO RDI 3 RD29 RDI LCl 035 RD22 RD42 RDI
LCQSI RD13 RD30 RDI LC1036 RDZZ RD64 RDI
LC962 RDI 3 RD31 RDI LCl 037 RDZZ RD66 RDI
chs3 RDI 3 RDBZ RDI LCl o038 RDZZ RD68 RDI
LCCEZ RD13 RD33 RDI LClOSQ RDZZ RD76 RDI
L RDI 3 RD34 RDI LCl o040 RDZS RDS RDI
LC966 RDIS RD35 RDI LC1041 RDZS RD6 RDI
ch67 RD13 RD40 RDI LC1042 RDZG RDQ RDI
LCQSS RD13 RD41 RDI Clods RDZS RDIO RDI
LC969 RDI 3 RD42 RDI LCl o044 RDZS RD 12 RDI
LCQ70 RD13 RD64 RDI LC1045 RDZG RDIS RDI
chn RD13 RDGG RDI LC1046 RDZG RDIG RDI
LCQ72 RD13 RD68 RDI Cloa7 RDZS RD17 RDI
LCQ73 RD13 RD76 RDI LC1048’ RDZG RDIS RDI
LCQ74 RD14 RDS RDI LC1049 RDZG RDIQ RDI
LCQ » RD14 RDG RDI LCl 050 RDZG RDZO RDI
Li;i RD14 RDQ RDI LClOSl RDZG RDZI RDI
L RD14 RDIO RDI LCl 053 RDZG RDZ3 RDI
LCQ78 RD14 RDIZ RDI LC1053 RDZG RDZ4 RDI
ch7g RD14 RDIS RDI LC1054 RDZG RDZS RDI
Lcczz(l) RD14 RDIG RDI LC1055 RDZG RDZ7 RDI
L RD14 RD17 RDI LC1056 RDZG RDZS RDI
LCQSZ RD14 RDIS RDI LC1057 RDZG RDZQ RDI
Lcczzz RD14 RDIQ RDI LCl 058 RDZG RDSO Rii
LC985 RD14 RDZO RDI LC1059 RDZG RD31 RDI
L RD14 RDZI RDI LCl 060 RDZG RD3Z R
LC986 RD14 RDZZ RDI LClOGl RDZG RD33 RDI
Lcczz; RD14 RDZ3 RDI LCl 062 RDZG RD34 Rzi
LCQSQ RD14 RDZ4 RDI 1063 RDZG RD35 RDI
L RD14 RDZS RDI LCl 064 RDZG RD40 R
LCQQO RD14 RDZG RDI LCl 065 RDZG RD41 RDI
chgl RD14 RDZ7 RDI LClOGG RDZG RD4Z RDI
LCQQZ RD14 RDZS RDI Clo67 RDZG RD64 RDI
chg3 RD14 RDZQ RDI LCl 068 RDZG RDGG RDI
chg4 RD14 RD30 RDI LCl 069 RDZG RDGS RDI
chgj RD14 RD31 RDI LC1070 RDZG RD76 RDI
LCQQG RD14 RD3Z RDI LC1071 RD35 RDS RDI
chg7 RD14 RD33 RDI LCl o7 RD35 RDG RDI
LC998 RD14 RD34 RDI LCl o7 RD35 RDQ RDI
LCQQQ RD14 RD35 RDI LC1074 RD35 RDIO RDI
LCIOOO RD14 RD40 RDI LC1075 RD35 RDIZ RDI

c1o0! RD14 RD41 RDI LC1076 RD35 RDIS RDI
LCIOO2 RD14 RD4Z RDI LC1077 RD35 RDIG RDI
LC1003 RD14 RD64 RDI LC1078 RD35 RD17 RDI

1004 RD14 RDGG RDI LC1079 RD35 RDIS RDI
LC1005 RD14 RDGS RDI LC1080 RD35 RDIQ RDI
inzzf RD14 RD76 RDI LClOSl RDSS RD20 RDI
L ' RD22 RDS RDI LCl 082 RD35 RD21 RDI
LCI 008 RD22 RD6 RDI LCl 083 RD35 RD23 RDI
LCI 009 RD22 RDQ RDI LCl 084 RD35 RD24 RDI
LCIOIO RD22 RDIO RDI LC1085 RD35 RD25 RDI
LCIOIi RDZZ RDIZ RDI LC1086 RD35 RD27 RDI
LCIOIA RDZZ RDIS RDI LC1087 RD35 RDZS RDI
LC1013 RDZZ RDIG RDI LC1088 RD35 RDZQ RDI
LCIOI4 RDZZ RD17 RDI LClOSQ RD35 RDBO RDI
LCIOI5 RD22 RDIS RDI LClOQO RD35 RD31 RDI
LCIOIf RD22 RDIQ RDI LClOQl RD35 RD32 RDI
LCIO1 ! RD22 RD20 RDI LC1092 RD35 RD33 RDI
inziz RD22 RD21 RDI LC1093 RD35 RD34 RDI
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-continued -continued
Ligand R! R2 R? Ligand R! R2 R?
LCIOQA RD35 RD40 RDI LCl 168 RD64 RD20 RDI
LCIOQS RDSS RD41 RDI LCl 169 RD64 RD21 RDI
LCIOQG RDSS RD42 RDI LCl 170 RD64 RD23 RDI
LC1097 RDSS RD64 RDI LCl 71 RD64 RD24 RDI
LCI 008 RDSS RDSS RDI LCl 7 RD64 RD25 RDI
LCIOQQ RDSS RDSS RDI LCl 7 RD64 RD27 RDI
LCI 100 RDSS RD76 RDI LCl 174 RD64 RD28 RDI
LCI 101 RD40 RDS RDI LCl 175 RD64 RDZQ RDI
LCI 102 RD40 RDS RDI LCl 176 RD64 RDSO RDI
LCI 103 RD40 RDQ RDI LC1177 RD64 RDSI RDI
LCI 104 RD40 RDIO RDI LCl 178 RD64 RDSZ RDI
1105 RD40 RDIZ RDI LCl 170 RD64 RD33 RDI
LCI 106 RD40 RDIS RDI LCl 150 RD64 RD34 RDI
LCI 107 RD40 RDIS RDI LCl 181 RD64 RD42 RDI
LCI 108 RD40 RD17 RDI LCl 182 RD64 RD64 RDI
LCI 100 RD40 RDIS RDI Cliss RD64 RDSS RDI
LCIIIO RD40 RDIQ RDI LCl 184 RD64 RD68 RDI
LCI 1 RD40 RDZO RDI LCl 185 RD64 RD76 RDI
LCIIIZ RD40 RDZI RDI LCl 186 RD66 RDS RDI
cliia RD40 RDZS RDI ClisT RD66 RD6 RDI
LCI 4 RD40 RD24 RDI LCl 158 RD66 RDQ RDI
LC1115 RD40 RDZS RDI LCl 180 RD66 RDIO RDI
LC1116 RD40 RDZ7 RDI LCl 190 RDGG RDIZ RDI
cl17 RD40 RDZS RDI LCl 101 RD66 RDIS RDI
LC1118 RD40 RDZQ RDI LCl 192 RD66 RDIS RDI
LCIIIQ RD40 RDSO RDI LCl 193 RDGG RD17 RDI
LCI 120 RD40 RD31 RDI LCl 104 RDGG RD18 RDI
LCI o1 RD40 RDSZ RDI LCl 195 RD66 RDIQ RDI
LCI 123 RD40 RD33 RDI LCl 196 RDGG RDZO RDI
LCI 123 RD40 RD34 RDI LCl 197 RDGG RDZI RDI
LCI o4 RD40 RD41 RDI LCl 195 RDGG RDZ3 RDI
Cli2s RD40 RD4Z RDI LCl 199 RDGG RDZ4 RDI
LCI 126 RD40 RD64 RDI LClZOO RDGG RDZS RDI
LCI 27 RD40 RDGG RDI LClZOl RDGG RDZ7 RDI
LCI s RD40 RDGS RDI LC1202 RDGG RDZS RDI
LCI 120 RD40 RD76 RDI 1203 RDGG RDZQ RDI
LCI 130 RD41 RDS RDI LClZOA RDGG RDSO RDI
LCI 131 RD41 RDG RDI LC1205 RDGG RD.’:I RDI
LCI 133 RD41 RDQ RDI LClZOG RDGG RDSZ RDI
Cli33 RD41 RDIO RDI C1207 RDGG RD33 RDI
LCI 134 RD41 RDIZ RDI LC1208 RDGG RD34 RDI
LCI 135 RD41 RDIS RDI LClZOQ RDGG RD4Z RDI
LCI 136 RD41 RDIG RDI LClZlO RDGG RD68 RDI
Cl137 RD41 RD17 RDI LClle RDGG RD76 RDI
LCI 138 RD41 RDIS RDI LClZlZ RDGS RDS RDI
LCI 130 RD41 RDIQ RDI LC1213 RDGS RDG RDI
LCI 140 RD41 RDZO RDI LClZlA RDGS RDQ RDI
LCI 141 RD41 RDZI RDI LC1215 RDGS RDIO RDI
14 RD41 RDZ.’: RDI LClZlG RDGS RDIZ RDI
LCI 143 RD41 RDZ4 RDI LC1217 RD68 RDIS RDI
LCI 144 RD41 RDZS RDI LClZlS RDGS RDIG RDI
1145 RD41 RDZ7 RDI LClZlQ RDGS RD17 RDI
LCI 146 RD41 RDZS RDI LClZZO RD68 RD18 RDI
LCI 147 RD41 RDZQ RDI LClZZl RD68 RDIQ RDI
LCI 148 RD41 RD30 RDI LC1222 RDGS RDZO RDI
LCI 140 RD41 RD31 RDI 1293 RD68 RDZI RDI
LCI 150 RD41 RD3Z RDI LC1224 RD68 RDZ3 RDI
LCI 51 RD41 RD33 RDI LClZZ5 RD68 RDZ4 RDI
LCI 52 RD41 RD34 RDI LClZZG RD68 RDZS RDI
Clis3 RD41 RD4Z RDI 1227 RD68 RDZ7 RDI
LCI 154 RD41 RD64 RDI LC1228 RD68 RDZ8 RDI
LCI 155 RD41 RDSS RDI LC1229 RDSS RD29 RDI
LCl 156 RD41 RDGS RDI LC1230 RDGS RD30 RDI
LCI 157 RD41 RD76 RDI LC1231 RD68 RDSI RDI
LCI 1ss RD64 RDS RDI LC1232 RDGS RD32 RDI
LC] 159 RD64 RDG RDI LC1233 RDGS RD33 RDI
LCI 160 RD64 RD9 RDI LC1234 RDGS RD34 RDI
LCI 161 RD64 RDIO RDI LClZ35 RD68 RD4Z RDI
LCI 162 RD64 RDIZ RDI LC1236 RDGS RD76 RDI
LCI 163 RD64 RDIS RDI LC1237 RD76 RDS RDI
LCI 164 RD64 RDIG RDI LC1238 RD76 RDG RDI
LCI 165 RD64 RD17 RDI LC1239 RD76 RDQ RDI
LCI 166 RD64 RDIS RDI LC1240 RD76 RDIO RDI
LCI 167 RD64 RDIQ RDI LC1241 RD76 RD12 RDI



US 2019/0252627 Al

Aug. 15,2019
94

-continued -continued
RD13
Ligand R! R2 R? ,
LC124“ RD76 RD15 RDI
LC1243 RD76 RDIS RDI
LC1244 RD76 RD17 RDI RD14
LC1245 RD76 RDIS RDI
LC1246 RD76 RDIQ RDI ,
LC1247 RD76 RD20 RDI .
LC1248 RD76 RD21 RDI .
Letass RD76 RD23 RPL RDIS
LC1250 RD76 RD24 RDI . .
LC1251 RD76 RD25 RDI s
LC1252 RD76 RD27 RDI s
LC1253 RD76 RD28 RDI RDIG
LC1254 RD76 RD29 RDI
LC1255 RD76 RDSO RDI ,
Leiass RP76 RP31 RP! s
LCIZS" RD76 RD32 RDI
LCIZSS RD76 RD33 RDI
LCIZ59 RD76 RD34 RDI
LC1260 RD76 RD42 RDI RD17
wherein R”! to R”®! has the following structures:
RDI
,-CHs, RD!S
RD2 .
L-CDs, -~
RD3
.7 \ » RDI9
RD4
RDS
7 \/ N RD20
R
RD7 ;
/.‘\r ’ RD2
ot \F
"“|‘ ’ RD2
R /j,
RDIO RD23
RDll RD24
RP12 RD25

:
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: ,
’ >
4 >
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RD36

RD27

RDZS

RDZQ

RD30

RD}I

RrD32

RD33

RD34

RD35

RD36

RD37

’
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4
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RD3 8

RD3 9

RD40

RD41

RD42

RD43

RD45

RD47

RD48
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RD49

RDSI

S <
.

RDS2
» .
»
RD33 \<O

RDs4 ‘

\‘ o .
::: tj

RDSS o

\‘ % * @
. .
\
"
K v}
\
jwr)
(@]
]
@

RDS6 ""\/\CFg,

RD57

‘\
s o
‘\
e
e

RDSS CE;

RD59

RD60

RD6 1

RrD62

RD63

RD64

RDGS

RD66

RD67

RD68

RD69

RrD70

RD7 1

RD72

RD73
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RD74
CF,
RD75
\)< F,
r"’ F
RD76
RD77
D D
RD78
F3;C
CFs,
RD79
CF3
O
’ RDSO
F,C
\vQ ? and
CF,
RDSI
CFs

Iy
s
.
\

CF;.

[0105] According to an aspect of the present disclosure, an
organic light emitting device (OLED) is disclosed. The
OLED comprises: an anode; a cathode; and an organic layer,
disposed between the anode and the cathode, comprising a
compound comprising:

[0106] a first ligand L of Formula I

Rl
R2
M
\ Z]
R4 | B : R%;
Z34ZA
[0107] where,
[0108] Ring A is a S-membered or 6-membered carbo-

cyclic or heterocyclic ring;

Aug. 15,2019

[0109] 7', 72 and 73 are each independently selected

from the group comprising C and N;

[0110] Y is selected from the group consisting of O, S,

Se, NR?, CRR', SiRR', GeRR', and a single bond;

[0111] a metal M forms a direct bond to Ring A or Ring

B;

[0112] M is selected from the group consisting of Os, Ir,
Pd, Pt, Cu, and Au;

[0113] R* and R? each independently represents mono
to a maximum possible number of substitutions, or no
substitution;

[0114] R* R? R', R* R® R, and R' are each indepen-
dently a hydrogen or a substituent selected from the
group consisting of deuterium, halide, alkyl,
cycloalkyl, heteroalkyl, 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;

[0115] one of R* and R” is a 5-membered or 6-mem-
bered aromatic ring that is bonded to M;

[0116] the ligand L, is optionally linked with other
ligands to form a tridentate ligand or a ligand with a
maximum possible denticity to which M can coordi-
nate;

[0117] any two substituents may be joined or fused
together to form a ring, provided that R' and R? are not
joined to form a 6-membered aromatic ring when Y is
a single bond; and

[0118] M is optionally coordinated to other ligands.

[0119] A consumer product comprising 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 comprising:

[0120] a first ligand L# of Formula 1
Rl
Rl
YO
Xy
RA B : R%;

szb

[0121] where,
[0122] Ring A is a S-membered or 6-membered carbo-

cyclic or heterocyclic ring;

[0123] 7', 72 and 7Z° are each independently selected
from the group comprising C and N;

[0124] Y is selected from the group consisting of O, S,
Se, NR?, CRR', SiRR', GeRR', and a single bond;

[0125] ametal M forms a direct bond to Ring A or Ring
B;

[0126] M is selected from the group consisting of Os, Ir,
Pd, Pt, Cu, and Au;

[0127] R* and R? each independently represents mono
to a maximum possible number of substitutions, or no
substitution;

[0128] R* RZ R' R? R R, and R'are each indepen-
dently a hydrogen or a substituent selected from the
group consisting of deuterium, halide, alkyl,
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cycloalkyl, heteroalkyl, 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;

[0129] one of R* and R? is a 5-membered or 6-mem-
bered aromatic ring that is bonded to M;

[0130] the ligand L, is optionally linked with other
ligands to form a tridentate ligand or a ligand with a
maximum possible denticity to which M can coordi-
nate;

[0131] any two substituents may be joined or fused
together to form a ring, provided that R and R” are not
joined to form a 6-membered aromatic ring when Y is
a single bond; and

[0132]

[0133] 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.

[0134] 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
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.

[0135] An emissive region in an organic light emitting
device is also disclosed. The emissive region comprising a
compound comprising:

[0136] a first ligand L of Formula I

M is optionally coordinated to other ligands.

[0137]

[0138] Ring A is a S-membered or 6-membered carbo-
cyclic or heterocyclic ring;

[0139] Z', 7°, and 7 are each independently selected
from the group comprising C and N;

[0140] Y is selected from the group consisting of O, S,
Se, NR?, CRR', SiRR', GeRR', and a single bond;

[0141]
B;

where,

ametal M forms a direct bond to Ring A or Ring
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[0142] M is selected from the group consisting of Os, Ir,
Pd, Pt, Cu, and Au;

[0143] R* and R? each independently represents mono
to a maximum possible number of substitutions, or no
substitution;

[0144] RA RZ R', R% R% R, and R' are each indepen-
dently a hydrogen or a substituent selected from the
group consisting of deuterium, halide, alkyl,
cycloalkyl, heteroalkyl, 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;

[0145] one of R* and R? is a 5-membered or 6-mem-
bered aromatic ring that is bonded to M;

[0146] the ligand L, is optionally linked with other
ligands to form a tridentate ligand or a ligand with a
maximum possible denticity to which M can coordi-
nate;

[0147] any two substituents may be joined or fused
together to form a ring, provided that R' and R? are not
joined to form a 6-membered aromatic ring when Y is
a single bond; and

[0148] M is optionally coordinated to other ligands.

[0149] In some embodiments of the emissive region, the
compound is an emissive dopant or a non-emissive dopant.
In some embodiments of the emissive region, the emissive
region further comprises a host, wherein the host comprises
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-dibenzoselenophene.

[0150] In some embodiments of the emissive region, the
emissive region further comprises a host, wherein the host is
selected from the group consisting of:

0 C
{ )

7,
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101
[0151] In some embodiments, the compound can be an _continued
emissive dopant. In some embodiments, the compound can
produce emissions via phosphorescence, fluorescence, ther- Q
mally activated delayed fluorescence, i.e., TADF (also
referred to as E-type delayed fluorescence; see, e.g., U.S. N N

application Ser. No. 15/700,352, which is hereby incorpo-
rated by reference in its entirety), triplet-triplet annihilation,

)\N
Lo . N \
or combinations of these processes. In some embodiments,
the emissive dopant can be a racemic mixture, or can be =y
;
enriched in one enantiomer.

[0152] According to another aspect, a formulation com-
prising the compound described herein is also disclosed.

[0153] 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 N N
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. A \
Sy
[0154] The organic layer can also include a host. In some N ,
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 C/H,,,,, OC,H,, ,, OAr,, N(CH,,,,),,

N(A‘rl)(A‘rZ)’ CH:CH;C}’IHZ}'I+15 CEC4CnH2n+l5 Arl’

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, d\

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.
[0155] 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 O
can be, but is not limited to, a specific compound selected Q
from the group consisting of:
N
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C
Ay

and combinations thereof.

Additional information on possible hosts is provided below.
[0156] 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.

Combination with Other Materials

[0157] 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:

[0158] 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.

[0159] 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,
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US20070160905,  US20090167167,  US2010288362, continued
WO06081780,  W02009003455,  WO02009008277, ‘] P

WO02009011327,  WO02014009310,  US2007252140, F
US2015060804, US20150123047, and US2012146012.
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HIL/HTL:

[0160] 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 is 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-
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.

[0161] Examples of aromatic amine derivatives used in
HIL or HTL include, but not limit to the following general
structures:

| Ar Art
T‘r / AIZ\N/M
N N—Arl—N |
N3 4 7
Ar? A, AP AP, A A AT,
N N
Lok
Alz\ /Ar4
/N—Arl—N\
Ar A1\5
AP—N N—A”, and
Ar’ Al
Ar AP
\N/
I
Arl
N
Al AT Al
N
| W
At /Lrs
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[0162] 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
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.

[0163] In one aspect, Ar' to Ar® is independently selected
from the group consisting of:

wherein k is an integer from 1 to 20; X'® to X'®* is C
(including CH) or N; Z*°" is NAr', O, or S; has the same
group defined above.



US 2019/0252627 Al

[0164] Examples of metal complexes used in HIL or HTL
include, but are not limited to the following general formula:

ylol
< Met— (L1}
102
Y v

wherein Met is a metal, which can have an atomic weight
greater than 40; (Y'°'-Y ") is a bidentate ligand, Y*°" and
Y'%? are independently selected from C, N, O, P, and S; L'
is an ancillary 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.

[0165] 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.

[0166] 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

Aug. 15,2019

with references that disclose those materials: CN1027020735,
DE102012005215, EP01624500, EP01698613,
EP01806334, EP01930964, EP01972613, EP01997799,
EP02011790. EP02055700, EP02055701, EP1725079,

EP2085382, EP2660300, EP650955, JP07-073529,
JP2005112765, JP2007091719, JP2008021687, JP2014-
009196, KR20110088898, KR20130077473,
TW201139402, U.S. Ser. No. 06/517,957, US20020158242,
US20030162053,  US20050123751, US20060182993,
US20060240279,  US20070145883, US20070181874,
US20070278938,  US20080014464,  US20080091025,
US20080106190,  US20080124572,  US20080145707,
US20080220265, US20080233434,  US20080303417,
US2008107919,  US20090115320,  US20090167161,
US2009066235, US2011007385, US20110163302,
US2011240968, US2011278551, US2012205642,
US2013241401, US20140117329, US2014183517, U.S.
Pat.  Nos. 5,061,569, 5,639,914, WO05075451,
WO07125714, WO08023550, WO08023759,
WO02009145016, W02010061824, WO0O2011075644,
W02012177006, W0O2013018530, WO02013039073,
WO02013087142, WQ2013118812, W02013120577,
WO02013157367,  WQO2013175747,  WO0O2014002873,
WO02014015935,  WO02014015937, W02014030872,
W02014030921, W02014034791, WO02014104514,
WO02014157018.
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EBL:

[0167] 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.

Host:

[0168] 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.

[0169] Examples of metal complexes used as host are
preferred to have the following general formula:

103
< Met— (L1}
104
Y "

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

[0170] In one aspect, the metal complexes are:

0] (0]
( Al— (L p < Zn— (L") p
N . N ©

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

[0171] In another as;)ect, Met is selected from Ir and Pt. In
a further aspect, (Y*°*-Y'**) is a carbene ligand.

[0172] 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,

Aug. 15,2019

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 atoni, 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.

[0173] In one aspect, the host compound contains at least
one of the following groups in the molecule:

Z

= 5105 X!
xlo1 zl01 7102 X108
5108 I \le
03 106
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_continued erocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-

VA enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl,

acyl, carboxylic acids, ether, ester, nitrile, isonitrile, sulfa-
nyl, sulfinyl, sulfonyl, phosphino, and combinations thereof,
and when it is aryl or heteroaryl, it has the similar definition
as Ar’s mentioned above. k is an integer from 0 to 20 or 1
to 20. X' to X'°® are independently selected from C
(including CH) or N. Z'°' and Z'°* are independently
selected from NR'®', O, or S.

[0174] Non-limiting examples of the host 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: 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,
US2013175519,  US2014001446, US20140183503,
US20140225088, US2014034914, U.S. Pat. No. 7,154,114,
WO02001039234, WO02004093207, WO2005014551,
WO02005089025, WO02006072002, WO02006114966,
WO02007063754,  WO02008056746,  W0O2009003898,
WO02009021126, 'W02009063833,  WO2009066778,
WO02009066779,  W02009086028,  W0O2010056066,
WO02010107244, WO02011081423, WO02011081431,
WO02011086863, WO02012128298, 'W02012133644,
WO02012133649, W02013024872, W02013035275,
WO2013081315,  WO02013191404, W02014142472,
wherein R'*! is selected from the group consisting of hydro- ~ US20170263869, US20160163995, U.S. Pat. No. 9,466,

gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, het-
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Additional Emitters:

[0175] 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
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.

[0176] 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, FEP1647554,
EP1841834, EP1841834B, EP2062907, EP2730583,
JP2012074444, JP2013110263, JP4478555,
KR1020090133652, KR20120032054, KR20130043460,
TW201332980, U.S. Ser. No. 06/699,599, U.S. Ser. No.

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,

Aug. 15,2019
and

US20100295032, US2010102716, US2010105902,
US2010244004, US2010270916, US20110057559,
US20110108822, US20110204333, US2011215710,
US2011227049, US2011285275, US2012292601,
US20130146848, US2013033172, US2013165653,
US2013181190, US2013334521, US20140246656,

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, WO06081973, W006121811, WO07018067,

WO007108362, WO007115970, WO07115981,
WO08035571, W02002015645, W02003040257,
W02005019373, WQO2006056418,  WO2008054584,
WO2008078800,  W(O2008096609, WO02008101842,
WO02009000673,  W02009050281,  W02009100991,
WO02010028151, WO02010054731, W0O2010086089,
W02010118029,  WQ02011044988,  W0O2011051404,
WO02011107491,  W02012020327, W02012163471,
WO02013094620, WO02013107487, W02013174471,
W02014007565, W02014008982, W02014023377,
W02014024131, W02014031977, W02014038456,
W02014112450.
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[0177] Aholeblocking layer (HBL) may be used to reduce
the number of holes and/or excitons that leave the emissive
B -3 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

N to a desired region of an OLED. In some embodiments, the
HBL material has a lower HOMO (further from the vacuum
N level) and/or higher triplet energy than the emitter closest to
Va \\ 0 the HBL interface. In some embodiments, the HBL material
Ir \ has a lower HOMO (further from the vacuum level) and/or
/ — higher triplet energy than one or more of the hosts closest to

2 ;

w

N/

7N\

the HBL interface.

[0178] In one aspect, compound used in HBL contains the
same molecule or the same functional groups used as host
described above.

[0179] In another aspect, compound used in HBL contains
at least one of the following groups in the molecule:

AN 7z |
N N
7 \\Ir/ N
e

— > ,

0O
< Al— (L%
N ¥

CF , wherein k is an integer from 1 to 20; L'®* is an another
ligand, k' is an integer from 1 to 3.




US 2019/0252627 Al

147

ETL:

[0180] 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.

[0181] In one aspect, compound used in ETL contains at
least one of the following groups in the molecule:

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 X' is selected from C (including CH) or N.

[0182] In another aspect, the metal complexes used in
ETL contains, but not limit to the following general formula:

(0] (0]
< AL— (L) < Be—(L!"),.p
N v N ¥

Aug. 15,2019
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O N
< Zn— (L1, p < Zn— (L1, p
N I'4 N 4

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.

[0183] 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-

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, W02003060956, WO02007111263,
WO02009148269,  W02010067894,  W02010072300,
WO02011074770, W02011105373, W02013079217,
WO02013145667,  W02013180376, W(02014104499,
W02014104535,




Aug. 15,2019

US 2019/0252627 Al

148

-continued

-continued




US 2019/0252627 A1l Aug. 15,2019
149

-continued -continued

)@

N

/N N
OO0~ - (00
Sele N

)

>~

<




US 2019/0252627 A1l Aug. 15,2019
150




US 2019/0252627 A1l Aug. 15,2019
151

-continued -continued




US 2019/0252627 Al
-continued
N/
0
N N
N
\x
(L
NN
N,
Z N

Charge Generation Layer (CGL)

[0184] 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.

[0185] 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

[0186] Based on literature report, an inventive compound
can be synthesized using the following synthetic Scheme:

Br Br
A Step 1 x Step 2
_ _—
N N
Cl OMe
Ph
Br Cl )
S Cl
A Step 3 Step 4
L —_— \ —_ =
¥
) N
OMe

152
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Ph Ph
S CN S Z
Step 5 Step 6

AN x

2N N

OMe OMe

Ph
$7ON
x
/ N
OMe
Int. 1

Steps 1 and 2 are well reported in the literature. Step 3 is a
sulfide synthesis and is performed as described in Y.-C.
Wong, T. T. Jayanth, C.-H. Cheng, Org. Lett, 2006, 8,
5613-5616. Step 4 cyanation is performed in a similar
fashion described in D. T. Cohen, S. L. Buchwald, Org. Lett.,
2015, 17, 202-205. Step 5 formylation from a benzonitrile is
a well-known reaction. The final step is performed through
either Wittig (phosphonium) chemistry or under strongly
basic conditions to force the ring closure.

[0187] Once intermediate compound Int. 1 is made, the
final compound can be afforded using the following path-
way:

Ph
577N
Step 7

\

> N

OMe

Ph
8 N Step 8
Phosphonium
- 0000 @ @ 0.
N B(OH),
NH

0]
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Step 7 is a de-methylation which is performed by treating the
starting material in solution with BBr;. Step 8 is a two steps
one pot type of reaction where the first step is to make the
phosphonium intermediate and then treat it with dimethyl-
phenyl boronic acid as described in J. Org. Chem. 2005, 70,
1957. The second to last step (Step 9) is the formation of the
chloro bridged dimer, it is made in a similar fashion as in US
20180240988 Al. This reference is also used for the syn-
thesis of the final compound where the dimer is treated with
the diketone ancillary ligand in basic conditions.

[0188] Density functional theory (DFT) was performed on
multiple potential materials to fully evaluate the effect of the
current invention on the color of emission. Here, the calcu-
lated T1 Energy is shown:

Aug. 15,2019
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Comparative Compounds.

[0189]

Ir
o=

L -1
Calculated T1 = 651 nm

/
o
e

(=)
I

L =2

Calculated T1 = 646 nm

Inventive Compounds.

[0190]

/

\z
/

o
s

[
|
=3

Calculated T1 = 740 nm

=

w2

/

\
2
/
~o
=

— —2

Calculated T1 =745 nm
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Calculated T1 = 809 nm

'
X
= 0
\\Ir \
N\
7 | o=
AN

— —2

Caleulated T1 = 691 nm

As can be observed from these DFT calculations, the inven-
tive compounds show a large red shift effect. This effect can
make the above compound usable as Near Infrared (NIR
emitters) which was not possible for the Comparative Com-
pounds.

[0191] The calculations obtained with the above-identified
DFT functional set and basis set are theoretical. Computa-
tional composite protocols, such as the Gaussian09 with
B3LYP and CEP-31G protocol used herein, rely on the
assumption that electronic effects are additive and, therefore,
larger basis sets can be used to extrapolate to the complete
basis set (CBS) limit. However, when the goal of a study is
to understand variations in HOMO, LUMO, S1, T1, bond
dissociation energies, etc. over a series of structurally-
related compounds, the additive effects are expected to be
similar. Accordingly, while absolute errors from using the
B3LYP may be significant compared to other computational
methods, the relative differences between the HOMO,
LUMO, S1, T1, and bond dissociation energy values calcu-
lated with B3LYP protocol are expected to reproduce experi-
ment quite well. See, e.g., Hong et al., Chem. Mater. 2016,
28, 5791-98, 5792-93 and Supplemental Information (dis-
cussing the reliability of DFT calculations in the context of
OLED materials). Moreover, with respect to iridium or
platinum complexes that are useful in the OLED art, the data
obtained from DFT calculations correlates very well to
actual experimental data. See Tavasli et al., J. Mater. Chem.
2012, 22, 6419-29, 6422 (Table 3) (showing DFT calcula-
tions closely correlating with actual data for a variety of
emissive complexes); Morello, G. R., J. Mol. Model. 2017,
23:174 (studying of a variety of DFT functional sets and
basis sets and concluding the combination of B3LYP and
CEP-31G is particularly accurate for emissive complexes).
[0192] 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,
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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 comprising:
a first ligand 14 of Formula 1

R!

R4

wherein,

Ring A is a 5-membered or 6-membered carbocyclic or
heterocyclic ring;

7', 72, and 77 are each independently selected from the
group comprising C and N;

Y is selected from the group consisting of O, S, Se,
NR?, CRR', SiRR', GeRR', and a single bond;

a metal M forms a direct bond to Ring A or Ring B;

M is selected from the group consisting of Os, Ir, Pd,
Pt, Cu, and Au;

R* and R? each independently represents mono to a
maximum possible number of substitutions, or no
substitution;

R* R®,R', R? R? R, and R' are each independently a
hydrogen or a substituent selected from the group
consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, 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;

one of R* and R” is a 5-membered or 6-membered
aromatic ring that is bonded to M;

the ligand [, is optionally linked with other ligands to
form a ligand having a denticity of tridentate to a
maximum possible denticity to which M can coor-
dinate;

any two substituents may be joined or fused together to
form a ring, provided that R* and R” are not joined
to form a 6-membered aromatic ring when Y is a
single bond; and

M is optionally coordinated to other ligands.

2. The compound of claim 1, wherein R%, R® RY, R? R?,
R, and R' are each independently a hydrogen or a substituent
selected from the group consisting of deuterium, fluorine,
alkyl, cycloalkyl, heteroalkyl, alkoxy, aryloxy, amino, silyl,
alkenyl, cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile,
isonitrile, sulfanyl, and combinations thereof.

3. The compound of claim 1, wherein M is selected from
the group consisting of Ir and Pt.



US 2019/0252627 A1l Aug. 15,2019
155

4. The compound of claim 1, wherein Y is a single bond _continued
or selected from the group consisting of O, S, and NR*.

5. The compound of claim 1, wherein one of R* or R®
comprises a benzene ring, that is bonded to M.

6. The compound of claim 1, wherein one of R* or R®
comprises a pyridine ring, that is bonded to M.

7. The compound of claim 1, wherein one of 7', 72, and
72 is N and forms a dative bond to M, and the remaining two
of Z', 72, and 7% is C.

8. The compound of claim 1, wherein Ring A contains an
N atom that forms a dative bond to M.

9. The compound of claim 1, wherein Ring A is a
S-membered aromatic ring or a 6-membered aromatic ring.

10. The compound of claim 1, wherein the first ligand L,
is selected from the group consisting of:
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-continued

wherein,
R represents mono to a maximum possible number of
substitutions, or no substitution; and
R and R* are each independently a hydrogen or a
substituent selected from the group consisting of
deuterium, fluorine, alkyl, cycloalkyl, heteroalkyl,
alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
> heteroalkenyl, aryl, heteroaryl, nitrile, isonitrile, sul-
fanyl, and combinations thereof.
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11. The compognd of claim 1, wherein L is §e1ected from _continued
the group consisting of L, through L ,,,, having structures
of Formula I Ligand R R? R’ R¢ R’
Rl Liss H RE! RE3 REM RBM
Lss RE! RE! RE3 REM RBM
Lss H H RZ4 H H
Lose RZ! H RZ4 H H
Ls7 H RZ! RZ4 H H
Rl Lsg RZ! RZ! RZ4 H H
Lo H H RE4 RE! RE!
Lo RE! o R34 RE RE!
Ll H RE! RE* RE! RE!
-~ Lo RE! RE! RE* RE! RE!
L o o RE4 REM REM
e RE! o R34 REM REM
s Loes o RE RE4 REM REM
L RE! RE! RE* REM REM
L H H RE7 H H
RS RS LjZ; RZ! H RZ7 H H
’ Lo H RE! RE7 H H
. Bl Bl B7
wherein R', R R>, R® and R are defined as follows: iﬂo E E %37 EBI EBI
ng RE! H RE7 RE! RE!
Lo H RE! RE7 RE! RE!
Ligand R! R2 R R® R° Los RE! RE! R®7 RE RE!
L o o RE7 REM REM
T 2N A
EAZ EBI EBI g g g Lo HBI RBI RB7 R1344 RBAA
A3 - - . L7 R R R R R
L RBI R RB1 H H L7 RZ3 H H H H
Lis R H R H H L.so RZ3 RE! H H H
B1
iAs g g E Em E}n Lt Rﬁ R2! Rﬁ H H
47 Lugo R H R H H
L R R it R R L RE3 RE! H RE! RE!
Ljio R7! RZ! R R?! RZ! Lo RZ R2! RB! RB! RB!
o R3! H RB! R3B! RB! szz RE? o RE! RE RE!
b H H RE! RZM RZM L RE3 o o RBHM REH
L it it it R R Lss RE3 RE! H REM RBM
L R3! H H R34 RBH L RE3 RE! RE! RBM RBM
Lji: R3B! R2! H R34 RB44 LAg9 R?3 H R3! R R34
RE! R?! RZ! RE4 RE% Lo R H RA3 it H
LA 16 RB! H RE! REM RB4 0L B3 434
Lj i; H H RE! REM RE44 II:AQZ §B3 EBI RA34 g g
493
434
420 Los R H R R R
Lo H R2! RA34 H H Los RE3 RA434 H RE! RB!
Lo RE! RE! RA34 H H L o7 RE3 RE! RA34 R RB!
L H H R34 R3! R3! L RE3 RA REL RE! RB!
szz R3! H R34 RB! R3B! szz RE3 H R34 RB# RB44
Los H R2! R4 R3B! RB! L RB3 RAM H R34 RBM
Los R R2! RA34 R3! R3! LAIOO RE3 RE! R34 RBM REM
4101
Loy H H R34 R34 R34 Lo, RE3 RA3 REL RE REH
LA28 RBI H RA34 RB44 RB44 LA 103 RB3 it RB 18 H H
b B R M N N Loog  RP RS oo
Lo K R K R R L4105 RE3 RB! RB18 H H
B18
i’m EBI g EBIS g g Lstos Rﬁ RIS Rﬁis HBI HBI
432 Li07 R H R R R
L H R3B! RB18 H H L8 RB3 RB18 H R3B! RB!
L R3B! R3B! Rii: Hgl Hgl Lo RE3 RB! R3S R3! R3!
Ls bEi bEi R R R Lo RE3 RES REL RE! REL
Bl B18 Bl B1
L s R Hm Rms Rm Rm L RE3 H RE18 REM RB4
LA37 HBI RBI RB 18 RBI RBI LAI 12 RB3 RB N H RBM RB44
L g R R R R R L R?? R3! R218 RBM RBM
Lo HBl H Ri iz Riz RZ;‘ Liis RE3 R3S R2! RBM R3M
E’MO E EB 1 EB 18 5344 5344 Laus R% H R? H H
441 Laits RZ RZ3 H H H
Bl 21 B18 B44 B44
Lo R R R R R Lo RE3 RZ! RZ3 H H
LA43 HBI H RIB;; H H LAl 15 RBS RBS RBI H H
Lisa R H R H H B3 B3 Bl B1
Bl B3 L R H R R R
Lus H R R H H LA1 Nt RE3 RB3 bEi RBL R3B!
L RZ! RZ! RZ? H H 4120
446 B3 Bl B3 B1 B1
L H H RZ? R2 R3! Lo R R R R R
e R H R RMRE Lan R® R® R RE RE
s Bl B3 Bl Bl L RBS H RB3 RBA4 RBAA
Lo H R R R R /4123
Lso RB! RE! R2? R3! R3! Liioa RB3 R23 H R3M4 RB44
Lo H H RZ3 REHM REH Lios RE3 R2! R23 REHM REH

LA 5 RB 1 H RBS RB44 RB44 LA 126 RBS RBS RB 1 RB44 RB44
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R2
iA 127 RB3 - / R6
‘4128 RBS R ] R5 .
Lai2o R?? R? N H , —
L w Rl H H H igand R!
Lo > & R34 I L R? .
2 2 : RE! H H LA201 RZ2 R RS
L RBS i, RE4 HBI H L"202 R% RE1 RE4 RS
Laiza RB3 R2! H RB f R2L LAQOS R N o "
L > X R34 RB L R2! LA204 R22 H RE4 H H
i 4 R RE! RB L R2! LA205 R% R4 H R3! ¢
Lia7 B3 R24 RE4 RB44 RB! LAQOG R% o o ¢ :
. RM - R RB44 REM LA207 R® R34 RE! R2! RE.
Lo §33 R R3* RB44 R244 L’QOS RE2 H RE4 RE21 R2!
L 140 RE3 H RE! RB44 RB4 LA209 R? o R = :
Lt RE3 R®7 RE7 R RE% LA210 RZ2 o w0 i 5
Ly RE? RE! H H H LA211 R* R o = =
L3 RE RY RE7 H H e R R E P -
Lyiaa RE3 H RE! H H e R? o R ; ]
L i i RE7 v H . RE2 REL RE7 H H
Lsiss RE3 R2! H Rgl REL LAQIS R N o ! :
Liiaz R RE7 RE7 Rgl RB!L L’le RZ R N : :
Lsiag RE H R® RB . RZ! LAQH : : H : H
L4140 B3 RE7 RE7 R344 RB!L LAQIS R#2 e R v :
Lo %BS R H Rm REM L"?lg RE? RE7 RE! RB! R2!
iml i R g: %BM R34 ijzo RE2 E}n R®7 RE! gi
‘A B44 . RBZ RBM
LAE RZ EBI X REM %1944 i@z RE RE! Em REM REM
Liisa RBZ RE! H H o LADS R N B = =
LA g ﬁBZ X RB 1 H H LA224 RB4 H H RB44 RB44
L - i RE! H H LAD 5 RE4 RB! H H REM
Lais7 RE2 RB! H EB 1 H LA226 R il o ! :
Lo % e H ™ R3! . RE4 H RE! H H
i ke R RE! RB L RE! LAZZS RE4 H 0 H H
i 4 r RE! RB L RE! LADQ R4 RE! H R! H
Lo i u H RBM RB! LAZ30 RE4 RE! RE! RB! RE!
L w Rl )i RB44 RBM LAZ31 RZ4 H RE! R2! RB!
1 v R RE! R344 R34 LAZ32 RZ4 H o RB! R3L
Liiea RE2 H R3! RB44 R34 LAZ33 RF4 o R = :
i - . RA34 R R4 . RE4 RE! REI RB RBP4
e - R H H g L RE4 H RP! REM RB44
L7 RE? RAM RA34 H 0 LAZ36 R R B i -
e v R RE! H H LA23 7 RE4 RA34 H H REM
Lt e o R434 EB f H LAZ38 RE4 RBL RA3 H H
L7 RE2 R3B! H 31 RE! LAZ39 R B Ro ! :
Lant RE? R4 RA3 RB . RE! LAZAO = H - H H
Lan RB2 H RZ! RB 1 REL LAZM v - H : H
L RE? R4 R34 R R2! . RE R?! R34 R o
L17a RE? RZL H RB " RB44 LAZ43 RE4 R REL R o
11:4175 RE RA34 Eﬁ“ %B " RE4 sz44 RE4 EA34 R34 R3! gi
‘A BA4 " RB4 RBM
LAiZi g‘z EBIS o R EBM EAZ% RE4 RB! EA34 RBM RB44
Lz RE? RE! H H - L RE4 R RE! R -
i e R RBI8 H H LAZ48 RB4 H REIS R34 RB44
2 2 R RE! H H LAZ49 RE RB18 u RBM
Laist RE? RE8 RE18 Hzn H LAZjO v : 2 H H
Lisa RE2 RZ! H RB L RB! LAZSI RE4 R . " H
Lais3 RE2 RB18 RB18 an RE! LAZSZ % H i H H
Laiga RB2 H R&! RB1 RE! LA253 % 2 H : H
Latss RE? RE8 RE18 RB44 R3! L RE4 R2! RE1S R o
Lise RE? RE! H R RBH s RE RP!S RE! e o
Lig7 B R318 RB18 RB RA4 LAZjG = : . : :
; e : K RB44 RB4 LAZ57 RE RB18 o RBH RB!
L, 13? R§2 RE3 RE3 RB44 RB44 LAZ58 RE4 R2! RE18 R -
LAlg R = RBl H H H LAZ59 R34 RBls RBI RBM o
LA 0 : : 3 : : LAZGO RB4 H R33 R34 RB44
L 191 R3? H R3! H = L"Zﬁl R w H : :
Lmz - B X H 4262 RE RZ! s o H
" i " R2! H L.os R23 R H
| B H B N RBA B H
A194 5 & RE1 RBL L, H R2! H
L, R RZ3 RE3 RE! L 264 R N :
L ,4195 RE2 - R3! RZ! RE! Lms i RBS H : HB
LAI% 4 : ® R2L RE! LAZGs RE4 R2! RE3 RE RBI
| 197 : B : o i 67 RZ4 RZ3 2 RE! R3!
i - N ; REM RB44 Lps H R” 3 RB!
| s B4 x l
L w R R R24 RB44 L R RE3 RZ? RE!
L RE! s 1269 R X o
i - HB N RB# RB4 L.70 RE4 RB! B3 RBM R34
R34 H H R 4 LA2 71 RBA R33 RB = =
H H L7 g X s ) -
X . B4 R
H o v et R H REB4M
Lao7a RE4 o HM g H
RB4 RB H H
RB! H .
H
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-continued -continued
Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Li7s R H R RE RZ! L33 H RZ! RA34 RE# RE4
Lyre R* R H RZ! R2! L iios RP! RZ! R34 REM R4
Lo RE4 RE! R24 RE! R L ios H H R2L8 H H
Lo RE RE RE! RE! R2! iy R H R2L8 H H
Lo R* H R4 RPM R2M Loy H RZ! R21S H H
L pso R R H REM R244 L ios RP! RZ! R21S H H
Logr RE RZ! R RE# R34 L3290 H H R2!8 RZ! RE!
Lo R R® R REM  REM Lo R H RES R RE!
L.s3 R H R%’ H H L.t H R2! RE2!8 RE R2!
Liyoga R2 R H H H L RE! RE! R218 RE! RB!
L g5 RZ RZ! RE7 H H I is H H RIS REM REH
Loss R R¥’ R H H L.ssa RE! H RE1S REM RB44
Lys2s7 R2 H R%’ R3! R2! Lsss H R3! R218 RB# RBH
L s R R H RZ! RE! Ljsse R RZ! RE1S RBM R4
L s N RE! NG RE! RE! L iss7 H H RE3 H H
L oo R RY R?! RZ! R2! L s RP! H R® H H
Lot R H R?7 R4 RB44 L 30 H RZ! R H H
L o R R H R RB44 Lo R RZ! R H H
L os N RE! RE REM RB44 . o - RE? RE1 REL
L. o0s R R R R4 RE4, . RE! - RE3 RE R
Lsas H RE! R®3 RE! R®!
L i RE! RE! RE3 RE! RE!
L4505 through L ,s4e having structures of Formula IT L a5 H H R RE% R34
Lisas RZ! H R23 REM RE44
R! Ligsar H R?! R23 REM RE44
L R RE! NS REM RB44
L g340 H H RE4 H H
L.sso R®! H RE4 H H
L st H R?! R2 H H
R’ Lasa R* R?! RE H H
Lsss H H R R RE!
Lissa R?! H R2 R2! RE!
L 355 H R?! RE R2! RE!
N LA356 RBI RBI RBA RBI RBI
Lss7 H H R24 RE* RB44
. Lsss RZ H RE REM RE44
. LA35 o H RB 1 RBA RBAA RB44
LA360 RB 1 RB 1 RBA RBA4 RB44
L H H RE7 H H
RS RE: Lo el H R H H
’ L 363 H R3! R7 H H
. Bl B1 87
wherein R!, R?, R®, R®, and R” are defined as follows: iAm E E ﬁm E}n Em
4365
Lusss R H RE7 R2! RE!
L7 H R?! RE7 R2! RE!
Ligand R! R? R’ R® R’ L6 R5! RZ! RE7 RBL R3L
Lo H H RE7 REM RE44
Loios H H H H H Lo RE! H RE7 RBM RB4
Losge RZ H H H H L7 H RB1 RE37 RBM RBM
Liog7 RZ! R H H H L RE! RE! RF7 REH RBM
Loss  RY R R” H H Lz RE H H H H
L2009 RZ H Rf; i H H Lo RE3 R2! H H "
L300 H H R H H L s N R2! RE! H H
Lot H H H RZ! R?! Las7e R H R H H
Loy R% H H R2Y R2! Ly RS H H R R
L.s0s R R®! H R R® Ls7s REZ3 RA! H RB! RB!
LA304 RBI RBI RBI RBI RBI LA379 RB3 RBI RBI RBI RBI
Lss0s R H R R?! R L RZ3 H RE! RE! RB!
Lso7 HBI H H Riz RZ:‘ L s RE3 RE! H REM R4
iAsozs 531 EBI g 5344 5344 L sss RZ? RE RE! REM RE%
53 21 Ba4 B4
4309 Bl Bl 21 Ba4 B44 Lsga R H R R R
L R R K R K B3 A34
4310 L R H K H H
1 RBI H RBI R344 RB44 ‘4385 o i
au Lsges S R H H H
L H H RE! REHM REM
LA312 H H R34 bEi H Lsg7 R® R?! R34 H H
LA313 RBI H RA34 H H LA388 RBS RA34 RBI H H
4314 53 434 81 51
L H RZ! R#34 H H Lsso R H R R R
4315 B3 A34 Bl Bl
L R RZ! R34 H H Lsso R R H R R/
e B3 51 434 81 B1
Las17 H H R4 R®! R L 301 R R R R R
L R3B! H R434 RBL R2! LA392 RBS RA34 RBI RBI RBI
4318 Bl A34 Bl Bl B3 A34 Baa BA4
L H R R R R L33 R H R R R
4319 Bl 21 A34 Bl B1 B3 A34 BA4 BA4
Lo R R R R R Loy R R H R R
Lo H H R34 REM RB44 L paos R® R?! R4 REM R34

Lz R®! H RA34 RE4 RB44 L.06 RZ3 RA34 R2! RB# RB44
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— tinued
R2
i,mw R . -
/4398 RZ R i ; .
L4300 RB3 R218 N H , —
L 4200 Rr33 Rr2! 1 I : . :
B 4 R, RELS H L R’ 7
B 2 : RE! H H LA471 RZ2 R RS
L1103 RE3 RE1S RIS HB . 1 LAm 5 : 2 |
L1104 R33 R2! H Rgl RB!L LA473 R N o "
L 1405 RZ3 R2S RE18 RB . R®! LAMA 3 : b H H
L 1106 R3? H R RB ! RE LA475 v 2 H : H
Loao7 23 R38 R21$ RB44 R8! LA476 R22 R?! R21S R o
L4108 RB3 RE! H RB44 RB44 LA477 Rr22 R?18 RZ! R e
L 4400 %Bs R2S REL8 RB ad RE LAMS v : b : :
L ke R RE! R344 RB44 LA479 RE RES H REM RE!
L RE3 R23 R33 R RE% LA480 R2? R2! R218 R o
Lz R R3! H H H LA481 RE2 R?18 RE! R o
Lo > R R2? H H LA482 RE2 H RE? REM R34
Liara RE3 u RE! H H e R W ¥ H :
Laais RE R® R®3 HB . H LAASA 3 : : H H
Laais R R2! H RB f REL LA“SS RE? R s i H
Lz RE3 RE3 R RB L RZ LAASS : H : H H
Las RE H R2! RB . RZ! LA487 : : H : H
Lisaro B3 RE3 RB3 RBA4 RB!L LA488 RE2 R?! R23 R o
Lazo %1;3 R2! H RB " R34 LA“SQ RrE2 R? RE! R e
iwl 2 v gi %344 REM ijgo RE2 Eg; RZ3 RE! gi
A BA4 . o :
LAji Rﬁz EBA R24 RB4 %1244 £A492 RE? R?! Egs ﬁBM o
Lia2a %33 RE! H H u e RE2 R RE! i s
Lssos R R RP* H H Lo RZ2 R i 3 -
i i R RE! H H LA49 5 R® RE4 H H REM
L7 R RE R% HB . H LAA% : : : H H
Lo & 2o H RB f RB!L LA497 RE2 RB4 RE3! H H
L 20 RE3 RE4 R% RB L R?! LAAQS : : : H H
Lo R?? H R RB ! R?! LAAQQ : : H : H
L saa1 B3 RE4 RB4 RB44 RB!L LA500 R® o R v :
Laaz §B3 R?! H R344 RB44 L4501 R N o % :
]]:4433 RE R24 gj %1344 RE4 Lj502 RE2 EB“ i v gi
4 B44 o & :
LAz: gz Ef” RE7 RB44 %344 %504 R R31 EBA RB REM
Lusse RE3 RBL H H o LA505 R h o = :
Lyaz7 RE3 RE7 RE7 H - %0 R? R b i -
L v R RE! H H LA507 RE2 R27 H H REM
L 4430 R33 REZ7 RE7 EB 1 H LA508 R R R ! :
Lsa10 RE3 R3B! H 31 RE! LA509 R N e ! :
Lyan RE3 R27 R37 RB ! RE! LA510 R¥ R B : :
L4z RB3 H R2! RB 1 RZL LASM : - H : H
L a3 RE3 RE7 RE7 RB44 RB! LA512 R®2 e e 2 :
L gaaa RB3 RZL H RB44 RB44 LA513 RE2 N M ¢ :
i - N R37 RB44 R34 LA514 RE2 H RE7 R3! RB!
L a6 RE2 H RE! RB44 RBM LA515 RZ o R = :
Laaar RE2 RE! H R RB4 LAS 16 R e o = :
o - R bEi H H LA51 7 RE4 RE7 RE! RB4 RBM
Lqaao RB2 H RE! H H LAS 18 R R t P -
L.aso RE2 H RE! H " e RZ o ¥ : .
L st RB2 RZL H HB 1 H LA520 R34 N e : :
Lossa RE2 RZ! H RB L REL LA521 RH4 H i ! :
Lus3 RB2 H R&! R 31 R%! LAjzz = H H H H
L uasa RB2 H R2 R 31 RE! LAjz : % : H : H
Losss RE2 R2! H RBM R3! —— RE4 R7 RE! R !
Losse RE2 RB! H EBM RB44 LA5Z5 RH4 H i v :
Las7 3 H R! " N LA526 R%4 R it : :
- RBZ B RE! Rgz RB44 L RE4 RE2! I RBM REL
L uaso jo R4 R34 E RE4 - R i o = =
L 4460 RB R21 H H LA529 R4 H R = =
L R#? R4 RA34 H o LA530 R R i P -
L 51 R3? H R3! H = LA531 R* o R : :
e R22 > R34 H 4532 RZ r ) : :
- - L RB! H Lis3 R4 R4 H
L B H Bl 3 RBA : !
4464 RE2 R2! P R2! R L . R H
| R : B " RB4 A H
p e N RE! RZ! Lus R34 RA3M4 H
L o R3! RZ! L 35 R% X g :
LA466 RE2 P R434 RA! - 4536 R34 e : ¢ :
4467 RE2 RA34 R34 R8I Luss N 2 : :
| | H 34 ; RE4 2 R2!
= g R R34 RB44 L, H R R3!
L, R R4 RA34 R34 L 538 R n :
L 469 R RE! RE2# B 4530 RE4 w = :
= B H - RE44 L B1 H B44
: : s : e 4540 RE R RA34 RB4 R
| H H Lo e nist ; R34 RB44
H L R RB4
H H 4542 R# k 5 i
o v e R H REB4M
Lsaa RE4 o HBIS g H
RB 18 R H H
RB! H .
H
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Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Lisas R H RZ!8 R2! RZ! Lsos H H RZ! H H
Lisac R4 R2!8 o R2! R2! L is0s o o o R3! R2!
Lossar R RE! R3S R2! R3! Loisos RE! H H R2! R3!
L isas R R218 RE3! R2! R3! Liso7 RE! R2! H R2! R3!
Lsi0 R4 o R218 R2M R244 L ssos RE! R2! R2! R3! R2!
Lisso RE4 R2!8 R2M R244 L ss00 RE! o R2! R3! R2!
Loisst R RE! R3S R24 R34 L1600 H H R2! R2! B1
L iss0 R RE18 RE! R34 R34 Losc01 o o It R34 R34
Lsss R34 H R?? H H L 602 R2! H H R2# R2#
T issn RE4 R23 o o o L sc03 RE! R2! o R2M RB44
L isss R RE! R23 o o L1604 RE! R3! R3! R34 B44
Lisss R R RE! H H Lo s605 RE! H R3! R34 R34
Lsss RE4 o R23 R2! R2! Lssos o o R2! R2M RB44
L ssss R34 RZ3 H RE! R&! L 4607 H H R34 H H
Loiss0 R RE! R23 RE! R3! Lo s608 RE! H R34 H H
Lseo RE4 R23 R2! R2! R2! Lss00 o R2! R34 o o
Lsse1 R34 H R23 R4 R34 Lsto RE! R3! R34 H H
L ez R34 R23 H R2M R34 Lot H H R34 R3! R3!
L.is6s R RE! R23 R34 R34 Loisia RE! H R34 RE! R3!
Lsea R34 R23 R2! R4 R34 L1 H R3! R34 R3! R3!
L s6s R34 H R24 H H Lsia RE! R3! R34 R3! R3!
Losses R R34 H H H Lieis H H R34 R34 R34
Lsser R RE! R34 H H Lsis RE! H RA434 R34 R34
LA s6s RBA RBA RB 1 H H LA61 . H RB 1 RA 34 RBA4 RBAA
LA 560 RBA H RBA RB 1 RB 1 LASI s RB 1 RB 1 RA 34 RBA4 RBAA
L s70 R34 RE4 H R2! RE! Lsio H H RE18 H H
LA 571 RBA RB 1 RBA RB 1 RB 1 LA62 o RB 1 H RB 18 H H
LA 572 RBA RBA RB 1 RB 1 RB 1 LA62 ! H RB 1 RB 18 H H
LA 573 RBA H RBA RBA4 RBAA LA622 RB 1 RB 1 RB 18 H H
LA 574 RBA RBA H RBA4 RBAA LA62 3 H H RB 18 RB 1 RB 1
LA 575 RBA RB 1 RBA RBA4 RBAA LA624 RB 1 H RB 18 RB 1 RB 1
LA 576 RBA RBA RB 1 RBA4 RBAA LA62 s H RB 1 RB 18 RB 1 RB 1
LA577 RBA H RB7 H H LA626 RBI RBI RBI8 RBI RBI
L7 R RY H H H Loserr H H R218 R34 R34
Lo R* RE! R®7 H H Lios RE! H R3S R R34
Lssso RB4 RE7 RB! H H Lsez0 H R3B! RBI8 RB44 RB4
LA ss1 RBA H RB 7 RB 1 RB 1 LA63 o RB 1 RB 1 RB 18 RBA4 RBAA
Lsso R34 RZ7 H RE! RE! L6 H H R23 H H
L sss3 RB4 R3B! R37 R3B! RB! L 632 RB! H RB3 H H
Lssa RB4 RE7 RB! R3B! RB! L33 H R3B! RB3 H H
L s RB4 H R37 R34 RBM L sesn RB! R3B! R33 H H
Lssse R34 R®7 H R34 RB44 L 635 H H R23 R3! R3!
L sy RB4 R3B! R37 RB44 RBM Lsess RB! H RB3 R3B! RB!
L ssss RB4 RE7 RB! R34 RE44, Lsess H R3B! R33 R3B! RB!
L iess RB! R3B! R33 R3B! RB!
Lss30 H H R23 R34 RB44
L sgo through L ., having structures of Formula 11 imo EBI EB . gz gﬁ g;:‘
4641
R R Lotz R2! R3B! R23 R34 RB44
Leis H H R24 H H
Loseas R3! H R34 H H
L s H R3! R34 H H
R Lsoss R2! RB! R34 H H
Losoar H H R34 R3! R3!
L seis RB! H R34 R3B! RB!
L it H R3B! R34 R3B! RB!
. Loses0 R2! RB! R34 R3! R3!
Lsos: H H R34 R34 RB44
- L 652 RB! H R34 R34 RB4H4
s L 653 H R3B! R34 R34 RB4H4
LA654 RB 1 RB 1 RBA RBA4 RBAA
L sess H H R®7 H H
RS RS; L sess R H R¥ H H
Lgs7 H RZ! RZ7 H H
wherein R!, R%, R®, R®, and R” are defined as follows: Liess R?! R?! R H H
LAGS o H H RB 7 RB 1 RB 1
LAGGO RBI H RB7 RBI RBI
Bl B7 Bl Bl
Ligand R! R? R’ RS R’ ]]:jzz E}n E}n 537 E}n EBI
Lsso H H H H H Lises3 H H R¥7 REM REM
Lo  RE! H H H H Liss — R™ H RY RE# R4
L sso; R3! RE! H H H L sees H RBL RE7 R34 R34
L is02 R2! R2! RE! H H Lse66 R2! R2 R27 R4 R34
L 4503 R2! H R H H L 667 R?? H H H H
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R2
T]:Asss R . -
LAGEQ - Ril - RS -conti
| 1 . 111
per e R Boom — -
2 4 B RE! i H L R? R’
LA673 % R H Bl H LA742 RE2 R5
E : e i R 2 e RE2 H o R’
Lagrs RB3 H RZ! RB ! RZ LA744 % H H H
Lss RB3 H R%! RB ! RZ LA745 2 RBI : : H
Lss77 %Bs R2L H R344 R3B! LA745 RE2 R?! RE! R o
- : x - RB44 REM LA747 R2? H RE! RE! R2!
- RBS X REL RB44 REM LA748 R®2 H o RE! R2!
7 RBS n Rt RBA4 R244 LA 749 RE2 RB! H RBM R3L
L ﬁBS i R34 R B [0 RE2 RE! RE! REH R4
- 2 % H H LA751 RE2 H RE! RBM Ba4
- > R RA434 H e LA752 RE2 H R REM REM
e - R RE! H H LA 753 RE2 RA34 H H RB4M
L - o R4 HB i H LA754 RE2 RE! R34 H H
L4685 RB3 R2! H RBl RB!L LA755 RE2 R i : H
Lss7 RE3 RA34 RA34 RB . R%! LA756 v H L H H
= v R RE! RB L RE! L RE2 RA34 I REL H
L . H RA434 RB44 RB! LA758 RE2 R2! RA34 RB! R3L
= RB3 x H RBA4 R34 LA 759 R® R34 RE! R33! R3!
Lsor %Bs RA34 RA34 RB ad REM LA760 3 H L : :
L ke R RE! RB44 RB44 LA761 R® RA3 I REM RE!
2 4 n RE!S R & e RE2 RE! R34 REM R4
Lisoa RE3 R3! H H H LA763 RE2 R* RE! R o
Lo b R RE1S H - e RZ2 H RA1S RBd4 RE4
= b 3 RE! H H LA755 R® R218 H H RBM
Luso7 RB R2I8 RB18 HB L H LA766 RE2 o R ; H
LASQS RB3 RBl H RBl RB!L LA757 RBZ R 8 i H
Lss00 R33 RZ18 RE18 Rsl RZ! LA768 3 : b H H
L 4700 R33 H R RB 1 R2 LA769 v 2 : : H
L 701 B3 RB!S RB18 RB44 R2! LA770 R22 RZ! RE1S e RBI
Li702 RB3 RE! H RB44 RB44 LA771 RrE2 R?18 RE! R e
L 703 %Bs RIS RE18 RB » RE4 LA772 3 : . : :
z : H L RBM e 5 ATT3 RE2 R318 H R34 R3B!
Ls0s RE3 RE3 RB3 R RE% LA774 RE2 RZ! REI8 R o
L.s706 RE? RE! H H H e RE2 RZ!S REI R o
B i R R?3 H I LA776 RE2 H RE? RBM R4
L1 - R RE! H H LA777 RE2 RE3 H H RB44
L 4700 RB3 RB3 RZ3 HB 1 H LA778 : : : H H
Lo RE3 RZ! H N RE! e RE2 x o i H
Lo RE RE3 RZ3 RB . RZL LA780 : H : H H
Lo R33 H RZ! RBI R%! LA781 : : H : H
L3 RE3 R23 RE3 R o R3! L RE2 RZ! RE3 R o
L7 RE3 R2! u R RB44 e RE2 R? RE! R o
L5 o R RE3 RB44 RBM LA784 RE2 H RE? RB! R3!
5 v R RE! RB " RE4 LA785 RE2 RB3 u RBM RB!
L7y R RZ4 RB4 R RB44 LA 786 RE2 R?! RE3 R o
La7is RE? R2! H H H LA 787 RE? R?3 RE! R o
Lo > & RE4 H H LA788 RE2 H RH RB RB44
o RB3 R RE! H H LA 789 RB2 R34 H H RB44
L7 R R4 R24 HBI H LA790 RE2 N o 7 H
7 i N H RB L RB! LA791 RE? R24 RE! H H
L2 RB3 R RP4 R RB! L2 RE2 H R H H
L7a RB3 H R& R 31 R%! LA > % 2 H : H
Lo RB3 i, RE4 RB " RB! LA794 RE2 RE2! RE4 RB! REL
Lo i N H RB " RB44 LA795 RE? R24 RE! RB! RB!
L 727 3 R4 R34 R RE4 [ R¥ R 3 o :
- RBz r N RBﬁ N LA797 RE2 R34 E RE REL
Lo §33 RE7 RE7 E R4 Lj798 R g‘j‘l‘ o = gﬁ
L B H : - ]
Lj:3o R® %Bi R¥7 H g %800 R R g; P -
L 31 R3? i R3! H o LASOI R?? o R g :
[ R® Ny H 4802 R e g :
- > i, R3! H L R? RE7 H
L B H B1 - - : :
Am % ® RE! R’ L ¢ R¥! H
RB 7 : RB2 H
o e R RE1 RB! L B R27
B1 ‘4805 B2 o v H
o ke R R R3! R2! L R 31 H Bl
RE7 4806 R#? x v :
- : i » R3L L P R27 B1
R H R 4807 R* i v :
Lo > RB 1 R34 RB44 L RB! Bl
B7 ‘4808 22 . RBI :
Li w RET R REM RB44 L R RE7 RE7 R3!
L R2! RB44 LA809 R?? $ o
4740 RE2 H R24 /4810 2 e = =
= : " X R244 L R 5 R37 B44
R?? a1 H H - 4811 R E i = :
R RE! H H Lsgio RE4 R : -
H o e o H H RB44
H Lasia R N EBI g H
LAS 15 RB4 H RB 1 H H
H R .
H RB 1 H
RB 1
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Li
m— _ ; L g5 through T, i
L - _ 5 41334 having structures of
LAm : : H : of Formula IV
4817 RB4 Bl RBI
Lo e X RBI N RB! 1
L5 e X N i R3! R
] . n ; REL RE! :
4820 R RE! A s R\ |
L5 e i - R N/ RN R
& R BA4
Lo R R R2! REM X
= w " e R34
= e " o4 RB44
L RA34 H H
4825 RB4 RBI H H
Lasos R34 S v i g
L R4 51 i
4327 R34 H x x
Lo R RA34 B1 "
L RAM R R
/4829 R3 " "
RE! 4 Y R
Ly R R4 31
L R4 2 x R
o R R R2! RE! 21
L 434 R
LASSz v o R REM R
= R R H REM 24
L s34 RZ4 o o e
L R4 B X R
- R ; RE! REH B
Lsss R34 # h " i
L REI8 -
‘4837 R34 H
L > RE! RE1S i - I
4838 R R218 - — - 7
Lo - : o " H R” R’ R s
Lsao RB4 R218 R?!8 R3B! HBI EA883 X I ; :
L5 e X - R 4884 RE! H H
R2! R - : : :
Lo - " ais R R Lsss REL RB! H H H R
Liga3 RE R REL R R* L.sse RA! R H H H R&!
L B H RBI8 RZ! L sg7 RA! RB! RB!
4844 R34 BI8 R ; 1 H . H ! :
L sgss R34 R31 H REM RE4M LA888 H H RE! i i RBI
L 3 R RE1S RE4 e x i : : :
L"84s RZ4 RE1S B R R Lo i H : B :
4847 R34 R2! REM L 51 R f . - o
L 2 H RZ3 R4 gL R v
LA848 R34 R H it /4892 RE RE! HB o o x
/4849 R34 RE! H )i L 503 R5! H o o n i
L B4 R23 H L o g R RBI
e R ? ; 4894 H H R RBL
Lsst R34 R2! H H L ssos H H N e o v
e - HB3 s - H L sso6 REL H H RB44 RB# Rﬁ 1
2 i i H > R3! L so7 RE! RE! H RB4  RBEM R3!
| o - N R L 1505 RE! " H REH RB!
- - ! N L RE! REL REM RE!
Ly RB4 R23 R3! R3B! LASQQ e i o 2 e .
855 Bl R
Ly, B4 H RE3 R RZ! LAQOO H H R o = g
856 R RE3 RBM RB44 e x i i i R
L gs7 RE4 51 H RB4 5 Loagoo RZ! R h g
L 2 R RE3 RB44 L ® o : 5
4858 R34 R2? RB4 R244 LAQOS ® o o : : :
2 ;- w R /4904 RB! R2! R H H S
o - X N RE4HM L 4005 H RA434 q R81
RE4 H H Lo o = v
L B4 " . R R Bl
- R : i L H R 5 R RE!
Lse2 R34 R R24 H H LA907 % M N - e w
L sss R34 R24 R H LAQO8 e R N RBI e .
L 3 H R34 H H ‘4909 H H A3 o o RB
4564 RB4 RZ4 R3! 21 Laoto RZ! N R o 4
LAgs 5 RB4 Bl H RB 1 RB LAQ 11 H HB ! RA . RBM RBM RB l
L.ses B4 R R 21 RE! Lo1 Al R o s : -
R B4 R ; " i R -
Lss7 R34 S R RE! R3B! Liois H - v - -
L H B4 RB! Lo Bl H s : g
A > x 14 R K
- & ] e L H BIS H Bl
L sseo R24 R H R4 RB44 LA915 H R RBIS i i RBI
L B R2! R34 RB44 016 R : : : R
- e : R L R RES H R3!
L B4 R RE! RBM - R b Bl : x B
4871 K H RB4 244 Lusis R o RBI .
L B4 RE7 R L R o 2 y
72 R RE7 H H o R o 3 o
Ly B4 H L s R e 4
73 R B1 H oo i 3 : :
Lig7a RE R RZ7 H Laozy H § o o RB 4
Lg7s R R27 R2! E H Lo2o R2 g o A RBjM i
L H RE7 H LA923 H o o : v
4876 RB4 B7 R3! L o o = .
Ls77 R34 R H RE! R*! 4924 RE'  R® Rel R o RB
Lg7 B4 RB! RE7 B R3L Lsoas H H RB 8 e e RBI
8 3
L R RrR27 Bl R R o . x R H :
. % 5 ® Lo H R33 H REL
2 o HB7 R R R3! LAQj; REL RB! RZ3 g H RE!
B4. 3
i e R x o R34 Loz R R2? H R3!
| RBI ’ N - s 9 H H B3 H H 31
A882 % . R R 14930 RE! H R R38! B1 S
R : e L RB3 R RBL
R ‘4931 "
B44 X g : :
R B44 L X s : :
R 4932 R 2t o : :
L R R83 R 1 RBI
o H RBI Bl
H > R B1
R REH BA4 R
R RBI

Lo3a RZ!
H RB3 RB44 RB#
RE!
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?
Ljoss o RE! R23 R2M RBM R2! L1000 R23 o RE4 ¢ o R2!
Loz RE! RB! R23 RB44 RBM R2! Liioms R23 R24 o I o R2!
Lo37 H H RZ4 H H RE! Lionr RZ3 RE! RZ4 H H RE!
Loz R3! H R34 H H R3! Loiton RE3 R34 R2! H H R3!
L jos0 o RB! R24 u o R2! Lo R23 o RB4 R2! RB! R2!
L son0 R2! RB! R24 a o R2! Lo R23 R24 hit R3! RB! R2!
Losoas H H R34 R3! R3! R3! Litoss RE3 R3! R24 R3! R3! R3!
Lo R3! o R34 R3! RB! R3! Lot RE3 R34 R3! R3! RB! R3!
L joss o RB! R24 R2! RB! R2! Lo R23 o RB4 RB44 RBM R2!
Lo ious R2! RB! R24 R2! RB! R2! Lo R23 R24 hit RB44 RBM R2!
Lososs o o R34 R34 RBH R3! Liiomn RE3 R3! R34 R34 RBH R3!
Losous R3! H R34 R34 RBH R3! Losi02 RE3 R34 R3! R34 RB# R3!
Ljoas o RB! R24 RB44 RBM R2! Lol R23 o RZ7 I o R2!
L ioss R3! RB! R34 RB4 RB# R3! Liiom R23 R27 H )¢ H R3!
L 1040 H H R’ H H RE! L4023 R53 RE! RE7 H H RE!
L oso R2! o R27 a o R2! Lo R23 R27 RB! I o R2!
L os, H RB! R27 H H R3! L1005 R23 H R®7 R3! RB! R3!
L oss R3! RB! RZ7 H H R3! Lioss R23 R27 H R3! R3B! R3!
Lososs H H RE7 R3! RB! R3! Losions RE3 R3! RZ7 R3! RB! R3!
Losa R3! H R27 R3! RB! R3! L1008 R23 R27 RB! R3! RB! R3!
L oss H RB! RZ7 R3! R3B! R3! L.10m R23 H R®7 RB4 RB# R3!
Losose R3! RE! RE7 R3! RB! R3! Losi03 RE3 RE7 H R34 RB R3!
Losos7 H H R37 R34 RB# R3! Lsos1 RE3 RE! RZ7 R34 RB# R3!
L ioss R H R?7 RBa RB4 RE! Ltz R53 R®7 RB! RB4 REM R3!
L 050 H RB! RZ7 R34 RB# R3! Lioss R® H H o H R3!
Losos0 R3! RE! R37 R34 RB# R3! Lostos RE2 R3! H H H R3!
L oos1 R33 H H H H RE! L 41035 RH? RE! RZ! H H RE!
L sos> RE? RE! H H H RE! Laoss  RZ H RE! H H RE!
L 063 R2? RB! R3! H H R3! Lios R®2 H H R3B! R3B! R3!
L ioes RZ3 H R3! H H R3! Lioss RE2 R3! H R3! RB! R3!
L 1065 RZ3 H H R3! RB! R3! Lios RE2 R3! RE! R3! RB! R3!
L joss R2? RB! H R3! R3B! R3! L.10m R®2 H RB! R3B! R3B! R3!
L ioe7 RB3 RB! RB! RB! R3B! RB! L 041 RB? H H RBM RB44 RB!
L o6 RZ3 H R3! R3! RB! R3! Liion RE2 R3! H R34 RB“ R3!
L sos0 RZ3 H H RBM RB# R3! Lioss RE2 R3! R3! R34 RBM RE!
Lo RB3 RB! H RBM R34 RB! Liiom RB? H RB! RBM RB44 RB!
Lo RB3 RB! RB! RBM R34 RB! Lioss RB? H R4 H H RB!
Liors RZ3 H R3! RBM RB R3! Lioss RE2 RA34 H H H R3!
Liors RB3 H RA3 H H RB! Liioar RB? RB! R4 H H RB!
Lo RB3 RA3M H H H RB! L1048 RB? RA34 RB! H H RB!
L ors RB3 RB! RA H H RB! Liom RB2 H RAM RB! R3B! RB!
Loors RE? RA34 R3! H H R3! L1105 RE2 R434 H R3B! RB! R3!
LA977 RB3 H RA34 RBI RBI RBI LA1051 RBZ RBI RA34 RBI RBI RBI
Lo7s RZ? R4 H RE! R2! RE! Lsios RE2 R4 RE! RE! RZ! R3!
L ovo RB3 RB! RA RB! R3B! RB! Lioss RB2 H RAM RBM RB44 RB!
L1050 RE? RA34 R3! R3! RB! R3! Loiioss RE2 R434 H RB44 RBM R3!
LA 081 RB3 H RA 34 RBA4 RB44 RB 1 LA 1055 RBZ RB 1 RA 34 RBA4 RBA4 RB 1
L o5 RB3 RAM H RBM RB44 RB! Li0ss RB2 RA34 RB! RBM RBH RB!
L soss RE? RB! RA3 RB44 RB# R3! Liioss RE2 H RBIS ¢ H R3!
Lososa RE? R34 R3! RB44 RB4 R3! Liioss RE2 R3S H ¢ H R3!
L joss RB3 H RBIS H H RB! L1050 RB2 RB! RBI8 H H RB!
L iose RB3 RB18 H H H RB! L 106 RB2 RBI8 RB! H H RB!
Lsos7 RE? RB! R3S H H R3! L1061 RE2 H RBIS R3B! RB! R3!
L soss RE? RBIS R3! H H R3! L1060 RE2 R3S H R3B! RB! R3!
L jos0 RB3 H RBIS RB! R3B! RB! L1063 RB2 RB! RBI8 RB! R3B! RB!
L 1000 RB3 RB18 H RB! R3B! RB! L o6 RB2 RBI8 RB! RB! R3B! RB!
L s001 RE? RB! R3S R3! RB! R3! L1106 RE2 H RBIS RB44 RB4 R3!
L 1002 RE? RBIS R3! R3! RB! R3! L1068 RE2 R3S H RB44 RB4 R3!
LA 993 RB3 H RB 18 RB44 RB44 RB 1 LA 1067 RBZ RB 1 RB 18 RBA4 RB44 RB 1
L 1004 R® RZ18 H RB4  RE4  REI L 41068 RZ? R518  RE! RB4  RBM  RBI
L 1005 RZ3 RE! RS RBH RB# R3! Lo RE2 H RE? H H R3!
L so0s R2? RBI8 R2! RB44 RBM R2! Liom R22 R23 o I o R2!
Lioo7 R o R23 it o R2! Lion R®2 R2! RE3 ¢ o R2!
L 1008 R% R H H H R Luon R R RZ! H H R
L1000 RZ3 R®! RZ H it RE! Lators R#? it RZ3 RZ! R2! RB!
L1000 R R?3 RZ! H H RZ! Lion R* R® H RE! RZ! RZ!
Laio01 R? H R% RE! R RE Laio7s R RZ! R® RZ! RZ! RE!
L1002 RZ R53 H RE! R2! R8I Laiors RE2 R®3 R RE! RE! R3!
L1008 RB3 RB! RB3 RB! R3B! RB! Liors RB2 H RB3 RBM RB# RB!
Losto0s RZ3 RE3 RE3! R3! RB! R3! Liiors RE2 R33 H R34 RB R3!
L 41005 RZ2 H R REM4 - pEM - RPI Lo R R2! RZ3 RE¢  REM RA!
L1100 R R23 it RBM R34 R2! L1108 R® R23 RB! RB4 RB# RE!
LA 1007 RBS RB 1 RBS RBAM RB44 RB 1 LA 108 RB2 H RB4 H H RB 1

Lsio0s R? R® RE! REM RE# RE! Latos2 R#? RZ4 H H H RB!
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?

L 1083 R RZ! R24 H H RZ! Laisy R H RZ4 R2! RZ! RZ!
Lioss R R34 R2! H H R2! Laiiss R54 RZ4 H R3! R2! R3!
L1085 RE2 H RE R2! R2! R Liitss RE4 R RE4 R2! R2! R2!
L1086 R? R H RZ! RZ R&! Laiieo R* R RE! RZ! RZ! RE!
L 41087 RZ R%! RZ4 RZ! R3! R2! L6l R54 H R2* RB4 R2M R3!
Lisioss R R34 R2! RE! R2! R2! Liie RZ4 R34 H RB4 R2M R3!
Laowy ~RZ  H R REM R RM Lae R REL RE4 REM REM RE
Laowo R?  R¥™ H REM  REM RE! Lawes REY REY REL REM REM RE
L 1001 R RZ! RE RE44  REM - pEI Laites R H RZ7 H ¢ RZ!
L1092 R R34 R2! RZ# RE R2! Laiies RZ4 R®7 H H H R3!
L 41003 R® H R%7 H H RE! Laiter R RE! R®7 H ¢ RE!
L1104 R? R®7 H H ¢ RE! Liiies R RE7 RE! H ¢ RE!
L1005 RZ R%! R?7 H H R&! L R* H R®7 RZ! RZ! RE!
L 1096 RE2 R®7 RE! H H RB! L R54 RE7 H R3! RE! R3!
Liioo7 RZ? H RE7 RE! RE! RE! Lo RE4 RE! N RE! RE! RE!
L1008 RZ R?7 H R2! RE R&! Lain R* RE7 RE! RZ! RZ! RE!
L 110 R® RZ! RE7 RE! RE! RE! Lo RE H RE RE4  RBM  RBI
Litioo R®2 R®7 RE! RE! RE! RB! L R54 RE7 H RB4 REM R3!
Lol R3? H RB7 RBH R34 R3! L R34 R3! RB7 RB4 R34 R3!
Lo RE R%7 H REM RE* RB! Lai7s R54 RE7 RB! RB4 REM R3!
Liitos R® RZ! RE7 RB4  RpBM  REI Lo o o I 0 o RE3
Litios RE2 RE7 RE! REM  RBM  RBI Liiios RE! H " I H RE3
Laws R¥ H H H H R2! Liie R R3! H H H R®3
Litos R RZ! H H H R Lt R RE! RZ! H H R
Loz R34 RE! RB! H H RB! Laiist RE! H RB! H H R33
Liios R H RE! H H RE! L H H RE! H H RE3
Lario0 R% H H R?! R R?! Laiiss H H H RZ! RZ! RE3
Lutiro R2 R®! o RE! R RE! Laiiss RE! H H RE! RE! RE3
L R34 R RE! RE! RE! RB! Laiiss R5! R2! H R3! R2! R33
L R34 H RE! RE! RE! R2! Lise R R RE! RE! RE! B2
L R% H H RE4 - pE pA Laiisy R¥! H RE! RZ! RZ! RE3
Lt R34 R?! H RE4  REM  RBEI Laiiss H H RB! R2! RE! RZ3
L R R?! R?! RBa4 - RBM RAL Laiiso H H H RE4  RBM  RE3
Laus  RYH REL - pEM pAM RA Laww R H H REM pBM - RE3
Ly R H R H ¢ R&! Laitor R¥! RZ! H RE#  REM  RE3
L RE O RBH H H RE! Ly, REY RE! REL RE4 pBM B3
Latino R RZ! R4 H H RE! Laiios RE! H RE! RE4  RBM  RE3
Lo R¥  R¥ R H H RZ! Lo H H RBL pBM M R
Loy RB o R4 pBl RB! R3! L1105 o o R4 o RE3
Lty R34 R4 R3! RB! R3! L1108 RE! o R4 o RE3
L i1os RB R3! Rd¥  pBl RB! R3! Loitor o R8! R4 I RE?
Laiioa RZ4 RA34 RE! R! RB! RB! Lai10s R5! R3! R4 H H RE3
Laii2s R34 H RA¥  RBM pBE# RS Laioo H H R4 REI RE! R33
L1126 R34 R4 H RE4  REM Rl Lo RE! H RA¥ R RE! R33
Ltz R R2! R4 pBM RBM RAL Lo H RS! R4 REI RE! R3?
Laiios R34 R4 RZ! REM RE R8! La2e R5! R3! R4 R8I R2! RE3
Lz RE4 H RB18 H H RB! Laizos H H R4 RB4  RBM  RB3
Lz R R21S H H H RE! Lioos R& H RA34 RB4 RBH RB3
Loty RE RE! RES o R L i10s o RB! RA¥  pBM4  pBM 3
Lot RP REIS  RBI I o R Lioor R RE! R4 RBM4  pBa4 pB3
Lauizs R H REIE - RBL RE RE! L1207 H H R [ H R3?
Liia RB RES o R3! RB! R3! L ioos RE! o REIS I R
Lai3s R3 R2! RE1S RE! RE! R8! Laiz00 H RE! RB18 H H R
Liis RP REIS  RBI R RA! R Lo R RE! RES I R
L1137 R34 H RB18 RBM RB# R3! Lazn H H RB18 RB! RBL RB3
Linss R RS H RE44 pBM pA Lo RE! H REE REI RE! R33
L1130 R34 RE RBIS RE4 RE# RB! Laz13 H R3! RB18 R8I R2! RB3
Lat1a0 R RS pE RE# RpEM - REL Liu RH! RS REE - REI RZ! R33
Laiiar RE4 H RE3 H H RB! Laizis H H RB1S RB44  RBM  RB3
L1 R34 RB3 H H H RB! Liais RE! H RB1S RB4  pBM  RE3
Lyi1a3 R34 R3! RE3 H H RB! Lo o RE! RE1S REH RBH RE
Loiiias R R® R i H R2! Liom RA! R REIS  RBM B4 B3
Lot R H RE3 R R2! R Lo H 0 RE? - H R
Liiie RE4 RE3 H R R2! RE! . RE! - RE? - H RE3
LA1147 RB4 RBI R83 RBI RBI RBI LIA1221 H RBI RB3 H H RB3
L1 R® R® RE! RZ! R RE! L0 R RS R33 o u R
L1490 R34 H RZ? REM RE# RZ! Lai223 H H RZ? RZ! R?! RE3
Laitso R34 R53 H RE44  REM  REI Laiona R H RE3 RE! RE! R33
Laisi R R R? R REM RAL L1225 H RS RS RZ! RE! R3?
Luis R3 R R?! REM  REM RH L1226 R®! RE! R® R®! RE! RE3
Layss R* H R H H R?! Lis H H RE3  RBM  pBM4 B
Liise R4 R34 H H H R3! oo RE! H R RB4  RBM  pB3
Lauiss R> RP! R? H H R2! L% H R RZ3 R34 RB® R
Liiss RZ4 RZ4 RE! H H RE! Lo RE! RE! R®? RBH REM R
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?

Laoar H H RE4 H H RZ3 L1305 RZ3 R3! RB4 H H RE3
Lioa R®! i RE4 H H R L1306 RZ3 R34 RB! H H R33
Lipsz H R2! ¥ H H R23 Loy RB H RE*  RE! R2! R?
Laioas R? R i H H R®? L1308 R# R H RZ! RZ! RZ3
L1235 H H R4 R2! RZ! RZ3 Lisoo RZ3 R3! R24 RE! RE! R®
L1236 R?! H RE4 RE! R2! R Laizin RZ3 R34 RB! R3! R2! R33
Linyy H RELOREY REL REL R Luysy R®H R¥ RpE¥ pEM gE
L1z R®! R®! i RE! RE R®3 Lasn R RE H RE#  REM  RE3
L1239 H H R4 RZ#4  REM  RE3 L RZ3 R3! R24 RBM4  RBM B3
Lina0 R?! H R24 REM  REM - RE3 Lz R# RE RE! RB44  REM RE3
Lana H R®! R* R pPM P Lasis R H R®7 H ¢ RE3
Linm R?! R®! RB4 RE4#  REM R Lasis R RE7 H H ¢ RE3
Loz H H RE’ H H RZ3 Lai7 RZ3 R3B! RE7 H o RE?
Liom RE! H RE7 H H RE3 Laizis RZ3 RE7 RB! H H R33
Lipass H RE! 7§ H R23 Lo RB H RE7T  RE! RE! )
Lyias R?! R%! R?7 i H RZ3 Lz R# RE7 H RZ! RZ! RZ3
Losioa7 H H RB7 RE! RE! RE3 Lz RE3 R3! RE7 RE! RE! RE3
L RE! H RE7 RE! RB! R L 1o R® RE7 RE! RE! RE! RE3
Loias H RE! Ng RE! RE! RE3 Liios RE3 H RE7 RBP4 pBM B3
L1250 RE R8! RE7 RE! RB! RE3 Lai3oq RZ3 RE7 H RB4 REM R33
Laizst H H R®7 RB44  RpBM RS3 L1305 RE3 RE! RE7 RBM  RBM  pB3
Lie RE! H Ng REM  RBM  pB3 Lie RE3 RE RE! RBP4 pBM B3
Lios H R?! RE7 RE# REM RE3 L1327 R52 H u H H RE3
Lo RE! RZ! RE7 RB4  RBM  RE Ly RE2 REL 0 I u R
L4ioss RB3 H H H H RB3 L1352 RE? R3! RB! o H R33
Lii2ss R? R?! H H H RZ3 Laiszo R® H RE! H H RE3
Liios7 R R®! R?! H H RZ3 Laizar R® H H RZ! RZ! RE3
Luiss RZ3 H R?! H H R®3 Lz R#2 RE! H RE! RE! RE3
L R H H R3! RB! R L isas R® RB! RE! RE! RE! RE3
Liee R® R W RE R® RP Lo R2 H REL  REl REL RB
Liper RE3 RE! RE! RE! RE! R2 L s RE2 H H RBP4 pBM  RB3
Lo R H RB! R3! RB! R L sz R® RE! H RB4  RBM  pB3
L RE o i RBM  RBMU B3 Liss RE2 R3! RB! RB4  pBM  pB3
Lina RE3 RE! H REM  pBM  pB3 L s RE2 H RE! RBP4 pBM  RB3
L e R RE! RE! RBM  RBM  pB3 Liiss RE2 H M* o RE3
L RE o R3! RBM  RBMU B3 Lism RE2 R4 [ I b RE3
Laner R H RS H H RE3 Lisa RE2 RE! R4¥H H R33
Liss R®  R™ H H H R Lisp RZ R R W 0 RE
La1oeo RZ3 RE! D H RE3 Lai3a3 RE2 H R4 REI RE! R33
L1270 RP L H H RE3 L1344 RE? R4 H RE! RB! RE?
Laon R H R4 RE! RE R33 L g1aas RE2 RS R4 RE RE! R3?
Lipn R®3 R4 H RE! RE! R L1346 RZ? RA3 RB! R8I R2! RE3
L7 RE3 R8! R34 RE! RB! R33 Lai3a47 RE? H RA3 RB4 RB4 R33
Lo RE R34 pBI R3! RB! RE3 Lias RE2 R4 g RBH  pBM  pB3
Lo RE o R4 RpBM  pBa4 B3 Lis RE2 R8! R4 pBa pBa B3
Laio7s R® R4 H REM  pBEM  RE3 Laiaso R#? R4 RE! RB4  RBM RB3
Lo RE R3! R4¥  RpBM  pBa4 B3 Liiser RE2 o REIS o RE?
L5 RE R34 pBI RBM  pBM  pB3 L 130 RE2 RIS I I RE
L N o RES o N L i13es RE? RE! RES o RE3
Lios N RES I o N oy RE? REIS  RBI I H RE3
Laiost RZ? RE! RE® g H R53 Li3ss RE2 H REI  REI RE! R33
Lgiog RZ RE1S - RA H H RE3 L1356 RE2 REIE  H RB! RB! RE?
Laiss R®3 H RBIS RE! RE! R Lai3s7 RZ? R3! RB18 R8I R2! RB3
Lsiosa R®3 RS H RE! RE! R Lai3ss RZ? R518 RB! R8I R2! RB3
L yioss RE R3! RBI8  pBl RB! RE3 Liises RE2 o REIS  pBa  pBa B3
L1286 R RS 2 R R RE3 Laizen RE2 REIE g RB44  RBM  RE3
L 12g7 R®3 H RBIS RE4 RE# R Lazer RZ? R3! RB18 RB44 RBH RB3
L1283 R®3 RE8 H RE4 RE# R33 Lase RZ? R518 RZ! RB44 RBH RB3
Lioss RE R3! RBIS B pBa4 B3 L e RE2 I RE3 - u RE3
L o0 RE RBIS  RBI RB#  pBM pB3 Lo RE2 RS - I H RF3
Lot RE3 H RE H H R2 L ises RE2 RE! RB3 0 o RE?
L1200 R® RE H i H R® L s R% R® RE! I H RE3
Li2o3 R RE! RE3 H H RZ Lazer R#? H RZ? RZ! R2! R33
L1204 R? R R?! H H R?? Liizes R* R H RZ! RZ! RZ3
L4120 R® H RZ RE! RZ! R23 Laizes R#? RE! RZ3 RZ! R2! RE3
L1296 RZ R® H RZ! RB! RZ3 Laian RZ2 R23 RB! RB! RZ! R33
L1297 R RE RZ? RE! RZ! RZ? Lasn R#? H RZ? RE44 REH RE3
L4i2os R R53 RE! R&! RB! RB3 Las7 RE2 R33 H RB44 RB4 RB3
L1200 R H R® R REM - RE3 Laan RE2 RS RE3 RB4  RBM RE3
Lusw  R?  R® H REM  REM RE Luszs RE2 R¥ REL REM pEM RE
L i1s01 R RZ! R3S RE4  RpBM  RB Liis0s RE H RE i H R
L1300 R R RA! RBM  RpBM  RB L qiane RE2 R4 I - H RE3
Luses  R® H R H H R2? L R® R RP W H RZ3
Laizos R® RZ4 H H H R23 Laazs RZ? RZ4 RB! H H R23
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Ligand R} R2 R’ R¢ R® R? Ligand R} R? R’ R¢ R® R?
LA 137 RB2 H RB4 RB 1 RBI RB} LA 1453 RB4 RB 1 RB4 RB 1 RBI RB}
LA 1380 RB2 RB4 H RB 1 RBI RBS LA 1454 RB4 RB4 RB 1 RB 1 RBI RBS
LA 1381 RB2 RB 1 RB4 RB 1 RBI RBS LA 1455 RB4 H RB4 RBA4 RBA4 RBS
LA 3% RB2 RB4 RB 1 RB 1 RBI RBS LA 1456 RB4 RB4 H RBA4 RBA4 RBS
LA 1383 RB2 H RB4 RBLM RB44 RBS LA 1457 RB4 RB 1 RB4 RBA4 RBM RBS
LA 1384 RB2 RB4 H RBLM RB44 RBS LA 1458 RB4 RB4 RB 1 RBA4 RBM RBS
LA 1385 RB2 RB 1 RB4 RBA4 RB44 RBS LA 1459 RB4 H RB 7 H H RBS
LA 1386 RBZ RB4 RB 1 RBLM RB44 RB3 LA 1460 RB4 RB 7 H b=t H RB3
Lissy R H R’ H H RP3 Lisa R R RE H H RP3
Lise REZ  RY H H H RP3 Liwe R R REL H H RP3
LA1389 RBZ RBI RB7 H H RB3 LA 1463 RB4 H RB7 RBI RBI RB3
LAISQO RBZ RB7 RBI H H RB3 LA 1461 RB4 RB7 H RBI RBI RB3
LAISQI RB2 H RB7 RBI RBI RBS LA 1465 RB4 RBI RB7 RBI RBI RBS
LA 1392 RBZ RB 7 H RB 1 RBI RB3 LA 1465 RB4 RB 7 RB 1 RB 1 RBI RB3
LA 1303 RBZ RB 1 RB 7 RB 1 RBI RB3 LA 1467 RB4 H RB 7 RBA4 RBA4 RB3
LA 1304 RB2 RB 7 RB 1 RB 1 RBI RBS LA 1468 RB4 RB 7 H RBA4 RBM RBS
LA 1305 RBZ H RB 7 RBLM RB44 RB3 LA 1469 RB4 RB 1 RB 7 RBA4 RBA4 RB3
LA 1396 RBZ RB 7 H RBLM RB44 RB3 LA 1470 RB4 RB 7 RB 1 RBA4 RBA4 RB3
LA 1397 RBZ RB 1 RB 7 RBLM RB44 RB3
LA 1308 RBZ RB 7 RB 1 RBLM RB44 RB3
Lyjse R¥ H H H H R23 L 147, through L, .o, having structures of Formula V
L 41400 R RE! H H H RZ?
L RB4 RB 1 RB 1 H H RB3
Ljijgi R34 H RE! H H R23
LAIAO; RB4 H H R3! R3B! R23
Loit4on R34 RB! H RE! RE! RE?
Li1405 R34 RB! RB! RB! RE! RE?
LA 1406 RB4 H RB 1 RB 1 RBI RB3
LA 1407 RB4 H H RBLM RB44 RB3
LA 1408 RB4 RB 1 H RBLM RB44 RB3
LA 1400 RB4 RB 1 RB 1 RBLM RB44 RB3
LA 1410 RB4 H RB 1 RBLM RB44 RB3
Lya, R¥ H R4 H H R
L R34 R4 H H H RZ3
LA a3 RB4 RBI RA34 H H RB.’:
LA 1414 RB4 RA 34 RB 1 H H RB3
LA 1415 RB4 H RA34 RBI RBI RB3
LA 1416 RB4 RA 34 H RB 1 RBI RB.’:
LA 1417 RB4 RBI RA34 RBI RBI RB3
LA 1413 RB4 RA 34 RBI RBI RBI RB3
LA 1410 RB4 H RA 34 RBA4 RB44 RB3
LA 1420 RB4 RA 34 H R344 RB44 RB.’:
LA 1421 RB4 RB 1 RA 34 RBLM RB44 RB3
LA 1422 RB4 RA 34 RB 1 RBA4 RB44 RB3
B4 B18 B3 .
Laiazs RB4 HB s R H H RB3 wherein R, R?, R, and R are defined as follows:
Lian K R H H H R
Losians RB4 RB1 RB18 H H RB3
L i1u0s RB4 RB18 RB! H H RB3
L7 RB4 H RBI8 RB! RE! RE3 Ligand R R2 R’ RS
L1108 R34 RE18 H RE! RE! R33
Liiazs RB4 RB1 RB18 RB! RB! RB3 Lt H bEi H R3S
L1430 RB4 RB18 RB! RB! RB! RB3 Lium RB! bEi H e
Lisst RB4 H RBI8 RB4 REM R33 Lian RB! R3! H R26
Lium R34 RE18 H RB4 REM R33 Lian RB! R3! R3! R3S
Liiass RB4 RB1 RB18 RBM RBH RB3 Lia7s RB! H RB! e
Liias RB4 RB18 RB! RBH RB# RB3 Liazs H H RB! R26
Lgas  R% H R?? H H R?? Lia7r H R® H RZ¢
L1436 R R H H H R3S Lt1azs H R®! RBi RZS
Lias7 RB4 RE! R® H H R23 Liam H H RA;4 RZ¢
Lz R34 R53 RZ! H H R23 Lsiaso R?! HBI Rj;j Riz
Liaze R H RZ? RZ! R R?? Lgiast b R R R
Losiaa0 R RZ H R2! R2! RZ? iAmsz g E 5818 %BG
L RB4 RBI RB3 RBI RBI RB3 41483
Ljijﬁ R R® RE! R R2! RE3 L 41454 RZ! HBl Ri i: Riz
- B4 B3 Ba4 B4 B3 Lass H R S R
LA 1443 R H R R R R Bl Bl B18 B6
LA 1444 RB4 RBS H R844 RB44 RBS LA 1486 R R R83 RBG
N B4 B1 B3 B44 B44 33 L s1as7 H H R S
Lias R R R R R R L R H 253 RES
LA 1446 RB4 RB3 RBI RB44 RB44 RB3 'A1488 B1 B3 56
B4 B4 33 L1aso H R S R
L 4iaa7 R H R H H R Loi1a00 R3! e R3? R3S
L R* R¥® H H H R?? ‘ B4 56
Alass B4 Bl B4 33 Lo HB L H RB " RBG
L4144 R R R H H R L1402 R H R R
Lsiaso R24 RP4 RZ! H H RZ3 L 41403 H RZ RZ RZ¢
Loisust RE4 H RB4 RE! RE! R23 L iiion RZ! RZ! RE RES

Liias R* RZ H RE! RZ! R23 L1405 H H RZ7 RBS
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Ligand R! R2 R’ R® Ligand R! R2 R’ R®

LA1496 RBl H RB7 RBG LA157O RB[ RB} RBA RBIZ
LA1497 H RBI RB7 RBS LA1571 RBS H RB'/‘ RBIZ
LA1498 RBl RBI RB7 RBS LA1572 H RBS RB'/‘ RBIZ
LA1499 RBS H H RBS LA1573 RBS RBI RB'/‘ RBIZ
LA1500 RBS H RBI RBS LA1574 RB[ RBS RB'/‘ RBIZ
L 1501 RZ RZ! H R Laiss H H H REM
LA 150 RBS RBI RBI RBS LA 1576 RB[ H H RBM
LA1503 RBS H RA34 RBS LA1577 RB[ RBI b=t RBM
LA1504 H RBS RA34 RBS LA1578 RB[ RBI RBI RBM
LA 1505 RBS RBI RA34 RBS LA 1579 RB[ H RBI RBM
LA1506 RBI RBS RA34 RBS LA1580 H H RBI RBM
LA1507 RBS H RBIS RBS LA1581 H RBI b=t RBM
LAISOS H RBS RBIS RBS LAISSZ H RBI RBI RBM
LA1509 RBS RBI RBIS RBS LA1583 H H RA34 RBM
LA1510 RBI RBS RBIS RBS LA1584 RB[ H RA34 RBM
LA1511 RBS H RBS RBS LAISSS H RBI RA34 RBM
LA1512 H RBS RBS RBS LA1586 RB[ RBI RA34 RBM
LA1513 RBS RBI RBS RBS LA1587 H H RBIS RBM
LA1514 RBI RBS RBS RBS LA1588 RB[ H RBIS RBM
LA1515 RBS H RBA RBS LAISSQ H RBI RBIS RBM
LA1516 H RBS RBA RBS LAISQO RB[ RBI RBIS RBM
LA1517 RBS RBI RBA RBS LA1591 H H RB} RBM
LA 518 RBI RBS RBA RBG LA 159 RB[ H RBS RBM
LAISIQ RBS H RB7 RBS LA1593 H RBI RB} RBM
LA1520 H RBS RB7 RBS LA1594 RB[ RBI RB} RBM
LA1521 RB3 RBI RB7 RBG LAISQS H H RBA RBM
LAISZZ RBI RBS RB7 RBG LA1596 RB[ H RBA RBM
Lisos H H H RB2 L.isor H R2! R4 RE#
LA 1524 RBI H H RB 12 LA 1508 RB[ RBI RBA RBM
LAISZS RBI RBI H RBIZ LAISQQ H H RB'/‘ RBM
LA1526 RBI RBI RBI RBIZ LA1600 RB[ H RB'/‘ RBM
LA1527 RBI H RBI RBIZ LA1601 H RBI RB'/‘ RBM
LAISZS H H RBI RBIZ LA1602 RB[ RBI RB'/‘ RBM
L 4152 H RE! H REL Lsi603 RZ3 H H REM
LA1530 H RBI RBI RBIZ LA1604 RB} H RBI RB44
LA1531 H H RA34 RBIZ LAIGOS RB3 RBI H RBM
LA153Z RBI H RA34 RBIZ LA1606 RB3 RBI RBI RBM
LA1533 H RBI RA34 RBIZ LA1607 RB} H RA34 RB44
LA1534 RBI RBI RA34 RBIZ LA1608 H RBS RA34 RBM
LA1535 H H RBIS RBIZ LAIGOQ RB3 RBI RA34 RBM
LA1536 RBl H RBIS RBIZ LA1610 RB[ R33 RA34 RB44
LA1537 H RBI RBIS RBIZ LAlGll RB} H RBIS RB44
LA153S RBI RBI RBIS RBIZ LAIGIZ H RBS RBIS RBM
LA1539 H H RB3 RBIZ LA1613 RB3 RBI RBIS RB44
LA1540 RBl H RB3 RBIZ LA1614 RB[ R33 RBIS RB44
LA1541 H RBI RB} RBIZ LAIGIS RB} H RBS RB44
L/11542 RBl RBI RB3 RBIZ LA1616 H R33 R33 RB44
LA 1543 H H RBA RB 12 LA 617 RB3 RBI R33 RB44
LA1544 RBl H RBA RBIZ LA1618 RB[ RB} RBS RB44
LA 1545 H RBI R34 RB 12 LA 1619 RB3 H R34 RBM
LA 1546 RBl RBI RBA RB 12 LA 1620 H R33 RBA RB44
LA 1547 H H RB7 RB 12 LA 1621 RB3 RBI RBA RB44
LA 1543 RBl H RB7 RB 12 LA 162 RB[ R33 R34 RBM
LA 1549 H RBI RB7 RB 12 LA 1623 RB3 H RB'/‘ RBM
LA 1550 RBl RBI RB7 RB 12 LA 1624 H R33 RB'/‘ RB44
LA1551 RB3 H H RBIZ LAIGZS RB3 RBI RB'/‘ RBM
LA 1552 RB3 H RBI RB 12 LA 1626 RB[ R33 RB'/‘ RBM
LA1553 RB3 RBI H RBIZ LA1627 H H H RB45
LA 1554 RB3 RBI RBI RB 12 LA 1628 RB[ H H RB45
LA1555 RB3 H RA34 RBIZ LAIGZQ RB[ RBI H RB45
LA1556 H RBS RA34 RBIZ LA1630 RB[ RBI RBI RBAS
LA1557 RBS RBI RA34 RBIZ LA1631 RB[ H RBI RBAS
LAISSS RBl RBS RA34 RBIZ LA1632 H H RBI RBAS
LA1559 RBS H RBIS RBI2 LA1633 H RBI H RB4S
LA 1560 H RBS RB 18 RB 12 LA 1630 H RBI RBI RB45
LA1561 RBS RBI RBIS RBIZ LA1635 H H RA34 RB45
LAISGZ RBl RBS RBI8 RBIZ LA1636 RB[ H RA34 RB45
LA1563 RB3 H RB3 RBIZ LA1637 H RBI RA34 RB45
LA1564 H R33 RB3 RBIZ LA1638 RB[ RBI RA34 RBAS
LA1565 RBS RBI RBS RBIZ LA1639 H H RBIS RBAS
LA 1566 RBl RBS RB} RB 12 LA 1640 RB[ H RB 18 RBAS
LA 1567 RB} H RBA RB 12 LA L6al H RBI RB 18 RB4S
LA 1563 H RBS RBA RB 12 LA L1612 RB[ RBI RB 18 RB4S

LA 1560 RBS RB 1 R84 RB 12 LA 1643 H H RBS RB45
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-continued -continued

Ligand R! R2 R’ R® Ligand R! R2 R’ R®
LA 1644 RBl H RB} RB45 LA 1718 RB[ RB} RB 18 RB46
LA 1645 H RBI RBS RB4§ LA 1719 RBS H RBS RB46
LA 1646 RBl RBI RBS RB4? LA 172 H RBS RBS RB46
LA 1647 H H RBA RB4? LA 171 RBS RBI RBS RB46
LA 1643 RBl H RBA RB4? LA 17 RB[ RBS RBS RB46
LA 1649 H RBI RBA RB4? LA 1723 RBS H RBA RB46
LA 1650 RBl RBI RBil RB4? LA 174 H RBS RBA RB46
LA 1651 H H RB »/ RBA? LA 1735 RBS RBI RBA RB46
LA 1652 RBl H RB 7 RB4J LA 1726 RB[ RBS RBA RB46
LA 1653 H RBI RBj RB4§ LA 1727 RBS H RBj RB46
LA 1654 RBl RBI RB 7 RBA? LA 178 H RBS RB —/' RB46
LA 1655 RBS H H RBA? LA 1729 RBS RBI RB —/' RB46
LA 1656 RB} H RBI RB4? LA 173 RB[ RBS RB 7 RB46
L 1657 RZ RZ! H RE® L7t H H H R¥
LA 1658 RBS RBI RBI RBA? LA 175 RB[ H b=t RB7
LA1659 RB} H RA34 RB4? LA1733 RB[ RBI H RB7
LA 1660 H RBS RA34 RBA? LA 1734 RB[ RBI RBI RB7
LA1661 RBS RBI RA34 RBA? LA1735 RB[ H RBI RB7
LA 1662 RBl RBS RA34 RB4> LA 176 H H RBI RB7
LA1663 RBS H RBIS RBA% LA1737 H RBI H RB7
LA1664 H RBS RBIS RB4> LA1738 H RBI RBI RB7
LA1665 RBS RBI RBIS RBA% LA1739 H H RA34 RB7
LA 1665 RBl RBS RB 18 RBA? LA 1740 RB[ H RA34 RB7
LA 1667 RBS H R33 RBA? LA 1741 H RBI RA34 RB7
LA 1663 H RBS R33 RBA? LA 170 RB[ RBI RA34 RB7
LA 1669 RB} RBI RB3 RB4? LA 1743 H H RB 18 RB7
LA 1670 RBl RBS RB3 RB4> LA 1744 RB[ H RB 18 RB7
LA 1671 RBS H RBA RBA% LA 1745 H RBI RB 18 RB7
LA 167 H RBS RBA RB4? LA 1746 RB[ RBI RB 18 RB7
LA 1673 RB} RBI RBA RB4? LA 1747 H H RBS RB7
LA 1674 RBl RBS RBil RBA? LA 1748 RB[ H RBS RB7
LA 1675 RB} H RB >/ RB4? LA 1749 H RBI RBS RB7
LA 1676 H RBS RBZ RB4? LA 1750 RB[ RBI RBS RB7
Lers R33 R3B! R3 >/ RB4? Lii7st H H R34 R37
Liers R3! R33 RE7 RB% Lo R3! H R34 R37
Laem H H H R4 Lai7s3 H RE! RZ4 R%
LA 1630 RBl H H RB46 LA 1754 RB[ RBI RBA—l' RB7
LA1681 RBl RBI H RB46 LA1755 H H RB/ RB7
LA 1682 RBl RBI RBI RB46 LA 1756 RB[ H RB'/' RB7
LA1683 RBl H RBI RB46 LA1757 H RBI RBj RB7
LA 1684 H H RBI RB46 LA 1758 RB[ RBI RB 7 RB7
LAIGSS H RBI H RB46 LA1759 RB3 H H RB7
LA 1686 H RBI RBI RB46 LA 176 RB} H RBI RB7
LA1687 H H RA34 RB46 LA1761 RB3 RBI H RB7
LA 1683 RBl H RA34 RB46 LA 176 RB3 RBI RBI RB7
LAIGSQ H RBI RA34 RB46 LA1763 RB} H RA34 RB7
LAIGQO RBl RBI RA34 RB46 LA1764 H RB3 RA34 RB7
LAIGQI H H RBIS RB46 LA1765 RB3 RBI RA34 RB7
LA 1692 RBl H RB 18 RB46 LA 1765 RB[ RB} RA34 RB7
LA1693 H RBI RBIS RB46 LA1767 RB3 H RBIS RB7
LA 1694 RBl RBI RB 18 RB46 LA 1768 H RB3 RB 18 RB7
LA 1695 H H RB3 RB46 LA 1769 RB3 RBI RB 18 RB7
LAIGQG RBl H RB3 RB46 LA1770 RB[ RB3 RBIS RB7
LA1697 H RBI RB3 RB46 LA1771 RB3 H R33 RB7
LA 1693 RBl RBI RB3 RB46 LA . H RB3 R33 RB7
LA 1699 H H RB4 RB46 LA 177 RB3 RBI R33 RB7
LA 1700 RBl H RB4 RB46 LA 177 RB[ RB3 R33 RB7
Lo H RA! R34 RB46 Lai7s RE? H R54 RE7
LA 1702 RBl RBI RB4 RB46 LA 1776 H RB3 R34 RB7
LA 1703 H H RB 7 RB46 LA 1777 RB3 RBI R34 RB7
LA 1704 RBl H RB7 RB46 LA 1778 RB[ RBS RBA RB7
LA 1705 H RBI RBj RB46 LA 1779 RBS H RB'/' RB7
LA 1706 RBl RBI RB 7 RB46 LA 1780 H RB} RBZ RB7
LA1707 RBS H H RB46 LA1781 RBS RBI RB/ RB7
LA 1708 RBS H RBI RB46 LA 178 RB[ RBS RB'/' RB7
LA1709 RB3 RBl H RB46 LA1783 H H H RBIO
LA1710 RB3 RBI RBI RB46 LA1784 RB[ H H RBIO
LA1711 RB3 H RA34 RB46 LA1785 RB[ RBI H RBIO
LA1712 H R33 RA34 RB46 LA1786 RB[ RBI RBI RBIO
LA1713 RBS RBI RA34 RB46 LA1787 RB[ H RBI RBIO
LA1714 RBl RBS RA34 RB46 LA1788 H H RBI RBIO
LA1715 RB} H RBIS RB46 LA1789 H RBI H RBIO
LA1716 H RBS RBIS RB46 LA1790 H RBI RBI RBIO
LA1717 RBS RBI RBIS RB46 LA1791 H H RA34 RBIO
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Ligand R! R2 R’ R® Ligand R} R2 R’ R¢ R®
L1702 R?! H Ret34 RE10 L.iga7 RZ! RZ! H H H
Lai7os H R7! R4 RE10 Ligss R2 RZ! RE! H H
L1704 R®! R®! R34 RE1° L.is3o RZ! H RA! H H
L1705 H H R218 RE10 Lsigan H H RA! H H
L1170 RZ! H R3S RE10 I sisat e o - REL RE!
L1707 0 R2! RZ18 RB1O Lsisar RZ! H H R3! R2!
L1708 R®! R®! RZ18 RE1° L.s1s43 RZ! RZ! H R2! R3!
L1700 H H R®? RE1® Lism RE! RE! RE! RE! RE!
L 41500 RZ! H RZ? R210 Liisas RE! H R2! RZ! RB!
Lisol H RZ! R? R210 L 41846 H ¢ RZ! RZ! R3!
Liisor RE! RE! NE REL I siomr H 0 0 REM 244
Lisos H o R® RE10 Lsisas RE! H H RE# RBM
L 41801 RB! H RB4 RB10 Lisas R2! RBL u R2M RE44
Lsisos H RE! R4 RB10 L5 RE! REL RE! REM RB44
Lsisos R®! RE! RE4 RE1® L.issi RE! H RE! R34 RB44
L1507 H I REB7 RB10 Lisss u o R2! REM RBM
L 11508 RE! H RE RB10 L iees H H R34 H H
L 1800 H RZ! R%7 RB10 Liigsa RE! H RA3 H H
Lo RE! RE! RE7 REL L iises H RE! R4 o o
Laisut RE? H H REL0 L sisss RE! RE! RA3 H H
Lasi R? H RE! RE10 Lsiss7 H H RA3 R3B! R3!
Laisis R2? RE! H RE1® L.isss RE! H R4 R3! R8!
Lusu R% R R REY L.igso H R RA3 R2! RE!
Lasis R? H RA34 RE10 L.iseo RE! RE! RA34 RE! RB!
Liisis H RZ3 R4 RE10 Liser H H R34 RE# RE#
Laisi7 R33 R3B! RA34 RBI0 Liser RE! H R34 R34 RE44
Lsis RE! RE RAM REL L ises H R2! R4 REM RE44
Loiseto RE? H RE18 RB10 Liset R RZ! R34 R RBM
Lig0 H RZ3 RE!S RB10 Lises H H RE18 H H
Lusat R RZ! RE!S RE10 Lises R®! H RE!8 H H
Lijon RE! RE RBIS REL Lser H R R2LS H o
Lireos RE? H RE RB10 L iiscs RP! RZ! RE1S H H
L yiso4 H RB? R23 RB10 Liseo H H RE18 RB! R3!
L iieos RS RE1 RE REL Lsn R H R2LS RE! R
L 152 R%! R R” REY Lasn H R RE!8 RZ! RE!
Lasz R” H RB4 RBIO Lism R R2! RE18 RE! RB!
Ligos H RZ3 R34 RBIO Lasn H H RE18 RE4 RB#
Laiga R% RE! R R2Y Lausn R¥! H RE18 RE4 REH
Luis3o0 R7! RP3 RE4 RBIO Lig7s H RZ! RA18 RE4 RB44
L4831 RB? H RE7 RB10 Lisrs RE! RE! RB18 RBM RBM
Lausn H R R% RE10 L g7 H H RZ3 H H
Ls33 R7? RZ! R% RB10 Lais7s R?! H R®3 H H
Lais R RP3 REY RBIO Laigwm H RZ! RE3 H H
L et RE! RE! RE3 o I
L et H H RE3 R3! R3!
L, 455 through L, having structures of Formula VI ijizzi EBI Em gz gi gi
L iser RE! RE! RE3 R3! RE!
L ysss H o N R RBM
R? R! L.isss REL bEi R23 RB# RB44
L ssr H REL RE3 REM RB44
R. L1588 RE! RBL R33 RB# RB44
L isso H H RZ4 H H
L4isoo R%! H RZ4 H H
L isor H R2 RZ4 H H
L 1500 RE! RE! RE4 o I
L 11508 H o RZ4 RZ! RA!
Lisos RE! o RZ4 RZ! R
Liies H R3! RE4 R3! RE!
L is0s RE! RE! RE4 RE! RB!
Lisor H H R RE# RE4
Lisisos R H R® RE# REM
L sig0o H R?! R%* REM RE4
RS RS- L 41000 R R Rij RE# REH
’ L1001 H H R H H
Liiooz R?! H R?’ H H
Laigoa H RZ! R¥7 H H
wherein 10, R?, R®, R®, and R” are defined as follows: Lioos  RE R R¥7 H H
L 11005 H H RE7 R3! R3!
Liio0s RE! H RE7 RE! RE!
Ligand R! R? R’ RS R’ L1907 H RE RZ7 R2! R3!
Lot R RZ! R?7 RE! RE!
Ligss H H H H H L1000 H H R®7 REHM REM
L1836 R2! H H H H Litoo RE! H R37 R24 RB44
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Ligand R} R2 R’ R® R’ Ligand R} R2 R’ R¢ R®
Liton H RZ! RZ7 R2# REH L1085 RZ? H H H H
Lion RB! R2! R37 R34 R34 L1085 R2? R3! u u u
Lions RZ3 H H H H L1087 RZ? R2! RE! H H
Lioia RZ3 RZ! H H H L1083 RZ? H RE! H H
Litoss RE? R2! R3! u u L.i0s R2? u u R3! R3!
Lots R3? u R3! u u L1000 R2? R3! u R3! R3!
Lons R?? o o R3! R3! L1001 R®2 R3! R3! R3! R3!
Lo RE? R3! o R3! R3! L1000 RE2 o R3! R3! R3!
Liow R3? R3! R3! R3! R3! L1003 R2? u u R34 R34
L1000 R3? u R3! R3! R3! L1004 R2? R3! u R34 R34
Liioal RE? o o R34 RB4 L1005 RE2 R3! R3! R34 Ba4
Liiom RE? R3! o R34 R34 L1008 RE2 o R3! R34 RB44
Lio0 R3? R3! R3! R34 R34 L1007 R2? u RA34 u u
Lyio0 RB3 u RE! R3M R34 L1008 RE? R434 u u u

L 11025 R®3 H R34 H H L 11009 R*? RE! R34 H H
LA1926 RBS RA34 H H LA2000 RB2 RA34 RBI H H
LA1927 RBS RBI RA34 H H LA2001 RBZ H RA34 RBI RBI
LA192S RBS RA34 RBI H H LA2002 RBZ RA34 H RBI RBI
LA1929 RBS H RA34 RBI RBI LA2003 RBZ RBI RA34 RBI RBI
LA1930 RBS RA34 H RBI RBI LA2004 RBZ RA34 RBI RBI RBI
LA1931 RBS RBI RA34 RBI RBI LAZOOS RBZ H RA34 RBA4 RBAA
LA 19 RBS RA 34 RB 1 RB 1 RB 1 LA2006 RBZ RA 34 H RBA4 RBAA
Lasss R H R4 R?* RE44 Lioos  RP R?! R RE4 RE4
LA 1934 RBS RA 34 R344 RBAA LAZOOS RBZ RA 34 RB 1 RBA4 RBAA
LAIQSS RBS RBI RA34 R344 RBAA LA2009 RBZ H RBIS H H
LA1936 RBS RA34 RBI RBA4 RBAA LA2010 RBZ RBIS H H

L 1037 RZ3 H RZ18 H H Lot R%? RZ! RE18 H H
LA193S RBS RBIS H H LAZOIZ RBZ RBSS RBI H H
LAIQSQ RB3 RBI RBIS H H LA2013 RBZ H RBIS RBI RBI
LA1940 RBS RBIS RBI H H LA2014 RBZ RBIS H RBI RBI
LA1941 RBS H RBIS RBI RBI LAZOIS RBZ RBI RBIS RBI RBI
LA1942 RB3 RBIS H RBI RBI LA2016 RBZ RBIS RBI RBI RBI
LA1943 RB3 RBI RBIS RBI RBI LA2017 RBZ H RBIS RBA4 RBAA
LA1944 RBS RBIS RBI RBI RBI LAZOIS RBZ RBIS H RBA4 RBAA
LA 1945 RB3 H RB 18 RBA4 RB44 LAZO 1 RBZ RB 1 RB 18 RBA4 RB44
LA 1946 RB3 RB 18 H RBA4 RBAA LAZOZO RBZ RBSS RB 1 RBA4 RBAA
LA1947 RB3 RBI RBIS RBA4 RBAA LAZOZI RBZ H RB3 H H
LA 1943 RB3 RB 18 RB 1 RBA4 RB44 LAZOZZ RBZ RB3 H H H

L 1049 RZ3 H R2? H H L 023 R%? R2! R23 H H
Laosy R RZ3 H H H Loosa  RZ R2? R3! H H
LA1951 RB3 RBI RB3 H H LAZOZS RBZ H RB3 RBI RBI
LAIQSZ RB3 RB3 RBI H H LA2026 RBZ RB3 H RBI RBI
LA1953 RB3 H RB3 RBI RBI LA2027 RBZ RBI RB3 RBI RBI
LA1954 RB3 RB3 H RBI RBI LA2028 RBZ RB3 RBI RBI RBI
LA 1955 RB3 RB 1 RB3 RB 1 RB 1 LAZOZQ RBZ H RB3 RBA4 RB44
LAIQSG RB3 RB3 RBI RBI RBI LA2030 RBZ RB3 H RBA4 RB44
LA 1957 RB3 H RB3 RBA4 RB44 LA2031 RBZ RB 1 RB3 RBA4 RB44
L 1053 R® R# H RE# RB44 L ooz RZ? RZ3 R8! RE44 R34
L1050 RB3 R3! R33 R34 R34 L o033 RE2 H R34 H H
L1060 R33 R23 R3! R34 R34 L o RE2 R34 H H H
L1061 RZ3 H R34 H H L 035 R?? R3! R34 H H
L1062 RZ3 RZ4 H H H Loos  RZ R24 R3! H H
L1063 R33 R3! R34 H H L os7 RE2 H R34 R3! R3!
L6 R33 R24 R3! H H L o038 RE2 R34 H R3! R3!
L6 RB3 bEi R4 RBL R3B! L o3 RE2 RBL RB4 RBL R3B!
L1065 RB3 RB4 bEi RBL R3B! L oo RE2 RB4 RB! RBL R3B!
Lo/ R33 R3! R34 R3! RB! L ooal RE2 H R34 R34 R34
L1063 R33 R24 R3! R3! RB! L oon RE2 R34 H R34 R34
Los RB3 bEi R34 RB44 RB44 L pooas RE2 RBL R34 RB44 RB44
L7 RB3 RB4 bEi RB44 RB44 L pom RE2 RB4 RB! RB44 RB44
Lion R?? R3! R4 R34 R4 L 045 R H R?7 H H
Lo RE? R24 R3! R34 R34 L oss RE2 RE7 H H o
Lom RZ3 H RZ7 H H L.po47 R#? RZ! RZ7 H H
Lo RZ3 RZ7 H H H L ss0as RZ? RZ7 R#! H H
Lsio7s RB3 R2L RE7 H H L.ss04 RE2 H RE7 RBL RB!
LA1976 RBS RB7 RBI H H LAZOSO RBz RB7 H RBI RBI
LA1977 RB3 H RB7 RBI RBI LAZOSI RBZ RBI RB7 RBI RBI
LA1978 RB3 RB7 H RBI RBI LAZOSZ RBZ RB7 RBI RBI RBI
LA 1970 RB3 RB 1 RB 7 RB 1 RB 1 LA2053 RBZ H RB 7 RBA4 RB44
LA 1980 RBS RB 7 RB 1 RB 1 RB 1 LA2054 RBZ RB 7 H RBA4 RBAA
L1081 R33 H R®7 R34 R34 L rooss R2? R3! R®7 R34 R34
Luoss  RZ R H REH R4 Looss  R® R¥7 R#! RE4 R4
L1083 R R2! R%7 R34 R34 L os7 R o o o o

LA 1084 RBS RB 7 RB 1 RB44 RB44 LAZOSS RB4 RB 1 H H H
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-continued L 5100 through L, .5, having structures of Formula VI
Ligand R} R2 R’ R® R’
R? R!
Lotoso R RZ! R H H
L 45060 R4 H R2! H H
L 12061 R* i H RZ! RZ!
L 42062 R R?! H RZ! RZ!
L o R* RZ! R?! RZ! R2!
Looet R H RP! RZ! R2!
L 42065 R H H REM RE4
L 12065 i R?! H REM REM
L 12067 R R R%! RE# R34
L 12068 R34 H R%! REM RE4
L o RE4 H R34 H i
L2070 R* R H H it
LA2071 RB4 RBI RA34 H H
L oon RZ R34 RE! o u
L pors RE o R34 R3! R3!
L om R R o RZ! R .
L o7 RE4 RE! R34 RE! RE! ;
L pors R R34 R RZ! R
L7 RE4 H R34 REM RB44
L pors RE4 R4 H REM RB44 s ,
Lo RB4 RE! R34 RE4 R4 wherein R, R, R”, and R’ are defined as follows:
LAZOSO RB4 RA34 RBI R844 RB44
L o1 RZ o R21S o u
L 2082 R34 RZ18 H H H Ligand R! R? R’ R’
L s RE4 RE! RELS H I —
L 42084 R* RIS RZ! H H Loz HBI H H RB6
L s2085 R i RZ1S R2! R L1z RBI HB1 H RB6
L2086 RZ RZ18 H R2! R2! Lo R R H R
B1 B1 B1 B6
L R R2 RE!8 RE! RE! Lo R R R R
‘42087 L RBI H RBI RBG
L RB4 RBIS RBI RBI RBI 142133
‘42088 L H H RBI RBG
L2089 RE4 H RB18 REM R34 42134 L -
L 1090 R REIS o REH REM Loiss H RBI HBI RBG
L RE RE! R218 R RB44 Liss H R R,134 RB6
42091 B4 B18 21 Ba4 B44 Lz H H R R
L 42002 RB4 R RB3 R R Lpiss R2! i R34 RES
L 2003 R H R H H Lo H RB! RA34 RE6
Loy  R* R H H H Lo RE! R2! RAM RE6
L 12005 R R R? H H Lo H H RB!8 RES
L2006 R R RZ H H Lo RZ! H RB!S RZ¢
L 42008 R R H R?! R3! L R R R33 RBG
L 12000 RB4 RE RZ3 R2! RE! Luas H H S R
Lo R R R?! R®! R2! Loo1as RZ H RZ3 RZ¢
L RZ4 H RZ? REH RE# La H RZ! RZ RES
42101 B1 B1 B3 B6
B4 33 BA4 B44 L R R K S
Lo S R H R R 42148
2 B4 B6
B4 B1 23 B44 B44 L H H R R
LA2103 R R R R R A2149 Bl B4 B6
Loios RE4 RZ3 RE! REHM REH Loiso R H R R
Loios RE o RE4 H H List HBI Rii Rij Riz
L R34 R H H H Lo K K Nt N
LAZ106 R RZ! RP4 o u Lois HBI H RB7 RBG
L/12107 R34 R24 R3! H H Lass R HBI RB7 RBG
42108 B4 B4 Bl B1 Ltss H R R R
Lo RB4 HBA R RB1 RB1 Loiss RE! R2! RE RES
Laatio RB4 RBI HB4 Rzn Rm Laisr R H H R
Lo R R R R R Looiss RE3 H R2! RS
Lo R* RZ RZ! R2! RB! Loise R3 RZ! H RE6
Lo RE* H RE4 REHM REH Lot N RE! RE! RE
Loi1a RB4 RE24 H RBEM RB44 Lol RE3 1 RA34 RB6
Lo R34 RE! RE4 REH RB44 Looie H RE? RA3 RES
AL B4 B4 Bl Ba4 Ba4 B3 B1 A34 B6
Lo R R R R R Loies R R R S
Bl B3 A34 B6
Lot R24 H RE7 o o Loies RB3 R RB18 RB6
L R34 RZ7 H H H Laotes IS H 'S R
42118 B3 B13 B6
L R R?! R H H Loies H R S S
‘42119 L RBS RBI RBIS RBG
L RB4 RE R H H 42167
‘42120 L RBI RB3 RBIS RBG
L RB4 H RB7 RBI RBI ‘42168
‘42121 L R83 H R83 RBG
Lo RZ RE o R3! RE! 42169 - - -
L . RB4 R2! RE7 RA! R8! Lo HBS RBI RBS RBG
Aoz B4 B7 B1 B1 B1 Lo R R R R
Lo R R R R R Lot RE! RE? R® RZS
L.i2s RZ HB7 R¥ Riﬁ sz Lo R3 H RZ4 R2¢
L2126 R R H R R Lo H R RE RS
Lia7 R4 RZ! RZ7 R R24 Looios RE? R2! RZ RES
Loos  RY R* R” RP RPH, L1z R?! RZ RZ RZ¢

L1 R?? H R?7 R2¢
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-continued -continued
Ligand R! R? R’ R® Ligand R! R2 Y R®
La17s I R?3 RZ7 RZ® Losy R2! R3! RE3 RBM
L R RB! RE7 RS L " " RB4 RB4
Lji;z R®! R R?’ RES Ljiii R3! H R34 RBH
B12 B1 B4 B4
Loist H H H R L io2ss H R R R
Loig R2! H H RZ12 Looss R2! RE! R RB4
Liiss R2! RZ! H R L osy H H RE7 RB4
L RE! RE! R2! RED L 21 " R R
42184 - - - 42258 - - -
Looiss R H R R L s H R R R
L.iss H H RZ! RZ12 Looso R2! RE! RE7 RB4
Loy H R2! H REL2 L e RZ3 H H REM
Ligs H RE! RE! REL Lne R33 H RE! RBM
Lois H H R4 RE2 Lines R®3 RE! H REM
L RB! " R43 REL L R RE! RB! RB4
Lﬁif H RZ! R34 RELZ Lji: RE? H RA3 REM
L1 R®! R®! R4 RE2 L ooes o RES R34 REH
- B18 B12 83 B1 434 B4
Loios H H R R L 067 R R R R
L RB! H RE1S REL L RB! s RA3 RB#
LAM% o R3! RZ1S RED LA2268 R H RB!8 REM
Linuoe R R RO g 2o N 2 M N
B3 B12 53 B1 213 B4
Lo H H R R Lo R R R R
Loios RE! H RE3 REL Liom RB! RE? RE13 RB#
L3199 H R®! R% RE2 L7 RE? I RE? REH
L RE! RE! RE3 RE2 L o RE3 BB RBY
42200 - - 42274 - - - "
Lot H H R R L7 R R R R
Lixo R®! I R4 RE12 Loors RE! RE B3 REM
L2 H R?! R3 RE2 L.oy77 RE? H RB* REH
L RE! RE! R34 RE2 L = RE BB RB
20l 57 B12 42278 53 31 24 Ba4
42205 H H R R Lo R R R R
L 12206 R®! i RE7 RB12 Lo R3! RE RB4 REH
Lizo7 H R?! R?’ RE12 L.oost RE? H RE7 REH
L RE! RE! RE7 RE2 L - RE R RB
42208 . - 42282 - - - "
L 2200 R H H R Lo R R R R
Lo R23 H RB! RB12 L oss RE! RE3 RE7 RBM
Lixnu R> R?! H RE12 L.oss H H o BB
L RE3 RE! RE! RB2 L RE! o o RBS
LjZ i RE3 H RA3 RB12 Lﬁ;zj RB! RB! H RB4S
Lo H R33 RA3 REL L 42088 R3! RB1 RB! RE%
Liois R R?! R4 RZ2 L.oso RB! H RE! RBS
L 1; RE! RE3 R4 RB12 L 00 H H RB! RBIS
L1y RE3 H RB18 RB12 L 01 H RB! H RE%
Linus H R® RB18 RE12 L 2202 H R3! RB! REY
Lun1o RP RZ! RE18 RE12 L0 H H pA3 RES
L2220 RE! RE3 RB18 RBL2 L.os RB! H R34 R4S
L R53 I RE3 RBL L I RE! Y R4S
42221 42205
Loon H RE3 RZ3 RB12 L 2206 RE! RE! RA34 RES
L 53 RB! RE3 RBL L I I RBL8 RB®
Lo R53 I RE RBL L I RE! RB18 R4S
42225 42209
L2226 H RB3 R2* RB12 L.o3oo R3B! R3B! RBI8 R34
L RB3 RB! RZ4 RB12 L H H RE3 RB®
L R R pew e P N
L R53 I RE RBL Lo I RE! R53 R4S
42229 42303
L I R53 RE7 RBL2 L RE! RE! R RB®
Lﬁi? RZ3 RE! RE7 R Lﬁzg: H H RE4 RE4S
Loz R7! R? RE7 RE12 L 2306 RE! H RE4 RB®
L3 H H H RE% L H RE! RE4 RE®
42233 42307
Lazosa R%! H H RE L 3cs RE! RZ! RB4 RE®
L2235 RZ! RE! H RB4 Lis0s H H RE7 RES
L B! RE! RE! RBH Lo RE! H 5 B
[ rei s o o pann s o N o
42237 42311
L»3s H o R®! REM Lo RB! RB! RE7 RES
L3 H R2! H RE# Losss R33 u H RESS
Lixao I R?! RZ! REM Loosia R23 H R2! RES
Lt H H RA3 RZ# L.ais R23 R2! H REYS
L RE! H R34 RE# L.osis RB3 RBL RE! RE45
L . H RB! RA3 REM L RB3 H R34 RB4S
Ljijz R?! R?! R34 REH szz i; q R R34 RES
L2245 H H RE!8 RBH Losis RB3 RB!L R34 RBH
L B! I RE1S RBM Lo B! RE3 R34 R4S
S T REs pa LR gm S e
Looas i RZ! RZ1 R2* Lin H R® R318 RE%S
Lzoao I H RZ REH L sz RZ3 R3! RB!8 RBAS
Lizaso i H R?? REH Lo R2! RE? RBI8 RB4S

L2s1 H RE! RZ3 REM L3 RB3 H RE3 R3S
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Ligand R! R? R’ R® Ligand R! R2 Y R®
LA2326 H RBS RBS RB45 LA2400 RBI RBI RA34 RB7
LA2327 RBS RBI RBS RB45 LA2401 H H RBIS RB7
LA2328 RBI RBS RBS RB45 LA2402 RBI H RBIS RB7
LA2329 RBS H RB4 RB45 LA2403 H RBI RBIS RB7
LA2330 H RBS RB4 RB45 LA2404 RBI RBI RBIS RB7
LA23 3 RBS RB 1 RB4 RB45 LA2405 H H RBS RB 7
LA23 - RB 1 RBS RB4 RB45 LA2406 RB 1 H RBS RB 7
LA2333 RB3 H RB7 RB45 LA2407 H RBI RB3 RB7
LA23 3 H RBS RB 7 RB45 LA2408 RB 1 RB 1 RBS RB 7
LA23 35 RBS RB 1 RB 7 RB45 LAQ409 H H RB4 RB 7
LA2336 RBI RB3 RB7 RB45 LA2410 RBI H RB4 RB7
L2337 S H H RE4 Lan H RZ! R R¥
LA2338 RBI H H RB46 LA24 B RBI RBI RB4 RB7
LA2339 RBI RBI H RB46 LA2413 H H RB7 RB7
LA2340 RBI RBI RBI RB46 LA24 1 RBI H RB7 RB7
LA2341 RBI H RBI RB46 LA2415 H RBI RB7 RB7
LA2342 H H RBI RB46 LA2416 RBI RBI RB7 RB7
Loass H RZ! H RE4 Loarr RZ H H R¥
LA2344 H RBI RBI RB46 LA2418 RB3 H RBI RB7

12345 H H RA34 RB46 LA2419 RB3 RBI H RB7
LA2346 RB 1 H RA 34 RB46 LA2420 RB3 RB 1 RB 1 RB 7
LA2347 H RBI RA34 RB46 LA2421 RB3 H RA34 RB7
LA2348 RB 1 RB 1 RA 34 RB46 LA2422 H RB3 RA 34 RB 7
LA2349 H H RBIS RB46 LA2423 RB3 RBI RA34 RB7
LA2350 RBI H RBIS RB46 LA2424 RBI RBS RA34 RB7
LA2351 H RBI RBI8 RB46 LA2425 RB3 H RBls RB7
LA2352 RBI RBI RBI8 RB46 LA2426 H RB3 RBls RB7
LA2353 H H RBS RB46 LA2427 RB3 RBI RBIS RB7
LA2354 RBI H RBS RB46 LA2428 RBI RB3 RBls RB7
LA2355 H RBI RB3 RB46 LAZAZQ RB3 H RB3 RB7
LA2356 RBI RBI RB3 RB46 LA2430 H RB3 RB3 RB7
LA2357 H H RB4 RB46 LA2431 RB3 RBI RB3 RB7
LA23 55 RB 1 H RB4 RB46 LA2432 RB 1 RB3 RB3 RB 7
LA23 50 H RB 1 RB4 RB46 LA2433 RB3 H RB4 RB 7
LA23 P RB 1 RB 1 RB4 RB46 LA2434 H RB3 RB4 RB 7
LA2361 H H RB7 RB46 LAZ435 RB3 RBI RB4 RB7
LA23 © RB 1 H RB 7 RB46 LA2436 RB 1 RB3 RB4 RB 7
LA2363 H RBI RB7 RB46 LA2437 RB?: H RB7 RB7
LA2364 RBI RBI RB7 RB46 LAZ438 H RB3 RB7 RB7
LA2365 RB3 H H RB46 LAZ439 RB3 RBI RB7 RB7
LA23 P RB3 H RB 1 RB46 LA2440 RB 1 RB3 RB 7 RB 7
LA2367 RB3 RBI H RB46 LAZ441 H H H RBIO
L/123 6 RB3 RB 1 RB 1 RB46 LAZ442 RB 1 H H RB 10
L/123 . RB3 H RA 34 RB46 LAZ443 RB 1 RB 1 H RB 10
L/123 = H RB3 RA 34 RB46 LAZ444 RB 1 RB 1 RB 1 RB 10
L RB?: RB 1 RA 34 RB46 L RB 1 H RB 1 RB 10
szz Z; RB 1 RB3 RA 34 RB46 Ljijjz H H RB 1 RB 10
L/123 7 RB3 H RBIS RB46 LAZ447 H RBI H RBIO
L/123 = H RB?: RB 18 RB46 LAZ448 H RBI RBI RB 10
L/123 - RB3 RBI RBI8 RB46 L/12449 H H RA34 RBIO
L RBI RB3 RBIS RB46 L ) RBI H RA34 RBIO
Lji Zj RB3 H RB3 RB46 Lﬁif H RBI RA34 RBIO
L/123 7 H RB3 RB3 RB46 LAZ452 RBI RBI RA34 RBIO
LAZ3 7 RB3 RBI RB3 RB46 LAZ453 H H RBIS RBIO
L RB 1 RB3 RB3 RB46 L RB 1 H RB 18 RB 10
Ljiz(: RB3 H RB4 RB46 Lﬁi: H RBI RBIS RBIO
LAZ382 H RB3 RB4 RB46 LAZ456 RBI RBI RBIS RBIO
LAZ383 RB3 RBI RB4 RB46 LAZ457 H H RB3 RBIO

Bl B3 B4 B46 Bl B3 B10

EAZ”&/} EB?: E §B7 5346 EAZ458 E EBI EB?: EBIO

‘42385 ‘42459
LA2386 H RB3 RB7 RB46 LA2460 RBI RBI RB3 RBIO
LA2387 RBS RBI RB7 RB46 LA2461 H H RB4 RBIO

B1 B3 B7 B46 B1 B4 B10

iABss g E g §B7 i,msz E Em §B4 Emo

‘42389 ‘42463
LAZSQO RBI H H RB7 LA2464 RBI RBI RB4 RBIO
LA2391 RBI RBI H RB7 LA2465 H H RB7 RBIO
LAZSQZ RBI RBI RBI RB7 LAZ466 RBI H RB7 RBIO
LAZ393 RBI H RBI RB7 LAZ467 H RBI RB7 RBIO
LA2394 H H RBI RB7 LA2468 RBI RBI RB7 RBIO
L 2305 H R®! H R¥ L.i2a6o R® H H RE
LA2396 H RBI RBI RB7 LA247O RB3 H RBI RBIO
LA2397 H H RA34 RB7 LA2471 RB3 RBI H RBIO
LAZSQS RBI H RA34 RB7 LA2472 RBS RBI RBI RBIO

L2309 H RZ! R4 RZ7 L.oa7s R33 H RA3 RE1®
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-continued

Ligand R! R? R’ R®
Loan " R3? RA34 R8I0
L _ RBS RBI RA34 RB 10
LA247> RBI RBS A34 RB 10
LA2476 RBS H RBIS RBIO

2477 B3 RBIS RBIO
L H R
LA2478 RBS RBI RBIS RBIO
LA2479 RBI RBS RBIS RBIO
Ljijz(l) RB3 H RB3 RBIO
LA2487 H RBS RBS RBIO
L N R3? R2! R23 RB10
LA2483 RBI RB3 RB3 RB 10

jjjzf RB3 H RBA RBIO
LA2482 H RBS RBA RBIO
LA2487 RB3 RBI RBA RB 10
LA2488 RBI RB3 RBA RB 10
LA2489 RBS H RB7 RBIO
LA2490 H RB3 RB7 RBIO
L RB3 RBI RB7 RB 10

‘42491
LA2492 RBI RB3 RB7 RB 10,

wherein R*! to R**! have the following structures:

D D
P CTy,
Lca,

QD
=" CFs,

L

.

.- CHF,,
CF;
<" N,
F;C b
CE;,

RAI

RA 3

RA4

RA 9

RAIO

R4l
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\
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CF,
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.
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CF;

d\ CFs,

CF3,
F,

CF,
CF;
d‘
F
T
CF;

F
FyC. ;

>

i “CF;,

i “CFs,

D

i :CF3
CFs,

CF
CF
CF
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RA48
RA49
F )
F F
F ,
RASO
and
RASI
CF;
CFy

and wherein R®' to R®* have the following struc-
tures:

REI
_.CH;,

R22
.CDs,

RB3

RE4

RBS

RBG

R

Aug. 15,2019

RBQ

RBIO

R8I

RBI2

RBIS

R84

RBIS

RBIG

RBl7

RBIS
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\
\
Y, hY
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\
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.
N
S

.
/
N Ay
I, . .
: N Ay
* Ay

5 GRo

RBl9

RBZO

R221

REZZ

RBB

RB4

RBZS

RB26

RBZ7

RBZS
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RB29

RBZ 0

RB31

RB32

RB33

RBH#

RB3S

RB3 6

RB3 7

RB38
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RB39
D :
RE40
) :
RB41
D D
RB42
D D
RB43
RB45
.0
RB45
.0
\(, and
RB46
-0
AR <
X47 \ﬁ(Z )ﬁ4/\§X2
J\ X! X3 J\
. . ~
12. The compound of claim 1, wherein the compound has xX° \\( Wl/ Nyt
a formula of M(L ) (L) (L), wherein L; and L. are each )l(ls N 56 IL
a bidentate ligand; and wherein x is 1, 2, or 3;yis 0, 1, or 0 N
2,715 0,1, or 2; and x+y+z is the oxidation state of the metal
. . X7y X7 Ny
13. The compound of claim 12, wherein L and L. are | I
each independently selected from the group consisting of: nyg X1 nyg//xlo
Ry , Ry ,
R, 3 X2 /Ra
XZ |_Xl 4//X\( %Xl R I)I(I_N
- N
X4’X3 N/ \N. X\/ IL Iy
Ra Rb\#~ / - Ra X / Sso \N
XS
—0. _ \Xﬁgx
R, \ )|(|8 Xy )|(|7 Xy )|(|3 Xy
o’ X0y X XY X0 Xl 4
X X X
R, , R ; Re > Re ,
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_continued 14. The compound of claim 1, wherein the compound is
Compound Cz having the formula Ir(L,),(L;);

wherein 7z=271+j-27,
wherein i is an integer from 1 to 2492, and j is an integer
from 1 to 27,

wherein L, has the following structures based on a structure
of Formula X,

Rl
0=
. / .
\O
RZ

Ligand R! R? R?

Ley RP! RZ! H

Lo RP2 RD2 H

L RD3 RD3 H

Lo RP4 RA4 H

LE;‘ R RP i

Les RPS RPS H

Loy RP7 RP7 H

L; RP® RP® i

Lo RP? RE? H

L RDIO RDIO H

2(1) RDll RDll H

RDIZ RDIZ H

in; RD13 RD13 H

L RD14 RD14 H

LC14 RDIS RDIS H

zlz RDIG RDIG H

LC17 RD17 RD17 H

L RDIS RDIS H

inz RD19 RD19 H

L RDZO RDZO H

LZT RDZI RDZI H

LCZZ RDZZ RDZZ H

y o wemm

X%(g, LZ: RP25 RD2S H

R/ . L RP26 RD26 H

’ LCZ6 RP?7 RD?7 H

Lz; RD28 RD28 H

. L RD29 RD29 H

Whereln, ng RD30 RD30 H

each X' to X"* are independently selected from the Les, RDS! RZ3! H
. . . D32 D32

group consisting of carbon and nitrogen; Les R R H

- . Las R R H

X is selected from the group consisting of BR', NR/, Loy RD34 RO I

PR, O, §, Se, C=0, S—0, 80,, CR'R", SiR'R", and Las RO RP*® H

mn, L RD40 RD40 H

GeR'R ! in RP41 RP4 H

R"and R" are optionally fused or joined to form a ring; Loss RO%2 RO n

each R, R,, R_, and R, may represent from mono Leao RO RE H

substitution to the a maximum possible number of Leio EDGS EDGS g

substitutions, or no substitution; Lo RO RE -

42

R, R", R, R, R, and R, are each independently a Leus RP! R?? H
. D1 D3

hydrogen or a substituent selected from the group II:CM %Dl %D . g
consisting of deuterium, fluorine, alkyl, cycloalkyl e D1 Ds

) > ” ’ Leus R R H

heteroalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, Leas RO! RPS H

cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile, Leus RP! RY? H

. o . . . ] L RDI RDS H

isonitrile, sulfanyl, and combinations thereof; and o v R I

any two adjacent substitutents of R ,, R,, R, and R ; are LEZT RO R2L H

optionally fused or joined to form a ring or form a Less RP! RPH H

multidentate ligand.
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-continued -continued
Ligand R! R2 R? Ligand R! R2 R?
LC53 RDI RD12 H LC127 RD} RDG H
LC54 RDI RDIS H LC128 RDS RD7 H
LC55 RDI RD14 H LC129 RDS RDS H
LC56 RDI RDIS H LC130 RDS RDQ H
LC57 RDI RDIS H LC131 RDS RDIO H
LC58 RDI RD17 H LC132 RDS RDll H
LCSQ RDI RDIS H LC133 RDS RD 12 H
LCSO RDI RDIQ H 1 RD3 RD13 H
LC61 RDI RD20 H LC135 RDS RD 14 H
LC62 RDI RD21 H LC136 RDS RDIS H
LC63 RDI RDZZ H LC137 RD3 RDIS H
LC64 RDI RD23 H c13s RD3 RD17 H
LC65 RDI RD24 H LC139 RDS RDIS H
LCSG RDI RDZS H LC140 RD3 RDIQ H
LC67 RDI RDZS H LC141 RD3 RDZO H
LC68 RDI RD27 H Lo RDS RD21 H
LCSQ RDI RDZS H LC143 RD3 RDZZ H
LC70 RDI RDZQ H LC144 RD3 RD23 H
LC71 RDI RDSO H LC145 RD3 RDZA H
LC72 RDI RDSI H Clas RD3 RDZS H
LC73 RDI RDSZ H LC147 RD3 RDZS H
LC74 RDI RD33 H LC148 RD3 RD27 H
LC75 RDI RD34 H LC149 RD3 RDZS H
LC76 RDI RDSS H cls0 RD3 RDZQ H
LC77 RDI RDAO H LClSl RD3 RDSO H
LC78 RDI RD41 H LC152 RD3 RD31 H
LC79 RDI RDAZ H LC153 RD3 RD3Z H
LO80 RDI RD64 H Clsa RD3 RD33 H
LOSI RDI RDGG H LC155 RD3 RD34 H
LC\82 RDI RDGS H LC156 RD3 RD35 H
LC\83 RDI RD76 H LC157 RD3 RD40 H
LO84 RDZ RDI H Clss RD3 RD41 H
L 85 RDZ RD3 H L C1s9 RD3 RDAZ H
Less R?? RP H Lcigo RP3 RE6 H
LO87 RDZ RDS H LC161 RD3 RDGG H
L css RDZ RDG H e RD3 RDGS H
LC\89 RDZ RD7 H LC163 RD3 RD76 H
Lcoo RP? RZS8 H Loiga RP? RP? H
Leo, RP2 RE?® H Leyes RD4 RDS H
LCQZ RDZ RDIO H cl66 RD4 RD7 H
ch3 RDZ RDll H LC167 RD4 RDS H
LC94 RDZ RDIZ H LC168 RD4 RDQ H
chj RDZ RD13 H LClGQ RD4 RDIO H
LCQG RDZ RD14 H 170 RD4 RDll H
LC97 RDZ RDIS H LC171 RD4 RDIZ H
LC98 RDZ RDIG H LCl » RD4 RD13 H
chg RDZ RD17 H LCl 7 RD4 RD 14 H
LCIOO RDZ RD18 H 174 RD4 RDIS H
LCIOI RDZ RDIQ H a7s RD4 RDIG H
LCIOZ RDZ RDZO H LCl % RD4 RD17 H
LC103 RDZ RDZI H LCl - RD4 RD18 H
LC104 RDZ RDZZ H 178 RD4 RDIQ H
LCI s RDZ RDZ3 H 179 RD4 RDZO H
LCIOG RDZ RDZ4 H LC180 RD4 RDZI H
LC107 RDZ RDZS H LC181 RD4 RDZZ H
L Clos RDZ RDZG H 18 RD4 RDZ3 H
L Cl09 RDZ RDZ 7 H c83 RD4 RDZ4 H
LCI 10 RDZ RDZS H LC184 RD4 RDZS H
LCI M RDZ RDZQ H LC185 RD4 RDZG H
LCI " RDZ RD30 H Cls6 RD4 RDZ7 H
LCI 13 RDZ RD31 H LC187 RD4 RDZS H
LCI " RD2 RD32 H LC188 RD4 RD29 H
LCl is RD2 RD33 H LClSQ RD4 RDSO H
LCI 16 RD2 RD34 H LClQO RD4 RDSI H
LCI 7 RD2 RD35 H LClQl RD4 RD32 H
LCI is RD2 RD40 H LC192 RD4 RD33 H
LCI 19 RDZ RD41 H LC193 RD4 RD34 H
LCIZO RDZ RD4Z H LC194 RD4 RD35 H
LCIZI RDZ RD64 H LClQS RD4 RD40 H
LC122 RDZ RD66 H LClQS RD4 RD41 H
Les RE2 RDS8 " Leyor RP4 R4 "
Legos RP2 RD76 " Leyos RrP4 RD64 "
LC125 RDS RD4 H LClQQ RD4 RDGG H
LC126 RDS RDS H LC‘ZOO RD4 RDGS H
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Ligand R! R2 R? Ligand R! R2 R?
LCQOI RD4 RD76 H LCZ75 RDS RD76 H
LCQ02 RD4 RDI H LCZ76 RDll RDS H
LCQOS RD7 RDS H LCZ77 RDll RDS H
LC204 RD7 RDS H LCZ78 RDll RDQ H
LC205 RD7 RDS H LCZ79 RDll RDIO H
LCQOG RD7 RDQ H LCZSO RDll RD12 H
LQ07 RD7 RDIO H Lngl RDll RDIS H
LCQOS RD7 RDll H LC282 RDll RD14 H
LCQOQ RD7 RD12 H LCZSS RDll RDIS H
LCQIO RD7 RDIS H chg4 RDll RDIS H
LQ“ RD7 D14 H LC285 RDll RD17 H
LC212 RD7 RDIS H LCZSS RDll RDIS H
LC213 RD7 RDIS H LC287 RDll RDIQ H
LC214 RD7 RD17 H LCZSS RDll RDZO H
LCQIS RD7 RDIS H LCZSQ RDll RDZI H
LCQIS RD7 RDIQ H LCZQO RDll RD22 H
LQ17 RD7 RDZO H LCZQI RDll RDZS H
LCQIS RD7 RDZI H LC292 RDll RD24 H
LCQIQ RD7 RDZZ H LCZQS RDll RDZS H
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LCIOQQ RD35 RD68 RDI LCl 7 RD64 RD27 RDI
LCI 100 RD35 RD76 RDI LCl 174 RD64 RDZS RDI
LCI 101 RD40 RDS RDI LCl 175 RD64 RD29 RDI
LCI 102 RD40 RD6 RDI LCl 176 RD64 RDSO RDI
LCI 103 RD40 RDQ RDI LC1177 RD64 RDBI RDI
LCI 104 RD40 RDIO RDI LCl 178 RD64 RD32 RDI
LCI 105 RD40 RDIZ RDI LCl 170 RD64 RD33 RDI
LCI 106 RD40 RDIS RDI LCl 180 RD64 RD34 RDI
LCI 107 RD40 RDIS RDI LCl 181 RD64 RD42 RDI
LCI 108 RD40 R017 RDI LCl 15 RD64 RD64 RDI
LCI 100 RD40 RDIS RDI LCl 153 RD64 RD66 RDI
LCIIIO RD40 RDIQ RDI LCl 184 RD64 RD68 RDI
LCI 1 RD40 RDZO RDI LCl 185 RD64 RD76 RDI
clia RD40 RDZI RDI LCl 156 RD66 RDS RDI
LC1113 RD40 RD23 RDI LCl 187 RD66 RD6 RDI
LCI 114 RD40 RDZ4 RDI LCl 188 RDGG RDQ RDI
LC1115 RD40 RDZS RDI LCl 180 RDGG RDIO RDI
LC1116 RD40 RD27 RDI LCl 190 RD66 RDIZ RDI
LC1117 RD40 RDZ8 RDI LCl 101 RDGG RDIS RDI
LC1118 RD40 RDZQ RDI LCl 192 RDGG RDIG RDI
LCIIIQ RD40 RDSO RDI LCl 193 RDGG RD17 RDI
LCI 120 RD40 RD31 RDI LCl 194 RDGG RD18 RDI
LCI 1 RD40 RDSZ RDI LCl 195 RDGG RDIQ RDI
LCI 12 RD40 RD33 RDI LCl 196 RDGG RDZO RDI
LCI 123 RD40 RD34 RDI LCl 197 RDGG RDZI RDI
LCI 124 RD40 RD41 RDI LCl 198 RDGG RDZ3 RDI
LCI 125 RD40 RD4Z RDI LCl 190 RDGG RDZ4 RDI
LCI 126 RD40 RD64 RDI LClZOO RDGG RDZS RDI
LCI 127 RD40 RDGG RDI LClZOl RDGG RDZ7 RDI
LCI 128 RD40 RD68 RDI LClZOZ RDGG RDZ8 RDI
LCI 120 RD40 RD76 RDI LC1203 RDGG RDZQ RDI
LCI 130 RD41 RDS RDI LClZOA RDGG RD?:O RDI
LCI 131 RD41 RDG RDI LC1205 RDGG RD31 RDI
Cli33 RD41 RDQ RDI LClZOG RDGG RD3Z RDI
LCI 133 RD41 RDIO RDI LC1207 RDGG RD33 RDI
LCI 134 RD41 RDIZ RDI LC1208 RDGG RD34 RDI
LCI 135 RD41 RDIS RDI LClZOQ RDGG RD4Z RDI
LCI 136 RD41 RDIG RDI LClZlO RDGG RDGS RDI
137 RD41 RD17 RDI LClle RDGG RD76 RDI
LCI 138 RD41 RD18 RDI LClZlZ RD68 RDS RDI
LCI 139 RD41 RDIQ RDI LClZl3 RDGS RDG RDI
LCI 140 RD41 RDZO RDI LClZlA RDGS RDQ RDI
LCI 141 RD41 RDZI RDI LC1215 RD68 RDIO RDI
LCI 142 RD41 RDZ3 RDI LClZlG RD68 RDIZ RDI
LCI 143 RD41 RDZ4 RDI LC1217 RDGS RDIS RDI
LCI 144 RD41 RDZS RDI LC1218 RD68 RDIG RDI
1145 RD41 RDZ7 RDI LClZlQ RD68 RD17 RDI
LCI 146 RD41 RDZS RDI LClZZO RD68 RD18 RDI
LCI 147 RD41 RDZQ RDI LClZZl RD68 RDIQ RDI
LCI 18 RD41 RD30 RDI LC1222 RD68 RDZO RDI
LCI 140 RD41 RD31 RDI LC1223 RD68 RDZI RDI
LCI 150 RD41 RD32 RDI LC1224 RDSS RD23 RDI
LCl 51 RD41 RD33 RDI LC1225 RDGS RD24 RDI
LCI 153 RD41 RD34 RDI LC1226 RD68 RD25 RDI
LCI 153 RD41 RD42 RDI LC1227 RDGS RD27 RDI
LC] 154 RD41 RD64 RDI LC1228 RDGS RD28 RDI
LCI 155 RD41 RDGG RDI LC1229 RDGS RD29 RDI
LCI 156 RD41 RD68 RDI LClZ30 RD68 RD30 RDI
LCI 157 RD41 RD76 RDI LC1231 RDGS RD31 RDI
LCI 158 RD64 RDS RDI LC1232 RD68 RDSZ RDI
LCI 150 RD64 RDG RDI LC1233 RDGS RD33 RDI
LCI 166 RD64 RDQ RDI LC1234 RD68 RD34 RDI
LCI 161 RD64 RDIO RDI LC1235 RDGS RD42 RDI
LCI 162 RD64 RD12 RDI LC1236 RDGS RD76 RDI
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Ligand R! R2 R?

D76 D5 D1
iii; §D76 §D6 %Dl
LC1239 RD76 RDQ RDI
LC1240 RD76 RDIO RDI
o oRe o omrow
pon Roe Rons o
LC1244 RD76 RD17 RDI
LC1245 RD76 RDIS RDI
G omeowr W
pony Rone R o
LC1249 RD76 RD23 RDI
LC1250 RD76 RDZ4 RDI
e e

C1252

LC1253 RD76 RDZS RDI
LC1254 RD76 RDZQ RDI
LC1255 RD76 RD30 RDI
LC1256 RD76 RD31 RDI
LC1257 RD76 RD3Z RDI
LC1258 RD76 RD33 RDI
LC1259 RD76 RD34 RDI
LC1260 RD76 RD4Z RDI

wherein R to RP®! has the following structures:
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15. 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 com-
prising:

a first ligand 14 of Formula I

Rl

RZ

YO

wherein,
Ring A is a 5-membered or 6-membered carbocyclic or
heterocyclic ring;

194
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7', 72, and 7 are each independently selected from the
group comprising C and N;

Y is selected from the group consisting of O, S, Se,
NR?, CRR!, SiRR', GeRR', and a single bond,

a metal M forms a direct bond to Ring A or Ring B;

M is selected from the group consisting of Os, Ir, Pd,
Pt, Cu, and Au;

R* and R? each independently represents mono to a
maximum possible number of substitutions, or no
substitution;

R4 RZ R!, R? R? R, and R' are each independently a
hydrogen or a substituent selected from the group
consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, 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;

one of R? and R? is a 5-membered or 6-membered
aromatic ring that is bonded to M;

the ligand L, is optionally linked with other ligands to
form a tridentate ligand or a ligand with a maximum
possible denticity to which M can coordinate;

any two substituents may be joined or fused together to
form a ring, provided that R* and R? are not joined
to form a 6-membered aromatic ring when Y is a
single bond; and

M is optionally coordinated to other ligands.

16. The OLED of claim 15, wherein the organic layer is
an emissive layer and the compound is an emissive dopant
or a non-emissive dopant.

17. The OLED of claim 15, wherein the organic layer
further comprises a host, wherein host comprises at least one
chemical group selected from the group consisting of metal
complex, triphenylene, carbazole, dibenzothiophene, diben-
zofuran, dibenzoselenophene, azatriphenylene, azacarba-
zole, aza-dibenzothiophene, aza-dibenzofuran, and aza-
dibenzoselenophene.

18. The OLED of claim 15, wherein the organic layer
further comprises a host, wherein the host is selected from

the group consisting of:

S
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and combinations thereof.

19. A consumer product comprising 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 comprising:
a first ligand L* of Formula I

R!

RA

wherein,
Ring A is a 5-membered or 6-membered carbocyclic or
heterocyclic ring;

Aug. 15,2019

7', 72, and 7 are each independently selected from the
group comprising C and N;

Y is selected from the group consisting of O, S, Se,
NR?, CRR', SiRR', GeRR', and a single bond;

a metal M forms a direct bond to Ring A or Ring B;

M is selected from the group consisting of Os, Ir, Pd,
Pt, Cu, and Au;

R* and R? each independently represents mono to a
maximum possible number of substitutions, or no
substitution;

R4 RZ,R', R% R*, R, and R' are each independently a
hydrogen or a substituent selected from the group
consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, 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}

one of R* and R? is a 5-membered or 6-membered
aromatic ring that is bonded to M;

the ligand [, is optionally linked with other ligands to
form a tridentate ligand or a ligand with a maximum
possible denticity to which M can coordinate;

any two substituents may be joined or fused together to
form a ring, provided that R* and R? are not joined
to form a 6-membered aromatic ring when Y is a
single bond; and

M is optionally coordinated to other ligands.

20. A formulation comprising the compound of claim 1.
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