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HOST MATERIALS FOR
ELECTROLUMINESCENT DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 62/677,911, filed
May 30, 2018, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] The present invention relates to compounds for use
as hosts 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:

Ir
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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 LTUMO
energy level corresponds to an electron affinity (EA) having
a smaller absolute value (an EA that is less negative). On a
conventional energy level diagram, with the vacuum level at
the top, the LUMO energy level of a material is higher than
the HOMO energy level of the same material. A “higher”
HOMO or LUMO energy level appears closer to the top of
such a diagram than a “lower” HOMO or LUMO energy
level.

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

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

SUMMARY

[0015] According to an aspect of the present disclosure, a
compound having a stoichiometry formula of BiL;, where
Bi is Bi (III), L is mono-anionic bidentate ligand, and each
L can be same or different is disclosed. In such embodi-
ments, L has the formula

in which:
[0016] each 7' and Z* is independently selected from the
group consisting of O, S, NR, and PR;

[0017] Z°is C;
[0018] Z' and Z* coordinate to Bi atom;
[0019] L, is aryl or heteroaryl, which can be further

substituted by one or more substituent R;;

[0020] each R is independently hydrogen or a substituent
selected from the group consisting of deuterium, alkyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl, aryl,
heteroaryl, and combinations thereof;

[0021] each R; is independently a substituent selected
from the group consisting of deuterium, alkyl, cycloalkyl,
heteroalkyl, heterocycloalkyl, arylalkyl, aryl, heteroaryl,
and combinations thereof;

[0022] n is an integer from O to the maximum allowable
substitutions; and

[0023] at least one of the following conditions is true:
[0024] (1) L, comprises at least one S-membered ring;
[0025] (2) L, comprises a condensed ring system hav-

ing at least three rings fused together;
[0026] (3) n is at least 1 and at least one R, is a
non-fused aryl or heteroaryl moiety; or
[0027] (4) n is at least 2 with two different R; and the
L,-(R;)n moiety is not symmetrical along the axis of
77 and the atom from L, attaching to Z°.
[0028] An OLED comprising the compound of the present
disclosure in an organic layer therein is also disclosed.
[0029] A consumer product comprising the OLED is also
disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 shows an organic light emitting device.
[0031] FIG. 2 shows an inverted organic light emitting
device that does not have a separate electron transport layer.

DETAILED DESCRIPTION

[0032] 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
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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.

[0033] 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.

[0034] More recently, OLEDs having emissive materials
that emit light from triplet states (“phosphorescence”) have
been demonstrated. Baldo et al., “Highly Efficient Phospho-
rescent Emission from Organic Electroluminescent
Devices,” Nature, vol. 395, 151-154, 1998; (“Baldo-1") and
Baldo et al., “Very high-efficiency green organic light-
emitting devices based on electrophosphorescence,” Appl.
Phys. Lett., vol. 75, No. 3, 4-6 (1999) (“Baldo-II""), are
incorporated by reference in their entireties. Phosphores-
cence is described in more detail in U.S. Pat. No. 7,279,704
at cols. 5-6, which are incorporated by reference.

[0035] 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.

[0036] 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-
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.
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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.

[0037] 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.

[0038] 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.

[0039] 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.

[0040] 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
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(OVPD), such as described in U.S. Pat. No. 6,337,102 to
Forrest et al., which is incorporated by reference in its
entirety, and deposition by organic vapor jet printing
(OVJP), such as described in U.S. Pat. No. 7,431,968, which
is incorporated by reference in its entirety. Other suitable
deposition methods include spin coating and other solution
based processes. Solution based processes are preferably
carried out in nitrogen or an inert atmosphere. For the other
layers, preferred methods include thermal evaporation. Pre-
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 (OVIP). 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.

[0041] 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.

[0042] 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,
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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.

[0043] 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.
[0044] The terms “halo,” “halogen,” or “halide” as used
interchangeably and refer to fluorine, chlorine, bromine, and
iodine.

[0045] The term “acyl” refers to a substituted carbonyl
radical (C(O)—R,).

[0046] The term “ester” refers to a substituted oxycarbo-
nyl (—O—C(0)—R; or —C(O)—0—R) radical.

[0047] The term “ether” refers to an —OR radical.

[0048] The terms “sulfanyl” or “thio-ether” are used inter-
changeably and refer to a —SR_ radical.

[0049] The term “sulfinyl” refers to a —S(O)—R, radical.
[0050] The term “sulfonyl” refers to a—SO,—R, radical.
[0051] The term “phosphine” refers to a—P(R,), radical,

wherein each R, can be same or different.

[0052] The term “silyl” refers to a —Si(R,); radical,
wherein each R, can be same or different.

[0053] In each of the above, R, can be hydrogen or a
substituent selected from the group consisting of deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, and combina-
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tion thereof. Preferred R, is selected from the group con-
sisting of alkyl, cycloalkyl, aryl, heteroaryl, and
combination thereof.

[0054] 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 may be optionally substituted.

[0055] 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
may be optionally substituted.

[0056] 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, O, S or N. Additionally, the
heteroalkyl or heterocycloalkyl group is optionally substi-
tuted.

[0057] 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
“heteroalkenyl” 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.

[0058] 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.
[0059] 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.

[0060] The term “heterocyclic group” refers to and
includes aromatic and non-aromatic cyclic radicals contain-
ing at least one heteroatom. Optionally the at least one
heteroatom is selected from O, S, N, P, B, Si and Se,
preferably, O, S or N. Hetero-aromatic cyclic radicals may
be used interchangeably with heteroaryl. Preferred hetero-
non-aromatic cyclic groups are those containing 3 to 7 ring
atoms which includes at least one hetero atom, and includes
cyclic amines such as morpholino, piperidino, pyrrolidino,
and the like, and cyclic ethers/thio-ethers, such as tetrahy-
drofuran, tetrahydropyran, tetrahydrothiophene, and the
like. Additionally, the heterocyclic group may be optionally
substituted.

[0061] 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
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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 may be optionally substituted.
[0062] The term “heteroaryl” refers to and includes both
single-ring hetero-aromatic groups and polycyclic aromatic
ring systems that include at least one heteroatom. The
heteroatoms 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 pref-
erably 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, hetero-
cycles, and/or heteroaryls. The hetero-polycyclic aromatic
ring systems can have from one to six heteroatoms per ring
of the polycyclic aromatic ring system. Preferred heteroaryl
groups are those containing three to thirty carbon atoms,
preferably three to twenty carbon atoms, more preferably
three to twelve carbon atoms. Suitable heteroaryl groups
include dibenzothiophene, dibenzofuran, dibenzoseleno-
phene, furan, thiophene, benzofuran, benzothiophene, ben-
zoselenophene, carbazole, indolocarbazole, pyridylindole,
pyrrolodipyridine, pyrazole, imidazole, triazole, oxazole,
thiazole, oxadiazole, oxatriazole, dioxazole, thiadiazole,
pyridine, pyridazine, pyrimidine, pyrazine, triazine, oxazine,
oxathiazine, oxadiazine, indole, benzimidazole, indazole,
indoxazine, benzoxazole, benzisoxazole, benzothiazole,
quinoline, isoquinoline, cinnoline, quinazoline, quinoxaline,
naphthyridine, phthalazine, pteridine, xanthene, acridine,
phenazine, phenothiazine, phenoxazine, benzofuropyridine,
furodipyridine, benzothienopyridine, thienodipyridine, ben-
zoselenophenopyridine, and selenophenodipyridine, prefer-
ably dibenzothiophene, dibenzofuran, dibenzoselenophene,
carbazole, indolocarbazole, imidazole, pyridine, triazine,
benzimidazole, 1,2-azaborine, 1,3-azaborine, 1,4-azaborine,
borazine, and aza-analogs thereof. Additionally, the het-
eroaryl group may be optionally substituted.

[0063] 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.

[0064] The terms alkyl, cycloalkyl, heteroalkyl, heterocy-
cloalkyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
aralkyl, heterocyclic group, aryl, and heteroaryl, as used
herein, are independently unsubstituted or substituted with
one or more general substituents.

[0065] In many instances, the general substituents are
selected from the group consisting of deuterium, halogen,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
alkoxy, aryloxy, amino, cyclic amino, silyl, alkenyl,
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cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
carbonyl, carboxylic acid, ether, ester, nitrile, isonitrile,
sulfanyl, sulfinyl, sulfonyl, phosphino, and combinations
thereof.

[0066] 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, mitrile, isonitrile, sulfanyl, and combinations
thereof.

[0067] 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.

[0068] 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.

[0069] 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.

[0070] 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.

[0071] The “aza” designation in the fragments described
herein, i.e. aza-dibenzofuran, aza-dibenzothiophene, etc.
means that one or more of the C—H groups in the respective
aromatic ring can be replaced by a nitrogen atom, for
example, and without any limitation, azatriphenylene
encompasses both dibenzo[f,h]quinoxaline and dibenzo[f,h]
quinoline. One of ordinary skill in the art can readily
envision other nitrogen analogs of the aza-derivatives
described above, and all such analogs are intended to be
encompassed by the terms as set forth herein.
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[0072] 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.

[0073] 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.

[0074] In some instance, a pair of adjacent substituents
can be optionally joined or fused into a ring. The preferred
ring is a five, six, or seven-membered carbocyclic or het-
erocyclic ring, includes both instances where the portion of
the ring formed by the pair of substituents is saturated and
where the portion of the ring formed by the pair of substitu-
ents is unsaturated. As used herein, “adjacent” means that
the two substituents involved can be on the same ring next
to each other, or on two neighboring rings having the two
closest available substitutable positions, such as 2, 2' posi-
tions in a biphenyl, or 1, 8 position in a naphthalene, as long
as they can form a stable fused ring system.

[0075] A series of compounds having a stoichiometry
formula of Bil, are disclosed. Each L is a mono-anionic
bidentate ligand and can be same or different. These com-
pounds can adopt mono or polynuclear form in the solid
state. In some instances, they exist as a BiL; molecule. In
some instances, they can adopt a paddle-wheel structure
with Bi,L, formula as shown below.

L
>, | R
., ) o
S B )
/ \/L
N
L

In some instances, the two axial ligands will adopt mono-
dentate structure.

[0076] By applying different ligands [, the HOMO and/or
LUMO levels of these Bi compounds can be widely tuned.
They can be used as a neat film in hole injection layers
(HIL), hole transport layers (HTL), or any other layers in an
OLED device. They can also be used as a p-dopant (acceptor
material) in HIL, HTL, or any other layers in an OLED. By
doping hole transport material with a suitable Bi acceptor
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material, the charge carrier density, and hence the conduc-
tivity in the film, can be enhanced considerably.

[0077] According to an aspect of the present disclosure, a
compound having a stoichiometry formula of BiL,, where
Bi is Bi (I11), L is mono-anionic bidentate ligand, and each
L can be same or different. In such embodiments, L has the
formula

in which:
[0078] each Z' and Z* is independently selected from the
group consisting of O, S, NR, and PR;

[0079] Z7°is C;
[0080] Z' and Z? coordinate to Bi atom;
[0081] L, is aryl or heteroaryl, which can be further

substituted by one or more substituent R ;

[0082] each R is independently hydrogen or a substituent
selected from the group consisting of deuterium, alkyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl, aryl,
heteroaryl, and combinations thereof;

[0083] each R, is independently a general substituent;
[0084] n is an integer from O to the maximum allowable
substitutions.

[0085] Insome embodiments, at least one of the following

conditions is true:
[0086] (1)L, comprises at least one 5-membered ring;
[0087] (2) L, comprises a condensed ring system hav-
ing at least three rings fused together;
[0088] (3) n is at least 1 and at least one R; is a
non-fused aryl or heteroaryl moiety; or
[0089] (4) n is at least 2 with two different R, and the
L -(R;)n moiety is not symmetrical along the axis of
7> and the atom from L, attaching to Z°.
[0090] In some embodiments, each R; is independently
selected from the group consisting of deuterium, fluorine,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
aryl, heteroaryl, nitrile, and combinations thereof.

[0091] In some embodiments, R, is not fused to the L,
moiety.
[0092] In some embodiments, Z! and Z> are O. In some

embodiments, Z' and Z* are NR. In some embodiments, one
of Z' and 72 is O, the other one of Z* and Z* is NR.
[0093] In some embodiments, each R is independently
selected from the group consisting of aryl, heteroaryl, and
combination thereof.

[0094] In some embodiments, [, comprises at least one
S5-membered ring. In some embodiments, L., comprises a
condensed ring system having at least three rings fused
together.

[0095] In some embodiments, I, comprises a condensed
ring system having at least four rings fused together. In some
embodiments, [, comprises a condensed ring system having
at least five rings fused together.

[0096] In some embodiments, n is at least 1 and at least
one R; is a non-fused aryl or heteroaryl moiety.

[0097] In some embodiments, the compound has a for-
mula of BiL;, or Bi, L.

[0098] Insome embodiments, L, is a benzene ring, n is at
least 1, and a sum of Hammett constants of all the substitu-
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ents R, is larger than 0.50 and smaller than 1.20. In some
embodiments, the sum of Hammett constant of all the
substituents R, is larger than 0.60 and smaller than 1.10. In
some embodiments, the sum of Hammett constant of all the
substituents R, is larger than 0.70 and smaller than 1.00. In
some embodiments, the sum of Hammett constant of all the
substituents R; is larger than 0.80 and smaller than 0.90.
[0099] In some embodiments, all three Ls of the stoichio-
metric formula Bil, are the same.

[0100] In some embodiments, at least one L of the stoi-
chiometric formula Bil; is different from the other two L. In
some embodiments, all three Ls of the stoichiometric for-
mula Bil; are different from each other.

[0101] Insome embodiments, I, comprises at least one of
the chemical moiety selected from the group consisting of
phenyl, biphenyl, terphenyl, carbazole, indolocarbazole, tri-
phenylene, fluorene, benzothiophene, benzofuran, benzo-
selenophene, dibenzothiophene, dibenzofuran, dibenzosele-
nophene, nitrile, isonitrile, borane, fluoride, pyridine,
pyrimidine, pyrazine, triazine, aza-carbazole, aza-dibenzo-
thiophene, aza-dibenzofuran, aza-dibenzoseleno phene, aza-
triphenylene, imidazole, pyrazole, oxazole, thiazole, isox-
azole, isothiazole, triazole, thiadiazole, and oxadiazole.
[0102] In some embodiments, the L -(R,)n moiety is
selected from the group consisting of L,,, where 1 is an
integer from 1 to 3735; wherein

[0103] ligands L,, to L ,.s are based on a structure of
Formula I,

where i=m;
[0104] ligands L., to L g, are based on a structure of
Formula 1I

~ VT
S X2
)

where i=408+m;

[0105] ligands L ,,to L,;,,, are based on a structure of
Formula III

1
X3 ¥
"~ \J/
T X2 .

S
.

R! .

Xl
N\
= s

where 1=816+m;
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[0106] ligands I,,,,s to L, 45, are based on a structure of
Formula IV

Yl
X3 X!
R/ \ / \>/Rl,
e - X2

'

:
:
:

where i=1224+m;

[0107] wherein m is an integer from 1 to 408 and for each
m, X!, X2, X3, RY, R?, and Y' are defined in formulas I, 11,
111, and 1V as follows:

m X! X2 x3 R! R? v!
1 CH CH CH H H S
2 CH CH CH RA! H S
3 CH CH CH R#? H S
4 CH CH CH R H S
5 CH CH CH RA4 H S
6 CH CH CH R4S H S
7 CH CH CH R4S H S
8 CH CH CH RA7 H S
9 CH CH CH RAS H S

10 CH CH CH H RAL S

11 CH CH CH H R4? S

12 CH CH CH H RA2 S

13 CH CH CH H R4 S

14 CH CH CH H R4S S

15 CH CH CH H R4® S

16 CH CH CH H RA7 S

17 CH CH CH H RA8 S

18 N CH CH H H S

19 N CH CH R4 H S

20 N CH CH RA2 H S

21 N CH CH RA2 H S

22 N CH CH R4 H S

23 N CH CH R4 H S

24 N CH CH RA6 H S

25 N CH CH RA7 H S

26 N CH CH R4 H S

27 N CH CH H R4 S

28 N CH CH H RA2 S

29 N CH CH H R4 S

30 N CH CH H R4 S

31 N CH CH H R4 S

32 N CH CH H ReA¢ S

33 N CH CH H R4 5

34 N CH CH H R4® S

35 N N CH H H S

36 N N CH RA! H S

37 N N CH R#2 H S

38 N N CH R* H S

39 N N CH R H S

40 N N CH R4 H S

41 N N CH RA6 H S

42 N N CH R H S

43 N N CH R4S H S

44 N N CH H RA! S

45 N N CH H R4 S

46 N N CH H R4 S

47 N N CH H R4 S

48 N N CH H R S

49 N N CH H R46 S

50 N N CH H R4 S

51 N N CH H R4S S

52 CH N CH H H S

53 CH N CH R H S

54 CH N CH R*? H S

55 CH N CH R4 H S
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-continued -continued
m x! x? x3 R! R? v! m X! x? x3 R! R? v!
56 CH N CH R# H S 130 N CH CH H R#? 0
57  CH N CH R® H S 131 N CH CH H RE e}
58 CH N CH R4€ H S 132 N CH CH H RA 0
59 CH N CH RY H S 133 N CH CH H R 0
60 CH N CH RA® H S 134 N CH CH H RA® e}
61 CH N CH H RA! S 135 N CH CH H RY7 0
62 CH N CH H R S 136 N CH CH H R4S 0
63 CH N CH H R S 137 N N CH H H e}
64 CH N CH H R4 S 138 N N CH RA! H 0
65 CH N CH H RP S 139 N N CH R#? H 0
66 CH N CH H RA6 S 140 N N CH R4 H e}
67 CH N CH H R S 141 N N CH R H 0
68 CH N CH H RA® S 142 N N CH R® H 0
69 CH CH N H H S 143 N N CH RA6 H 0
70 CH CH N R H S 144 N N CH R H 0
71 CH CH N R? H S 145 N N CH R4S H 0
72 CH CH N RE H S 146 N N CH H RA! 0
73 CH CH N R H S 147 N N CH H R? 0
74  CH CH N R® H S 148 N N CH H R 0
75 CH CH N RA¢ H S 149 N N CH H R4 0
76  CH CH N R H S 150 N N CH H RP 0
77 CH CH N R*® H S 151 N N CH H RA6 0
78 CH CH N H R4 S 152 N N CH H R 0
79 CH CH N H R? S 153 N N CH H RA® 0
80 CH CH N H R S 154 CH N CH H H 0
81 CH CH N H R4 S 155 CH N CH RA H 0
82 CH CH N H RP S 156 CH N CH RA2 H 0
83 CH CH N H RA¢ S 157 CH N CH RA3 H 0
84 CH CH N H R4 S 158 CH N CH R4 H 0
85 CH CH N H R4 S 159 CH N CH R# H 0
86 N CH N H H S 160 CH N CH RA6 H 0
87 N CH N RA! H S 161 CH N CH RA7 H 0
88 N CH N RA2 H S 162 CH N CH RA8 H 0
89 N CH N R H S 163 CH N CH H RAL 0
90 N CH N RA H S 164 CH N CH H R 0
91 N CH N RA H S 165 CH N CH H RA3 0
92 N CH N RAS H S 166 CH N CH H RA4 0
93 N CH N RA7 H S 167 CH N CH H R 0
94 N CH N RA8 H S 168 CH N CH H RAS 0
95 N CH N H RAL S 169 CH N CH H RA7 0
96 N CH N H RA2 S 176 CcH N CH H RA8 0
97 N CH N H R4 S 171 CH CH N H H 0
98 N CH N H RA4 S 172 CH CH N RA! H 0
99 N CH N H R4S S 173 CH CH N RA2 H 0
100 N CH N H RA¢ S 174 CH CH N RA3 H 0
101 N CH N H R4 S 175 CH CH N R4 H 0
102 N CH N H RA8 S 176 CH CH N R4 H 0
103  CH CH CH H H 0 177 CH CH N RA6 H 0
104 CH CH CH RA! H 0 178 CH CH N RA7 H 0
105 CcH CH CH R#? H 0 179 CH CH N R#® H 0
106 CH CH CH RA3 H 0 180 CH CH N H RAL 0
107 CH CH CH RA4 H 0 181 CH CH N H RA2 0
108 CcH CH CH R H 0 182 CH CH N H RA3 0
109 CcH CH CH RA6 H 0 183 CH CH N H RA4 0
116 CH CH CH RA7 H 0 184 CH CH N H R4S 0
111 CH CH CH RA8 H 0 185 CH CH N H RA¢ 0
112 CH CH CH H RA! 0 186 CH CH N H RA7 0
113 CH CH CH H RA? 0 187 CH CH N H R4S 0
114 CH CH CH H RA3 0 188 N CH N H H 0
115 CH CH CH H RA4 0 189 N CH N RA! H 0
116 CH CH CH H RP 0 190 N CH N R#2 H 0
117 CH CH CH H RA® e} 191 N CH N R4 H e}
118 CH CH CH H R e} 192 N CH N R H e}
119 CH CH CH H R48 0 193 N CH N RA® H 0
120 N CH CH H H 0 194 N CH N RA6 H 0
121 N CH CH RA! H 0 195 N CH N RA7 H 0
122 N CH CH R#2 H 0 196 N CH N R4 H 0
123 N CH CH RA3 H 0 197 N CH N H RAL 0
124 N CH CH RA4 H 0 198 N CH N H RA2 0
125 N CH CH R® H 0 199 N CH N H R 0
126 N CH CH RA6 H e} 200 N CH N H R ]
127 N CH CH R H 0 201 N CH N H R 0
128 N CH CH R48 H 0 202 N CH N H RA¢ 0
129 N CH CH H RA! 0 203 N CH N H R4 0
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-continued -continued

m x! X2 x3 R! R? v! m X! X2 x3 R! R? v!
204 N CH N H R4S 0 278 CH CH N R H NCH,
205 CH CH CH H H NCH, 279 CH CH N R4 H NCH,
206 CH CH CH Al H NCH, 280 CH CH N A7 H NCH,
207 CH CH CH R*# H NCH, 281 CH CH N R4S H NCH,
206  CH CH CH R H NCH, 282 CH CH N H R4 NCH,
209 CH CH CH R H NCH, 283 CH CH N H R* NCH,
210 CH CH CH R H NCH, 284 CH CH N H R#3 NCH,
211 CH CH CH RA6 H NCH, 285 CH CH N H R NCH,
212 CH CH CH RY H NCH, 286 CH CH N H R NCH,
213 CH CH CH R*® H NCH, 287 CH CH N H R4 NCH,
214 CH CH CH H RAL NCH, 288 CH CH N H R NCH,
215 CH CH CH H R* NCH, 289 CH CH N H R1S NCH,
216 CH CH CH H R NCH, 290 N CH N H H NCH,
217 CH CH CH H R4 NCH, 291 N CH N RA! H NCH,
218 CH CH CH H RP NCH, 292 N CH N R*2 H NCH,
219 CH CH CH H R4 NCH, 293 N CH N R H NCH,
220 CH CH CH H R4 NCH, 294 N CH N R H NCH,
221 CH CH CH H R4 NCH, 295 N CH N R H NCH,
222 N CH CH H H NCH, 296 N CH N RA6 H NCH,
223 N CH CH R H NCH, 297 N CH N R4 H NCH,
24 N CH CH R*? H NCH, 298 N CH N R#® H NCH,
223 N CH CH R H NCH, 299 N CH N H RAL NCH,
226 N CH CH RA H NCH, 300 N CH N H R NCH,
227 N CH CH R* H NCH, 301 N CH N H R* NCH,
228 N CH CH RA¢ H NCH, 302 N CH N H R4 NCH,
229 N CH CH R H NCH, 303 N CH N H R NCH,
230 N CH CH R*8 H NCH, 304 N CH N H RA€ NCH,
231 N CH CH H R NCH, 305 N CH N H RY7 NCH,
232 N CH CH H R*? NCH, 306 N CH N H R4 NCH,
233 N CH CH H R NCH, 307 CH CH CH H H C(CH,),
234 N CH CH H R NCH, 308 CH CH CH RA! H C(CH;),
235 N CH CH H R* NCH, 309 CH CH CH R*? H C(CH,),
236 N CH CH H R4S NCH, 310 CH CH CH R# H C(CH,),
237 N CH CH H R NCH, 311 CH CH CH R H C(CH;),
238 N CH CH H R4S NCH, 312 CH CH CH R# H C(CH;),
239 N N CH H H NCH, 313  CH CH CH RA H C(CH;),
240 N N CH R4 H NCH, 314 CH CH CH RA7 H C(CH,),
241 N N CH R#? H NCH, 315  CH CH CH R4S H C(CH;),
242 N N CH R H NCH, 316 CH CH CH H R4 C(CH;),
243 N N CH R4 H NCH, 317 CH CH CH H R4 C(CH;),
244 N N CH R% H NCH, 318 CH CH CH H R C(CH,),
245 N N CH RA¢ H NCH, 319  CH CH CH H RA C(CH;),
246 N N CH RY7 H NCH, 320 CH CH CH H R C(CH;),
247 N N CH R¥8 H NCH, 321 CH CH CH H R4S C(CH;),
248 N N CH H R4 NCH, 322 CH CH CH H RY7 C(CH,),
249 N N CH H R42 NCH, 323 CH CH CH H R4S C(CH;),
250 N N CH H R NCH, 324 N CH CH H H C(CH;),
251 N N CH H R NCH, 325 N CH CH RA! H C(CH,),
252 N N CH H R NCH, 326 N CH CH RA2 H C(CH;),
253 N N CH H RA6 NCH, 327 N CH CH R4 H C(CH;),
2% N N CH H RY7 NCH, 328 N CH CH RA# H C(CH;),
255 N N CH H R4 NCH, 329 N CH CH R H C(CH,),
256 CH N CH H H NCH, 330 N CH CH RA6 H C(CH;),
257 CH N CH RAL H NCH, 331 N CH CH RA7 H C(CH,),
258  CH N CH R*2 H NCH, 332 N CH CH RA8 H C(CH;),
2%  CH N CH R H NCH, 333 N CH CH H RA C(CH,),
260 CH N CH R4 H NCH, 334 N CH CH H RA? C(CH,),
261 CH N CH R H NCH, 333 N CH CH H R4 C(CH,),
262 CH N CH RA6 H NCH, 336 N CH CH H R4 C(CH;),
263 CH N CH RY7 H NCH, 337 N CH CH H R* C(CH,),
264 CH N CH R*8 H NCH, 338 N CH CH H RA¢ C(CH;),
265 CH N CH H R4 NCH, 339 N CH CH H R C(CH,),
266 CH N CH H R NCH, 340 N CH CH H RA® C(CH,),
267 CH N CH H R NCH, 341 N N CH H H C(CH;),
268 CH N CH H R NCH, 342 N N CH R4 H C(CH,),
269 CH N CH H R* NCH, 343 N N CH R*? H C(CH;),
270 CH N CH H RA¢ NCH, 344 N N CH R4 H C(CH,),
271 CH N CH H RY7 NCH, 345 N N CH R4 H C(CH,),
272 CH N CH H R4 NCH, 346 N N CH R H C(CH,),
273 CH CH N H H NCH, 347 N N CH RA6 H C(CH;),
274  CH CH N R4 H NCH, 348 N N CH RY7 H C(CH;),
275 CH CH N R H NCH, 349 N N CH R4S H C(CH;),
276  CH CH N R H NCH, 350 N N CH H RA C(CH;),
277 CH CH N R H NCH, 351 N N CH H R*? C(CH,),
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10
_continued [0110] ligands [ 554, t0 L 544s are based on a structure of
Formula VI
m x! X2 x? R! R? v!
352 N N CH H R4 C(CH;), '
353 N N cH H R# C(CH;), Rl v!
354 N N CH H R C(CH;),
355 N N CH H R C(CH,), \ / N -
3% N N cH H RYT C(CH;), x!
357 N N CH H R4S C(CH;), e
358 cH N CH H H C(CH;),
3%  CH N CH R H C(CH;), R,
360 CH N CH R#2 H C(CH;),
361 cH N CH R#3 H C(CH;),
362 CH N cH  RrR™ H C(CH;), where i=1632+m;
363 CH N CH R H C(CH;), ) ) )
364 CH N CcH RS H C(CH,), [0111] wherein m is an integer from 409 to 816 and for
365 CH N CH R H C(CH;), eachm, X', X*, R', R? and Y" are defined in formulas V and
366 CH N CH R*® H C(CH;), VI as follows:
367 cH N CH H RA! C(CH;), ’
368 CH N CH H RA2 C(CH;),
369 CH N CH it R43 C(CH;),
370 CH N CH H R4 C(CH;), m X! X2 R R? v
371 CH N CH H R C(CH;),
372 CH N CH H R4S C(CH;), 409 CH CH H H ]
373 CH N CH H R C(CH;), 410 CH CH R4 H S
374 CH N CH H RS C(CH;), 411 CH CH R#2 H S
375 CH CH N it 5t C(CH;), 412 CH CH R H S
376 CH CH N R H C(CH;), 413 CH CH R4 H ]
377 CH CH N R%2 H C(CH;), 414 CH CH R4 H S
378 CH CH N R® 5t C(CH;), 415 CH CH R4 H S
379 CH CH N R 5t C(CH;), 416 CH CH R4 H S
380 CH CH N R® H C(CH;), 417 CH CH RS H S
381 CH CH N RA6 H C(CH;), 418 cH cH H R S
382 CH CH N R4 5t C(CH;), 419 CH CH H R4 S
383  CH CcH N R™® H C(CH;), 42 CH cH H R4 S
384 CH CH N H R4! C(CH;), 42 CH CH H RA S
385 CH CH N H R C(CH;), 42 cH cH H RA S
38 CH CH N H R4 C(CH;), 42 CH CH H R4 S
387 CH CH N H R%  C(CHj), 42 CH CH H RA? S
388 CH CH N H R% C(CH;), 425 CH CH H R4S S
389 CH CH N it R4 C(CH;), 426 N CH H H S
390 CH CH N H RA7 C(CH;), 42 N CH R H S
391 CH CH N H R4S C(CH3), 42 N CH R#? H S
392 N CH N H H C(CH;), 429 N CH R4 H S
393 N CH N R H C(CH;), 430 N CH R* H S
394 N CH N R H C(CH;), 431 N CH R4 H S
395 N CH N R# H C(CH3), 432 N CH RA® H S
396 N CH N R4 H C(CH;), 433 N CH RA7 H S
397 N CH N R# H C(CH;), 434 N CH RS H S
398 N CH N R4S H C(CH3), 435 N CH H R S
3%9 N CH N R4 H C(CH;), 436 N CH H R S
400 N CH N R4S H C(CH;), 437 N CH H R4 S
401 N CH N H R4 C(CH;), 438 N CH H R S
402 N CH N H R4 C(CH3), 439 N CH H R S
403 N CH N H R4 C(CH;), 440 N CH H RAS S
404 N CH N H R4 C(CH;), 441 N CH H R S
405 N CH N H R4 C(CH;), 442 N CH H R S
406 N CH N H R4 C(CHj), 443 N N H H S
407 N CH N H RY7 C(CH;), 444 N N R4 H S
408 N CH N H RS C(CH;), 445 N N R4 H S
446 N N R* H S
447 N N R4 H s
. 448 N N R% H s
[0108] wherein: 449 N N RA6 H g
[0109] ligands L ;¢35 to L 45040 are based on a structure of 450 N N Rj; H S
Formula V 431 N N R H s
432 N N H RA! s
453 N N H R* S
454 N N H R* S
. ! 435 N N H RA s
X2 456 N N H R4 S
\ / N\, —R, 457 N N I R S
x! 458 N N H R S
—— 459 N N H R4S s
S 460 CH N H H s
R 461 cH N R H S
462 CH N R* H S
463 CH N R# H s

where 1i=1224+m;
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-continued -continued

m X! X2 R! R? y! m X! X2 R! R? y!
464 CH N R4 H S 538 CH N H R* 0
465 CH N R H g 539 CH N H R 0
466 CH N R46 H s 540 CH N H R4 0
467 CH N RY7 H s 541 CH N H R4 0
468 CH N R*® H g 542 CH N H R4 0
469 CH N H R4 g 543 CH N H R 0
470 CH N H R4 s 544 CH N H R4S 0
471 CH N H R 8 545 CH CH H H C(CH;),
472 CH N H R g 546 CH CH R H C(CH;),
473 CH N H R g 547 CH CH R* H C(CH,),
474 CH N H R4 8 548 CH CH R#3 H C(CH,),
475 CH N H RY S 549 CH CH RA H C(CH,),
476 CH N H R4 g 5350 CH CH R*® H C(CH;),
477 CH CH H H 0 531 CH CH R4 H C(CH,),
478 CH CH RAL H 0 552 CH CH R*7 H C(CH,),
479 CH CH R H 0 533 CH CH R*® H C(CH;),
480 CH CH R H 0 534 CH CH H R4 C(CHs),
481 CH CH R H 0 535 CH CH H R# C(CH,),
482 CH CH R# H 0 536 CH CH H R® C(CH,),
483 CH CH RA¢ H 0 537 CH CH H R4 C(CHs),
484 CH CH R H 0 538 CH CH H RA C(CHs),
485 CH CH R4® H 0 539 CH CH H RA¢ C(CH,),
486 CH CH H R4 0 560 CH CH H R C(CH,),
487 CH CH H R* 0 561 CH CH H R4 C(CHs),
488 CH CH H R* 0 562 N CH H H C(CH,),
489 CH CH H R 0 563 N CH RAL H C(CH,),
490 CH CH H R® 0 564 N CH R#? H C(CH,),
491 CH CH H RA4¢ 0 565 N CH R H C(CHs),
492 CH CH H R4 0 566 N CH R H C(CH,),
493 CH CH H R 0 567 N CH R# H C(CH,),
494 N CH H H 0 568 N CH RA¢ H C(CH,),
495 N CH R H 0 569 N CH RY7 H C(CHs),
496 N CH R#2 H 0 570 N CH R4 H C(CH,),
497 N CH R#3 H 0 571 N CH H RA! C(CH,),
498 N CH RA H 0 572 N CH H R C(CH,;),
499 N CH R# H 0 573 N CH H R C(CH,),
500 N CH R#46 H 0 574 N CH H R4 C(CH,),
501 N CH R4’ H 0 575 N CH H R C(CH,),
502 N CH R48 H 0 576 N CH H R4S C(CH,),
503 N CH H R4 0 577 N CH H RY C(CH,),
504 N CH H R*2 0 578 N CH H R C(CH,),
505 N CH H R4 0 579 N N H H C(CH,),
506 N CH H R 0 580 N N R4 H C(CH,),
507 N CH H R# 0 581 N N R*2 H C(CH,),
508 N CH H R4S 0 582 N N R H C(CH,),
509 N CH H R4 0 583 N N R4 H C(CH,),
510 N CH H R 0 584 N N R# H C(CH,),
511 N N H H 0 585 N N R4S H C(CH,),
512 N N RAL H 0 586 N N R4 H C(CH,),
513 N N R4? H 0 587 N N R4S H C(CH,),
514 N N R H 0 588 N N H R4 C(CH,),
515 N N R4 H 0 589 N N H R* C(CH,),
516 N N R# H 0 590 N N H R4 C(CH,),
517 N N RA¢ H 0 591 N N H RA4 C(CH,),
518 N N RY7 H 0 592 N N H RH C(CH,),
519 N N R4 H 0 593 N N H RAS C(CH,),
520 N N H RAL 0 594 N N H RA7 C(CH,),
521 N N H R*2 0 595 N N H R4S C(CH,),
522 N N H R4 0 596 CH N H H C(CH,),
523 N N H R 0 597 CH N R4 H C(CH,),
524 N N H R® 0 598 CH N R#? H C(CH,),
525 N N H R4 0 599 CH N R H C(CH;),
526 N N H R 0 600 CH N R4 H C(CH,),
527 N N H R4® 0 601 CH N R* H C(CHj)»
528 CH N H H 0 602 CH N R4S H C(CH,),
529 CH N R4 H 0 603 CH N RY7 H C(CH,),
530 CH N R4 H 0 604 CH N R4 H C(CH;),
531 CH N R# H 0 605 CH N H R4 C(CH,),
532 CH N R4 H 0 606 CH N H R4 C(CH,),
533 CH N R# H 0 607 CH N H R® C(CH,),
534 CH N R#6 H 0 608 CH N H R C(CH;),
535 CH N R4 H 0 609 CH N H R4 C(CH,),
536 CH N RA8 H 0 610 CH N H RA¢ C(CH,),
537 CH N H R4 0 611 CH N H RY C(CH,),
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m X! X2 R! R? y! m X! X2 R! R? y!
612 CH N H R4S C(CH;), 686 CH CH R H N(R )
613 CH CH H H NCH, 687 CH CH R4 H N 46)
614 CH CH RAL H NCH, 688 CH CH R4 H N(R 46
615 CH CH R#? H NCH, 689 CH CH R4S H N(R 46
616 CH CH R H NCH; 690 CH CH H R4 NR 46)
617 CH CH R H NCH, 691 CH CH H R# NR 46)
618 CH CH R# H NCH, 692 CH CH H R N(R 46
619 CH CH RA¢ H NCH, 693 CH CH H R N(R 46
620 CH CH R H NCH, 694 CH CH H R* NR6)
621 CH CH R*® H NCH, 695 CH CH H R4 NR 46)
622 CH CH H RAL NCH, 696 CH CH H R N(R 4
623 CH CH H R*% NCH, 697 CH CH H R N(R 4
624 CH CH H R* NCH, 698 N CH H H NR6)
625 CH CH H R4 NCH, 699 N CH R H NR 46)
626 CH CH H R® NCH, 700 N CH R*? H N(R 4
627 CH CH H R4 NCH, 701 N CH R H NR6)
628 CH CH H R4 NCH; 702 N CH R H NR )
629 CH CH H R4 NCH, 703 N CH R H NR o)
630 N CH H H NCH, 704 N CH RA¢ H N(R 4
631 N CH R H NCH; 705 N CH RY7 H NR )
632 N CH R* H NCH; 706 N CH R*® H NR6)
633 N CH R#3 H NCH, 707 N CH H RA! N(R 4
634 N CH RA H NCH, 708 N CH H R* N(R 4
635 N CH R#® H NCH; 709 N CH H R# NR6)
636 N CH R4 H NCH, 710 N CH H R4 NR o)
637 N CH R#7 H NCH, 711 N CH H R N(R 4¢)
638 N CH R48 H NCH, 712 N CH H RA¢ N(R )
639 N CH H R NCH; 713 N CH H RY7 NR6)
640 N CH H R*? NCH, 714 N CH H R4 NR o)
641 N CH H R NCH, 715 N N H H N(R )
642 N CH H R NCH, 716 N N RAL H N(R )
643 N CH H R* NCH; 717 N N R* H NR )
644 N CH H RA46 NCH, 718 N N R H NR )
645 N CH H R NCH, 719 N N RA H N(R )
646 N CH H R4S NCH, 72 N N R H NR 46
647 N N H H NCH;, 72 N N R4S H NR 46)
648 N N R4 H NCH, 72 N N RY7 H NR )
649 N N R#? H NCH, 72 N N R4S H N(R 46
650 N N R# H NCH;, 72 N N H R4 NR 46)
651 N N R4 H NCH;, 72 N N H R4 NR 46)
652 N N R# H NCH, 72 N N H RH NR )
653 N N RA® H NCH, 72 N N H RA N(R )
654 N N R47 H NCH;, 72 N N H RA NR 46)
655 N N R4 H NCH;, 72 N N H R4S NR 46)
656 N N H R4 NCH, 730 N N H RY7 NR 4q)
657 N N H R4 NCH, 731 N N H R4S N(R )
658 N N H R# NCH;, 732 CH N H H NR 46)
659 N N H R4 NCH, 733 CH N R4 H NR 4q)
660 N N H R4 NCH, 734 CH N R#? H N(R )
661 N N H RA¢ NCH, 735 CH N R4S H N(R 46)
662 N N H RY7 NCH, 736 CH N R H NR 46)
663 N N H R NCH, 737 CH N R# H NR 4q)
664 CH N H H NCH, 738 CH N RA® H N(R )
665 CH N RAL H NCH, 739 CH N RA7 H N(R 4
666 CH N R#2 H NCH, 740 CH N R4 H NR 46)
667 CH N R# H NCH, 741 CH N H R4 NR 4q)
668 CH N RA4 H NCH, 742 CH N H RH N(R 4
669 CH N R# H NCH, 743 CH N H R N(R 4
670 CH N RAS H NCH, 744 CH N H R NR 46)
671 CH N RA7 H NCH, 745 CH N H RA NR )
672 CH N R48 H NCH, 746 CH N H RA¢ N(R 46
673 CH N H R4 NCH; 747 CH N H RY NR 46)
674 CH N H R NCH, 748 CH N H R4S N(R )
675 CH N H R NCH, 749 CH CH H H Si(CHj)»
676 CH N H R NCH, 750 CH CH R H Si(CH5),
677 CH N H R NCH, 751 CH CH R* H Si(CH,),
678 CH N H RA¢ NCH, 752 CH CH R H Si(CH,),
679 CH N H RY NCH, 753 CH CH RA H Si(CH5),
680 CH N H R NCH, 754 CH CH R# H Si(CH,},
681 CH CH H H N(R ) 735 CH CH RA¢ H SI(CH, )
682 CH CH R4 H NR ) 756 CH CH R H Si(CH;),
683 CH CH R#? H N(R o) 757 CH CcH R4 H Si(CH,)»
684 CH CH R4 H N(R 4¢) 758 CH CH H RA! Si(CH, ),
685 CH CH RA H NR 46) 759 CH CH H R*? Si(CH5),
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_continued [0114] wherein m is an integer from 817 to 1218 and for
each m, X!, X3 R%, R?, and R are defined in formula VII
m x! X2 R! R? Y! as follows:

760 CH CH H R4 Si(CH;),

761 cH cH H R Si(CHL),
762 cH cH H R% Si(CH,), m X! x? R! R? R

763 CH CH H R4 Si(CH,),
764 CH cH H R Si(CHL ), 817 CH CH R H H
765 CH CH H % Si(CH, ), 818 CH CH R R H
766 N cH H H Si(CTHL ), 819 CH CH R R H
767 N cH R H Si(CHL ), 820 CH CH R R H
768 N cH R H Si(CHL ), 821 CH CH R R H
769 N CH R# H Si(CH,), 822 CH CH R R H
770 N cH RH " Si(CHL), 823 CH CH R R4 H
71 N cH RS H Si(CHL ), 824 CH CH R RS H
772 N CH RA46 H Si(CH,)» 825 CH CH R+ H H
773 N CH RA H Si(CHS), 826 CH CH R R H
774 N cH RS H Si(CHL ), 827 CH CH R R H
775 N cH H R4 Si(CHL ), 828 CH CH R R H
776 N CH H R Si(CH,), 829 CH CH R R H
777 N CH H R Si(CH,), 830 CH CH R R H
778 N cH " RH Si(CHL ), 831 CH CH R R4 H
779 N CH H RS Si(CH,), 832 CH CH R RS H
780 N CH H RA€ Si(CH,), 833 CH CH R4 H H
781 N cH " R Si(CHL ), 834 CH CH R R H
782 N CH H % Si(CH,), 835 CH CH R R H
783 N N H H Si(CH,), 836 CH CH R R H
784 N N R#! H Si(CH,), 837 CH CH R R H
785 N N R*? H Si(CH,), 838 CH CH R R4 H
786 N N R H Si(CH,), 839 CH CH R R4 H
787 N N RA H Si(CH,), 840 CH CH R RS H
788 N N R4S H Si(CH,), 841 CH CH R i H
789 N N R H Si(CH,), 842 CH CH R4 R H
750 N N R H Si(CH,), 843 CH CH R# R H
791 N N RS H Si(CH, ), 844 CH CH R# R* H
792 N N H R Si(CH,), 845 CH CH R4 R H
793 N N H R Si(CH,), 846 CH CH R4 R4 H
754 N N H RS Si(CH, ), 847 CH CH R# RY H
795 N N H R4 Si(CH, ), 848 CH CH R# RS H
796 N \ H R4S Si(CH,), 849 CH CH R i H
797 N N H RA SI(CH, ), 850 CH CH R R H
708 N N H RA7 Si(CH,), 851 CH CH Rjz R:i H
799 N \ H R4S Si(CH,), 852 CH CH R 'S H
800 CH N H H Si(CH,), 853 CH CH R R H
801 CcH N R4 H Si(CH,), 854 CH cH R R o
802 CH N R#? H Si(CH;), 835 CH CH R R H
803 CH N R# H Si(CH;), 856 CH CH R S H
804 CH N R# H Si(CHS), 857 CH CH R7 H H
805 CH N R H Si(CHy), 858 cH CH R R H
806 CH N R#6 H Si(CH;), 859 CH CH R R H
807 CH N RA7 H Si(CHS), 860 CH CH R7 R H
808 CH N R4 H Si(CHy), 861 cH CH R R H
809 CH N H RA! Si(CHy), 862 cH CH R R H
810 CH N H R4 Si(CHs), 863 CH CH R R H
811 CH N H R4 Si(CH,), 864 CH CH R S H
812 CH N H RA Si(CHy), 865 cH CH R H H
813 CH N H R% Si(CHs), 866 CH CH R R H
814 CH N H R4 Si(CHs), 867 CH CH R R H
815 CH N H RA7 Si(CH,), 868 CH CH R R H
816 CH N H RAS Si(CHy), 869 cH CH R R H
870 CH cH R R H
871 CH CH RA7 R4 H
[0112] wherein: g;g gg gg Ej; R:IS g
[0113] ligands L 544 to L 545, are based on a structure of 474 CH CH RAS rAl -
Formula VII 875 CH CH R4S R* H
876 CH CH R4S R4 H
877 CH CH R4S RA H
2 878 CH CH RA® R H
879 CH CH R4S RA¢ H
- == 880 CH CH RA® R4 H
- \ " 881 N CH Ijl H H
3 882 N cH R H H
xi/ % 883 N CH RA! R?2 H
884 N CH RA! R4 H
R! 885 N CH R RH H
886 N CH RA! R* H
887 N CH RA RAS H

where 1i=1632+m
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m x! x2 R! R2 R? m x! x2 R! R? R?
288 N CH R4 RA! H 962 N N RA! R4S
889 N CH RA! R4S H 963 N N RA42 H
890 N CH R#? H H 964 N N RA2 RAL
891 N CH R#? RA! H 965 N N RA2 R*3
892 N CH R#? R4 H 966 N N RA42 R4
893 N CH R#? R H 967 N N R+ RP
894 N CH R#? R4 H 968 N N RA2 RA¢
895 N CH R#? RA6 H 969 N N RA2 RA7
896 N CH R#? RA7 H 970 N N R+ RA®
897 N CH R#? R4S H 971 N N R4 H
898 N CH R#3 H H 972 N N RA3 RAL
899 N CH R#3 RA! H 973 N N R4 R*?
900 N CH R4 R H 974 N N R4 R4
901 N CH R4 R4 H 973 N N R4 R
902 N CH R#3 RA H 976 N N R4 RA¢
903 N CH R4 RA6 H 977 N N R4 R4’
904 N CH R4 RA7 H 978 N N R4 RA®
905 N CH R4 R4S H 979 N N R4 H
906 N CH RA H H 980 N N R4 RAL
907 N CH R4 RA! H 981 N N R4 R#?
908 N CH R4 RA? H 982 N N R4 R4
909 N CH RA RA3 H 983 N N R4 R#
910 N CH R4 RA H 984 N N R4 RA¢
911 N CH R4 RA6 H 983 N N R4 RA7
912 N CH R4 RA7 H 986 N N R4 R4S
913 N CH R4 R4S H 987 N N RA H
914 N CH R# H H 988 N N R4 RAL
915 N CH R#® RA! H 989 N N R4 R
916 N CH R RA? H 990 N N R4 R4
917 N CH R# RA3 H 991 N N RA RA
918 N CH R# R H 992 N N R4 RA¢
919 N CH R RA6 H 993 N N R4 RA7
920 N CH R4 RA7 H 994 N N RA RA8
921 N CH R# R4S H 993 N N RA6 H
922 N CH RA¢ H H 996 N N RA6 RAL
923 N CH RAS RA! H 997 N N RA6 RA2
924 N CH RAS RA2 H 998 N N RA6 RA3
925 N CH RA¢ RA3 H 999 N N RA6 RA
926 N CH RAS R44 H 1000 N N RA6 R4S
927 N CH RAS R4 H 1001 N N RA6 RA7
928 N CH RAC RA7 H 1002 N N RA6 RA8
929 N CH R#6 R4 H 1003 N N RA7 H
930 N CH R47 H H 1004 N N RA7 RAL
931 N CH RA7 RA! H 1005 N N RA7 RA2
932 N CH RA7 RA2 H 1006 N N RA7 RA3
933 N CH R R4 H 1007 N N RA7 R
934 N CH RA7 RA44 H 1008 N N RA7 R4S
935 N CH RA7 R4 H 1009 N N RA7 RAC
936 N CH R RA6 H 1010 N N RA7 RA®
937 N CH R4 R H 1011 N N RA® H
938 N CH RA8 H H 1012 N N RA8 RAL
939 N CH RA8 RA! H 1013 N N RA8 RA2
240 N CH R#® R#? H 1014 N N RA8 R4
241 N CH R#® R4 H 1015 N N RA® R4
942 N CH RA8 RA44 H 1016 N N RA8 R4S
943 N CH R48 R4 H 1017 N N RA48 RAC
944 N CH R#® R4S H 1018 N N RA8 RA!
245 N CH R#® RA7 H 1019 N N RA RA!
946 N CH RAL RA! H 1020 N N RA2 RA2
947 N CH R42 RA2 H 1021 N N R43 RA3
948 N CH R# RA3 H 1022 N N RA44 RA
949 N CH R4 R4 H 1023 N N R4 RP
950 N CH R R#® H 1024 N N RA46 RA6
951 N CH RA¢ RA6 H 1025 N N RA7 RA7 —
952 N CH R4 RA7 H 1026 N N RA8 RA8
953 N CH RA48 RA8 H 1027 CH C RA! H R46
954 N N H H — 1028 CH C R R#2 R4
955 N N RAL H — 1029 CH C RA! RA3 RA46
956 N N RAL RA2 — 1030 CH C RA! RA4 RA6
957 N N R4 RA3 — 1031 CH C RA! R RA6
958 N N R4 R# — 1032 CH C RA! RA6 RA6
959 N N RA! R4 — 1033 CH C RA! R RA¢
960 N N RAL RA6 — 1034 CH C RA RA® RA6
961 N N RA! R47 — 1035 CH C R4 H R46
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m x! x2 R! R2 R? m x! x2 R! R? R?
1036 CH C R*? RA! RA6 1110 N C R4 R# RA6
1037 CH C R#? R4 RA® 1111 N C R4 RP R46
1038 CH C R#? R4 RA4€ 1112 N C RA3 RA¢ RA6
1039 CH C R#? R4 R4€ 1113 N C RA3 RA7 R46
1040 CH C R#? R46 RA® 1114 N C R4 RA® R46
1041 CH C R#? RA7 RA® 1113 N C R4 H R46
1042 CH C R#? R4S RA4€ 1116 N C R4 RAL RA6
1043 CH C R#3 H RA6 1117 N C RA44 R*? RA6
1044 CH C R4 RA! RA® 1118 N C R4 R4 R46
1043 CH C R4 R RA® 1119 N C R4 RP R46
1046 CH C R#3 R4 RA6 1120 N C RA44 RA¢ RA6
1047 CH C R#3 RA RA6 1121 N C R4 RA7 RA6
1048 CH C R4 RA6 RA® 1122 N C R4 RA® R46
1049 CH C R4 RA7 RA¢ 1123 N C R4 H R46
1050 CH C R#3 R4S RA6 1124 N C RA RAL RA6
1051 CH C R4 H RA® 1125 N C R4 R R46
1052 CH C R4 RA! RA¢ 1126 N C R4 R4 R46
1053 CH C R4 RA? RA¢ 1127 N C R4 R4 RA6
1054 CH C RA RA3 RA6 1128 N C RA RA¢ RA6
1053 CH C R4 R4 RA¢ 1129 N C R4 RA7 R46
1056 CH C R4 RA6 RA¢ 1130 N C R4 R4S RA6
1057 CH C RA R4 RA6 1131 N C RA6 H RA6
1058 CH C RA R4S RA€ 1132 N C RA6 RAL RA6
1059 CH C R#® H RA¢ 1133 N C RA6 R RA6
1060 CH C R#® RA! RA¢ 1134 N C RA6 R4 RA6
1061 CH C R# RA2 RA€ 1135 N C RA6 RA RA6
1062 CH C R# R4 RA€ 1136 N C RA6 R RA6
1063 CH C R#® R4 RA¢ 1137 N C RA6 RA7 RA6
1064 CH C R RA6 RA® 1138 N C RA6 RA® RA6
1063 CH C R# RA7 RA€ 1139 N C RA7 H RA6
1066 CH C R R4S RA€ 1140 N C RA7 RAL RA6
1067 CH C RA¢ H RA® 1141 N C RA7 RA? RA6
1068 CH C RAS RA! RAS 1142 N C RA7 RA3 RA6
1069 CH C RA¢ RA2 RA€ 1143 N C RA7 RA RA6
1070 CH C RA¢ RA3 RA¢ 1144 N C RA7 R# RA6
1071 CH C RAS R44 RAS 1145 N C RA7 RAS RA6
1072 CH C RAS R4 RAS 1146 N C RA7 RA8 RA6
1073 CH C RA¢ RA7 RA¢ 1147 N C R4S H RA6
1074 CH C RAS RA8 RAS 1148 N C RA8 RAL RA6
1075 CH C R47 H RAS 1149 N C RA8 RA2 RA6
1076 CH C RA7 RA! RAC 1150 N C RA8 RA3 RA6
1077 CH C R R#? RA6 1151 N C RA4® R RA6
1078 CH C R47 RA3 RAS 1152 N C RA8 R4S RA6
1079 CH C RA7 RA44 RAC 1153 N C RA8 RAC RA6
1080 CH C RA7 R4 RAC 1154 N C RA8 RA8 RA6
1081 CH C R R4S RA6 1155 CH C RA! H R#®
1082 CH C RA7 RA8 RAC 1156 CH C RA! RA2 RA8
1083 CH C RA8 H RAC 1157 CH C RA! RA3 RA8
1084 CH C R#® RA! RA6 1158 CH C RA! R R#®
1083 CH C R#® R#? RA6 1159 CH C RA RA R4®
1086 CH C RA8 RA43 RAC 1160 CH C RA! RAC RA8
1087 CH C RA8 RA44 RAC 1161 CH C RA! RA7 RA8
1088 CH C R#® R4 RA6 1162 CH C RA! R4S R4®
1089 CH C R#® R4S RA6 1163 CH C R#42 H R4®
1090 CH C RA8 RA8 RAC 1164 CH C RA2 RAL RA8
1091 N C RAL H RAS 1165 CH C RA2 RA3 RA8
1092 N C RA! R#? RA6 1166 CH C R#42 RA4 R4®
1093 N C RA! R4 RA6 1167 CH C R#42 RA R4®
1094 N C RAL R44 RAS 1168 CH C RA2 RAC RA8
1095 N C RAL R4 RAS 1169 CH C RA2 RA7 RA8
1096 N C RAL RA6 RA6 1170 CH C RA2 RA8 R4S
1097 N C RA! RA7 RA® 1171 CH C R4 H R4S
1098 N C R4 R RA6 1172 CH C R4 RA! R
1099 N C R H RA¢ 1173 CH C RA3 R R4S
1100 N C R#? RA! RA¢ 1174 CH C R4 R4 R4S
1101 N C R#? R4 RA¢ 1175 CH C R4 R# R4S
1102 N C R#? R4 R4 1176 CH C R4 RA® R4®
1103 N C R42 R4 RAS 1177 CH C R43 RA7 RA8
1104 N C R42 RA6 RAC 1178 CH C R43 RA8 RA8
1105 N C R* R RA6 1179 CH C R4 H R4S
1106 N C R*? R RA6 1180 CH C R4 RA! R
1107 N C R H RA6 1181 CH C R4 R R4
1108 N C R#3 RA RA¢ 1182 CH C RA4 R* R4S
1109 N C R# R RA¢ 1183 CH C R4 R# R4S
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-continued
m X! X2 x3 R! R2
1 2 1 2 3
o X X R R R 1219 CH CH CH H H
1184 cH C RA4 R46 R4S 1220 CH cH cH R H
1185 CH C RA4 RA7 RAS 1221 CH CH CH R H
1186 CH c R4 R4S R4S 1222 CH CH CH R H
1187 CH C R4S H R4S 1223 CH CH CH R* H
1188 CH C R4S R4l R4S 1224 CH cH cH R® H
1189 CH C RAS R‘Q RAS 1225 CH CH CH RA6 H
1190 CH c R4S R4 R4S 1226 CH CH CH RA7 H
1191 CH C R4S R4 R4S 1227 CH CH CH R*® H
1192 CH C R4S R46 R4S 1228 CH cH cH H R
1193 CH C RAS RA7 RAS 1229 CH CH CH H RA2
1194 CH C R4S R4S R4S 1230 CH CH CH H RA3
1195 CH C R46 H R4S 1231 CH CH CH H R
1196 CH C R4S R4l R4S 1232 CH cH cH H R*
1197 CH C RAS RAZ RAS 1233 CH CH CH H RA6
119% CH c R46 R R4S 1234 CH CH CH H R47
1199 CH C RA6 RH“ R4S 1235 CH CH CH H RS
1200 CH C RAS RA5 RAS 1236 N CH CH H H
1201 CH C RAS RA7 RAS 1237 N CH CH RA! H
1202 P c R4S RAS R4S 1238 N CH CH R#2 H
1203 CH C R4 o R4S 1239 N CH CH R* H
1204 CH C RA7 RAI RAS 1240 N CH CH RA4 H
1205 CH c R4 R4 R4S 1241 N CH CH R# H
1206 CH c R4 R4 RA3 1242 N CH CH RA¢ H
1207 CH C RA7 R44 R4S 1243 N CH CH R H
1208 CH c R4 R4 RS 1244 N CH CH R® - H
1209 CH c R4 RA6 RA8 1245 N CH CH H RA!
1210 CcH C RY7 R48 R4S 1246 N CH CH H R*?
1211 CH C RS o R4S 1247 N CH CH H R*
1212 CH C RAS R’“ RA8 1248 N CH CH H RA4
1213 CH c R4S RA? R4S 1249 N CH CH H R4
1914 CH C R48 R4 R4S 1250 N CH CH H R4
1915 CH c R48 R44 R4S 1251 N CH CH H RY
1216 CH C RA8 RAS R4S 1252 N CH CH H R4S
1217 CH C R48 RA6 R4S 1253 CH N CH H H
1218 CH C R*8 R4 R4S 1254 CH N CH RA! H
1255 CH N CH R*? H
1256 CH N CH R* H
1257 CH N CH R4 H
[0115] wherein: 1258 CH N CH R* H
1259 CH N CH RA¢ H
[0116] ligands [ ,5e5, to L 50g5 are based on a structure of 1260 CH N CH RA7 H
Formula VIII 1261 CH N CH RA® H
1262 CH N CH H RA!
1263 CH N CH H RA2
1264 CH N CH H R4
LTS 1265 CH N CH H R
- A5
\ ey 1266 CH N CH H RAG
X! / 1267 CH N CH H R
\ 1268 cH N CcH H RV
. J R 1269 CH N cH H RS
1270 CH N CH H H
5 1271 CH N CH RA! H
R 1272 cH N CH RA2 H
1273 CH N CH R*3 H
1274 CH N CH RA H
i . 1275 CH N CH RA H
where 1i=1632+m; 1276 cH N cH R46 H
[0117] ligands L ;94,10 L3,., ate based on a structure of };;g gg II: gg Ej; g
Formula IX 1279 CH N CH H RA!
1280 CH N CH H RA2
1281 CH N CH H R4
— 1282 CH N CH H R
/ \ 1283 CH N CH H R4S
\ / R, 1284 cH N CH H Rj‘;
1285 CH N CH H R
; X! x? 1286 CH N CH H RS
K R2 1287 CH CH N H H
1288 CH CH N RA! H
1289 CH CH N R H
1290 CH CH N R4 H
where i=1768+m; 1291 CH CH N R4 H
1292 CH CH N R H
[0118] wherein m is an integer from 1219 to 1354 and for 1293 CH CH N R46 H
eachm, X!, X2, X3, RY, and R? are defined in formulas VIII, 1294 CH CH N RA7 H

and IX as follows:
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_Continued [0119] Wherein:
[0120] ligands L ;,.; to L., are based on a structure of
m X! X2 x3 R! R? Formula X
1295 CH CH N R4S H
1296 CH CH N H RA! F
1297 CH CH N H R* F
1298 CH CH N H R4 X
1299 CH CH N H RA - =y
1300 CH CH N H R®
1301 CH CH N H R \ f
1302 CH CH N H RAT F x/ R,
1303 CH CH N H R4S F
1304 N CH N H H R?
1303 N CH N RA! H
1306 N CH N R4 H .
1307 N cH N R - where 1=1768+m;
1308 N CH N R4 H [0121] wherein m is an integer from 1355 to 1614 and for
1309 N CH N R* H each m, X', X% R', and R? are defined in Formula X as
1310 N CH N R46 H follows:
1311 N CH N R4 H
1312 N CH N RA8 H
1313 N CH N H RA! m X! x2 R R2
1314 N CH N H R oS - o - "
1313 N CH N H R® 1356 CH CH ReA! H
1316 N CH N H R4 1357 CH CH RA! RA2
1317 N CH N H R 1358 CH CH R R3
1318 N CH N H RA¢ 1359 CH CH ReA! RA4
1319 N CH N H Rr47 1360 CH CH RA! R4S
1320 N CH N H R® oS o o Eji Ejj
1321 cH N N H H 1363 CH cH RA! R4S
1322 CH N N RAL H 1364 CH CH R42 I
1323 CH N N R+ H 1365 CH CH R4 RAL
1324 cH N N RA3 bed 1366 CH CH R4 RA3
1325 CH N N S ﬁg; gg gg Ej Ej:
1326 CcH N N R H 1369 CH CH R4 R4®
1327 CH N N R i 1370 CH CH RA2 R47
1328 CH N N R H 1371 cH CH R2 R4S
1329 CH N N R H 1372 CH CH R4 H
1330 CH N N H R L7 c < Eﬁ Ej;
1331 CH N N H R 1375 CH CH R RA4
1332 CH N N H R43 1376 CH CH R4 R4S
1333 CH N N H R 1377 CH CH R4 RAS
1334 CH N N H RAS 1378 CH CH R R47
1335 cH N N I R4S 1379 CH CH Rjj R4
1336 CH N N H RA7 ﬁg? gg gg 5,44 lel
1337 CH N N H R4S 1382 CH CH RA4 R4
1338 CH N N H H 1383 CH CH R R43
1339 CH N N R4 i 1384 CH CH Rjj Rjz
b o N N x o OB B N
1341 CH N N R4 H 1387 CH CH RA4 RA8
1342 CH N N R4 H 1388 CH CH R H
1343 CH N N R4S I 1389 CH CH Rji Rj;
1344 CH N N R4S H }ig? gg gg 545 543
1345 CH N N RY H 1302 CH CH RS R4
1346 CH N N R4S H 1393 CH CH R R4S
1347 cH N N I R 1394 CH CH Rji Rj;
1348 CH N N H R42 }232 gg gg g,m RH
1349 CH N N H R 1397 CH cH RA6 RA!
1350 CH N N H RA4 1398 CH CH R4S R42
1351 CH N N H R4S 1399 CH CH Rjz Rji
1352 CH N N H R4 }jg? gg gg ;46 ;5
1353 CH N N H RY 1402 CH CH R4S RA7
1354 CH N N H RA® 1403 CH CH R4 R4
1404 CH CH R4 H

1405 CH CH R4



US 2019/0372010 A1 Dec. 5, 2019
-continued -continued

m x! x2 R! R? m x! x2 R! R?
1406 CH CH R R 1480 N CH R4 R#
1407 CH CH RY R4 1481 N CH R4 R4
1408 CH CH R R 1482 N CH R4 R®
1409 CH cH RY R® 1483 N CH R R*S
1410 CH CH RY RA® 1484 N CH R4 R48
1411 CH CH RA RA® 1485 CH N H H
1412 CH CH R4S H 1486 CH N RA! H
1413 CH CH R RAL 1487 CH N R4 R*?
1414 CH CH R4 R 1488 CH N RA! R4
1415 CH CH R4 R4 1489 CH N RA! R4
1416 CH CH R4 RA 1490 CH N RA! R
1417 CH CH R R 1491 CH N R4 RA¢
1418 CH CH R4 RA® 1492 CH N RA! R4
1419 CH CH R4 RA® 1493 CH N RA! RA®
1420 N CH H H 1494 CH N R* H
1421 N CH RA! H 1495 CH N R RA!
1422 N CH RA! R#? 1496 CH N R R4
1423 N CH RA! R4 1497 CH N RE R4
1424 N CH R4 RA 1498 CH N R* R
1425 N CH RA! R 1499 CH N R RA¢
1426 N CH RA! RA® 1500 CH N RE RA7
1427 N CH RAL RA7 1501 CH N R* R4S
1428 N CH R4 RA8 1502 CH N R% H
1429 N CH RP H 1503 CH N RE RA!
1430 N CH RP RA! 1504 CH N RE R
1431 N CH R R#3 1505 CH N R R4
1432 N CH R RA 1506 CH N R® R
1433 N CH RP RP 1507 CH N RE RA®
1434 N CH R© RA® 1508 CH N RE RA7
1435 N CH R RA7 1509 CH N R® RA8
1436 N CH R RA8 1510 CH N R H
1437 N CH RE H 1511 CH N R4 RA!
1438 N CH RA3 RAL 1512 CH N RA4 R42
1439 N CH R R 1513 CH N R R#3
1440 N CH R4 RA 1514 CH N RA R#
1441 N CH RA3 R4S 1515 CH N RA4 RAS
1442 N CH RA3 RAS 1516 CH N RA4 RA7
1443 N CH R4 RA7 1517 CH N RA R4S
1444 N CH RA3 RA8 1518 CH N RA® H
1445 N CH RA4 H 1519 CH N RA® RAL
1446 N CH R4 RAL 1520 CH N RA® R42
1447 N CH R4 RA? 1521 CH N R# R4
1448 N CH RA4 RA3 1522 CH N RA® RA4
1449 N CH R4 R4S 1523 CH N RA® RAC
1450 N CH R4 RAC 1524 CH N RA® RA7
1451 N CH R4 RA7 1525 CH N R# RA®
1452 N CH R4 RA8 1526 CH N RAS H
1453 N CH R4S H 1527 CH N RAS RAL
1454 N CH R# RA! 1528 CH N R4 R#?
1455 N CH R# RA? 1529 CH N RA RA3
1456 N CH R4S RA3 1530 CH N RAS RA4
1457 N CH R4S RA4 1531 CH N RAS RA
1458 N CH R RA6 1532 CH N RA RA7
1459 N CH R# RA7 1533 CH N RA RA®
1460 N CH R4S RA8 1534 CH N RA7 H
1461 N CH RA¢ H 1535 CH N RA7 RAL
1462 N CH RA RA! 1536 CH N RA7 R#?
1463 N CH RAC RA? 1537 CH N RA7 RA3
1464 N CH RA¢ RA3 1538 CH N RA7 RA4
1465 N CH RA¢ RA4 1539 CH N RA7 R4S
1466 N CH R4 RP 1540 CH N R RA¢
1467 N CH RA€ R4’ 1541 CH N R R48
1468 N CH RA¢ RA® 1542 CH N R# H
1469 N CH R4 H 1543 CH N R4 RAL
1470 N CH R RA! 1544 CH N RA® R
1471 N CH R R 1545 CH N RA® R#
1472 N CH R4 R4 1546 CH N R4 R4
1473 N CH RA7 RA4 1547 CH N RA8 R4S
1474 N CH RA7 R4S 1548 CH N RA8 RAC
1475 N CH RY RA¢ 1549 CH N R R4S
1476 N CH R4 RA® 1550 N N H H
1477 N CH R4S H 1551 N N R H
1478 N CH R48 RAL 1552 N N RA! R
1479 N CH RA® R 1553 N N RA! R#



US 2019/0372010 A1 Dec. 5, 2019

-continued [0122] wherein:
[0123] ligands L 334, to L4546 are based on a structure of
m X! X2 R! R? Formula XI
1554 N N R4 RA
1555 N N R R4S R!
1556 N N RA RA¢
1557 N N R RY7
1558 N N R4 RA®
1559 N N R%2 H 3
1560 N N R R , R,
1561 N N RA2 RA3 R
1562 N N R RA
5 A2 A5 .
1;22 N N RAZ RAG where i=1768+m;
5 N N R R .
1565 N N R R [0124] ligands L 5,4, to L ;s are based on a structure of
1566 N X 2 A8 Formula XII
1567 N N R4 H
1568 N N R RAL Rl
1569 N N RA3 R42
1570 N N R* R*
1571 N N R R*
1572 N N R4 RA6
1573 N N R R R,
1574 N N R4 R4® R
1575 N N R H
1576 N N R R .
1577 N N RA4 RA2 where 1=1832+m,;
1578 N N R R43 [0125] wherein m is an integer from 1615 to 1678 and for
1579 N N R RAS each m, R', R?, and R® are defined in formulas XI and XII
1580 N N R4 RA6 as follows:
1581 N N R R
1582 N N R4 RA®
1583 N N R® H m R! R? R?
1584 N N R RAL o ot v -
5 A5 A2
1585 N N RA5 R{13 1616 RA2 RA2 o
1586 N N R R 1617 RA3 RA3 H
1587 N N R4 R 1618 R4 RA44 H
1588 N N R RA6 1619 R RA4® H
13589 N N R4S R47 1620 R4 R4S H
A7 A7
1590 N 45 48 1621 R R H
. N RAé R 1622 R4S RA8 H
1591 N N R H 1623 R4! R1 RA1
1592 N N RH R 1624 R42 R42 RAL
1593 N N RA¢ R42 1625 R42 RA42 RAL
1594 N N RA R 1626 R4 R R
1595 N N RA6 RA4 1627 R* R*® R
1506 N N RAS R4S 1628 R4 R46 R4
i 1629 R47 RA7 R
1597 N N RA€ RY 1630 N RS RA!
1598 N N RA¢ R*® 1631 RA! R4 R*
1599 N N RA7 H 1632 R*2 R42 R42
1600 N N R4 R#! 1633 Rt R R
1601 N N R R2 1634 R R R
P ™ 1635 R R* R
1602 N N 'S KR 1636 RA46 R4S R
1603 N N RY RA4 1637 R4’ RA7 R#2
1604 N N RA7 R 1638 R4 R R*
1605 N N RY RA6 1639 RA! RA! R
. 1640 RAZ RA2 RA2
1606 N A7 48
N RAS R 1641 RAS RAS RA2
1607 N N R H 1642 R4 R4 RA2
1608 N N i R 1643 R4 R4S RA42
1609 N N RA® R 1644 R4 R46 R*?
1610 N N RA8 R4 1645 RY7 R47 R
1611 N N RA8 R4 1646 R* R*® R#
1612 N N RS RS 1647 RY RY R
1648 RAZ RA2 RAS
1613 N N R4 R 1649 RA3 R R4S
1614 N N R4S RA® 1650 R4 R4 R#
1651 R R4 R#®

1652 R46 R4S R4
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m R! R? R? m R! R? R? x!
1653 R4 R R4 1689 H H R# CH
1654 R4S R48 R® 1690 H H RE CH
1655 RAL RAL RA4€ 1691 H H R CH
1656 R4 R#? R4€ 1692 H H R CH
1657 R4 R4 RA® 1693 H H RA6 CH
1658 R4 R4 RA® 1694 H H RA? CH
1659 R4 R# RA4€ 1695 H H R4S CH
1660 R4 RA¢ RA6 1696 RA H H CH
1661 R4 R47 RA® 1697 RA! RA! H CH
1662 R4S RA4® RA® 1698 RA! R? H CH
1663 RAL RAL RY 1699 RA R H CH
1664 R4 R*? RY 1700 RA R H CH
1665 R4 R4 RY7 1701 RA! R® H CH
1666 R4 R4 RY7 1702 RA! RA¢ H CH
1667 R R# RY 1703 RA RY H CH
1668 R4 RA® RY7 1704 RA! RA® H CH
1669 R4 R47 RY7 1705 RA! H RA! CH
1670 R4S RA® RA7 1706 RA! H RE CH
1671 RAL RAL R18 1707 RA H R® CH
1672 R4 R#? RA® 1708 RA! H R4 CH
1673 R4 R4 RA® 1709 RA! H R CH
1674 R4 RA R%8 1710 RA H RA¢ CH
1675 R4 R# R4 1711 RA H R CH
1676 RA RA¢ RA® 1712 RA! H R4 CH
1677 R4 R47 RA® 1713 R H H CH
1678 R4S R4 R%8 1714 R* R4 H CH
1715 R* R*% H CH
1716 R RE H CH
[0126] wherein: 17117 R R H CH
. 1718 R R® H CH
[0127] ligands L5, to L 445 are based on a structure of 1719 RA2 R4S H P
Formula XIII 1720 RA2 RA7 a CH
1721 RA2 RA8 H CH
1722 R H RA! CH
3 1723 R4 H R4 CH
K 1724 RA2 H RA3 CH
R} 1725 RA42 H R4 cH
1726 R H R CH
1727 RA2 H RAS CH
2 1728 RA2 H RA7 CH
R 1729 RA2 H RA8 CH
X 1730 R4 i u cH
( 1731 RA3 RAL H CH
1 1732 RA3 RA2 H CH
X/ Xospi 1733 R3 R4 H cH
1734 R4 R H CH
1735 RA3 RA H CH
1736 RA3 RA¢ H CH
1737 R4 R H CH
5 1738 R4 RA® H CH
R 1739 R3 H RA! cH
R2 1740 RA3 H RA2 CH
3 1741 R4 H R4 CH
R 1742 R4 H RA CH
1743 RA3 H RA® CH
- A3 A6
where i=1832+m; i;i‘; Eﬁ g ;ﬂ gg
[0128] wherein m is an integer from 1679 to 1831 and for 1746 RA3 H R4S CH
each m, R?, R, R, and X" are defined in formula XIII as 1747 R4 i it cH
1748 RA4 RAL H CH
follows: 1749 R4 R* H CH
1750 R4 RE H CH
1751 R4 R# H CH
m R! R? R} x! 1752 R4 R4S H CH
1753 R4 RA¢ H CH
T O
1681 o RA2 o ol 1755 RA4 R4 H CH
1682 o R o cn 1756 RA4 H RA! CH
1633 H R H oH 1757 RA4 H RA2 CH
1684 H RAS H CH 1758 R# H R4 CH
1685 H RA46 H CH 1759 R4 H R4 CH
1686 H R4 H CH 1760 R# H R4 CH
1687 H R4® H CH 1761 R4 H RA¢ CH
1688 H H RA! CH 1762 R4 H R CH



US 2019/0372010 A1 Dec. 5, 2019

_Continued [0129] Wherein:
[0130] ligands L6, to L5, are based on a structure of
m R! R R} X! Formula XIV
1763 R4 H R4S CH
1764 R H H CH
1765 R R4 H CH
1766 R R* H CH
1767 R4 R4 H CH
1768 R R H CH
1769 R R H CH
1770 RA* RA¢ H CH
1771 R R H CH
1772 RAS RA8 H CH
1773 R® H RA! CH
1774 R4 H R CH
1775 R4 H R4 CH
1776 R4 H R CH
1777 R H R CH .
1778 RS - RAS cn where 1=1832+m;
1779 R4 H RA CH [0131] wherein m is an integer from 1832 to 1903 and for
1780 Rj: H RS CH each m, X', X% X3 and R! are defined in formula XIV as
A
: .
1783 R R*? H CH
1784 R4 R4 H CH
1785 RA7 R H CH m X! X2 x3 R!
1786 R4 R# H CH
1787 RAT RAS H o 1832 CH CH CH Ijl
1788 RAT R - o 1833 CH CH CH R
! g s 1834 CH CH CH R
1789 R R H i 1835 cH CH CH R43
1790 R H R CH 1836 CH cH CH RA4
1791 RAZ H R# CH 1837 CH CH CH R4S
1792 R H RH cH 1838 CH CH CH RAS
1793 R4 H R4 CH 1839 cH CH CH RA7
1794 R4 H R# CH 1840 CH CH CH R4S
1795 R4 H RA¢ CH 1841 N CH CH H
1796 RA7 H RA7 cH 1842 N CH CH R
1797 RA7 H RA8 CcH 1843 N CH CH R42
1798 R4S i H cH 1844 N CH CH R
1799 R4S R H cH 1845 N CH CH Rj:
1800 R4S RA2 o cH 1846 N CH CH RA6
1801 RA48 R H CH 1847 N CH CH RA7
w2 RS RMH o CH s N @ o e
1803 R R H ci 1850 CH N CH H
A8 A6
ot R o7 0 o 1851 CH N CH R
s s 1852 cH N cH R
1806 RAS R Ijl CH 1853 cH N on R
1807 R H K CH 1854 CH N CH RA4
1808 R H R* CH 1855 CH N CH RAS
1809 R H R CH 1856 CH N CH R4
1810 R4 H R CH 1857 CH N CH RY’
1811 RS H R4S CH 1858 CH N CH R4S
1812 RS H ReA¢ cH 1859 N N CH H
1813 R4S H R4 cH 1860 N N CH R
1814 R4S i R cH 1861 N N CH R
1815 _ H H N 1862 N N CH Rjz
1316 o rA! - N 1863 N N CH RA5
1817 . ) - N 1864 N N CH RAG
T R S
1819 — R4 H N e
s 1867 N N CH R
1820 - R H N 1868 cx cH N u
1821 - R H N 1869 CH CH N RA
1822 — R H N 1870 CH CH N RA2
1823 — R4 H N 43
H 1871 CH CH N R
1824 — H RAZ N 1872 CH CH N R4
1825 — H R N 1873 CH CH N R#
1826 — H R4 N 1874 CH CH N R46
1827 — H R4 N 1875 CH CH N R4
1828 — H R N 1876 CH CH N R4
1829 — H ReA€ N 1877 N CH N H
1830 _ o RA7 N 1878 N CH N RA!
1831 _ H R4S N 1879 N CH N R*
1880 N CH N R4
1881 N CH N R4
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-continued [0134] wherein the wave line represents the bond to L,
and L, Z*, and 7* are defined as follows:
m x! X2 x3 R!
1882 N CH N R* | N
1883 N cH N R4S Lay z z
1884 N CH N R::; Ly, 0 0
1885 N CH N R L g g
1886 cH N N H L o S
1887 CH N N R4 Lo o N__RB!
1888 CH N N R42 Lgs fo) N__R32
1889 CH N N R Lis o) N—R5Z?
1890 CH N N RA Lz, 0 N—R24
1891 CH N N RAS Lps 0 N_RB3
1892 cH N N RA6 Lpo 0 N-—R”¢
1893 CH N N R4 Lzio 0 N—R?7
1894 CH N N R4S Ly, 0 N—R?
1895 N N N H Lz 0 N—R%
1896 N N N R Lp1s 0 N—RZ
1897 N N N R®2 Laia 0 N—R
1898 N N N R Laus 0 NR
1899 N N N R Laie 0 N
1900 N N N R4 Lats 0 N
1901 N N N R4 i‘m 8 Eigms
7 B19 —
1902 N N N R Lase 0 N—RBV7
1903 N N N R4 Ly 1) N_R318
Li» o} N—RZY
Li»s o} N—RZ*
B21
[0132] wherein R“! to R*® have the following structures EBZ“ 8 Eﬁngz
‘B25
Lase 0 N—RZ%
Lpy7 0 N—RE#
R4 Lgog (6] N—RE®
----CF3, Lpag o N—R?
Lasc N—R5Z! N—RB!
R% Los, N—R?? N—R#?
B Lpss N_RZ? N—RB3
’ » Lass N—RZ N—RP*
R Lzsa N—R?? N—R%
/,CH;, s N__RB6 N__RB6
’ Laie N—R?7 N—R?7
RH Loy N-_RS N—RS
"',CD3, Lyss N__R?? N__RB?
RS o N R
‘BAC - -
. ’,O\ , Lo, N_RB N__RB12
“ Lo N__RB!L N__RB13
. R Lpas N__RB4 N__RBM4
RN Lpu N__RB15 N__RBI
Lpus N__RB16 N__RBL6
Loue N__RB!7 N__RBY
> Lpas N__RB18 N__RB18
R4 Lpas N—RB1® N—RBY
Lyus N__RB20 N__RB20
Lpse N__R22! N__RB2!
. N\ , and Lps, N__RB2? N__RB2
e Lpss N__RE23 N__RE23
RA48 Lgs N__R524 N__RB24
. LCN. Lpsa N__RB2 N__RB2
- Lpss N__RE26 N__RE26
Lyse N—RZ! N—R22
Lps7 N—RZ! N—R23
[0133] Insome embodiments, L is selected from the group Lpss N-—R% N—R%
. . 259 N—RZ! N—RZ?
consisting of L, having the formula of (R;),-L,-Lg;, Lo N_R?! N_RES
wherein x is an integer defined by x=3735(j-1)+i; wherein Lz, N—R3! N—RE7
11s an integer from 1 to 3735, and j is an integer from 1 to Lzs N*R; N*Rjz
380; and wherein L; has the following structures: ii: E:EBI E:EBW
Lyes N__RE2! N__RB!L
Laes N—R2! N—_RB12
7. Lies N—R2! N—_RB1
L Lpes N-—RE! N-—REH
. ) Laes N__RB! N__R2!5
72" Ly N__RB! N__RBL6
? Lpnt N_RB3! N__R27
Lpn N_RB! N__RB18
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Ly; z! z Ly z' 7z

__RpB1 N__RBL Lo N_R34 N__RB2#
EZ gfif“ N—R520 Lpiss N—R> kaij;
La7s N—RZ! N—RZ2! Laio kai‘j‘ N RB6
La7e N—RZ! N—RZ2 La1so N—RBS Nme
Lot N—R2! N—RZ2 Laist N—R ; N—RBS
La7e N—R2! N—RZ# Lpiss kaBj N—RBQ
La7o N—RZ! N—RZ% Lais3 N—Rﬁj N—RBIO
Laso N—RE! N—RB? Laisa N—R ; N—RB“
Last N—R*? N—RZ? Laiss kaBj kaw
Lago N—R*? N—R?* Lpiss kaBS N—RBI;
Loss N—RZ? N—R Lais7 kai5 N—RBM
Lasa N—RZ? N—R2¢ Laiss N—R N—RBIS
Lass N—R*? N—RZ7 Laiso N—R? kam
Lss N—R? N—R58 Laiso N—R? N—RB”
Las7 N—RZ? N—R2 Laiel N—RE> N—RBIS
Lass N—R*? N—RB10 Laie N—R? kam
Laso N—R? N—RZ! Laies N—R? N7RB20
Laoo N—R? N—RZ? Lpias N—R? N7RB21
Lao1 N—RZ? N—RE13 Laies N—RBZ N—RBZ?
Laos N—R? N—REM Laies N—R? N—RBZ;
Loz N—R? N—RED Lzier N—RBZ Nme
Laos N—RZ? N—RB!6 Laies kai5 NbeZS
Laos N—RZ? N—REY Laieo N—R N—RBzﬁ
Laos N—R? N—RZ1S 2170 N—R? Nme
Laos N—R? N—RBY Lot N—RBZ N—RBS
Laos N—RZ? N—RE% L7 kai6 N—RBQ
Lzoo N—RZ? N—RZ2! Lz17s N—R ’ N—RBIO
Lzioo N—R? N—R52? 2174 N—RBG N—RB“
Laiol N—RZ? N—R52 Laios N—R® N—RBN
Lo N—RZ? N—RZ# La17s N—RZ6 N—RBI;
Laics N—RZ? N—RZ» La177 N—RZ6 N—RBM
Lot N—RZ? N—R52 2178 N—RZ¢ N—RBI?
L N—RB? N—RZ* Laimo N—RZ¢ N—RB
Liiﬁi N—RZ3 N—RZ La1so N—RZ6 N—RZ‘;
Laior N—RZ3 N—R2¢ Laist N—RBZ Nme
Laics N—RB? N—RZ7 Lais N—R3 N—RBIQ
L N—RB? N—RZS Laies N—RZ¢ N—R
L:(f, N—RZ3 N—R?Z Laisa N—RZ6 Nng’
Laiu N—RB? N—RB10 Laiss N—RZ¢ N—RBZ?
Laioo N—RB? N—RB1! Lzise N—RZ¢ N—RBZ;
L N—RB? N—RB12 Laier N—R?¢ N—R
LB113 N—RZ3 N—RB13 Lpiss N—RZ6 N—RE#
LB 1 N__RB3 N__RBl4 Lo N__RB6 N__RB2
Li i iz N__RB3 N__RBI5 La1so N__RB6 N__RB26
Laiir N—RB? N—RB16 Laiol N—R?7 N—Riz
L;m N—RZ3 N—RBY Lpie N—RZ7 N—R
L N__RB3 N__RBIS L3 N__RB7 N__RB10
LB Lo N__RB3 N__RB1 Lgios N__RB7 N__RBIL
L:i) N—RZ3 N—RB20 Laigs N—RZ7 N—Rﬁi
L1 N—RZ3 N—RZ2! Laiss N—RZ7 N—RBM
Laios N—RB? N—R52 Laig7 N—R?7 N—RBI,
L N—RB? N—R52 Laios N—R?7 N—RB
LB124 N__R33 N__RB# L 100 N_R37 N__RBI6
LB125 N__R33 N__R3? Lo N_R37 N__RB!7
LBIZ6 N__RB3 N__RB26 Lasar N__RB7 N__RBI8
LB127 N__RB4 N__RB5 . N__RB7 N__RB
LB128 N__R34 N__RB¢ . N_R37 N__RB20
LBIZQ N—RZ4 N—RZ7 Lo N—RZ7 N—RZ2!
Lo N—RB34 N—RZ8 Lases N—R?7 N—R52
LB131 N__RB4 N__RB9 5206 N__RB7 N__RB23
Liiz N—RZ4 N—RB!0 Laoey N—RE7 N—R2
Lais N__R34 N__RBU Lgocs N_R37 N__RB?
Lpias N—RZ4 N—RZ2 Laoce N—RZ7 N—RZG
Laiss N—RZ* N—RZ!! Lasio N—RZ® N—R
L N__RB34 N__RB14 Laous N__R38 N__RB10
LB 7 N7R34 N*RB 15 LBZ o N*RBS N*RB 11
LB L N__RZ* N__RB16 Leoss N__RZ8 N__R212
LBISQ N__RB4 N__RB7 Liow N__RBS N__RB1
LB 1o N__RB4 N__RBIS Leoss N__RBS N__RB14
LB r N__R34 N_RBY Laois N__R3® N_RB1
LB e N_R34 N__RB20 Lposs N_R38 N__RBI6
LB e N_R34 N__R32! Lposs N_R38 N_RB!7
Li ij: N__R3* N_R32 Laoo N_R38 N_R218
L 1as N__RB34 N__RB23 Lsso N__RB8 N__RB1
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-continued -continued

Ly; z! z Ly z' 7z

— RB8  RB20 L N*RBI} N*RBIQ
iBzzl giggs §7§1921 LZEZ N__RB13 N__RB20
Lﬁi N—RZ® N—RZ2 Laog7 N—RBE N—Rﬁi
Laoos N—RZ® N—RZ% Laoss kaiu N—Rm;
Laoos N—R58 N—RZ# Lasgo N—R : kam
Lgoos N—RZ® N—RZ? Laco kaiu kasz
L N—RZ® N—RZ2 Lasor N—R N—R
L3227 N__R®° N__RB10 P30 N__R3!13 N__R3%
Liiz N—R N—RZ1! Lascs N—R2" kaii;
Laoso N—R N—RZ2 Lasos N—R2" kaw
I, N—RZ N—RE13 Lascs N—REM4 N—R
LBBI N__R®° N_R314 - N__R34 N_R3!8
Liii N—R N—RZ Laser N—R2" kazz
Lpoa N—R5? N—R516 Laice N—Rﬁij N7RB21
Laoss N—RZ® N—REY Lasco N—R - N—RBP
Laoss N—R N—RZ1$ Lasto kaim N—RBZ;
Loos7 N—R5? N—RBY Laant N—R y Nme
Looss N—R5? N—R52 Lo kai14 N—RBZS
Laowo N—RZ® N—RZ2! Lz N—R - N—RBzﬁ
Lasao N—R5? N—R52? Lasu kai15 N—RBM
Laoar N—R5? N—R52 Lasis N7RB15 N—RB”
Loom N—RZ® N—RE# Lasis N—RBD N—RBls
Looss N—RZ® N—RZ» Lasts N—R N—RBIQ
Laoa N—R5? N—R5% Lasis N—Rﬁi N—RBZO
Lgoas N—RE10 N—R! Loz kaB15 N7RB21
Laoas N—RB10 N—REL La3o N—RBD N—RBZ?
Laoa N—RB10 N—RE13 Lz N—RBIS N—RBZ;
Laoas N—RE10 N—REM Lain kaB15 N—R}m
Lgoao N—RB10 N—RZD Lpin N—R N7RB25
Laoso N—RB10 N—RB!6 Laso N—RBP N—RBZG
Laost N—RB10 N—RBY Lzsos N—RBE N—RB”
Laos N—RB10 N—R518 Lzsos kaim N—RBIS
Looss N—RB10 N—RB1 Lassr N—R N—RBIQ
Laoss N—RB10 N—REZ% Lass N—RB16 N—RBZO
Laoss N—RB10 N—RZ2! Lzszo N—RZZ N—RBZI
Laoss N—RB10 N—R52 Laso N—R y N—RBZ?
Lgosy N—RB10 N—R52 Lpsa N—R2 N—RBZ;
Laoss N—RB10 N—REZ# Laspn N—RB16 Nme
Lgoso N—RB10 N—R5? Lgsss N—RB16 N—RBZS
Laseo N—RB10 N—RB% Las N—RB16 N—RBZG
Lot N—RBU N—RB12 Lpaas N—RB16 N—RBIS
L;(,z N—RB!! N—RB13 Lasse N—RB7 N—RBIQ
Lases N—RBU N—RB1 Lgsss N—RBS N—RBZO
Lases N—RBU N—RB1 Lass N—R3 N—RBZI
Laes N—RBU N—RB16 Lasso N—RBV N—RBZ?
Lases N—RB!! N—RBY Lasao N—RB7 N—RBZ;
Laser N—RBU N—RB18 Lasal N—RBV N—R}m
Lpses N—RBU N—RB1 Loz N—RBV N—RBZS
Laseo N—RB!! N—RB20 Lasss N—RBY7 N—RBZG
I, N—RB!! N—RZ2! Lasu N—RB7 N—R
LBZ I N__RB!! N__RB22 Lass N__RBI8 N__RB1
LBZ71 N__RB!! N__RB23 Liss N__RBI8 N__RB20
LBZ7Z N__R3U! N__RB# Lgsar N__R318 N__R32!
LBZ B N__R3U! N__R3? Lisas N__R318 N__R32
LBZ “ N__RB!! N__RB26 Lo N__RBI8 N__RB23
LBZ75 N__RB!12 N__RB1 Lisso N__RBI8 NiRBZil
LBZ76 N__R312 N__RBH14 Liss; N__R318 N__R3?
LBZ77 N__R312 N__RBI L3y N__R318 N__RB26
LBZ78 N__RB!12 N__RBI6 Lpsss N__RB19 N__RB20
LBZ79 N__RB!12 N__RB7 Lgssa N__RB19 N__RB2!
Lzz? N__RB12 N_RB18 Lisss N__RB1® N__RB2
Loog N—R2? N—RZY Laase N—R2Y kaii
Lo N—R212 N—RZ20 Laas7 N—RBY N—RH’
Laosa N_R312 N_R22! Lasss N_RB319 N_RB»
Lioss N__RB12 N__RB2 Lasso N__RB19 N__RB26
L N__RB12 N__RB23 Liseo N__RB20 N__RB2!
LBZ86 N__RZ12 N__RE24 Lsel N__RZ20 N__R222
LBZS7 N__RB!12 N__RB25 Lase N__RB20 N__RB23
LBZ88 N__RB12 N__RB26 Lises N__RB20 N__RB2
Lstg N__RB!13 N_R314 Lases N__RB20 N_RB»
LBzgo N__RB13 N__RBIS Lses N__RB20 N__RB26
LBzg1 N__R313 N__RBI6 Lises N__R22! N__R322
LZZj N__RB!13 N_RB!7 Lpser N__R32! N_R2%
Lgooa N__RB13 N__RB18 Lases N__RB2! N__RB24
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Ly 7! 7 s
Lpseo N_RZ! N_R® J
Laazo N—R*! N—RZ?* -~ \N
Lpsns N__RE2 N_RE®
Lpar N__R22 N__R22
Lpsrs N__RE2 N__RE2
Lpsna N__RE2 N__RZ2
Lsss N__RZ23 N__RZ# / N,
Lpsss N__RB23 N__RB2 J
Lpsn N__R2% N_RB L \N
Lpss N__RE24 N__RE25
Lpsso N__RB2 N__RB26
Lpseo N_RE?S N__R22 J\
N /

wherein R?' to R?%S have the following structures

S
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R%1 F,
RBz ©/
R%3
F
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R%5
s F,
R%6 F
F
R%7
- F,
F.
R28
R%9 F
CN,
RP10 ©/
CN
RBI | ©\
CN,
Rf12
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RZ13

RP14

R%15

R%16

R%17

R%18

R%19

R20

R21

RE2



US 2019/0372010 A1

-continued
R223
R%24
R225
CF;, and
R%26
CF,
CF;.

[0135] In some embodiments, the compound is selected
from the group consisting of Compound A-x having the
formula Bi(L,);; or Compound B-x having the formula
Bi,(L,)s; wherein x is an integer from 1 to 1,419,300.
[0136] According to an aspect of the present disclosure, a
compound having a stoichiometry formula of Bil, is dis-
closed. In such embodiments, Bi is Bi (III), L is mono-
anionic bidentate ligand, wherein each L, can be same or
different; and wherein L is selected from the group consist-
ing of:

Rye
\
o... N... ..
Lc4< Lc4< Lc &
N -

Rie Rie Ry

In these formulas, each R in the same formula can be same
or different; the O, N, or P coordinate to Bi atom by the
single dashed line; and each L. and R, is independently
hydrogen or a substituent selected from the group consisting
of deuterium, alkyl, cycloalkyl, heteroalkyl, heterocy-
cloalkyl, arylalkyl, aryl, substituted aryl, heteroaryl, substi-
tuted heteroaryl, and combinations thereof. Where L.or R, .
is substituted aryl or substituted heteroaryl, the substituted
aryl or substituted heteroaryl can be substituted by a sub-
stituent selected from the group consisting of deuterium,
halide, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
cyano, arylalkyl, aryl, substituted aryl, heteroaryl, substi-
tuted heteroaryl, and combinations thereof.

[0137] In some embodiments, L. is hydrogen or a sub-
stituent selected from the group consisting of deuterium,
alkyl, cycloalkyl, phenyl, substituted phenyl, pyridine, sub-
stituted pyridine, pyrimidine, substituted pyrimidine, and
combination thereof.
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[0138] 1Insome embodiments, L is selected from the group
consisting of L; wherein 1 is an integer from 1 to 1053;
wherein each L, is defined as below:

[0139] wherein L, through L5, have a structure of
Formula 1V,

Lo Le R*
Loy RE! RE!
Lo RZ2 RE2
Les RE3 RB3
Lea RB4 RB4
Les RS RES
L RE6 RZ6
Loy RE7 RB7
Les RES RE8
Lo REZ? RZ?
Leso RBL© REBLO
Loy REU RBU
o REL2 RB12
o3 RE!3 RB!3
Lo REM RB4
Leis RELS RBIS
s REI6 RBI6
o REL7 REY7
Legs RE18 RBI8
Lego REY® RBY
Lo RE2 RE20
o1 R32! R22L
Len RE2 RE2
Leys RE23 RE23
Leos RE24 RE24
o R RE2
Lo RE2 RE26
Loy REL R
Lo RE! RZ3
29 RB 1 RB4
Leao REL RZS
Ly REL RES
LC32 RB 1 RB7
. RB 1 RBS
Leas REL R
LC35 RB 1 RB 10
LC36 RB 1 RBI 1
i REL RBR2
LC38 RB 1 RB 13
LC39 RB 1 RB 14
LC40 RB 1 RB 15
cal RB 1 RB 16
LC42 RB 1 RBI 7
LC43 RB 1 RB 18
LC44 RB 1 RB 19
LC45 RB 1 RB20
LC46 RB 1 RB2 1
LC47 RB 1 RB22
LC48 RB 1 RB23
LC49 RB 1 RB24
LC50 RB 1 RB25
LC5 A RB 1 RB26
LC52 RBZ RBS
LC53 RBZ RB4
LC54 RBZ RBS
LC55 RBZ RBG
LC56 RBZ RB7
LC5 . RBZ RBS
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-continued -continued

Lei Lc R* Lei Lc R*
LC58 RB2 RBQ LC132 RB5 RBI7
Lng RB2 RBIO LC133 RBi RBIS
LCGO RB2 RBll LC134 RBi B19
LCGI RB2 RBI2 LC135 RBi RB20
LC62 RB2 RBIS LC135 RBi RB21
LC63 RB2 RBI4 LC137 RBi RB22
LC64 RB2 RBIS LC138 RBi B23
LC65 RBZ RBIS LC139 RBi RBZ4
LC66 RB2 RBI7 LC140 RBi RB25
LC67 RB2 RBIS LC141 RBi RB26
LC68 RBZ RBIQ LC142 RBé RB7
LCSQ RBZ RBZO LC143 RBé RBS
LC70 RB2 RBQI LC144 RBE RBQ
LC71 RBZ RBZZ LC145 RBé RBIO
LC72 RBZ RBZS LC145 RBé RBll
LC73 RB2 RBQ4 LC147 RBE RBI2
LC74 RBZ RBZS LC148 RBé RBIS
LC75 RBZ RBZS LC149 RBé RBI4
LC76 RB3 RB4 LC150 RBé RBIS
LC77 RB3 RBS LClSl RBé RBIS
LC78 RB3 RBS LCISZ RBé RBI7
LC7Q RB3 RB7 LC153 RBé RBIS
LCSO RB3 RB8 LC154 RBé RBIQ
LC81 RB3 RBQ LC155 RBé RBZO
LC82 RB3 RBIO LC155 RBé RBZI
LC83 RB3 RBll LC157 RBé RBZZ
LC84 RB3 RBIZ LC158 RBé RBZ3
LC85 RB3 RBIS LCISQ RBé RBZ4
LC86 RB3 RBI4 LC160 RBé RBZ5
LC87 RB3 RBI5 LC161 RBé RBZG
LC88 RB3 RBIG LC162 RB 7 RB8
LCSQ RB3 RBI7 LC163 RB 7 RBQ
LCQO RB3 RBIS LC164 RB/ RBIO
LCQI RB3 RBIQ LC165 RB 7 RBll
LCQZ RB.’: RBZO LC166 RB 7 RBIZ
LC93 RB3 RBZI LC167 RB 7 RBI3
LC94 RB3 RBZZ LC168 RB 7 RBI4
LCQS RB.’: RBZ.’: LC169 RB 7 RBI5
LCQG RB3 RBZ4 LC170 RB 7 RBIG
LCQ7 RB3 RBZ5 LC171 RB 7 RBI7
LCQS RB.’: RBZG LC172 RB 7 RBIS
chg RBA RBS LC173 RB 7 RBIQ
LCIOO RBA RBG LC174 RB7 RBZO
LClOl R34 RB7 LC175 RB7 RBZI
LCIOZ R34 RBS LC176 RB7 RBZZ
LC103 RBA RBQ LC177 RB7 RBZ.’:
LC104 R34 RBIO LC178 RB7 RBZ4
LC105 R34 RBll LC179 RB7 RBZ5
LC105 RBA RBIZ LC180 RB7 RBZG
LC107 RB4 RBI3 LC181 RBS RBQ
LC108 R34 RBI4 LCISZ RBS RBIO
LCIOQ R34 RBI5 LC183 RBS RBll
LCl 10 RB4 RBIG LC184 RBS RBIZ
LClll RB4 RBI7 LC185 RBS RBI3
LCl 12 R34 RBIS LC186 RBS RBI4
LC113 RB4 RBIQ LC187 RBS RBI5
LCl 14 RB4 RBZO LC188 RBS RBIG
LC115 RB4 RBZI LC189 RBS RBI7
LCl 16 RB4 RBZZ LCIQO RBS RBIS
LC117 RB4 RBZ3 LClQl RBS RBIQ
LCl Is RBA RBZ4 LCIQZ RBS RBZO
LCIIQ RBA RBQS LC193 RBS RB21
LC120 RBA RBQS LC194 RBS RB22
LC‘121 RBS RB& LCIQS RBS RB23
LC122 RBS RB7 LC195 RBS RB24
L RBS RBS L RBS RB25
ini RBS RBQ inz; RB8 RBZG
LCIZS RB5 RBIO LC199 RBQ RBIO
L RB5 RBll L RBQ RBll
in: RBS RBIZ ng(: RBQ RBIZ
LC128 RBS RBI3 LC202 RBQ RBI3
L RBS RBI4 L RBQ RBI4
Liiz RBS RBIS Lijzi RBQ RBIS
LC131 RBS RBIG LC205 RBQ RBIG



US 2019/0372010 A1

28

Dec. 5, 2019

-continued -continued
4 4
Ley Le R Ley Le R
BY B17 Bl4 m1
Leaos RBQ RBIS Leaso RB 14 RB22
Leaor RBQ RBIQ Lot RB 14 Rst
Lezos RBQ RBzo Leg RB 14 R324
Lo RBQ Rle Leoss RB 14 Rst
Learo RBQ RBzz Lo RB 14 Rst
Lo RBQ Rst Leos RBIS RBIS
Learo RBQ RBz4 Leass RBIS R317
Leus RBQ Rst Lo RBIS RBIS
Lo RBQ Rst Leoss RBIS RBIQ
Leais RBIO RBll Lo RBIS RBZO
Leas R1;10 RBIZ Leaso RBIS R321
Leas RBIO RBIS Lo RBIS RB22
Lexs RBIO R1;14 Lo RBIS Rst
Lo RBIO RBIS Leos RBIS RBZA
Leazo RBIO RBIS Leoon RBIS Rst
Lea RBIO R1;17 Leoos RBIS Rst
Le RBIO RBIS Leoos RBls RBI7
Leoas RBIO RBIQ Leoor RBIS RBIS
Leaaa RBIO RBZO Leoos RBIS RBIQ
Lexs RBIO R321 Leaoo RBls RBZO
Leas RB 10 RBZZ Lesoo RB 16 R321
Lz RBIO Rst Lesor RBIG RBZZ
Lexs RBIO RBZA Leso RBls Rst
Lo RBIO Rst Lesos RBIS RBZA
Leaso R310 Rst Lesos RBIG Rst
Lo RBll RBIZ Lesos RBIG Rst
Lo RBll RBls Lesos R1;17 RBIS
Leoss RBll R314 Lesor RBI7 RBIQ
Lo RBll RBIS Lesos RBI7 RBZO
Leass RBll RBIG Lesoo RBI7 RBZI
Leass RBll R317 Lesio RBI7 RBZZ
Lo RBll RBIS Lean RBI7 Rst
Leoss RBll RBIQ Lesio RBI7 RBZA
Leass RBll RBZO Leas R317 Rst
Learo RBll R321 Leau RBI7 Rst
e RBll RBZZ Lesis RBIS RBIQ
Lo RB 1 RBZ3 Lesis RB 18 RBZO
Leaus RB 1 RBZA Lesw RB 18 RBZI
L RB 1 Rst Lesis RB 18 RBZZ
Leass RBll Rst Lesio RBIS RBZ3
Leass RB 2 R313 Lesao RBIS RBz4
Lo RB 2 R314 Lesat RB 18 Rst
Lass RB 2 RBIS Les RBIS Rst
Leato RB 2 RBIG Less RBIQ RBZO
Leaso RB 2 RBI 7 Lesas RB 19 R321
ket RB 2 RBIS Lesas RB 19 RBZZ
Lo RB 2 RBIQ Lesas RBIQ RBZ3
Leoss RB 2 RBZO Lesar RBIQ RBz4
Leasa RB 2 RBZI Lesas RB 19 Rst
Leass RB 2 RBZZ Lesz RBIQ Rst
Leass RB 2 RBZ3 Lesso RBZO R321
Leosy RB 2 RBZ4 Lesat RBZO RBZZ
Leass RB 2 Rst Lesn RBZO RBZ3
Leaso RB o Rst Lesss R R
B20 B24
Leaso R313 R314 Lesu R R
B20 B2s
iczsl E}m 5315 Leaas R320 Rst
chsz B3 B Leaas Rle RB22
€263 s 17 Leaar R R
Leosa R R L REA RE23
C338
L RB13 RBI8
265 L REA R34
BI13 BI19 €339
Leoss R S L RA2 RE25
€340
L RE13 RE20
267 L RB2 REB26
€341
L RE1 R22L
268 L RB2 RE23
B13 B2 €342
Leoeo R R L RE2 R34
€343
L RB 13 RBZS
270 L RE2 RE2S
344
L R213 RB2
271 L RE2 RB26
B13 B25 €345
Lo R R L RE23 RB2
C346
L RB13 RB26
273 L RE23 R3S
€347
L RBM RBIS
274 L RE223 RE26
Bl4 B16 €348
Lears R R L RE RB25
€349
L REU4 RBY7
276 L RE24 REB26
€350
L REU RB!8
277 L RE® RB26
L R34 RBY €351
C278
Bl4 B20
LC279 1S R
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[0140] wherein L .55, through L, have a structure of

Formula V,

in which LC and R*, are defined as:

R4

Ligand Le R*
LC352 RBI RBI
LC353 RBZ RBZ
LC354 RB3 RB3
LC355 RB4 RB4
LC356 RBS RBS
LC357 RBG RBG
LC358 RB7 RB7
LC359 RBS RBS
LC360 RBQ RBQ
LC361 RBIO RBIO
LC362 RBll RBll
LC363 RB 12 RBIZ
LC364 RBI3 RBIS
LC365 RB 14 RBI4
LC366 RBI5 RBIS
LC367 RBIG RBIG
LC368 RB 17 RBI 7
LC369 RBIS RBIS
LC370 RBI9 RBIQ
LC371 RBZO RBZO
LC37Z RBZl RBZI
LC373 RBZZ RBZZ
LC374 RBZ3 RBZ3
LC375 RBZ4 RBZ4
LC376 RBZ5 RBZS
LC377 RBZé RBZG
LC378 RBI RBZ
LC379 RBI RBS
LC380 RBI RB4
LC381 RBI RBS
LCSSZ RBI RBG
L6383 RBI RB7
LC384 RBI RBS
LC385 RBI RBQ
LC386 RBI RBIO
LCSS ; RBI RBI 1
LC388 RBI RBlz
LC389 RBI RBIS
LCSQO RBI RBI4
LC391 RBI RBIS
LC392 RBI RBIG
LC393 RBI RBI7
LC394 RBI RBIS
LC395 RBI RBIQ
LC396 RBI RBZO
LCSQ ; RBI RBZI
LC398 RBI RBZz
LC399 RBI RBZS
LC400 RBI RBZ4
LC401 RBI RBZS
LC402 RBI RBZG
LC403 RBz R83
LC404 RBz RB4
LC405 RBz RBs
LC405 RBz RBG
LC407 RBz RB7
LC408 RBz RBS
LC409 RBz RBQ
LC410 RB2 RBIO
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-continued

Ligand Le R*
LC411 RB2 RBll
LC412 RB2 RBI2
LC413 RB2 RBIS
LC414 RB2 RBI4
LC415 RB2 RBIS
LC415 RB2 RBIS
LC4 17 RB2 RB 17
LC418 RBZ RBIS
LC419 RB2 RBIQ
LC420 RB2 RB20
LC42 . RBZ RBZ 1
LC422 RBZ RBZZ
LC423 RB2 RB23
LC424 RBZ RBZ4
LC425 RBZ RBZS
LC425 RB2 RB26
LC427 RB3 RBA
LC428 RB3 RBS
LC429 RB3 RBS
LC430 RB3 RB7
LC431 RB3 RBS
LC432 RB3 RBQ
LC433 RB3 RBIO
LC434 RB3 RBII
LC435 RB3 RBIZ
LC435 RB3 RBI3
LC437 RB3 RBI4
LC438 RB3 RBIS
LC439 RB3 RBIG
LC440 RB3 RBI 7
LC441 RB3 RBIS
LC442 RB3 RBIQ
LC443 RB3 RBZO
LC444 RB3 RBZI
LC445 RB3 RBZZ
LC445 RB3 RBZ3
LC447 RB3 RBZ4
LC448 RB3 RBZS
LC449 RB3 RBZG
LC450 RBA RBS
LC45 1 RB4 RBG
LC452 RB4 RB7
LC453 RBA RB8
LC454 RB4 RBQ
LC455 RB4 RBIO
LC455 RB4 RBll
LC457 RB4 RBIZ
LC458 RB4 RBI3
LC459 RB4 RBI4
LC460 RB4 RBIS
LC461 RB4 RBIG
LC462 RB4 RBI 7
LC463 RB4 RBIS
LC464 RB4 RBIQ
LC465 RB4 RBZO
LC465 RB4 RBZ 1
LC467 RB4 RBZZ
LC468 RB4 RBZ3
LC469 RB4 RBZ4
LC470 RB4 RBZS
LC471 RBA RBZG
LC472 RBS RBS
Lean RES R
Lean RE RE8
LC475 RBS RBQ
LC475 RBS RBIO
LC477 RBS RBll
LC478 RBS RBIZ
Lc47g RBS RBI3
LC480 RBS RBI4
LC481 RBS RBIS
LC482 RBS RBIS
LC483 RBS RBI 7
LC484 RBS RBIS
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ed -continued
-continue:
4
R4 Ligand Le R
Ligand Lc 29 RE®
e RE1 Lesso ng R
Lcags RES R Lesso 20 R
Leags RES R2! Lesel %Bg R?2
Lcasy RES RE2 Lese REO RES
Less RES RED Leses 20 RE%
Leago RES RE2 Leser RBQ RE>S
Leago RES R?S Leses ng RE
Leaot RES RE? Leses 210 R2!
Lcaga R RE Leser %B 10 RE2
T}:c493 R RES Leses 210 REL
c494 56 B9 Leseo 210 REM
L R L R
495 RES REI0 570 210 RELS
Lecags R REU Lesn RBIO RBIS
Loy RS REL Lesn RBIO REV
Leaog RES REI3 Lesna RBIO R28
Lcago R RBL4 Lesn RB 10 REI®
Lesoo RS RELS Lests RB 10 RE
Lesot RS RBL6 Lests RBIO RE2
Lesor RES REV Lestr RB 10 RE2
Lesos RS RELS Lests RB 10 RED
Lesoa RS REL Lesto RB 10 REX
Lesos "6 REY Lesso RB 10 RE®
L R L R
506 RES RE2 Csst 210 RB26
Lesor RES RE2 Less RB 1 RE2
Lesos RS REZ Leses RB 1 RE!3
Lesoo "6 RE Lesss RB 1 REM
L R L R
cs10 RS RE? 585 11 RBLS
Lesi RES RE26 Lesss RB 1 RBIS
Lesi RE RE8 Leser RBM REV
Lesis 57 RE Lesss RBM RAIS
L R L R
514 RE REI0 580 811 RBY
Lesis NG REU Lesoo EB 1 RB20
Lesis RE RB12 Lesor 11 RE2
Lesiz R RB13 Lesor RB 1 RE2
Lesis R RBI Lesos EB 1 RED
Lesio RE RBIS Lesos RAL RB2
Lesao 57 REI6 Lesos 11 RE®
L R L R
521 B7 RBY C596 B11 RB26
L R 1, R
522 RE7 RBI8 €597 RBL2 RBI13
Lesas RE7 RB19 Lesos REL RB1
Lesa 57 RE Lesoo B RBIS
Lesos RB7 RE2! Lesoo RB 12 RBIS
L R L R
€526 RE7 RB22 €601 RBL2 RBL7
Lesay RE RE23 Loz REL RBI8
Lesos RE RE% Leeos B RBIO
Lesao 57 RE2S Lo RB 2 RB20
L R L R
€530 RE7 RB26 C605 RBL2 RB21
Lessi RES RE® Leeos B RB2
Lessz RBS RBL0 Lesor RB 2 REDB
Lesas RBS REU Leeos EB 2 RB
Lesaa RES RE12 Leeos REL REZS
Lesas RS RB13 Lesio B RB26
Lesss RBS RBL Lesin RB 13 RBM
Lessy RBS RELS Leeiz EB” RB15
Lesss RES RBI6 Leeis REL RBI6
Lesag RES REL Leoa 513 RB!7
Lesao RBS RELS Leeis RB 3 RBI8
Lesar RBS REL Lests EB” RBL
Lesa RES RE20 Leeir REL RB20
Lesas RES RE2L Lesis RED RP!
Lesaa 2 L
s 619 2
L R R L REL3 R
545 s RE3 620 21 RE23
L R 1, R
546 RES RE24 cet 21 RE
Lesay RES RE L RB 13 RE2S
Lesas s R Lees R 26
L K L RB13 R
549 20 REI© ce24 14 RELS
L R L R
550 20 REU c625 L4 RBI6
Lesst RBQ RB12 Leeas R 517
Less RBQ RB13 Leer RBij Rms
L R L R3 R
543 20 RB 628 L4 RBL
L R 1, R
544 R RELS 629 L4 RE20
Lesas 0 RBL6 Lesso R 21
L R L R R
556 0 REV 631 22
L R L RB 14 R
C557 RBQ RBIS C632
LC558
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-continued [0141] wherein L5 through L, ,s; have a structure of
Formula VI,
Ligand Le R*
PTG §
Leen RBIA Rst \
Leess RBIA Rst P
Lcess R R 2
Leess RB1S REI6 Lc &
L RB1S RB ST
Lcsss P15 REIS P ,
LCGSQ RED RA R4/
LEZT RB1S REO
Leen RB1S RE
Bl5 B2 . .
Leess R R in which L. and R*, are defined as:
Legaa R R
L RB1S RE
LEZZ RE1S RE
Leear REY R Ligand Le R*
Leens RB16 REV
Lees RB16 REIS Lros RB! REL
Leeso RB16 REY® Levos RB? R
Leet RBI6 REO Rﬁi Rﬁi
Leess RB16 RB2! Leos RB5 RB5
Leesa REL6 RE2 Leor RB6 RB6
Legss RBL6 REB Leos R R
Leess R3S RE2 Leos RE7 RZ7
B8 B8
L RBIG RBZ5 LC710 R R
€636 B16 B26 Leq RZY R®
Lees? RBN RBIS L RBL REL
Leess R R 72 Bll BlL
B17 B19 Lo R R
Lesso R R B2 B12
B17 B20 Loz R R
Lesso R S L RBL RB13
B17 B C715
Lesst R R e RBM RBl4
L RBI7 RE2 BI1S Bl15
C662 1 3 Loy R R
Lcess R 7 R Leris R21 R21G
L6554 RBI 7 RBZ4 LC719 RBI7 RBI7
B17 B25
Leess RBN Rst Lerzo Rziz Rziz
Leess R R Lera RBZO RBZO
Lces Rﬁ iz Ri ;2 Lo R321 R321
Lsss RB18 Rle Lo RBZZ RBZZ
Lesso R R Lz N s N s
L RZ1® RZZ Leas R R
C670 B24 B4
L RIS RZ23 Lers R R
ceT1 s i L RE25 ez
Leen RBIS Rst LC7Z7 RE2S RES
Leers R R Lc7zs RE! RE2
L RE1S RE26 c729
C674 B1 B3
B19 B20 Lo R R
Lests R R BI B4
B19 B21 Loz R R
Less R R L Bl B5
L RBY REZ2 <732 R R
c677 o s L s RE! RS
Lees R R L RE! RE
B19 B2 €734
Leso R R L RZ! RS
B19 325 €73 B1
Lesso R R Leas R R®
Lcest R?Y R%¢ Leyar R®! RE10
Lees2 RZE Rzn Leras Rii Rf;g
Leess RBZO RBi Le7sg RBI RB =
Legsa R R Lcao RBI R314
Leess R? RE Lera Rm RBIS
Lcess R? RE Lerao Rm Rms
L RE20 RE26 Leas R R
ces7 B1 B17
L RB2! RB22 Leag R R
cess B1 B8
1L RB21 RBZ3 LC745 R R
C689 L RBI RBIQ
1L RB21 RBZ4 C746
C690 L RBI RB20
B21 B25 c747
Leoor R R Leoss RE! RZ!
B21 B26
Lesoz RBzz RBZ3 Levss RE! REZ
Legos R R L REL R223
L RE2 RE# €750 B1 B24
ceod B2 B2S Lerst R R
chgS R R L RBI RB25
B22 26 €72 B1 826
Lesos R S Less R R
Leer RE?3 R% Lerss RZ2 RZ2
Leeos RB2 R3S Levss RB2 R34
Lesoo REZ RZ% Less RZ? R
Leroo RE24 RBZS Leosy R32 RZ¢
Lesor RE2 RB® Less RE2 RZ7
Leros RBD RB26 Lese RZ2 RZ8
LC760 RBz RBQ

B2 B10
Levet R R
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-continued -continued

Ligand Lo R* Ligand Le R*
LC762 RB2 RBll LC835 RB5 RBIQ
LC763 RB2 RBI2 LC837 RBS RB20
LC764 RB2 RBIS LC838 RBS RB21
LC765 RB2 RBI4 LC839 RBS RB22
LC765 RB2 RBIS LC840 RBS RB23
LC767 RB2 RBIS LC841 RBS RB24
LC768 RB2 RBI7 LC842 RBS RB25
LC769 RBZ RBIS LC843 RBS RBZS
LC770 RB2 RBIQ LC844 RBS RB7
LC771 RB2 RBQO LC845 RBS RBS
LC772 RBZ RBZI LC845 RBS B9
LC773 RBZ RBZZ LC847 RBS RBIO
LC774 RB2 RBQS LC848 RBS RBll
LC775 RBZ RBZ4 LC849 RBS RBIZ
LC775 RBZ RBZS LC850 RBS RBIS
LC777 RB2 RBQS LCSS[ RBS RBI4
LC778 RB3 RB4 LC852 RBS RBIS
LC779 RB3 RBS LC853 RBS RBIS
LC780 RB3 RBS LC854 RBS RBI7
LC781 RB3 RB7 LC855 RBS RBIS
LC782 RB3 RBS LC856 RBS RBIQ
LC783 RB3 RBQ LC857 RBS RBZO
LC784 RB3 RBIO LC858 RBG RBZI
LC785 RB3 RBll LC859 RBS RBZZ
LC785 RB3 RBIZ LC860 RBS RBZS
LC787 RB3 RBI3 LC861 RBG RBZ4
LC788 RB3 RBI4 LC862 RBG RBZ5
LC789 RB3 RBIS LC863 RBS RBZS
LC790 RB3 RBIG LC864 RB7 RB8
LC791 RB3 RBI7 LC865 RB7 RBQ
LC792 RB3 RBIS LC866 RB7 RBIO
LC793 RB3 RBIQ LC867 RB7 RBll
LC794 RB3 RBZO LC868 RB7 RBIZ
LC795 RB3 RBZI LC869 RB7 RBI3
LC796 RB3 RBZZ LC870 RB7 RBI4
LC7Q7 RB3 RBZ3 LC871 RB7 RBI5
LC798 RB3 RBZ4 LC872 RB7 RBIG
Lc7gg RB3 RBZ5 LC873 RB7 RBI7
LC800 RB3 RBZG LC874 RB7 RBIS
LC801 RB4 RBS LC875 RB7 RBIQ
LC802 RB4 RBG LC8 7 RB7 RBZO
LC803 RB4 RB7 LC877 RB7 RBZI
LC804 RB4 RB8 LC8 % RB7 RBZZ
LC805 RB4 RBQ LC8 7 RB7 RBZ3
LC805 RB4 RBIO LC880 RB7 RBZ4
LC807 RB4 RBll LC881 RB7 RBZ5
LC808 RB4 RBIZ LC88Z RB7 RBZG
LC809 RB4 RBI3 LC883 RBS RBQ
LC810 RB4 RBI4 LC884 RBS RBIO
LC81 . RB4 RBI5 LC885 RBS RBI 1
LCSIZ RB4 RBIG LC886 RBS RBIZ
LC813 RB4 RBI7 LC887 RBS RBI3
LC814 RB4 RBIS LC888 RBS RBI4
LC815 RB4 RBIQ LC889 RBS RBI5
LC815 RB4 RBZO LC890 RBS RBIG
LC817 RB4 RBZI LC891 RBS RBI7
LC818 RB4 RBZZ LCSQZ RBS RBIS
LC819 RB4 RBZ3 LC893 RBS RBIQ
LCSZO RB4 RBZ4 LC894 RBS RBZO
LCSZI RB4 RBZ5 LC895 RBS RBZI
LCSZZ RB4 RBZG LC896 RB8 RBZZ
ch23 RBS RBS LC897 RBS RB23
LC824 RBS RB7 LC898 RBS RB24
LC‘825 RBS RBS LCSQQ RBS RB25
LC825 RBS RBQ LCQOO RBS RB26
LC827 RBS RBIO LCQO[ RBQ RBIO
LCSZS RBS RBll LCQOZ RBQ RBll
LC829 RB5 RBIZ LC903 RBQ RBIZ
LC830 RB5 RBI3 LC904 RBQ RBI3
LC831 RBS RBI4 LCQOS RBQ RBI4
LC832 RBS RBIS LC905 RBQ RBIS
LC‘833 RBS RBIS LC907 RBQ RBIS
L6834 RBS RBI7 LC908 RBQ RBI7
LC835 RBS RBIS LCQOQ RBQ RBIS
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-continued -continued
. 4 .
Ligand Le R Ligand Le R*
B BIY
Leoto R R Leogs REM RE>
Leont RZ RZ20 L REM R
L R RZ2! €985
co12 L REI4 RE25
L RZ? RE2 €986
C913 L REI4 RB26
L REY RZ23 €987
C914 L RBIS RBIG
L RBY R34 €988
co1s L RBL REY
L, RZ® R3S €989
Co16 o 6 L RBLS RIS
€990
Leorr R R L RELS REY
L RBL0 REU ool
€918 L RBLS RB20
Liogs RBL0 RE2 992
Bl15 B21
L REL0 RE13 Leogs R R
€020 B10 Bl4 BIS B2
Leoat R R Leoos R R
B10 BI5 BIS B23
Loz RBIO RBIS Lioos R R
BIs B4
Leons RBIO RB” Lcoos R R
Leooa R R Leoor REL RE»
Leoos R210 R2:8 L RBIS RB26
B10 B19 €998
Lecozs R R L RBL6 REY
B10 B20 999
Leozy R R Bl6 BI8
L RB10 REA Leiooo R R
Co28 1o o L RB1S RE1
L, R R C1001
€929 RB10 B23 Blé B20
Leoso R1;10 R324 Kooz RBltS R321
Leoas RBIO Rst L1003 R R
Leosa RBIO Rst Leciooa RB16 RE2
Lcoss R R L RB16 RE3
Bl1 BI12 €1005
Leoaa R R L RB!6 RB24
L RBU RE1 1006
o35 L RBI6 ez
BIL Bl4 1007
Lcoss R R Bl6 B%6
B11 RBIS Leioos R R
Leoar R B17 BIS
Leoss REU RBL6 Lcioos R R
Bl1 BL7 B17 B19
Leoso R R Lcioto R R
BIL BI8 BI17 B20
Lcoso R R Leiorn R R
Leos, RBU RBW L REV RE!
BIL B20 clo12
Leoas RBll RBZ1 Letoss REY RE2
Leoas RBll RBZZ Leois REV RE2
Lcoaa R R L RV RB2
BIL B3 C1015
Legas R R B17 B25
Leoss RBLU RB2# Leciots R R
Bl 825 L RBV RB26
Leoas RBU RBZG otz B18 BLY
Lcoas R R Leiots R S
BI12 BI3 BI8 B20
Lcoao RBIZ RBIA Leioto R R
BI8 Bl
Leoso R R Leioo R R
L RBI12 RB15 BIS B22
€951 12 816 Lot R R
Lcos2 R R L RELS RE2
L RB12 RBI7 1022
€953 L RB1 RB2
L RE12 RBI8 1023
o3 B12 B19 L R21® R
Leoss RBIZ RBZO LCIOM R RE26
Lcoss RBlz RBZl C1025 o o0
Legsy R R Lciozs R R
BI12 B2 BI1Y B21
Lcoss RBIZ RBZ3 Leioa7 R R
Lcosy R R L RBY RB2
BI12 B2 c1028
Lcoso RBIZ Rst Lo RE1 RE23
Leost R R L REL R34
L RB12 RB26 €1030
co62 BI3 Bl4 Lciost REY R
Leoss RBI3 RB15 L RBY RE26
Lesea R R clon B20 B2
L RB1 RB16 Lcioss R R
€063 B13 B17 L RB20 RB2
Lcoss R R C1034
Leosr RZ; Rﬁi Lcioss RZ RF>
Lcoss S R Letose RB20 RE
Leoso RED RZ20 L RE20 RES
Leoro REV RE2 Lc1037 RE2 RS
C1038
Leont RED RZ2 L R22 RB
L RE13 R323 C1039
o2 L RE22! RE23
L RELS RE2 1040
€973 L RE2 RE2
L RB 13 RBZS C1041
C974 L RB21 RB25
L RBIS RBZG C1042
€975 L RE2! RB26
L R4 REL 1043
€976 B2 B23
Leorr RBI4 RB16 Lcioas R R
L RBM RB!7 Leioss RE2 RE24
cors B4 BI8 1. R32? RE?>
Leor R R cuone B2 B26
Lcogo REM REV Leioar R R
B4 B20 B23 B4
Leost RB14 Rle Leios RB23 Rst
Leosa R S Lcios R R
Bl14 B22 B23 B26
LC983 R R LC1050 R R
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-continued
Ligand Lo R*
LC1051 RB24 RBQ5
LC1052 RB24 RBQS
LC1053 RB25 RBQS
0142] wherein R®' and R??® have the following structures
g
R%1
mm-a- H,
R®2
Pid D’
R%3
_.CH,
RE4
.CD3,
R%5
R%6
RE7
R
R%9
R%10
R%11
z ‘
4” \
- N
R%12
7 |
X
. N
R%13
Vs
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R%19

R%20

RE21

RE®

RZ23
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’ RZ26

CF;
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[0143] In some embodiments, the compound is selected
from the group consisting of Compound C-1 having the
formula Bi(L.,);; or Compound D-l having the formula
Bi,(L,)s; wherein 1 is an integer from 1 to 1,053.
[0144] In some aspects described herein, an organic light
emitting device (OLED) that includes an anode; a cathode;
and an organic layer, disposed between the anode and the
cathode is disclosed. In some embodiments, the organic
layer is an emissive region. The organic layer can include a
compound having a stoichiometry formula of Bil.,. Consis-
tent with the disclosures herein, L. can have a formula
selected from the group consisting of

Formula (i)

Formula (if)

Formula (iii)

Dec. 5, 2019
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Formula (iv)
Rie
\
P

i )
Le X .
S
v -

/

Rie

[0145] In some embodiments, the organic layer is a hole
injecting layer and the compound is a p-type dopant in the
hole injecting layer. In some embodiments, the hole inject-
ing layer further comprises a compound selected from the
group consisting of:

Arl AI‘Z\ Ar4
I!I N—Ar'—N
A7 af Af AP,
A2 Art
N/
AIZ\ /A13 /N—Ar —N\
Tl‘f AP AP
Art Ar! Ar AIG—N/ \N—A19
NSNS ’ / ?
N
| | Ar7 AIS
AP Al
and
Ard Ar
\Ir/
P
N
-~
6 N3
AI\N/Ar2 AL /AIS’
A Ao

wherein each Ar' to Ar’ is independently selected from the
group consisting of aryl, substituted aryl, heteroaryl, substi-
tuted heteroaryl, and combination thereof.

[0146] In some embodiments, the hole injecting layer
further comprises a compound selected from the group
consisting of:
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[0147] In some embodiments, the organic layer is a hole

injecting layer and the compound is the only compound in R

the hole injecting layer. Y2 | Y\l
[0148] In some embodiments, the OLED further com- Rb\” Y /
prises an emitting layer and the emitting layer includes a Ys =Y’
phosphorescent emissive dopant. In some embodiments, the ) e
emissive dopant is a transition metal complex having at least y\ 2y
one ligand or part of the ligand if the ligand is more than R "y

bidentate selected from the group consisting of:
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-continued -continued

vy N wherein each Y* to Y'? are independently selected from the
Il l group consisting of carbon and nitrogen;
Y /YIO Y8 /YIO
S o? S # - -
wherein Y' is selected from the group consisting o
R/Y R/Y [0149] wh Y lected from the group ting of
b b

BR,, NR,, PR,, O, 8, Se, C—0,8—=0, 80, CR R, SiR R
and GeR Ry
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[0150] wherein each R,, and R, is independently selected
from the group consisting of hydrogen, deuterium, halide,
alkyl, cycloalkyl, heteroalkyl, alkoxy, aryloxy, amino, silyl,
alkenyl, cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile,
isonitrile, sulfanyl, and combinations thereof;

[0151] wherein R, and R are optionally fused or joined to
form a ring;

[0152] wherein each R, R,, R, and R, may indepen-
dently represent from mono substitution to the maximum
possible number of substitution, or no substitution,

[0153] wherein each R, R,, R, and R, is independently
hydrogen or a substituent selected from the group consisting
of deuterium, halide, alkyl, cycloalkyl, heteroalkyl, alkoxy,
aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
aryl, heteroaryl, nitrile, isonitrile, sulfanyl, and combina-
tions thereof; and

[0154] wherein any two adjacent substituents of R , R,,
R,, and R, are optionally fused or joined to form a ring or
form a multidentate ligand.

[0155] Insome embodiments, the organic layer is a block-
ing layer and the compound is a blocking material in the
organic layer; or the organic layer is a transporting layer and
the compound is a transporting material in the organic layer.

[0156] 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.

[0157] 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.

[0158] According to another aspect, a formulation com-
prising the compound described herein is also disclosed. In
particular, compounds having a stoichiometry formula of
Bil; where L has a formula selected from the group con-
sisting of

Formula (i)
7L
A
(Rﬁn—LA—Zi ,
e
Formula (ii)
O
Le—<,
N
/
Rie
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Formula (iii)

Formula (iv)

as described herein.

[0159] The OLED disclosed herein can be incorporated
into one or more of a consumer product, an electronic
component module, and a lighting panel.

[0160] 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 layer material, disclosed herein.

[0161] The present disclosure encompasses any chemical
structure comprising the novel compound of the present
disclosure, or a monovalent or polyvalent variant thereof. In
other words, the inventive compound, or a monovalent or
polyvalent variant thereof, can be a part of a larger chemical
structure. Such chemical structure can be selected from the
group consisting of a monomer, a polymer, a macromol-
ecule, and a supramolecule (also known as supermolecule).
As used herein, a “monovalent variant of a compound”
refers to a moiety that is identical to the compound except
that one hydrogen has been removed and replaced with a
bond to the rest of the chemical structure. As used herein, a
“polyvalent variant of a compound” refers to a moiety that
is identical to the compound except that more than one
hydrogen has been removed and replaced with a bond or
bonds to the rest of the chemical structure. In the instance of
a supramolecule, the inventive compound can also be incor-
porated into the supramolecule complex without covalent
bonds.

Combination with Other Materials

[0162] 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.
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Conductivity Dopants: -continued

[0163] 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.

[0164] 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, N
US20070160905,  US20090167167,  US2010288362,
WO006081780, W02009003455, WO02009008277,
W02009011327, W02014009310, US2007252140,
US2015060804, US20150123047, and US2012146012.

N§ 41\
F | F
N
A\
F F
| =
&N
N N
(-
NCC4Fy NN ’

NN\ CsF4CN,
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HIL/HTL:
[0165] Ahole 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.

[0166] Examples of aromatic amine derivatives used in
HIL or HTL include, but are not limited to the following
general structures:

[0167] 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.
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[0168] 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; Ar' has the same
group defined above.

[0169] Examples of metal complexes used in HIL or HTL
include, but are not limited to the following general formula:

Y1
< Met_(LIOI)ku
102
Y ¥

wherein Met is a metal, which can have an atomic weight
greater than 40; (Y'°'-Y'?) is a bidentate ligand, Y'°" and

-
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Y'% are independently selected from C, N, O, P, and §; 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.

[0170] 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*/F¢ couple less than
about 0.6 V.

[0171] Non-limiting examples of the HIL. and HTT. mate-
rials that may be used in an OLED in combination with
materials disclosed herein are exemplified below together
with references that disclose those materials: CN102702075,
DE102012005215, EP01624500, EP01698613,
EP01806334, EP01930964, EP01972613, EP01997799,
EP02011790, EP02055700, EP02055701, EP1725079,

EP2085382, EP2660300, EP650955, JP07-073529,
JP2005112765, 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,
W02009145016, W02010061824, WO02011075644,
W02012177006, WQO2013018530, WO02013039073,
WO02013087142, WO2013118812, W02013120577,
WO02013157367,  WQO2013175747, WO02014002873,
WO02014015935, WO02014015937, W02014030872,
W02014030921, WQ02014034791, WO02014104514,
WO02014157018,
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EBL:

[0172] 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

Do

5 O
&
Y

15

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.

Additional Hosts:

[0173] The light emitting layer of the organic EL device of
the present invention preferably contains at least a metal
complex as light emitting dopant material, and may contain
one or more additional host materials 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
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of the host is larger than that of the dopant. Any host material [0178] 1In one aspect, host compound contains at least one
may be used with any dopant so long as the triplet criteria  of the following groups in the molecule:

is satisfied.

[0174] Examples of metal complexes used as host are

preferred to have the following general formula:
Y103 @ , ’
k
( \‘|T\Met—(L101)k” A
Y104 .

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.

[0175] In one aspect, the metal complexes are: Q
<O o)
Al—(L"")5p < In—(L1)p —
N N,

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

[0176] In another aspect, Met is selected from Ir and Pt. In

a further aspect, (Y'%-Y'**) is a carbene ligand. Z | N N .
[0177] In one aspect, the host compound contains at least \ A J _
one of the following groups selected from the group con- N N~ ’

sisting of aromatic hydrocarbon cyclic compounds such as
benzene, biphenyl, triphenyl, triphenylene, naphthalene,
anthracene, phenalene, phenanthrene, fluorene, pyrene,
chrysene, perylene, azulene; group consisting aromatic het-
erocyclic compounds such as dibenzothiophene, dibenzo-
furan, dibenzoselenophene, furan, thiophene, benzofuran,
benzothiophene, benzoselenophene, carbazole, indolocarba-
zole, pyridylindole, pyrrolodipyridine, pyrazole, imidazole,
triazole, oxazole, thiazole, oxadiazole, oxatriazole, diox-
azole, thiadiazole, pyridine, pyridazine, pyrimidine, pyra-
7ine, triazine, oxazine, oxathiazine, oxadiazine, indole, ben-
zimidazole, indazole, indoxazine, benzoxazole,
benzisoxazole, benzothiazole, quinoline, isoquinoline, cin-
noline, quinazoline, quinoxaline, naphthyridine, phthala-
zine, pteridine, xanthene, acridine, phenazine, phenothiaz-
ine, phenoxazine, benzofuropyridine, furodipyridine,
benzothienopyridine, thienodipyridine, benzoselenophen-
opyridine, and selenophenodipyridine; and group consisting
2 to 10 cyclic structural units which are groups of the same
type or different types selected from the aromatic hydrocar-
bon 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. Wherein each group is further sub-
stituted by a substituent selected from the group consisting
of hydrogen, deuterium, halogen, alkyl, cycloalkyl, het-
eroalkyl, heterocycloalkyl, arylalkyl, alkoxy, aryloxy,
amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
aryl, heteroaryl, acyl, carboxylic acids, ether, ester, nitrile,
isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and com-
binations thereof.
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wherein R is selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, het-
erocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl,
acyl, carboxylic acids, ether, ester, nitrile, isonitrile, sulfa-
nyl, sulfinyl, sulfonyl, phosphino, and combinations thereof,
when it is aryl or heteroaryl, it has the similar definition as

Ra¥

%
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Ar’s mentioned above. k is an integer from O to 20 or 1 to
20. X9 to X*°® are independently selected from C (includ-
ing CH)orN. Z*°* and Z'°* are independently selected from
NR!°!, O, or S.

[0179] Non-limiting examples of the additional host mate-
rials that may be used in an OLED in combination with the
host compound disclosed herein are exemplified below
together with references 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,
W02001039234,  W02004093207, W02005014551,
W02005089025, WQ02006072002, WO2006114966,
WO02007063754, WO02008056746,  WO2009003898,
W02009021126, WO02009063833,  WO2009066778,
WO02009066779,  W02009086028,  W02010056066,
W02010107244, WQO2011081423,  W0O2011081431,
WO02011086863, W02012128298, W02012133644,
W02012133649, W02013024872, WO02013035275,
WO02013081315, WO02013191404, W02014142472,
US20170263869, US20160163995, U.S. Pat. No. 9,466,

803.
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Emitter:

[0180] An emitter example is not particularly limited, and
any compound may be used as long as the compound is
typically used as an emitter material. Examples of suitable
emitter materials include, but are not limited to, compounds
which can produce emissions via phosphorescence, fluores-
cence, thermally activated delayed fluorescence, i.e., TADF
(also referred to as E-type delayed fluorescence; see, e.g.,
U.S. application Ser. No. 15/700,352, which is hereby
incorporated by reference in its entirety), triplet-triplet anni-
hilation, or combinations of these processes. In some
embodiments, the emissive dopant can be a racemic mixture,
or can be enriched in one enantiomer.

[0181] Non-limiting examples of the emitter materials that
may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials: CN103694277,
CN1696137, EB01238981, EP01239526, EP01961743,
EP1239526, EP1244155, EP1642951, EP1647554,
EP1841834, EP1841834B, EP2062907, EP2730583,
JP2012074444, JP2013110263, JP4478555,
KR1020090133652, KR20120032054, KR20130043460,
TW201332980, U.S. Ser. No. 06/699,599, U.S. Ser. No.

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,  US20000115322,
US20090179555, US2009085476, US2009104472,
US20100090591,  US20100148663,  US20100244004,
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,
7.332,232, 7378,162, 7,534,505, 7,675,228, 7.728.137,
7,740,957, 7,759,489, 7,951,947, 8,067,099, 8,592,586,

Dec. 5, 2019
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8,871.361, WO06081973, W006121811, WO07018067,

WO007108362, WO007115970, WO07115981,
WO08035571, W02002015645, W02003040257,
W02005019373, W02006056418, WO2008054584,
WO02008078800,  WO02008096609,  W02008101842,
W02009000673,  W(O2009050281, WO02009100991,
WO02010028151, WO02010054731, W0O2010086089,
W02010118029,  W02011044988,  W0O2011051404,
W02011107491, W02012020327, WO2012163471,
WO02013094620, WO02013107487, W02013174471,
W02014007565, WQ02014008982, W02014023377,
WO02014024131, WO02014031977, W02014038456,
W02014112450,

Et

Bt
Et

Et

Ft,

Et

Et
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HBL:

[0182] Aholeblocking layer (HBL) may be used to reduce
the number of holes and/or excitons that leave the emissive
layer. The presence of such a blocking layer in a device may
result in substantially higher efficiencies and/or longer life-
time as compared to a similar device lacking a blocking
layer. Also, a blocking layer may be used to confine emission
to a desired region of an OLED. In some embodiments, the
HBL material has a lower HOMO (further from the vacuum
level) and or higher triplet energy than the emitter closest to
the HBL interface. In some embodiments, the HBL material
has a lower HOMO (further from the vacuum level) and or
higher triplet energy than one or more of the hosts closest to
the HBL interface.

[0183] In one aspect, compound used in HBL contains the
same molecule or the same functional groups used as host
described above.
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[0184] In another aspect, compound used in HBL contains
at least one of the following groups in the molecule:

F F
N

0
< A— (L )sp
S N1,

o// \\o

N

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

ETL:

[0185] 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.

[0186] In one aspect, compound used in ETL contains at
least one of the following groups in the molecule:

Dec. 5, 2019
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wherein R'°" is selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, het-
erocycloalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, heteroaryl,
acyl, carboxylic acids, ether, ester, nitrile, isonitrile, sulfa-
nyl, sulfinyl, sulfonyl, phosphino, and combinations thereof,
when it is aryl or heteroaryl, it has the similar definition as
Ar’s mentioned above. Ar' to Ar® has the similar definition
as Ar’s mentioned above. k is an integer from 1 to 20. X'
to X'%® is selected from C (including CH) or N.

[0187] In another aspect, the metal complexes used in
ETL include, but are not limited to the following general
formula:

F o F o
~N ~N
Sa—o >
P L »
A e
L N 4% L N -

O\\ N\\
| Zn—(L"")p | Zn— (L")
e e

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.

[0188] 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-
that disclose those materials:

ences CN103508940,
EP01602648, EP01734038, EP01956007, JP2004-022334,
JP2005149918, JP2005-268199, KR0117693,
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, WO2003060956, WO2007111263,
W02009148269,  W(02010067894, W02010072300,
W02011074770, WO02011105373, W02013079217,
W02013145667, WQ02013180376, W02014104499,

WO02014104535,
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Charge Generation Layer (CGL)

[0189] 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.

[0190] 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. encompasses undeuterated, partially deuterated,
and fully deuterated versions thereof. Similarly, classes of
substituents such as, without limitation, alkyl, aryl,
cycloalkyl, heteroaryl, etc. also encompass undeuterated,
partially deuterated, and fully deuterated versions thereof.

EXPERIMENTAL
Materials Synthesis

Tris(3-cyano-5-fluorobenzocarboxy Jbismuth(IIT)
(BI(LB 1 LA2464)3)

[0) OH
Bi@ + /5\ e
F CN

[0191]
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[0192] A suspension of triphenylbismuthane (2.6 g, 5.87
mmol, 1.0 equiv) and 3-cyano-5-fluorobenzoic acid (3.0 g,
18.2 mmol, 3.1 equiv) in toluene (75 mL) was heated at
reflux for 18 hours. The suspension was cooled to room
temperature (~22° C.) then filtered. The solids were dried in
a vacuum oven at 80° C. for 96 hours to give tris(3-cyano-
5-fluorobenzocarboxy )bismuth(III) (3.50 g, 58% yield) as a
white solid.

Tris(2,3,4',5,6-pentafluoro-[1,1'-biphenyl]-4-car-
boxy)bismuth(IIl) (Bi(Lg,L 43;35)5)

[0193]

F F
0
SOCI,
Br —_—
MeOH
F F
F F
0]
Br F
OMe
Y ®)
NaOH
F

@
B(OH),

Pd(PPhy)s
Cs,CO;
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Reaction (1)—Methyl
4-bromo-2.,3,5,6-tetrafluorobenzoate

[0194] Thionyl chloride (5 mL, 66 mmol, 2.0 equiv) was
added dropwise to a solution of 4-bromo-2,3,5,6-tetrafluc-
robenzoic acid (9 g, 33 mmol, 1.0 equiv) in methanol (150
mL) and the reaction mixture heated at reflux for 30 hours.
The reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was then
concentrated from toluene (2x10 volumes) to give methyl
4-bromo-2,3,5,6-tetraflucrobenzoate (10 g, >100% yield) as
an off white solid.

Reaction (2)—Methyl 2,3,4',5,6-pentafluoro-[1,1'-
biphenyl]-4-carboxylate

[0195] Methyl 4-bromo-2,3,5,6-tetrafluorobenzoate (9 g,
31.4 mmol, 1.0 equiv) and 4-fluoro-phenylboronic acid (6.6
g, 47 mmol, 1.5 equiv) were suspended in toluene (111 mL).
Cesium carbonate (30.6 g, 94 mmol, 3.0 equiv) and water
(21 mL) were added and the reaction mixture was sparged
with nitrogen for 10 minutes. Tetra-kis(triphenylphosphine)
palladium(0) (Pd(PPh,),, 3.6 g, 3.1 mmol, 0.1 equiv) was
added and the reaction mixture heated at reflux for 18 hours.
The reaction mixture was cooled, the layers separated, and
the aqueous phase was extracted with toluene (2x10 mL).
The combined organic phases were dried over sodium
sulfate. The resulting suspension was stirred for 30 minutes,
filtered through silica gel (50 g) and the filtrate concentrated
under reduced pressure to give impure product. The impure
product (10.5 g) was chromatographed on silica gel (100 g),
eluting with 5% ethyl acetate in heptanes. Product fractions
were concentrated under reduced pressure to give 8.8 g of
product. Recrystallization of the material from 5% ethyl
acetate in heptanes gave methyl 2,3,4',5,6-pentafluoro-[1,1'-
biphenyl]-4-carboxylate (6.0 g, 68% yield) as a white solid.
[0196] Reaction (3)—2.3,4'5,6-Pentafluoro-[1,1'-biphe-
nyl]-4-carboxylic acid:

[0197] A solution of sodium hydroxide (6.5 g, 165 mmol,
10 equiv) in water (35 mL) was added to a solution of methyl
2,3.4'.5,6-pentafluoro-[1,1'-biphenyl]-4-carboxylate (5 g,
16.5 mmol, 1.0 equiv) in tetrahydrofuran (100 mL) and the
reaction mixture heated at reflux for 5 hours. The reaction
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mixture was concentrated and diluted with water (100 mL).
The suspension was acidified to pH~3 with SM sulfuric acid
then cooled to 10° C. The suspension was filtered and the
solids washed with water (3x50 mL). The isolated solids
were azeotropically concentrated from toluene (3x100 mL.)
to give 2,3.4'5,6-pentafluoro-[1,1'-biphenyl]-4-carboxylic
acid (4.6 g, 96% yield) as a white solid.

Reaction (4)—Tris(2,3,4',5.6-pentafluoro-[1,1'-bi-
phenyl]-4-carboxy)bismuth(IIl) (Bi(Lz,L 43:32)3)

[0198] A suspension of triphenylbismuthine (2.35 g, 5.34
mmol, 1.0 equiv) and 2,3,4",5,6-pentafluoro-[1,1'-biphenyl]-
4-carboxylic acid (4.6 g, 16 mmol, 3.0 equiv) in toluene (75
mL) was heated at reflux for 18 hours. The cooled suspen-
sion was filtered. The solids were then washed with toluene
(3x10mL) and dried in a vacuum oven at 80° C. for 16 hours
to give tris(2,3,4',5,6-pentafluoro-[1,1'-bi-phenyl]-4-car-
boxy)bismuth(IIT) (5.1 g, 89% yield) as an off’ white solid.
[0199] It is understood that the various embodiments
described herein are by way of example only, and are not
intended to limit the scope of the invention. For example,
many of the materials and structures described herein may
be substituted with other materials and structures without
deviating from the spirit of the invention. The present
invention as claimed may therefore include variations from
the particular examples and preferred embodiments
described herein, as will be apparent to one of skill in the art.
It is understood that various theories as to why the invention
works are not intended to be limiting.

We claim:

1. A compound having a stoichiometry formula of Bil.5;

wherein Bi is Bi (11I), L is mono-anionic bidentate ligand;

wherein each L can be same or different;

wherein L has the following formula:

A
4} A
Rey— LA_Z3\\
N

7%

wherein each Z' and 7 is independently selected from the
group consisting of O, S, NR, and PR;

wherein Z* is C;

wherein 7' and 7> coordinate to Bi atom;

wherein L, is aryl or heteroaryl, which can be further
substituted by one or more substituent R, ;

wherein each R is independently hydrogen or a substitu-
ent selected from the group consisting of deuterium,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylal-
kyl, aryl, heteroaryl, and combinations thereof;

wherein each R; is independently a substituent selected
from the group consisting of deuterium, fluorine, alkyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
aryl, heteroaryl, nitrile, and combinations thereof;

wherein n is an integer from 0 to the maximum allowable
substitutions;

wherein at least one of the following conditions is true:
(1) L, comprises at least one 5-membered ring;
(2) L, comprises a condensed ring system having at

least three rings fused together;
(3)nis at least 1 and at least one R; is a non-fused aryl
or heteroaryl moiety; or
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(4)nis at least 2 with two different R, and the L ,-(R,)n
moiety is not symmetrical along the axis of Z* and
the atom from I, attaching to 73.

2. The compound of claim 1, wherein at least one of the
following is true: (i) Z' and Z* are O, (ii) Z* and 7* are NR,
and (iii) one of Z* and 72 is O, the other one of Z' and 7>
is NR.

3. The compound of claim 1, wherein each R is indepen-
dently selected from the group consisting of aryl, heteroaryl,
and combination thereof.

4. The compound of claim 1, wherein the compound has
a formula of BilL,, or Bi,L.

5. The compound of claim 1, wherein L, is a benzene, n
is at least 1, and a sum of Hammett constant for the
substituents R; is larger than 0.50 and smaller than 1.20.

6. The compound of claim 1, wherein at least one of the
following is true: (i) all three Ls of the stoichiometric
formula Bil; are the same, (ii) at least one L of the
stoichiometric formula BiL, is different from the other two
L, and (iii) all three Ls of the stoichiometric formula Bil 5
are different from each other.

7. The compound of claim 1, wherein L, comprises at
least one of the chemical moiety selected from the group
consisting of phenyl, biphenyl, terphenyl, carbazole, indo-
locarbazole, triphenylene, fluorene, benzothiophene, benzo-
furan, benzoselenophene, dibenzothiophene, dibenzofuran,
dibenzoselenophene, nitrile, isonitrile, borane, fluoride,
pyridine, pyrimidine, pyrazine, triazine, aza-carbazole, aza-
dibenzothiophene, aza-dibenzofuran, aza-dibenzoseleno-
phene, aza-triphenylene, imidazole, pyrazole, oxazole, thi-
azole, isoxazole, isothiazole, triazole, thiadiazole, and
oxadiazole.

8. The compound of claim 1, wherein the [ -(R;)n
moiety is selected from the group consisting of L, where
iis an integer from 1 to 3735; wherein

ligands I, to L 4,04 are based on a structure of Formula

)

where i=m;

ligands L ;06 to L 44, ¢ are based on a structure of Formula
II

, P & X!
~ VY
S X2

Rl

where i=408+m;
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ligands L q4,, to L,,,,, are based on a structure of For- -continued
mula 11
m x! X2 x3 R! R2 v!
. 246 N N CH R H S
X3 X! 247 N N CH RA® HA1 S
2 248 N N CH H R S
k 7 \ / A 249 N N CH H R#% S
’ 250 N N CH H R#% S
= X2 231 N N CH H R# 8
! K 252 N N CcH H R® S
253 N N CH H RA6 S
254 N N CH H R4 S
where i=816+m; 255 N N cn H RE S
ligands L, 5,5 to L, 63, are based on a structure of 256 cH N cH HAI H 8
257 CH N CH R H S
Formula IV 238 CH W CH R2? H $
259 CH N CH R4 H S
260 CH N CH RA H S
261 CH N CH R H S
262 CH N CH RA® H S
263 CH N CH RA7 H S
264 CH N CH R4S H S
265 CH N CH H R4 S
266 CH N CH H R# S
267 CH N CH H R S
268 CH N CH H R4 S
269 CH N CH H R® S
. 270 CH N CH H RA¢ S
where 1=1224+m; 71 cn N CH H RA7 q
wherein m is an integer from 1 to 408 and for each m, X!, 272 CH N CH H R4 S
X2 X3 R, R? and Y! are defined in formulas I, I, III, 273 CH CH N H H S
and IV as follows: 274 CH CH N RY H S
275 CH CH N R H S
276 CH CH N R#3 H S
277 CH CH N RA H S
m X! X? X3 R! R? ! 278 CH CH N R4 H S
279 CH CH N RAC H S
205 CH CH CH H H S 280 CH CH N RA7 o S
206 CH CH CH R4 H S 281 CH CH N RA8 H S
207 CH CH CH R#4? H S 282 CH CH N H RA! S
208 CH CH CH R# H S 283 CH CH N H R# S
209 CH CH CH R4 H S 284 CH CH N H R#3 S
210 CH CH CH R H S 285 CH CH N H R# S
211 CH CH CH R4 H S 286 CH CH N H R# S
212 CH CH CH R4 H S 287 CH CH N H RA¢ S
213 CH CH CH R#® H S 288 CH CH N H RA7 S
214 CH CH CH H RA! S 289 CH CH N H R#® S
215 CH CH CH H R42 S 290 N CH N H H S
216 CH CH CH H R4 S 201 N CH N RA! H S
217 CH CH CH H R S 202 N CH N RA2 H S
218 CH CH CH H R4 S 293 N CH N RA43 H S
219 CH CH CH H RA46 S 294 N CH N RA4 H S
220 CH CH CH H R*’ S 205 N CH N R H S
221 CH CH CH H R*® S 206 N CH N RA6 H S
222 N CH CH H H S 297 N CH N RY7 H S
223 N CH CH RA! H S 208 N CH N RA8 H S
224 N CH CH R*? H S 209 N CH N H RAL S
225 N CH CH R4 H S 300 N CH N H R#2 S
226 N CH CH R4 H S 301 N CH N H R4 S
227 N CH CH R# H S 302 N CH N H R S
228 X CH CH R#® H S 303 N CH N H R# S
229 N CH CH R4 H S 304 N CH N H RA6 S
230 N CH CH RA48 H S 305 N CH N H RA7 S
231 N CH CH H RAL S 306 N CH N H R4 S
232 N CH CH H RS 307 CH CH CH H H 0
233 N L cHH =S 308 CH CH CH R¢ W 0
ol N S Ny 309 CH CH CH R® H 0
36 ~ i oH H R4S s 310 CH CH CH R H 0
537 ~ i oH H RA7 g 311 CH CH CH R4 H 0
pyes x CH cH H R4 g 312 CH CH CH R;‘Z H 0
. 313 CH CH CH R H 0
;iﬁ II: E gg EAI g g 314 CH CH CH RA7 H 0
541 X N CcH  R? H S 315 CH CH CHE R® H 0
247 N N CH R43 H S 316 CH CH CH H R4 0
243 N N cH R4 H s 317 CH CH CH H R#% 0
244 N N CH R# H S 318 CH CH CH H R 0
245 N N CH RA¢ H S 319 CH CH CH H R 0
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-continued -continued

m x! X2 x3 R! R? y! m x! X2 x3 R R? !

320 CH CH CH H R4 0 394 N CH N R#? H 0

321 CH CH CH H R4 0 395 N CH N R* H 0

322 CH CH CH H R*7 0 396 N CH N R H 0

323 CH CH CH H R4S 0 397 N CH N R* H 0

324 N CH CH H H 0 398 N CH N RA¢ H 0

325 N CH CH R H 0 399 N CH N RY7 H 0

326 N CH CH R* H 0 400 N CH N R4S H 0

327 N CH CH R H 0 401 N CH N H RA 0

328 N CH CH R H 0 402 N CH N H R*% 0

329 N CH CH R*® H 0 403 N CH N H R® 0

330 N CH CH R4 H 0 404 N CH N H R 0

331 N CH CH RY7 H 0 405 N CH N H R#® 0

332 N CH CH R*® H 0 406 N CH N H R# 0

333 N CH CH H RA! 0 407 N CH N H R 0

334 N CH CH H R 0 408 N CH N H R#® 0

335 N CH CH H R#? 0 409 CH CH CH H H NCH,
336 N CH CH H R 0 410 CH CH CH R H NCH;
337 N CH CH H R 0 411 CH CH CH R*? H NCH,4
338 N CH CH H RA6 0 412 CH CH CH R*3 H NCH,
339 N CH CH H R4 0 413 CH CH CH R4 H NCH;
340 N CH CH H R#® 0 414 CH CH CH R H NCH;
M N N CH H H 0 415 CH CH CH RA6 H NCH;
342 N N CH RAL H 0 416 CH CH CH R4 H NCH,
343 N N CH R* H 0 417 CH CH CH RA® H NCH;
344 N N CH R H 0 418 CH CH CH H R4 NCH,4
345 N N CH R4 H 0 419 CH CH CH H R#% NCH,
346 N N CH R H 0 40 CH CH CH H R NCH,
347 N N CH R4 H 0 421 CH CH CH H R* NCH;
348 N N CH RY7 H 0 422 CH CH CH H R® NCH,
349 N N CH R4 H 0 423 CH CH CH H RA6 NCH,
350 N N CH H RA! 0 424 CH CH CH H RY NCH,
351 N N CH H R*? 0 425 CH CH CH H R#® NCH;
352 N N CH H R# 0 426 N CH CH H H NCH,
353 N N CH H R4 0 427 N CH CH RAL H NCH,
354 N N CH H R# 0 428 N CH CH R#? H NCH,
355 N N CH H RA 0 429 N CH CH R# H NCH,
356 N N CH H RA7 0 430 N CH CH R4 H NCH,
357 N N CH H R4S 0 431 N CH CH R# H NCH,
358 CH N CH H H 0 432 N CH CH RAS H NCH,
359 CH N CH R4 H 0 433 N CH CH RY7 H NCH,
360 CH N CH R*2 H 0 434 N CH CH R4 H NCH,
361 CH N CH R4 H 0 435 N CH CH H RAL NCH,
362 CH N CH RA H 0 436 N CH CH H R#2 NCH,
363 CH N CH R# H 0 437 N CH CH H R# NCH;,
364 CH N CH R4S H 0 438 N CH CH H R NCH,
365 CH N CH RA7 H 0 439 N CH CH H R#® NCH,
366 CH N CH R4 H 0 440 N CH CH H R4 NCH;,
367 CH N CH H RA! 0 41 N CH CH H RY7 NCH,
368 CH N CH H RA2 0 442 N CH CH H R4S NCH,
369 CH N CH H R4 0 443 N N CH H H NCH,
370 CH N CH H RA# 0 444 N N CH R4 H NCH,
371 CH N CH H R 0 45 N N CH R42 H NCH,
372 CH N CH H RA6 0 446 N N CH R43 H NCH,
373 CH N CH H RA7 0 447 N N CH RA4 H NCH,
374 CH N CH H R48 0 448 N N CH R# H NCH,
375 CH CH N H H 0 449 N N CH RAS H NCH,
376 CH CH N RAL H 0 450 N N CH RA7 H NCH,
377 CH CH N R#? H 0 451 N N CH R4S H NCH,
378 CH CH N R# H 0 452 N N CH H RA NCH,
379 CH CH N RA H 0 453 N N CH H R#2 NCH,
380 CH CH N R H 0 454 N N CH H R#% NCH,
381 CH CH N R4 H 0 455 N N CH H R# NCH;
382 CH CH N R4 H 0 436 N N CH H R#® NCH,
383 CH CH N RA® H 0 457 N N CH H RA¢ NCH,
384 CH CH N H RA! o] 458 N N CH H R NCH,
385 CH CH N H R*? o] 459 N N CH H R#® NCH,
386 CH CH N H R4 0 460 CH N CH H H NCH,
387 CH CH N H R4 0 461 CH N CH RA H NCH,
388 CH CH N H R 0 462 CH N CH R#2 H NCH,
389 CH CH N H RA6 0 463 CH N CH R*3 H NCH,
390 CH CH N H RY7 0 464 CH N CH R H NCH,
391 CH CH N H R4S 0 465 CH N CH R# H NCH,
392 N CH N H H o] 466 CH N CH RA¢ H NCH,
393 N CH N R H o] 467 CH N CH RY7 H NCH,
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-continued -continued
m x! X2 x3 R! R? y! m x! X2 x3 R R? !
468 CH N CH R4 H NCH, 542 N CH CH H R#® C(CHs),
469 CH N CH H R4 NCH,4 543 N CH CH H RY C(CH,),
470 CH N CH H R#2 NCH, 544 N CH CH H R4S C(CH,),
471 CH N CH H R4 NCH, 545 N N CH H H C(CH,),
472 CH N CH H R NCH; 546 N N CH R H C(CH3),
473 CH N CH H R# NCH, 547 N N CH R* H C(CH,),
474 CH N CH H R46 NCH, 548 N N CH RA3 H C(CH,),
475 CH N CH H R4 NCH, 549 N N CH RA H C(CH;),
476 CH N CH H R4 NCH, 550 N N CH R H C(CH;),
477 CH CH N H H NCH, 551 N N CH RA6 H C(CH,),
478 CH CH N RAL H NCH, 552 N N CH R4 H C(CH,),
479 CH CH N R*? H NCH, 553 N N CH R4S H C(CH,),
480 CH CH N R H NCH, 554 N N CH H R4 C(CH;),
481 CH CH N R H NCH, 555 N N CH H R*% C(CH,),
482 CH CH N R# H NCH, 356 N N CH H R C(CH,),
483 CH CH N R4 H NCH, 557 N N CH H R# C(CH;),
484 CH CH N RY7 H NCH, 558 N N CH H R#® C(CH;),
485 CH CH N R*® H NCH, 559 N N CH H R4 C(CH,),
486 CH CH N H R4 NCH, 360 N N CH H RY C(CH,),
487 CH CH N H R*? NCH, 561 N N CH H R* C(CH;),
488 CH CH N H R#? NCH; 562 CH N CH H H C(CH3),
489 CH CH N H R4 NCH, 563 CH N CH RAL H C(CH,),
490 CH CH N H R# NCH, 564 CH N CH R*? H C(CH,),
491 CH CH N H RA¢ NCH; 565 CH N CH R* H C(CH3),
492 CH CH N H R4 NCH, 566 CH N CH R4 H C(CH,),
493 CH CH N H R4S NCH, 567 CH N CH R H C(CH,),
494 N CH N H H NCH, 568 CH N CH RA¢ H C(CH,),
495 N CH N R H NCH; 569 CH N CH RA7 H C(CH3),
496 N CH N R* H NCH,4 570 CH N CH R4® H C(CH,),
497 N CH N R#3 H NCH, 571 CH N CH H RAL C(CH,),
498 N CH N RA H NCH, 572 CH N CH H R#% C(CH,),
499 N CH N R H NCH; 573 CH N CH H R® C(CH;),
500 N CH N R4S H NCH, 574 CH N CH H R C(CH,),
501 N CH N R4 H NCH, 575 CH N CH H R#® C(CHj),
502 N CH N R4S H NCH, 576 CH N CH H R#6 C(CHj),
503 N CH N H RA! NCH, 577 CH N CH H RY7 C(CH3),
504 N CH N H R#? NCH, 578 CH N CH H R#® C(CH,),
505 N CH N H R#3 NCH; 579 CH CH N H H C(CH3),
506 N CH N H R*  NCHj 580 CH CH N R H C(CHy),
507 N CH N H R*  NCHj 581 CH CH N R § C(CH,),
508 N CH N i R#6 NCH, 582 CH CH N R® W C(CHj),
509 N cH N H R4 NCH, 583 CH CH N R“ H C(CHy),
510 N CH N H R48 NCH, s34 CH cn N RS o C(CH,),
zg gg gg gg Ef“ g g(CH3)2 585 CH CH N R A C(CHy),
(CHs), A7
513 CH CH CH R#? H C(CH;) 386 cH CH N R H C(CHy)
3/2 A8
514 CH CH CH ©R® H C(CHy) 387 cH N R H o Gy,
515 cH ch cH R4 I C(CH,), 588 CH CH N H R C(CH3),
516 CH cH cH R4 o C(CHy), 589 CH CH N H R#% C(CH,),
517 cH cH CH RA46 I C(CH,), 590 CH CH N H R C(CH,),
518 CH CH CH RY H C(CH,), 591 CH CH N H R*  C(CHy),
519 cH cH cH R¥® W C(CH,), 592 CH CH N H R# C(CHy),
520 CH CH CH H RA! C(CH,), 593 CH CH N H R4S C(CH,),
521 CH CH CH H R42 C(CH,), 594 CH CH N H R4 C(CH,),
522 CH CH CH H R4 C(CHs), 395 CH CH N H R#® C(CHs),
523 CH CH CH H R4 C(CHy), 596 N CH N H H C(CH,),
524 CH CH CH H R C(CH;), 597 N CH N R H C(CH,),
525 CH CH CH H Rj‘: C(CH,), 598 S CH N RA2 H C(CHa)s
‘ g 3)2 600 N CH N R H C(CH,),
2oy & 4 n b e xa oy owow o aa
550 N o i R i C(CH3)2 602 ) CH N RA® H C(CHs),
. X o o e . C(CH3)2 603 N CH N RY7 H C(CHs),
o X i on R I C(CH3)2 604 N CH N R*® H C(CHy),
533 N CH CH R*® H C(CH3)2 605 R crN H Rj; C(CHy),
pgt N P on A6 u C(CHs)z 606 N CH N H R C(CH3),
535 N CH CH R H C(CH3)2 607 R ci N - R, c
oy N o P R4S H C(CH3)2 608 N CH N H R C(CH3),
oot X o o I R4 C(CHs 2 609 N CH N H R C(CHa),
pdd N i s " e C(CH3;2 610 N CH N H R4 C(CH,),
539 N cH CH H RS C(CHL, 611 r o N - R CCH
' M (CHs), 612 N CH N H R# C(CH,),
540 N CH CH H R C(CH;),
541 N CH CH H R# C(CH;),
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wherein: -continued
ligands L[, 45 t0 L s04, are based on a structure of
Formula V m x! X2 R! R v
652 N N RA® H S
633 N N RA® H S
vl , 654 N N R4 H S
X 655 N N RS H S
\ / N\,—R, 636 N N H R4 s
X! 657 N N H R® S
_— 658 N N H R4 S
) 639 N N H R 8
R 660 N N H RS s
661 N N H R4 S
A7

where i=1224+m; ggg E E g %As 2
ligands [ 504 t0 L .44 are based on a structure of 664 CH N H H S
Formula VI 665 CH N RA! H S
666 CH N R*? H S
667 CH N R4 H S
668 CH N RA4 H S
. 669 CH N R# H S
R ¥ ! 670 CH N R H 8
\< AN 61 CH N R H s
» / x2 672 CH N R H S
X 673 cH N o RY S
= 674 CH N H R#% S
R 675 CH N H R% S
’ 676 CH N H R4 S
677 CH N H Rjz S
. . 678 CH N H R S
where 1=1632+m; 679 CH N o RA7 g
wherein m is an integer from 409 to 816 and for each m, 680 CH N H R S
X', X% RY, R% and Y' are defined in formulas V and 681 CH CH H H 0
VI as follows: 682 CcH CH RY H 0
683 CH CH RA? H 0
684 CH CH RA3 H 0
685 CH CH RA H 0
m X! X2 R! R? vt 686 CH CH R# H 0
687 CH CH RAS H 0
613 CH CH H H S 688 CH CH RA7 H [¢]
614 CH CH R4 H S 689 CH CH R4S H 0
615 CH CH R#? H S 690 CH CH H RA! 0o
616 CH CH R42 H S 691 CH CH H R#2 0o
617 CH CH R* H S 692 CH CH H R#3 0
618 CH CH R* H S 693 CH CH H R4 0
619 CH CH R4 H S 694 CH CH H R# 0o
62 CH CH R4 H S 695 CH CH H R#46 0
621 CH CH R4S H S 696 CH CH H RA7 0
622 CH CH H RA! S 697 CH CH H R4S 0
62 CH CH H RA2 S 698 N CH H H 0
62 CH CH H R4 S 699 N CH RA1 H 0
625 CH CH H R4 S 700 N CH RA? H 0
626 CH CH H R# S 701 N CH RA3 H 0
62 CH CH H R4 S 702 N CH RA4 H 0
62 CH CH H RA7 S 703 N CH R4S H 0
629 CH CH H R4 S 704 N CH RA6 H 0
630 N CH H H S 705 N CH RA7 H 0
631 N CH RAL H S 706 N CH RA8 H 0
632 N CH R#? H S 707 N CH H RAL 0
633 N CH RA3 H S 708 N CH H R*% 0
634 N CH R* H S 709 N CH H R# 0
635 N CH R H S 710 N CH H R# 0
636 N CH R4 H S 711 N CH H R# 0
637 N CH R H S 712 N CH H R® 0O
638 N cH  R®H oS 713 N CH H R 0
639 N CH H RA2 S 714 N CH = RS 0
R T
642 N CH H R4 S ne N N Rj; H 0
643 N CH H R4 S 7 N N R H 0
6an N cH H RS g 718 N N R4 H 0
645 N cH H RA7 q 719 N N RA4 H 0
646 N CH H RS q 720 N N R4S H 0
647 N N H H S 721 N N RA¢ H 0
648 N N RAL H g 722 N N RA7 H 0
649 N N R42 H S 723 N N R4S H 0
650 N N R#? H S 724 N N H RAL 0
651 N N R4 H S 725 N N H R# 0
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m x! X2 R! R? y! m X! X2 R R? !
72 N N H R# 0 800 CH N H H C(CHs),
727 N N H R 0 801 CH N R H C(CH,),
72 N N H R4 0 802 CH N R*? H C(CH,),
72 N N H R46 0 803 CH N RA3 H C(CH,),
730 N N H R* 0 804 CH N R4 H C(CH3),
73 N N H R4 0 805 CH N R H C(CH,),
732 CH N H H 0 806 CH N RA¢ H C(CH,),
733 CH N RAL H 0 807 CH N R4 H C(CH;),
734 CH N R* H 0 808 CH N R*® H C(CH;),
735 CH N R H 0 809 CH N H R4 C(CH,),
736 CH N R4 H 0 810 CH N H R#% C(CH,),
737 CH N R# H 0 811 CH N H R C(CH,),
738 CH N R4 H 0 812 CH N H R# C(CH;),
739 CH N RY7 H 0 813 CH N H R#® C(CH,),
740 CH N R4 H 0 814 CH N H RA6 C(CH,),
74 CH N H R4 0 815 CH N H RY C(CH;),
742 CH N H R*? 0 816 CH N H R* C(CH;),
743 CH N H R#? 0 817 CH CH H H NCH,4
744 CH N H R4 0 818 CH CH RAL H NCH,
745 CH N H R 0 819 CH CH R*2 H NCH;
746 CH N H RA¢ 0 82 CH CH R* H NCH;
747 CH N H RA7 0 82 CH CH RA H NCH,
748 CH N H R4S 0 82 CH CH R H NCH,
749 CH CH H H C(CH;), 82 CH CH RA¢ H NCH;
750 CH CH R H C(CH,), 82 cH CH RA7 H NCH,4
751 CH CH R#? H C(CH;), 82 CH CH R4® H NCH,
752 CH CH R#3 H C(CH;), 82 CH CH H RAL NCH,
733 CH CH R H C(CH;), 82 CH CH H R*% NCH;
754 CH CH R H C(CH,), 82 cH CH H R® NCH,
755 CH CH RA¢ H C(CH;), 82 CH CH H R4 NCH,
756 CH CH R4 H C(CH;), 830 CH CH H R® NCH,
757 CH CH R*® H C(CH;), 831 CH CH H R# NCH;
758 CH CH H RA! C(CH,), 832 CH CH H RY7 NCH,
759 CH CH H R#2 C(CH;), 833 CH CH H R4 NCH,
760 CH CH H R4 C(CH;), 834 N CH H H NCH,
761 CH CH H R4 C(CH;), 835 N CH RA! H NCH,
762 CH CH H R# C(CH,), 836 N CH R4 H NCH,
763 CH CH H RA6 C(CH;), 837 N CH R* H NCH,
764 CH CH H RA7 C(CH;), 838 N CH R4 H NCH,
765 CH CH H R48 C(CH;), 839 N CH R# H NCH,
766 N CH H H C(CH,), 840 N CH RAS H NCH,
767 N CH RAL H C(CH,4), 841 N CH RA7 H NCH,
768 N CH R#2 H C(CH;), 842 N CH R48 H NCH,
769 N CH R H C(CH;), 843 N CH H R4 NCH;,
770 N CH R H C(CH,), 844 N CH H R NCH,
7 N CH R# H C(CH,4), 845 N CH H R4 NCH,
772 N CH R4S H C(CH;), 846 N CH H R NCH;,
773 N CH RY7 H C(CH,), 847 N CH H R# NCH,
774 N CH R4S H C(CH,4), 848 N CH H RA6 NCH,
775 N CH H RA! C(CH,), 849 N CH H R4 NCH,
776 N CH H R#? C(CH3), 850 N CH H R# NCH,
777 N CH H R# C(CH,), 851 N N H H NCH,
778 N CH H RA44 C(CH,), 852 N N RAL H NCH,
779 N CH H R4 C(CH,), 853 N N R4? H NCH,
780 N CH H R4 C(CH3), 854 N N R H NCH,
781 N CH H RA7 C(CH,), 855 N N RA4 H NCH,
782 N CH H R4S C(CH,), 856 N N R# H NCH,
783 N N H H C(CH,), 857 N N RA® H NCH,
784 N N R4 H C(CH3), 858 N N RA7 H NCH,
785 N N R#2 H C(CH,), 859 N N RA8 H NCH,
786 N N R# H C(CH;), 860 N N H RAL NCH,
787 N N R H C(CH;), 861 N N H R* NCH;
788 N N R# H C(CH;), 862 N N H R NCH,
789 N N RA¢ H C(CH,), 863 N N H RA NCH,
790 N N RY7 H C(CH;), 864 N N H R# NCH,
791 N N R*® H C(CH;), 865 N N H R4 NCH,
792 N N H R4 C(CH;), 866 N N H R4 NCH,
793 N N H R#? C(CH3), 867 N N H R4 NCH,
794 N N H R# C(CH,), 868 CH N H H NCH,
795 N N H R4 C(CH;), 869 CH N R H NCH,
796 N N H R#® C(CHa), 70 CH N R#? H NCH,
797 N N H RA6 C(CH;), 871 CH N R H NCH,
798 N N H RA7 C(CH;), 72 CH N R H NCH,
799 N N H R4® C(CH;), 873 CH N R# H NCH,
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-continued -continued
m x! X2 R! R? y! m X! X2 R R? !
874 CH N R4® H NCH, 948 CH N H R# N(R )
875 CH N R H NCH,4 949 CH N H R® NR 46)
876 CH N R4S H NCH, 950 CH N H RA¢ N(R 4¢)
877 CH N H R4 NCH, 951 CH N H R4 N(R 4¢)
878 CH N H R* NCH; 952 CH N H R NR46)
879 CH N H R#? NCH, 933 CH CH H H Si(CH,),
880 CH N H R4 NCH, 954 CH CH RAL H Si(CH,),
881 CH N H R# NCH, 935 CH CH R*? H Si(CH,),
882 CH N H R4 NCH, 956 CH CH R H Si(CHa),
883 CH N H R4 NCH, 957 CH CH R4 H Si(CH,),
884 CH N H R4S NCH, 938 CH CH R# H Si(CH,),
885 CH CH H H N(R 4¢) 939 CH CH RA¢ H Si(CH,),
886 CH CH R H NR46) 960 CH CH RY7 H Si(CHa),
887 CH CH R* H NR 46) 961 CH CH R4 H Si(CH,),
888 CH CH R#3 H N(R 4¢) 962 CH CH H RAL Si(CH,),
889 CH CH R H NR46) 963 CH CH H R*% Si(CHa),
890 CH CH R H NR46) 964 CH CH H R# Si(CHa),
891 CH CH R4 H NR46) 965 CH CH H R* Si(CH,),
892 CH CH R*7 H N(R 4¢) 966 CH CH H R® Si(CH,),
893 CH CH R#® H NR46) 967 CH CH H R4 Si(CHa),
894 CH CH H RA! NR6) 968 CH CH H RY Si(CHa),
895 CH CH H R#2 N(R 4¢) 969 CH CH H R# Si(CH,),
896 CH CH H R4 N(R 4¢) 970 N CH H H Si(CH,),
897 CH CH H R NR6) 971 N CH R H Si(CHa),
898 CH CH H R NR46) 972 N CH R*? H Si(CH,),
899 CH CH H RA6 N(R 4¢) 973 N CH R#3 H Si(CH,),
900 CH CH H R4 N(R ) 974 N CH RA H Si(CH,),
901 CH CH H R#® NR6) 975 N CH R H Si(CHa),
902 N CH H H NR 46) 976 N CH RA¢ H Si(CH,),
903 N CH RAL H N(R 46) 977 N CH R4 H Si(CH,),
904 N CH R#? H N(R ) 978 N CH RA8 H Si(CH,),
905 N CH R H NR6) 979 N CH H R4 Si(CHa),
906 N CH RA H NR ) 980 N CH H R#2 Si(CH,),
907 N CH R# H N(R 46) 981 N CH H R Si(CH,),
908 N CH RA¢ H NR ) 982 N CH H R4 Si(CH,),
909 N CH RY7 H NR 46) 983 N CH H R# Si(CH,),
910 N CH R4 H NR 46) 984 N CH H R4S Si(CH,),
911 N CH H RA! NR ) 985 N CH H R4 Si(CH,),
912 N CH H R#? NR 46) 986 N CH H R#® Si(CH,),
913 N CH H R# NR 46) 987 N N H H Si(CH,),
914 N CH H RA NR 46) 988 N N RAL H Si(CH,),
915 N CH H R#3 N(R 46) 989 N N R#? H Si(CH,),
916 N CH H RA NR 46) 990 N N R# H Si(CH,),
917 N CH H RA7 NR 46) 991 N N RA H Si(CH,),
918 N CH H R4S NR 46) 992 N N R4 H Si(CH,),
919 N N H H N(R 46) 993 N N RA® H Si(CH,),
92 N N R4 H NR 46) 994 N N RY7 H Si(CH,),
92 N N R*2 H NR ) 995 N N R4 H Si(CHj),
92 N N R#3 H N(R 46) 996 N N H RAL Si(CH,),
92 N N RA4 H N(R 46) 997 N N H R42 Si(CH,),
92 N N R# H NR 46) 998 N N H R# Si(CH,),
92 N N R4S H NR ) 999 N N H R Si(CHj),
92 N N RA7 H N(R 46) 1000 N N H R#® Si(CH,),
92 N N R4S H N(R 4) 1001 N N H RA¢ Si(CH,),
92 N N H RA! NR 46) 1002 N N H RY7 Si(CH,),
92 N N H R#? NR ) 1003 N N H R4 Si(CHj),
930 N N H R4 N(R 4¢) 1004 CH N H H Si(CH,),
931 N N H RA44 N(R 4) 1005 CH N RAL H Si(CH,),
932 N N H R# NR 46) 1006 CH N RA2 H Si(CH,),
933 N N H RA NR ) 1007 CH N R#3 H Si(CH,),
934 N N H RA7 NR 46) 1008 CH N RA4 H Si(CH,),
935 N N H R4 NR,) 1009 cH N R® 7. Si(CHy),
936 cH N H H NR,e) 1010 CH N R H Si(CHy),
937 cH N R4 H NR,0) 1011 CH N Rj; H Si(CH),
938 cH N R = NR o) 1012 CH N R HA1 Si(CH,),
1013 CH N H R Si(CH
o cH N R:i " N0 1014 CH N H R S;ECHS;Z
940 cH N R H NR o) 1015 CH N H R4 Si CH3 ;
941 cH N RS H N(R {(CH),
Ras) 1016 CH N H R4 Si(CH
942 CH N RS H NR,q) I(CH),
y 46 1017 CH N H R# Si(CH3),
943 CH N R, I NR ) 1018 cH N H R Si(CH,),
32‘5‘ EE E E EAI E%S) 1019 cH N H R Si(CH,),
» (Rye) 1020 cH N " R®  Si(CH.),
946 CH N H R NR 46)
947 CH N H R#? NR 46)
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Wherein: -continued
ligands L 5440 t0 L .95, are based on a structure of

Formula VII m x! X R! R’ R}
1072 CH CH RA7 RA® H
1073 CH CH RA7 RA® H
R2 1074 CH CH RAS H H
S 1075 CH CH R4S R4 H
\ 1076 CH CH RS R H
x2 1077 CH CH RS R4 H
xl. / TR, 1078 CH CH RES R H
1079 CH CH R4S R H
| 1080 CH CH RS RA® H
R 1081 CH CH R RS H
1082 N CH 131 H H
. 1083 N CH R H H
where 1=1632+m 1084 N CH RAL RA2 o
wherein m is an integer from 817 to 1218 and for each m, 1085 N cH R R* H
X', X2, R, R? and R? are defined in formula VI as 1086 N CH R R* H
follows: 1087 N CH RA! RP H
1088 N CH RA! RA® H
1089 N CH RA! RA7 H
1090 N CH RA! RA8 H
m X! X2 R! R2 R? 1091 N CH RA4? H H
1092 N CH RA4? RA! H
1018 CH CH R4 H H 1093 N CH R42 RS bid
1019 CH CH R4 R4 H 1094 N CH RA42 R4 H
1020 CH CH R4 R4 H 1095 N CH RA2 R4S Al
1021 CH CH R4! RA4 H 1096 N CH R4 RA6 H
1022 CH CH R4 R4 H 1097 N CH R42 RY "
1023 CH CH RA! R4S H 1098 N CH RA? RA8 H
1024 CH CH R4 RA7 H 1099 N CH RA3 H H
1023 CH CH R4 RA8 H 1100 N CH R RA! H
1026 CH CH RA4? H H 1101 N CH R43 RA2 H
1027 CH CH R#? RA! H 1102 N CH R4 RA H
1028 CH CH R#? RA3 H 1103 N CH R R H
1029 CH CH RA4? RA4 H 1104 N CH R43 RA6 "
1030 CH CH RA4? R4 H 1105 N CH R43 RA7 H
1031 CH CH R*? R4 H 1106 N CH R4 R4S H
1032 CH CH R#4? RA7 H 1107 N CH RA H H
1033 CH CH RA4? R4S H 1108 N CH RA4 RA! "
1034 CH CH R#? H H 1109 N CH R R#? H
1033 CH CH R#? RA! H 1110 N CH RA4 RA3 Al
1036 CH CH RA3 R4? H 1111 N CH RA4 RAS "
1037 CH CH R4 RA4 H 1112 N CH RA4 RAS "
1038 CH CH R# R4 H 1113 N CH R4 RA7 Al
1039 CH CH R#? R4 H 1114 N CH RA4 RA8 Al
1040 CH CH R4 RA7 H 1115 N CH R4 H H
1041 CH CH R4 RA® H 1116 N CH RAS RA! "
1042 CH CH R4 H H 1117 N CH R4S RA42 Al
1043 CH CH R* R H 1118 N CH RAS RA3 Al
1044 CH CH R4 R#2 H 1119 N CH RAS RA4 "
1045 CH CH R* RA3 H 1120 N CH R% RA6 H
1046 CH CH R* R# H 1121 N CH R4S RA7 Al
1047 CH CH R* R4 H 1122 N CH RAS RA8 Al
1048 CH CH R4 RA7 H 1123 N CH RAS H H
1049 CH CH RA4 RAS H 1124 N CH RA6 RA! H
1050 CH CH R* H H 1125 N CH RA6 R42 Al
1051 CH CH R4 RA! H 1126 N CH RA6 RA3 "
1052 CH CH R4 R#? H 1127 N CH RA6 RA4 "
1053 CH CH R4 RA3 H 1128 N CH R46 R4S H
1054 CH CH R* R4 H 1129 N CH RA6 RA7 Al
1053 CH CH R4 RA¢ H 1130 N CH R46 R4S "
1056 CH CH R4 R4 H 1131 N CH RA7 H H
1057 CH CH R4 R4 H 1132 N CH RA7 RA! H
1058 CH CH R4® H H 1133 N CH RA7 R42 u
1059 CH CH Rjz Rj; H 1134 N CH RA7 R3 o
A R s N o RE Ry
1062 CH CH R#® R4 H 113? N e Rﬂ RAG i
1063 CH CH R4S RAS H 137 N CcH R R H
1064 CH CH R4S R H 1138 N cH R R H
1065 CH CH RA46 RS H 1139 N CH RA48 H H
1066 cn CH R4 I H 1140 N CH RA8 RAL H
1067 CH CH R4 RA! H 1141 N CH RS R* H
1068 CH CH R4 R H 1142 N CH R4S R* H
1069 CH CH R4 R4 H 1143 N CH R4S R4 H
1070 CH CH R4 R H 1144 N CH R4S R H
1071 CH CH R4 R4 H 1145 N CH RA8 RA¢ H
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-continued -continued

m x! x2 R! R2 R? m x! x2 R! R? R?
1146 N CH R4 RA7 H 1220 N N RA! RA! —
1147 N CH RA! RA! H 1221 N N RA42 R —
1148 N CH R#? RA2 H 1222 N N RA3 RA3 —
1149 N CH R#3 RA3 H 1223 N N R4 RA —
1150 N CH R4 R4 H 1224 N N R4 RP —
1151 N CH R R4 H 1225 N N RA6 RA® —
1152 N CH RA¢ RA6 H 1226 N N RA7 R4 —
1153 N CH RA7 RA7 H 1227 N N R4S RA8 —
1154 N CH R48 R4S H 1228 CH C RA! H R46
1155 N N H H — 1229 CH C RA! R R46
1156 N N RAL H — 1230 CH C RA! RA3 RA6
1157 N N RAL RA2 — 1231 CH C RA! RA RA6
1158 N N RA! R4 — 1232 CH C RA! RP R46
1159 N N RA! R4 — 1233 CH C RA! RA® R46
1160 N N RAL RA — 1234 CH C RA! RA7 RA6
1161 N N RA! RA6 — 1235 CH C RA! RA® R46
1162 N N RA! RA7 — 1236 CH C RA4? H R46
1163 N N RA! R4S — 1237 CH C RA4? RA! RA6
1164 N N R*? H — 1238 CH C RA2 R#3 RA6
1165 N N R#? RA! — 1239 CH C RA4? R4 R46
1166 N N R#? R4 — 1240 CH C RA4? RP RA6
1167 N N R#? R — 1241 CH C RA2 RA¢ RA6
1168 N N R#? RA — 1242 CH C RA2 RA7 RA6
1169 N N R#? RA6 — 1243 CH C RA4? R4S RA6
1170 N N R#? RA7 — 1244 CH C R4 H RA6
1171 N N R#? R4S — 1245 CH C RA3 RAL RA6
1172 N N R#3 H — 1246 CH C RA3 R RA6
1173 N N R4 RA! — 1247 CH C R4 R4 RA6
1174 N N R4 R#4? — 1248 CH C R4 R RA6
1175 N N R#3 R4 — 1249 CH C RA3 RA¢ RA6
1176 N N R#3 RA — 1250 CH C RA3 RA7 RA6
1177 N N R4 RA6 — 1251 CH C R4 RA® RA6
1178 N N RA3 RA7 — 1252 CH C RA44 H RA6
1179 N N R#3 R4S — 1253 CH C RA44 RAL RA6
1180 N N RA H — 1254 CH C R4 R#? RA6
1181 N N RA4 RA! — 1255 CH C RA44 RA3 RA6
1182 N N RA4 RA2 — 1256 CH C RA44 R4S RA6
1183 N N RA R4 — 1257 CH C R4 RA® RA6
1184 N N RA4 R4 — 1258 CH C RA44 RA7 RA6
1185 N N RA4 RA6 — 1259 CH C RA44 RA8 RA6
1186 N N RA4 RA7 — 1260 CH C R4 H RA6
1187 N N R* R4 — 1261 CH C R4 RA! RA6
1188 N N R4 H — 1262 CH C RA RA2 RA6
1189 N N R# RA! — 1263 CH C R4 RA3 RA6
1190 N N R# RA2 — 1264 CH C R4 RA4 RA6
1191 N N R# R4 — 1265 CH C R4 RA6 RA6
1192 N N R# RA44 — 1266 CH C R4 RA7 RA6
1193 N N R# RA6 — 1267 CH C R4 RA8 RA6
1194 N N R# RA7 — 1268 CH C R4S H RA6
1195 N N R R — 1269 CH C R4S RA! R4S
1196 N N RAC H — 1270 CH C RA6 RA2 RA6
1197 N N RAC RA! — 1271 CH C RA6 RA3 RA6
1198 N N R#6 R#? — 1272 CH C R4S RA4 R4S
1199 N N R46 R4 — 1273 CH C R4S RA R4S
1200 N N RAC RA44 — 1274 CH C RA6 RA7 RA6
1201 N N RAS R4 — 1275 CH C RA6 RA8 RA46
1202 N N R#6 RA7 — 1276 CH C RA7 H R4S
1203 N N R46 R — 1277 CH C RA7 RA! R4S
1204 N N R47 H — 1278 CH C RA7 RA2 RA46
1205 N N R47 RA! — 1279 CH C RA7 RA3 RA46
1206 N N R4 RA2 — 1280 CH C RA7 RA RA6
1207 N N R4 R4 — 1281 CH C RA7 RP R46
1208 N N R R# — 1282 CH C RA7 RA6 RA6
1209 N N R4 RA — 1283 CH C RA7 RA® RA6
1210 N N R4 R46 — 1284 CH C RA8 H R46
1211 N N R4 RA8 — 1285 CH C RA8 RA! R46
1212 N N R#® H — 1286 CH C R4® R#2 R4
1213 N N R48 RA! — 1287 CH C RA48 RA3 RA46
1214 N N RA8 RA2 — 1288 CH C RA8 RA4 RA6
1213 N N R4 RA3 — 1289 CH C R4S R RA6
1216 N N R4 R# — 1290 CH C R RA6 RA6
1217 N N RA® R4 — 1291 CH C R RA® RA¢
1218 N N RA® RA6 — 1292 N C RA H RA6
1219 N N RA48 R47 — 1293 N C RA! R R46
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-continued -continued
m x! x2 R! R2 R? m x! x2 R! R? R?
1294 N C R4 R RA6 1368 CH C RA42 R#® R
1293 N C RA! R4 RA® 1369 CH C RA42 RA® R4S
1296 N C RAL R4 RA4€ 1370 CH C RA2 R4 R4S
1297 N C RAL RA6 R4€ 1371 CH C RA2 R4S R4S
1298 N C RA! RA7 RA® 1372 CH C R4 H R4S
1299 N C RA! R4S RA€ 1373 CH C R4 RAL R4S
1300 N C R* H RS 1374 CH C R4 R pAs
1301 N C R RYORY 1375 CH C R R#  RAS
gg; E g %Az §A4 ﬁ,m 1376 CH C R4 R+ RS
2 ~ A3 A6 A8
os N ¢ o RS RA6 1377 CH C R R R
1378 CH C R43 RA7 RA8
1303 N C R*? RA6 RA6 43 43 48
306 N ¢ RE R RS 1379 CH C R R R
1380 CH C R4 H R4S
1307 N C R#? R4S RA¢
1308 N c R4 I R 1381 CH C R4 RA! R
43 A1 46 1382 CH C R4 R R4
1309 N C R R R M " e
1310 N C R4 RA? RA46 1383 CH C R R R
1311 N C R43 RA4 RA6 1384 CH C RA4 RA R4S
1312 N C R43 R4S R46 1383 CH C R4 RA® R4®
1313 N C R43 RA6 R46 1386 CH C R4 RA7 R4®
1314 N C R#3 RA7 RA6 1387 CH C R4 R48 R48
1313 N C R#3 R4S RA6 1388 CH C RA H R4S
1316 N C R H RA46 1389 CH C R# R4 R4S
1317 N C Rj;‘ Rj; Rjz 1390 CH C R4 R R4S
1318 N C RA4 Rﬁ RAG 1391 CH C R R* R
g;? E (c: §A4 %AS ﬁ,m 1392 CH c R R RS
] A5 A6 A8
1321 N C R4 RA¢ RA6 Sgi EE g EAS RA7 RAS
1322 N C R4 RA7 RA® R R
1323 N p R4 RS R46 1395 CH C RA R4S R4S
1324 N c RAS . RAS 1396 CH C RA® H R4S
1325 N C R4 RAl  RAS 1397 cH C R R R
45 42 46 1398 CH C RA6 R R4S
1326 N C R R R
1327 N C R4S R4 RA46 1399 CH C R4S R4 R4
1328 N C R4 RA4 R4S 1400 CH C RAS R4 RE
1329 N c R4S RA6 RA6 1401 CH C R46 R* R#®
1330 N C R4S RA7 RAS 1402 CH C RA¢ RA7 R4S
1331 N C R R RA¢ 1403 CH C RA46 RAS R4S
1332 N C RAS H RAS 1404 CH C RA7 H RA8
1333 N C RAS RA! RA€ 1403 CH C RA7 RAL R4S
1334 N c RA6 R4 R4 1406 CH C R R2 R
1335 N C R:Z R’A‘Z Rjz 1407 CH c RA7 R® R4
1336 N C R R R A7 A4 A8
1337 N C RA6 RAS RA6 1408 ci ¢ RA7 RAS RAS
6 A7 RS 1409 CH C R R R
1338 N C R 1410 CH C RA7 R4S R4S
1339 N C R#6 R4 RA6 47 48 48
1340 N c R4 H R46 1411 CH C R R R
1412 CH C RA4® H R#®
1341 N C RA7 RA! RAC -
1342 N ¢ RA7 RA2 RA6 1413 CH C RA8 RA! R4S
1343 N c R47 RA3 RA6 1414 CH C R R#? R
1344 N c RA7 R4 RA6 1415 CH C RS R*3 R4S
1345 N C RAT R4S RAS 1416 CH C R4 R R4S
1346 N C R47 R-A6 RA46 1417 CH C RA8 RA® RA48
1347 N C R47 R48 R46 1418 CH C R4 RA® R#®
1348 N C RA8 H RA6 1419 CH C RA8 RA8 R4S
1349 N C R48 RA! RAS
1350 N C R#® R#? RA6
1351 N C R#® R4 RA6 }
1352 N C R4S RA4 RAS wherein:
1353 N C R48 R4 RAS .
1354 N c R48 R4S a6 ligands L ,g5; t0 L sqes are based on a structure of
1353 N Ie R48 RS R46 Formula VIII
1356 CH c R H R
1357 CH C RAL RA2 R48
1358 CH C RA! R4 RA8 S
1359 CH C RA! R RA®
1360 CH C R R pAS X
1361 CH C R4 RA6 RS X/ \
1362 CH C RAL RA7 RA8 v / R,
1363 CH C R4 R4S R™S
1364 CH c R* H R R
1365 CH C i R RS R
1366 CH C R*? R4 R48
1367 CH C R#? R RA®

where 1=1632+m;
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ligands T 5047 t0 L 3,4, are based on a structure of -continued
Formula IX

m x! x2 x3 R! R2
; 1343 CH N CH R#® H
—X 1344 CH N CH RAS H
/ \ R! 1345 CH N cH RY H
\ / ’ 1346 CH N CH RAS H
—x! x2 1347 CH N CH H R4
1348 CH N CH H R?
’ R? 1349 CH N CH H R4
1350 CH N CH H R4
1351 CH N CH H R®
where i=1768+m; 1352 CH N CH H R4S
1353 CH N CH H R
wherein m is an integer from 1219 to 1354 and for each 1354 cH N CH H R4S
m, X', X2, X3 R!, and R? are defined in formulas VIII, 1355 CH CH N H i
and IX as follows: 1356 CH CH N RAZ H
1357 CH CH N R H
1358 CH CH N R H
1359 CH CH N R H
m X! X2 x3 R! R? 1360 CH CH N RP H
1361 CH CH N RA¢ H
1287 CH CH CH H H 1362 CH CH N RA7 H
1288 CH CcH CH RAL H 1363 CH CH N RAS H
1289 CH CH CH RA? H 1364 CH CH N H RA!
1290 CH CH CH R4 H 1363 CH CH N H R4
1291 CH CH CH R4 H 1366 CH CH N H R4
1292 CH CH CH R4 H 1367 CcH CH N u R4
1293 CH CcH CH RAS H 1368 CH CH N H R4S
1294 cH CcH cH RY7 H 1369 CH CH N H R4S
1295 CH CH CH R4 H 1370 CH CH N H R47
1296 CH CH CH H RAL 1371 CH CH N H RA48
1297 CH CH CH H RA4? 1372 N CH N H H
1298 CH CcH CH H R 1373 N CH N R4 H
1299 CH CH CH H RA 1374 N CH N R#? I
1300 CH CH CH H R4 1375 N CH N R4 H
1301 CH CH CH H RAS 1376 N CH N RA4 H
1302 CH CcH CH H RY7 1377 N CH N R H
1303 CH CH CH H R4S 1378 N CH N RA® H
1304 N CH CH H H 1379 N CH N RA7 H
1303 N CH CH RA! H 1380 N CH N R4 H
1306 N CH CH R42 H 1381 N CH N H RA!
1307 N CH CH RA43 H 1382 N CH N H R#?
1308 N CH CH RA4 H 1383 N CH N H R#3
1309 N CH CH R4 H 1384 N CH N H RA44
1310 N CH CH R4® H 1385 N CH N H RA4®
1311 N CH CH RA7 H 1386 N CH N H R4S
1312 N CH CH R4® H 1387 N CH N H RA7
1313 N CcH CH H R 1388 N CcH N H R4S
1314 N CcH CH H R* 1389 CH N N H H
1315 N CH CH H R43 1390 CH N N RAl H
1316 N CH CH H R 1391 CH N N R#? H
1317 N CcH CH H R* 1392 CH N N R H
1318 N CcH CH H R*6 1393 CH N N RA H
1319 N CH CH H RAY 1394 CH N N R# H
1320 N CH CH H R4S 1395 CH N N RAS H
1321 CH N CH H H 1396 CH N N RA7 H
1322 CH N CH RA! H 1397 CH N N R4S H
1323 CH N CH R#2 H 1398 CH N N H RA!
1324 CH N CH R43 H 1399 CH N N H R#?
1325 CH N CH R4 H 1400 CH N N H R
1326 CH N CH R4 H 1401 CH N N H RA44
1327 CH N CH R4S H 1402 CH N N H R#4®
1328 CH N CH RA7 H 1403 CH N N H RA6
1329 cH N CH R H 1404 CH N N H R4
1330 CH N CH H RA2 1405 CH x N I RS
1331 CH N cH R 1406 cH N N H H
1332 CH N CH H R 1407 cn X N RA o

1333 CH N CH H R - 2
1334 CH N CH H R 1408 CH N N Rﬁ H
1335 CH N CH H R 1409 CH N N R, 1o
1336 cH N cH H R 1410 CH N N R,
1337 st N on - RS 1411 CH N N R H
1338 CH N CH H H 1412 CH N N R¥¢ H
1339 CH N CH RA! H 1413 CH N N R4 H
1340 cH N CH RA2 H 1414 CH N N R4S H
1341 CH N CH R4 H 1413 CH N N H R
1342 CH N CH R H 1416 CH N N H R*
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-continued -continued

m x! x2 x3 R! R? m x! x2 R! R?
1417 CH N N H R4 1524 CH CH R# R4
1418 CH N N H R4 1525 CH CH R4 R48
1419 CH N N H R 1526 CH CH R4€ H
1420 CH N N H R4€ 1527 CH CH R4€ RAL
1421 CH N N H RY7 1528 CH CH RA6 R#%?
1422 CH N N H RA® 1529 CH CH RA¢ R4
1530 CH CH Rj: Rj:

1531 CH CH R R
wherein: 1332 CH CH R4 S
ligands L 5,55 to L 335, are based on a structure of 1533 cH CcH Rj: R
Formula X }zgg gg gg %47 R}L
1536 CH CH R’ R
1537 CH CH RA? R4
F 1338 CH CH RY R*
F 1539 CH CH R’ R®
1540 CH CH RA? RA¢
1541 CH CH R RA®

&55'¢ 1342 CH CH R4S H
1543 CH CH R4 RA!
\ ) 1544 CH CH R4 R
F x_/ TR 1545 CH CH R4 R
F 1546 CH CH R4 RA
R 1547 CH CH R4 RP
1548 CH CH R4 RA¢
1549 CH CH R RA8

. . 1550 N CH H H
where 17.1768?-111, . 1351 N cn RA! o
wherein m is an integer from 1355 to 1614 and for each 1552 N CH R4 R#?
m, X', X% R, and R? are defined in Formula X as 1553 N CH Rji Rji
follows: 1354 N CH RAI RAS

1555 N CH R R
1556 N CH RA! RAS
1557 N CH RA! RA7
m X! X2 R! R? 1558 N CH RA! R4S
1559 N CH RA2 H
1485 CH CH H H 1560 N CH R4 RA!
1486 CH CH R4 H 1561 N cH RA2 RA3
1487 CH CH R4 R#2 1562 N CH R42 R44
1488 CH CH RAL RA3 1563 N CH R42 RAS
1489 CH CH RAL R4 1564 N CH RA2 R4S
1490 CH CH R4 R# 1565 N CH R42 R4
1491 CH CH R4 RA® 1566 N CH R42 R4S
1492 CH CH RAL R4 1567 N CH R4 H
1493 CH CH RAL R4S 1568 N CH R4 RAL
1494 CH CH R© H 1569 N CH R4 R#?
1495 CH CH R R4 1570 N CH R43 RA4
1496 CH CH R#2 R4 1571 N CH R4 R4S
1497 CH CH R#2 R4 1572 N CH RA3 R4S
1498 CH CH R R* 1573 N CH R43 R47
1499 CH CH R RA® 1574 N CH R43 RA8
1500 CH CH R42 R4 1575 N CH RA H
1501 CH CH R R4S 1576 N CH RA4 R
1502 CH CH R H 1577 N CH RA4 R#?
1503 CH CH R RA 1578 N CH RA4 R4
1504 CH CH R RA? 1579 N CH RA4 R4S
1505 CH CH R RA4 1580 N CH RA4 RA¢
1506 CH CH R4 R* 1581 N CH R44 R4
1507 CH CH R RA¢ 1582 N CH RA4 R4S
1508 CH CH R RY 1583 N CH R4 H
1309 CH CH Rji RA® 1584 N CH R4S RA!
1510 CH CH R H 45 42
1511 CH cH R R 1222 E gg ;5 ;3
1512 CH CH R R i 45 44
1513 CH CH R4 R*3 187 N cH R,ﬁ RAG
1514 cn cH R RS 188 N cH R R

1515 cn cH RAH R4 1389 N CH R R
1516 CH CH R RY 1590 N CH R* R
1517 CH CH RA4 RS 1591 N CH RA6 H
1518 cn cH T I 1592 N CH RAS RAL
1519 CH CH RAS R! 1593 N CH R R*
1520 CH CH R R 1594 N CH R* R#
1521 CH CH R R 1595 N CH RA R4
1522 CH CH R R 1596 N CH R4 R
1523 CH CH R RA¢ 1597 N CH RA¢ R4
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m x! x2 R! R? m x! x2 R! R?
1598 N CH R R 1672 CH N R4 H
1599 N CH RY H 1673 CH N R4 RA!
1600 N CH R R 1674 CH N R4 R*
1601 N cH RY R? 1675 CH N R R®
1602 N CH RY R4 1676 CH N R4 R4
1603 N CH RY R4 1677 CH N R4 R®
1604 N CH R R® 1678 CH N R4 R4S
1605 N cH RY R*S 1679 CH N R4 R
1606 N CH RA RA® 1680 N N H H
1607 N CH R4 H 1681 N N RA! H
1608 N CH R4 RAL 1682 N N RA! R
1609 N CH R R*? 1683 N N R4 R*3
1610 N CH R4 R4 1684 N N RA! R4
1611 N CH R4 R4 1685 N N RA! R
1612 N CH R R 1686 N N R4 RA¢
1613 N CH R4 RA® 1687 N N RA! R4
1614 N CH R4 RA® 1688 N N RA! RA®
1615 CH N H H 1689 N N RE H
1616 CH N R4 H 1690 N N R* RAL
1617 CH N RA! R#? 1691 N N R R4
1618 CH N RA! R4 1692 N N RE R4
1619 CH N RM RA 1693 N N R* R
1620 CH N R4 R 1694 N N R* RA¢
1621 CH N RA! RA® 1695 N N RE RA7
1622 CH N RA! RA7 1696 N N RE RA®
1623 CH N R4 RA8 1697 N N R H
1624 CH N R H 1698 N N R® RAL
1625 CH N RP RA! 1699 N N RE R
1626 CH N R© R4 1700 N N RE R4
1627 CH N R RA 1701 N N RE R#
1628 CH N R R 1702 N N R® RA¢
1629 CH N R© RA® 1703 N N RE RA7
1630 CH N RA2 RAL 1704 N N RA3 RA8
1631 CH N R% RA8 1705 N N R H
1632 CH N R4 H 1706 N N RA RAL
1633 CH N RA3 RAL 1707 N N RA4 R42
1634 CH N RA3 RA2 1708 N N RA4 RA3
1635 CH N R4 RA 1709 N N RA R#
1636 CH N RA3 R4S 1710 N N RA4 RAS
1637 CH N RA3 RAS 1711 N N RA4 RA7
1638 CH N R4 RA7 1712 N N RA4 RA8
1639 CH N R4 RA® 1713 N N R# H
1640 CH N RA4 H 1714 N N RA® RAL
1641 CH N R4 RAL 1715 N N RA® R42
1642 CH N R4 RA2 1716 N N RA® RA3
1643 CH N R4 RA3 1717 N N R# R
1644 CH N R4 R4S 1718 N N RA® RAC
1645 CH N R4 RAC 1719 N N RA® RA7
1646 CH N R RA7 1720 N N R# RA®
1647 CH N RA4 R4S 1721 N N RA H
1648 CH N R4S H 1722 N N RAS RAL
1649 CH N R4S RAL 1723 N N RAS R42
1650 CH N R RA? 1724 N N RA R4
1651 CH N R# RA3 1725 N N RA RA4
1652 CH N R4S RA4 1726 N N RAS RA
1653 CH N RAS RAC 1727 N N RAS RA7
1654 CH N R RA7 1728 N N RA RA®
1655 CH N R# R4S 1729 N N R4 H
1656 CH N RA¢ H 1730 N N RA7 RAL
1657 CH N RA¢ RAL 1731 N N RA7 R42
1658 CH N R4 R 1732 N N RA7 RD
1659 cH N R4 R4 1733 N N R4 R4
1660 cH N RAS R 1734 N N RA7 R
1661 CH N R RS 1735 N N RAT R
1662 CH N RA€ RA7 1736 N N RA7 RA®
1663 CH N R4 R e N N Ejz N
4
1664 CH N Rf‘j H 1939 N N R4 R
1665 CH N RA7 RAL !
1740 N N RAE RA3
1666 CH N RY RA2 a1 N N 8 R4
A7 A3 /
1667 CH N S K 1742 N N RAS RAS
1668 CH N RY R4 5 A8 46
1669 CH N RY R 1132 E E §A8 §A8
A7 46 /
1670 CH N R R
1671 CH N R RA®
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wherein:

ligands L 335, t0 L3446 are based on a structure of

Formula XI

Rl

where i=1768+m;

ligands L ,;,,, to L,.5,, are based on a structure of

Formula XII

where 1=1832+m;

wherein m is an integer from 1615 to 1678 and for each
m, RY, R?, and R? are defined in formulas XI and X1I

as follows:

R3

R3

M R! R’ R?
1647 R4 R4 H
1648 R4 R#? H
1649 R4? RA? H
1650 R4 R4 H
1651 R4 R# H
1652 R4 R4 H
1653 R47 R47 H
1654 R4S R4S H
1655 R4 R4 R4
1656 R R*? R4
1657 R4? R4 RAL
1658 R4 R4 RAL
1659 R R* R4
1660 R4 R#® R4
1661 R47 R47 RAL
1662 R4S RA48 RA!
1663 R4 R*! R#?
1664 R42 R42 R42
1665 R4 R R*?
1666 R4 R4 R*?
1667 R R* R#?
1668 R4 RA¢ R*?
1669 R4 R4 R*?
1670 R4S RA48 R*?
1671 R4 R*! R#?
1672 R4 R#? R*?
1673 R4 R R*?
1674 R4 R* R#?
1675 R R* R#?
1676 R4 RA¢ R*?
1677 R4 R4 R*?
1678 R4 R#® R#?
1679 R4 R*! R#
1680 R4 R#? R
1681 R4 R# R
1682 R4 R* R#
1683 R R* R#®
1684 R4 RA¢ R
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M R! R2 R?
1685 R4 RA7 R4
1686 R4 RS R®
1687 RAL RA! RA4€
1688 R4 RA2 R4€
1689 R4 R4 RA®
1690 R4 R4 RA®
1691 R4 R4 RA4€
1692 R4 RA6 RA6
1693 R4 RA7 RA®
1694 R4 RS RA®
1695 RAL RA! RY
1696 R# RA2 RY
1697 R4 R4 RY7
1698 R4 R4 RY7
1699 R® RA RY
1700 R4 RA6 RY7
1701 R4 RA7 RY7
1702 R4 R4S RA7
1703 RAL RA! R18
1704 R#? RA4? RA®
1705 R4 R4 RA®
1706 R4 R4 R%8
1707 R4 RA R4
1708 RA RA6 RA®
1709 R4 RA7 RA®
1710 R4S R4S R%8

wherein:

ligands L ,55,; t0 L3665 are based on a structure of
Formula XIII

RA
1
: {X\

1

}( . /X\Rl
RZ

R2

b

where 1=1832+m;

wherein m is an integer from 1679 to 1831 and for each
m, RY, R2, R, and X! are defined in formula XIII as

R3

follows:

m R! R? R? X!
1756 H H H CH
1757 H RA! H CH
1758 H R#? H CH
1759 H R* H CH
1760 H R* H CH
1761 H R4 H CH
1762 H RA¢ H CH
1763 H R*’ H CH
1764 H R*® H CH
1765 H H RA! CH
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-continued

m R!
1766 - i 1
- H H . -continued
; i A2

68 I x :
1769 i i r: . : |
- H : e i 1839 44 R R3
i H H e o 1840 R x!
: H H o o 1841 RS H R4S
b H e o 1842 R® Ij H CH

- R41 H o AS : C
B R 1843 B i H

7 Al H AS RA2
: R : ¥ oH 18 R H CH
E re RAI a CH 1844 RS R43 H CH
7 : RAi ; o 1825 RS RA44 H CH
- RAI RA : c 6 RA® RAS CH

- RAL R44 ¢ 5 : H
1779 y " : CH

- RAL R4S o i ; H
1780 ” i . CH
1781 ¢ Rﬂ H c 1849 R4S RA48 H CcH

A R 4
T ﬁAi R = gH igzo R H R}jl CH
i A : ! o 1 RAS H A2 CH
178 RA! K cn . |

784 AL H : H A :
. R i o 1853 45 H R4 CH
17 RAL H A3 cH s R :

: A H : RAS H CH
- e i N CH 1855 45 H R4S C
e le u R4S CH 1856 R‘4 H RAC CH
5 e i N CH 1857 R* H R47 H
: ¥ o pe 1 RA7 R48 CH

: A : x 858 y
: x pe CH 1 RA7 CH

: 859 g i

A4 H R
: 3 y oH 18 rRY H CH
” RAZ le - CH 1860 RA7 RA2 H CH
. e N I CH 61 RY7 R CH
: ¥ 1862 s g
: R . : on 1 R4 S o cH
: : RA H ci 863 RA7 R4S CH
. RAZ R . 0 CH 1864 RY7 R46 H CH
. e R i CH 1865 o RA7 H CH

- RA2 RA7 ci o R4 A8 H
1799 " g : R CH
180 R R ci o H H

0 AZ | H R Al CH
E : 5 cH 1868 4 H R

R4 H A CH 1869 ot - .
: A : i RA7 H CH
180 R4? RA3 on o :

3 A2 H : | CH
1804 R u RA4 CH A o : : C
o e i N CH 1872 R-4 i1 RAS CH
- ke i K CH 1873 RA7 H R4S H
180 RAZ RA7 CH 1 RA7 RA7 CH

7 A} H 874 g " :
. RA g o CH 1875 R*® H R4S H

3 )
= ;3 | Y gg 1876 R Rl i gH
1810 o g ; R4 H |
: ; CH : ) RA2
1811 ” g 1 : CH
: ; c 878 P g
1812 R H : R4S R CH
R43 R4 c - : |

i o i - 1 R4S R CcH
1514 R4 ” i cr : 5 : H CH
1815 RA3 E,w H CH s s : H i
1816 R43 4 H CH e o o, H i
= e R H CH 1883 P R4S H C

1818 e ; x CH 1884 R’ H o H
181 R43 H RA2 CH 1885 N i .
1822 e i x CH 1886 R H RA2 CH
o e " N CH 1887 R4 E RA3 CH
- e g N CH 1888 R4S H RA4 CH
o e N CH 1889 R48 H RAS CH
r v H o CH 1 RA8 R4S CH

4 A H : 890 I
E e s CH RA8 A7 CH

5 RA4 v ce " H | CH
: : i - ci 1892 B H R4S CH
1827 : L i ci 1893 - R4 H N
= : : ; c 1894 - RA2 H N
1829 : : : ci 1895 o R43 H N
= : v i ci 1896 : R H N
= : : i ci 1897 B R4S H N
5 : L : ci 1898 RA6 H N
5 : 3 i ci 1899 - RY7 H N
: A H : 1 — R4® H
1834 R4 b RAL o 0 - H |
. g ; x cH 1902 — H Al N
: 2 i K CH 1903 — H R4 N
5 g ; R CH 1904 — H R N

RA4 » cr . H A N

s ; X 1905 e
R44 RA6 o 150 . H : |
: RA7 . - H A6 N

c 1907 1 '

H - RA7 N
H RAS N
N
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wherein: -continued
ligands [ 546, to L 5,55 are based on a structure of
Formula XIV m x! X x? R!
1918 N CH N R#®
1919 N CH N R4S
1920 N CH N RA7
o 1921 N CH N R4S
1922 cH N N H
1923 cH N N R4
1924 CH N N R*?
1925 CH N N R#3
1926 cH N N R
1927 cH N N R4
1928 CH N N RA¢
1929 CH N N RY7
1930 cH N N R4S
1931 N N N H
1932 N N N RAL
where 1i=1832+m; 1933 N N N Rﬁ
1934 N N N R
wherein m is an integer from 1832 to 1903 and for each 1935 N N N R44
m, X', X?, X3, and R are defined in formula XIV as 1936 N N N Rjz
. 1937 N N N R
follows: 1938 N N N R
1939 N N N R4S
m X! X2 X3 R!
1568 s on o I wherein R*! to R*® have the following structures
1869 CH CH CH RA!
1870 CH CH CH R#?
1871 cH cH cH RA3 RAI
1872 cH cH cH R4 —e-CF
1873 CH CH CH RAS »
1874 CH CH CH RAC R#2
1875 CH CH CH RA7 b
1876 cH cH cH R4S g
1877 N CH CH H R#3
1878 N cH cH RA! _CHs,
1879 N cH cH R42 ’
1880 N CH CH R4 RM
1881 N CH cH R _.CDs,
1882 N CH CH R ’ R4S
1883 N CH cH R46 o
1884 N CH CH R4 TN
1885 N CH CH RA® R4S
1886 cH N cH H -
1887 CH N CH RA! -
1888 CH N CH R#2
1889 CH N CH R*3
1890 cH N cH R4 ’
1891 cH N cH R4 RA7
1892 CH N CH RA®
1893 CH N CH R
1804 cH N CH RS NN ad
1895 N N CH H ‘ i
1896 N N CH R RA8
1897 N N CH R LN
1898 N N cH R g
1899 N N cH R4
1900 N N CH R*
1901 N N CH R 9. The compound of claim 8, wherein L is selected from
1902 N N CH R4 the group consisting of L, having the formula of (R;),-L .-
1903 N N CH RA® L. x oA
1904 cH CH N H Bj?
1905 CH CH N R wherein x is an integer defined by x=3735(f-1)+;
1906 cH CH N RA2 L . p ..
1907 P CH N RA3 wherein i is an integer from 1 to 3735, and j is an
1908 CH CH N R4 integer from 1 to 380; and wherein [ j has the follow-
1909 CH CH N R* ing structures:
1910 CH CH N R46
1911 CH CH N R
1912 CH CH N RA® .
1913 N CH N H VAN
1914 N CH N R <
1915 N CH N R*? N
1916 N CH N R* 7,
1917 N CH N R4
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wherein the wave line represents the bond to L, and L, 7',

and 72 are defined as follows:

Ly, 7! 72

Lg, 0 0

Ly S S

Lgs 0 S

Lzs 0 N-RE!
Las 0 N-RZ?
s 0 N-RB?
Lz7 0 N-RZ4
Las 0 N-RB?
Lo 0 N-RZ¢
Lz 0 N-RZ7
Lai 0 N-RZ8
Lz 0 N-RZ?
Lais 0 N-RB10
L 0 N-RB!
Lpis 0 N-RB!
Lais 0 N-RB1?
Ly 0 N-RB!4
Lpis 0 N-RB!*
Laio 0 N-RZ16
Lz 0 N-RB!7
Ly, 0 N-RB18
Lp»n 0 N-RBY?
La»s 0 N-RZ20
La 0 N-R3?!
Lpos 0 N-RE?
Lpss 0 N-RZ23
Lpyr 0 N-RZ24
Lo 0 N-RZ?
Lo 0 N-RB?6
Lzso N-RE! N-RE!
Las N-RZ? N-RZ?
Lz N-R3? N-RZ?
Lpss N-R3* N-R34
Lpsa N-R® N-RZ
Lss N-R3¢ N-RZ6
Lass N-R?7 N-RZ7
Lps N-R38 N-RZ8
Lpss N-R®? N-RZ?
Lo N-RB!0 N-RB10
Lo N-RB!! N-RB!!
Lpas N-RE12 N-R312
L N-RB13 N-RB12
Lpas N-RB14 N-RB14
Ly N-RB15 N-RB!3
Lpas N-RB16 N-RBL6
s N-RZL7 N-RBL7
Lps N-RB18 N-RB!8
Lpus N-RB19 N-RB19
Lo N-RZ20 N-RB2¢
Laso N-R22! N-R22!
Lgs, N-R222 N-RB22
Lysy N-R223 N-RB22
Lyss N-RE24 N-RB24
Lsa N-RE25 N-RZ25
Lpss N-RB26 N-RB26
Lyss N-RZ! N-R#?
Lps N-RE! N-RZ3
Lyss N-RZ! N-RZ*
Lzso N-RZ! N-RZ?
Laso N-RZ! N-RZ6
Lzer N-RE! N-RZ7
Lae N-RZ! N-RZ®
Lz N-RZ! N-RZ?
e N-RZ! N-RZL0
Les N-RZ! N-REU!
Lies N-RB! N-RB!2
Lies N-RB! N-RB13
Lges N-R3! N-RB!4
Lieo N-RB! N-RB15
Lo N-RB! N-RBL6
Ly N-R3! N-RB!7
Lyr N-RB! N-RB!8
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Ly, 7! 72
Lens N-RB! N-RBL9
L N_RBI N- RB20
LZ: N-R3! N-R32!
Lss N-R3! N-RB%
Lays N-RB! N-RB23
Lo N-RB! N-RB24
Lgmo N-R3! N-R3%
Lsso N-R3! N-RB26
Last N-R?! N-RZ?
Lpg> N-R?? N-R?*
Lpss N-RZ? N-RZ
Lpsa N-RZ? N-RE¢
Lass N-R?? N-RZ7
Lass N-R? N-RZ®
Lps7 N-RZ? N-R#
Lass N-R32 N-RB10
Laso N-RB2 N-RBU
Loo N-RB2 N-RB12
Lsos N-R3? N-RB!13
Lsos N-RB2 N-RB4
Lios N-RB2 N-RB13
Lsos N-R3? N-RB16
Lsos N-R32 N-RB!7
Lzos N-RB2 N-RB18
Lo, N-RB2 N-RBL®
Lsos N-R32 N-RB20
Lsoo N-R3? N-RB2!
Lz 0o N-RB2 N-RB2
Laio1 N-R32 N-RB23
Loz N-R3? N-RB#
Lz10s N-R3? N-RB?
Laioa N-R32 N-RB26
Lz1o0s N-RZ? N-RP4
Lz1os N-RZ3 N-RZ>
Lz1o7 N-RZ3 N-R2¢
Lzios N-RZ? N-RE7
Lz 100 N-RZ? N-R28
La11o N-RZ3 N-RZ?
Lau, N-RB3 N-RB10
Laio N-RB3 N-RB!!
Leus N-RB3 N-RB!12
Lgia N-R33 N-RB13
Laus N-RB3 N-RB14
Laus N-RB3 N-RB!5
Lgus N-RB3 N-RB16
Leus N-R33 N-RBV
Lause N-RB3 N-RB18
Lgo N-RB3 N-RB!9
Lgii N-R33 N-RB20
Lgio N-R33 N-R32!
Lpis N-RB3 N-RB22
Lapa N-RZ? N-R2?%
Lgis N-R33 N-RB24
Leis N-R33 N-R32
Lpy N-RB3 N-RB26
Las N-RP* N-RB>
Lang N-RZ4 N-R2¢
Laiso N-RZ4 N-RZ7
Lzt N-RP* N-R38
Lpis N-RP* N-R??
Liiss N-R3* N-RB10
Lpssa N-RB4 N-RBU
Lz N-R34 N-RB12
Lais N-RZ4 N-RB!12
Lassy N-R34 N-RB14
LBISS N_RB4 N_RBIS
L1z N-RZ4 N-RZL6
Lpo N-RB4 N-RB!7
L N—RB4 N- RB 18
Li ig N-R3* N-RB19
Lpus N-R34 N-RB20
L N_RB4 N- RB2 1
Li ij: N-R34 N-R322
Lawe N-R34 N-RB22
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Ly, z! 72 Ly, z! 72

_RB4 _RpB24 L N_RBS N_RB20
]]:3147 §_§34 E_%st Lii; N-R38 N-R22!
Lﬁﬁ N-RZ4 N-RZ?6 L3 N—Riz N—RZ:
La1so N-R®? N-RZ¢ Lanoa N—RB8 N-RBz;
Laist N-R®® N-R?7 Las N-R : N—RBzi
Lpiso N-R®® N-RZ® Lps N-R? N—Rm;
Lais3 N-R®? N-R% La7 N-RZS N-RB10
Laisa N-R®> N-RE10 Lans N-R® N-RBll
Laiss N-R®® N-RZ!! Laso N—RBz N—RBF
Lpiss N-R®® N-R?12 Lao N—R; N—RBI:
Lais7 N-R®> N-RE! Lot N-RBg N—Rm;
Laiss N-R®> N-RE!4 Laoso N-RB9 N—RB”
Laiso N-R®® N-RB13 Laoas N-R ; N—RBI;
Laico N-R®> N-RB16 Lpoaa N—R; N-RB17
Laist N-R®> N-REY7 Laoss N-R ; N-RB18
Laie> N-R®® N-RP1$ Laos N—R; N-RB19
Laies N-R®> N-RB19 Laoa7 N-RB9 N-RB20
Lpies N-R®> N-RB2¢ Lposs N-R N-RB21
Laiss N-R®> N-RE2! Laoso N-R® N-RB2
Laics N-R®> N-RE? Lasao N—Riz N—RBZ:
Lzis7 N-R®> N-RB?? Laoar N-RB9 N-RBZ;1
Laiss N-R®® N-RE24 Laos N—RBQ N—RBZi
Laiso N-R®> N-RE2 Laoas N-R ; N—RBZ;
Lzi7o N-R®> N-RB?¢ Laoaa N—RBIO N-RB11
Lpi7, N-R?¢ N-R®7 Lpoas N-R? N—RBF
L7 N-RZ¢ N-RZ8 Laoas N-RZ10 N—RBI:
Lz173 N-RZ¢ N-RZ Lzoa7 N—RBiz N-RBI;1
Lai7a N-R?¢ N-RB1C Laos N—R;O N—RBH
Lpi7s N-R?¢ N-RZ! Laoao N-R N—RBI;
Lz176 N-RZ¢ N-RB! Lzso N-RZ10 N-RB17
Lz177 N-RZ¢ N-RB!? Laost N—Rgz N-RB18
Lai7s N-R?¢ N-RBM Laos> N-RB10 N-RB19
La17o N-R?6 N-RB1S Laoss N-R N-RB20
Lz1so N-RZ¢ N-RB!6 Lzosa N-RZ10 N-RBZl
Laist N-RZ¢ N-RBY7 Laoss N-RZ10 N—RBZ
Laiso N-R?6 N-RB1® Laose N-R210 N—RBZ:
L N-R?6 N-RB1® Lgos7 N-R210 N-REZ
LBIS3 N-RB6 N-RB20 Lioss N-RE10 N-RB2
LB 184 N-RB6 N-RB2! Liaso N-RB10 N-RB25
ngz N-RB6 N-RB22 Liaso N-RB10 N_RBZf
L N-RB6 N-RB23 Lise: N-RB!! N-RB!12
LB 187 N-R36 N-RB24 Lgoer N-RB!! N-RB13
LB188 N-RB6 N-RB25 Lposs N-RB!! N-RB14
LB 189 N-RB6 N-RB26 Lposa N-RB!! N-RB!5
LBIQO N-RB7 N-RBS Lo N-RB!! N-RB16
Lﬁi; N-RZ7 N-RB® Lioes N-RB!! N-RBV
L N-RB7 N-RB10 Lpos7 N-RB!! N-RB18
LB193 N-RB7 N-RB!! Loes N-RB!! N-RB!9
LB194 N-RZ7 N-R312 Lo N-RB!! N-RB20
LBIQ5 N-RZ7 N-RB13 Lgoo N-RB!! N-R32 i
LBIQ6 N-RB7 N-RB14 Lpom, N-RB!! N-RB22
o N-R?7 N-RB13 Laors N-R3!! N-R2?%
LBIQ8 N-RZ7 N-RBL6 Lgors N-RB!! N-RB24
LBIQQ N-RZ7 N-RB17 Lgoma N-RB!! N-R32
LBZOO N-RB7 N-RB!8 Lgors N-RB!! N-RB26
LBZO1 N-RB7 N-RB19 Lgrs N-R312 N-RB13
LBZOZ N-RZ7 N-RB20 Lgors N-R312 N-RB4
LBZO3 N-RZ7 N-R22! Lors N-R312 N-RB13
LBZ04 N-RB7 N-RB22 Lgoro N-R312 N—RBl‘j
LBZO5 N-RB7 N-RB23 Liaso N-R312 N-RB!7
Lizi N-RB7 N-RB24 Liss: N-R312 N-RB!8
Lpoos N-RZ7 N-RB25 Lpogs N-R312 N-RBL®
Lo N-RZ7 N-RB26 Loss N-R312 N-RB20
L;lo N-RZ$ N-R# Laosa N-RZ12 N-R”j
L N-RB8 N-RB10 Lioss N-R212 N-RB22
Lle ! N-RB8 N-RB!! Lisss N-R212 N-RB22
LBZIZ N-RZ® N-RZ12 Lposo N-RZ12 N-RE2
LBZIS N-RBS N-RB!3 Lposs N-R312 N-RB25
LBZ14 N-RB8 N-RB14 Lioso N-R312 N-RB26
LZE N-R38 N-RB!5 Lo N-R213 N—RBli
Laot7 N-RZ® N-RB1€ Laoo1 N-Rii N-Rﬁ;
Laois N-RZ8 N-REY7 Lasos N-RE13 N—RBI /
Laoio N-RZ® N-RZ!8 Lasos N-RB13 N-RB18
Laxo N-R?® N-RP1® Lasos N-R N-R
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-continued -continued
1 )
Ly, Z Yz Ly, z! 72
L N-R213 N-RB!® B21 B25
L3295 N-RE13 N-RE2 Lgso N-R N-R
B296 L N-RZ2! N-R26
L N-RE13 N-RE2! 'B370
B97 L N-RB22 N-RE2
Lanss N-RE13 N-REZ 8371
Lo N-RZ!3 N-R223 Lps7 N-R*?? N-R?
Lzroo N.RZ!3 N-RE24 Lpsrs N-RE22 N-RB2S
5
Lpso: N_Rii N_Riz Lo N-RE2 N-RB%
Lzso N-R N-R Lzazs N-R??? N-RZ
Lpaos N-R2!4 N-R313 L N-RB23 N-RE2S
L N-RB14 N-RB16 B376
B304 : L N-RE23 N-RB26
L N-REM N-REL7 B3T7
B305 L N-RB24 N-RE2S
Lzsos N-REM N-RE!8 'B378
L7 N-RAM N-REV Lz N-R#2 N-RE26
L N-R N-R
Lﬁ?i N.RZ14 N-RE22
Laat N-RE4 N-RE2?
Lpsio N-REM N-RB% wherein R?' to R?*° have the following structures
L N-REM N-RBZS
Lﬁi N-RE4 N-RB26
Laas N.RE!5 N-RB16
L N-RE!S N-RE!7 RE!
Lﬁi: N-REIS N-RE! ----H,
Laas N.RE!5 N-RB19 RE2
Laaro N-RZ1 N-RZ2 .D,
L N-REIS N-RE2! L
Lﬁi N_RBIS N_RBL RB3
Lpso N-REI® N-RE _.CHz,
L N.RE!5 N-RE2 .
LBSB N-REIS N-REZ RE4
Lﬁi N-RE1® N-RB2¢ ,-CDg,
L N-RB16 N-RB!7 .
LB326 N-RB!16 N-RB18 RES
Lﬁi; N-REL6 N-RBY
Lews N-REL6 N-RE20
Lysso N-REL6 N-RP2! e
Lo, N-REL6 N-RE2 >
Lo N-REL6 N-RE23 RES
Lpss N-REL6 N-RB%
Lssa N-RPI6 N-RE
Lgass N-RP16 N-RF?6
Lonse N.RE!7 N-RBIS »
L N-RE7 N-RB19 RE
BT B17 B20
L N-K N-R .
LB338 N-RE!7 N-R?2! s
Lﬁzz N.RE!7 N-RE22 ,
Lpa N-RE7 N-RB2
L N-REL7 N-RB24 RZ8
Lﬁﬁ N.RE!7 N-RE2S
Lo N.RE!7 N-RB26 ,
Lpas N-RB18 N-RB!S .
Lgus N-RB18 N-RB20 -7
L N-RB!8 N-RB2! RE
Lﬁi; N.RZ18 N-RE22
Lo N-RB18 N-RB2
Laso N-RB18 N-RB
Lpas, N.RZ18 N-RE?S . >
L N-RB!8 N-RB26 ’
B2 B19 N-RB20 REI0
L N-K -
Lizzi N-RB19 N-R?2!
Lesss N-RE® N-REZ
Lpsse N-R?Y N-R? . ,
L N-RB19 N-RB e
257 319 B25 Bl
Lpass N-R N-R R
L N_RBIQ N_RB26
LB359 N_RB20 N_RB21 /
LB%O N.RZ20 N-RE22 |
LB%1 N-RB20 N-RB23 ad X 4
B362 - - . N
Lpass N-R#20 N-R?2 RB12
Lo N-RE20 N-REZS
Lpses N-R220 N-R226 =
L N-RZ2! N-R222 |
Lizzi N-RE2L N-RE23 A
Lpses N-R22! N_RB24 - N
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RBB

RBZ4

RBZS

CF;, and
’ RBZG
CF,
CF;.

10. The compound of claim 9, wherein the compound is

selected from the group consisting of Compound A-x having
the formula Bi(L,);; or Compound B-x having the formula
Bi,(L,)s; wherein x is an integer from 1 to 1,419,300.

11. A compound having a stoichiometry formula of BiL;
wherein Bi is Bi (III), L is mono-anionic bidentate ligand;
wherein each L can be same or different;

wherein L is selected from the group consisting of:

Ric Ric
\

\
o-... .. b
Lc‘< Lc‘< Lc ‘:‘
g -
Rye , Re , and Rre ;

wherein each R in the same formula can be same or
different;

wherein O, N, or P coordinate to Bi atom by the single
dashed line;

wherein each L and R, . is independently hydrogen or a
substituent selected from the group consisting of deu-
terium, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, and combinations thereof.

12. 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 having a stoichiom-
etry formula of Bil.;;

wherein Bi is Bi (IIT), L is mono-anionic bidentate ligand;
wherein each L can be same or different;
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wherein L has a formula selected from the group consist-
ing of

Formula (i)
z\
e
3
(RLT LA_Z&
72
Formula (ii)
O‘ . -
L—¢
/"
Rie )
Formula (iii)
Rye
\
N..__
Le (:
N
RLC/ , and
Formula (iv)
Ric
\
P~ ] -
Le—
\
[
Rie ;

wherein each Z* and 72 is independently selected from the
group consisting of O, S, NR, and PR;

wherein 73 is C;

wherein 7', 72, O, N, and P coordinate to Bi atom by the
single dashed line;

wherein L, is aryl or heteroaryl, which can be further
substituted by one or more substituent R, ;

wherein each R is independently hydrogen or a substitu-
ent selected from the group consisting of deuterium,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylal-
kyl, aryl, heteroaryl, and combinations thereof;,

wherein each R; is independently a substituent selected
from the group consisting of deuterium, fluorine, alkyl,
cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
aryl, heteroaryl, nitrile, and combinations thereof;

wherein each L and R; - is independently hydrogen or a
substituent selected from the group consisting of deu-
terium, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, and combinations thereof.

Dec. 5, 2019

wherein n is an integer from 0 to the maximum allowable
substitutions;
wherein, for Formula (i) at least one of the following
conditions is true:
(1) L, comprises at least one 5-membered ring;
(2) L, comprises a condensed ring system having at
least three rings fused together;
(3) nis at least 1 and at least one R; is a non-fused aryl
or heteroaryl moiety; or
(4)n s at least 2 with two different R, and the L ,-(R;)n
moiety is not symmetrical along the axis of Z> and
the atom from L, attaching to Z°.
13. The OLED of claim 12, wherein the organic layer is
a hole injecting layer and the compound is a p-type dopant
in the hole injecting layer.
14. The OLED of claim 13, wherein the hole injecting
layer further comprises a compound selected from the group
consisting of:

Mo /
IL /N—Arl—N\
ar” \Ar3, AP A,
AIZ\ Art
Ark AP
\N/ N—aArl—N
4 | 1 7 A{3 \AIS
Ar Ar, Ar’, , and
\Il\l/ \Il\l/ Ars_N/ \N—Ar9
AP Ar AY Af
4
A /A15
N
I:W
N
N 9
6 A Ar’;
Alr\N/Al2 \Il\l/
1|M7 A

wherein each Ar' to Ar® is independently selected from

the group consisting of aryl, substituted aryl, het-

eroaryl, substituted heteroaryl, and combination
thereof.

15. The OLED of claim 13, wherein the hole injecting

layer further comprises a compound selected from the group
consisting of:

-5 688,
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Fo o,
QO ::‘&

16. The OLED of claim 12, wherein the organic layer is

a hole injecting layer and the compound is the only com- R,
pound in the hole injecting layer. Y2:|=Y!
4/Y / \
Rt \}/N s
17. The OLED of claim 12, wherein the OLED further Y\ Jr
comprises an emitting layer; wherein the emitting layer ¥ s
. . L . vy
comprises a phosphorescent emissive dopant; wherein the I
emissive dopant is a transition metal complex having at least Yy n/,Y“

one ligand or part of the ligand if the ligand is more than
bidentate selected from the group consisting of:



US 2019/0372010 A1
-continued
R,
Y2:|:Yl
Y4/Y3 / \
Rb*[’ N / N.
YS
\Yﬁ/
Yz Y 19
2
-
Y3_ _YZ
4// \\Yl

\YS’/‘Y .
\ P
Y YN
~ylo

2
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-continued
/Ra 2 —/—Yl /Ra
N R~ N
p= .
™ Ny
Y\ AN v AN
N * N "

Y, Y32
Ry =y
N
YIé \ \Yl, and
N /
Y N
N \
‘I
AN
YS
RC\: |
Y Yll
gYIO/
Rq
Y2
/ S=y!
Re—N_ |
>/N\
Y3
e N ,.
ReY D
Il !
5
N # 4 \Y9
/
Y=y
Re

wherein each Y* to Y are independently selected from
the group consisting of carbon and nitrogen;

wherein Y' is selected from the group consisting of
BR_,NR_, PR, O, §, Se, C=0, S=0, 80,, CR R,
SiR R, and GeR Ry

wherein each R, and R is independently selected from
the group consisting of hydrogen, deuterium, halide,
alkyl, cycloalkyl, heteroalkyl, alkoxy, aryloxy,
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amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
aryl, heteroaryl, nitrile, isonitrile, sulfanyl, and com-
binations thereof;

wherein R, and R -are optionally fused or joined to form
a ring;

wherein each R, R,, R, and R, may independently
represent from mono substitution to the maximum
possible number of substitution, or no substitution;

wherein each R, R,, R, and R, is independently
hydrogen or a substituent selected from the group
consisting of deuterium, halide, alkyl, cycloalkyl,
heteroalkyl, alkoxy, aryloxy, amino, silyl, alkenyl,
cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile,
isonitrile, sulfanyl, and combinations thereof; and

wherein any two adjacent substituents of R, R, R,
and R, are optionally fused or joined to form a ring
or form a multidentate ligand.

18. The OLED of claim 12, wherein the organic layer is
a blocking layer and the compound is a blocking material in
the organic layer; or the organic layer is a transporting layer
and the compound is a transporting material in the organic
layer.

19. A consumer product comprising a first device com-
prising a first organic light emitting device (OLED) accord-
ing to claim 12.

20. A formulation comprising a first compound of claim
1.
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