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(57) ABSTRACT

Novel phosphorescent metal complexes containing ligands
having the Formula I:

Formula I

bearing either a naphthalene or other fused heterocycle
moieties such as benzofuran and benzothiophene useful as
emitters in OLEDs and improve the device efficiency and the
FWHM of the emission are disclosed.
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ORGANIC ELECTROLUMINESCENT
MATERIALS AND DEVICES

CROSS-REFERENCE TO RELATE
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 15/950,351, filed Apr. 11, 2018,
which is a continuation-in-part of U.S. patent application
Ser. No. 15/825,297, filed Nov. 29, 2017, which is a con-
tinuation-in-part of co-pending U.S. patent application Ser.
No. 15/706,186, filed Sep. 15, 2017, that claims priority to
U.S. Provisional application No. 62/403,424, filed Oct. 3,
2016, the disclosure of which is encorporated herein by
reference.

FIELD

[0002] The present disclosure relates to compounds for
use as phosphorescent emitters for organic electrolumines-
cent devices, such as organic light emitting diodes (OLEDs).
More specifically, the present disclosure relates to phospho-
rescent metal complexes containing ligands bearing either a
naphthalene or other fused heterocycle moieties such as
benzofuran and benzothiophene.

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.
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[0006] One example of a green emissive molecule is
tris(2-phenylpyridine) iridium, denoted Ir(ppy);, which has
the following structure:

Ir

N/

[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 processible” 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 IP that is less negative). Similarly, a higher LUMO
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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
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 comprising a ligand L, of the Formula I:

Formulal

is disclosed, where Ring B represents a five- or six-mem-
bered aromatic ring; R> represents from none to the maxi-
mum possible number of substitutions;
XY X3, X3, and X* are each independently a CR or N;
wherein:
[0016] (1) at least two adjacent ones of X*, X?, X?, and X*
are CR and fused into a five or six-membered aromatic ring,
or
[0017] (2) at least one of X', X*, X>, and X* is nitrogen,
or
[0018] (3) both (1) and (2) are true;
[0019] wherein (a) R* is CR*R'R"? or join with R? to
form into a ring; or

[0020] (b) R is not hydrogen; or

[0021] (c) both (a) and (b) are true;
[0022] wherein R, R, R? R?, R'!, R'?, and R'? are each
independently selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, ary-
lalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxylic acid, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sul-
fonyl, phosphino, and combinations thereof; any two sub-
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stitvents among R, R', R*, R?, R, R'?, and R"? are
optionally joined to form into a ring; L, is coordinated to a
metal M; L, is optionally linked with other ligands to
comprise a tridentate, tetradentate, pentadentate, or hexa-
dentate ligand; and M is optionally coordinated to other
ligands.

[0023] According to another aspect, a formulation com-
prising a compound comprising the ligand L, of Formula I
is disclosed.

[0024] According to another aspect, an emissive region in
an OLED is disclosed where the emissive region comprises
a compound comprising the ligand L , of Formula L.
[0025] According to another aspect, a first device com-
prising a first OLED is disclosed where the first OLED
comprises an anode, a cathode, and an organic layer, dis-
posed between the anode and the cathode, where the organic
layer comprises a compound comprising the ligand L, of
Formula I.

[0026] According to another aspect, a consumer product
comprising the first OLED is disclosed. The first OLED
comprising an anode, a cathode, an an organic layer, dis-
posed between the anode and the cathode, where the organic
layer comprises a compound comprising the ligand L, of
Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows an organic light emitting device.

[0028] FIG. 2 shows an inverted organic light emitting
device that does not have a separate electron transport layer.

DETAILED DESCRIPTION

[0029] Generally, an OLED comprises at least one organic
layer disposed between and electrically connected to an
anode and a cathode. When a current is applied, the anode
injects holes and the cathode injects electrons into the
organic layer(s). The injected holes and electrons each
migrate toward the oppositely charged electrode. When an
electron and hole localize on the same molecule, an “exci-
ton,” which is a localized electron-hole pair having an
excited energy state, is formed. Light is emitted when the
exciton relaxes via a photoemissive mechanism. In some
cases, the exciton may be localized on an excimer or an
exciplex. Non-radiative mechanisms, such as thermal relax-
ation, may also occur, but are generally considered undesir-
able.

[0030] 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.

[0031] 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.
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[0032] 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.

[0033] 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.
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.

[0034] 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.

[0035] 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
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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.

[0036] 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.

[0037] Unless otherwise specified, any of the layers of the
various embodiments may be deposited by any suitable
method. For the organic layers, preferred methods include
thermal evaporation, ink-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, which are incorporated by
reference in their entireties, organic vapor phase deposition
(OVPD), such as described in U.S. Pat. No. 6,337,102 to
Forrest et al., which is incorporated by reference in its
entirety, and deposition by organic vapor jet printing
(OVIJP), 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 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 mol-
ecules to enhance their ability to undergo solution process-
ing. Substituents having 20 carbons or more may be used,
and 3-20 carbons is a preferred range. Materials with asym-
metric structures may have better solution processibility
than those having symmetric structures, because asymmetric
materials may have a lower tendency to recrystallize. Den-
drimer substituents may be used to enhance the ability of
small molecules to undergo solution processing.
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[0038] 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.

[0039] Devices fabricated in accordance with embodi-
ments of the invention can be incorporated into a wide
variety of electronic component modules (or units) that can
be incorporated into a variety of electronic products or
intermediate components. Examples of such electronic prod-
ucts or intermediate components include display screens,
lighting devices such as discrete light source devices or
lighting panels, etc. that can be utilized by the end-user
product manufacturers. Such electronic component modules
can optionally include the driving electronics and/or power
source(s). Devices fabricated in accordance with embodi-
ments of the invention can be incorporated into a wide
variety of consumer products that have one or more of the
electronic component modules (or units) incorporated
therein. A consumer product comprising an OLED that
includes the compound of the present disclosure in the
organic layer in the OLED is disclosed. Such consumer
products would include any kind of products that include
one or more light source(s) and/or one or more of some type
of visual displays. Some examples of such consumer prod-
ucts include flat panel displays, curved displays, computer
monitors, medical monitors, televisions, billboards, lights
for interior or exterior illumination and/or signaling, heads-
up displays, fully or partially transparent displays, flexible
displays, rollable displays, foldable displays, stretchable
displays, laser printers, telephones, mobile phones, tablets,
phablets, personal digital assistants (PDAs), wearable
devices, laptop computers, digital cameras, camcorders,
viewfinders, micro-displays (displays that are less than 2
inches diagonal), 3-D displays, virtual reality or augmented
reality displays, vehicles, video walls comprising multiple
displays tiled together, theater or stadium screen, a light
therapy device, and a sign. Various control mechanisms may
be used to control devices fabricated in accordance with the
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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.

[0040] 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.
[0041] The terms “halo,” “halogen,” and “halide” are used
interchangeably and refer to fluorine, chlorine, bromine, and
iodine.

[0042] The term “acyl” refers to a substituted carbonyl
radical (C(O)—R,).

[0043] The term “ester” refers to a substituted oxycarbo-
nyl (—O0—C(0)—R, or —C(O)—0—R,) radical.

[0044] The term “ether” refers to an —OR; radical.
[0045] The terms “sulfanyl” or “thio-ether” are used inter-
changeably and refer to a —SR radical.

[0046] The term “sulfinyl” refers to a —S(O)—R radical.
[0047] The term “sulfonyl” refers to a —SO,—R radical.
[0048] The term “phosphino” refers to a—P(R,), radical,

wherein each R can be same or different.

[0049] The term “silyl” refers to a —Si(R,); radical,
wherein each R, can be same or different.

[0050] In each of the above, R, can be hydrogen or a
substituent selected from the group consisting of deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, and combina-
tion thereof. Preferred R, is selected from the group con-
sisting of alkyl, cycloalkyl, aryl, heteroaryl, and
combination thereof.

[0051] The term “alkyl” refers to and includes both
straight and branched chain alkyl radicals. Preferred alkyl
groups are those containing from one to fifteen carbon atoms
and includes methyl, ethyl, propyl, 1-methylethyl, butyl,
1-methylpropyl, 2-methylpropyl, pentyl, 1-methylbutyl,
2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dim-
ethylpropyl, 2,2-dimethylpropyl, and the like. Additionally,
the alkyl group is optionally substituted.

[0052] Theterm “cycloalkyl” refers to and includes mono-
cyclic, polycyclic, and spiro alkyl radicals. Preferred
cycloalkyl groups are those containing 3 to 12 ring carbon
atoms and includes cyclopropyl, cyclopentyl, cyclohexyl,
bicyclo[3.1.1Theptyl, spiro[4.5]decyl, spiro[5.5]undecyl,
adamantyl, and the like. Additionally, the cycloalkyl group
is optionally substituted.

[0053] The terms “heteroalkyl” or “heterocycloalkyl”
refer to an alkyl or a cycloalkyl radical, respectively, having
at least one carbon atom replaced by a heteroatom. Option-
ally the at least one heteroatom is selected from O, S, N, P,
B, Si and Se, preferably, 0, S or N. Additionally, the
heteroalkyl or heterocycloalkyl group is optionally substi-
tuted.

[0054] 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
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carbon-carbon double bond in the cycloalkyl ring. The term
“heteroalkeny]” as used herein refers to an alkenyl radical
having at least one carbon atom replaced by a heteroatom.
Optionally the at least one heteroatom is selected from O, S,
N, P, B, Si, and Se, preferably, O, S, or N. Preferred alkeny],
cycloalkenyl, or heteroalkenyl groups are those containing
two to fifteen carbon atoms. Additionally, the alkenyl,
cycloalkenyl, or heteroalkenyl group is optionally substi-
tuted.

[0055] 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.
[0056] 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.

[0057] 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.

[0058] The term “aryl” refers to and includes both single-
ring aromatic hydrocarbyl groups and polycyclic aromatic
ring systems. The polycyclic rings may have two or more
rings in which two carbons are common to two adjoining
rings (the rings are “fused’”) wherein at least one of the rings
is an aromatic hydrocarbyl group, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles, and/or het-
eroaryls. Preferred aryl groups are those containing six to
thirty carbon atoms, preferably six to twenty carbon atoms,
more preferably six to twelve carbon atoms. Especially
preferred is an aryl group having six carbons, ten carbons or
twelve carbons. Suitable aryl groups include phenyl, biphe-
nyl, triphenyl, triphenylene, tetraphenylene, naphthalene,
anthracene, phenalene, phenanthrene, fluorene, pyrene,
chrysene, perylene, and azulene, preferably phenyl, biphe-
nyl, triphenyl, triphenylene, fluorene, and naphthalene.
Additionally, the aryl group is optionally substituted.
[0059] The term “heteroaryl” refers to and includes both
single-ring aromatic groups and polycyclic aromatic ring
systems that include at least one heteroatom. The heteroa-
toms include, but are not limited to O, S, N, P, B, Si, and Se.
In many instances, O, S, or N are the preferred heteroatoms.
Hetero-single ring aromatic systems are preferably single
rings with 5 or 6 ring atoms, and the ring can have from one
to six heteroatoms. The hetero-polycyclic ring systems can
have two or more rings in which two atoms are common to
two adjoining rings (the rings are “fused”) wherein at least
one of the rings is a heteroaryl, e.g., the other rings can be
cycloalkyls, cycloalkenyls, aryl, heterocycles, and/or het-
eroaryls. The hetero-polycyclic aromatic ring systems can
have from one to six heteroatoms per ring of the polycyclic
aromatic ring system. Preferred heteroaryl groups are those
containing three to thirty carbon atoms, preferably three to
twenty carbon atoms, more preferably three to twelve carbon
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atoms. Suitable heteroaryl groups include dibenzothiophene,
dibenzofuran, dibenzoselenophene, furan, thiophene, ben-
zofuran, benzothiophene, benzoselenophene, carbazole,
indolocarbazole, pyridylindole, pyrrolodipyridine, pyrazole,
imidazole, triazole, oxazole, thiazole, oxadiazole, oxatriaz-
ole, dioxazole, thiadiazole, pyridine, pyridazine, pyrimidine,
pyrazine, triazine, oxazine, oxathiazine, oxadiazine, indole,
benzimidazole, indazole, indoxazine, benzoxazole, ben-
zisoxazole, benzothiazole, quinoline, isoquinoline, cinno-
line, quinazoline, quinoxaline, naphthyridine, phthalazine,
pteridine, xanthene, acridine, phenazine, phenothiazine,
phenoxazine, benzofuropyridine, furodipyridine, benzoth-
ienopyridine, thienodipyridine, benzoselenophenopyridine,
and selenophenodipyridine, preferably dibenzothiophene,
dibenzofuran, dibenzoselenophene, carbazole, indolocarba-
zole, imidazole, pyridine, triazine, benzimidazole, 1,2-aza-
borine, 1,3-azaborine, 1,4-azaborine, borazine, and aza-
analogs thereof. Additionally, the heteroaryl group is
optionally substituted.

[0060] Of the aryl and heteroary] 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.

[0061] The terms alkyl, cycloalkyl, heteroalkyl, heterocy-
cloalkyl, alkenyl, cycloalkenyl, heteroalkenyl, alkynyl,
aralkyl, heterocyclic group, aryl, and heteroaryl, as used
herein, are independently unsubstituted, or independently
substituted, with one or more general substituents.

[0062] In many instances, the general substituents are
selected from the group consisting of deuterium, halogen,
alkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, arylalkyl,
alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl, het-
eroalkenyl, alkynyl, aryl, heteroaryl, acyl, carboxylic acid,
ether, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl,
phosphino, and combinations thereof.

[0063] In some instances, the preferred general substitu-
ents are selected from the group consisting of deuterium,
fluorine, alkyl, cycloalkyl, heteroalkyl, alkoxy, aryloxy,
amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl, aryl, het-
eroaryl, nitrile, isonitrile, sulfanyl, and combinations
thereof.

[0064] 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.

[0065] 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.

[0066] 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
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maximum number of substitutions possible in a ring struc-
ture will depend on the total number of available valencies
in the ring atoms.

[0067] 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.

[0068] 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.

[0069] 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.

[0070] 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.

[0071] 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
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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.

[0072] The present disclosure relates to novel ligands for
metal complexes. These ligands include a naphthalene or
other similar fused heterocycles. In addition, this fused unit
includes a blocking side chain which is a tert-Butyl or a
tert-Butyl derivative. The combination of these elements
within the ligand allows to obtain only one isomer of the
final cyclometallated complex. It also affords a better effi-
ciency, a red shift in the color of the emission as well as an
emission that is narrower.

[0073] The present disclosure relates to phosphorescent
metal complexes containing ligands bearing either a naph-
thalene or other fused heterocycle moieties such as benzo-
furan and benzothiophene. These moieties are substituted
with an aliphatic side chain on the phenyl which is linked to
the Iridium atom in a way where it will block the configu-
ration and prevent any ligation at an unwanted position. The
side chain is a tert-Butyl or a derivative of tert-Butyl. In
addition to afford a material with a much better purity, the
addition of the tert-Butyl side chain allows better EQE
(external quantum efficiency), better FWHM (Full width at
half maximum) of the emission. The fused cycles at the
bottom of the ligand lead to a red shift of the color of the
emission while the side chain on these cycles lead to a blue
shift.

[0074] According to an aspect of the present disclosure, a
compound comprising a ligand L, of the Formula I

is disclosed, where Ring B represents a five- or six-mem-
bered aromatic ring; R® represents from none to the maxi-
mum possible number of substitutions;

X!, X2, X3, and X* are each independently a CR or N;
wherein:

[0075] (1) at least two adjacent ones of X*, X?, X>, and X*
are CR and fused into a five or six-membered aromatic ring,
or

[0076] (2) at least one of X', X?, X3, and X* is nitrogen,
or
[0077] (3) both (1) and (2) are true;

[0078] wherein (a) R* is CR*R*'R" or join with R* to
form into a ring; or

[0079] (b) R? is not hydrogen; or

[0080] (c) both (a) and (b) are true;
[0081] wherein each of R, R}, R, R? R, R'?, and R"* is
independently selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, ary-
lalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
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boxylic acid, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sul-
fonyl, phosphino, and combinations thereof;

[0082] any two substituents among R, R, R* R? R,
R'2, and R*? are optionally joined to form into a ring;
[0083] L, is coordinated to a metal M;

[0084] L, is optionally linked with other ligands to com-
prise a tridentate, tetradentate, pentadentate, or hexadentate
ligand; and

[0085] M is optionally coordinated to other ligands.
[0086] In some embodiments, each of R, R!, R?, R, R,
R'?%, and R' is independently selected from the group
consisting of hydrogen, deuterium, fluorine, alkyl,
cycloalkyl, heteroalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, aryl, heteroaryl, nitrile,
isonitrile, and combinations thereof.

[0087] In some embodiments, each of R, R', R%, R? R,
R'%, and R'? is independently selected from the group
consisting of hydrogen, deuterium, fluorine, alkyl,
cycloalkyl, and combinations thereof.

[0088] In some embodiments of the compound, M is
selected from the group consisting of Ir, Rh, Re, Ru, Os, Pt,
Au, and Cu. In some embodiments, M is Ir or Pt.

[0089] In some embodiments of the compound, at least
one of X!, X2, X3, and X* is nitrogen.

[0090] In some embodiments of the compound, R' is
tert-butyl or substituted tert-butyl. In some embodiments of
the compound, R* and R* form into an aromatic ring, which
can be further substituted.

[0091] In some embodiments of the compound, Ring B is
phenyl.

[0092] Insome embodiments of the compound, the ligand
L, is selected from the group consisting of:

-continued
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-continued

where each of R, R%, R*, R?, R®, R7, R®, R®, R!%, R!, R"?,
R, R™, R", R', RY, R'®, and R" is independently
selected from the group consisting of hydrogen, deuterium,
halogen, alkyl, cycloalkyl, heteroalkyl, arylalkyl, alkoxy,
aryloxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
alkynyl, aryl, heteroaryl, acyl, carbonyl, carboxylic acid,
ester, nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phos-
phino, and combinations thereof, wherein any two substitu-
ents are optionally joined to form into a ring.

[0093] In some embodiments, each of R, R%, R* R’ RS,
R7, RS, R®. RlO’ Rll, Rlz’ R13’ RM, RlS’ R16’ R”, RlS’ and
R'? is independently selected from the group consisting of
hydrogen, deuterium, fluorine, alkyl, cycloalkyl, het-
eroalkyl, alkoxy, aryloxy, amino, silyl, alkenyl. cycloalk-
enyl, heteroalkenyl, aryl, heteroaryl, nitrile, isonitrile, and
combinations thereof; where any two substituents are
optionally joined to form into a ring.

[0094] In some embodiments, each of R, R%, R* R’, RS,
R7,R%, R®, RI°, R!, R'2 R!3 R R'S, R'®, R'7, R'®, and
R'? is independently selected from the group consisting of
hydrogen, deuterium, fluorine, alkyl. cycloalkyl, and com-
binations thereof; wherein any two substituents are option-
ally joined to form into a ring.
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[0095] In some embodiments of the compound, the ligand

L, is selected from the group

RY RS

RS

“
\N

' O

ligands 1-L ,, that are based on a structure of Formula I

R4 RS,

ligands 1I-L ,; that are based on a structure of Formula II

ligands I1I-L ,, that are based on a structure of Formula I11
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ligands IV-L,,, that are based on a structure of Formula IV~ ligands VII-L, that are based on a structure of Formula V1I

R

{

Rl

ligands VIII-L,,; that are based on a structure of Formula

ligands V-L, that are based on a structure of Formula V
VIII

RG

RS

/

<
A
~

' O

F

ligands XIX-L,, that are based on a structure of Formula
ligands VI-L,; that are based on a structure of Formula VI XIX
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-continued
RY RS,

L R! R* R® RS

NG Lys Ry Rps H H

| LAS RBS RBG H H

LA7 RBS RB7 H H

\ N Lug Rgs Rpog H H

LAQ RBS RB75 0 it

LAIO RBS RAS H H

LAll RBS RA34 H H

LA12 RBS -444 0 it

LA13 RBS RA52 H it

1 LA14 RBS RASS H H

R LA15 RBS RA54 0 it

/ s6 Rus Res 1 "

0 LA17 RBS 1{Cll H it

LAIS RBS RCS H H

LAIQ RBS H RBI it

420 RBS H RBS it

ligands X-L,, that are based on a structure of Formula X e R o N i

igands X-L,; that are based on a structure of Formula Lo R 0 Ro =

LA23 RBS H RBS it

424 RBS H RB7 H

LAZS RBS H RBZ4 0

LA26 RBS H RBZS it

LA27 RBS H RAS H

‘A28 RBS H RA34 0

LA29 RBS H RA44 H

LASO RBS H RA52 H

LA31 RBS H RA53 0

‘432 RBS H RA54 0

LA33 RBS H RC} H

LA34 RBS H RC4 0

LA35 RBS H RCS 0

‘A36 RBS RBI RBI 0

LA37 RBS RBS RBI H

LA38 RBS RB4 RBI 0

LA39 RBS RBS RBI 0

‘440 RB3 RBﬁ RBI H

LA41 RBS RB7 RBI H

LA42 RBS RB74 RBI 0

ligands XI-L , that are based on a structure of Formula XI Laas Rgs Rpos Ra, H

’ ‘444 RB3 43 RBI H

LA45 RBS RA34 RBI H

4 6 LA46 RB3 RA44 RBI H

R R ? LA47 RB3 RASZ RBI H

‘448 RB3 453 RBI H

5 LA49 RB3 RA54 RBI H

R / LA50 RB3 RCS RBI H

LA51 RB3 RC4 RBI H

| LA5Z RB3 38 RBI H

\ N LA53 RB3 RBI RBI H

LA54 RB3 RBI I{B1 H

LA55 RB3 RBI R34 H

LA56 RB3 RBI RBE H

LA57 RB3 RBI RB& H

LA58 RB3 RBI RB7 H

| LA59 RB3 RBI RBE4 H

R 6] L0 Rps Rp Rgss H

LAGI RB3 RBI RA3 H

== LAGZ RB3 RBI RA34 H

LA63 RB3 RBI RA44 H

‘A64 RB3 RBI "452 H

LA65 RBS RBI RA53 0

ligands XII-I. ;, that are based on a structure of Formula XII Ltss §B3 EBI if““ E

[0096] wherein i is an integer from 1 to 618 and for each ng; Riz Ri i Rii H

i, R%, R% R®, and RC in the formula I, 11, II1, IV, V, VI, VII, Lseo Rps Ry Res I
VIII, XIX, X, X1, and XII are defined as follows: L7 Rz, Ry, Rz, Rz,
LA71 RBS RBI RBS RBI
LA7Z RB3 RB 1 R34 RBI
Ly R! R4 RS RS Lz Ry Rp, Rps Ry
. LA74 RBS RB 1 RBS RBI
L Rz H H H La7s Rps R Rpy Rpy
Lo Rgs Rp H H Lzs Rz, Rpi Rpay Rz
LAS RBS RBS H H LA77 RBS RBI RBZ5 RBI
LA4 RBS RB4 H H LA78 RBS RBI RA3 RBI
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-continued -continued

L R! R* R® RS L R! R* R® RS
LA79 RB3 RBI RA34 RBI LA153 RBG RC3 RBI H
LASO RBS RBI RA44 RBI LA 154 RBG RC4 RBI it
LASI RB3 RBI RA52 RBI LA155 RBG RCS RBI H
LA82 RB3 RBI RA53 RBI LA156 RBG RBI RBI H
LASS RBS RBI RA54 RBI LA157 RBG RBI RBS )i
LA 84 RBS RBI RC} RBI LA 158 RBG RBI RBA it
LA85 RB3 RBI RCA RBI LA159 RBG RBI RBS H
LASG RBS RBI RCS RBI LAIGO RBG RBI RBG )i
LA87 RBS RBl RBI RBI LA161 RBS RBI RB'/' )i
LASS RBS RBS RBI RBI LA 162 RBG RBI R}?24 it
LASQ RBS RB4 RBI RBI LA 163 RBG RBI R1225 )i
LAQO RBS RBJ RBI RBI LA164 RBS RBI 43 )i
LAQI RBS RB6 RBI RBI LA165 RBS RBI RA34 )i
LA92 RBS RB7 RBI RBI LA 166 RBG RBI RA44 H
LAQS RBS RBZ4 RBI RBI LA 167 RBS RBI RA52 )i
LA94 RBS RBZS RBI RBI LA 168 RBS RBI RAES )i
LAQS RBS RAS RBI RBI LAISQ RBS RBI RA54 H
LAQS RBS RA34 RBI RBI LA170 RBS RBI RC} 0
LA97 RBS RA44 RBI RBI LA171 RBS RBI RC4 )i
LAQS RBS RA52 RBI RBI LA 172 RBS RBI RCS H
LAQQ RB3 RASS RBI RBI LA173 RBS RBI RBl RBI
LA 100 RBS RA54 RBI RBI LA 174 RBS RBI RBS RBI
LAIOI RBS RC} RBI RBI LA175 RBS RBI RBA RBI
LA 102 RB3 RC4 RBI RBI LA 176 RBS RBI RBS RBI
LA103 RBS RCS RBI RBI LA177 RBS RBI RBS RBI
LA104 RBS H H H LA178 RBS RBI RB'/' RBI
LAIOS RBS RBl H 0 LA179 RBS RBI R324 RBI
LA106 RBS RBS H 0 LAISO RBS RBI RBES RBI
LA107 RBS RB4 H 0 LAISI RBS RBI RAS RBI
LAIOS RBS RBS H 0 LAISZ RBS RBI RA34 RBI
LAIOQ RBS RBﬁ H 0 LA183 RBS RBI RA44 RBI
LAIIO RBS RB7 H H LA184 RBS RBI RAEZ RBI
LAlll RBS RBZ4 H H LA185 RBS RBI RAES RBI
LAIIZ RBS RBZS H 0 LA186 RBS RBI RA54 RBI
LA113 RBS RAS H H LA187 RBS RBI RC} RBI
LA114 RBG RA34 H H LA188 RBG RBI RC4 RBI
LA115 RBS RA44 H H LAISQ RBS RBI RCS RBI
LA116 RBS RASZ H H LAIQO RBS RBI RBI RBI
LA117 RBG RA53 H H LAlQl RBG RBS RBI RBI
LAI 18 RBG RA54 H H LA 192 RBG RB4 RBI RBI
LAIIQ RB6 RC3 H H LA193 RBS RBS RBI RBI
LAIZO RBG RC4 H H LA194 RBG RBﬁ RBI RBI
LAlZl RBG RC8 H H LAIQS RBG RB7 RBI RBI
LA 122 RBG H RBI H LA 196 RBG RBZ4 RBI RBI
LA123 RBG H RB3 H LA197 RBG RBZS RBI RBI
LA124 RBG H RBA H LA198 RBG RAS RBI RBI
LAIZS RBG H RBﬁ H LAIQQ RBG RA34 RBI RBI
LAIZG RBG H RBé H LAZOO RBG RA44 RBI RBI
LA127 RBG H RB7 H LAZOI RBG RASZ RBI RBI
LA 128 RBG H RBZ4 H LAZOZ RBG RA53 RBI RBI
LA 129 RBG H RBZS H LAZO.’: RBG RA54 RBI RBI
LA130 RBG H RA3 H LA204 RBG RC3 RBI RBI
LA131 RBG H RA34 H LAZOS RBG RC4 RBI RBI
LA13Z RBG H RA44 H LAZOG RBG RCS RBI RBI
LA133 RBG H RAﬁZ H LAZO7 RB7 H H H
LA134 RBG H RA53 H LA208 RB7 RBI H H
LA135 RBG H RA54 H LAZOQ RB7 R33 H H
LA136 RBG H RC3 H LAZIO RB7 RB4 H H
LA137 RBG H RC4 H LAle RB7 RBS H H
LA138 RBG H RC8 H LAZIZ RB7 R36 H H
LA139 RBS RBl RBI 0 LA213 RB7 RB7 H 0
LA 140 RBG RBS RBI )i LA2 14 1{37 1{}?24 H )i
LA 141 RB6 RB4 RBI H LA2 15 RB7 RBZS H H
LA142 RBG RBS RBI H LA216 RB7 RA3 H H
LA143 RBG RBG RBI H LA217 RB7 RA34 H H
Ltas Rge Ry Rgy H Lois Rgy R H H
Lias Rgs Rpoy Rp, H Lo Rp7 Rys H H
Lias Rgs Rpos Rp, H L.220 Rgs Ryss H H
LA 147 RB6 RAS RBI H LAZZ 1 RB7 RA54 H H
LA 148 RBS RA34 RBI )i LA222 RB7 RCS H )i
LA 149 RBG RA44 RBI H LA223 RB7 RC4 H H
LA150 RBG RAS2 RBI H LA224 RB7 RCS H H
LA151 RBG RASS RBI H LA225 RB7 H RBI H
LA152 RBG RA54 RBI H LA226 RB7 H RBS H
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i -continued
-continued
4 5 [
L R! R* R® RS L R! R R R
R RA3 RBI RBI
LA22 . RB7 H RBA g ijzz; Rﬁ; RA 34 RBI RBI
LA228 RB7 i RBS H LA303 RB7 RA44 RBI RBI
LA229 RB7 i RBE H L 4 RB7 RA52 RBI RBI
LA230 RB7 H RB7 H LASO RB7 RASS RBI RBI
LA23 1 1{B7 H R}?24 H LA305 RB7 RASA RBI RBI
LA232 1{B7 0 RBZ5 LA306 RB7 RC} RBI RBI
LA233 RB7 H RA3 H LA307 RB7 RC4 RBI RBI
LA234 1{B7 H RA34 )i LA308 RB7 RCS RBI RBI
LA235 1{37 H RA44 )i LASOQ R ; . - "
LA236 1{B7 0 RA52 it LA310 Rﬁg RBI 0 n
LA237 1{B7 H RA53 )i LA311 RBQ R33 n H
LA238 1{37 H RA54 )i LA312 RBQ RB4 n H
LA239 §B7 g %Cf’ g sziz RBQ RBS 1 g
L 40 -B7 C4 R n
Lj§4l 1{37 H RCS )i iASlS %ﬁz Rij n H
LA242 1{37 RBI RBI )i LAS 16 RBQ RB74 1 I
LA243 RB7 RBS RBI H LA31 7 R RB;S 0 =
LA244 RB7 RB4 RBI 0 LAS 18 RBz RA; n n
LA245 1{37 RBS RBI )i LAS 19 Rig RA34 1 I
LA246 §B7 §B6 %Bl g szi(l) RBQ RAM 0 =
LA247 -B7 -B7 -B1 R 0 I
LA248 1{37 RBZ4 RBI )i iA322 %Bz Rjzi 1 I
LA249 RB7 RBZS RBI H LA323 RBQ RASA 0 =
LAZSO RB7 RAS RBI 0 LA324 RB RCB 0 I
LA251 RB7 RA34 RBI 0 LA325 Riz RC4 1 I
LA252 RB7 RA44 RBI H LA326 RBQ RC8 0 =
LA253 RB7 RASZ RBI 0 LA32 7 R 0 RBI I
5 R, 0 ‘4328 ~B9

LA254 RB7 RA)B -B1 - L RBQ = R33 -
LA255 RB7 RA54 RBI LA329 R H RBA -
L RB7 RC} RBI 0 ‘4330 ~B9 - R I

o R, R, 0 LA331 RBQ -BS -
LA257 RB7 C4 RBI - LA332 RBQ = RBﬁ
LA258 RB7 RCS -B1 H L RBQ - RB7 H
LAZSQ RB7 RBI RBI LA333 R ; - RBEA -
LA260 RB7 RBl RBS 0 LA334 RBQ = Rsz -
LA261 RB7 RBI RBA H LA335 RBQ - - H
LAZGZ RB7 RBI §35 g szzi Rig H RA34 H
LA263 RB7 RBI RB? - LA338 RBQ - RAAA -
LA264 RB7 RBI B} L RBQ - RAEZ H
LAZGS RB7 RBI RBZ4 H LA339 R ; H RA53 H
LAZGG RB7 RBI RBZS H LA340 RB H RA54 H
LA267 RB7 RBI RA3 H LA341 RBQ H RC3 -

R H ‘4342 B9

LAZGS RB7 RBI ~434 L RBQ H RC4 H
LAZGQ RB7 RBI RA44 H LA343 R ; H RC8 H
LA270 RB7 RBI RAﬁZ H LA344 RB RBI RBI H
LA271 RB7 RBI RA53 H LA345 RBZ R33 RBI -
LA27Z RB7 RBI RA54 H LA346 RBQ RB4 RBI H
LA273 RB7 RBI RC3 H LA347 RB RBS RBI H
LA274 RB7 RBI RCA H LA348 RBZ RBS RBI -
LA275 RB7 RBI RCX H LA349 RBQ RB7 RBI H
LA276 RB7 RBI RBI RBI LA350 RBQ RB74 RBI H
LAZ77 RB7 RBI RB3 RBI LA35 1 RB RB;j RBI H
LA278 RB7 RBI RBA RBI LA352 Riz RA; RBI -
LA279 §B7 EBI EBj EBi sz; RBQ RA34 RBI g
LAZSO -B7 -B1 -B6 -B L R RAM RBI
L 81 RB7 RBI RB7 RBI ‘4355 B9 R R H
Lj§82 RB7 RBI RBZ4 RBI E/BSG Eﬁz jzj Rﬁi -
LA283 RB7 RBI RBZS RBI LA35 7 RBQ RA54 RBI H
LA284 RB7 RBI RA3 RBI LA358 RBQ RC3 RBI H
LA285 RB7 RBI RA34 EBI LA359 RBQ RC4 RBI H
LAZSG RB7 EBI §A44 RBI szz(l) RBQ RC8 RBI 0
LA287 RB7 -B1 ~452 -B1 R RBI "
LA288 1{B7 RBI RA53 RBI EA362 EBQ Rii R33 H
LA289 RB7 RBI RA54 RBI LA363 RBQ RBI RBA H
LA290 RB7 RBI RCS RBI LA364 RBQ RBI RBS H
LAZQI RB7 RBI RC4 RBI LA365 RBQ RBI RBG H
L4202 Rgr Rp, Reg Rg, LA366 RBQ R e H
L2oa Rg7 Rp Rp, Rp, LA367 RB9 R e H
LA294 RB7 R33 RBI RBI LA368 RBQ RBI R325 H
LAZQS RB7 RB4 RBI RBI LA369 RBz RBI RA3 -
LA296 1{37 RBJ RBI RBI LA370 RB RBI RA34 H
LA297 RB7 RBG RBI RBI LA371 RBQ RBI RA44 H
L s20s Rz Rz, Rz Rz L4372 RBQ N R -
L4200 Rgr Rapog Rgy Rgy LA373 Riz e . -
L300 Rg7 Raos Rgy Rgy 4374



1
US 2019/0237683 Al Aug. 1,2019
13

i -continued
-continued
4 5 [
L R! R* R® RS L R! R R R
L R Ry Rg H
LA375 RBQ RBI §A54 g Lji:z Riiz RB4 RBI H
LA376 RBQ RBI o H LA451 RBI5 RBS RBI H
LA377 RBQ RBI RCA H LA452 RB 15 RBG RBI H
LA378 RBQ RBI §C8 R LA453 RB 15 RB7 RBl H
LA379 RBQ RBI RBI RBI LA454 RB - RBZA RBI H
LASSO RBQ RBI o RBI LA455 RBI5 RBZ5 RBI H
LASS 1 RBQ RBI RBA RBI LA456 RB - RA3 RBI H
LA382 RBQ RBI §Bj RBI LA45 7 RB 15 RA34 RBl H
S R Ry Ry, L Ron R R, H
EASSA iiz Rﬁi R§2/4 RBI LA459 RB 15 §A52 §31 g
LA385 RBQ RBI RBZS RBI LA460 RBIS RASS RBl H
LASSS RBQ RBI RAS RBI LA461 RBIS RASA RBl H
szz; RBQ RBI RA34 RBI LA462 %BU RC3 Rii H
LASSQ RBQ RBI RA44 RBI EA463 RBIS Rz;l RBI H
LASQO RBQ RBI RA52 RBI LA464 RBIS RBI RBI H
LASQI RBQ RBI RA53 RBI LA465 RBIS RBI RB] H
LA392 RBQ RBI RA54 RBI ‘4466 RBIS R R 3 H
R 3 R 1 LA467 B15 -B1 B4
SO R - R, Luss  Rpis Ry, Ros H
LASQA ﬁBg %Bl §C4 Rii LA469 RB 15 RBI RBﬁ H
3
ijizz Riz Rii RZI RBI LA470 RBIS %Bl %BZ' g
R R 1 LA471 RBIS -B1 -B24

LASQ . RBQ RBS RBI RB LA472 RB 15 RBI RBES H
LASQS RBQ RB4 RBI RBI LA473 RBIS RBI RA3 H
LASQQ RBQ RBS -B1 RBI LA474 RBIS RBI RA34 H
LA400 RBQ RBs RBI RBI LA475 RB 15 RBI RA44 H
LA401 RBQ RB7 %Bl RBI LA476 RBIS RBI RASZ H
LA402 RBQ RBZ4 RBI RBI LA477 RB - RBI RA53 H
LA403 RBQ RBZS RBI RBI LA478 RB - RBI RASA H
LA404 RBQ %AS RBI RBI LA479 RB - RBI RC3 H
LA405 RBQ ~434 RBI RBI LA480 RB - RBI RC4 H
LA406 RBQ RA44 RBI RBI LA48 X RB - RBI ch H
LA407 RBQ RASZ B1 RBI LA482 RB - RBI RBI RBI
LA408 RBQ RA53 RBI RBI LA483 RB - RBI R33 RBI
LA409 RBQ RA 54 %Bl RBI LA484 RB - RBI RBA RBI
LA410 ﬁBg §C3 RBI Rii LA485 RBIS RBI RBS RBI
LA411 o o RBI R LA486 RBIS RBI RBﬁ RBI
LA412 RBQ ch 3 HBI LA487 RBIS RBI RB'/' RBI
LA413 RB15 R i H LA488 RBIS RBI R324 RBI
LA414 RBIS RBI i H LA489 RBIS RBI R325 RBI
LA415 RBIS R33 i H LA490 RBIS RBI RAS RBI
LA416 RB15 RB4 i H LA491 RBIS RBI R/134 RBI
LA417 RB15 RBS i H LA492 RBIS RBI RA44 RBI
LA418 RBIS RBG g H LA493 RBIS RBI RAEZ RBI
LA419 RB15 RB7 H H LA494 RBIS RBI RA53 RBI
LA420 RB - RBZA H LA495 RB 15 RBI RA54 RBI
LA4Z : RB - RBZS g H LA496 RB 15 RBI RC3 RBI
LA4ZZ RB15 RA3 H LA497 RBIS RBI RC4 RBI
LA4Z3 RB15 RA34 i H LA498 RBIS RBI RC8 RBI
LA424 RB15 RAM i H LA499 RBIS RBI RBl RBI
LA425 RBIS RASZ g H LA500 RBIS RBS RBI RBI
LA426 RB15 RASS H LA501 RBIS RB4 RBI RBI
LA4Z . RB - RASA i H LASOZ RB 15 RBS RBl RBI
LA428 RBlj RC3 i H LA503 RBIS R36 RBl RBI
LA4ZQ RBIS RC4 g H LA504 RBIS RB7 RBI RBI
LA430 RB - RCX R, H LA505 RB 15 RBz4 RBl RBI
LA431 RBlj i RBI H LASOG RBIS R325 RBl RBI
LA43Z RBlj i R33 H LA507 RBIS RA} RBl RBI
LA433 RB - i R34 H LA508 RB 15 RA34 RBl RBI
LA434 RBlj i RBj H LASOQ RBIS RA44 RBl RBI
LA435 RBIS H RBé H LA510 RBI5 RA52 RBl RBI
LA436 RB15 H RB7 H LASll RBIS RASS RBI RBI
LA437 RBIS i - H LA512 RBIS RA54 RBI RBI
LA438 RBIS H §825 H LA513 RBIS RC3 RBI RBI
LA439 RBls i RA3 H LA514 RBIS RC4 RBI RBI
LA440 EBIS E RA34 H LA515 RBIS RCS RBI EBI
LA441 -B15 ~444 q q
LA442 RBIS H RAﬁZ H EASIG EAM R 1 - H
LA443 RBIS H RA53 H LA517 RA44 RB H H
LA444 RBIS H RA54 H ‘4518 444 RBS u H

H LASIQ RA44 -B4
LA445 RBIS H RC} R ° H

H LA520 RA44 -B5
LA446 RB 15 H RCA L R R ’ u H
LA447 RBIS H RCS H ‘4521 ~444 RB H H

H LA522 RA44 -B7
LA448 RB 15 RBl RBI
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Ly R! R? R® R® Ly R! R* R RS
Lisoz Ruaa Rpoq H H Lsg7 Ruus R Ryss Rg;
Lsoa Raua Rps H H L R R R R
Lo R R H H /4508 444 B1 454 B1
Lszs Rau Rz H H L5090 R Rzt Res Rpy
Lyso7 Ruaa Ry H H L4600 Riaq Rz Rey Rz
Lsos Ryaa Rys H H Leo1 Raa Rp; Res Rz
Lasoo R4 Riss H H L o2 Ryaq Rp Rgy Rgy
Lsso Ruaa Rysa )i H L R R R R
Lioas R Res o I /4603 444 B3 31 1
Ls3 Riua Rey H H L.s60a Riaa Rpy Ry Ry
Lus3z R Res H it L.seos Ry Rps Rp, Rp,
Lisssa Ruyaa H Rz H L ss0s Roas Rags Rpy Rpy
Lssss Ryaa H Rzz H L R R, R, R,
‘4607 ~444 -B7 B1 -B1
Lissss R H Rpy H L R R R R
L R H R " 4608 444 B24 B1 B1
(4537 444 .85 L R R R R
Lsss R )2t Rgs o 4609 444 25 31 B1
L4530 Rag H Rps H Lasio Riaq Rz Rp Rp,
Lissa0 R H Rpos H Lsei1 Ryu Ry Rp, Rp,
Lsat Riuas H Rpos H Lsio R Ryw Rz Rz
Lissaz Ryaa H Rz H L R
4613 444 Rysz Rp, Rp,
Lssas Ryaa H R H
434
Toisas Roas H R H Ls1a Roas Russ Rpy Rpy
Lisas Roaa H Ryso H Lssis Riaa Rysa Rz Rgy
Lssas Ryaa H Rysa H Lasis Ry Re Rp, Rg;
Lisaz Roaa H Risa o L617 Ry Rey Rp Rp,
Lissag Ryaa H Res H L R R R, R,
Lo Rons 0 Re. o 4618 444 cs 31 B1
Lsso Ryaa H Reg H
Lisssi R Rp Rp, H
T}:Assz %444 %33 %31 g [0097] In some embodiments of the compound, the first
Lﬁii Rjjj Rﬁi Rﬁ - ligand L, is selected from the group consisting of:
L ssss Ry Rps Rg, H
Lsse Ryaa Rg; Rg; H
Lss7 Ryaa R Rz H R’ Y.
L ssss Raa Rpos Rg; H Z
L ssso Ry Ry3 Rg, H |
L sseo Ryaa Rz Rz H N N
Lsse1 Raa Ryaq Rg; H R0
Lsse2 Raa Rys Rg; H
L sse3 Ry R 53 Rg, H
L ssea Raa Rys5q Rg; H ’
L sses Raa R Rg; H
L sse6 Raa Rey Rp, H
L ss67 Ros Reg Rp, H R!
L sses Raa Rpy Rg; H
L sse0 Raa Rpy Rgs H
Lss7o Ros Rp Rpy H
Lysni Raa Rpy Rgs H
Lys72 Raa Rpy Rgs H
Lss7a Royaa Rpy Rg; H li
igands XIII-L,; that are based on a structure of Formula
Lsa Ros Rp Rpos H i
Ls7s Raa Rpy Rgs H X
Ls7s Royaa Rpy Ry H
Ls77 Royaa Rpy Ry H
Lssvs Ros Rp R H CF,
Lso Royaa Rpy 452 H
L ssso Royaa Rpy Rysa H R® Y.
L ss1 Raaa Rp) Rysa H =
Lsss2 R Rp Res H |
Lsses Ryaa Rz Rey H N
Lissa Rauaa Rp Res H RIC
L sses Roaa Rz Rz Rz
Lsse Roaa Rg; Rga Ray ’
LASS 7 RA44 RBI RB4 RBI
L ssss R Ry Rps Ry,
Lsso Riaq Rpy Rpe Rpy .
Lsoo Ryaa Rpy Rg; Rg; R
Lsot R Rg Rpo4 Rg,
Lisso> Ryaa Rz Raos Rz
Lso3 Roaa Rpy Ras Rpy
L ssoa Raa Rpy Rz Rz
LA595 RA44 RBI RA44 RBI R
L.sos Roas Rz, Ryso Rz, ligands XIV-L ,, that are based on a structure of Formula

X1V
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R’ Y,
/ W LAi Rl RQ RIO Y
10 \ N LA626 RBE RBZ4 H CH
R LA627 RBE RBZS H CH
LA628 RBE RA3 H CH
LA629 RBE RA34 H CH
5 LA630 RBE RA44 H CH
LA631 RBE RA52 H CH
1 LA632 RBE RA53 H CH
R LA633 RBE RA54 H CH
LA634 RB5 RC1 H CH
LA635 RBE RCA H CH
LA636 RBE RGZ H CH
LA637 RB5 H RBI CH
LA638 RB5 H RBS CH
LAGSQ RBE H RB4 CH
ligands XV-L , that are based on a structure of Formula XV ijz(l’ §§2 g EZ gg
LA642 RB5 H RB7 CH
LA643 RB5 H RB24 CH
R, Y. Lseas Rps H Rpos CH
/ LA645 RB5 H 43 CH
| Lt Rgg H Risa CH
\ N LA647 RB5 H RA44 CH
RI0 Leas Rps H Ruso CH
LA649 RB(S H RASS CH
LA650 RB5 H RA54 CH
LA651 RB5 H RC3 CH
? LA652 RB(S H RC4 CH
LA653 RB(S H RCS CH
R! Lssa Ry Ry Rg, CH
LA655 RB(S RB] RBI CH
LA65 6 RB(S RBA RB 1 CH
LA657 RB(S RBj RBI CH
LA658 RB(S RBé RBI CH
F LA659 RB(S RB7 RBI CH
LA660 RB(S RBZ4 RB 1 CH
LAGGI RBﬁ RBZ5 RBI CH
ligands XVI-L ,; that are based on a structure of Formula L sse2 Rgs Ras Rpy CH
XVI LA663 RB(S RA 34 RB 1 CH
LA664 RBﬁ R/144 RB 1 CH
LAGGS RBﬁ RAﬁZ RBI CH
LA666 RB(S RA53 RBI CH
LA667 RBﬁ RA54 RBI CH
LAGGS RBﬁ RCS RBI CH
LAGGQ RBﬁ RCA RBI CH
LA670 RBﬁ RCS RBI CH
LA671 RBﬁ RBI RBI CH
LA67Z RBﬁ RBI RB3 CH
LA673 RBﬁ RBI RB4 CH
’ Les7a Rgs Rg) Rps CH
LA675 RBﬁ RBI RBG CH
LA676 R35 RBI RB7 CH
LA677 RBﬁ RBI RBZ4 CH
LA678 RBﬁ RBI RBZS CH
LA679 R35 RBI RA.’: CH
LA680 R35 RBI RA34 CH
LA68 1 RBﬁ RBI RA44 CH
LAGSZ R35 RBI RASZ CH
ligands XII-L , that are based on a structure of Formula EA683 EB(S EBI EASS gg
XVII ‘4684 -B6 -B1 ~454
. .. . LA685 R35 RBI RC3 CH
[0098] wherein i is an integer from 619 to 1170 and for Lcss Rge Rg Rex ca
each i, RY, R%, R*, and Y in the formulas XIII, XIV, XV, Les7 Rze R Res cH
XVI, and XVII are defined as follows: Lsess Rp7 H H CH
LAGSQ RB7 RBI H CH
LAGQO RB7 R83 H CH
1 9 10 LA691 RB7 RB4 H CH
LAi R R R Y LAGQZ RB7 RB§ H CH
Lsio Rz H H CH Liteo3 9% Rpe H CH
Le2o Rge Rpy H CH L t604 Rgr Rgs I cH
Lot Rzs Ras H CH Lseos Ry Rpos H CH
Lso Ry Rz4 H CH L 1606 Rp; Raos H CH
LA623 RBG RBS H CH LA697 RB7 RAS H CH
LA624 RBG RBG H CH LAGQS RB7 RA34 H CH
LA625 RBG RB7 H CH LAGQQ RB7 RA44 H CH
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L R! R® R Y L R! R® R© Y

LA700 RB7 RA52 H CH LA774 RBQ RCS H CH
LA701 RB7 RA53 H CH LA775 RBQ H RBI CH
LA702 RB7 RA54 H CH LA776 RBQ H RBS CH
LA703 RB7 RC3 H CH LA777 RBQ H RB4 CH
LA704 RB7 RCA )i CH LA778 RBQ )i RB5 CH
LA705 RB7 RCS H CH LA779 RBQ H RBG CH
L4706 Rp7 H Rz CH L4780 Rgo H Rz7 CH
LA707 RB7 H RBS CH LA781 RBQ )i RB24 CH
LA 708 RB7 H RB4 CH LA 782 RBQ )i RB25 CH
LA709 RB7 )i RB5 CH LA783 RBQ H RAS CH
LA710 RB7 H RBG CH LA784 RBQ )i RA34 CH
LA711 RB7 H RB7 CH LA785 RBQ )i 444 CH
LA712 RB7 H RB24 CH LA786 RBQ )i RASZ CH
LA713 RB7 H RB25 CH LA787 RBQ H RA53 CH
LA714 RB7 H RAS CH LA788 RBQ )i RA54 CH
LA715 RB7 H RA34 CH LA789 RBQ )i C3 CH
LA716 RB7 H RA44 CH LA790 RBQ H RC4 CH
LA717 RB7 H RASZ CH LA791 RBQ H RCS CH
LA718 RB7 H RASS CH LA792 RBQ RBI RBI CH
LA719 RB7 H RA54 CH LA793 RBQ RBS RBI CH
LA720 RB7 H RC3 CH LA794 RBQ RBA RBI CH
LA721 RB7 H RC4 CH LA795 RBQ RBE RBI CH
LA722 RB7 H RCS CH LA796 RBQ RBE RBI CH
LA723 RB7 RBI RBI CH LA797 RBQ RB7 RBI CH
LA 724 RB7 RBS RBI CH LA 798 RBQ R324 RBI CH
LA 725 RB7 RBA RBI CH LA 799 RBQ RBZS RBI CH
LA726 RB7 RBS RBI CH LASOO RBQ RA3 RBI CH
LA727 RB7 RBG RBI CH LASOI RBQ RA34 RBI CH
LA728 RB7 RB7 RBI CH LA802 RBQ RA44 RBI CH
LA 729 RB7 RBZ4 RBI CH LA803 RBQ RA 52 RBI CH
LA730 RB7 RBZS RBI CH LA804 RBQ RA53 RBI CH
LA731 RB7 RA3 RBI CH LA805 RBQ RA54 RBI CH
LA732 RB7 RA34 RBI CH LA806 RBQ RC3 RBI CH
LA733 RB7 RA44 RBI CH LA807 RBQ RCA RBI CH
LA734 RB7 RASZ RBI CH LA808 RBQ RCS RBI CH
LA735 RB7 RA53 RBI CH LA809 RBQ RBI RBI CH
LA736 RB7 RA54 RBI CH LA810 RBQ RBI RB3 CH
LA737 RB7 RC3 RBI CH LA811 RBQ RBI RB4 CH
LA738 RB7 RCA RBI CH LA812 RBQ RBI RB5 CH
LA739 RB7 RCS RBI CH LA813 RBQ RBI RBG CH
LA740 RB7 RBI RBI CH LA814 RBQ RBI RB7 CH
LA741 RB7 RBI RB3 CH LA815 RBQ RBI RBZ4 CH
LA 742 RB7 RBI RB4 CH LA8 16 RBQ RBI RBZS CH
LA743 RB7 RBI RB5 CH LA81 7 RBQ RBI RA3 CH
LA744 RB7 RBI RBG CH LA818 RBQ RBI RA34 CH
LA745 RB7 RBI RB7 CH LA819 RBQ RBI RA44 CH
LA 746 RB7 RBI RBZ4 CH LA8ZO RBQ RBI RA5Z CH
LA747 RB7 RBI RBZS CH LA821 RBQ RBI RA53 CH
LA748 RB7 RBI RA3 CH LA8ZZ RBQ RBI RA54 CH
LA749 RB7 RBI RA34 CH LA8Z3 RBQ RBI RC3 CH
LA750 RB7 RBI RA44 CH LA824 RBQ RBI RC4 CH
LA751 RB7 RBI RA5Z CH LA8Z5 RBQ RBI RCS CH
LA752 RB7 RBI RA53 CH LA826 RB44 H H CH
LA 753 RB7 RBI RA 54 CH LASZ 7 RB44 RBI H CH
LA754 RB7 RBI RC3 CH LA828 RB44 RB3 H CH
LA 755 RB7 RBI RC4 CH LA8ZQ RB44 RBA H CH
LA756 RB7 RBI RCS CH LA830 RB44 RBﬁ H CH
LA757 RBQ H H CH LA831 RB44 R36 H CH
LA758 RBQ RBI H CH LA83Z RB44 RB7 H CH
LA 759 RBQ RB3 H CH LA833 RB44 RBZ4 H CH
LA 760 RB9 RBA H CH LA834 RB44 RBZS H CH
LA761 RB9 RB5 )i CH LA835 RB44 RA} )i CH
LA 762 RB9 RBG H CH LA836 RB44 RA 34 H CH
LA763 RBQ RB7 H CH LA837 RB44 RA44 H CH
LA 764 RBQ RB24 H CH LA838 RB44 RA 52 H CH
L 765 Rgo Rgos H CH Lsao Rpaq Riss H CH
L.766 Rpo Ry H CH L.sao Rpqq Rsq H CH
L1767 Rpy Rz H CH Lsa1 Rpyy Res H CH
Les Ry Ris H CH Lsar Rpaa Rey H CH
L 4760 Rzy Rys H CH Lisgas Raia Rex H CH
LA770 RB9 RA 53 H CH LA844 RB44 H RBI CH
LA771 RBQ RA54 H CH LA845 RB44 H RBS CH
L7 Rpg Res H CH Lsac Rpaa H Rpa CH
L7z Rgo Res H CH Lsa7 Rpaa H Rgs CH
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! R® R Y
! R® R10 Y Ly R 7
> s L Rz H Ryzs N
R, H RBG CH LA922 R 0 RA44 I\i
LA e s H RB7 CH ‘4923 RBE H RAsz N
LA 849 RB44 R CH LA924 o X X
R i s L RBE H -453 N
LA850 -B44 H RBzS cH . x I RA54 X
LA851 RB44 R P LA926 o i R X
R R . L RBE C3 N
LA852 -B44 0 RA34 cH . i RC4 X
LA853 RB44 R CH LA928 RBE ] R X
R H o L RBE C8 N
LA854 -B44 R P o R X
R i o L R, 6 RBI B1 N
LA855 - H RASS CH ‘4930 RB R RBI X
LASSS R344 H R 54 CH LAQS 1 -B6& RBB RBI x
LA857 RB44 0 RA oH LA932 RBE RBA RBI X
LA858 RB44 RC3 oH LA933 RBs o X X
R " o L RBE RBE B1 N
LASSQ -B44 0 Rcs cH o : o RBI X
LASSO R344 R CH LA935 -B6& RB 7 RBI x
LASGI RB44 RBI B1 oH LA936 RBs - X X
y RBI R, RBZS B1 N
LA862 RB44 B3 R oH LA937 o : X | X
LA863 RB44 RBA -B1 oH LA938 RBs ” RB X
X RBI R RA34 -B1 .
LA864 RB44 -B5 R oH LA939 o ] X | X
LA865 RB44 RBG RBI oH LAQAO RBs RAM RB X
LA866 RB44 RB7 RBI oH LAQAI RBs - RBI X
LA867 RB44 RB24 RBI oH LAQAZ R35 RA53 RBI X
LA868 RB44 RBZS -B1 cH LAQAS RBs RA54 RBI X
LASSQ RB44 RAS %Bl oH LA944 RBs RC3 RBI X
LA870 RB44 RA34 RBI oH LAQAS R35 §CA RBI X
LA871 RB44 RA44 RBI oH LAQAS RBs RCS RBI X
LA872 RB44 RA52 RBI oH LA947 RBs RBI RB; X
LA873 RB44 RASS RBI oH LAQAS R35 RBI RBA X
LA874 RB44 RA54 RBI oH LAQAQ R35 RBI RB X
LA875 RB44 RC3 RBI CH LAQSO RBs RBI RBS X
LA876 RB44 RCA RBI oH LAQS X R35 RBI RB: X
LA877 RB44 RC\S -B1 oH LAQSZ R35 - RB X
LA878 RB44 RBI RBI CH LA953 R35 RBI RBZ‘} 5
LA879 RB44 RBI §B3 H LAQSA R35 §31 RBZ) X
LA880 RB44 RBI B4 oH LAQSS R35 - RA3 X
X RBS R, RBI ~434 N
LA881 RB44 -B1 R CH LAQSS o ] RA44 X
LASSZ RB44 RBI RBS H LA95 ‘ R35 RBI ] ; 5
LA883 RB44 RBI RB7 CH LAQSS R35 RBI RAS; X
LA884 RB44 RBI RBZ4 CH LAQSQ R35 RBI RA§4 5
LA885 RB44 RBI RBZS H LAQGO R35 RBI RA : 5
LA886 RB44 RBI A3 CH LAQGI R35 - RC 5
R RA34 R RBI C4 N
LA887 RB44 -B1 R CH LAQSZ o X RC8 X
LA888 RB44 RBI RA44 CH LA963 R35 HBI ] 5
LA889 RB44 RBI RASZ CH LAQGA RB7 ! I 5
LA890 RB44 RBI RA53 CH LAQGS RB7 RBI I 5
LA891 RB44 RBI 454 CH LAQGG RB7 - i X
R, Ry, Rey R s 7
LABQZ “Bd4 B CH LA967 > I X
R, Rey R R 7
LA893 RB44 -B1 R CH LA968 ” x I X
LA894 RB44 RBI HC8 N LAQGQ RB7 ” i X
LA895 RBG R N LA970 RB7 RB7 H N
R, Ry, H R Ror 7
LA896 -B6 H N LA971 » x ; X
LA897 RBG RB3 H N LA97Z RB7 RBZS H N
LA898 RBG R34 H N LAQ73 RB7 RA3 i X
LABQQ RBG RBj H N LA974 RB7 RA34 H N
LAQOO RBG RBG H N LA975 RB7 RAM I X
LAQOI RBG RB7 N LA976 RB7 452 H N
R, RBZ4 H R RA53 7
LADOZ -B6 H N LAQ77 o X I X
LAQOS RBG RBZS H N LA978 RB7 RA54 I X
LA904 RBG RA.’: H N LA979 RB7 RC3 I X
LADOS RBG RA34 H N LAQSO RB7 RCA I X
LADOG RBG RA44 H N LAQSI RB7 HC\S R X
LA907 RBG RASZ H N LAQSZ RB7 i RBI x
LAQOS RB(S RASS H N LA983 RB7 ; RB} X
L4900 Ry Risa " N e N g RB: R
LAQIO RBG RC3 H N LAQSS RB7 ; RB X
Lot Rps Rey " N e K ‘ RBG N
LAglz R86 ROS N LA987 RB7 RB7 X
. : RBG i RBI LA988 RB7 H -B24 N
szi4 RBG " RBS E LA989 RB7 H RBZS N
L e RBG n RB4 N LAQQO RB7 H RA3 X
LA RBﬁ i RBS LAQQI RB7 )i RA34 N
sz: o i o E L4002 Rgp7 H Rias X
o R B X N L 1003 Rp7 H Ryss N
R R
LAQIQ RBG H RB24 N LA994 RB7 H RASS N
R B o L 5% H 454
LA920 -B6 H R N -
Loy % 43



Aug. 1,2019
US 2019/0237683 Al .

-continued
-continued -
! Y
1 R® R
R R® R Y L R .
L R, Rapa Rz N
H Res N Lo B9 R RBI N
Lioss Rar it RC N Lion Rz RBS Ry, N
Lso7 Rar RC4 N Luon Rzo RBf Ray N
Lossos R H o N Laion Rgo B7 R N
R, Rz Ra1 L R Rp B1 N
Laogo 57 N 41074 B9 R N
R, R R R, Rgos B1 .
Litooo 27 RBS R, N Li07s BY R Ry, N
Lasoor Ray - RB1 N Li07s Ry RA3 Rai N
L 1002 Rp7 §35 2 N Lito7 Ras o R x
Ltto03 Rar RBG RB1 N Laiozs Rzo RAM Ry, N
Lstoos Rar 27 o N Lio7 Rpo 452 R N
R, R Ra R, Rys B1 .
Laio0s 27 RBM R, N L1080 -39 R Ry, N
L.s1006 Rp7 RS RBI N L sost Rgo R,m R x
Latoo7 Rer Ras RB1 N Laios2 Rgo Ra Rz N
Lstoos Rar %AM RB1 N L1083 Rgo RCA Ry, N
Lasoos Ray RAM RB1 N Lios4 Rzo ROS Ry, N
Laoro Rar RA52 RB1 N Lioss Rzo RBI R N
Laon Rar RASS RB1 N Lioss Rz RBI Ry N
Lator Rar RASA RB1 N L1087 Rgo RBI Rpe N
Lasoss Rar Ra RB1 N Lioss Rzo RBI Ry N
Laona Rar RCA RB1 N Lioso Rz RBI Ry N
Lators Rar RCS RB1 N L1000 Rz RBI Rys S
Litoss Rar o RBl N L 41001 Rz RBI Raos N
Laos Rar %Bl RB3 N L1002 Rz RBI R, N
Lators Rar RBI RB4 N L1003 Rgy RBI Ry N
L4010 §B7 RBI REZ N L 41004 ﬁBQ RBI R N
L1020 57 21 R N L1005 B9 B1 R N
Latonn Rar %Bl RB7 N L1006 Rgy %Bl Rjzi N
Lo Rer RBI RB24 N L1007 Rgy RB 1 R, N
Litoos Rar RBI RB25 N L 41008 Rgo RB ! R, N
Laos Rar 2! RA3 N L1099 Rgo RBI Req N
Laioas Ry K1 » N Lo Rgy Bl N
s R, Raia R Rz Reg
Latos Rar ot R N Latior -89 W H x
Latozr Ry Rl 2 N Lo Rzia N
R, R, Riss R, Rg) H .
Laiozs 7 ot R N Lauios B4 R - X
Loz Rer R RA " N Latios Rpaa R33 H N
Latos0 Rar %Bl RC3 N Lai10s Rpyq RBA I N
Latost Rar RBI RC4 N Liitos Rzia RBj H N
Lsiom Ry HBI HO8 N Latio7 Rpyy RBf u S
Litoss Rpo R H N Laiios Rpyq RB 7 I N
L1031 Rpy RBI I N Lo Rpia RBz4 H N
L1035 Rpo RB3 I N Lo Rgaa Rst H x
Lasoss N9 RBA H N Lain Rpyy RA3 I N
Lio37 Rz RBj I N Liin Rpaa RA34 H x
L4103 Rao RBG H N Ltz Rpaq RA44 u x
L 41030 Rpo RB7 I N Liia Rpaa RAjZ H x
L 41040 Rgy B24 N Liiis Rpas 453 H x
R, R H R, Rysa N
Laton B9 72 N Lais -Ba4 H N
R, R H R, Res .
Lai0s B9 RA3 H N Ltz -Ba4 e - X
Lasoss Kao RAM H N Laiiis Rpyy RCA I N
Lsioa Rpo RAM H N Lt Rpyq HCS Ry, N
L1045 Rao RASZ H N L1z Rpaa I Ry, x
L.s104s Rao RA 3 H N Lot Rpyy - R x
Laoss Kao RASA H N 41122 Rpyq H Ry N
L4104 Rao Ra H N Laii23 Rpaq I Ro x
L1048 R RC4 H N Latioa Rpaq I R x
L1050 Rao HO& R N Lai1as Rpyy - Ry, x
Lasost Kao H RB1 N Lai2s Rpyq H Ry N
Laios Rao H RB3 N La127 Rpyq H R, N
Lo Rao H RB: N Laiizs Rpyq H R N
Laiosa Ras H RB6 N Laiize Rpia H Ry N
Laioss Ras bed RB7 N L1130 Rgya " R o N
Latoss Reo it RB N L3t Rpia H RAS; N
L.ios7 Rpy H RB 2: N L Rpay H R oy S
L1058 Rpo H RBz N L Rpia " R x
Lttoss Ry il RA; N Laiiaa Rpaa H R, x
Lioeo Rao 3 N Laiias Rpas N
R H Ra R H Res
Laios1 B9 N Laiss B44 N
R H Rys R Ry Rz
L1062 B9 N Laia7 -B44 N
R H Russ R Rps Ry,
Latoes 59 N Liiiss Bd4 N
R H Rysq R Ras Ra,
L 41064 BY - R N Lai130 B44 R Ra, N
Latoes Rao C3 N Latiao Rpaa ] N
R H Rea R Rpe Rp
Lattoss 2 H R N Laiiat -B44 R Ry, N
L1067 Rz s Laiso Rpas B7 X
R Rz N R Rz
L1063 Rz B1 N Liias Rzaa -B24
R Rz
L1060 Rz B3
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L R! R® R Y
LAI 144 RB44 RB25 RBI N
LAI 145 RB44 RA3 RBI N
Lat14s Rpas Rz Rar N
Latia7 Rpas Ruas Rar N
LAI 148 RB44 RA 52 RBI N
LAI 149 RB44 RA 53 RBI N
LAI 150 RB44 RA54 RBI N
LAI 151 RB44 RC} RBI N
LAI 152 RB44 RCA RBI N
LAI 153 RB44 RCS RBI N
LAI 154 RB44 RBI RBI N

‘41155 RB44 RBI RBS N
LA1156 RB44 RBI RB4 N
LAI 157 RB44 RBI RB5 N
LAIISS RB44 RBI RBS N
LAIISQ RB44 RBI RB7 N
LAI 160 RB44 RBI RB24 N
LAIISI RB44 RBI RBZS N
LAI 162 RB44 RBI RAS N
LAI 163 RB44 RBI RA 34 N
LA1164 RB44 RBI RA44 N
LAI 165 RB44 RBI RA 52 N
LA1166 RB44 RBI RASS N
LA1167 RB44 RBI RA54 N
LAIISS RB44 RBI RC3 N
Laiieo Rpaa Rp, Rea N
LAI 170 RB44 RBI RC8 N

[0099] In some embodiments of the compound, the first

ligand L, is selected from the group consisting of

ligands XVIII-L , that are based on a structure of Formula

XVIII

ligands XIX-L ,; that are based on a structure of Formula

XIX

RIZ

Rll

/

X

Rl

Rll

19
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Rll
i d |

X

Rl O

ligands XX-L, that are based on a structure of Formula XX
Rll

N
\

RIZ

/

X

Rl

ligands XXI-L,, that are based on a structure of Formula
XXI

Rll

N
A

RIZ

/

X

Rl

F

ligands XXII-L ,, that are based on a structure of Formula
XXII

Rll

N
\

RIZ

e \ N

ligands XXIII-L , that are based on a structure of Formula
XXII
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=
Ri2 /
N
Rl

ligands XXIV-L ,, that are based on a structure of Formula

XXV
ligands XXVIII-L ,, that are based on a structure of Formula
XXVIII
ligands XXV-L; that are based on a structure of Formula ’
XXV
X
Rll |
A
RlZ
R ligands XXIX-L ,; that are based on a structure of Formula
XXIX

ligands XXVI-L ,, that are based on a structure of Formula
XXVI

RIZ
X
gy |

ligands XXVII-L, that are based on a structure of Formula  ligands XXX-L ,, that are based on a structure of Formula
XXVII XXX
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ligands XXXI-L , that are based on a structure of Formula ~ ligands XXXIV-L , that are based on a structure of Formula
XXXI XXXIV

ligands XXXII-L ,, that are based on a structure of Formula ligands XXXV-L, that are based on a structure of Formula
XXXII XXXV

ligands XXXIII-L ,, that are based on a structure of Formula  ligands XXXVI-L , that are based on a structure of Formula
XXX11I XXXVI
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ligands XXXVII-L ,, that are based on a structure of Formula
XXXV ligands XL-L ,, that are based on a structure of Formula XL
ligands XXXVIII-L,, that are based on a structure of For- )
mula XXXVII ligands XLI-L ,, that are based on a structure of Formula XLI

ligands XXXIX-L,;, that are based on a structure of Formula ligands XLII-L, that are based on a structure of Formula
XXXIX XL
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ligands XLIII-L ,, that are based on a structure of Formula
XLII

ligands XLIV-L ,, that are based on a structure of Formula

XLIV
RY N
o N

ligands LXII-L, that are based on a structure of Formula

LXII
R N
Qi N

ligands LXIII-L ,; that are based on a structure of Formula
LXIII

Aug. 1,2019

ligands LXIV-L ,, that are based on a structure of Formula
LXIV

ligands LXV-L,; that are based on a structure of Formula
LXV

[0100] wherein i is an integer from 1171 to 1584 and for
eachi, R',R", and R'? in the formulas XVIII through XLIV
and Formulas LXII, LXIII, LXIV, and LXV are defined as
follows:

LAi RL RIL RI12
LA 1171 RBS H H
LA 1172 RB.’: RBI H
LA 1173 RB.’: RB.’: H
LA 1174 RBS RB4 H
LA 1175 RB.’: RBS H
LA 1176 RB.’: RBG H
LA 1177 RB.’: RB7 H
LA 1178 RB.’: RBZ4 H
LA 1179 RB.’: RBZS H
LA 118¢ RB.’: RA.’: H
LA 1181 RBS RA34 H
LA 1182 RB.’: R.444 H
LA 1183 RB.’: RASZ H
LA 1184 RBS RASS H
LA 1185 RB.’: R.454 H
LA 1186 RB.’: RC3 H
LA 1187 RBS RC4 H
LA 1188 RBS R68 H
LA 1189 RB.’: H RBl
LA 1190 RBS H RB}
LA 1191 RBS H RB4
LA 1192 RBS H RBS
LA 1193 RBS H RBG
LA 1194 RBS H RB7
LA 1195 RBS H RBZ4
LA 1196 RBS H RBZS
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-continued -continued

L R! R R2 L R R R2
LA1197 RBS H RA} LA 1271 RBG H RA54
LA 1198 RB3 H RA34 LA 1272 RBS H RC}
LA 1199 RBS H RA44 LA 1273 RBG H RC4
LA 1200 RBS H RA52 LA 1274 RBG H RCS
LA1201 RBS H RA53 LA 1275 RBG RBI RBl
LA 1202 RBS H RA54 LA 1276 RBG RBS RBl
LA 1203 RBS H RC} LA 1277 RBG RB4 RBl
LA 1204 RBS H RC4 LA 1278 RBG RBS RBl
LA 1205 RBS H RCS LA 1279 RBS RBS RBl
LA1206 RBS RBI RBl LA 1280 RBG RB7 RBl
LA1207 RBS RBS RBI LA 1281 RBG RB24 RBl
LA 1208 RBS RB4 RBl LA 1282 RBS RB25 RBl
LA1209 RBS RBS RBl LA 1283 RBS RAS RBl
LA1210 RBS RBG RBI LA 1284 RBG RA34 RBl
LA1211 RBS 1{}?7 RBl LA 1285 RBS 1{/144 RBl
LA1212 RBS RB24 RBl LA 1286 RBS RA52 RBl
LA1213 RBS RB25 RBI LA1287 RBS RASS RBl
LA1214 RBS RAS RBl LA 1288 RBS RA54 RBl
LA1215 RBS RA34 RBl LA 1289 RBS RCS RBl
LA1216 RBS RA44 RBI LA 1290 RBS RC4 RBl
LA1217 RBB RASZ RBl LA 1291 RBS RCS RBl
LA1218 RBS RASS RBl LA 1292 RBS RBI RBl
LA1219 RBS RA54 RBI LA 1293 RBS RBI RB}
LA 1220 RBB RC3 RBl LA 1294 RBS RBI RB4
LA 1221 RBS RC4 RBl LA 1295 RBS RBI RBS
LA 1222 RBS RCS RBI LA 1296 RBS RBI RB6
LA1223 RBB RBI RBl LA 1297 RBS RBI RB7
LA 1224 RBB RBI RBS LA 1298 RBS RBI R324
LA 1225 RBS RBI RBA LA 1299 RBS RBI R325
LAIZZG RBB RBI RB5 LAISOO RBS RBI RA}
LA1227 RBB RBI RBﬁ LA1301 RBS RBI RA34
LAIZZS RBB RBI RB7 LA1302 RBS RBI RA44
LA 1229 RBB RBI R324 LA 1303 RBS RBI RA 52
LA1230 RBB RBI R325 LA1304 RBS RBI RA53
LA1231 RBB RBI RAS LA1305 RBS RBI RA54
LAIZ3Z RB3 RBI R/134 LA1306 RBG RBI RC3
LA1233 RBB RBI RA44 LA1307 RBS RBI RC4
LA1234 RBB RBI RA52 LA1308 RBS RBI RCS
LAIZ35 RB3 RBI RA53 LA1309 RB7 H H
LAIZ36 RB3 RBI R/154 LA1310 RB7 RBI H
LA1237 RBB RBI RC} LA1311 RB7 RBB H
LA 1238 RB3 RBI RC4 LA 1312 RB7 RB4 H
LAIZ39 RB3 RBI RCS LA1313 RB7 RBS H
LA 1240 RBG H H LA 1314 RB7 RBG H
LAIZ41 RBG RBI H LA1315 RB7 RB7 H
LA 1242 RBG RBS H LA 1316 RB7 RBZ4 H

LA 1243 RBG RB4 H LA 1317 RB7 RBZS H
LAIZM RBG RBS H LA1318 RB7 RAS H
LAIZ45 RBG RBG H LA1319 RB7 RA34 H
LA 1246 RBG RB7 H LA 1320 RB7 RA44 H
LAIZ47 RBG RBZ4 H LA13ZI RB7 RASZ H
LA 1248 RBG RBZS H LA 1322 RB7 RA53 H
LA 1249 RBG RA3 H LA 1323 RB7 RA54 H
LA 1250 RBG RA34 H LA 1324 RB7 RC3 H
LA 1251 RBG RA44 H LA 1325 RB7 RC4 H

LA 1252 RBG RASZ H LA 1326 RB7 R68 H
LA1253 RBG RA53 H LA13Z7 RB7 H RBl
LA 1254 RBG RA54 H LA 1328 RB7 H RB3
LA 1255 RBG RC3 H LA 1329 RB7 H RB4
LA 1256 RBG RC4 H LA 1330 RB7 H RB5
LA1257 RBS RCS H LA1331 RB7 H RBé
LA1258 RBG H RBI LA1332 RB7 H RB7
LA 1259 RBS H RB} LA 1333 RB7 H R324
LA 1260 RBG H RBA LA 1334 RB7 H RB25
LA 1261 RBG H 1{B5 LA 1335 RB7 H RA}
Lipe Rgs H Rge L1336 Rgy H Ras
Laioes Rge H 1% L1337 Rp7 H R4
Laizes Rge H Rpo L1338 Rp7 H Rysn
LA 1265 RBS H R325 LA 1339 RB7 H RA53
LA 1266 RBS H RA3 LA 1340 RB7 H RA54
LA 1267 RBS H RA34 LA 1341 RB7 H RC}
LA 1268 RBG H RAM LA 1342 RB7 H RC4
LA 1269 RBG H RA52 LA 1343 RB7 H RCS
LA1270 RBG H RA53 LA1344 RB7 RBI RBl



US 2019/0237683 Al

25

Aug. 1,2019

-continued -continued

L R! R R2 L R R R2
LA 1345 RB7 RBS RBI LA 1419 RBQ RB24 RBl
LA 1346 RB7 RB4 RBI LA 142G RBQ RB25 RBl
LA1347 RB7 RBS RBI LA 1421 RBQ RAS RBl
LA 1348 RB7 RBG RBI LA 1422 RBQ RA34 RBl
LA 1349 RB7 1{}?7 RBI LA 1423 RBQ 1{A44 RBl
LA 1350 RB7 RB24 RBl LA 1424 RBQ RA52 RBl
LA1351 RB7 RB25 RBI LA 1425 RBQ RA53 RBl
LA1352 RB7 RAS RBI LA 142¢ RBQ 1{A§4 RBl
LA1353 RB7 RA34 RBl LA 1427 RBQ RCS RBl
LA 1354 RB7 1{1144 RBl LA 1428 RBQ 1{C4 RBl
LA1355 RB7 RA52 RBI LA 1429 RBQ RCS RBl
LA1356 RB7 RASS RBl LA 1430 RBQ RBI RBl
LA1357 RB7 RA54 RBl LA 1431 RBQ RBI RB}
LA 1358 RB7 RC} RBI LA 1432 RBQ RBI RB4
LA1359 RB7 1{C4 RBl LA 1433 RBQ RBI RBS
LA 1360 RB7 RCS RBl LA 1434 RBQ RBI RB6
LA1361 RB7 RBI RBI LA 1435 RBQ RBI RB7
LA 1362 RB7 RBI RB3 LA 1436 RBQ RBI R324
LA 1363 RB7 RBI RBA LA 1437 RBQ RBI R325
LA1364 RB7 RBI RBS LA 1438 RBQ RBI RA}
LA1365 RB7 RBI RBﬁ LA 1439 RBQ RBI RA34
LA 1366 RB7 RBI RB7 LA 1440 RBQ RBI RA44
LA 1367 RB7 RBI R324 LA 1441 RBQ RBI RA52
LA 1368 RB7 RBI R325 LA 1442 RBQ RBI ~453
LA 1369 RB7 RBI ~43 LA 1443 RBQ RBI RA54
LA1370 RB7 RBI RA34 LA 1444 RBQ RBI RC}
LA1371 RB7 RBI RA44 LA 1445 RBQ RBI RC4
LA 1372 RB7 RBI RA52 LA 1446 RBQ RBI RCS
LA1373 RB7 RBI RASS LA 1447 RBIS H H
LA 1374 RB7 RBI RA54 LA 1448 RB 15 RBI H

LA 1375 RB7 RBI RC} LA 1449 RB 15 RBB H

LA 1376 RB7 RBI RC4 LA 1450 RB 15 RB4 H
LA1377 RB7 RBI RCS LA 1451 RBI5 RBS H
LA1378 RBQ H H LA 1452 RBI5 RBS H
LA1379 RBQ RBI H LA 1453 RBI5 RB7 H
LA1380 RBQ RBS H LA 1454 RBI5 RBZ4 H
LA1381 RBQ RB4 H LA 1455 RBI5 RBZS H
LA1382 RBQ RBS H LA 1456 RBI5 RAB H
LA1383 RBQ RBG H LA 1457 RBI5 RA34 H
LA1384 RBQ RB7 H LA 1458 RBI5 444 H
LA1385 RBQ RBZ4 H LA 1459 RBI5 RASZ H
LA1386 RBQ RBZS H LA 1460 RBI5 RASS H
LA1387 RBQ RAS H LA 1461 RBI5 RA54 H
LA1388 RBQ RA34 H LA 1462 RBI5 RC3 H
LA 1389 RBQ RA44 H LA 1463 RB 15 RC4 H
LA1390 RBQ RASZ H LA 1464 RBI5 RCS H
LA1391 RBQ RA53 H LA 1465 RBI5 H RBl
LAISQZ RBQ RA54 H LA 1466 RBI5 H RB}
LA1393 RBQ RC3 H LA 1467 -B15 H RB4
LA 1394 RBQ RC4 H LA 1468 RB 15 H RB5
LA1395 RBQ RCS H LA 1469 RBI5 H RBG
LA1396 RBQ H RBI LA 1470 RBI5 H RB7
LA1397 RBQ H RB3 LA 1471 -B15 H RBQ4
LA 1398 RBQ H RBA LA 1472 RB 15 H RBZS
LA1399 RBQ H RB5 LA 1473 RBI5 H RA}
LA 1400 RBQ H RBG LA 1474 RB 15 H RA34
LA1401 RBQ H RB7 LA 1475 RBI5 H RA44
LA 1402 RBQ H RBZ4 LA 1476 RB 15 H RA 52
LA1403 RBQ H RBZS LA 1477 RBI5 H RA53
LA1404 RBQ H 43 LA 1478 RBI5 H RA54
LA1405 RBQ H RA34 LA 1479 RBI5 H RC}
LA1406 RBQ H RA44 LA 1480 RBIS H RC4
LA1407 RBQ H RA52 LA 1481 RBIS H RCS
LA1408 RBQ H RASS LA 1482 RBIS RBI RBl
LA 1409 RBQ H RA54 LA 1483 RB 15 RBS RBI
L41a10 Rgo H R L 1484 Rgis Rgpa Rg,
LA1411 RBQ H RC4 LA 1485 RBI5 RBS RBl
LA14IZ RBQ H RC% LA 1486 RBI5 RBG RBl
LA1413 RBQ RBI RBI LA1487 RBI5 RB7 RBl
LA1414 RBQ RBS RBl LA 1488 RBIS RB24 RBl
LA1415 RBQ RB4 RBI LA 1489 RBIS RB25 RBl
LA1416 RBQ RBS RBI LA 1490 RBIS RAS RBl
LA1417 RBQ RBG RBI LA 1491 RBIS RA34 RBI
LA1418 RBQ RB7 RBI LA 1492 RBIS RA44 RBl
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-continued -continued
Ly R! RY R? Ly R! RU! RI12
LA1493 RBIS RA52 RBI
LA1494 RBIS RA53 RBI LA1567 RA44 RCS RBl
L1405 Rpis Rysa Rpi L 41565 Ry Rpy Rp
LA1496 RBIS RC} RBI L R R R
LA1497 RBIS RCA RBI ‘41569 ~444 -B1 -B3
L1408 Rais Res Rg, Lis7o Rias Rz Rpy
]I:Amgg §315 §31 §Bl Liis7 Ruaa Rz Rjzs
‘41500 -B15 -B1 -B3
LAISOI RBIS RBI RBA LA1572 RA44 RBI RBG
Lsiso Rpis Ry Ras Lais7 Ryaq Rgy Ry
L1503 Rais Ray Rz L1574 Raa Rz Rz
LA1504 RBIS RBI RB7 L R R R
LAISOS RBIS RBI R324 ‘41575 444 B1 "B25
L 41506 Rgis Rgy Rgos Lais7e R Ra, Ras
I]:Alsm §315 %Bl §A3 L1577 Raa Rz Ry
‘41508 B15 B 1 434
LAISOQ RBIS RBI RA44 LA1578 RA44 RBI RA44
LAISIO RBlS RBl RAjQ LA1579 RA44 RBI RA5Z
Lasu Rais Rz Rysy Lisso Ritas Rz Russ
LA1512 RBIS RBI RA54 L R R R
LA1513 RBI5 RBI RC} ‘41581 ~444 -B1 454
LA1514 RBIS RBI RC4 LA1582 RA44 RBI RC}
LAISIS RBIS RBI RCS LA1583 RA44 RBI RC4
LA 1516 RAAA H H
L1517 Ryu Ry, H Lsissa Ritas Rz Res
LA 1518 RAAA RBS H
LA 1519 RAAA RB4 H
LA 1520 RAAA RBS H .
Lisn R Rpe I [0101] In some embodiments of the compound, the first
Lyisn Rgae Rgy H ligand L, is selected from the group consisting of:
LA 1523 RAAA RBZ4 H
LA 1524 RAAA RBZS H
LA 1525 RAAA RAB H
LA 1526 RAAA RA34 H
LA 1527 RAAA RA44 H
LA 1528 RAAA RA5Z H
LA 1529 RAAA RASB H
LA 1530 RAAA RA54 H
LA 1531 RAAA RC3 H
LA 1532 RAAA RC4 H
LA 1533 RAAA RCS H ’
LA 1534 RAAA H RBI
LA 1535 RAAA H RB:v
LA 1536 RA44 H RBA
LA 1537 RA44 H RB5
LA 1538 RAAA H RBG
LA 1539 RA44 H RB7
LA 1540 RA44 H RBZ4
LA 1541 RAAA H RBZ5
LA 1542 RA44 H RA3
LA 1543 RA44 H RA34 .
L4 544 R H R ligands XLV-L,, that are based on a structure of Formula
EA 1545 EAAA g §A5Z XLV
‘41546 444 ~453
LA 1547 RA44 H RA54
LA 1548 RA44 H RC3
LA 1549 RA44 H RC4
LA 1550 RA44 H RC%
LA1551 RA44 RBI RBI
LA 1552 RA44 RB3 RBI
Lgissa Royas Rpq Rg
L1554 R Rps Rpi
Lisss Ria Rps Ry
Latsss R 444 Rp7 Rpy ,
Laiss7 R Rpza Rz
Lyisss R Rpas Ry
LA1559 RA44 RA3 RBI
LA1560 RA44 RA34 RBI
L1561 Ras Raa Rg
LA1562 RAAA RA52 RBl
LA1563 RAAA RA53 RBI
LA1564 RAM 111154 RBI
LA 1565 RA44 RCS RBI R
L1566 Row Res Ra ligands XTVI-L ,, that are based on a structure of Formula

XLVI
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ligands L-L; that are based tructure of F la LI
ligands XLVII-L , that are based on a structure of Formula 18anCS Sy Thall ate based ofl a stueiire 0 Tormua

XLVII [0102] wherein i is an integer from 1585 to 1970 and for
each i, R', R%, R*, and R'? in the formulas XLV through LI
are defined as follows:

Ly R! RU R12 R
Laisss H H H Rpy

Laisss H Rp H Rpy

Laiss? H Rgs H Rpy

Liisss H Rp, H Ry

Laisso H Rgs H Rpy

Laiso0 H Rgs H Rpy

) Laisor H Rg7 H Rpy

41592 H Rpog H Ry

L1503 H Rpos H Rpy

Laisos H R H Ry,

Laisos H R H Ry,

L1596 H Raua H Ry,

Laiso7 H Ry H Ry,

Loaisos H Ryss H Ry,

L1509 H Rysa H Ry,

L1600 H Re H Ry,

Lot H Rey H Ry,

Lai6o2 H Res H Ry,

I H H Rz, Ry,

ligands XLVIII-L ,, that are based on a structure of Formula L1604 H H Ras Rz
XLvIlI L1605 H H Rpy Ry,
L1606 H H Rps Rpy

Lsie07 H H Rpe Rz

L1605 H H R Rpi

L1600 H H Rpq Rpy

Lais1o H H Rpas Rpy

Laenn H H Ry Rz

L1 H H Riaa Rpy

L1 H H Roiaa Rpy

Lai61a H H Ris Rp,

Lies H H Ryss Ry

Laisis H H Rsa Rpy

Lais17 H H c3 Rp,

LA 1618 H H RC4 RBI

L1 H H Reg Rz,

’ Lai620 H Rp, Rpy Rp,

LA1621 H RBS RBI RBI

Liie2 H Rp, Ry Ry

Laie2s H Rgs Rpy Rp,

LA 1624 H RBG RBI RBI

LA1625 H RB7 RBI RBI

Les H Rpzg R Rz

LA1627 H RBZ5 RBI RBI

LA1628 H RA3 RBI RBI

LA 1629 H RA34 RBI RBI

LA1630 H RA44 RBI RBI

LAIGSI H RA52 RBI RBI

. LA1632 H RA53 RBI RBI
ligands XLIX-L ,, that are based on a structure of Formula Lie3s H Rusa Rp Ra,

XLIX



US 2019/0237683 Al

28

Aug. 1,2019

-continued -continued
12 2
L R! RY R R? L R! RY R R
R,
LA1634 H RC} RBI RBI iA1708 EBI §31 gﬁi Rii
LA1635 H RC4 RBI RBI LA1709 RB[ RBI RB; RBI
LA1636 H RCS RBI RBI LA1710 RB[ RBi RB7 RBI
Dy om o omom L omom o W om
LAIG}S H -B1 -B3 -B1 L 2 R RBI Rst RBI
LAIG}Q H RBI RBA RBI ‘A1713 B R RBI
T s omoow A
LA1641 H -B1 -B6 -B1 L R H H RBI
L 2 H RBI RB7 RBI ‘A1716 -B6 H R
Tew 0 R Royne Ry Low  Re o R i K
LA1644 H RBI RBZ5 RBI LA1718 RBE RBS H RBI
‘41645 H RBI RAS RBI ‘A1719 RB5 RB4 H RBI
LA1646 H RBI RA34 RBI LA1720 RB5 RBS H RBI
LA1647 H RBI §A44 %Bl ijizji Riz Rﬁj H RBI
LA164S H RBI 432 B1 L 2 R RB74 H RBI
LA1649 H RBI RA53 RBI LA1723 RB5 R ;5 H RBI
LA1650 H RBI RA54 RBI LA1724 RB5 RB, H RBI
LA1651 H RBI RC3 RBI LA1725 RB5 RAS H RBI
L 2 H RBI RCA RBI ‘A1726 -B6 434 R
Ljii; H RBI RCS RBI LA1727 RB5 %AM g Rii
R H H RBI LA1728 RB(S ~452
EA1654 RBl RBI H RBI LA1729 RB5 RASS g %Bl
‘41653 B 1 o
LA1656 RBl RBS H RBI EANSO §B5 %24 H RBI
LA1657 RBl RB4 H RBI LA1731 RB6 RC4 H RBI
LAISSS RBl RBJ H RBI ‘A1732 RB5 R H RBI
H R LA1733 -B6 8
LAISSQ RBl RB6 B1 L R H RBI RBI
LA1660 RBl RB7 H RBI LA1734 RB6 H RB] RBI
LA1661 RBl RBZ4 H RBI LA1735 RB6 H RB; RBI
LA1662 RBl RBZS H RBI LA1736 RB5 H RBi RBI
LA1663 RBl RAS H RBI LA1737 RB6 H RB; RBI
LA1664 RBl RA34 H RBI LA1738 RB6 H RB7 RBI
‘41663 RBl RA44 H RBI LA1739 RB6 H RBEA RBI
LA 1666 RB 1 RA 32 H RB 1 LA 1740 RB6 H Rsz RB X
LA1667 RBl RA53 H RBI LA1741 RB6 H RAI RBI
LA1668 RBl RA54 H RBI LA1742 RB6 H RA;A RBI
LAIGGQ RBl RC} H RBI LA1743 RBﬁ H RA;A RBI
LA1670 RBl RC4 H RBI LA1744 RB6 H RARZ RBI
LA1671 RBl RCS H RBI LA1745 RB6 H RA;3 RBI
LA167Z RBl H RBI RBI LA1746 RBﬁ H RA;A RBI
LA1673 RBl H RB3 RBI LA1747 RBﬁ H RC; RBI
LA 1674 RB 1 H RBA RB 1 LA 1748 RB6 H RC4 RB X
LA 1675 RB 1 H RBﬁ RB 1 LA 1749 RBﬁ H RC8 RB X
LA1676 RBl H RBé RBI LA1750 RBﬁ RBI RBI RBI
LA1677 RBl H RB7 RBI LA1751 RBﬁ R RBI RBI
LA167S RBl H RBZ4 RBI LA1752 RBﬁ RBS RBI RBI
ST T T A S R N R
EAIGSO EBl g §j24 Rii LA1755 RBﬁ RBG §Bl §Bl
Bl
jizz; RBl H RA44 RBI EA1756 EBﬁ %B;l Rii Rii
LA1683 RBl H RAﬁZ RBI LA1757 RBﬁ RB;5 RBI RBI
LA1684 RBl H RA53 RBI LA1758 R35 RB, RBI RBI
‘41685 RBl H RA54 RBI LA1759 RBﬁ R;l;4 RBI RBI
LA1686 RBl H RC3 RBI LA1760 RBﬁ RAM RBI RBI
LA1687 RBl H RC4 RBI LA1761 R35 RASZ RBI RBI
oo R N YO G S TR ¥
LAIGSQ Bl Bl Bl B L R R , RBI RBI
L RBl R33 RBI RBI ‘41764 -B6 -4 5: R R
Ljizz(l) RBl RB4 RBI RBI EANGS 535 ECB Rﬁi Rﬁi
LAIGQZ RBl EBS EBI EBI Lji;zi Riz Rz: RBI RBI
LA1693 RBl -B6 B1 B1 L R RBI RBI RBI
LA1694 RBl RB7 RBI RBI LA1768 RB(S R RB] RBI
LAIGQS RBl R1?24 RBI RBI ‘41769 -B6 -B1 R 3 R
LA1696 RBl RBZS RBI RBI iA177O EBE §Bl Ri;‘t Rii
LA1697 RBI RAS RBI RBI LA1771 RBE RBI RB; RBI
LAIGQS RBl RA34 RBI RBI LA1772 RBE RBI RB7 RBI
L1600 Rp) R iua Rp; Rg, LA1773 RB6 RBI e o
L1700 Rp) Ry Rp, Rp, LA1774 RBG RBI R o
Lot Rp, Rs3 Rp, Rp, LA1775 R35 RBI R R
LA17OZ RBl RA54 RBI RBI ‘41776 "B6 RBI R 3 R
R R LA1777 RB5 -B1 434 B1
LA1703 RBl RC} B1 B1 L H H H RA54
LA1704 RBl RC4 RBI RBI LA1778 H RBI H RA54
LA1705 RBI RC‘S RBI RBI ‘41779 R H R o
R R LA1780 H -B3 A4
LA1706 RBl RBI -B1 -B1 L H RB4 H RA54
LA1707 RBl RBI RBS RBI ‘41781
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L R RU R2 R2 i R R R2 R2
LA1782 H RBS H RA54 LA1856 RB[ RA3 H RA54
LA1783 H RBG H RA54 LA1857 RB[ RA34 H RA54
LA1784 H RB7 H RA54 LA1858 RB[ RA44 H RA54
LA 1785 H RBZ4 H RA54 LA 1859 RB[ RA52 H RA54
LA1786 H RBZS H RA54 LAISGO RB[ RASS H RA54
LA1787 H RAS H RA54 LA1861 RB[ RA54 H RA54
LA1788 H RA34 H RA54 LA1862 RB[ RC3 H RA54
LA1789 H RA44 H RA54 LA1863 RB[ 1{Cll H RA54
LA1790 H RA52 H RA54 LA1864 RB[ RCS H RA54
LA1791 H RASS H RA54 LAISGS RB[ H RBl RA54
LA 1792 H RA 54 H RA 54 LA 1866 RB[ H RBS RA 54
LA1793 H RC} H RA54 LA1867 RB[ H RBA RA54
LA 1794 H RC4 H RA54 LA 1868 RB[ H RBE RA54
LA1795 H RCS H RA54 LAISGQ RB[ H RBG RA54
LA1796 H H RBI RA54 LA187O RB[ H RB'/' RA54
LA1797 H H RBS RA54 LA1871 RB[ H R324 RA54
LA 1798 H H RBA RA 54 LA 1872 RB[ H RBZS RA 54
LA1799 H H RBj RA54 LA1873 RB[ H RAS RA54
LAISOO H H RBE RA54 LA1874 RB[ H RA34 RA54
LAISOI H H RB7 RA54 LA1875 RB[ H RA44 RA54
LA 1802 H H R324 RA54 LA 1876 RB[ H RAEZ RA54
LAISOS H H RBZS RA54 LA1877 RB[ H RAES RA54
LA1804 H H RAS RA54 LA1878 RB[ H RA54 RA54

‘41805 H H RA34 RA54 LA1879 RB[ H RC} RA54
LA 1806 H H RA44 RA54 LA 1880 RB[ H RC4 RA54
LA1807 H H RA52 RA54 LAISSI RB[ H RCS RA54
LAISOS H H RA53 RA54 LA1882 RB[ RBI RBl RA54
LAISOQ H H RA54 RA54 LA1883 RB[ RBS RBl RA54
LA 1810 H H RC3 RA54 LA 1884 RB[ RB4 RBI RA54
LA1811 H H RCA RA54 LA1885 RB[ RBS RBl RA54
LAISIZ H H RC8 RA54 LA1886 RB[ RB6 RBl RA54
LA1813 H RBI RBI RA54 LA1887 RB[ RB7 RBl RA54
LA 1814 H RBS RBI RA54 LA 1888 RB[ RBZ4 RBI RA54
LAISIS H RB4 RBI RA54 LA1889 RB[ RBZS RBl RA54
LA1816 H RB) RBI RA54 LAISQO RB[ RAS RBl RA54
LA1817 H RBG RBI RA54 LA1891 RB[ RA34 RBl RA54
LAISIS H RB7 RBI RA54 LAISQZ RB[ RA44 RBI RA54
LA 1819 H RBZ4 RBI RA54 LA 1893 RB[ RASZ RBl RA54
LAISZO H RBZS RBI RA54 LA1894 RB[ RASS RBl RA54
LAISZI H RAS RBI RA54 LAISQS RB[ RA54 RBl RA54
LAISZZ H RA34 RBI RA54 LA1896 RB[ RC3 RBI RA54
LA1823 H R/144 RBI RA54 LA1897 RB[ RC4 RBl RA54
LA1824 H RASZ RBI RA54 LA1898 RB[ RCB RBl RA54

‘41825 H RASS RBI RA54 LAISQQ RB[ RBI RBI RA54
LA 1826 H RA54 RBI RA54 LA 1900 RB[ RBI RBS RA54
LA1827 H RC} RBI RA54 LAIQOI RB[ RBI RBA RA54
LAISZS H RC4 RBI RA54 LAIQOZ RB[ RBI RBE RA54
LAISZQ H RC8 RBI RA54 LA1903 RB[ RBI RB& RA54
LA1830 H RBI RBI RA54 LA1904 RB[ RBI RB7 RA54
LA1831 H RBI RB3 RA54 LAIQOS RB[ RBI RBE4 RA54
LA 1832 H RBI R34 RA 54 LA 1906 RB[ RBI R325 RA 54
LA1833 H RBI RBﬁ RA54 LA1907 RB[ RBI RA3 RA54
LA1834 H RBI RBé RA54 LA1908 RB[ RBI RA34 RA54
LA1835 H RBI RB7 RA54 LAIQOQ R35 H H RA54
LA1836 H RBI RBZ4 RA54 LAIQIO R35 RBI H RA54
LA1837 H RBI RBZS RA54 LAIQII RBﬁ RBS H RA54
LA1838 H RBI RA3 RA54 LAIQIZ R35 RB4 H RA54
LA1839 H RBI RA34 RA54 LA1913 R35 RBS H RA54
LA 1840 H RBI RA44 RA54 LA 1914 R35 RBG H RA54
LA1841 H RBI RAﬁZ RA54 LAIQIS R35 RB7 H RA54
LA 1842 H RBI RA53 RA54 LA 1916 RB(S RBZ4 H RA54
LA1843 H RBI RA54 RA54 LA1917 RBE RBZS H RA54
LA1844 H RBI RC3 RA54 LAIQIS RBE RA} H RA54
LA 1845 H RBl RCA RA54 LA 1919 RBé RA34 H RA54
LA 1846 H RBl RCS RA54 LA 1920 RBE RA44 H RA54
L s1s47 Rg, H H Rysa L1021 Ry Ryso H Rysq
L.1s4s Rp) Rp H Rsq Lo Rps Rysa H Rysq
L.isas Rp, Rps H Rsq L1923 Rgs Rysa H Rysq
LA 1850 RBl RB4 H RA54 LA 1924 RB(S RC3 H RA54
LA1851 RBl RBS H RA54 LA1925 RBE 1{Cll H RA54
LA1852 RBl RBG H RA54 LA1926 RBE RCS H RA54
LA1853 RBl RB7 H RA54 LA1927 RBé H RBI RA54
LA 1854 RBl RBZ4 H RA 54 LA 1928 RBE H RBS RA 54
LA 1855 RBl RBZS H RA54 LA 1929 RBE H R84 RA54
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LAi Rl Rll RIZ RZ

LA1930 RBG H RBS RA54
LA1931 RBé H RBé RA54
LA 1932 RB(S H RB7 RA54
LA 1933 RBG H RBQ4 RA54
LA 1934 RBG H RBZ5 RA 54
LAIQSS RB6 H RAS RA54
LA1936 RBG H RA34 RA54
LA1937 RBG H RA44 RA54
LAIQSS RBG H RA52 RA54
LAIQSQ RBG H RA53 RA54
LA 1940 RBG H RA54 RA54
LA1941 RBé H RCS RA54
LA 1942 RBG H RC4 RA54
LA 1943 RB6 H RCS RA54
LA1944 RBG RBl RBI RA54
LA 1945 RBG RBS RBI RA54
LA 1946 RBG RB4 RBI RA 54
LA1947 RBG RBS RBI RA54
LA 1948 RBG RBG RBI RA54
LA 1949 RBG RB7 RBI RA54
LA 1950 RBG RBZ4 RBI RA 54
LA1951 RBG RBZS RBI RA54
LA 1952 RBG RAS RBI RA54
LA1953 RBG RA34 RBI RA54
LA 1954 RBG RA44 RBI RA54
LAIQSS RBG RASZ RBI RA54
LA1956 RBG RASS RBI RA54
LA1957 RBG RA54 RBI RA54
LAIQSS RBG RC3 RBI RA54
LAIQSQ RBG RC4 RBI RA54
LAIQGO RBG RCS RBI RA54
LAIQGI RBG RBI RBI RA54
LA 1962 RBé RBl RBS RA54
LA 1963 RBG RBI RB4 RA 54
LA1964 RBé RBl RBS RA54
LA 1965 RBG RBI RBé RA54
LA 1966 RBG RBl RB7 RA54
LA 1967 RBG RBI RBZ4 RA54
LA 1963 RBé RBl RBES RA 54
LA 1969 RBG RBI RA3 RA54
LA197O RBé RBl RA34 RA54

[0103] In some embodiments of the compound, the first

ligand L, is selected from the group consisting of

Rl4

N
“
\N

ligands LII-L, that are based on a structure of Formula LII
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RY N
]
L

RZ

Rl

ligands LIII-L , that are based on a structure of Formula LIT

ligands LIV-L , that are based on a structure of Formula LIV

RY N
a
N N

R2

Rl

ligands LV-L,;, that are based on a structure of Formula LV

RY N
]
N

Rl

Rl

F

ligands LVI-L ; that are based on a structure of Formula LVI



US 2019/0237683 Al

i 2186 and for
in i is an integer from 1971 to
[Olg“i] RYVIIlfzr e:Illd R**in the formulas LII through LVI are
eachi, R, R?,

defined as follows:

2
R! R4 R
LAi
R, H H
Laiont RBs R, -
LA 1972 RBS RBs H
Lato7a RBs i -
Lio7a B3 I -
LA 1975 RBS H
Rz
L1076 Rgs -
R RB7
LA 1977 RB3 R824 H
LA 1978 B3 R - H
LA 1979 RBS B H
RA3
LA 1980 RBS H
R RA34
LA 1981 RBS RA44 H
LA 1982 RBS RA52 H
LA 1983 RBS RA53 H
LA 1984 B3 R : H
LA 1985 RBS ~45. H
RC3
LA 1986 RBS H
R, Res
LA 1987 B3 H
R, Res
LA 1988 RBS H H
LA 1989 RBG RBI H
LA 1990 -B6 R . H
LA 1991 RBG B H
Rpa
LA 1992 RBG H
Rps
L1003 Ras -
R Rgs
L1004 -B6 -
Rp;
L1005 Ras -
R RB24
L 41006 -B6 o -
LA 1997 RBG B H
Ry
LA 1998 RBG H
R Riza
L1900 RBG R -
L2000 RBG . -
L.sz001 RBG R -
L2002 -B6 R -
LA1003 RBG H
; RC3
LA“OOZI RBG H
- R Re
LA1005 -B6 H
. R Res
LAZOOG -B6 H H
LA2007 RB7 R H
LA“OOS RB7 -B1 H
- Ry
LA“OOQ RB7 H
- Ry
LA“OIO RB7 H
- Rys
LA“OII RB7 H
; RBG
LA1012 RB7 H
- Ry,
LA1013 RB7 H
. R RB24
LA2014 -B7 Rst H
LA1015 RB7 H
; ke
LA“OIG RB7 4. H
. R RA34
LA2017 RB7 RA44 H
LAZOIS RB7 RA52 H
LAZOIQ RB7 RA53 H
LA2020 -B7 RA54 H
LA1021 RB7 H
- R Res
LA2022 -B7 R H
LA1023 RB7 C4 H
. R,
LA1024 RB7 8 H
- R. H
LA2025 B9 R H
LA1026 RBQ Bl H
; R Rgs
LA2027 -BO RBA H
LA2028 RBQ RBS H
L 12020 Rzo R -
L2030 Rzo R -
Lss031 Rgo R a0
L 2 RBQ B24 H
‘42032 RBZS
LA1033 RBQ H
; o
LA1034 RBQ A, H
; R
L 2 RBQ ~A3. H
‘42035 R RA44
L2036 RBQ R -
LA2037 -BO R H
Lzo3s Rpo 453 -
; R RA54
LA2039 B9 RC3 H
LA2040 RBQ

31
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-continued
2
R! R R
Ly
H
Rey
LA2041 RBQ 1{C H
LA2042 RBQ 8 n
R H
L so043 RBIS Ry, I
L s2044 RBIS . I
LA2045 -B15 R H
LA2046 RBIS B4 0
R, Rps
L 12047 RBIS s I
L 2048 RBIS R I
L2049 RBIS g I
L 2050 RBIS e I
L 12051 RBIS R I
L2052 RBIS x>, I
L2053 RBIS R I
L2054 B15 R I
L 2055 Ras I
R 453
L 12056 RBIS R I
LA2057 B15 R . H
LA2058 RBIS (. H
R Res
LA2059 RBIS RCS H
LAQOSO RBIS H H
LA2061 RA44 RBI H
LA2062 RA44 RBS H
LA2063 RA44 RBA H
LA2064 RA44 RBS H
LA2065 RA44 RBS H
LA2066 RA44 RB7 H
LA2067 RA44 RBZA H
LA2068 RA44 Rsz H
LA2069 RA44 RA3 H
LA2070 ~444 R . H
LA2071 RA44 Z H
R ~444
LA2072 ~444 R ’ q
LA2073 RA44 A5 H
RASS
LA2074 RA44 H
R RA54
LA2075 RA44 RC3 q
LA2076 RA44 RC4 q
LA2077 RA44 RCS H
LA2078 ~444 g RBl
L H R
42079 Ry, ”
L 7080 H R
‘42080 R ”
L H B3 R
‘42081 RBA -
L H R
42082 R ”
L H R
42083 R ”
L H R
‘42084 R Bl
L H -B7 R
o RBZ4 -B1
L H R
42086 o ”
L 7087 H R
‘42087 R Bl
L H 43 R
o RA34 -B1
L H R
oo RA44 -B1
L 2006 H R
42090 R ”
L H R
‘42091 R ’ Bl
L H A5, R
42092 R ”
L H R
42093 R ”
L H R
42094 R ”
L H R
‘42095 R Bl
L H s R
‘42096 R - Bl
L 42007 B1 R,, R
L 42008 Rp, R
Rgs Bl
LAZOQQ RBI R
R RB4 Bl
LAZIOO -B1 R ; RBl
LA2101 RBI B. R
Rps -B1
Lo Rai R
Rz; -B1
LA2103 RBI R
RB24 -B1
LA2104 RBI R
R RB25 -B1
LA2105 -B1 R RBl
L RBI A3 R
42106 R R >
LA2107 RBI RA44 RBl
LAZIOS RBI RASZ RBl
LA2109 RBI RASS RBl
Lasito RBI R NS
Lo RBI R N
LAQI 12 RBI RC4 RBl
Laia B1 R N
Lotia Rpy
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L R! R R2
LAZ 115 H H RA54
LAZ 116 H RBI RA54
LAZ 117 H RBS RA54
LAZ 118 H RB4 RA54
LAZ 119 H RBS RA54
LAZ 120 H RBG RA54
LAZ 121 H RB7 RA54
LAZ 122 H RB24 RA54
LAZ 123 H RB25 RA54
LAZ 124 H RAS RA54
LAZ 125 H RA34 RA54
LAZ 126 H 1{/144 RA54
LAZ 127 H RA52 RA54
LAZ 128 H RA53 RA54
LAZ 129 H RA54 RA54
LAZ 130 H RCS RA54
LAZ 131 H RC4 RA54
LAZ 132 H RCS RA54
LAZ 133 RBI H RA54
LAZ 134 RBI RBI RA54
LA2 135 RBI RBB RA54
LAZ 136 RBI RB4 RA54
LAZ 137 RBI RBS RA54
LA2 138 RBI RBS RA54
LAZ 139 RBI RB7 RA54
LAZ 140 RBI RB24 RA54
LA2 141 RBI RBZS RA54
LA2 142 RBI RA3 RA54
LAZ 143 RBI RA34 RA54
Lus1aa Rg; Ruaa Rysa
LA2 145 RBI RASZ RA54
LA2 146 RBI RA53 RA54
LA2 147 RBI RA54 RA54
LA2 148 RBI RC3 RA54
LA2 149 RBI RC4 RA54
LA2 150 RBI RCS R/154
LA2 151 RASA H RA54
LA2 152 RASA RBI RA54
LA2 153 RASA RBS R/154
LA2 154 RASA RB4 R/154
LA2 155 RASA RBS RA54
LA2 156 RASA RBG R/154
LA2 157 RASA RB7 R/154
LA2 158 RASA RBZ4 R/154
LA2 159 RASA RBZS R/154
LA2 160 RASA RAS R/154
LA2 161 RASA RA34 R/154
Leie Rysa Raa Rysq
LA2 163 454 ~452 R/154
LA2 164 RASA RA53 R/154
LA2 165 RASA RA54 RA54
LA2 166 RASA RC3 R/154
LA2 167 454 RC4 R/154
LA2 168 RASA RCS RA54
LA2 169 RBS H RBl
LA2170 RBS RBI RBI
LA2171 RBS RBS RBI
LAZ 172 RBG RB4 RBI
LAZ 173 RBG RBS RBI
LAZ 174 RBG RBG RBI
LA2175 RBG RB7 RBI
LA2 176 RBG RBZ4 RBl
LA2177 RBS RBZS RBl
LA2178 RBS RAS RBl
LA2179 RBS RA34 RBI
LAZ 180 RBG RA44 RBI
LAZISI RBG RA52 RBI
LAZ 182 RBG RA53 RBI
Lizis3 Rge Rysa Rp
LA2 184 RBG RC3 RBl
Lyziss Rps Rey Rp,
LAZ 186 RBS RCS RBl

32
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[0105] In some embodiments of the compound, the first
ligand L, is selected from the group consisting of:

ligands LVII-L ,, that are based on a structure of Formula
LVII

R]Z
N)W
N? | a
Rl3 \ N
Rl

ligands LVIII-L ,, that are based on a structure of Formula
LVIII

ligands LIX-L , that are based on a structure of Formula LIX
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L. Rl R R

R12
L 42200 Rps Ras Ras
Linic Rps Rz Rps
Lo Rps Ra7 Ras
N L1 Rps Rapoa Ras
| Lania Ras Raos Rps
§ N Lixia Rps R Rps
R , L2is Rps Riza Ras
Lanie Ras Riaa Rps
Lt Rps Ryso Rps
Liois Rps Ryss Rps
Lanio Ras Rysa Rps
L2220 Rps Res Rps
R! Lo Rps Rey Rps
Ln Rps Res Rps
L2023 Rps H R
L2224 Rps Rz Re
L2225 Rps Ras Re
L2226 Rps Rpy Res
ligands LX-L ,, that are based on a structure of Formula LX L2227 Ras Rps Res
42228 Rps Rz Re
L2220 Rgs Rg; Re
" L2230 Rps Rapos Re
R Loz Rps Raos Re
Linan Rgs Rps Re
La33 Rps Rz Rey
Z L2234 Rps Ryaa Re
N Loas Rgs Ryso Re
| L6 Rgs Rys3 Re
Z N L 237 Rps Rysa Res
N Laoas Rgs Res Re
| Laozo Rgs Rey Re
; N N , L2240 Rgs Reg Re
R La Rgs H Rey
Lo Rgs Rg; Rey
L2oaa Rgs Rgs Rey
L2244 Rgs Rpg Ry
L2245 Rgs Rgs Rey
. Lo2oae Rgs Rz Rey
R L2247 Rgs Rp; Ry
La2oas Rgs Rpoq Ry
I]:Azug §33 Eszs §c4
42250 B3 43 ca
Lazst Rgs Ry Ry
ligands LXI-L , that are based on a structure of Formula LX1 E‘mj 2 §B3 EAM %a
.. ! . o1 42253 B3 452 ca
wherein i is an integer from 2187 to 2402 and for each i, R”, Lrosa Rgs Ryss Rey
R'2, and R*? in the formulas LVII through LXI are defined L 2255 Rps Rysq Req
as follows: L2256 Rps Res Rey
L2257 Rgs Rey Ry
I]:Azzss ng Ecs Ea
42259 56 B1
Ly R! R" RY L 2260 Rge Ry Rg,
Laner Rz Rgs Rz
L2187 Rpa H Rp) Line Rgs Rga Rz
La2iss Rpa Rpy Rp) L2263 Rgs Rps Rz
La21so Rps Rps Rp) L6 Rps Rz Rp
L2100 Rps Rpy Ry, L 42265 Rgs Rgy Rz
Lzio1 Ras Res Rz La2es Rgs R Rz
Lizi02 Rps Rgs Rz L6 Rgs Rgos Rz
LA2193 RB3 RB7 RBI LAQZG& RBG RA3 RBl
L2104 Rps Rpoq Ry, L 42260 Rpe Rz Rz
L2105 Rps Rpas Rp, Lm0 Ras Riag Rzl
Lazios Res R R Lion Rps Rysm Rp
L2197 Rps Riaq Rgy L7 Rz Rys3 Rz
iazws 533 §A44 531 Lo Rye Ryss Rz,
T
LA;ZOI Rps Rysq Ry, Fzrs Rae Rea Ra.
LA2202 RB3 RC3 RBI LAZZ 6 RBG RC8 RBl
LA2203 RB3 RC4 RBI LA22 7 RBS H RB}
Lo Rgs Res Rp L7 Rz Ray Ras
L 49205 Razs H Rz L7 Rge Ras Rps
L 42206 Razs Rz Rps L 2286 Rze Ras Rgs
L2007 Rz Rps Rps L2281 Ras Ras Ras

LA2208 RBS RB4 RB} LA22 82 RBG RBG RB}
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L, R R2 R L, R R2 RS
L 42083 Ras Ry Rp; L s3s7 Rge Raos Ras
L2284 Rps Rpos Rp; L 12358 Rps Ri Rps
L s208s Ras Raos Rp; L 1350 Rge Riza Ras
L 42086 Ras Ry Rp; L 12360 Rge Riaa Ras
L 2087 Rz Ry Rgs Loser Rz Riso Rps
L2288 Rps Riua Rp; L2362 Rgs Ryss Rps
L 42080 Ras Rysa Rp; L6z Rge Risa Ras
L 42200 Rz Rys3 Rgs L2364 Rz Res Rps
L2001 Rze Rysa Ras Lo3es Rz Rey Rps
L2202 Rps Res Rp; L 2366 Rgs Res Rps
L2203 Rz Res Rgs L2367 Rz H R
L2204 Rze Reg Ras Lo3es Rz Rz R
L 2005 Rze H Res L2360 Rz Ras Re
L2206 Rpe Rp, Res L 237 Rgs Rpy Rey
L2207 Rze Rps Res L7t Rz Rzs R
L2008 Rze Ras Res L7 Rz Rz Re
L2200 Rze Rps Res Lz Rz Ray Re
L2300 Rpe Rps Res Lz Rgs Rpos Res
L2301 Rze Rpy Res L2375 Rz Raos Re
L2302 Rze Rpoa Res L2376 Rz Ris Re
L2303 Rzes Rgos Res Lzs7s Rz Ry Re
L2304 Rze Rp Res Loazs Rz Ryaa Re
L2305 Rze Ry Res L2370 Rz Ryso Re
L 2306 Rges Ryaa Res L2350 Rz 453 Re
L2307 Rpe Rysz Ry Lo23s1 Rz Rysa Res
L 42308 Rze Rys3 Res Lio3eo Ras Res Res
L2300 Rges Rysa Res L 42383 Rze Res R
L3i0 Rgs Res Re L o34 Rze Res Res
Lazsn Rps Rey Res Losss Rpe H Ra
Lasp Ras Res X L2386 Rz Rz Rey
Lazaa Rges H Rey Loeen R R R
Lass1a Rzes Rz Rey 42387 26 > o

L R R, R

Loais Ryq Ry, Res LAzsss RBs RBA Rc4
Losie Rpe Rps Res 42389 \B6 .B5 ca
L5317 Rz Rzs Rey L 12300 Rzs Rz Rey
Loss Rpe Ry Rey L2301 Rze Rg7 Res
L saio Ryze Ry, Ry L2300 Rge Raoa Res
L 43320 Rze Rpoa Res L 2303 Rzs Rpas Rey
Laasar Rzes Rpos Rey L2304 Rgs R Rey
L2322 Rzes Ry Rey L2305 Rps Ry Rey
L2323 Rge Ryss Rey L 42306 Rgs Riua Rey
L2324 Rzes Roaq Rey L 12307 Rz Ryso Rey
L3305 Rps Rys2 Rey L2308 Rps Rys3 Rey
L2326 Rps Ryss Rey L 49300 Rpe Rysq Rey
Lzs7 Rps Risa Rey L 42400 Rzs Res Ras
Liassg Res R Rey L 42401 Razs Rea Ras
L2320 Rzes Rey Rey L a0 Rys Reg Rey
L2330 Rpe Reg Rey
Lga3a1 Rzes H Rp)
L2332 Rzes Rpy Rp)
L2333 Rps Rps Rg wherein Ry, to Ry, have the following structures:
L2334 Rpe Rpy Rp,
L2335 Rzes Rps Rp)
L2336 Rpes Rps Rp,
L2337 Rpes Rpy Rp, Rz
L o33s Rge Rpog Rg, ,-’CH3’
L2330 Rpes Rpos Rp, ’
L2340 Rpes Ry Rp, Rp
Laasar Rpes Ry Rp, ‘,"CD3’
Lizaa Rpe R Rg, R
Loaaa Rzes Ryso Rg; 83
L2344 Rze Rys3 Rz
Losous Rzes Rysa Ry -
L3346 Rzs Res Rz -
LA2347 RBG RC4 RBI RB4
L2348 Rpe Res Ry, . ,
L2340 Rpes H Rgs .
L2350 Rzes Rpy Rgs
L2351 Rge Rps Rp;
Lzsso Rze Ras Ras Rps
Lz3s3 Ras Res Rps R
L2354 Rze Rze Rzs e
LA2355 RBG RB7 RB3
LA2356 RBG RB24 RB3
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Rps Rzio
D D
. \*
Rpao
) | DQ
Rpg -’
\O Rp)
Jtad D
Rpg P ;
Rpn
D D
Rpio i \QQ 7
\Q Rpaz
D D
Rai \ (
RBIZ RBZ4
% i ()L , and
Rais Rp2s
Rpi4
[0106] wherein R, to R s, have the following structures
’ Ry
Rpis i CFs,
Rp
D
k*
- CFs,
Rz Ry
,—‘\/CF%
Raa
D D
Rpi7
D;C - CF;,
D .
. Rys
CD;, J\
Rps - Crs,
D D
Ris
- ' J<D
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A

. CILF,

\
\
‘
4<‘
(@]
les]
@

@]
s
e

.

@]
&
hez!

.
\

.
\
s
<<‘
@]
&3]
“ﬁ

CF,

.
N
.
%‘<
[}
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¥
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-continued
Ry7
_,/\{/ T,
Rus
’,YCHZF,
CHyF
Ruo 2
_,YCHFZ,
Raio CHF,
\)\CH,
Ryn
CF;3
Ranz . \/l\
CFs,
Rai3
D D Ch
414 . CF;,
CH.F
Ryis \)\
CHF,
CHF,
Ruis \/L
CHF,,
RA17 ‘\)<F
Ryg %\
F F
Ryig
CF;
N CFs,
Rz
Ry
CF3,
Ryn g b
CF,

D
@]
o3|

%
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Ry

Ry

Ryzs

Ry

Ryp7

Ry

Rz

Ruzo

Ry

Rys

Ry33

Rz

Ryzs

Rys6
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FiC

.
\
S
’d

o
e

@

o
A

o
et

.
\
\
Y
@]
i
2

CF

)

C

CFs,

.
Iy
By
\;: /\

CF;

B g
. )
.
25}
5]
=

FyC ;

CF,

F
OLF,

CT3

.
1y
Y
S

CF3,

Ryz7

Ryss
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-continued
Ryss
CF,
-~ l CFs,
D
Rusr
CF;
i :CF3
CF;,
Ryug
CF;
FiC CFy4
CE,
CFy
R0
F
F F
r“ F,
F
Ruso
F F
Rys1
CFy
CF;,
Ryn
CF3
Rys3
---=CF3, and
Rus
- -F,

wherein R, to R, have the following structures:
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Res 3
[0107] In some embodiments of the compound, the com-
pound has formula Tr(L,),, Ir(L )(Lz),, Ir(L_).(Lg), Ir(L,)
5(Le), and Ir(L (L z)(L,); and wherein each L, L, and L~
R is a bidentate ligand, and different from each other.
“  [0108] In some embodiments of the compound, Ly is L,
selected from the group consisting of:
Lz, through Lz, ,4, are based on a structure of Formula
XXVII,
Rl
e
Res ’ / R
o
RZ
in which R', R? and R> are defined as:
Res Ly R! R? R?
Lo m
Lo RD3 RDs a
bas RD4 RD4 2
bas RDS RDS 2
bas RDG RDG a
Lzs R R H
Rer Lg; Ri; Rg H
Lzs RS RS H
LBQ RDIO RDIO d
LBIO RDll RDll i
LB“ RDIZ RDIZ d
LBIZ RD13 RD13 d
LBIS RD14 RD14 q
L R R H
Res Lo RPL REL H
eomeowe o
LBI7 RDIS RDIS q
Lass RD19 RDIQ 2
Faio RDzo RDzo a
Fao RD21 RD21 a
Lle RD22 RD22 q
Lz R R H
ooommoEowm
Fae RDzs RDzs a
L325 RD25 RD26 q
Loz RD27 R1)27 a
Lozt RDzs RDzs a
L328 RD29 RD29 q
Fao RDSO R1)30 a
Faso RDS[ RDSI a
Reio Fasi RDsz RDsz a
LB:’Z RD33 RD33 q
Lass R034 R034 d
Fasa RDss RDss a
Fass RD40 R1)40 i
Lase RD41 RD41 i
Las7 RD42 RD42 i
Fass RD64 RD64 i
Laso R R H




Aug. 1,2019
US 2019/0237683 Al N

-continued
-continued 1 - _
3 Ly R
Rl R2 . D2 RD32 H
LBj LB 14 §D2 RD33 "
RDGG RDGG H LBI u o RD34 :
Lzao RDS RDS8 H Lous Rm - ;
LBAI RD75 RD76 H LBI i RD2 RD40 ;
Lap RO R22 H Lo RD2 o ;
Lpas RO RD? H Lous Rm o H
Lpua RO R24 H Lo RDZ g ;
Lpus RP! RDS H Lo RD2 = ;
Lpas RO RDS H Lom Rm o ;
Lpa7 RO! RY7 H Lo RDZ - H
Lpug RO RDS H Loy RD3 v ;
Lpuo RP! RD? o Lo RD3 2 ;
Laso RO! R0 H Lons Rm - :
Las; RO! ROU H Lane RD3 ke H
Las» RO! RD12 H Lo RD3 v ;
Lpss RP! R H Lons Rm 2 ;
Lpsa RO RDM H Lo RD3 v :
Lass RO! RD1S H Lo RD3 ko :
Lass RO! RDL6 H Lo Rm ! ;
Lpsy RP! ROV o Lo RD3 v :
Lpss RO! RD18 H Lo RD3 v :
Laso RO! RDY H Loy Rm - ;
Lgeo RP! RD20 H Lons RD3 - :
Lge1 RO! RP2! H Lo RD3 b :
Lger RO! RD2 H Laws RD3 o :
Lges RO! RD? H Lans RD3 v :
Lpea RP! RP H Lo RD3 v :
Lges RO! RD2S H Lo RD3 o ;
Lges RO! RD26 H Lo RD3 ko ;
Lger RO! RD?7 H Lo RD3 v ;
Lpes RP! RD28 o Lo RD3 v ;
Lgeo RO! RP2 H Lows RD3 i ;
Lgyo RO! RD30 H Laus RD3 2 :
Lgn RO! RD31 H Lovs RD3 2 ;
Lgmn RO! RP2 H Lovs RD3 = ;
Lg7s RO! RO H Lovs RD3 2 ;
Lga RD! RD34 H Laus RD3 = :
Lgss RD! RD35 H Lars RD3 o :
Lgis RO! RP%0 H Lot RD3 o ;
L7y RO! R4 H Lo RD3 e :
Lgs RD! RD®2 H Laos RD3 o :
LB79 RDI RD64 H LBljj RD3 RD35 :
Lpso RO RD66 H Lois RD3 = :
Lgs1 RO! RDS8 H Lo RD3 o :
Lgsy RO RD76 H Lo RD3 e :
L383 RDZ RDI H LBljg RD3 RD64 :
Lpsa RZ2 RD3 H Lors RD3 - :
LBSS RDZ RD4 H LBIGI RD3 RDGS ;
LBSG RDZ RD5 H LBIGZ RD3 RD76 :
Lps7 RZ2 RDS H Lo RD4 v :
Lpss RZ2 RZ7 H Lo RD4 3 :
LBSQ RDZ RD8 H LBIGj RD4 RD7 ;
LBQO RDZ RDQ H LBIGG RD4 RD8 :
Lpo1 RZ2 RD10 H Lo RD4 - :
Lgor RZ2 RO H Lore RD4 v :
Lpes RD2 RD12 H Lo RD4 o :
Lpoa RD2 RD13 H Loro RD4 o :
Lpos RZ2 RDM4 H Lo RD4 - :
Lags RZ2 RO H Lom RD4 i :
LBQ ! D2 RD 16 H L K o :
R H ‘B173 D R
LBQS D2 RD 17 L X o ;
N ‘B174 "na R
LBQQ D2 RD 18 H L X o ;
X ‘B175 na R
Lz1oo - RDI9 H L : : :
R ‘B176 ha R
Lzio1 . RD% i L x . :
N ‘B177 o4 R
Leio - 2! I . & . H
R ‘B178 ' R
Lzios - R0 I . & . H
L R P23 H ‘B179 RD4 R
‘B104 RD2 R LB " " RDZZ :
Lgios I RO H Lo R 2 :
b R D25 H 21 RD4 X
B106 RD2 R Low ? T :
Laio7 . R0 0 L 3 . :
N ‘B183 'na R
Lgios . DY - - x . H
R ‘B184 na R
Lg1oo - R i L : - :
X ‘BI85 ' R
Lai1o - D I L : . :
R ‘B186 ' R
LBI u RD2 RDSO H L8187 X
LBI 2 D2 RD31 H
L R
‘B113
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Ly R! R’ R} Ly R! R’ R’
D4 D29 D§ D29
[ ADé AP0 a e a0e AD0 a
Lp1oo RD4 RD3! H Lposs RD® RD3! H
Lpo1 RD4 RO®2 H Lpses RD® RO®2 H
Lp1os R RD33 H Lsce RD8 RD33 H
Lpios R RO H Lposy RDS RO H
Lpios RD4 RD%S H Lpsss RD® RD%S H
Lpos RD? RD40 H Lpsso RD® RD40 H
La1os R RP4L H Lasro RDS RP41 H
Lpios R R4 H Lot RDS RD42 H
Lp1os R RO® H Lga7 RPS RP® H
LB 199 RD4 RD66 H L32 - RDS RD66 H
LBZ 00 RD4 RDSS H L32 74 RDS RDSS H
LBZ o1 RD4 RD 76 H LBQ s RDS RD 76 H
LBZ - RD4 RD 1 H L32 6 RD 1l RDS H
LBZOS RD7 RDS H LBQ77 RDll RDS H
LBZO4 RD7 RD6 H LBQ78 RDll RDQ H
LBZOS RD7 RD8 H LBQ79 RDll RDIO H
LBZOS RD7 RDQ H L3280 RDll RD 12 H
LBZO7 RD7 RDIO H L3281 RDll RDIS H
LBZOS RD7 RDll H L3282 RDll RD 14 H
LBZOQ RD7 RD 12 H L3283 RDll RDIS H
LBZIO RD7 RD13 H LBQS4 RDll RDIG H
L3211 RD7 RD14 H L3285 RDll RD17 H
LBZ 5 RD7 RDIS H L3286 RDll RDIS H
LBZIS RD7 RDIG H LBQS7 RDll RDIQ H
L32 14 RD7 RD17 H L3288 RDll RDZO H
L3215 RD7 RDIS H L3289 RDll RDZI H
LBZ 16 RD7 RDIQ H L3290 RDll RDZZ H
L32 17 RD7 RDZO H L329 L RD 1l RDZ3 H
L32 Is RD7 RDZ 1 H L3292 RD 1l RDZ4 H
L32 1 RD7 RDZZ H L329 3 RD 1l RDZS H
L3220 RD7 RDZ3 H L3294 RDll RDZG H
L322 L RD7 RDZ4 H L329 s RD 1l RDZ 7 H
L3222 RD7 RDZS H L329 6 RD 1l RDZS H
LBEZ3 RD7 RDZG H LBZQ7 RDll RDZQ H
L3224 RD7 RDZ7 H L3298 RDll RD30 H
L3225 RD7 RDZS H L3299 RDll RD31 H
L3226 RD7 RDZQ H LB300 RDll RD3Z H
LBEZ7 RD7 RD30 H LB301 RDll RD33 H
LBZZS RD7 RD31 H L3302 RDll RD34 H
L3229 RD7 RD.’:Z H LB303 RDll RD35 H
L3230 RD7 RD33 H LB304 RDll RD40 H
LB231 RD7 RD34 H LB305 RDll RD41 H
LB232 RD7 RD35 H LB306 RDll RD4Z H
LBE33 RD7 RD40 H LB307 RDll RD64 H
L3234 RD7 RD41 H LB308 RDll RDGG H
LBE35 RD7 RD4Z H LB309 RDll RDGS H
L3236 RD7 RD64 H LB310 RDll RD76 H
L3237 RD7 RDGG H LB311 RD13 RDS H
LBE38 RD7 RDGS H LB}IZ RD13 RDG H
LBE39 RD7 RD76 H LB313 RD13 RDQ H
L3240 RD8 RDS H LB314 RD13 RDIO H
LBE41 RD8 RDG H LB315 RD13 RDIZ H
LBE4Z RD8 RDQ H LB316 RD13 RD 14 H
L3243 RD8 RDIO H LB317 RD13 RDIS H
L3244 RD8 RDll H LB318 RD13 RDIG H
LBE45 RD8 RD 12 H LB319 RD13 RD17 H
LBE46 RD8 RD13 H LB320 RD13 RD18 H
LBE47 RD8 RD 14 H LB321 RD13 RD19 H
LBZ48 RDS RD 15 H L3322 RD 13 RDZO H
LBZ49 RDS RD 16 H LB32 3 RD 13 RD2 1 H
LBZ 5o RDS RD 17 H L3324 RD 13 RD22 H
LBZSI RDS RDIS H LBS25 RD13 RD23 H
LBZ 5 RDS RD 19 H LB32 s RD 13 RD24 H
LBZ 53 RDS RD20 H LB32 . RD 13 RD25 H
LBZ ” RD8 RDZ 1 H LB}Z s RD 13 RDZG H
L32 ss RD8 RDZZ H LB}Z 9 RD 13 RDZ 7 H
LB256 RD8 RDZ3 H L3330 RD13 RDZS H
LBZ 57 RDS RD24 H LB33 L RD 13 RDZQ H
LBZSS RDS RD25 H LB}32 RD13 RD30 H
LBZSQ RDS RD26 H LBSSS RD13 RD31 H
LBZ . RDS RD2 7 H LB334 RD 13 RD32 H
LBZGI RDS RD28 H LB335 RD13 RD33 H
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Ly R! R’ R} Ly R! R’ R’
LB336 RD13 RD34 H LBAIO RD25 RD5 H
L3337 RD13 RDSS " LBAII RD25 RDS "
LBSSS RD13 RD40 H LBAI2 RD25 RDQ H
LBSSQ RD13 RD41 H LBAIS RD25 RDIO H
L3340 RD13 RD42 " LBAI4 RD25 RD 12 "
LBS41 RD13 RD64 H LBAI5 RD25 RDIS H
LBS42 RD13 RD66 H LBAIG RD25 RDIS H
LBS43 RD13 RD68 b=t LBAI 4 RD26 RD17 b=t
L3344 RD13 RD76 H LBAIS RD25 RDIS H
LBS45 RD14 RDS H LBAIQ RD25 RDIQ H
LB346 RD14 RD6 b=t L3420 RD26 RDZO b=t
L3347 RD14 RDQ b=t LBA21 RD26 RDZI b=t
LBS48 RD14 RD 10 H L3422 RD25 RD23 H
LBS49 RD14 RD 12 H LBA23 RD26 RD24 H
L3350 RD14 RDIS b=t L3424 RD26 RDZS b=t
L3351 RD14 RDIS H L3425 RD25 RD27 H
L3352 RD14 RD 17 H LBA26 RD26 RDZS H
L3353 RD14 RDIS H L3427 RD26 RDZQ H
L3354 RD14 RDIQ b=t LBA28 RD26 RDSO b=t
L3355 RD14 RDZO H L342g RD26 RD31 H
LBSSS RD14 RDZI H L3430 RD26 RDSZ H
L3357 RD14 RDZZ b=t LBASI RD26 RD33 b=t
LBSSS RD14 RDZ3 H LBA:Q RD25 RD34 H
L3359 RD14 RD24 H LBA33 RD26 RDSS H
LBSSO RD14 RDZS H L3434 RD26 RD40 H
LBSSI RD14 RDZG H LBASS RD25 RD41 H
LBSSZ RD14 RDZ7 H LBASS RD25 RD4Z H
LBSSB RD14 RDZS H L343 . RD26 RD64 H
L3364 RD14 RDZQ H LBASS RD25 RDGG H
LBSSS RD14 RDSO H LBA39 RD25 RD68 H
LBSSS RD14 RD31 H LBA40 RD25 RD76 H
L3367 RD14 RDSZ H LBA41 RD35 RDS H
LBSSS RD14 RD33 H LBA42 RD35 RDG H
LBSSQ RD14 RD34 H L3443 RD35 RDQ H
L33 % RD14 RD35 H LBA44 RD35 RD 10 H
L33 - RD14 RD40 H LBA45 RD35 RD 12 H
L33 » RD14 RD41 H LBA46 RD35 RDIS H
L33 7 RD14 RD4Z H L3447 RD35 RDIG H
L33 - RD14 RD64 H LBA48 RD35 RD17 H
L33 75 RD14 RDGG H LBA49 RD35 RD 18 H
L33 % RD14 RDGS H LBASO RD35 RDIQ H
L33 . RD14 RD76 H LBASI RD35 RDZO H
L33 % RDZZ RDS H L3452 RD35 RDZI H
L33 7 RDZZ RDG H L3453 RD35 RDZ3 H
LBS80 RDZZ RDQ H LBAS4 RD35 RDZ4 H
LBS81 RDZZ RD 10 H LBASS RD35 RDZS H
LBS8Z RDZZ RD 12 H LBASG RD35 RDZ7 H
LBS83 RDZZ RD 15 H L345 . RD35 RDZS H
LBS84 RDZZ RD 16 H LBAS8 RD35 RDZQ H
LBS85 RDZZ RD17 H LBASQ RD35 RD30 H
L3386 RDZZ RDIS H LBAGO RD35 RD31 H
LBS87 RDZZ RD 19 H LBAGI RD35 RD3Z H
LBS88 RDZZ RDZO H LBAGZ RD35 RD33 H
L3389 RDZZ RDZI H LBAG?: RD35 RD34 H
L3390 RDZZ RDZ3 H LBAG4 RD35 RD40 H
L3391 RDZZ RDZ4 H LBAGS RD35 RD41 H
LBSQZ RDZZ RDZS H LBAGG RD35 RD4Z H
LBSQ?: RDZZ RDZG H LBAG7 RD35 RD64 H
LBSQ4 RDZZ RDZ7 H L3468 RD35 RDGG H
L3395 RDZZ RDZS H L3469 RD35 RD68 H
LBSQS RDZZ RDZQ H LBA70 RD35 RD 76 H
L3397 RD22 RDSO " LBA71 RD40 RDS "
LBSQS RD22 RD31 H LBA72 RD40 RDG H
LBSQQ RD22 RD32 H LBA73 RD40 RD9 H
LBAOO RD22 RD33 H LBA74 RD40 RD 10 H
LB401 RD22 RD34 H LB475 RD40 RD 12 H
LB402 RDZZ RD35 H LB476 RD40 RD 15 H
LBAO?: RDZZ RD40 H LBA77 RD40 RD 16 H
LBAO4 RDZZ RD41 H LBA78 RD40 RD 17 H
LBAOS RDZZ RD42 b=t LBA79 RD40 RD 18 b=t
LBAOG RD22 RD64 H LBASO RD40 RD 19 H
LBAO7 RD22 RD66 H LBASI RD40 RD20 H
L8408 RD22 RDGS H L8482 RD40 RD21 H
LBAOQ RD22 RD 76 H LBAS 3 RD40 RD23 H
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-continued
-continued . R? R?
R3 b -
R R RDS RP? H
Ly Lpssg RDS RP10 i
RD40 RP2 H Lasso D66 RP12 H
Lpaga RD40 RP% H Lzseo Rpss RO H
Lpags RD40 RP? H Lpss1 RD55 RP16 H
Lpage RD40 RP% H Lzseo RD55 RPY H
Lpagy RD40 RP% H Lpses Rpss RP18 0
Lpags RD40 RP30 H Lsea Rpss RPY H
Lpago RD40 RP3! H Lpses RD55 RP20 H
Lza00 RD40 RP¥ H Lpses RD55 RP? H
Lol RD40 RD33 H Lase7 Rpss RP3 H
Lpaon RD40 RD3 H Lpsss R RP# H
Lpaoa RD40 RP4 H Lpseo RD55 RP» H
Laoa RD40 RP#® H Lzs70 Rpss RP?7 H
Laaos RD40 RP64 H Lgs71 Rpss RP% H
Lauos RDA0 R H | RD55 RP% H
Laao7 RD4O RPS® H Lps7 Rpss RP30 H
Lapaog RD40 RO76 H Lasa Rpss RP3L H
Lpago R4 R H Lgsss Rpss RP¥ H
Lasoo RO RPS H Las7s Rpss RP3 H
Lasol R4 R H Las77 Rpss RP34 H
Laso R4 RP10 al Lzs7s Rpss RP# H
Lzsos RD4 ROV H Lzs7o Rpss RP%8 H
Lasoa RO RP1 H Lsso Rpss RP76 H
Lpsos RD4 RP16 al Lpssi RD68 RP? H
Lzsos RD4 RPY H Lgsso Rpss RPS H
Lizso7 RD4 RD!8 H Lpses Rpss R H
Lpsos RO RP1 al Lgssa RD68 RP10 H
Lpsoo RO RP2 q Lgsss RDGS RP12 H
Lasio R4 RP2L H Lagsgs Rpss RO H
Lgsii R4 RPZ H Lzse7 Rpss RP16 H
Lpsio RO RP2# q Lgsss RDGS RPV H
Lgsia RO RP2 H Lgsso RDGS RP1S H
Lpsi4 R4 RP?7 H Lgsoo Rpss RPY H
Lgsis RD4 RDZ8 H Lgsor RD68 RP% H
Lgsis RO RP% H Lgsoo RDGS RP2! H
Lgs17 RDA RP® H Lgso3 RDGS RP?3 H
Lgsis RDAL RD3L H Lgsos RD68 RO H
Lpsto RD4 RP® H Lgsos RDGS RP25 H
Lgs2o RO RP3 H Lsos RDGS RP?7 H
Lgsat RD4 RD3 H Lgso7 RD68 RO H
Lpsn RO RP® 0 Lgsos R RP? H
Lpsos RD4 RO H Lgsoo RDGS RP30 H
Lpsoa RD4 RD66 H Lgeoo RDGS RP3! H
Lpsas RO RDS8 H Lzso1 RDGS RP® 0
Lgsss RDAL RO76 H Lpeoz RD68 RD33 0
Lpgsay ROGH RP® 0 Lpeos RD68 RO H
Lpsas RDG RP6 H Lzeoa RDGS RP4? H
Lpsao ROGH R?Y 0 Lyeos RD68 RP76 H
Lps30 ROGH RP10 0 Lzeos R e RP? H
Lpsi RDG RP12 H Lzeo7 RD75 RPS H
Lgsa RO RP1S H Lgsos RD75 RP® H
Lpsas ROGH RP16 0 Lgeoo RD75 RP1C H
Lpssa ROSH RPY 0 Las1o R e RP1Z H
Lpsss RO RP18 H Lge11 RD75 RP1S H
Lgsss RDGH RO H Lze12 RD75 RP16 H
Lps37 ROGH RP20 0 Lpeis RD75 RPV H
Lpssg RO RP?! 0 Las1a R e RP18 H
Lpsao RO RP23 H Lge1s RD75 R H
Lgsao RO RO H Lasis RD75 RP20 H
Lgsal ot RD25 H L R D21 H
R I 'B617 D76 R
Lpsaz D RP?7 L R D23 H
R ‘B618 D76 R
Lasaz D6t RO H L R D24 H
R 'B619 D76 K
L ‘B544 D61 RD29 H L R D25 H
R 'B620 D76 K
Lpsss Péa RP30 H L R D27 H
R B621 D76 R
Lpsas RDS RO H Lpe2o RD75 RP?S H
Lpsar Dt RP32 H L R D29 H
L R D33 H 623 RE7 R
B543 ROS R Lge2a D76 RP30 1
Lasao Dés RP3# H L R D31 H
R 'B625 D76 R
Lasso n6t RD#2 H L R D32 H
R 'B626 D76 R
Lgssi e RDO64 H L R D33 H
R ‘B627 D76 R
Lzssy D6 RD66 H L R D34 H
R 'B628 D76 R
Lgsss 61 RDS8 H L R D42 H
L R D76 H 629 RP™ R ot
BS54 RDS R Laeso D1 RP! R
Lgsss RES6 RP® H Lgest R
Lpsss D66 RPS H
L R
B557
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Ly R! R’ R} Ly R! R’ R’

D2 D2 D1 L RDI RD35 RD[
i3632 §D3 §D3 §Dl Lﬁ ;zi RDI RD40 RD[
LBE33 RD4 RD4 RDl LB ”08 RDI RD41 RD[
LBGSA RDS RDS RDl LB ”09 RDI RD42 RD[
L3635 RD6 RDS RP! LB’:IO RP! RD6 RO
LBGSG RD7 RD7 RDI LB’II RDI RDSS RD[
L3637 RDS RDS RDl LB”12 RDI RDSS RD[
LBGSS RDQ RDQ RDI LB”IS RDI RD76 RD[
Lizzf) RDIO RDIO RDI LB’:14 RD2 RDI RD[
L RDll RDII RDI LB715 RD2 RDS RD[
LBGAI RDIZ RD 12 RDI LB716 RDZ RD4 RD[
L3642 RD13 RDIS RDI LB71 . RDZ RDS RD[
Li:jz RD14 RD 14 RDI LB718 RD2 RDS RD[
L RDIS RDIS RDI LB719 RDZ RD7 RD[
L3645 RD16 RD 16 RDI LB 0 RDZ RD8 RD[
Li:j: RDI 7 RD 17 RDI LB 1 RD2 RDQ RD[
L RDIS RDIS RDI LB722 RDZ RDIO RD[
LBSAS RD19 RDIQ RDI LB723 RDZ RDII RD[
LB649 RDZO RDZO RDI LB 4 RDZ RD 12 RD[
LBSSO RDZI RDZI RDI LB 5 RDZ RD 13 RD[
LBSSI RDZZ RDZZ RDI LB 6 RDZ RD 14 RD[
LBﬁSZ RD23 RDZS RDI LB 7 RDZ RD 15 RD[
LB653 RDZ4 RDZ4 RDI LB 8 RDZ RD 16 RD[
LBSSA RDZS RDZS RDI 579 RDZ RD 17 RD[
LBﬁjj RDZﬁ RDZS RDI LB730 RDZ RDIS RD[
LB656 RDZ7 RDZ7 RDI LB731 RDZ RDIQ RD[
LB657 RDZ8 RDZS RDI LB 72 RDZ RDZO RD[
Lizzz RD29 RDZQ RDI 5733 RDZ RDZI RD[
L RD30 RD30 RDI LB 74 RDZ RDZZ RD[
LB660 RD31 RD31 RDI LB . RDZ RDZ3 RD[
LBﬁSl RD3Z RD3Z RDI LB 736 RDZ RDZ4 RD[
LBﬁSZ RD33 RD33 RDI 3737 RDZ RDZS RD[
L3663 RD34 RD34 RDl LB 738 RDZ RDZG RD[
L3664 RD35 RD35 RDI LB 730 RDZ RDZ7 RD[
L3665 RD40 RD40 RDl LB 10 RDZ RDZS RD[
LB666 RD41 RD41 RDl Bl RDZ RDZQ RD[
L3667 RD4Z RD4Z RDl LB 2 RDZ RD30 RD[
L3668 RD64 RD64 RDl LB a3 RDZ RD31 RD[
LBﬁSQ RDGG RDGG RDl LB _:'44 RDZ RD3Z RD[
L3670 RD68 RDGS RDl s RDZ RD33 RD[
LB671 RD76 RD 76 RDl LB 16 RDZ RD34 RD[
L3672 RDI RDZ RDl LB a7 RDZ RD35 RD[
L3673 RDI RD3 RDl LB a3 RDZ RD40 RD[
L3674 RDI RD4 RDl B9 RDZ RD41 RD[
L3675 RDI RDS RDl LB 50 RDZ RD4Z RD[
L3676 RDI RDG RDl LB 251 RDZ RD64 RD[
L3677 RDI RD7 RDl LB752 RDZ RDGG RD[
L3678 RDI RDS RDl 3753 RDZ RDGS RD[
LB679 RDI RDQ RDl B':'54 RDZ RD 76 RD[
L3680 RDI RDIO RDl LB755 RD3 RD4 RD[
LB&SI RDI RDll RDl L3756 RD3 RDS RD[
LBﬁSZ RDI RD 12 RDl 757 RD3 RDG RD[
L3683 RDI RD13 RDl B758 RD3 RD7 RD[
L3684 RDI RD 14 RDl L3759 RD3 RD8 RD[
L3685 RDI RDIS RDl L3760 RD3 RDQ RD[
L3686 RDI RDIG RDl 761 RD3 RDIO RD[
L3687 RDI RD17 RDl B':'GZ RD3 RDll RD[
L3688 RDI RD18 RDl LBT'63 RD3 RDIZ RD[
L3689 RDI RDIQ RDl LBT'64 RD3 RD13 RD[
L3690 RDI RDZO RDl B765 RD3 RD 14 RD[
L3691 RDI RDZI RDI LB766 RD3 RDIS RD[
LBﬁQZ RDI RD22 RDI LB 67 RDS RD 16 RD[
LBGQ3 RDI RD23 RDl LB768 RD3 RD17 RD[
L3694 RDI RD24 RDl LB 2766 RDS RD 18 RD[
LBSQS RDI RD25 RDl LB770 RD3 RDIQ RD[
LBGQ6 RDI RD26 RDl LB','71 RD3 RD20 RD[
L8697 RDI RD27 RDl LBT'72 RD3 RDZI RD[
LBGQS RDI RDZS RDl LBT'73 RD3 RDZZ RD[
LB?QQ RDI RDZQ RDl LB774 RD3 RDZ3 RD[
LB:OO RDI RD30 RDI LB775 RD3 RD24 RD[
LB_/VOI RDI RD31 RDl LB776 RD3 RD25 RD[
LB-/‘02 RDI RD32 RDl LBT’77 RD3 RD26 RD[
LB:OS RDI RD33 RDI LB7'78 RDS RD27 RD[
L;Z: RDI RD34 RDl LBT’79 RD3 RD28 RD[
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Ly R! R’ R} Ly R! R’ R’
LB"SO RD3 RD29 RDl LBS54 RD7 RD27 Rii
L ! R RD% RO Lpess RD7 RS Y
LBLSI RDS RDSI RDl LB856 RD7 RD29 RD[
LB—/'82 RDS RD32 RDl LBS57 RD7 RDSO RD[
Lﬁ”‘zi RDS RD33 RDl LBS58 RD7 RDSI RD[
L _/' RDS RD34 RDl LBS59 RD7 RD32 RD[
LB_/'85 RDS RDSS RDl LBSGO RD7 RD33 RD[
LB_/VSG RD3 RD40 RDl LBSGI RD7 RD34 RD[
Lﬁ’iz; RDS RD41 RDl L3862 RD7 RDSS RD[
L _/' RDS RD42 RDl LBSGS RD7 RD40 RD[
LBLSQ RD3 D64 RDl L3864 RD7 RD41 RD[
LB_/VQO RD3 RD66 RDl LBSSS RD7 RD42 RD[
LB:QI RDS RDSS RDl LBSSS RD7 RD64 RD[
LB_/'92 RD3 RD 76 RDl L3867 RD7 RD66 RD[
LBLQS RD4 RDS RDl LBSSS RD7 RD68 RD[
Li'/'z: RD4 RDS RDl LBSSQ RD7 RD 76 Rii
LB'/'QS RD4 RD7 RDl LBS70 RDS RDS RDl
L _/' RD4 RDS RDl LBS71 RDS RD6 R
LB—/'97 R RD? RD! Lpsr RDS RD? R0
Li'/'zz RD4 RDIO RDl LBS73 RDS RDIO RD[
L / RD4 RDI 1 RDl LB874 RDS RDI 1 RD[
LBSOO RD4 RD 12 RDl LBS75 RDS RD 12 RD[
LBSOI RD4 RD13 RDl LBS76 RD8 RD13 RD[
LBSO2 RD4 RD 14 RDl LB877 RDS RD 14 RD[
LBSO3 RD4 RDIS RDl LBS78 RDS RDIS RD[
LBSM RD4 RDIG RDl LBS79 RD8 RDIG RD[
LBSOS RD4 RD17 RDl LB880 RD8 RD17 RD[
LBSO6 RD4 RDIS RDl LB881 RDS RDIS RD[
LBSO7 RD4 RDIQ RDl L3882 RD8 RDIQ RD[
LBSOS RD4 RDZO RDl LB883 RD8 RDZO RD[
LBSOQ RD4 RDZI RDl LB884 RD8 RDZI RD[
LBS to RD4 RDZZ RDl LB885 RD8 RDZZ RD[
LB8 1 RD4 RDZ3 RDl LB886 RD8 RDZ3 RD[
LBS 12 RD4 RDZ4 RDl LB887 RD8 RDZ4 RD[
LBS 13 RD4 RDZS RDl LB888 RDS RDZS RD[
LB8 14 RD4 RDZG RDl LBX89 RD8 RDZG RD[
LB8 15 RD4 RDZ7 RDl LB890 RD8 RDZ7 RD[
LBS t6 RD4 RDZS RDl LB891 RDS RDZS RD[
LB8 17 RD4 RDZQ RDl LBXQZ RD8 RDZQ RD[
LB8 18 RD4 RDSO RDl LBXQS RD8 RDSO RD[
LBSIQ RD4 RD31 RDl Lng4 RDS RD31 RD[
LBSZO RD4 RD.’:Z RDl LBXQS RDS RD.’:Z RD[
LBSZ1 RD4 RD33 RDl LBXQG RD8 RD33 RD[
LBSZZ RD4 RD34 RDl LBXQ7 RDS RD34 RD[
L3823 RD4 RD35 RDl LB898 RDS RD35 RD[
L3824 RD4 RD40 RDl LBXQQ RDS RD40 RD[
LBSZ5 RD4 RD41 RDl LBQOO RDS RD41 RD[
LBSZG RD4 RD4Z RDl LBQOI RDS RD4Z RD[
B827 D4 yol D1 L RDS RD64 RD[
LBSZ8 R R R ‘B902 DS D66 DL
L R RD% R Lzoos R R R
LBSZQ RD4 RDGS RDl LBQO4 RDS RDGS RD[
LBS30 RD4 RD76 RDl LBQOS RDS RD76 RD[
B8l D4 D1 D1 L RDll RDS RD[
LBS3Z R R R ‘BO06 Dl D6 DL
L R’ R R Laoo7 R R R
LBS33 RD7 RDG RDl LBQOS RDll RDQ RD[
LBS34 RD7 RD8 RDl LBQOQ RDll RDIO RD[
5835 D7 D9 D1 L RDll RDIZ RD[
LBS?:G R R R ‘Ba10 Dl D13 DL
L R’ RP1 R Lzt R R R
LBS37 RD7 RDll RDl LBQIZ RDll RD14 RD[
LBS38 RD7 RDIZ RDl LBQI3 RDll RDIS RD[
LBS39 RD7 RD13 RDl LBQI4 RDll RDIG RD[
LBSAO RD7 RD14 RDl LBQI5 RDll RD17 RD[
LBSAI RD7 RDIS RDl LBQIS RDll RDIS RD[
LBS42 RD7 RD16 RDl LBQI7 RDll RD19 RD[
B843 D7 D17 Dl L RDI[ RD20 RD[
LBSM R R R BoLs D1l D21 pall
L RP7 RP18 RP! Lioro R R R
L8845 RD7 RD 19 RDl LBQZO RDI 1 RDZZ RD[
LBS46 RD7 RDZO RDl LBQZ ! RDI 1 RDZ3 RD[
L3847 RD7 RDZI RDl LBQZZ RDI 1 RDZ4 RD[
LBSAS RD7 RDZZ RDl LBQ23 RDll RDZS RD[
LBSAQ RD7 RD23 RDl L3924 RDll RD26 RD[
LBSSO RD7 RD24 RDl LBQ25 RDll RD27 RD[
LBSS1 RD7 RD25 RDI L8926 RDI 1 RD28 RD[
Lizzj RD7 RD26 RDl LBQz , RDI 1 RD29 RD[
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2 3 1 2 RS
Ly R! R R Ly R R
D14 D4l Dl
LBQ28 RDM RD30 RDl LBIOOZ R RD42 RD[
D11 D31 RDl L RD 14 R R
LBQ29 R R ‘B1003 e DL
D11 D32 D1 L RD 14 R
LBQSO R R R ‘B1004 De6 DL
D11 D33 D1 L RD 14 R R
LBQSI R R R ‘B1005 "hés bL
D11 D34 D1 L RD 14 R R
LBQS2 R R S ‘B1006 6 bL
D11 D35 RDl L _ RD 14 RD7 R
LBQSS R R ‘B1007 D DL
D11 DAO D1 L RD22 R R
LBQS4 R R R ‘B1008 D6 DL
D11 D4l D1 L RDZZ R R
LBQS5 R R IS ‘B1009 o bL
D11 D42 D1 L RD22 RD R
L R R IS ‘B101C
5936 D11 De4 D1 L RD22 RDIO RD[
LBQS7 R R R ‘B1011 D12 DL
D11 D66 D1 L RDZZ R R
LBQSS R R IS ‘B1012 Dis DL
D11 D63 D1 L RDZZ R R
LBQSQ R R R ‘B1013 16 bL
D11 D76 D1 L RD22 RD R
L R R R 1014
5940 D13 D5 D1 L RDZZ RD17 RD[
LBQ41 R R R ‘B1015 Dis DL
D13 D6 D1 L RDZZ R R
L R R R ‘B101€6
B42 D13 D9 D1 L RD22 RDIQ RD[
LBQ43 R R IS ‘B1017 o bL
D13 D10 D1 L RDZZ RDZ R
LBQM R R IS ‘B1018 ! bL
D13 D12 RDl L RDZZ RDZ R
LBQ45 R R ‘B1019 23 DL
D13 D14 D1 L RDZZ R R
LBQ46 R R R ‘B102C o4 bL
D13 D15 D1 L RDZZ RD R
LBQ47 R R IS ‘B1021 5 bL
D13 D16 D1 L RDZZ RDZ R
LBQ48 R R IS ‘B1022 6 bL
D13 D17 D1 L RDZZ RDZ R
LBQ49 R R R ‘B1023 a7 DL
D13 D18 D1 L RDZZ R R
LBQSO R R R ‘B1024 28 bL
D13 D19 D1 L RDZZ RD R
LBQSI R R IS ‘B1025 o bL
D13 D20 RDl L RDZZ RDZ R
LBQS2 R R ‘B102€6 D30 DL
D13 D21 D1 L _ RDZZ R R
LBQSS R R R ‘B1027 D31 DL
D13 D22 D1 L RDZZ R R
LBQS4 R R R ‘B1028 1 bL
D13 D23 D1 L RDZZ RD R
LBQSS R R IS ‘B1029 13 bL
D13 D24 RDl L RDZZ RD R
LBQSS R R ‘B103C D34 DL
D13 D25 D1 L RDZZ R R
LBQS7 R R R ‘B1031 D35 DL
D13 D26 D1 L RDZZ R R
LBQSS R R R ‘B1032 40 bL
D13 D27 D1 L RDZZ RD R
LBQSQ R R IS ‘B1033 pal bL
D13 D28 RDl L RDZZ R R
LBQSO R R ‘B1034 D2 DL
D13 D29 D1 L RDZZ R R
LBQSI R R R ‘B1035 e DL
D13 D30 D1 L RDZZ R R
LBQSZ R R R ‘B1036 "h66 bL
D13 D31 RDl L _ RDZZ R R
LBQG3 R R ‘B1037 h6s bL
D13 D32 RDl L RDZZ R R
L R R ‘B1038 DL
Bo64 D13 D33 D1 L RDZZ RD76 R
LBQSS R R R ‘B1039 s bL
L RD13 RD34 RDl LBIO4O RD25 R R
LBQGG RD13 RD35 RDl LBIO41 RD25 RDG RD[
B967 D13 D40 RDl L RD25 RDQ RD[
LBQSS R R ‘B1042 D10 DL
D13 D4l RDl L RD25 R R
LBQGQ R R ‘B1043 p12 bL
D13 D42 D1 L RD25 R R
L R R R 'B1044
LBQ I RD13 RD64 RDl L RD25 RDIS RD[
‘B1045
B97L D13 D66 RDl L RD25 RDIG RD[
LBQ7Z R R ‘B1046 D17 DL
L RD13 RDGS RDl L31047 RD25 R R
B3 D13 D76 D1 L RD25 RDIS RD[
L R R kS ‘B1048
BO74 D14 D5 D1 L RD25 RDIQ RD[
LBQ 75 R R R ‘B1049 20 DL
D14 D6 D1 L RD25 RD R
LBQ 76 R R R ‘B105C DL
D14 D9 D1 L RD25 RDZI R
LBQ77 R R R ‘B1051 23 hL
D14 D10 RDl L RD25 R R
LBQ 78 R R ‘B1052 h2d hL
D14 D12 RDl L RD25 R R
LBQ 79 R R ‘B1053 D25 DL
D14 D15 D1 L RD25 R R
LBQSO R R R ‘B1054 D27 DL
D14 D16 RDl L RD25 R R
LBQSI R R ‘B1055 n28 hL
D14 D17 RDl L RD25 R R
LBQSZ R R ‘B1056 20 hL
L RD14 RD18 RDl LBIOS7 RD25 RD R
5983 D14 D19 RDl L RD25 RD30 RD[
L3984 R R ‘B1058 D31 DL
D14 D20 D1 L RD25 R R
L3985 R R R ‘B1059 2 hL
D14 D21 RDl L RD25 RD3 R
LBQSG R R ‘B106C hL
D14 D22 RDl L RD25 RD33 R
L3987 R R ‘B1061 bL
L RD14 RDZ3 RDl LBIOSZ RD25 RD34 R
LBQSS RD14 RD24 RDl LBIOG3 RD25 RDSS RD[
LBQSQ RD14 RD25 RDl LBIOSA RD25 RD40 RD[
LBQQO RD14 RD26 RDl LBIOGS RD26 RD41 RD[
LBQQ1 RD14 RD27 RDl LBIOGé RD25 RD42 RD[
Bo92 D14 D28 Dl L _ RD25 RD64 RD[
L8993 R S R ‘B1067 b1
L RD14 RD29 RDl LBIOGS RD26 RDGG R
L3994 RD14 RD30 RDl LBIOGQ RD25 RD68 RD[
LBQQ5 RD14 RD31 RDl LBIO7O RD25 RD76 RD[
LBQQ6 RD14 RDSZ RDl LBIO71 RD35 RDS RD[
LBQQ7 RD14 RD33 RDl LBIO72 RD35 RDG RD[
B8 D14 D34 D1 L RD35 RDQ RD[
LBQQQ R R IS ‘B1073 bi
I8 RD14 RD35 RDI LBIO74 RDSS RDIO R
51000 D40 Dl RDSS RD 12 RD[
LBIOOI RD14 R R LBIO75
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Ly R! R’ R} Ly R! R’ R’
LBIO76 RD35 RD15 RDI LBI isc RDA[ RD32 RD[
L RDSS RDIS RDI LBIISI RD41 RD33 RD[
LBIO77 RD35 RD17 RDI LBll52 RDA[ RD34 RD[
B1078 35 D18 D1 D4l D42 Dl
Lzio7 R R R Lai1s3 R R R
L RDSS RDIQ RDI LBI 154 RD41 RD64 RD[
LB 1080 RDSS RD20 RDI L RDA[ RDSS RD[
B1081 RD35 RD21 RDI LBI 155 RDA[ RDSS RD[
LBIOS2 D35 RDZS RDI LBI 15? RDA[ RD76 RD[
iBlOSS §D35 RD24 RDI LBI 157 RD64 RDS RD[
LBIOSA RDSS RD25 RDI LBI 158 RD64 RDS RD[
LBIOS5 RD35 RD27 RDI LBI 159 RD64 D9 RD[
LBIOSG RD35 RDZS RDI LBI Lee RD64 RDIO RD[
LBIOS7 RDSS RD29 RDI LBI L6l RD64 RD 12 RD[
LBIOSS RD35 RDSO RDI LBI 162 RD64 RDIS RD[
LBIOSQ RD35 RDSI RDI LB“63 RD64 RDIS RD[
LBIOQO RDSS RD32 RDI LB“64 RD64 RD17 RD[
LBIOQI RD35 RD33 RDI LB“65 RD64 RDIS RD[
LBIOQ2 RD35 RD34 RDI LBI 16? RD64 RDIQ RD[
B1093 D35 DA0 D1 B1167 D64 D20 RD[
LBIOQA R R R LBI 168 R R
L RD35 RD41 RDI LBI L6o RD64 RDZI RD[
LB 1095 RD35 RDAZ RDI L , RD64 RDZS RD[
LBIO% RD35 RD64 RDI LBI L RD64 RDZA RD[
LBIOQ7 RD35 RDGG RDI LBI e RD64 RDZS RD[
LBIOQS RD35 RD68 RDI LBI 172 RD64 RD27 RD[
LBIOQQ RD35 RD76 RDI LBI 173 RD64 RDZS RD[
LBI 100 RD40 RDS RDI LBI L RD64 RDZQ RD[
LBI Lol RDAO RDG RDI LBI 175 RD64 RD30 RD[
LBI 102 RDAO RDQ RDI LBI ! 7? RD64 RDSI RD[
LBI 103 RDAO RDIO RDI LBI L7 RD64 RD3Z RD[
LBI Loa RDAO RD 12 RDI LBI 178 RD64 RD33 RD[
LBI 105 RDAO RDIS RDI LBI L7 RD64 RD34 RD[
LBI 106 RDAO RDIG RDI LBI 18¢ RD64 RDAZ RD[
LB“07 RD40 RD17 RDI LB“S1 RD64 RD64 RD[
LBI Los RDAO RD18 RDI LBI 182 RD64 RDGG RD[
LBI 109 RD40 RDIQ RDI LBI 183 RD64 RDGS RD[
LBI 110 RD40 RDZO RDI LBI 184 RD64 RD76 RD[
LBI i RD40 RDZI RDI LBI 183 RD65 RDS RD[
LBI 12 RD40 RDZ3 RDI LBI 18? RD65 RDG RD[
LBI 113 RD40 RDZA RDI LBI 187 RD65 RDQ RD[
LB“14 RD40 RDZS RDI LB“88 RD65 RDIO RD[
LBIUS RD40 RDZ7 RDl LBIISQ RD65 RDIZ RD[
LB“16 RD40 RDZS RDI LB“QO RD65 RDIS RD[
LB“17 RD40 RDZQ RDI LBHQ1 RD65 RDIG RD[
LBIU8 RD40 RD30 RDl LBIIQZ RD65 RD17 RD[
LBIUQ RD40 RD31 RDl LBHQ3 RD65 RD18 RD[
LBI 120 RD40 RD3Z RDI LB1 194 RD65 RDIQ RD[
LBI 121 RD40 RD33 RDl LBI 193 RD65 RDZO RD[
LBI 122 RD40 RD34 RDl LBI 1g§ RD65 RDZI RD[
LBI 123 RD40 RD41 RDI LB1 197 RD65 RDZ3 RD[
LBI 124 RD40 RD4Z RDl LB1 198 RD65 RDZ4 RD[
LBI 125 RD40 RD64 RDl LBI 199 RD65 RDZS RD[
LBI 126 RD40 RDGG RDl LB 1200 RD65 RDZ7 RD[
LBI 127 RD40 RDGS RDl LBIZO1 RD65 RDZS RD[
LBI 128 RD40 RD 76 RDl LB 1202 RD65 RDZQ RD[
LBI 129 RD41 RDS RDl LBIZO3 RD65 RD30 RD[
LBI 130 RD41 RDG RDl LBIZO4 RD65 RD31 RD[
LBI 131 RD41 RDQ RDl LBIZO5 RD65 RD3Z RD[
LBI 132 RD41 RDIO RDl LBIZO? RD65 RD33 RD[
LBI 133 RD41 RD 12 RDl LBIZO/ RD65 RD34 RD[
B1134 D41 D15 D1 51208 D66 RD4Z RD[
LBll35 R R R LBIZOQ R Des bL
LBI 136 RD41 RDIG RDI LBIZ 1o RD65 R RDl
L31137 RD41 RD17 RDI L31211 RD65 RD76 R
LBI 138 RD41 RDIS RDI LBI2 " RD68 RDS Rii
LBI 136 RD41 RDIQ RDl LBI2 i RD68 RD6 RDl
LBI 140 RD41 RD20 RDl LB 214 RDGS RDQ R
LBll41 RD41 RD21 RDl L81215 RDGS Rii;) RZi
LBI 1 RD41 RD23 RDl LBIZ 16 RD68 R RDl
LBI a3 RD41 RDZ4 RDl LB 217 RD68 RD 15 RDl
LBI 144 RD41 RDZS RDl LBIZ is RDGS RDIG RDl
LBI 145 RD41 RD27 RDI LBI219 RD68 RD17 RDl
LBI 146 RD41 RD28 RDI LBI22O RD68 RDIS R
LBI 147 RD41 RD29 RDI LBI221 RD68 RDIQ Rl;i
LBI Las RD41 RDSO RDl L81222 RDGS RD20 RDl
LBI 149 RD41 RDSI RDl LB 1223 RDGS RD21 R
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Ly R! R’ R}

LB 1224 RDGS RD23 RDl
LB 1295 RDSS RD24 RDl
LB 1226 RDSS RD25 RDl
LB 1277 RDSS RD27 RDl
LB 1298 RDSS RD28 RDl
LB 1229 RDSS RD29 RDl
LBI230 RDSS RDSO RDl
LBI231 RD68 RDBI RDl
LB 1232 RDSS RD32 RDl
LBI233 RDSS RD33 RDl
LB 1234 RD68 RD34 RDl
LB 1235 RD68 RD42 RDl
LBI236 RDSS RD76 RDl
LBI237 RD76 RDS RDl
LBI238 RD76 RD6 RDl
LBI239 RD76 RDQ RDl
LBI240 RD76 RDIO RDl
LBI241 RD76 RDIZ RDl
LB o0 RD76 RD 15 RDl
LBI243 RD76 RDIS RDl
LBIZAA RD76 RD17 RDl
LBI245 RD76 RDIS RDl
LBI246 RD76 RDIQ RDl
L31247 RD76 RDZO RDl
LB 1248 RD76 RDZ 1 RDl
LB 1249 RD76 RDZ3 RDl
LBIZSO RD76 RDZ4 RDl
LBIZSI RD76 RDZS RDl
LBI252 RD76 RDZ7 RDl
LBIZSB RD76 RDZ8 RDl
LBIZSA RD76 RDZQ RDl
LBIZSS RD76 RDSO RDl
LBIZSG RD76 RD31 RDl
LBI257 RD76 RD32 RDl
LBI258 RD76 RD33 RDl
LBI259 RD76 RD34 RDl
LB 1260 RD76 RD42 RDl

wherein R to R”®! has the following structures

.

RDI

RDZ

RD3

RDS

RDG

RD7

RDS
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RP22 RD3
RD23 RD36
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[0109] Insome embodiments, the compound is Compound
Z-x having the formula Ir(Z-L ;,),(L5;), wherein Z is Roman
numerals from I to LXI;

[0110] where x=12601+j-1260, j is an integer from 1 to
1260; where for Z is I to XI1, i is an integer from 1 to 618;
where for 7 is XIII to XVII, 1 is an integer from 619 to 1170,
where for 7 is XVIII to XLIV, and LXII to LXV, i is an
integer from 1171 to 1584; where for Z is XLV to L1, i is an
integer from 1585 to 1970; where for Z is LIl to LVL, i is an
integer from 1971 to 2186; where for Z is LVII to LXI, 1 is
an integer from 2187 to 2402; where each corresponding [,
and L, are defined above.

[0111] According to another aspect, a formulation com-
prising the compound comprising a ligand L, of Formula I
is disclosed. According to another aspect, a chemical struc-
ture selected from the group consisting of a monomer, a
polymer, a macromolecule, and a supramolecule, wherein
the chemical structure comprises a ligand L, of Formula I is
disclosed.

[0112] According to another aspect, a first device com-
prising a first OLED is disclosed. The first OLED compris-
ing: an anode; a cathode; and an organic layer, disposed
between the anode and the cathode, comprising a compound
comprising a ligand L, of Formula I:

Formula I

where Ring B represents a five- or six-membered aromatic
nng;
R? represents from none to the maximum number of sub-
stitutions; X*, X*, X3, and X* are each independently a CR
or N; wherein:
[0113] (1) at least two adjacent ones of X*, X*, X3, and X*
are CR and fused into a five or six-membered aromatic ring,
or
[0114] (2) at least one of X', X2, X3, and X* is nitrogen,
or
[0115] (3) both (1) and (2) are true;
[0116] wherein (a) R' is CR"'R'"*R"? or join with R* to
form into a ring; or

[0117] (b) R? is not hydrogen; or

[0118] (c) both (a) and (b) are true;
[0119] wherein R, R', R?, R? R'!, R'?, and R'? are each
independently selected from the group consisting of hydro-
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gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, ary-
lalkyl. alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxylic acid, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sul-
fonyl, phosphino, and combinations thereof;

[0120] any two substituents among R, R', R% R? R,
R'2, and R*'? are optionally joined to form into a ring;
[0121] L, is coordinated to a metal M;

[0122] L, is optionally linked with other ligands to com-
prise a tridentate, tetradentate, pentadentate, or hexadentate
ligand; and

[0123] M is optionally coordinated to other ligands.
[0124] In some embodiments of the first device, the
organic layer further comprises a host, wherein host com-
prises at least one chemical group selected from the group
consisting of carbazole, dibenzothiophene, dibenzofuran,
dibenzoselenophene, azacarbazole, aza-dibenzothiophene,
aza-dibenzofuran, and aza-dibenzoselenophene.

[0125] In some embodiments of the first device, the
organic layer further comprises a host, wherein the host is
selected from the Host Group A defined above.

[0126] In some embodiments of the first device, wherein
the organic layer further comprises a host, wherein the host
comprises a metal complex.

[0127] 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.

[0128] In some embodiments, the OLED is transparent or
semi-transparent. In some embodiments, the OLED further
comprises a layer comprising carbon nanotubes.

[0129] 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.

[0130] According to another aspect, an emissive region in
an OLED is disclosed where the emissive region comprising
a compound comprising a ligand L, of Formula I:

Formulal

where Ring B represents a five- or six-membered aromatic
ring;

R? represents from none to the maximum possible number of
substitutions;

Aug. 1,2019

X', X2, X3, and X* are each independently a CR or N;
wherein:

[0131] (1) at least two adjacent ones of X*, X?, X3, and X*
are CR and fused into a five or six-membered aromatic ring,
or

[0132] (2) at least one of X', X2 X?, and X* is nitrogen,
or
[0133] (3) both (1) and (2) are true;

[0134] wherein (a) R' is CR"'R™R'? or join with R? to
form into a ring; or

[0135] (b) R?is not hydrogen; or
[0136] (c) both (a) and (b) are true;
[0137] wherein R, R, R? R? R'!, R'?, and R'? are each

independently selected from the group consisting of hydro-
gen, deuterium, halogen, alkyl, cycloalkyl, heteroalkyl, ary-
lalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxylic acid, ester, nitrile, isonitrile, sulfanyl, sulfinyl, sul-
fonyl, phosphino, and combinations thereof;

[0138] any two substituents among R, R', R, R® R,
R'2, and R*'? are optionally joined to form into a ring;
[0139] L, is coordinated to a metal M;

[0140] L, is optionally linked with other ligands to com-
prise a tridentate, tetradentate, pentadentate, or hexadentate
ligand; and

[0141] M is optionally coordinated to other ligands.
[0142] In some embodiments of the emissive region, the
compound is an emissive dopant or a non-emissive dopant.
[0143] In some embodiments of the emissive region, the
emissive region further comprises a host, wherein the host
comprises at least one selected from the group consisting of
metal complex, triphenylene, carbazole, dibenzothiophene,
dibenzofuran, dibenzoselenophene, aza-triphenylene, azac-
arbazole, aza-dibenzothiophene, aza-dibenzofuran, and aza-
dibenzoselenophene.

[0144] In some embodiments of the emissive region,
wherein the emissive region further comprises a host,
wherein the host is selected from the following Host Group
A consisting of:
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and combinations thereof.

[0145] According to another aspect, a consumer product
comprising the OLED that includes the compound of the
present disclosure in the organic layer of the OLED is
disclosed.

[0146] In some embodiments, the compound can be an
emissive dopant. In some embodiments, the compound can
produce emissions via phosphorescence, fluorescence, ther-
mally activated delayed fluorescence, i.e., TADF (also
referred to as E-type delayed fluorescence; see, e.g., U.S.
application Ser. No. 15/700,352, which is hereby incorpo-
rated by reference in its entirety), triplet-triplet annihilation,
or combinations of these processes. In some embodiments,
the emissive dopant can be a racemic mixture, or can be
enriched in one enantiomer. In some embodiments, the
compound can be homoleptic (each ligand is the same). In
some embodiments, the compound can be heteroleptic (at
least one ligand is different from others).

[0147] In some embodiments, the compound can be used
as a phosphorescent sensitizer in an OLED where one or
multiple layers in the OLED contains an acceptor in the form
of one or more fluorescent and/or delayed fluorescence



US 2019/0237683 Al Aug. 1,2019

54
emitters. In some embodiments, the compound can be used _continued
as one component of an exciplex to be used as a sensitizer.
As a phosphorescent sensitizer, the compound must be
capable of energy transfer to the acceptor and the acceptor

will emit the energy or further transfer energy to a final
emitter. The acceptor concentrations can range from 0.001%
to 100%. The acceptor could be in either the same layer as
the phosphorescent sensitizer or in one or more different

e
layers. In some embodiments, the acceptor is a TADF
emitter. In some embodiments, the acceptor is a fluorescent \N)\©7
emitter. In some embodiments, the emission can arise from

N N

any or all of the sensitizer, acceptor, and final emitter

[0148] According to another aspect, a formulation com-
prising the compound described herein is also disclosed.

[0149] The OLED disclosed herein can be incorporated
into one or more of a consumer product, an electronic
component module, and a lighting panel. The organic layer
can be an emissive layer and the compound can be an

e n cmisive e nd e comp P
emissive dopant in some embodiments, while the compound N/ \
can be a non-emissive dopant in other embodiments.
S
[0150] The organic layer can also include a host. In some N
embodiments, two or more hosts are preferred. In some ’
embodiments, the hosts used maybe a) bipolar, b) electron

transporting, ¢) hole transporting or d) wide band gap

materials that play little role in charge transport. In some
embodiments, the host can include a metal complex. The
host can be a triphenylene containing benzo-fused thiophene .
or benzo-fused furan. Any substituent in the host can be an
unfused substituent independently selected from the group

consisting of C,H,,,;. OC,H,,.;. OAr,, N(CH,,.,.),,
N(Arl)(Ar) CH—CH—C H2n+ls C=C—C H2n+1s Arls

Ar,—Ar,,and C, H, —Ar,, or the host has no substitutions.
In the preceding substituents n can range from 1 to 10; and
Ar, and Ar, can be independently selected from the group

consisting of benzene, biphenyl, naphthalene, triphenylene,
carbazole, and heteroaromatic analogs thereof. The host can

be an inorganic compound. For example a Zn containing
inorganic material e.g. ZnS.
[0151] The host can be a compound comprising at least
one chemical group selected from the group consisting of
triphenylene, carbazole, dibenzothiophene, dibenzofuran,
dibenzoselenophene, azatriphenylene, azacarbazole, aza-
dibenzothiophene, aza-dibenzofuran, and aza-dibenzosele-
nophene. The host can include a metal complex. The host

can be, but is not limited to, a specific compound selected
from the group consisting of: O Q
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and combinations thereof.
Additional information on possible hosts is provided below.
[0152] In yet another aspect of the present disclosure, a
O formulation that comprises the novel compound disclosed
S ’ herein is described. The formulation can include one or more

O components selected from the group consisting of a solvent,
a host, a hole injection material, hole transport material,
electron blocking material, hole blocking material, and an
electron transport material, disclosed herein.
[0153] The present disclosure encompasses any chemical

structure comprising the novel compound of the present

disclosure. In other words, the inventive compound can be

a part of a larger chemical structure. Such chemical structure
S

can be selected from the group consisting of a monomer, a
polymer, a macromolecule, and a supramolecule (also
known as supermolecule).

J Combination with Other Materials
[0154] 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
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of hosts, transport layers, blocking layers, injection layers,
electrodes and other layers that may be present. The mate-
rials described or referred to below are non-limiting
examples of materials that may be useful in combination
with the compounds disclosed herein, and one of skill in the
art can readily consult the literature to identify other mate-
rials that may be useful in combination.

Conductivity Dopants:

[0155] 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.

[0156] Non-limiting examples of the conductivity dopants
that may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials: EP01617493,
EP01968131, EP2020694, EP2684932, US20050139810,
US20070160905,  US20090167167,  US2010288362,
WO06081780, WO02009003455, W02009008277,
WO02009011327,  W02014009310,  US2007252140,
US2015060804, US20150123047, and US2012146012.

N% ¢N
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-continued

[0157] HIL/HTL:

[0158] A hole injecting/transporting material to be used in
the present invention is not particularly limited, and any
compound may be used as long as the compound is typically
used as a hole injecting/transporting material. Examples of
the material include, but are not limited to: a phthalocyanine
or porphyrin derivative; an aromatic amine derivative; an
indolocarbazole derivative; a polymer containing fluorohy-
drocarbon; a polymer with conductivity dopants; a conduct-
ing polymer, such as PEDOT/PSS; a self-assembly mono-
mer derived from compounds such as phosphonic acid and
silane derivatives; a metal oxide derivative, such as MoQO ;
a p-type semiconducting organic compound, such as 1,4,5,
8,9,12-Hexaazatriphenylenehexacarbonitrile; a metal com-
plex, and a cross-linkable compounds.

[0159] Examples of aromatic amine derivatives used in
HIL or HTL include, but not limit to the following general
structures:

AR AP
1 A2 N \N/
i \ / |
| N—ar!l—N Art Arl Ar7
N ’ ’ NN s
R /
IC N .
Ar? Arf
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Arf—N N—A®, and
A AIS/
Ar AP
\N/
L
|
N
N
AR AP Al . AP
8 i’
[0160] FEach 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, halide, alkyl, cycloalkyl, heteroalkyl,
arylalkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl,
carboxylic acids, ester, nitrile, isonitrile, sulfanyl, sulfinyl,
sulfonyl, phosphino, and combinations thereof.

[0161] In one aspect, Ar' to Ar’ is independently selected
from the group consisting of:
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/XIOI X108

, and XI(Z \ / \\XIO7,
\ /
Xm'\LXm Xlos'-XIO6

[0162] 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.

[0163] Examples of metal complexes used in HIL or HTL
include, but are not limited to the following general formula:

YlOl
< Met— (L'
YIOZ
4

[0164] wherein Met is a metal, which can have an atomic
weight greater than 40; (Y'°'-Y'%%) is a bidentate ligand,
Y'" and Y'°* are independently selected from C, N, O, P,
and S; 1.*®! 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.

% o,
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[0165] 1In one aspect, (Y ) is a 2-phenylpyridine
derivative. In another aspect, (Y'°'-Y'%?) is a carbene
ligand. In another aspect, Met is selected from Ir, Pt, Os, and
Zn. In a further aspect, the metal complex has a smallest
oxidation potential in solution vs. Fc¢*/Fc¢ couple less than
about 0.6 V.

[0166] Non-limiting examples of the HIL. and HTL mate-
rials that may be used in an OLED in combination with
materials disclosed herein are exemplified below together
with references that disclose those materials: CN102702075,
DE102012005215, EP01624500, EP01698613,
EP01806334, EP01930964, EP01972613, EP01997799,
EP02011790, EP02055700, EP02055701, EP1725079,

EP2085382, EP2660300, EP650955, JP07-073529,
JP2005112765, IP2007091719. JP2008021687, JP2014-
009196, KR20110088898, KR20130077473,
TW201139402, U.S. Ser. No. 06/517,957, US20020158242,
US20030162053,  US20050123751,  US20060182993,
US20060240279, US20070145888, US20070181874,
US20070278938, US20080014464,  US20080091025,
US20080106190,  US20080124572,  US20080145707,
US20080220265, US20080233434,  US20080303417,
US2008107919,  US20090115320,  US20090167161,
US2009066235, US2011007385, US20110163302,
US2011240968, US2011278551, US2012205642,
US2013241401, US20140117329, US2014183517, U.S.
Pat.  Nos. 5,061,569, 5,639,914, WO05075451,
WO007125714, WO08023550, WO08023759,
WO02009145016, WQ02010061824,  WO02011075644,
W02012177006, WQO2013018530, WO02013039073,
W02013087142, WQO2013118812, WO02013120577,
WO02013157367,  WO0O2013175747,  W02014002873,
WO02014015935,  WO02014015937, W02014030872,
W02014030921, WQ02014034791, WO02014104514,
W02014157018.
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[0167]

[0168] An electron blocking layer (EBL) may be used to
reduce the number of electrons and/or excitons that leave the
emissive layer. The presence of such a blocking layer in a
device may result in substantially higher efficiencies, and/or
longer lifetime, as compared to a similar device lacking a
blocking layer. Also, a blocking layer may be used to confine
emission to a desired region of an OLED. In some embodi-
ments, the EBL material has a higher LUMO (closer to the
vacuum level) and/or higher triplet energy than the emitter
closest to the EBL interface. In some embodiments, the EBL
material has a higher LUMO (closer to the vacuum level)
and or higher triplet energy than one or more of the hosts
closest to the EBL interface. In one aspect, the compound
used in EBL contains the same molecule or the same
functional groups used as one of the hosts described below.

EBL:

[0169] Host:

[0170] The light emitting layer of the organic EL device of
the present invention preferably contains at least a metal
complex as light emitting material, and may contain a host
material using the metal complex as a dopant material.
Examples of the host material are not particularly limited,
and any metal complexes or organic compounds may be
used as long as the triplet energy of the host is larger than
that of the dopant. Any host material may be used with any
dopant so long as the triplet criteria is satisfied.

[0171] Examples of metal complexes used as host are
preferred to have the following general formula:

v103
< Met_(LIOI)ku
ylod
¥




US 2019/0237683 Al Aug. 1,2019
71

[0172] wherein Met is a metal; (Y'°*-Y'%*) is a hidentate _continued

ligand, Y'* and Y'°* are independently selected from C, N,
0, 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. // \\ / \ O

[0173] In one aspect, the metal complexes are: /

O, O
( Al— (L) p < Zn— L")y O
N N Q
¥ ¥

[0174] wherein (O—N) is a bidentate ligand, having metal Q
coordinated to atoms O and N.

[0175] In another aspect, Met is selected from Ir and Pt. In
a further aspect, (Y*°>-Y'**) is a carbene ligand.

[0176] Examples of other organic compounds used as host Z N
are selected from the group consisting of aromatic hydro- N | J
carbon cyclic compounds such as benzene, biphenyl, triph- A4 Spion \N \N
enyl, triphenylene, tetraphenylene, naphthalene, anthracene,

phenalene, phenanthrene, fluorene, pyrene, chrysene, .

perylene, and azulene; the group consisting of aromatic

heterocyclic compounds such as dibenzothiophene, diben-

zofuran, 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-

zine, triazine, oxazine, oxathiazine, oxadiazine, indole, ben-
zimidazole, indazole, indoxazine, benzoxazole, N N
RlOl

benzisoxazole, benzothiazole, quinoline, isoquinoline, cin-
noline, quinazoline, quinoxaline, naphthyridine, phthala-

zine, pteridine, xanthene, acridine, phenazine, phenothiaz-

ine, phenoxazine, benzofuropyridine, furodipyridine,

benzothienopyridine, thienodipyridine, benzoselenophen- 7101
opyridine, and selenophenodipyridine; and the group con- /XIOI ng
sisting of 2 to 10 cyclic structural units which are groups of X102 \ / A X107,
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 XLz 28 XY
one of oxygen atom, nitrogen atom, sulfur atom, silicon \
atom, phosphorus atom, boron atom, chain structural unit
and the aliphatic cyclic group. Each option within each
group may be unsubstituted or may be substituted by a
substituent selected from the group consisting of deuterium,
halide, alkyl, cycloalkyl, heteroalkyl, arylalkyl, alkoxy, ary-
loxy, amino, silyl, alkenyl, cycloalkenyl, heteroalkenyl,
alkynyl, aryl, heteroaryl, acyl, carbonyl, carboxylic acids,
ester, nitrile, isonitrile, sulfanyl, sulfinyl, sulfonyl, phos-
phino, and combinations thereof.

[0177] 1In one aspect, the host compound contains at least
one of the following groups in the molecule:
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107
[0 X,
X1§X106

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,
and when it is aryl or heteroaryl, it has the similar definition
as Ar’s mentioned above. k is an integer from O to 20 or 1
to 20. X' to X' are independently selected from C
(including CH) or N. Z'' and Z'°*> are independently

selected from NR'®', O, or S.

[0178] Non-limiting examples of the host materials that
may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-
ences that disclose those materials: EP2034538,

EP2034538A, EP2757608, JP2007254297,
KR20100079458, KR20120088644, KR20120129733,
KR20130115564,  TW201329200,  US20030175533,
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,  WO02004093207, W02005014551,
WO02005089025, WO02006072002, WO02006114966,
W02007063754,  WO02008056746,  WO2009003898,
WO02009021126, W02009063833, W0O2009066778,
W02009066779, W02009086028, W02010056066,
Ww02010107244,  WQ02011081423, WO02011081431,
WO02011086863, W02012128298, W02012133644,
WO02012133649, WO02013024872, W02013035275,

W02013081315, W02013191404, W0O2014142472,

e
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Additional Emitters:

[0179]

[0180] One or more additional emitter dopants may be
used in conjunction with the compound of the present
disclosure. Examples of the additional emitter dopants are
not particularly limited, and any compounds may be used as
long as the compounds are typically used as emitter mate-
rials. Examples of suitable emitter materials include, but are
not limited to, compounds which can produce emissions via
phosphorescence, fluorescence, thermally activated delayed
fluorescence, i.e., TADF (also referred to as E-type delayed
fluorescence), triplet-triplet annihilation, or combinations of
these processes.

Aug. 1,2019

[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,
J1P2012074444, JP2013110263, JP4478555,

KR1020090133652, KR20120032054, KR20130043460,
TW201332980, U.S. Ser. No. 06/699,599, U.S. Ser. No.

06/916,554, US20010019782, US20020034656,
US20030068526,  US20030072964,  US20030138657,
US20050123788,  US20050244673,  US2005123791,
US2005260449,  US20060008670,  US20060065890,
US20060127696,  US20060134459,  US20060134462,
US20060202194,  US20060251923,  US20070034863,
US20070087321,  US20070103060,  US20070111026,
US20070190359,  US20070231600,  US2007034863,
US2007104979, US2007104980, US2007138437,
US2007224450, US2007278936, US20080020237,
US20080233410, US20080261076,  US20080297033,
US200805851, US2008161567, US2008210930,
US20090039776,  US20090108737,  US20090115322,
US20090179555, US2009085476, US2009104472,
US20100090591,  US20100148663,  US20100244004,
US20100295032, US2010102716, US2010105902,
US2010244004, US2010270916, US20110057559,
US20110108822,  US20110204333,  US2011215710,
US2011227049, US2011285275, US2012292601,
US20130146848, US2013033172, US2013165633,
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, 7,378,162, 71,534,505, 7,675,228, 7,728,137,
7,740,957, 7,759,489, 17,951,947, 8,067,099, 8,592,586,
8,871,361, WO06081973, WO06121811, WOO7018067,

WO007108362, WO07115970, WO07115981,
WO08035571, W02002015645, W02003040257,
W02005019373, W02006056418, W02008054584,
WO2008078800,  W(O2008096609, W02008101842,
WO02009000673,  W02009050281, W02009100991,
WO02010028151, W02010054731, W0O2010086089,
WO02010118029, W02011044988,  W02011051404,
WO02011107491, W02012020327, W02012163471,
W02013094620, W02013107487, W02013174471,
W02014007565,  WQ02014008982, W02014023377,
W02014024131, W02014031977, W02014038456,
W02014112450.
Ft
Et
Et
Et
X
N
Et, Re(CO)4,
Et (6}

Et

Et
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[0182] HBL:

[0183] 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.

[0184] 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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[0185] 1In another aspect, compound used in HBL contains
at least one of the following groups in the molecule:

padiss

O,
( Al— (L)
S
N
O/ \O v

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

[0186] ETL:

[0187] Electron transport layer (ETL) 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.

[0188] In one aspect, compound used in ETL contains at
least one of the following groups in the molecule:
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wherein R is selected from the group consisting of hydro-
gen, deuterium, halide, alkyl, cycloalkyl, heteroalkyl, aryl-
alkyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalkenyl,
heteroalkenyl, alkynyl, aryl, heteroaryl, acyl, carbonyl, car-
boxylic acids, ester, nitrile, isonitrile, sulfanyl, sulfinyl,
sulfonyl, phosphino, and combinations thereof, when 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.

[0189] In another aspect, the metal complexes used in
ETL contains, but not limit to the following general formula:
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[0190] 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.

[0191] Non-limiting examples of the ETL materials that
may be used in an OLED in combination with materials
disclosed herein are exemplified below together with refer-

ences that disclose those materials: CN103508940,
EP01602648, EP01734038, EP01956007, JP2004-022334,
JP2005149918, JP2005-268199, 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,  WQ02010067894,  W02010072300,
W02011074770, WO02011105373, W02013079217,
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[0192] Charge Generation Layer (CGL)

[0193] 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.

[0194] In any above-mentioned compounds used in each
layer of the OLED device, the hydrogen atoms can be
partially or fully deuterated. Thus, any specifically listed
substituent, such as, without limitation, methyl, phenyl,
pyridyl, etc. may be undeuterated, partially deuterated, and
fully deuterated versions thereof. Similarly, classes of sub-
stituents such as, without limitation, alkyl, aryl, cycloalkyl,
heteroaryl, etc. also may be undeuterated, partially deuter-
ated, and fully deuterated versions thereof.

Synthesis

[0195] Materials Synthesis—

[0196] All reactions were carried out under nitrogen atmo-
sphere unless specified otherwise. All solvents for reactions
are anhydrous and used as received from commerical
sources.

Synthesis of Compound [Ir(L ;139):(Lg22)]

Synthesis of 6-(tert-butyl)-4-chloro-2H-pyran-2-one
[0197]

OH Ny al
7 POCY 7
—_—
o) reflux O
95%
0] 0]

[0198] A solution of 6-(tert-butyl)-4-hydroxy-2H-pyran-
2-one (9.50 g, 56.50 mmol), POCl; (31.9 mL, 198 mmol)
and NEt; (7.8 mL, 56.50 mmol) was heated to reflux
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overnight. The reaction flask was cooled to rt and the
reaction mixture was quenched with ice and extracted with
EtOAc. The crude product was adsorbed onto Celite and
purified via flash chromatography (CH,CL,/EtOAc/Hep-
tanes, 1:4:45) to provide 6-(tert-butyl)-4-chloro-2H-pyran-
2-one as a golden oil (10.0 g, 95%).

Synthesis of 1-(tert-butyl)-3-chloronaphthalene
[0199]

Cl
/
n
(@)
(6]
N O )\/\
NH, ONO

DME, 100° C.
64%

Cl

[0200] A solution of 6-(tert-butyl)-4-chloro-2H-pyran-2-
one (8.90 g, 47.70 mmol) in 1,2-Dimethoxyethane (100 mL)
was heated to 100° C. Subsequently, isoamyl nitrite (9.63
mL, 71.50 mmol), previously dissolved in 1,2-Dimethoxy-
ethane (60 mL), and 2-aminobenzoic acid (9.81 g, 71.50
mmol), previously dissolved in 1,2-Dimethoxyethane (60
mlL), were added to the reaction mixture simultaneously
with the aid of addition funnels in a dropwise fashion. The
reaction mixture was left to stir at 100° C. overnight. The
reaction flask was cooled to rt and the reaction mixture was
concentrated in vacuo. The crude product was adsorbed onto
Celite and purified via flash chromatography (CH,Cl,/
EtOAc/Heptanes, 1:2:47) to provide 1-(tert-butyl)-3-chlo-
ronaphthalene as a light yellow oil (6.7 g, 64%).

Synthesis of 2-(4-(tert-butyl)naphthalen-2-y1)-4,4,5,
5-tetramethyl-1,3,2-dioxaborolane

[0201]

Cl Bpin
Pd;(dba);

SPhos
szinz
—_—
1,4-Dioxane,
KOAc
110°C,17h
93%

Aug. 1,2019

[0202] A solution of 1-(tert-butyl)-3-chloronaphthalene
(6.20 g, 28.30 mmol), 4,4,4'4',5,5,5',5"-octamethyl-2,2'-bi
(1,3,2-dioxaborolane) (9.36 g, 36.90 mmol), Pd,(dba), (0.52
g, 0.57 mmol), SPhos (0.93 g, 2.27 mmol), and KOAc (8.35
2, 85.00 mmol) in 1,4-Dioxane (90 mL) was heated to 110°
C. for 17 h. After this time, the reaction flask was cooled to
rt and the reaction mixture was filtered through a plug of
Celite, eluting with EtOAc, and concentrated in vacuo. The
crude product was adsorbed onto Celite and purified via
flash chromatography (EtOAc/Heptanes, 1:49 to 1:9) to
provide  2-(4-(tert-butyl)naphthalen-2-y1)-4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane as an off-white solid (8.80 g,
93%).

Synthesis of 2-(4-(tert-butyl)naphthalen-2-y1)-4,5-
dichloroquinoline

[0203]

Cl
Bpin

l
N
_
N K,CO;5
O THFH0 (3:1)
75°C., 16 h
Cl i
99%
cl

Cl |

/N

[0204] 2-(4-(tert-butyl)naphthalen-2-y1)-4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (4.31 g, 13.90 mmol), 2,4,5-
trichloroquinoline (3.20 g, 13.76 mmol), K,CO; (5.71 g,
41.30 mmol) THF (51 mL) and H,O (17 mL) were com-
bined in a flask. The reaction mixture was purged with N, for
15 min followed by the addition of Pd(PPh;), (0.80 g, 0.69
mmol). The reaction mixture was then heated to 75° C. for
16 h. After this time, the reaction flask was cooled to rt and
the reaction mixture was extracted with EtOAc. The crude
product was adsorbed onto Celite and purified via flash
chromatography (EtOAc/Heptanes, 1:49) to provide 2-(4-
(tert-butyl)naphthalen-2-y1)-4,5-dichloroquinoline as a yel-
low solid (5.50 g, 99%).

Pd(PPhs)s
—_—
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Synthesis of 2-(4-(tert-butyl)naphthalen-2-y1)-4,5-
dimethylquinoline
[0205]

Cl

Cl

| Pdy(dba);
SPhes
Toluene/H,O
(10:1)
Me K3POy
100°C.,19h
1%

A

[0206] A solution of 2-(4-(tert-butyl)naphthalen-2-y1)-4,5-
dichloroquinoline (5.50 g, 14.46 mmol), Pd,(dba), (0.53 g,
0.58 mmol), SPhos (0.95 g, 2.31 mmol), trimethylboroxine
(4.85 mL, 34.70 mmol) and K, PO, (12.28 g, 57.80 mmol)
in Toluene (65 mL) and H,O (6.5 mL), purged with N, for
15 min, and was heated to 100° C. for 19 h. After this time,
the reaction flask was then cooled to rt and the reaction
mixture was extracted with EtOAc. The crude product was
adsorbed onto Celite and purified via flash chromatography
(EtOAc/Heptanes, 1:99 to 1:49) and then via reverse phase
chromatography (MeCN/H,Q, 90:10 to 92/8 to 95/5) to
provide 2-(4-(tert-butyl)naphthalen-2-y1)-4,5-dimethylqui-
noline as a white solid (3.50 g, 71%).

Synthesis of Iridium(I1) Dimer

/N

[0207]

IrCLHgO4
2-ethoxyethanol/

water (3:1)

105°C.,18h
62%
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[0208] 2-(4-(tert-butyl)naphthalen-2-y1)-4,5-dimethylqui-
noline (3.52 g, 10.36 mmol) was dissolved in 2-ethoxyetha-
nol (42.0 mL) and water (14.0 mL) and the mixture was
degassed with N, for 15 mins. Iridium(III) chloride tetra-
hydrate (1.28 g, 3.45 mmol) was then added and the reaction
mixture was heated to 105° C., under N, for 16 h. After this
time, the reaction flask was cooled to rt. The reaction
mixture was diluted with MeOH and filtered to obtain dark
brown precipitate, which was dried using a vacuum oven
(1.94 g, 62%).

Synthesis of Compound [Ir(L 47 136)>(Lgs5)]

[0209]

o]
KoCOs
2-ethoxyethanol
0= it,21h

29%
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[0210] A solution of Iridium(Ill) dimer (1.00 g, 0.55
mmol) and 3,7-diethylnonane-4,6-dione (1.30 mL, 5.53
mmol) in 2-ethoxyethanol (18 mL) was degassed with N, for
15 min. K,CO; (0.76 g, 5.53 mmol) was next added and the
reaction mixture was left to stir at rt, under N,, for 21 h.
After this time, the reaction mixture was filtered through a
plug of Celite, eluting first with MeOH followed by CH,Cl,
using a separate filter flask. The filtrate collected was then
concentrated in vacuo. The crude product was adsorbed onto
Celite and purified via flash chromatography (pretreated
with Heptanes/triethylamine, 9:1) using CH,Cl,/Heptanes
(1:99 to 1:49 to 1:9) to provide Compound 3393 [Ir(L,,,)
>(Lgs)] as a red solid (0.35 g, 29%).

Synthesis of Compound [Tr(L;pz77.1242)2(Lp22)]

Synthesis of 4-(4-(tert-butyl)naphthalen-2-y1)-7-
isopropylthieno|3,2-d]pyrimidine

[0211]

Pd(PPhy),
_— =

Bpin
K,CO3
DME/H,0 (3:1)

N\
O
S 2N
750 C.

Cl 92%

/

b
/N
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[0212] 4-chloro-7-isopropylthieno[3,2-d]pyrimidine (2.10
2, 9.87 mmol), 2-(4-(tert-butyl)naphthalen-2-y1)-4.4,5,5-te-
tramethyl-1,3,2-dioxaborolane (3.22 g, 10.4 mmol), K,CO,
(3.41 g, 24.7 mmol), DME (53 mL) and H,O (18 mL) were
combined in a flask. The reaction mixture was purged with
N, for 15 min followed by the addition Pd(PPh,), (0.57 g,
0.49 mmol). The reaction mixture was then heated to 75° C.,
under N, overnight. Upon completion of the reaction, the
reaction flask was cooled to rt and the reaction mixture was
extracted with EtOAc. The crude product was purified via
flash chromatography Heptanes/EtOAc (9:1 to 4:1) to pro-
vide 4-(4-(tert-butyl)naphthalen-2-yl)-7-isopropylthieno|3,
2-d]pyrimidine (3.26 g, 92% yield).

Synthesis of the Iridium(IIT) Dimer

[0213]

IrCl; (H20)4

2-ethoxyethanol/
water (3:1)
105° C.

[0214] 4-(4-(tert-butyl)naphthalen-2-y1)-7-isopropylth-
ieno[3,2-d]pyrimidine (3.16 g, 8.77 mmol) was dissolved in
2-ethoxyethanol (37 mL) and water (12 mL) and the mixture
was degassed with N, for 15 mins. Iridium(III) chloride
tetrahydrate (1.00 g, 2.70 mmol) was then added and the
reaction mixture was heated to 105° C., under N,, overnight.
After this time, the reaction flask was cooled to rt. The
reaction mixture was diluted with MeOH and filtered to
obtain green precipitate, which was dried using a vacuum
oven (quantitative).
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Synthesis of Compound [T6(L;1p777.1242)2(L522)]
[0215]

[0216] A solution of Iridium(Ill) dimer (1.50 g, 0.79
mmol) and 3,7-diethylnonane-4,6-dione (1.26 g, 5.94 mmol)
in 2-ethoxyethanol (26 mL) was degassed with N, for 15
min. K,CO; (0.82 g, 5.94 mmol) was next added and the
reaction mixture was left to stir at rt, under N,, overnight.
After this time, the reaction mixture was filtered through a
plug of Celite, eluting first with MeOH followed by CH,Cl,
using a separate filter flask. The filtrate collected was then
concentrated in vacuo. The crude product was purified via
flash chromatography (pretreated with Heptanes/triethylam-
ine, 9:1) using CH,Cl,/Heptanes (1:4) to provide Compound
3899 [Tr(L 4555)-(Lgs)] as a red solid (0.70 g, 79%).

Synthesis of Compound [Ir(L ;57 p- 1780)2(Lz22)]

Synthesis of 3-Fluoronaphthalen-2-ol

[0217]
TMSCT;Br, OH
e OO
0 —
TBAF
F
[0218] (Bromodifluoromethyl)trimethylsilane (35.3 ml,

227 mmol) was added to a solution of 1,3-dihydro-2H-
inden-2-one (20 g, 151 mmol) and tetrabutylammonium
bromide (4.88 g, 15.13 mmol) in toluene (500 ml). The
reaction was heated to 100° C. and stirred for 2.5 hrs.
(Bromodifluoromethyl)trimethylsilane (35.3 ml, 227 mmol)
was added and the reaction stirred for a further 3 hrs at 100°
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K>CO3
+
2-ethoxyethanol
0= it,21h
29%

C. The reaction was allowed to cool to rt. and tetra-n-
butylammonium fluoride (1M in THF) (30.3 ml, 30.3 mmol)
was added. The reaction was allowed to stir at r.t. for ~18 h.
The reaction was poured onto IN HCI (aq) and was
extracted with EtOAc. IN NaOH (aq) was added to the
organic phase and the layers separated. The aqueous phase
was acidified by the addition of 1N HCI and reextracted with
BtOAc. The organic phase was washed with brine, dried
(MgSO,) and concentrated under reduced pressure. The
crude product was purified via flash chromatography (iso-
hexane to 20% EtOAc in isohexane) to give 3-fluoronaph-
thalen-2-o0l (8.9 g, 54.9 mmol, 36% yield).

Synthesis of 3-Fluoronaphthalen-2-yl
Trifluoromethanesulfonate

[0219]

on THo, oTf

F F
[0220] Tf,0 (11.1 ml, 65.9 mmol) was added to a solution

of 3-fluoronaphthalen-2-ol (8.90 g, 54.9 mmol) and Et,N
(9.2 ml, 65.9 mmol) in DCM (200 ml) at 0° C. The reaction
was stirred at this temperature for 1.5 h. The reaction was
quenched via the addition of sat aq. NaHCO; and the
mixture extracted with DCM (x2). The combined organic
extracts were dried (MgSO,) and concentrated under
reduced pressure. The crude product was purified via flash
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chromatography (isohexane to 10% EtOAc in isohexane) to
give 3-fluoronaphthalen-2-yl  trifluoromethanesulfonate
(13.3 g, 82% yield) as a colourless oil.

Synthesis of 2-(3-Fluoro-naphthalen-2-y1)-4,4,5,5-
tetramethyl-[1,3,2]dioxaborolane

[0221]
OTf
(Bpin)s, PCly(dppf)
KOAc
F
0]
!
~0
T
[0222] PdCL,(dppf)-CH,Cl, adduct (2.50 g, 3.06 mmol)

was added to a degassed solution of 3-fluoronaphthalen-2-yl
trifluoromethanesulfonate (18 g, 61.2 mmol), bis(pinacola-
to)diboron (46.6 g, 184 mmol) and potassium acetate (18 g,
184 mmol) in dioxane (200 ml). The reaction was heated to
reflux for 2 h and was then allowed to cool to r.t. The
reaction was partitioned between FtOAc and water and the
layers separated. The organic phase was dried (MgSO,) and
concentrated under reduced pressure to give the crude
material. The crude material was filtered through a pad of
silica, washing with DCM. The filtrate was concentrated
under reduced pressure to give a mixture of 2-(3-fluoro-
naphthalen-2-y1)-4,4,5.5-tetramethyl-[ 1,3,2]dioxaborolane
and bis(pinacolato)diboron CH NMR evidence).

Synthesis of (3-Fluoronaphthalen-2-yl)boronic Acid
[0223]

0]
/ HCL IPA

[0224] Concentrated HC1 (153 ml, 1837 mmol) was added
to a solution of crude 2-(3-fluoro-naphthalen-2-y1)-4.4,5,5-
tetramethyl-[1,3,2]dioxaborolane and bis(pinacolato)dibo-
ron mixture (50 g) in IPA (400 ml). The reaction flask was
heated to reflux for ~18 h. The reaction flask was allowed to
cool to r.t. and the majority of the IPA was removed under
reduced pressure. The resultant precipitate was filtered. The
precipitate was purified by flash chromatography (4/1 to 1/1
isohexane/EtOAc) and recrystallisation from IPA/water. The
recrystallisation gave 3 batches in total. The filtrate from the
first recrystallisation yielded further material on prolonged
standing/slow evaporation. Similarly a third batch was
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obtained from this second recrystallisation. All batches were
taken up in MeOH, combined and concentrated under a flow
of nitrogen. Drying in the vacuum oven for 3 days gave 7.1
g of (3-fluoronaphthalen-2-yl)boronic acid/2-(1-fluoronaph-
thalen-2-y1)-4,6-bis(3-fluoronaphthalen-2-y1)-1,3,5,2.4,6-
trioxatriborinane for a 50% yield over 2 steps.

Synthesis of 4-(3-fluoronaphthalen-2-y1)-7-isopro-
pylthieno[3,2-d]pyrimidine

[0225]
HO oH
F
Pd(PPhy)s
B
K;CO;

O reflux o/n

[0226] A 250 mL RBF was charged with 4-chloro-7-
isopropylthieno[3,2-d]pyrimidine (3.0 g, 14.1 mmol),
(3-fluoronaphthalen-2-yljboronic acid (2.95 g, 15.5 mmol),
potassium carbonate (4.87 g, 35.3 mmol), Pd(PPh,), (0.49 g,
0.42 mmol), THF (53 mL), and Water (18 mL), degassed
with nitrogen and heated to reflux at 70° C. overnight. The
reaction mixture was cooled to room temperature and
washed with brine. The organic layer was dried over sodium
sulfate, filtered and concentrated. The crude product was
purified by flash chromatography (EtOAc/heptanes, 1:19)
providing 4-(3-fluoronaphthalen-2-yl)-7-isopropylthienol[3,
2-d]pyrimidine (4.20 g, 92% yield) as a viscous oil that
crystallizes slowly upon sitting. Further purification was
achieved by recrystallization from MeOH.

Synthesis of the Ir(I1I) Dimer
[0227]

N,
)
/N

IICl:;(HzO);‘
—_—
105°C.
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[0228] 4-(3-fluoronaphthalen-2-y1)-7-isopropylthieno[3,
2-d]pyrimidine (2.35 g, 8.77 mmol) was dissolved in
2-ethoxyethanol (30 mL) and water (10 mL) in a flask. The
reaction was purged with nitrogen for 15 min, then iridium
(1II) chloride tetrahydrate (0.90 g, 2.43 mmol) was added.
The reaction was heated in an oil bath set at 105° C.
overnight under nitrogen. The reaction was allowed to cool,
diluted with MeOH, filtered off a precipitate using MeOH,
then dried in the vacuum oven for two hours to get 2.1 g of
a dark red solid (98% yield). Used as is for next step.

Synthesis of Compound [1r(L 437 - 1780)2(Lzs)]
[0229]

K>CO;

2-EtOEtOH

\

[0230] The dimer (1.00 g, 0.57 mmol), 3,7-diethylnonane-
4,6-dione (0.92 g, 4.31 mmol), and 2-ethoxyethanol (19 mL)
were combined in a flask. The reaction was purged with
nitrogen for 15 minutes then potassium carbonate (0.60 g,
431 mmol) was added. The reaction was stirred at room
temperature overnight under nitrogen. The reaction was
diluted with MeCH then filtered off the solid using celite.
The precipitate was recovered using DCM. The solid was
purified via flash chromatography (heptanes/DCM, 4:1 to
3:1) to afford Compound 5975 [Ir(L.55).(Lgs)] (0.70 g,
58% vield) as a red solid.
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Synthesis of Compound [Tr(L 4y - 1587)5(Lzs)]

Synthesis of 7-isopropyl-4-(3-methylnaphthalen-2-
yDthieno[3,2-d]pyrimidine

[0231]
(@) (0]
AN B/

N

/ ﬁ Pd(PPhy)y

n A
| N K,CO;

S F reflux o/n

Cl

[0232] 4-chloro-7-isopropylthieno[3,2-d]pyrimidine (3.0
g, 14.1 mmol), (4,4,3,5-tetramethyl-2-(3-methylnaphthalen-
2-y1)-1,3,2-dioxaborolane (3.86 g, 14.4 mmol), potassium
carbonate (4.87 g, 35.3 mmol), DME (75 mL), and water (25
mL) were combined in a flask. The reaction was purged with
nitrogen for 15 minutes then palladium tetrakis (0.489 g,
0.423 mmol) was added. The reaction was heated to reflux
in an oil bath overnight under nitrogen. The reaction mixture
was extracted with EtOAc. The organic phase was washed
with brine twice, dried with sodium sulfate, filtered and
concentrated down to a brown solid. The brown solid was
purified using flash chromatography (heptanes/EtOAc/
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DCM, 18:1:1 to 16:3:1) to afford 7-isopropyl-4-(3-methyl-
naphthalen-2-yl)thieno[3,2-d]pyrimidine (3.50 g, 78%
vield) as a white solid.

Synthesis of the Ir(I1I) Dimer

[0233]

IICl3l:H20)4
105°C.

— -

[0234] (2.93 g, 9.21 mmol), 2-ethoxyethanol (54 mL) and
water (18 mL) were combined in a flask. The reaction was
purged with nitrogen for 15 minutes, then iridium(III) chlo-
ride tetrahydrate (1.05 g, 2.83 mmol) was added. The
reaction was heated in an oil bath set at 105° C. overnight
under nitrogen. The reaction was allowed to cool, diluted
with MeOH, filtered off a precipitate using MeOH, then
dried in the vacuum oven for two hours to get 2.2 g of a dark
red solid (90% yield). Used as is for next step.

Synthesis of Compound 6040 [Ir(L ;5 ;557)>
(LB22)]

[0235]

KoCOs

2-EtOEtOH
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[0236] The dimer (2.20 g, 1.28 mmol), 3,7-diethylnonane-
4,6-dione (2.71 ml, 12.8 mmol), and 2-ethoxyethanol (30
ml) were combined in a flask. The reaction was purged with
nitrogen for 15 min then potassium carbonate (1.76 g, 12.8
mmol) was added. The reaction was stirred at room tem-
perature over the weekend under nitrogen. The reaction was
diluted with MeOH then filtered off a dark reddish brown
solid using celite. The precipitate was recovered using DCM
to get a red-brown solid. The solid was purified via flash
chromatography, preconditioned with 75/15/10 heptanes/
DCM/Et;N then heptanes/DCM (19:1 to 17:3) to get 1.10 g
of a red solid. The solid was dissolved in DCM and MeOH
was added, the mixture was partially concentrated down on
the rotovap at 30° C. bath temperature. The precipitate was
filtered off and dried in the vacuum oven overnight to afford
Compound 6040 [Tr(L 4445)5(Lgs)] (0.94 g, 36%) as a red
solid.

Synthesis of Compound [Ir(L ;1 75)>(Lg25)]

Synthesis of 2-(4-(tert-butyl)naphthalen-2-y1)-4-
chloro-5,7-dimethylquinoline

[0237]
0 0
\B/
a
N Pd(PPhs),
+ —_—
X K,C0;5
F reflux o/n
Cl
¢l
| AN
N
]
X
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[0238] 2.4-dichloro-5,7-dimethylquinoline (6.75 g, 29.9
mmol),  2-(4-(tert-butyl)naphthalen-2-y1)-4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (9.45 g, 30.5 mmol), potassium
carbonate (10.31 g, 74.6 mmol), THF (160 ml), and water
(40 ml) were combined in a flask. The solution was purged
with nitrogen for 15 min then palladium tetrakis (1.04 g,
0.90 mmol) was added. A condenser was attached then the
reaction was heated to reflux in an oil bath overnight. The
reaction was transferred to a separatory funnel with ethyl
acetate. The aqueous was partitioned off. The organic phase
was washed with brine twice, dried with sodium sulfate,
filtered and concentrated down to a beige solid. The solid
was purified with silica gel using 84/1/15 to 74/1/25 hept/
EtOAc/DCM solvent system to get 6.65 g of a white solid
for a 60% yield.

Synthesis of 2-(4-(tert-butyl)naphthalen-2-y1)-4,5,7-
trimethylquinoline
[0239]

K3PO4
Pd,dba; SPhos
—_ =
10:1

toluene:water
reflux o/n

/

N

\
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[0240] 2-(4-(tert-butyl)naphthalen-2-y1)-4-chloro-5,7-di-

methylquinoline (3.30 g, 8.83 mmol), potassium phosphate
tribasic (5.62 g, 26.5 mmol), toluene (70 ml) and water (7.0
ml) were combined in a flask. The reaction was purged with
nitrogen then Pd,(dba), (0.16 g, 0.18 mmol), SPhos (0.29 g,
0.71 mmol), and 2,4,6-trimethyl-1,3,5,2,4,6-trioxatribori-
nane (1.85 ml, 13.2 mmol) were added. The reaction was
placed in an oil bath and heated to reflux overnight under
nitrogen. The reaction was filtered through celite with

X 7

Z N & N
IrCly(H,0)4 \ cl
—_—

105°C.

Aug. 1,2019

BtOAc to remove the black precipitate. The filtrate was
transferred to separatory funnel, washed with brine once,
dried with sodium sulfate, filtered and concentrated down to
an orange solid. The orange solid was purified with silica gel
using 80/5/15 hept/EtOAc/DCM solvent system to get 3.05
g of a white solid for a 98% yield.

Synthesis of the Ir(I1I) Dimer
[0241]

[0242] 2-(4-(tert-butyl)naphthalen-2-y1)-4,5,7-trimeth-
ylquinoline (2.94 g, 8.33 mmol), 2-ethoxyethanol (45 ml)
and water (15 ml) were combined in a flask. The reaction
was purged with nitrogen for 15 minutes, then Iridium
Chloride tetrahydrate (0.95 g, 2.56 mmol) was added. The
reaction was heated in an oil bath set at 105° C. overnight.
The reaction was diluted with MeOH, filtered off a precipi-
tate using MeOH, then dried the solid in the vacuum oven
for two hours to get 1.20 g of a red-brown solid for a 50%
yield. Used as is for next step.

Synthesis of Compound [Ir(L ,; ;45)5(Lzs5)]
[0243]

K>CO5

2-EtOEtOH
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-continued

[0244] The Ir(IlT) dimer (1.20 g, 0.64 mmol), 3,7-dieth-
ylnonane-4,6-dione (1.5 ml, 6.43 mmol), and 2-ethoxyetha-
nol (15 ml) were combined in a flask. The mixture was
purged with nitrogen for 15 minutes then potassium carbon-
ate (0.89 g, 6.43 mmol) was added. The reaction was stirred
at room temperature overnight under nitrogen. The reaction
was diluted with MeOH then filtered off a dark red solid. The
precipitate was recovered using DCM. The sample was
purified with silica gel (pretreated with Triethylamine) using
95/5 t0 90/10 hept/DCM solvent system to get 0.95 g of ared
solid. The solid was solubilized in DCM and MeOH was
added to afford the target compound (0.68 g, 48% yield).

Synthesis of Comparative Compound 1

Synthesis of
4 5-dichloro-2-(3-methylnaphthalen-1-yl)quinoline

[0245]
O (0]
Cl Cl \B/
% N Pd(PPhy),
K,CO;,
A
Cl N
Cl
| x
/N
[0246] 2.4,5-trichloroquinoline (3.05 g, 13.1 mmol), 4,4,

5,5-tetramethyl-2-(3-methylnaphthalen-1-y1)-1,3,2-dioxa-

borolane (3.87 g, 14.4 mmol), and potassium carbonate
(5.44 g, 39.4 mmol) were inserted in a flask. THF (98 mL)
and Water (33 mL) were then added and the reaction mixture
was degassed with nitrogen gas for 15 minutes. Palladium
tetrakis (0.60 g, 0.53 mmol) was added and the reaction was
heated to reflux overnight. Upon completion, water was
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Aug. 1,2019

added and the mixture was extracted with Ethyl Acetate. The
crude material was purified via column chromatography
using a mixture of Heptanes/Ethyl Acetate/DCM (90/5/5) as
the solvent system. The product was then triturated from
Methanol and then from Heptanes to afford 3.30 g (74%
yield) of the title compound.

Synthesis of
4 5-dimethyl-2-(3-methylnaphthalen-1-yl)quinoline

[0247]
Cl
Cl
~ Pd,dba;
N SPhos
7 l\l/le K0,
B
@
B B
Me/ \O/ \Me
N
/N
[0248] 4.5-dichloro-2-(3-methylnaphthalen-1-yl)quino-

line (3.10 g, 9.17 mmol), Pd,(dba); (0.17 g, 0.18 mmol),
SPhos (0.30 g, 0.73 mmol), and potassium phosphate (5.84
g, 27.5 mmol) were inserted in a flask. Toluene (56 mL) and
Water (6 mL) were added, followed by the addition of
2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (3.1 ml, 22.0
mmol) via syringe. The reaction mixture was degassed with
nitrogen for 15 minutes and then was heated to reflux
overnight. Upon completion, water was added to the mixture
and it was extracted with Ethyl Acetate. The crude material
was purified via column chromatography using Heptanes/
Ethyl Acetate (90/10) as solvent system. The product still
contained 0.45% impurity, so it was purified via column
chromatography again using Heptanes/Ethyl Acetate (95/5)
as solvent system. The title compound was afforded as a
white solid (2.35 g, 86% yield).
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Synthesis of the Ir(11T) Dimer

[0249]
| N 1IrCl3(H,0)4 e
105°C.
[0250] 4,5-dimethyl-2-(3-methylnaphthalen-1-yl)quino-

line (2.387 g, 8.03 mmol), 2-ethoxyethanol (39 mL) and
Water (13 mL) were combined in a flask. The mixture was
purged with nitrogen for 15 min, then iridium(IIT) chloride
tetrahydrate (0.85 g, 2.29 mmol) was added and the reaction
was heated at 105° C. overnight under nitrogen. The mixture
was cooled down to room temperature, diluted with MeOH
and filtered off the precipitate to afford 1.00 g (53% yield)
of the Dimer.

Synthesis of Comparative Compound 1

[0251]

)@
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(X

[0252] Ir(IIl) Dimer (1.00 g, 0.61 mmol), 3,7-diethyl-
nonane-4,6-dione (1.44 mL, 6.09 mmol) and 2-ethoxyetha-
nol (20 mL) were combined in a flask. The reaction was
purged with nitrogen for 15 min, then potassium carbonate
(0.84 g, 6.09 mmol) was added. The reaction was stirred at
room temperature overnight. Methanol was added to the
mixture and the precipitate was filtered off on a pad of celite.
The solids on the Celite were then washed with DCM and
the product was collected in a filtering flask. The collected
product was solubilized in DCM and filtered on a pad of
Silica. The product was then triturated in MeOH and recrys-
tallized from DCM/EtOH to afford 0.85 g (70% yield) of the
target.

K,CO;

2-EtOEtOH
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BExperimental -continued

Device Examples

[0253] All example devices were fabricated by high
vacuum (<1077 Torr) thermal evaporation. The anode elec- |
trode was 1150 A of indium tin oxide (ITO). The cathode N

consisted of 10 A of Liq (8-hydroxyquinoline lithium) N N / 0 \
followed by 1,000 A of Al. All devices were encapsulated >Ir \

with a glass lid sealed with an epoxy resin in a nitrogen 0
glove box (<1 ppm of H,O and O,) immediately after
fabrication, and a moisture getter was incorporated inside

the package. The organic stack of the device examples - -2
consisted of sequentially, from the ITO surface, 100 A of
HATCN as the hole injection layer (HIL); 450 A of HTM as
a hole transporting layer (HTL); 400 A of an emissive layer
(EML) containing Compound H as a host, a stability dopant
(SD) (18%), and Comparative Compound 1 or Compounds

(r(Ciz130)2(Tpaa)ls M Lixprrr 1242)5(Las)], (ML ag5m
1780)5(Lgo2)l, and [Ir(L xype1587)2(Lpao)] @s the emitter

\

Comparative Compound 1

(3%); and 350 A of Liq (8-hydroxyquinoline lithium) doped \

with 40% of ETM as the ETL. The emitter was selected to |

provide the desired color, efficiency and lifetime. The SD # \N
compound was added to the electron-transporting host to

help transport positive charge in the emissive layer. The AN

Comparative Example device was fabricated similarly to the ‘
device examples except that Comparative Compound 1 was p
used as the emitter in the EML. FIG. 1 shows the schematic
device structure. Table 1 shows the device layer thickness
and materials. The chemical structures of the device mate- 7

rials are shown below. |

HIM

COMPOUND H
O | AN B ya |_
/N\Ir//N\
| x
Vs

SD ETM
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-continued
/
| Lig
\ N,
L
O/

0=

—2

Compound Ir(L4z.139)2(Lp2)

—2

Compound Ir(Lyxvzz.1242)2(Lp22)

—2

Compound Ir(L gxzr-1780)2(L22)
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(0]
~.” \
L~ \
0=
2
Compound Ir(L41323)2(Lg22)
CN
CN
i
NC N N
A
Ne” N Z |N
N
N CN
CN
HATCN
[0254] The device performance data are summarized in

Table 2. Comparative Compound 1 exhibited a Maximum
Wavelength of emission (A max) of 640 nm. The inventive
compounds, namely Compounds [Ir(L ; ;36)-(Lzsn)l, [Ir
(Lvmrinaz)a(Lp)ls and (I gy 41 780)2(Laan)]s were
designed to be blue shifted compared to Comparative Com-
pound 1 and to provide better external quantum efficiency
(EQE). Compound [Ir(L ;37 -1 557)2(Lz.2)] was designed to
be red shifted. In order to afford better device performance,
a different naphthalene regioisomer was used. We obtained
a peak wavelength between 604 and 628 nm for the Inven-
tive Compounds. On the other hand, Compound [It(L ;-
1587)5(Lg5,)] showed a peak wavelength at 653 nm. The Full
Width at Half Maximum (FWHM) was also improved a lot
with the inventive configuration wherein the Inventive Com-
pounds showed a FWHM OF 0.76 AND 0.74 COMPARED
TO 1.00 FOR THE COMPARATIVE COMPOUND 1.
COMPOUND [IR(L ,y; - 1587)2(Lgas)] was slightly more
broad at 1.10. Furthermore, a bulky side chain (t-butyl,
cycloalkyl, etc.) needs to be included at the 4-position or any
substitution at the 3-position of the naphthyl moiety in order
to lock in the desired naphthalene orientation toward the
iridium of the final material. The combination of the naph-
thyl regioismer combined with side chain allowed good
performances for the inventive compounds. The EQE was
much higher for the Inventive Compounds with relative
value between 1.20 and 1.51.
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TABLE 1

Device layer materials and thicknesses
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wherein X', X*, X3, and X* are each independently a CR
or N;

wherein (1) at least two adjacent ones of X*, X2 X3, and
X* are CR and fused into a five or six-membered

Layer Material Thickness [A] .,
aromatic ring, or
Anode ITO 1150 (2) at least one of X', X%, X°, and X* is nitrogen, or
HIL HATCN 100 .
HTL HTM 450 (3) }‘)oth (12 ‘and (%1) alrf tf;le, o ‘
EML Compound H: SD 400 wherein (a) R* is CR*'R"“R"~ or join with R* to form into
18%:Emitter 3% a ring; or
EITLL Eq: ETM 40% 3?8 (b) R? is not hydrogen, or
1q .
Cathode Al 1000 (¢) both (a) and (b) are true;
wherein R, R!, R%, R? R!!, R'?, and R'® are each
independently selected from the group consisting of
TABLE 2
Performance of the devices with examples of red emitters.
Ar 10 mA/em?
Device 1931 CIE A max FWHM Voltage EQE
Example  Emitter X y [nm] [nm] i\ [%]
Example 1 Compound [Ir(T 47130 (Lo 0.68 032 626 0.74 .03 1.36
Example 2 Compound [Ir(L 4 xpzir-1042)2(Laon)]  0.68 032 628 0.74 .03 1.51
Example 3 Compound [Ir(Lsx75-1780)2(Lan)]  0.63 037 604 0.76 .08  1.39
Example 4 Compound [It(L 447~ 1587)2(Lg2n)]  0.69 031 653 1.10 .03 1.20
CEl Comparative 0.68 032 640 1.00 1.00 1.00

Compound 1

[0255] 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 comprising a ligand L, of Formula I:

Formula I

wherein Ring B represents a five- or six-membered aro-
matic ring;

wherein R? represents from none to the maximum number
of substitutions;

hydrogen, deuterium, halogen, alkyl, cycloalkyl, het-
eroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, het-
eroaryl, acyl, carbonyl, carboxylic acid, ester, nitrile,
isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and
combinations thereof;,

wherein any two substituents among R, R', R%, R? R,
R*?, and R*? are optionally joined to form into a ring;

wherein L, is coordinated to a metal M;

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

wherein M is optionally coordinated to other ligands.

2. The compound of claim 1, wherein M is selected from
the group consisting of Ir, Rh, Re, Ru, Os, Pt, Au, and Cu.

3. The compound of claim 1, wherein M is Ir or Pt.

4. The compound of claim 1, wherein at least one of X,
X?, X3, and X* is nitrogen.

5. The compound of claim 1, wherein R! is tert-butyl or
substituted tert-butyl.

6. The compound of claim 1, wherein R' and R? form into
an aromatic ring, which can be further substituted.

7. The compound of claim 1, wherein R? is selected from
the group consisting of deuterium, fluorine, alkyl,
cycloalkyl, and combination thereof.

8. The compound of claim 1, wherein Ring B is phenyl.
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9. The compound of claim 1, wherein the ligand L, is -continued
selected from the group consisting of: Rys

wherein R*, R%, R*, R*, RS, R7, R5, R?, R'°, R"}, R*3, R,
R R', R, R, R'®, and R'® are each independently
selected from the group consisting of hydrogen, deu-
terium, halogen, alkyl, cycloalkyl, heteroalkyl, arylal-
kyl, alkoxy, aryloxy, amino, silyl, alkenyl, cycloalk-
enyl, heteroalkenyl, alkynyl, aryl, heteroaryl, acyl,
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carbonyl, carboxylic acid, ester, nitrile, isonitrile, sul-
fanyl, sulfinyl, sulfonyl, phosphino, and combinations R
thereof;

S

RS,

A

\

wherein any two substituents are optionally joined to form
into a ring.

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

/

R4 RS

Rl

.
)

ligands TV-L , that are based on a structure of Formula IV

Rl

/7“1

<

=

ligands I-L, that are based on a structure of Formula I

ligands V-L ,, that are based on a structure of Formula V

ligands I11-L , that are based on a structure of Formula 111 ligands VI-L ; that are based on a structure of Formula VI
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R4 RS,
RS
7 |
N
Rl

b/

ligands X-L,; that are based on a structure of Formula

ligands VII-L,; that are based on a structure of Formula

VII

=

RS

\

g

Rl
F

ligands VIII-L, that are based on a structure of Formula

VIII

ligands XIX-L , that are based on a structure of Formula L Ry Ry

XIX

R6

ligands XII-L ,, that are based on a structure of Formula
XII
wherein i is an integer from 1 to 618 and for eachi, R',
R* R®, and R® in the formula I, 11, I11, IV, V, V1, VII,
VIII, XIX, X, X1, and XII are defined as follows:

L, R! R* R’ RS

i

LA 1 RBS H
LAZ RBS RBI

== npgan
== gyas]
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-continued -continued

L R! R* R® RS L R! R* R® RS
LA4 RB3 RB4 H H LA78 RBS RBI RAS RBI
LAS RBS RBS H it LA79 RBS RBI RA34 RBI
LAS RB3 RBG H H LASO RBS RBI RA44 RBI
LA7 RB3 RB7 H H LASI RBS RBI RA52 RBI
LAS RBS R1224 )i )i LA82 RBS RBI RASS RBI
LAQ RBS RBZ5 H it LA83 RBS RBI RA54 RBI
LAIO RB3 RAS H H LA84 RBS RBI RC} RBI
LAI 1 RBS RA34 )i )i LA85 RBS RBI RC4 RBI
LA 12 RBS RA44 )i )i LA86 RBS RBI RCS RBI
LA 13 RBS RA52 H it LA87 RBS RBI RBl RBI
LA 14 RBS RASS )i )i LA88 RBS RB} RBI RBI
LA 15 RBS RA 54 )i )i LASQ RBS RB4 RBl RBI
LAIS RBS RC} )i )i LAQO RBS RBS RBl RBI
LA 17 RBS RC4 H H LAQI RBS RBG RBI RBI
LA 18 RBS RCS )i )i LA92 RBS RB7 RBl RBI
LA 19 RBS H RBI )i LAQS RBS 1{324 RBl RBI
LA20 RBS H RBS H LA94 RBS RBZS RBI RBI
LA21 RBS H RBA 0 LAQS RBS RAS RBI RBI
LA22 RBS H RBi )i LAQS RBS RA34 RBl RBI
LA23 RBS H RBE H LA97 RBS RA44 RBI RBI
LA24 RB3 H RB7 0 LAQS RB3 RASZ RBl RBI
LA25 RBS H Rl~?24 )i LAQQ RBS RASS RBl RBI
LA26 RBS H RBZS H LA 100 RBS RA54 RBI RBI
LA27 RB3 H RAS 0 LAIOI RB3 RCS RBl RBI
LA28 RBS H RA34 0 LA 102 RBS RC4 RBI RBI
LA29 RBS H RA44 H LA 103 RBS RCS RBI RBI
LASO RB3 H RAEZ 0 LA104 RBS H H 0
LASI RB3 H RAES 0 LAIOS RBS RBI H 0
LA32 RBS H RA54 0 LA106 RBS RBS H 0
LA33 RB3 H RCS 0 LA107 RBS RB4 H 0
LA34 RB3 H RCA 0 LAIOS RBS RBS H 0
LASS RB3 H RC8 H LAIOQ RBS RB6 H H
LA36 RB3 RBI RBI H LAIIO RBS RB7 H H
LA37 RB3 RBS RBI 0 LAI 11 RBS RBZ4 H 0
LA38 RB3 RB4 RBI H LAI 12 RBS RBZS H H
LA39 RB3 RBS RBI H LA113 RBG RAS H H
LA40 RB3 RBﬁ RBI H LAI 14 RBS RA34 H H
LA41 RB3 RB7 RBI H LAIIS RBS RA44 H H
LA4Z RB3 RBZ4 RBI H LAI 16 RBG RA 52 H H
LA43 RB3 RBZS RBI H LAI 17 RBG 453 H H
LA44 RB3 RAS RBI H LAI 18 RBS RA54 H H
LA45 RB3 RA34 RBI H LAI 19 RBG RCS H H
LA46 RB3 R/144 RBI H LA 120 RBG RC4 H H
LA47 RB3 RASZ RBI H LAlZl RBG RCB H H
LA48 RB3 RA53 RBI H LA 122 RBG H RBI H
LA49 RB3 RA54 RBI H LA 123 RBG H RBS H
LASO RB3 RC3 RBI H LA 124 RBG H RBA H
LASI RB3 RC4 RBI H LAIZS RBG H RBS H
LASZ RB3 RC8 RBI H LA 126 RBG H RBS H
LA53 RB3 RBI RBI H LA127 RBG H RB7 H
LA54 RB3 RBI RB3 H LA 128 RBG H R324 H
LA55 RB3 RBI RBA H LA 129 RBG H RBZS H
LASG RB3 RBI RBﬁ H LA130 RBG H ~43 H
LA57 RB3 RBI R36 H LA131 RBG H RA34 H
LA58 RB3 RBI RB7 H LA13Z RBG H RA44 H
LASQ RB3 RBI RBZ4 H LA133 RBG H RAEZ H
LAGO RB3 RBI RBZS H LA134 RBG H RA53 H
LASI RB3 RBI RA3 H LA135 RBG H RA54 H
LAGZ RB3 RBI RA34 H LA136 RBG H RC3 H
LA63 RB3 RBI RA44 H LA 137 RBG H RC4 H
LA64 RB3 RBl RAEZ 0 LA138 RBS H RCS 0
LA65 RBS RBI RA53 )i LAISQ RBG RBI RBI )i
LASS RB3 RBI RA54 H LA 140 RBS RB} RBI H
LA67 RBS RBI RCS H LA 141 RBG RB4 RBI H
LA 68 RBS RBl RC4 H LA 142 RBG RBS RBI H
Lo Rgs Rgy Res H Liiaz Rge Rps Rg; H
Lzo Rps Rp Rp, Rp, Liaa Rps Ry, Rp H
Lan Rgs Rp Rp; Rp, Lias Rgs Rpoa Rp, H
LA 72 RB3 RBI RBA RBI LA 146 RBS RBZS RBI H
LA73 RBS RBl RBi RBI LA 147 RBS RAS RBl )i
LA74 RB3 RBI RBE RBI LA 148 RBG RA34 RBI H
LA75 RBS RBI RB7 RBI LA 149 RBG RA44 RBI H
LA 76 RBS RBl RBZ4 RBI LA 150 RBG RA 52 RBI H
LA77 RBS RBl RBZS RBI LA151 RBG RASS RBI H
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i -continued
-continued ¢
1 R4 RS RG
L R! R* R® RS L R
L R H Ras H
LA152 RBG RA54 RBI g LA226 Rﬁ; " RBA H
LA153 RBS RC} RBI n Ljij; RB7 H RBE n
LA154 RBG RC4 RBI H LAzzg RB7 H RBG H
LA155 RBG RCS RBI H LA230 RB7 " RB7 H
LA156 RBG RBI RBI H I X RB7 " RBZA H
LA157 RBG RBI RB} 0 Lj§z2 RB7 0 RBZs 0
LA158 RBG RBI §34 H LA233 RB7 " > H
LA159 RBG RBI -BS5 H I - RB7 " RA34 H
LA160 RBS RBI RBE H LA RB7 " RAAA H
LAIGI RBG RBI RB7 n LA235 RB7 0 RA52 n
LA162 RBG RBI R1224 H LA236 RB7 " RA53 H
LA163 RBS RBI RBZS H LA237 RB7 " RA54 H
LA164 RBS RBI RAS I LA232 RB7 H RC3 I
LA165 RBG RBI RA34 n Ljizo RB7 0 RC4 n
LA166 RBS RBI RA44 H LA241 RB7 " RCS H
LA167 RBS ﬁBl §A52 I LA242 RB7 RBI RBI I
LA168 RBS RBI RA53 = LA243 RB7 R33 RBI =
LAISQ RBS -B1 RA54 n LA244 RB7 RB4 RBI n
LA170 RBS RBI RC3 H LA245 RB7 RBS RBI H
LA171 RBS RBI RCA 0 LA246 RB7 RB6 RBl 0
LA172 RBS §Bl RC8 R LA247 RB7 RB7 RBI I
LA173 RBS -B1 B1 B1 R R R I
R LA248 B7 -B24 B 1
LA174 RBS RBI RBS B1 L R RB75 RBI =
LA175 RBS RBI RBA RBI LA249 RB7 R 2. RBI I
R, R, R RBI ‘4250 ~B7 43
LA176 RBS RBI RBj R LA251 RB7 RA34 RBI H
LA177 -B6 -B1 -BE B1 R R R =
7 R LAZSZ -B7 ~444 B 1
LA178 RBS RBI RB 7 -B1 L R RASZ RBI I
LA179 RBS RBI RBZ4 RBI ‘4253 RB7 R R 1 -
R, R, R RBI LA254 ~B7 ~453 B
LAISO RBS RBI R325 R LAZSS RB7 RA54 RBl 0
LA181 -B6 -B1 ~43 -B1 R R R I
R LA256 -B7 C3 B 1
LAISZ RBS RBI RA34 -B1 L R RC4 RBI -
LA183 RBS RBI RA44 RBI LA257 RB7 R RBI H
R, R, RAiZ RBI ‘4258 B7 C8
LA184 RBS RBI R R LAZSQ RB7 RBI RBl 0
LA185 -B6 -B1 ~453 -B1 L R RBI R33 -
LA186 RBS RBI RA54 EBI LAiZ(l) Ri; RBI RBA H
LA187 RBG RBI RC3 -B1 LA R R RBi H
R, R, R, RBI ‘4262 B7 Bl 5
LA188 RBS RBI RCA R LA263 RB7 RBI RBﬁ -
LAISQ -B6 -B1 -C8 -B1 R R e H
R, LA264 -B7 -B1 BT
LAIQO RBG RBI RBI -B1 L R RBI RBEA H
L R, RBS RBI RBI ‘4265 -B7 ’ H
LAIZ; Riz RB4 RBI RBI LA266 §B7 EBI §B<5 -
‘A1
R, LA267 -B7 -B1 ~43
LA193 RBG RBS RBI -B1 R R R H
R, LAZGS -B7 -B1 ~434
LA194 RBG RBG RBI -B1 R R R H
R, LAZGQ -B7 -B1 ~444
LA195 RBG RB7 RBI -B1 L R R RASZ H
LAIQG RBG RBZ4 RBI EBI LAZ70 Rﬁ; Rﬁi RA53 -
LA197 RBG RBZS %Bl RBI LAZ7; RB7 RBI RA54 H
LAIQS RBG RA3 -B1 -B1 LAZ7 R R R H
R R RBI ‘4273 B7 Bl C3
LAIQQ RBG RA34 RBI RBI LAZ74 RB7 RBI RC4 H
LAZOO RBG 444 -B1 R L o RB7 RBI RC8 H
LAZOI RBG RASZ RBI RBI LA RB7 RBI RBI RBI
LAZOZ RBG RAS.’: RBI RBI LAZ76 RB7 RBI R33 RBI
LA203 RBG RA54 RBI RBI LAiZ; RB7 RBI RBA RBI
LA204 RBG RC3 EBI RBI Lj279 RB7 RBI RBS RBI
LA205 RBG RC4 RBI RBI LAZSO RB7 RBI R36 RBI
LAZOG RBG RCS -B1 -B1 R R N RBI
L R, H H H LAZSI B7 Bl BT R
e i R, H H LAZSZ RB7 RBI R324 -B1
LAZOS RB7 . H H LA283 RB7 RBI R325 RBI
LAZOQ RB7 R33 H H LA284 RB7 RBI RA3 RBI
LAZIO RB7 RB4 R R R : RBI
L R, Rps H H LA285 -B7 -B1 ~434
o . . H 0 LA286 RB7 RBI RA44 RBI
LAZIZ RB7 RBﬁ R R RBI
)i )i LA287 1{127 -B1 ~452
LA213 1{B7 RB7 R R R RBI
R, H H LA288 -B7 -B1 ~453
LA214 RB7 -B24 R R RBI
H H LA289 RB7 -B1 ~454
LA215 RB7 RBZS R R R
R H H LAZQO RB7 -B1 -C3 -B1
LAZIG RB7 43 R R RBI
R H H LAZQI RB7 -B1 C4
LA217 RB7 " H H LAZQZ RB7 RBI RCS RBI
LAZIS RB7 RA44 H L RB7 RBI RBI RBI
LA219 RB7 RASZ H H LA293 RB7 R33 RBI RBI
LAZZO RB7 RA53 H ‘4294 R R R
H H L 105 Rgy -B4 31 31
Loy Rz Rysa R R i,
R H H L1206 Rgpz -BS 31 81
Lo Rg7 c3 R R .
R, H H L1207 Rgs -B6 -B1
LA223 RB7 C4 R R RBI
L R RCS H H LAZQS RB7 -B7 RBI R
‘4224 -B7 R R 1 "
LA225 RB7 H RBI H LAZQQ -B7 -B24 -B
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L R! R* R® RS L R! R* R® RS
LASOO RB7 RBZ5 RBI RBI LA374 RBQ RBI RASS H
LA301 1{B7 RAS RBI RBI LA375 RBQ RBI RA54 it
LA302 RB7 RA34 RBI RBI LA376 RBQ RBI RC} H
LA303 RB7 RA44 RBI RBI LA377 RBQ RBI RC4 H
LA304 1{B7 RA52 RBI RBI LA378 RBQ RBI RCS )i
LA305 1{B7 RASS RBI RBI LA379 RBQ RBI RBl RBI
LASOG RB7 RA54 RBI RBI LA380 RBQ RBI RBS RBI
LA307 1{B7 RC} RBI RBI LA381 RBQ RBI RBA RBI
LA308 1{37 RC4 RBI RBI LA382 RBQ RBI RBS RBI
LASOQ 1{B7 RCS RBI RBI LA383 RBQ RBI RBG RBI
LASIO RBQ H )i )i LA384 RBQ RBI RB'/' RBI
LA311 RBQ RBl )i )i LA385 RBQ RBI Rl~?24 RBI
LA312 RBQ RBS )i )i LA386 RBQ RBI RBZS RBI
LA313 RBQ RB4 H H LA387 RBQ RBI RAS RBI
LA314 RBQ RBJ )i )i LA388 RBQ RBI RA34 RBI
LA315 RBQ RB6 )i )i LASSQ RBQ RBI RA44 RBI
LA316 RBQ RB7 H H LASQO RBQ RBI RA52 RBI
LA317 RBQ RBZ4 H 0 LASQI RBQ RBI RAES RBI
LA318 RBQ RBZS )i )i LA392 RBQ RBI RA54 RBI
LASIQ RBQ RAS H H LA393 RBQ RBI RC} RBI
LASZO RBQ RA34 H 0 LA394 RBQ RBI RC4 RBI
LA321 RBQ RA44 )i )i LASQS RBQ RBI RCS RBI
LA322 RBQ RA52 H H LA396 RBQ RBI RBI RBI
LA323 RBQ RASS H 0 LA397 RBQ RBS RBl RBI
LA324 RBQ RA54 H 0 LASQS RBQ RB4 RBI RBI
LA325 RBQ RC} H H LASQQ RBQ RBS RBI RBI
LA326 RBQ RC4 H 0 LA400 RBQ RB6 RBl RBI
LASZ 7 RBQ RCS H 0 LA401 RBQ RB7 RBl RBI
LA 328 RBQ H RBI 0 LA402 RBQ RBZ4 RBI RBI
LASZQ RBQ H RBS 0 LA403 RBQ RBZS RBl RBI
LA330 RBQ H RBA 0 LA404 RBQ RAS RBl RBI
LA33 1 RBQ H RBi H LA405 RBQ RA34 RBI RBI
LA332 RBQ H RBé H LA406 RBQ RA44 RBI RBI
LA333 RBQ H RB7 0 LA407 RBQ RASZ RBl RBI
LA334 RBQ H RBZ4 H LA408 RBQ RASS RBI RBI
LA335 RBQ H RBZS H LA409 RBQ RA54 RBI RBI
LA336 RBQ H RA3 H LA410 RBQ RCS RBI RBI
LA337 RBQ H RA34 H LA411 RBQ RC4 RBI RBI
LA338 RBQ H RA44 H LA412 RBQ RCB RBI RBI
LA339 RBQ H RAﬁZ H LA413 RBIS H H H
LA340 RBQ H RA53 H LA414 RBIS RBI H H
LA341 RBQ H RA54 H LA415 RBIS RBS H H
LA34Z RBQ H RC3 H LA416 RBIS RB4 H H
LA343 RBQ H RCA H LA41 7 RBIS RBS H H
LA344 RBQ H RC8 H LA418 RBIS RBﬁ H H
LA345 RBQ RBI RBI H LA419 RBIS RB7 H H
LA346 RBQ RBS RBI H LA420 RBIS RBZ4 H H
LA 347 RBQ RB4 RBI H LA4Z 1 RB 15 RBZS H H
LA348 RBQ RBS RBI H LA4ZZ RBIS RAS H H
LA349 RBQ RBG RBI H LA4Z3 RBIS RA34 H H
LA350 RBQ RB7 RBI H LA4Z4 RBIS RA44 H H
LA35 1 RBQ RBZ4 RBI H LA425 RB 15 RA 52 H H
LASSZ RBQ RBZS RBI H LA426 RBIS 453 H H
LA353 RBQ RA3 RBI H LA4Z7 RBIS RA54 H H
LA354 RBQ RA34 RBI H LA428 RBIS RC3 H H
LA355 RBQ RA44 RBI H LA4ZQ RBIS RC4 H H
LA356 RBQ RASZ RBI H LA430 RBIS RCS H H
LA357 RBQ RAS.’: RBI H LA431 RBIS H RBI H
LA358 RBQ RA54 RBI H LA43Z RBIS H R33 H
LA359 RBQ RC3 RBI H LA433 RBIS H R34 H
LA360 RBQ RC4 RBI 0 LA434 RBIS H RBS 0
Lss1 Rgo Reg Rz H Lass Rais H Rz H
LA362 RBQ RBI RBI H LA436 RB 15 H RB'/' H
LA363 RBQ RBI RBS H LA43 7 RB 15 H RBZ4 H
LA364 RBQ RBl R84 H LA438 RBIS H RBZS H
LA365 RBQ RBI RB5 H LA439 RBIS H RAS H
LA366 RB9 RBI RBé H LA440 RBIS H RA34 H
LA367 RBQ RBI RB7 H LA441 RBIS H RA44 H
LA368 RBQ RBI RBZ4 H LA442 RBIS H RA52 H

L s360 Rgo Rz Raos H Lz Rais H Rysa H
La37o Rao Rpy Ras H Lsaaa Rais H Rusa H
LA371 RBQ RBI RA34 H LA445 RBIS H RCS H
LA372 RBQ RBl RA44 H LA446 RBIS H RC4 H
LA373 RBQ RBl RA52 H LA447 RBIS H RCS H
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-continued conti
[
s ; R! R* R® R
L R! R* R® R L
L R, Rp7 H H
LA448 RB 15 RBI RBI g LA522 1{A44 RB74 0 H
L R, RBS RBI ‘4523 ~444 2. n
e s H LA524 l{A44 RBZ5 H
LA450 RB 15 RB4 RBI L R RA3 H H
LA45 1 RB 15 RBJ RBI H LA525 1{A44 RA34 0 H
LA452 RB 15 RBG RBI )i LA526 1{A44 RAM n H
LA453 RB 15 RB7 RBI it LA52 7 l{A44 RASz 0 0
LA454 RB 15 RBZ4 RBI H LA528 1{A44 RAS} 0 H
LA455 RB 15 RBZ5 RBI )i LA529 1{A44 RA . n H
LA456 RBIS RAS RBI )i LA530 1{A44 Ra n H
LA45 7 RB 15 RA34 RBI it LA53 1 1{A44 RC4 0 n
LA458 1{1215 RA44 RBI g LA532 Rjﬁ RCS n H
LA459 RBIS RA52 %Bl H szzz RAM . RBI H
LA460 RBIS RASS RBI I LA535 RAM H R33 I
LA461 RB 15 RA54 RBI n LASSS RAM 0 RBA n
LA462 RB 15 RC} RBI H LASS ° RAM " RBS H
LA463 RB 15 RC4 B1 I L RAM H RBS I
LA464 RB 15 RCS %Bl = LASSS RAM 0 RB7 =
LA465 RB 15 RBI RBI n szzo RAM " RBZA n
LA466 RB 15 RBI RBS I LA541 RAM H RBZS I
LA467 RB 15 RBI RBA = LASAZ RAM 0 RA3 =
LA468 RB 15 RBI RBi I LA543 RAM 1 RA34 I
LA469 RB 15 RBI RBE I LA544 RAM H RAAA I
LA470 RBIS RBI RB7 = LA545 RAM 0 RAjz =
LA471 RBIS RBI RBZ4 I LA546 RAM - RA53 I
LA472 RB 15 RBI RBZS I LA547 RAM H RA54 I
LA473 RB 15 RBI RAS = LA548 RAM 0 RC3 =
LA474 RB 15 RBI RA34 I LASAQ RAM - RC4 I
LA475 RB 15 RBI RA44 - LASSO RAM = RCS -
LA476 RBIS RBI RA52 - LASSI RAM RBI RBI -
LA477 RBIS RBI RA53 I LASSZ RAM R33 RBI I
LA478 RBIS RBI RA54 - LA553 RAM RB4 RBI -
LA479 RBIS RBI RC3 H LA554 RAM RBS RBI H
LA480 RBIS RBI RCA - LASSS RAM RBs RBI -
LA481 RBIS RBI -C8 R L RAM RB7 RBI -
LA482 RBIS RBI RBI -B1 LA556 R RB74 RBI H
LA483 RB 15 RBI RB3 RBI LA55 7 RA44 RB;S RBI H
LA484 RB 15 RBI RBA RBI LA558 RA44 RA; RBI -
LA485 RBIS RBI RBj RBI LASSQ RA44 R RBI H
L R, RBI RBé RBI ‘4560 ~444 434 H
‘4486 -B15 R L RAM RAM RBI
LA487 -B15 RBI RB7 -B1 LA561 R R RBI H
L R, RBI RBZ4 RBI ‘4562 ~444 "A52 -
i i R, L 3 RA44 RA53 RBl
LA489 RB 15 RBI RBZ5 -B1 LA56 R RA54 RBI H
LA490 RB 15 RBI RA3 RBI LA564 RA44 RC3 RBI H
LA491 -B15 RBI RA34 RBI LA565 RA44 R RBI H
LA4QZ RB 15 RBI RA44 RBI LA566 RA44 RC4 RBI -
L R, RBI RAﬁZ RBI ‘A567 ~444 C8 H
‘4493 -B15 R L : RAM RBI RBI
LA494 RB15 RBI RA53 -B1 LA56 R R R ! H
LA495 B15 RBI RA54 RBI ‘4569 ~444 Bl RB_ -
3 R, L 70 RA44 RBI B4
L RBI RC_v -B1 ‘A5 H
e o R, L 1 RA44 RBI RBS
LA497 RB15 RBI RCA -B1 LA57 R RBI R36 H
LA498 RB15 RBI RC8 RBI LA57Z RA44 R N H
L RBI RBI RBI ‘4573 ~444 Bl BT -
‘4499 B15 R L RAM RBI RBEA
LASOO -B15 RBS RBI -B1 LA574 R RBI Rsz H
LASOI RB15 RB4 RBI EBI LA575 RAi RBI RA} H
-4 3
LASOZ RB15 RBJ EBI RBI sz;i RAM RBI RA34 H
LA503 B15 RBG RBI RBI LA578 RAM RBI RA44 -
LA504 -B15 RB7 RBI RBI LA579 RAM RBI RAEZ H
LA505 RB15 RBZ4 RBI RBI LA580 RAM RBI RA53 H
LASOG RB15 5325 RBI RBI LA581 RAM RBI RA54 H
LA507 RB 15 43 -B1 -B1 0
R R Res
LASOS RB 15 RA34 RBI RBI EASSZ 1{A44 RBI RC4 "
L 1{1215 RA44 RBI RBI ‘4583 ~444 -B1 H
o R R R LA584 RA44 RBI RCS
LASIO RBIS 452 -B1 RBI L : RAM RBI RBI RBI
LASII RBIS RASS RBI RBI LA58 RAM RBI RB3 RBI
LA512 RBIS §A54 iBl RBI szzj RA44 RBI RB4 RBI
LAS 13 RB 15 C3 B1 B1 R R R
R, L Riaq Bl -BS -B1
LA514 RB15 RC4 RBI RBI LASZz R:M RBI RB& RBI
LA515 RBlj gcs EBI HBI LjZQO RA44 RBI RB7 RBI
R
LAS o RA44 R, )i )i LASQ 1 1{A44 RBI RBZ4 RBI
LASI 7 444 -B1 R R RBZS RBI
R R, H H LA592 ~444 -B1
LAS 18 ~444 -B3 R R R : RBI
L R R, H H LA593 ~444 -B1 43
‘4519 ~444 -B4 R R RA34 RBI
L Roias Rps H H Lsoa 444 RBI R R
‘4520
L R B1 444 B1
LA521 1{A44 RBG H H ‘4595 ~444
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N
LA596 RA44 RBI RA52 RBI Rlo \
LA597 1{A44 RBI RA53 RBI
LASQS RA44 RBI RA54 RBI
LASQQ 1{A44 RBI RC3 RBI ?
LA 600 RA44 RB 1 RC4 RB 1
LA 601 1{A44 RB 1 RCS RB 1 Rl
LA 602 1{.444 RB 1 RB 1 RB 1
LA 603 1{A44 RBS RB 1 RB 1
LA 604 RA44 RB4 RB 1 RB 1
LA 605 1{A44 RBS RB 1 RB 1
LA 606 RA44 RBG RB 1 RB 1
Lot607 Riaa Rp; Rpi Rp ligands XV-L ,; that are based on a structure of Formula
L sos Ruaa Rapog Rgy Rgy XV
LA 609 RA44 RBZS RB 1 RB 1
LAGI 0 1{A44 RAS RB 1 RB 1
Lasi1 Raas R34 Rp, Rp, R Y.
LA612 1{A44 RA44 RBI RBI / ﬁ
LASI 3 RA44 RA 52 RB 1 RB 1 |I\I
LA614 1{A44 RASS RBI RBI RIO \
LASI 5 RA44 RA 54 RB 1 RB 1
LAGIG RA44 RC} RBI RBI
LASI 7 RA44 RC4 RBI RBI >
LA618 RA44 RCS RBI RBI’
Rl
R, Y.
= | F
N :
R ligands XVI-L ,; that are based on a structure of Formula
XVI
R Y.
2 = w
RIO \ N
ligands XIII-L ,; that are based on a structure of Formula
X111
Rl
CF; F
R’ Y.
7
W ligands XVII-L; that are based on a structure of Formula
i L Xvi o .
wherein i is an integer from 619 to 1170 and for each
’ i, RY, R%, R, and Y in the formulas X111, XIV, XV,
XVI, and XVII are defined as follows:
& Ly R! R® R'¢ Y
Lasto Rzs H H CH
LA620 RBE RBI H CH
LA621 RBE R83 H CH
. LA622 RBE R84 H CH
ligands XIV-L; that are based on a structure of Formula Laeos Ras Ras H CH

XIv
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L R! R® R Y L R! R® R© Y

LA624 RBG RBG H CH LAGQS RB7 RA34 H CH
LA625 RBG RB7 H CH LAGQQ RB7 RA44 H CH
LA 626 RBG RB24 H CH LA 700 RB7 RA 52 H CH
LA 627 RBG RB25 H CH LA 701 RB7 RA53 H CH
LA 628 RBG RAS )i CH LA 702 RB7 RA 54 )i CH
LA629 RBG RA34 H CH LA703 RB7 RC} H CH
LA630 RBG RA44 H CH LA704 RB7 RCA H CH
LA631 RBG RA52 )i CH LA705 RB7 RCS )i CH
LA632 RB!S RASS )i CH LA706 RB7 )i RBI CH
LA633 RBG RA54 H CH LA707 RB7 H RBS CH
LA634 RBG RC} )i CH LA708 RB7 )i RB4 CH
LA635 RB!S RCA )i CH LA709 RB7 )i RBS CH
LA636 RB!S RCS )i CH LA710 RB7 )i RBS CH
LA637 RBG H RBI CH LA711 RB7 H RB7 CH
LA638 RB!S )i RBS CH LA712 RB7 )i RB24 CH
LASSQ RB!S )i RB4 CH LA713 RB7 )i -B25 CH
LA640 RB!S H RBS CH LA714 RB7 H RAS CH
LA641 RB!S H RBS CH LA715 RB7 H RA34 CH
LA642 RB!S )i RB7 CH LA716 RB7 )i RA44 CH
LA643 RB!S H RB24 CH LA717 RB7 H 452 CH
LA644 RBtS H RBZS CH LA718 RB7 H RASS CH
LA645 RB!S )i RAS CH LA719 RB7 )i RA54 CH
LA646 RB!S H RA34 CH LA720 RB7 H RCS CH
LA647 RBtS H RA44 CH LA721 RB7 H RC4 CH
LA648 RB!S H RASZ CH LA722 RB7 H RCS CH
LA649 RB!S H RASS CH LA723 RB7 RBI RBI CH
LA650 RBtS H RA54 CH LA724 RB7 RBS RBI CH
LA651 RBtS H RC3 CH LA725 RB7 RBA RBI CH
LA652 RB!S H RC4 CH LA726 RB7 RBi RBI CH
LA653 RBtS H RC8 CH LA727 RB7 RBé RBI CH
LA654 RBtS RBI RBI CH LA728 RB7 RB7 RBI CH
LA 655 RBtS RB3 RBI CH LA 729 RB7 RBZ4 RBI CH
LA 656 RBtS RBA RBI CH LA 730 RB7 RBZS RBI CH
LA657 RBtS RBS RBI CH LA731 RB7 RAS RBI CH
LA658 RBtS RBG RBI CH LA732 RB7 RA34 RBI CH
LAGSQ RBG RB7 RBI CH LA733 RB7 R/144 RBI CH
LA 660 RBtS RBZ4 RBI CH LA 734 RB7 RA 52 RBI CH
LA661 RBtS RBZS RBI CH LA735 RB7 RA53 RBI CH
LA 662 RBG RA3 RBI CH LA 736 RB7 RA 54 RBI CH
LA663 RBG R/134 RBI CH LA737 RB7 RCS RBI CH
LA664 RBtS RA44 RBI CH LA738 RB7 RCA RBI CH
LA665 RBG RASZ RBI CH LA739 RB7 RC\S RBI CH
LAGGG RBG RA53 RBI CH LA740 RB7 RBI RBI CH
LA667 RBG RA54 RBI CH LA741 RB7 RBI RB3 CH
LA 668 RBG RC3 RBI CH LA 742 RB7 RBI RB4 CH
LA 669 RBG RCA RBI CH LA 743 RB7 RBI RBS CH
LA670 RBG RC\S RBI CH LA744 RB7 RBI RBG CH
LA671 RBG RBI RBI CH LA745 RB7 RBI RB7 CH
LA67Z RBG RBI RBS CH LA746 RB7 RBI RBZ4 CH
LA673 RBG RBI RB4 CH LA747 RB7 RBI RBZS CH
LA674 RBG RBI RBS CH LA748 RB7 RBI RA.’: CH
LA675 RBG RBI RBG CH LA749 RB7 RBI RA34 CH
LA676 RBG RBI RB7 CH LA750 RB7 RBI RA44 CH
LA677 RBG RBI RBZ4 CH LA751 RB7 RBI RASZ CH
LA678 RBG RBI RBZS CH LA752 RB7 RBI RA53 CH
LA679 RBG RBI RA3 CH LA753 RB7 RBI RA54 CH
LA680 RBG RBI RA34 CH LA754 RB7 RBI RC3 CH
LA681 RBG RBI RA44 CH LA755 RB7 RBI RC4 CH
LAGSZ RBG RBI RASZ CH LA756 RB7 RBI RCS CH
LA683 RBG RBI RA53 CH LA757 RBQ H H CH
LA684 RBtS RBI RA54 CH LA758 RBQ RBI H CH
LA685 RBG RBI RC3 CH LA759 RBQ RBB )i CH
LASSS RBG RBI RC4 CH LA760 RBQ RBA H CH
LASS 7 RBG RBI RCS CH LA761 RBQ RBS H CH
LA 688 1{B7 H H CH LA 762 RBQ RBE H CH
LA689 RB7 RBI H CH LA763 RB9 RB7 H CH
LA 690 RB7 RBS H CH LA 764 RB9 RBZ4 H CH
LA 691 RB7 RB4 H CH LA 765 RBQ RBZS H CH
LASQZ RB7 RBS H CH LA766 RBQ RA3 H CH
LASQS RB7 RBG )i CH LA767 RBQ RA34 H CH
Lsoa Rp7 Rp7 H CH L1768 Rpg Rym H CH
LA 695 RB7 RB24 H CH LA 769 RBQ RA 52 H CH
LAGQG 1{B7 RB25 H CH LA770 RBQ RA53 H CH
LA697 RB7 RAS H CH LA771 RBQ RA54 H CH
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1 o 10 v
L R! R® R Y L R R R
L R, H Raa cH
L7 Rpo Res H CH LA846 R1;44 ° R o
L Rpo Rey H CH 4847 a4 o i
LA7 Rpg Res H CH Lgas Rpiq H -B6 pe
s B CH Lisag Rpaa H Rp7
L R H Rai 484 o
4775 B9 o r R ° e
L Rz H Rgs 4850 o o
s CH L R H s
L Rpo H Rps 4851 44 i
e B CH Lasso Rpaa H Ras
L R, H Rps 48 o
4778 B9 & r R ° e
L770 Rz H Rze C 4853 B4, ° x o
L R, H Rpy CH Lissa Rpaa 444 oH
4780 B9 a T Ny o .
L R, H Rpos C 4855 44 e
4781 B9 e r o 0 B
L Rz H Raos 4856 o
4782 2 a r R ° -
L Rzy H Rz C 4857 B4, x o
LA783 Ry H Rz CH Lgss Rpaa H Rcs oH
LA784 R H R CH L sgso R H ca ps
LA785 RBg H Rys CH L g0 Rpia H Reg o
LA786 RBg H Rys CH Lss1 Rpia Rpy Ray C
LA787 RBg H Rysa CH Lse2 Rpia Rpa Rz CH
Lows  Ra H R, cH Lo Rou R, R, cH
o > CH L Rpag Ross Ry CH
L R H Rey 4864 o
o RBg H Reg CH L ssss Rpia Rze Rz
e > CH L Rpag Ry, Rp CH
L R Rg; Rz 4366 o
LAmZ RBg Rps Ray CH Lss7 Rpia Rpoa %Bl o
4703 B9 & X “
R R CH L sses a4 25
II:AKM ng RBA Rii CH L sz60 Raya Rys Rgy CH
Lise Ry Ry By, ci Lo Rms R Ry ci
LA796 RBg Rﬁ: Ray CH Lsent Rpia Rym gBl gg
4797 B9 2
CH Lagn Raya 452 31
L og Rgy R Rz N N N o
R R, CH Ligra B44 453 B1
o Ky Ry ci Low  Rmy R Ry ci
szg(f Riz Ry Rz CH Lsg7s §B44 %cz %91 o
CH Lg7s B44 ca B1
L g0z Rgy Ryma Rz N N o
CH Lig77 Rgia 8 31
L z03 Rgy Rys Rz N N o
CH Ligrs Rpyy 81 81
L 304 Ry Rys3 Rp; N N N i
R R CH Lsg7o a4 31 3
EASOS ﬁBi’ RASA Rﬁ CH L sso Rgia Rgy %194 gg
4806 B9 N N
CH L st Ba4 B1 B5
L so7 Rgy Rey Rpy N N N o
R, R, CH L gs2 Ba4 81 86
gl R RO& RBI CH Lssea Rgia Rgy Rg; CH
L sz00 Rgy 31 31 o 5 N R e o
Lasio Rgy Rg; Rps gH LA884 RB44 R P o
Ba4
Lt Rgy Rg; Rpq 4885 N N N o
R, CH L sse Ba4 81 43
e EBE’ EBI RBS CH L ss7 Rpyq Rpy Ryzq CH
EAMS RBQ RBI Rﬁi CH L ssss Rpyq Rpy Roaq gg
31
Lj:: Rﬁz Rz Rpza CH L sss0 5344 E}n EASZ o
R, CH L g00 Ba4 B1 453
re EBQ EBI RBZS CH Lsor Rpyq Rpy Rysa CH
i/m . RBQ RZ Rj 24 CH L s02 Rpyq Rpy %cs gg
4818 B9 N N <
R, R CH L go3 Ba4 B1
e R RBI RAM CH L s04 Rpyq Rpy Reg CH
Las2o Rgy 31 452 r N S o N
Lasar Rgy Rz Ryss CH 4895 RBs X o N
Lso Rgy Rg; Rysq CH 11:4895 R35 RBI o N
CH 6 B3 y
Ls23 Ry Rp, Res o LA897 R = 0 N
Lagoa Rgy Rz Rey 4898 N N o N
L R, Rg; Res CH L 4890 86 B5 N
ey Ry H H CH L 1000 Ry Rpe H y
Lisos Ba4 o r R R o N
L R, Rp, H 4901 N
Lo Rons R H CH L 100 Ry Ry H y
Lo Ros Ro H CH L 1005 Ry Rps H N
Lo Ros Ros H CH L 1000 Ry R H N
Lo Row, Ry H cH L 1005 Ry Ron H N
4831 R344 RBG I a o R o I 5
Ligs> a4 7 o C R R o R
L Rpia Rpo H 4007 N
L R, R H CH L 006 Ry Ry H 7
LA834 RB44 Rst I ar [ e 2 I N
L Rors ' H cH Lot Rpe Rex H N
e Ror: Y H CH Loy, Ry Rey H N
L s37 B44 444 o 5 R N " 5
Lsss Rpq Rys H o LAQIZ N " R, R
R H 4913 86 )
Lsso Rpa RA53 0 o o R 0 2 5
L sg40 Rpyy 454 o L e . e X
L Raua Res H 4915 N
- cH Loors Rae H Ras
L Rpas Res H 401 i\ N
4842 5 \ o -
L R, Reg H CH 4017 26 )
4843 B4 ar 5 e I e R
L R H RBI ‘4918 N
s s R CH Laoro Rz H Rgos N
Lsas Rpaa H B3
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1o L R! R R
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R
L 04 RB7 H -453 N
LA920 RBG H RB25 E LAQ RB7 H RA54 I\
L RBG H RA3 ‘4995 R H RC3 x
LA921 R, H RA34 N LAQQG -B7 H R x
LA922 RBG H RA44 N LA997 RB7 H RC4 N
LAQzS Riz H RA52 N LAQQS §B7 R RCS N
‘4924 L " o 7
R N ‘4999 -B7 N
LA925 RBG H 453 L R R33 RBI
N 1000 -B7 N
LA926 RBG H RA54 LA RB7 RBA RBI I\-
L R H RC3 N ‘41001 R I\
ol . H RC4 N LAIOOZ RB7 RBi B1 N
SR H Res N Lo R R Ko N
o " N LA1004 -B7 -B7 -B1 N
LAQ}O RBG RBI §Bl N LAIOOS RB7 R324 RBI I\_
LAQSI RB6 RBS -B1 L RB7 R325 RBI I\i
L R R RBI N ‘41006 R I\
‘4932 B6 B4 L RB7 RA3 " -
R R RBI N ‘41007 R I\
LAQ}S i RBs R N LAIOOS RB7 RA34 B1 N
LAQSA RBs " RBI N LAIOOQ RB7 RA44 RBI N
LA935 RB6 RB7 -B1 L ‘ RB7 RA52 RBI I\i
R R RBI N ‘41010 R I\
LAQSS . s R N LAlOll RB7 RA53 -B1 .
LA937 RB6 RB25 B1 L RB7 RA54 RBI I\i
LA938 RB6 RAS RBI E LAIOIZ RB7 RCI RBI I\
‘41013 3 N
LAQSQ RBs RAM gBl N LA1014 RB7 RCA RBI I\_
LA940 RB(S RA44 RBI N LAIOIS RB7 RCS RBI I\i
LA941 RB6 RA52 RBI N LAIOIS RB7 RBI RBI I\i
LA942 RB6 %ASS RBI N LAION RB7 RBI R33 II:
LA943 RBﬁ RASA RBI N LAIOIS RB7 RBI RB4 N
LA944 RBs RC3 RBI N LAIOIQ RB7 RBI RBS N
LAQAS RBs RCA RBI N LAIOZO RB7 RBI RBS N
LA946 RBﬁ o RBI N LAIOZI RB7 RBI RB7 N
LA e RBﬁ RB 1 RB : N LA 1022 RB7 RB 1 RB24 I\,
LAQAS RBs §31 RBS N LA1023 RB7 RBI RBZS II:
LA . RBﬁ o RBA N LA 1024 RB7 RB 1 RA3 N
LAQSO RBﬁ RBI RBS N LAIOZS RB7 RBI RA34 I\,
LAQS : RBﬁ RBI RBS N LA 1026 RB7 RBI RA44 I\,
LAQSZ RBﬁ RBI RB7 N LA1027 RB7 RBI RASZ I\,
LA953 RBﬁ RBI RBZ4 N LAIOZS RB7 RBI RASS I\,
LA954 RB(S RBI ~B25 N L RB7 RBI RA54 I\i
L R, RBI RA3 ‘41029 R R N
o . R N LA1030 RB7 B1 C3 N
LA956 RB(S RBI 434 L RB7 RBI RC4 I\i
R RBI RA44 N ‘41031 R R x
LA957 RBﬁ R, R N LA1037 RB7 -B1 HC8 ~
LA958 -B6 -B1 452 L 2 R q
R N ‘41033 B9 N
LAQSQ RBG RBI 453 L R RBI H
R N ‘41034 B9 .
LAQSO RB(S RBI 454 L R RB3 H
R, N ‘41035 B9 N
LAQGI RBG RBI C3 L R RBA H
R, N ‘41036 B9 N
LA 962 RBG RB 1 C4 L R RBj H
R, N ‘41037 B9 N
LA963 RBG EBI HC8 N LA1038 RBQ R36 H II:
LAQGA RB7 R, H N LA1039 RBQ RB7 H N
LA . RB . RB : H N LA 1040 RBQ RBZ4 H N
LAQGG RB7 RB3 H N LA1041 RBQ RBZS H .
LA e RB . RBA H N LA 1042 RBQ RA 3 H N
LA968 RB7 RBj H N LA1043 RBQ RA34 H N
LAQGQ RB7 RBG H N LA104—4 RBQ RA44 H N
LA970 RB7 o N LA1045 RBQ RAﬁZ H N
R e H R H N
LA971 o , N LA1046 RBQ 453 N
R e i R H N
LA97Z o R H N LA1047 RBQ 454 N
LA973 RB7 RA3 H N LA1048 RBQ RC3 H N
LA974 RB7 " H N LA1049 RBQ RCA H N
L R, R R i N
‘4975 -B7 N L ’ RBQ o 7
R, R H ‘41051 R N
LA976 o . H N LA1051 RBQ H -B1 N
LA977 RB7 §A53 H N LAIOSZ RBQ H RB3 I\,
LA978 RB7 ~454 N L RBQ H RB4 I\i
L R, RC3 H ‘41053 R I\
o . R, H N Liiosa Rz H B5 X
Lo l o N Lesioss Rzo H Rz N
L R Rey i ) R N
4981 -B7 N e N " > 7
R, H Ra 4105 N
LA982 o R, N LA1057 RBQ H RB24 N
Los3 Rp7 H 3 3 e " P R
L RB7 H RB4 N ‘41058 B! H R N
s R, H RBS N LA1059 RB9 43 X
o - R, N L1106 Rpo H Riaq .
L & " RBG N L 1061 Rpy H Rias I\
Lgs7 Ry H -B7 N . R i e N
R, H RBZ4 ‘41062 R N
LAQSS o R N LA1063 RBQ H 453 N
LAQSQ RB7 H -B25 L RBQ H RA54 N
L 1990 Rps H Ry N LA1064 R " e X
N 41065 B9 '
LAQQI RB7 E §A34 N LAIOGG RBQ H 1{C4 II:
LA992 1{B7 ~444 L RBQ H RCS
LA993 RB7 H RASZ N ‘41067
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L R! R® R Y L R! R® R© Y
L1063 Rpo Rpy Rai N Lo Rpaa Ry Rpy N
L 1069 Rpo Rps Rpy N Lz Rpay Rpoy Rp N
L1070 Rpg Rpa Rai N Latiaa Rpaa Raos Rpy N
Laton Rpo Rps Rai N Latias Rpaa Rus Rpy N
Liion Rz Rz Ray N Lsias Rpia Rya Rai N
Lion Rpo Rp; Rpy N Liiiar Rpuy Rim Rp, N
L4107 Rpo Rpoa Rai N Lat1as Rpaa Rus Rpy N
Liozs Rz Raos Ray N Laiiao Rpia Rys Rai N
Lsio7s Rzy R Rz N Laiiso Rpia Rysa Rz N
L7 Rpo Rin Rpy N Laiist Rpyy Rea Rpi N
Lsiozs Rz Rim Ray N Lais Rpia Rey Rai N
Lsiom Rzy Ry Rz N Lais Rpia Reg Rz N
L1080 Rz Rys3 Ray N Laise Rpia Rpy Ray N
L 1081 Rpo Rysa Rpy N Lsiiss Rpyy Rpy Rps N
Lsios Rzy Res Rz N Laiiss Rpia Rz Rz N
L1083 Rz Rey Ray N Laiis7 Rpia Rpy Ras N
Lisiosa Rz Reg Ray N Laiiss Rpia Rpy Rz N
L1085 Rpo Rp, Rpy N Liiso Rpyy Rpy Rgs N
Lsioss Rz Rz Ras N Liiieo Rpia Rpy Raoq N
Lisios7 Rz Rz Raa N Laiter Rpia Rpy Rgos N
Lsioss Rgy Rg; Rgs N Lie Rgya Rz Ry N
L 41080 Rz Rz Rze N Liie Rpia Rpy Rz N
L 1000 Rz Rz Rg7 N Liies Rpia Rpy Roaa N
L1001 Rgy Rg; Rpz N Laites Raya Rz Rys» N
L1002 Rpo Rp, Rgos N Liiiss Rpyy Rpy Ryss N
L 41003 Rz Rz Rys N Lsiier Rpia Rpy Rysa N
L1004 Rgy Rg; Ryas N Liiies Raya Rz Res N
L 41005 Rgy Rg; Ry N Lie Raya Rz Rey N
L 1006 Rpo Rp, Rysn N Lo Rpay Rpy Reg N,
L1007 Rgy Rg; Rys N
L1008 Rgy Rg; Rysa N
L1000 Rgy Rz Res N
Li100 Ry Rg, Rey N
Lol Rgg Rpy Res N R
Lo Raia H H N
Laiios Rpyq Rg; H N N
Lo Rpyy Rgs H N / Z W
Laitos Raia Rgg H N R12 |
Lai10s Rpyq Rps H N X X N
Laior Rpyq Rgs H N :
Liiios Rpyy Rg; H N
Laiios Rpyq Rpo H N ’
Laitio Rpyq Rgos H N
L Rpyq R H N
Laie Rpyy Ry H N )
Lais Rpyq Rym H N R
Laitia Rpyq Rys H N

41115 Rpyy Rs3 H N
Laiis Rpyq Rysq H N
]]:41117 5344 Eca g E

41118 B44 ca
Lo Rpua Res H N ligands X VIII-L ,, that are based on a structure of Formula
Laiizo Rpyq H Rpy N XVIII
Lz Rpyq H Rps N
Lz Rpyq H Rpa N
Lo Rpyy H Rps N u
Laiiza Rpyq H Rzes N R
Lais Rpyq H Rp7 N
L6 Rpyq H Rpa N N 7
Ly Rpua H Rpos N I / |
Laiios Rpua H Ris N R
Lati2o Rpas H Raaq N e SN N
Laizo Rpia H Ry N
Laniat Rpaq H Rusm N »
LA113Z RB44 H RA53 N
Lz Rpaq H Rysq N
Lai1aa Rpq H Res N
Lain3s Rpa H Rey N R!
Liiiss Rpyy H Reg N
Laiar Raua Rz Rz N
Laii3s Rpas Rps Rai N
L1130 Rpaq Rga Rz N
L1140 Rpaa Rps Ra N
Latial Rpua Rze Rz N ligands XIX-L ,; that are based on a structure of Formula

XIX
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ligands XXTV-L , that are based on a structure of Formula

XXIV
N
X Z W
RU |

N N

ligands XXI-L , that are based on a structure of Formula

XXI
ligands XXV-L ,, that are based on a structure of Formula
XXV
ligands XXII-L ,, that are based on a structure of Formula
XXII ligands XXVI-L , that are based on a structure of Formula
RU XXVI
RIZ
7
RIZ / | X
N "~
Xy R“4<\ |
v Y
ligands XXIII-L , that are based on a structure of Formula ligands XXVII-L ,, that are based on a structure of For-

XXI1II mula XXVI
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ligands XXVIIL-L,, that are based on a structure of ligands XXXI-L ,, that are based on a structure of Formula
Formula XXVIII AXXI
ligands XXXII-L ,, that are based on a structure of For-
ligands XXIX-L , that are based on a structure of Formula mula XXXII
XXIX
ligands XXX-L ,, that are based on a structure of Formula ligands XXXIII-L,, that are based on a structure of

XXX Formula XXXIII
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ligands XXXIV-L,, that are based on a structure of ligands XXXVII-L,, that are based on a structure of
Formula XXXIV Formula XXXVII
ligands XXXV-L, that are based on a structure of For- ligands XXXVIII-L; that are based on a structure of
mula XXXV Formula XXXVIII
Rll
O 7 |
R v R N
Rl
F
ligands XXXVI-L,, that are based on a structure of ligands XXXIX-L,, that are based on a structure of

Formula XXXVI Formula XXXIX
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ligands XLIII-L ; that are based on a structure of Formula
XLII
ligands XL-L ,;, that are based on a structure of Formula
XL
ligands XLIV-L ,, that are based on a structure of Formula
XLIV
RY N
Rl] \ N
ligands XLI-L ,, that are based on a structure of Formula
XLI R!
ligands I.XTI-L ,, that are based on a structure of Formula
LXII
ligands XLII-AL, that are based on a structure of For- ligands LXIII-L ; that are based on a structure of Formula

mula XLII LXII
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ligands LXIV-L ,, that are based on a structure of Formula

LXIV

ligands LXV-L ,; that are based on a structure of Formula

LXV

wherein 1 is an integer from 1171 to 1584 and for each
i, R', R", and R'? in the formulas XVIII through
XLIV and Formulas LXII, LXIII, LXIV, and LXV

R2 N
994
Rll \ N

CF3

are defined as follows:

LAi R! RIL R12
LA 1171 RBS H H
LA 1172 RB3 RBI H
LA 1173 RB3 RB.’: H
LA 1174 RBS RB4 H
LA 1175 RB3 RBS H
LA 1176 RB3 RBG H
LA 1177 RB3 RB7 H
LA 1178 RB3 RBZ4 H
LA 1179 RB3 RBZS H
LA 1180 RB3 RA.’: H
LA 1181 RBS RA34 H
LA 1182 RB3 RA44 H
LA 1183 RB3 RASZ H
LA 1184 RBS RA53 H
LA 1185 RB3 R.454 H
LA 1186 RB3 RC.’: H
LA 1187 RBS RC4 H
LA 1188 RBS R68 H
LA 1189 RB3 H RBI
LA 1190 RBS H RB3
LA 1191 RBS H R84
LA 1192 RBS H RB5
LA 1193 RBS H RBG
LA 1194 RBS H RB7
LA 1195 RBS H RBQ4
LA 1196 RBS H R825

127
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L R R R2
LA 1197 RBS H RA}
LA 1198 RBS H RA34
LA 1199 RBS H RA44
LA 1200 RBS H RA52
LA 1201 RBS H RASS
LA 1202 RBS H RA54
LA 1203 RBS H RC}
LA 1204 RBS H RC4
LA 1205 RBS H RCS
LA 1206 RBS RBI RBl
LA 1207 RBS RBS RBl
LA 1208 RBS RB4 RBl
LA 1209 RBS RBS RBl
LA 1210 RBS RBG RBl
LA 1211 RBS RB7 RBl
LA 1212 RBS RB24 RBl
LA 1213 RBS RB25 RBl
LA 1214 RBS RAS RBl
LA 1215 RBS RA34 RBl
LA 1216 RBS 444 RBl
LA 1217 RBB RASZ RBl
LA1218 RBS RASS RBl
LA 1219 RBS RA54 RBl
LA 1220 RBB RC3 RBl
LA 1221 RBS RC4 RBl
LA 1222 RBS RCS RBl
LA 1223 RBB RBI RBl
LA 1224 RBB RBI RB}
LA 1225 RBS RBI RB4
LA 1226 RBB RBI RB5
LA 1227 RBB RBI RBé
LA 1228 RBB RBI RB7
LA 1229 RBB RBI R324
LA 1230 RBB RBI R325
LA 1231 RBB RBI RA}
LA 1232 RBS RBI RA34
LA 1233 RBB RBI RA44
LA 1234 RBB RBI RA52
LA 1235 RBS RBI RA53
LA 1236 RBS RBI R/154
LA 1237 RBB RBI RC}
LA 1238 RBS RBI RC4
LA 1239 RBS RBI RC8
LA 1240 RBG H H
LA 1241 RBG RBI H
LA 1242 RBG RBS H
LA 1243 RBG RB4 H
LA 1244 RBG RBS H
LA 1245 RBG RBG H
LA 1246 RBG RB7 H
LA 1247 RBG RBZ4 H
LA 1248 RBG B25 H
LA 1249 RBG RAS H
LA 1250 RBG RA34 H
LA 1251 RBG RA44 H
LA 1252 RBG 452 H
LA 1253 RBG 453 H
LA 1254 RBG RA54 H
LA 1255 RBG RC3 H
LA 1256 RBG RC4 H
LA 1257 RBS RCS H
LA 1258 RBG H RBl
LA 1259 RBS H RB}
LA 1260 RBG H RB4
LA 1261 RBG H RBS
LA 1262 RBG H RBé
LA 1263 RBG H RB7
LA 1264 RBG H RBZ4
LA 1265 RBS H R325
LA 1266 RBS H RA}
LA 1267 RBS H RA34
LA 1268 RBG H RA44
LA 1269 RBG H RA52
Lo Rze H Russ
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i -continued
-continued
1 Rll R12
2 L R
Ly R! RY R ’ -
R 21
LA 1345 RB7 -B3
LA . RBG H §A54 LA 134¢ RB7 RB4 RBl
LA 1272 RBG H C3 L ¢ RB7 RBs RBl
H Ras /41347 R
LA 1273 RBG L RB7 RBG "
H RCS ‘41348 R R
LA1274 RBG L RB7 " "
R, RBI ‘41349 R R
LA1275 RBG " R LA1350 RB7 ~B24 B1
LA1276 RBG RB} RBI LA1351 RB7 RB25 RBl
L RBG RB4 -B1 R RA} RBl
s R, R} 1 LA 1352 -B7 R
LA1278 RBG o RB LA1353 RB7 RA34 -B1
LA 1279 RBS RBS B 1 L RB7 RA44 RBl
R, RBl ‘41354 R
LA 1280 RBG -B7 L RB7 RA52 "
R, RBI ‘41355 R
LA1281 RBG -B24 L RB7 - »
R RBl ‘41356 R
LA 1282 RBS -B25 L ¢ RB7 RASA "
R R 1 ‘41357 R
LA 1283 RBS 43 B L R RC3 "
R RBI ‘41358 B7 R
LA 1284 RBG ~434 L RB7 RC4 ”
R RBl ‘41359 R
LA 1285 RBS 444 L RB7 RCS "
R RBl ‘41360 R
LA1286 RBS 452 L RB7 RBI "
R R 1 ‘41361 R
LA1287 RBS 453 B L R RBI -
R RBl ‘41362 B7 R
LA 1288 RBS ~454 L RB7 RBI "
R RBl ‘41363 R
LA 1289 RBS C3 L RB7 RBI "
R, RBl ‘41364 R
L RBS C4 R RBI "
o R, R 1 LA 1365 -B7 R
LAIZQI RBS o RB LA1366 RB7 RBI BT
LA 1292 RBS RBI B 1 L ¢ R ! RBI RBzA
R, RB3 ‘41367 -B R
LA1293 RBS B 1 L RB7 RBI o
R, R Z ‘41368 R
LA1294 RBS -B1 B. L R RBI "
R, RBS ‘41369 B7 R
LA1295 RBS 51 L RB7 RBI "
R, RB6 ‘41370 R
LA1296 RBS B 1 L RB7 RBI "
R, RB7 ‘41371 N
LA1297 RBS -B1 L RB7 RBI o
R, R 24 ‘41372 N
LAIZQS RBS -B1 B’ L R RBI -
R, R 5 ‘41373 B7 R
LA1299 RBS 51 ~B2. L R RBI o
R, RAS ‘41374 -B7 R
LA1300 RBS " R LA1375 RB7 RBI C3
L RBS RBI ~434 R RBI RC4
o R, R 44 LA1376 -B7 R
LA1302 RBS -B1 4. L ¢ RB7 RBI o
R, Rys 41377 0
L RBS B1 A R -
o R, R 53 LA1378 B9 0
LA1304 RBS -B1 4. L RBQ RBI
R, RA54 ‘41379 "
LA1305 RBS -B1 L RBQ RB3
R, RC} ‘41380 R -
LA1306 RBG RBI R LABSI RBQ -
LA1307 RBS B1 C4 L RBQ RBS -
R, RCS ‘41382 R "
LA1308 RBS -B1 L RBQ o
R H H ‘41383 R -
LA1309 o R H LA1384 RBQ -B7 q
LA1310 RB7 -B1 L RBQ RBZA
R, H ‘41385 "
LA1311 RB7 B3 L RBQ RBZj
R H ‘41386 R -
LA1312 RB7 RB4 q LA1387 RBQ " !
LA1313 RB7 -B5 L RBQ RA34
R, H ‘41388 R -
LA1314 RB7 -B6 L RBQ "
R, H ‘41389 "
LA1315 RB7 -B7 L RBQ RAsZ
R H ‘41390 R -
LA1316 RB7 ~B24 L RBQ o
R, H ‘41391 R -
LA1317 RB7 RBZS q LABQZ RBQ o
LA1318 RB7 43 L RBQ RC3 -
R H ‘41393 R -
LA1319 RB7 ~434 L RBQ o
R H ‘41394 R -
LA13ZO RB7 444 q LA1395 RBQ o
L RB7 RASZ L R H RBl
T R H ‘41396 B9 R
LA 1322 RB7 453 L ¢ RBQ - o
R H ‘41397 R
LA 1323 RB7 ~454 L RBQ - -
R, H ‘41398 R
LA 1324 RB7 C3 L RBQ - o
R, H ‘41399 R
L RB7 -C4 L R - -
e R, H ‘41400 B9 R
L 326 RB7 C8 L R - o
" H R 1 ‘41401 -B9 R
LA 1327 RB7 -B L RBQ " ”
H RB" ‘41402 R
L RB7 3 L R " o
s H R, ‘41403 -B9 R
LA 1329 RB7 B L R H ”
H RB5 ‘41404 B9 R
LA1330 RB7 R LA 1405 RBQ H ~434
LA1331 RB7 H RBﬁ LA e RBQ H RAM
LA s RB7 i RB7 LA 1407 RBQ H RA52
LA 1333 RB7 H RBQ4 LA e RBQ H RASS
LA 1334 RB7 H RBQS LA o RBQ H RA54
LA1335 RB7 H RA} LA o RBg H RC3
L RB7 H ~434 R H RC4
P H RA44 LA 1411 B9 N
LA1337 RB7 R LA 1412 RBQ H C8
LA1338 RB7 8 RAjZ LA 1413 RBQ RBI RBl
LA1339 RB7 i RA53 LA 1414 RBQ RBS RBl
LA 1340 RB7 H 454 . R RBA RBl
H RC} ‘41415 -B9 R
LA 1341 RB7 . R RBS "
H RC4 ‘41416 B9 R
LA1342 RB7 H R LA 1417 RBQ RBG -B1
LA1343 RB7 R RCS LA 1418 RBQ RB7 RBl
LA 1344 RB7 -B1 -B1
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-continued

-continued _ - _
Ly

1 RY R2 . - -

” - Rpis 2152
; R, L 41203 R R .
5 R " L1404 B15 R x
o X e o, L 41205 Rais RA .
L,41420 B9 R Rgi [ R » w

L Rpo N y : x

s R R " L 41407 B15 .
] " X R, Reg

e R R " L 41408 B15 RBl
L - R R Ray

= X e " L 41200 B15 R .
L,41424 B9 Russ Rgi [ R " W
L Rpo 5 y : .

e R R " Logisor B15 R R
i » R 2 L1502 Rpis 21 s
L r R y R Ray -B

= R RS " L1503 B15 R e
L,11428 B9 Res Ry e R " W
L1420 Rzo . ‘ o x

R R L4150 31 R R
L > R R, 21

- R R " L1506 B15 R R
L1431 RBQ RBI RBA e R RBI o
L,41432 B9 Rp1 Rps . R " U
L Rao N y : .

= R " L1500 B15 R
L Rao R : o

s R R - Laisic B15 R R
Li1a3s RBQ RBI RBz4 e R RBI o
L,41435 B9 Rp1 Rpzs o R " o
. R 3 415 R R ‘

s X " Laisia B15 R
L Rpo R X X

- R X " Lisia B15 R R
o RBQ R R Laisis Ras HBI I
Logiaar B9 R » Ko 3

o X Lais1y 44, R I
Lgiaa RB Rp Risa Lisis Rias RBS -
e RBQ X 2 Laisto Roaa RBA I
i - X 2 Logisa0 Roaa 35 I
L Rgzo N : i

e R i ° Laisa 444 I
Lotiase B9 H I o K.

R Lisa A R I
: o i R 224

e R X Lisoa 444 I
: o i R Rgos

= R R L1524 444 R -

L B15 I g .

e R R L1525 444 I
L B15 - X o

s R R Lgisoe 444 R I
e RBD - " Lgisa7 Roaa 444 I
Lanas2 B15 e I e i ASZ :
L Rais - “ A o

= R L1520 444 I
L Rpys 0 . X o

= R L1530 444 -

L Rgs I ‘ X £

e R R Lisat 444 0
L B15 - A =

e R R Lisa 444 R 0
L B15 0 x -

s R R L1533 444 H R,
L41ass B15 RASZ H s R o
L Rgis 0 “ X : :

e R R Lisas 444 H e
L 1460 -B15 R H Lo Ko :
L Rpys 0 ‘ x u :

e R R L1537 444 s
L -B15 0 x u

e R R Lisas 444 R
L B15 0 X u |

e R i Lisso 444 H e
L1464 B15 it Ry 0 ” RA44 o
L1465 Rgis R . x u :

R " ) Lgisar 444 H R
L B15 R X

o H " Lgisa 444 H R
L1467 RBI5 H e o Ko H v
L 1468 RB 15 H s Lo o : o
L 1460 RB 15 H e Lo o : 5
L1470 B15 H N i o H X
Latan RBI5 H o g Ko H :
Litan R315 H R i o : -
Litan R315 H R Lo o : 3
Li1aza RBI5 H R g R 3
Lia7s -B15 R x 3

. R H y Lisst 444 R R
Lo Blj i R Liss2 Ry 33 R
Lia77 Rpis R ) X s g

R 5 Lissa 444 .
Lyiars B15 iy 2 .
R o L1554 444 R
Logiazo Rzis = ) x . g
R ® Lgisss 444 N
L B15 R .

41480 i “ i i R
- . R . " Raas Raoa -B1
Lstago Rais 21 . L : = o

R R " L1558 444 Ny
Lis1as3 B15 2 X . :

- X e " Lisso 444 R
L1484 B15 R R LAIS i & RBl
Liass Rpis B5 R e x s g
. R R R, L1561 444 R .

e R o " Liise Roaaa R
L o R ) R Rus3 -B1

41487 N > L » R
Logiass Rais R N e o o g
L Rpis 225 R e s .

s X 5 . L1s6s Raas N
L1400 315 N ) x s .

o " L1566 444
L Rais N )

o R Riaa 31

L1402 B15
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-continued
L, R! RU R2
LA 1567 RA44 RCB RBl
LA 1568 RA44 RBI RBl
LA 1569 RA44 RBI RB3
LA 1570 RA44 RBI R34
LA1571 RA44 RBI RB5
LA 1572 RA44 RBI RBG
LA 1573 RA44 RBI RB7
LA 1574 RA44 RBI RBZ4
LA 1575 RA44 RBI RBZ5
LA 1576 RA44 RBI RA3
LA 1577 RA44 RBI RA34
LA 1578 RA44 RBI RA44 :
ligands XLVII-L ,, that are based on a structure of For-
LA 1579 RA44 RBI RA5Z mula XLVII
LA 1580 RA44 RBI RA53
LA 1581 RA44 RBI RA54
LA 1582 RA44 RBI RC3
LA 1583 RA44 RBI RC4
LA 1584 RA44 RBI RC87
Rll
= N |
RIZ / m
S \ N
RZ >
Rl
ligands XLVIII-L,, that are based on a structure of For-
mula XLVIII
ligands XLV-L ,, that are based on a structure of Formula
XLV
ligands XL VI-L , that are based on a structure of Formula ligands XLIX-L ,, that are based on a structure of Formula

XLVI XLIX
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ligands L-L , that are based on a structure of Formula LI

wherein i is an integer from 1585 to 1970 and for each
i, R, R? R, and R'? in the formulas XLV through
LI are defined as follows:

Ly R! R® RO R
LA 1585 H H H RBI
LA 1586 H RBI H RBI
LA 1587 H R33 H RBI
LA 1588 H RB4 H RBI
LA 1589 H RBJ H RBI
LA 1590 H RBG H RBI
LA 1591 H RB7 H RBI
‘41592 H RBZ4 H RBI
LA 1593 H RBZS H RBI
LA 1594 H RA?: H RBI
LA 1595 H RA34 H RBI
LA 1596 H RA44 H RBI
LA 1597 H RASZ H RBI
LA 1598 H RASS H RBI
LA 1599 H RA54 H RBI
LA 1600 H RC3 H RBI
LA 1601 H RC4 H RBI
LA 1602 H RCS H RBI
LA 1603 H H RBI RBI
LA 1604 H H RBS RBI
‘41605 H H RB4 RBI
LA 1606 H H RB5 RBI
LA 1607 H H RBé RBI
LA 1608 H H RB7 RBI
LA 1609 H H R824 RBI
LA 1610 H H RBZS RBI
LA 1611 H H RAS RBI
LA 1612 H H R.434 RBI
LA 1613 H H RA44 RBI
LA 1614 H H RA52 RBI
LA 1615 H H RA53 RBI
LA 1616 H H RA54 RBI
LA 1617 H H RC3 RBI
LA 1618 H H RC4 RBI
LA 1619 H H RC8 RBI
LAIGZO H RBI RBI RBI
LA1621 H RBS RBI RBI
LA 1622 H RB4 RBI RBI
LA1623 H RBS RBI RBI
LA 1624 H RBG RBI RBI
LA1625 H RB7 RBI RBI
LA 1626 H RBZ4 RBI RBI
LA 1627 H RBZS RBI RBI
LA1628 H RAS RBI RBI
LA 1629 H RA34 RBI RBI
LA1630 H RA44 RBI RBI
LA1631 H RA52 RBI RBI
LAIGSZ H RASS RBI RBI
LA1633 H RA54 RBI RBI
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i R R® Ri0 R2
LA 1634 H RC3 RBI RBI
LA1635 H RC4 RBI RBI
LA 1636 H RCS RBI RBI
LA1637 H RBI RBI RBI
LA1638 H RBI RBS RBI
LA1639 H RBI RBA RBI
LA 1640 H RBI RBS RBI
LA1641 H RBI RBG RBI
LA 1642 H RBI RB'/' RBI
LA 1643 H RBI R}?24 RBI
LA 1644 H RBI RBZS RBI
LA 1645 H RBI 43 RBI
LA 1646 H RBI RA34 RBI
LA 1647 H RBI RA44 RBI
LA 1648 H RBI RA52 RBI
LA 1649 H RBI RAES RBI
LA1650 H RBI RA54 RBI
LA1651 H RBI RC} RBI
LA1652 H RBI RC4 RBI
LA1653 H RBI RCS RBI
LA 1654 RB[ H H RBI
LA1655 RB[ RBI H RBI
LA1656 RB[ RBS H RBI
LA1657 RB[ RB4 H RBI
LA1658 RB[ RBS H RBI
LA1659 RB[ RBS H RBI
LA1660 RB[ RB7 H RBI
LA 1661 RB[ RBZ4 H RBI
LA 1662 RB[ RBZS H RBI
LA1663 RB[ RAS H RBI
LA1664 RB[ RA34 H RBI
LA1665 RB[ RA44 H RBI
LA 1666 RB[ RASZ H RBI
LA1667 RB[ RA53 H RBI
LA 1663 RB[ RA54 H RBI
LA 1669 RB[ RCS H RBI
LA167O RB[ RC4 H RBI
LA 1671 RB[ RCS H RBI
LA1672 RB[ H RBl RBI
LA1673 RB[ H RBS RBI
LA 1674 RB[ H RBA RBI
LA1675 RB[ H RBE RBI
LA1676 RB[ H RB& RBI
LA1677 RB[ H RB7 RBI
LA 1678 RB[ H RBE4 RBI
LA 1679 RB[ H R325 RBI
LAIGSO RB[ H RA3 RBI
LA1681 RB[ H RA34 RBI

‘41682 RB[ H RA44 RBI
LA1683 RB[ H RAEZ RBI
LA1684 RB[ H RA53 RBI
LA1685 RB[ H RA54 RBI
LA1686 RB[ H RC3 RBI
LA1687 RB[ H RC4 RBI
LA1688 RB[ H RC8 RBI
LAIGSQ RB[ RBI RBI RBI
LAIGQO RB[ R33 RBl RBI
LAIGQI RB[ RB4 RBl RBI
LAIGQZ RB[ RBS RBl RBI
LA1693 RB[ RBG RBl RBI
LA1694 RB[ RB7 RBl RBI
LA 1695 RB[ RBZ4 RBI RBI
LA1696 RB[ RBZS RBI RBI
LA1697 RB[ RA3 RBI RBI
LAIGQS RB[ RA34 RBI RBI
LA1699 RB[ RA44 RBI RBI
LA 1700 RB[ RASZ RBI RBI
LA1701 RB[ RA53 RBl RBI
LA 1702 RB[ RA54 RBI RBI
LA1703 RB[ RCS RBl RBI
LA1704 RB[ RC4 RBI RBI
LA1705 RB[ ROS RBI RBI
LA1706 RB[ RBI RBI RBI
LA1707 RB[ RBI RBS RBI
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-continued
-continued 2
9 10 R
10 2 i R R R
R R® R R
LAi H RBS H RA54
R, RBA RBI LA 1782 H R H RA >
LA1708 §Bl RBI RBS RBI LA1783 H RBG n RA54
LA1709 -B1 -B1 R LA1784 o X
R RBE o H RB74 H -454
LA1710 RBl -B1 R LA1785 § R
R, RB7 -B1 H RB75 H o
LA1711 RBl -B1 R LA1786 ’ R
R " H ~454
S R Rs  Ra Ly Ro i e
LA1713 B1 -B1 R LA1788 " R
R RA3 o H RA44 H -454
LA1714 RBl -B1 R LA1789 R
R " H 454
‘41715 RBl RBI ~434 R LA1790 H RA52 H R
R H H " H RASS ~454
LA1716 B6 H R LA1791 H RA54
R RBI -B1 L H RASA
LA1717 -B6 R H RBI o R H RA54
LA1718 RBG -B3 H R LA1793 H - H RA54
R RB4 B1 L H RC4
LA1719 B6 H R o H R .
R RBS B1 L H RCS y
LA1720 B6 R H RBI o H RBI RA54
LA1721 RBG RBG H RBI LA1796 H H RBI RA54
LA 1722 RB!S RB7 H RBI LA i H H RB; RA :
L3 Rgs RBZA i . e = i 5 o
LA 1724 RB!S RBZS H RBI LA o H H RB; RA54
LA1725 RB!S RAS H RBI LAISOO H H RB7 RA54
LA1726 RB!S RA34 H RBI LAISOI H H RBV‘ RA54
Lai727 Rgs RAA’A o Ry, L 1500 0 ; RBiS s
Lais Rge RA>2 - . e = ; RA: o
LA1729 RB!S RASS H RBI LA1804 H H RA;A RA54
LA 1730 RB!S RA54 H RBI LA o H H RA;A RA54
L7t Rge Rcs I B [ = i s )
LA1732 RB!S RC4 H RBI LA1807 H H RA;3 RA54
LA1733 RB!S C8 R LAISOg H R : R
R H RBI o H H ~454 ~454
LA1734 -B6 R LAISOQ R R
R H R33 " H H C3 ~454
‘41735 -B6 R LA o R
L R H RBA o L H H RC4 ~454
o RBs H RBj RBI ‘41811 H H RC8 RA54
LA1737 -B6 R LAISIZ R R
R H RBé o H RBI B 1 ~454
LA1738 -B6 ¢ R LA1813 : X
R H RB : " H RBS B1 ~454
LA1739 -B6 R LAISM R
R B RBZA o H RB4 RBl ~454
LA1740 -B6 R LAISIS R R
L o RBﬁ H RBZS RBI LA1816 H RBS B 1 RA54
: R " R, ~454
LA1742 RBﬁ H . R, LA1817 H RBG RBI R
R i RA34 " H RB7 B1 ~454
LA1743 -B6 R LA1818 R R
R B RAAA o H RBZ4 B 1 ~454
LA1744 -B6 R LAISIQ : X :
; R H RAjZ o L H RBZ5 -B1 45
LA 1745 -B6 R aen : X
R R RA53 o H RAS -B1 ~454
LA1746 -B6 R LAISZI : X
R i RA54 " L H RA34 B1 ~454
LA 1747 -B6 R e X
R R RC3 o H RA44 RBI ~454
LA174S -B6 R LA1823 : X :
R R RCA o L H RASZ -B1 45
LA1749 . H RCX RBI ‘41824 RBI RA54
LA1750 RBG R, LAISZS H 453 R R
R RBI RBI " L H RA54 B1 ~454
LA1751 RBG R RBI RBI ‘41826 q R RBI RA54
LA1757 -B6 B3 R LA1827 - X
: X " R, ~454
LA1753 RBG §B4 RBi RBI LA1828 H §C4 Rii RA54
LA1754 RBG B> -B R LAISZQ H o x
R R RBI o H RBI RBI ~454
‘A1755 -B6 -B6 R LA1830 : X
R R RBI o H RBI B3 ~454
LA1756 RBG RB7 RBI RBI LA1831 q R RBA RA54
LA1757 -B6 ~-B24 R LA1832 n X
R " R ~454
LA1758 RBG 5325 RBI RBI LA1833 H EBI Riz RA54
LA1759 EBG RA3 Rii RBI LA1834 g RBI RB—' RA54
LA1760 -B6 434 R LA1835 n / X
R RBI o H R 1 RBE4 ~454
LA1761 RBG 444 R LA1836 ; X
R RBI " H R, RBZ5 ~454
LA1762 RBG 452 R LA1837 o X
R R RBI o H RBI ~43 ~454
e R R, 1 ‘41839 R RA54
; R R . o B H RBI ~444
LA176> RBG RC RBI RBI LA1840 q RBI - RA54
LA1766 -B6 C4 R LA1841 R
X ch RBI " H RBI RAEB ~454
LA1767 -B6 R LA1842 R
R RBI RBI " H RBI RA54 -454
LA1768 -B6 R LA1843 :
R RBI R33 o H RBI RC} ~454
LA 1769 -B6 R LA - :
R R 1 RBA o H RBI RC4 ~454
LA177O -B6 -B R LA1845 :
R RBI RBS " H RBI RCS ~454
LA1771 -B6 R R LA1846 :
R RBI -BE -B1 R H H »
LA177Z o R R LA1847 Bl - R
R RBI -B7 B1 L R RBI "
LA1773 -B6 R o " :
R, R, 1 RBZ4 -B1 R RB3 ° "
LA1774 -B6 -B R LA1849 " :
R, R, 1 RBZ5 -B1 R R ° "
LA177S - RB R RBI LA1850 Bl RB4 H RA54
LA1776 RBﬁ Bl RA3 R LAISSI RB[ o 1 :
R RBI 434 B1 R RBS "
LA1777 B6 H R LAISsZ " :
i X o R, RB7 H ~454
LA1778 R LA1853 Bl R
H R : H o R R 24 H ~454
LA1779 B H R LA1854 B -B2. H R
H R83 o R RBZS ~454
LA1780 R H RA54 LA1855 B
LA 1781 H -B4
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-continued -continued
Ly R R’ R R’ Ly R! RO R10 »2
Ligss Rp, R H Rusa
Ligs7 Ry, R34 H Ryss L1930 Rpe H Rps Rysq
Ligss Rp, Raas H Rusa L1031 Rps H Rpe Rusa
L1850 Rp, Rys H Risa L1032 Rzs H Rps Rysa
Liseo Rz Rys3 H Rysa L R H R
Ll Ry, R s H Ryos 141933 B6 B24 Rusa
Lige Rp Rea H Rusa Laioa Ras H Rgss Rysq
Liises Rz Rey H Rysa Lsioas Rz H Rz Ryss
L R, R,

LA186~;1 RBl Hcs g §A54 L4036 Rzs H R Rsa
‘41865 Bl B1 454 LA1937 RB5 H R R
Lises Rz H Rzs Rysa A A3
L 41867 Rpi H Raa Rusa Lio3s Rz H Rusz Rysa
Lsises Rp H Rzs Ryss Lsio3o Rzs H Rysa Ryss
L 1g60 Rg) H Rps Rysq L4100 Rzs H Rysa Rysa

Laigmo Rp H Rz, Ryss L

Lasn Rp H Raoa Ryss A1941 Ras H Res Rass

Laism Rp) H Raos Ryss Laoae Ras H Rey Rise

Laign Rp, H Ry Ryss L1043 Rgs H Reg Rysq

iAlS%;l ﬁm g §A34 §A54 Liroa Rps Rz Rai Rusa
41875 Bl 444 454 Lostous Ras Res R R

Lais7s Rg, H Ryso Ryss 21 34

L1877 Rpi H Rusa Rusa L1046 Rz Ray Rz Rusa

imsn %Bl g Rysa Ryss Lisioar Rzs Rps Rz Rysq

LA1879 RBl I Rcs %454 L1048 Rzs Rzs Rz, Rysq
‘41880 Bl C4 ~454 LA1949 RB(S RB7 R R

Lsisst Rp) H Reg Ryss i A

Lisgo Rp; Rz, Rp; Rysa L1050 Rz Raoa Rz Rusa

Lisss Rg, Rgs Rg; Ryss Liost Rgs Raz»s Rg; Rysq

i,ﬂss? gBl §B4 %Bl %454 L1052 Rzs R Rz Rysa

Ljizz; RZ Ri; Rii Rjij Liios Rz Rz Rg; Rysq

L 41887 Rp, Rz; Rp; Rysa Liosa Rz Raua Rg) Rusa

imsss §31 §324 §31 §A54 L 1055 Rgs Rys Rg, Rysq

LAISSQ RBl RBZS RBI RA54 L1056 Rz Russ Rg) Rysa
41890 B1 43 -B1 454

Liso1 Ry, R34 Ry, Rysy L 41057 Rpe Rusa Rpi Rusa

L igo Rp, Ry Rg, Rysa Laioss R Res Rp, Rysq

i,ﬂsgs §Bl Rysm Rg, Risa L 41050 Rzs Ry Rz Rysa
41894 -B1 Rys3 Rg; Rysq L R R

L 41805 Rg, Rys5q Rg; Rysq 41960 B6 & Rt Rasa

L1506 Rg, R Ry Rysq L1961 Rps Rpy Rp) Rsq

i;ﬂsw §Bl §C4 %Bl §A54 Liioe Razs Rp; Raza Rusa

LAlggS RBl RCZ3 RBI RA54 Lioe Rz Rgy Rpy Rysq
41899 -B1 Bl -B1 454

L 41000 Ry, Ry, Ry Rysa Lo Rz Ra Rps Rusa

EA1901 Em EBI %34 EAM L1065 Rps R Rpe Rusa

LAIQOz RBl RBI RBj RA54 Lises Rgs Rpy Rg; Rysq
41903 -B1 Bl -B6 454

L 41004 Rp, Rp; Ry, Rysa L1067 Rz Rz Rgza Rusa

L1905 Rg, Rpy Rgaq Rysq Lsioes Rzs Ry Rpzs Rysq

L4106 Rp, Rpy Rgs Rysq 1 R R

L1007 Ry, Ry, R, R 41969 -B6 -B1 Ry Rysq

L1008 Ry, Ry, Ry Rysy Lo Rpe Rz Ruaa Rusa,

Lsioos Rgs H H Rysq

Laioio Rgs Rpy H Rysq

Laon Rgs Rps H Rysq

Laior Rgs Rpy H Rysq

Laons Rps Rps H Rysq R4 N

Latona Rz Rgs H Rysq 7

e Rgs Rp; H Rsq |

Liiois Rz Rgoq H Ryss

2 N

Liioi7 Rz Raos H Ryss N

Liios Rz Rys H Ryss

Laiois Rps Ruza H Rusa RA

L 41020 Rge Roaa H Rusa

Lo Rps R H Rsq

Laig2 Rz Rys3 H Rysq

Laion Rgs Rys5q H Rysq R!

Lo Rgs Res H Rgsa ,

L1025 Rzs Rey H Rysa

L1026 Rps Reg H Rusa

Lsio27 Rzs H Rz Ryss

L1028 Rz H Rgs Rusa ,

L 103 Rzs H Rz Ryss ligands LII-L ,, that are based on a structure of Formula

LI
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R]

N N
RY N
7 m 7 m
\ N \ N
RZ R
R! R

ligands LV-L ,, that are based on a structure of Formula

ligands LIII-L ,, that are based on a structure of Formula v
LI
RY N
a
Rl4 N N
= w N
| :
NN .
RZ
Rl
Rl
, F
F
ligands LVI-L , that are based on a structure of Formula
LVI
wherein i is an integer from 1971 to 2186 and for each
ligands LIV-L ,; that are based on a structure of Formula i, R', R? and R'* in the formulas LII through V1 are
LIV defined as follows:
Ly R! R R? Ly R!'R R Ly, R!' R R
LA1971 RB3 H H LAZO43 RBIS H H LA2115 H H RA54
LA197Z RB3 RBI H LAZO44 RBIS RBI H LA2116 H RBI RA54
LA 1973 RB3 RB3 H LAZO45 RB 15 RB3 H LAZ 117 H RB3 RA54
LA 1974 RB3 RB4 H LAZO46 RB 15 RB4 H LAZ 118 H RB4 RA 54
LA 1975 RB3 RBS H LAZO47 RB 15 RBS H LAZ 119 H RBS RA54
LA 1976 RB3 RBG H LAZO48 RB 15 RBG H LAZ 120 H RBG RA54
LA1977 RB3 RB7 H LAZO49 RBIS RB7 H LAZ 121 H RB7 RA54
LA 1978 RB3 RBZ4 H LAZOSO RB 15 RBZ4 H LAZ 122 H RBZ4 RA54
LA 1979 RB3 RBZ5 H LAZOSI RB 15 RBZ5 H LAZ 123 H RBZ5 RA54
LA1980 RB3 R43 H LAZOSZ RBIS RA3 H LAZ 124 H RA3 RA54
LA1981 RB3 K434 H LAZOS.’: RBIS RA34 H LAZ 125 H RA34 RA54
LA 1982 RB3 K444 H LAZOS4 RB 15 RA44 H LAZ 126 H RA44 RA54
LA1983 RB3 R452 H LAZOSS RBIS RASZ H LAZ 127 H RA5Z RA54
LA1984 RBS R453 H LAZOSS RBIS RA53 = LA2 128 H RAS} RA54
LA1985 RBS K454 H LA2057 RBIS 1{A54 H LA2 129 H RA54 RA54
LAIQSS RB} RC3 H LA2058 RBIS RC3 H LA2130 H RC3 RA54
LA 1987 RBS RC4 H LA2059 RB 15 RC4 H LAQ 131 H RC4 RA54
LAIQSS RBS RCS H LA2060 RBIS RCS H LA2132 H RCS RA54
LA1989 RB6 H H LAZO61 RA44 H H LA2133 RBI H RA54
LA1990 RBG RBI H LAZO6Z RA44 RBI H LA2134 RBI RBI RA54
LA 1991 R35 RB3 H LAZOﬁ.’: RA44 RB3 H LAZ 135 RBI RB3 RA54
LA 1992 RB(S RB4 H L442064 RA44 RB4 H LA2 136 RBI RB4 RA 54
LA 1993 RBE RBS H LA2065 RA44 RBS H LA2 137 RBI RBS RA54
LA 1994 RBE RBS H LA2066 RA44 RBS H LA2 138 RBI RBS RA54
LA 1995 RBé RB7 H LA2067 RA44 RB7 H LAQ 139 RBI RB7 RA54
LA 1996 RBE RB24 H LA2068 RA44 RBZ4 H LA2 140 RBI RB24 RA 54
LA 1997 RBE RB25 H LA2069 RA44 RBZS H LA2 141 RBI RB25 RA54
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-continued

L R!' RM R L, R' R R L, R' R R

LA 1998 RBG RAS H LA2070 RA44 RAS H LA2 142 RBl RAS RAS4

LA 1999 RBG R.4.’:4 H LA2071 RA44 RA34 H LAZ 143 RBl R.»1.’:4 R.454

LAZOOO RBG RA44 H LA2072 RA44 RA44 H LAZ 144 RB 1 RA44 RA 54

LAZOOI RBG RASZ H LAZO73 RAA4 RAﬁZ H LAZ 145 RBl RASZ R2154

LAZOOZ RBﬁ RA53 0 LA2074 RAAA RA53 H LAZ 146 RBl RA53 RA54

LA2003 RBG RA54 H LA2075 RAAA RA§4 H LA2 147 RBl R;154 RA54

LA2004 RBG RCS H LA2076 RA44 RC} H LA2 148 RB 1 RC3 RA 54

LA2005 RBG RC4 H LA2077 RA44 RCA H LA2 149 RB 1 RC4 RA 54

LA2006 RBG RCS H LA2078 RA44 RC8 H LA2 150 RBl RCS RA 54

LA2007 RB7 H H LA2079 H H RBI LAZ 151 RA54 H R.454

LAZOOS RB7 RBI H LAZ 080 H RBI RBI LAZ 152 RA54 RBI RA 54

LAZOOQ RB7 RB3 H LAZOSI H RB3 RBI LAZ 153 RA54 RB3 RAS4

LAZOIO RB7 RBA H LAZOSZ H RBA RBI LAZ 154 RA54 RBA RA54

LA2011 RB7 RBS H LA2083 H RBi RBI LA2 155 RA54 RBS RA54

LA2012 RB7 RBS H LA2084 H RBE RBI LA2 156 RA54 RBS RAS4

LA2013 R1!27 RB7 H LA2085 H RB7 RBI LA2 157 RAS4 RB7 RAS4

LA2014 RB7 R824 H LA2086 H R824 RBI LA2 158 RAS4 R324 RAS4

LA2015 RB7 Rst H LA2087 H RBZS RBI LA2 159 RAS4 R325 RAS4

LAZOIG RB7 RAS H LAZOSS H RAS RBI LAZ 160 RA54 RAS RA§4

LA2017 RB7 RA34 H LAZOSQ H RA34 RBI LAZ[GI RA54 RA34 RAS4

LAZOIS RB7 RA44 H LAZOQO H RA44 RBI LAZ 162 RA54 RA44 R2154

LA2019 RB7 RA52 = LA2091 H RA52 RBI LA2 163 RA54 RA52 RA54

LA2020 RB7 RA53 H LA2092 H RA53 RBI LA2 l64 RA54 RA53 RAS4

LA2021 RB7 RAS4 H LA2093 H RA§4 RBI LA2 165 RAS4 RA54 RAS4

LA2022 RB7 RCS H LA2094 H RC} RBI LA2 166 RAS4 RCS RAS4

LA2023 RB7 RC4 H LA2095 H RCA RBI LA2 167 RAS4 RC4 RAS4

LA2024 RB7 ROS H LA2096 H RC8 RBI LAZ 168 RA54 RC\S R.454

LAZOZS RBQ H H LA2097 RBI H RBI LAZ 169 RBG H RBI

LAZOZG RBQ RBI H LAZOQS RBI RBI RBI LAZ 170 RBG RBI RBI

LA2027 RBQ RB} H LAZOQQ RBI RB} RBI LAZ 171 RBé RB3 RBI

LA2028 RBQ RBA H LA2 100 RBI RBA RBI LA2 172 RBG RBA RBI

LA2029 RBQ RBS H LA2101 RBI RBS RBI LA2173 RBé RBS RBI

LA2030 RBQ RBG H LA2 102 RBI RBé RBI LA2 174 RBG RBG RBI

LA2031 RBQ RB7 H LA2103 RBI RB7 RBI LA2175 RBé RB7 RBI

LA2032 RBQ R824 H LA2 104 RBI R824 RBI LA2 176 RBé R324 RBI

LA2033 RBQ RBZS H LAZ 105 RBI RBZS RBI LAZ 177 RBG RBZS RBI

LAZO34 RBQ RA3 H LAZ 106 RBI RA3 RBI LAZ 178 RBG RA3 RBI

LA2035 RBQ RA34 H LA2 107 RBI RA34 RBI LA2 179 RBé R;134 RBI

LA2036 RBQ RA44 H LA2 108 RBI RA44 RBI LA2 180 RBG RA44 RBI

LA2037 RBQ RA52 H LA2109 RBI RA52 RBI LA2181 RBé RA52 RBI

LAZO38 RBQ RA53 H LAZIIO RBI RA53 RBI LAZ[SZ RBG RA53 RBI

LA2039 RBQ RA54 H LA2111 RBI RA54 RBI LA2183 RBé RASA RBI

LA2040 RBQ RCS H LA2 112 RBI RCS RBI LA2 184 RBé RCS RBI

LA2041 RBQ RC4 H LA2 113 RBI RCA RBI LA2 185 RBé RC4 RBI

LAZO4Z RBQ ROS H LAZ 114 RBI RC8 RBI LAZ 186 RBG RC\S RBI

RIZ RIZ
=~
N
N | |
N
Y N
Rl3 |
N
R]3
Rl
> Rl

ligands LVII-L ,;, that are based on a structure of Formula
LVII

ligands LVIII-L , that are based on a structure of Formula
LVIII
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/\|N
N/|

N
RS AN
Rl

ligands LIX-L ,, that are based on a structure of Formula
LIX
RIZ
N? |
Rl3 \ N
Rl

ligands [X-L,; that are based on a structure of Formula
LX

RIZ

5

NE AN
Rl

ligands LXI-L ; that are based on a structure of Formula
LXI

wherein i is an integer from 2187 to 2402 and for each
i, RY, R'?, and R in the formulas LVII through LX1
are defined as follows:

z
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Ly R! R RI3
L7 R, H Rg,
Lioiss Rps Rp, Rp,
Lioise Rps Rps Rp,
L2100 R, Rgy Rg,
Liaio1 Rps Rps Rp,
Liaio2 Rps Rgs Rp,
L2103 Rps Rp; Rpy
L2104 R, Razg Rg,
Laios Rps Rpos Rp,
L2106 Rps Ry Rpy
L2107 Rps Ry Rpy
Liatos Rgs Rq Rg,
L2100 Rps Ryso Rpy
L4200 Rps Ryss Rpy
Lo Rgs Rysa Rpy
L2200 Rps Res Ry,
L2203 Rps Rey Rpy
L2204 Rgs Res Rpy
L2205 Rgs H Rps
L 42206 Rps Ry Rps
L2207 Rgs Rps Rps
L2208 Rgs Rps Rps
L2209 Rgs Rps Rps
Lizio Rps Rps Rps
Lanu Rgs Rp; Rps
Lane Rgs Rpoa Rps
Lania Rgs Rgas Rps
Lania Rgs Ry Rps
Lanis Rgs Ry Rps
Lanis Rps Roaa Rps
Lz17 Rps Ryso Rps
Lanis Rgs Ryss Rps
Lanis Rps Rysa Rps
L4220 Rps Re Rps
Lzoo1 Rps Rey Rps
L2225 Rps Res Rps
L2223 Rps H Res
L4224 Rps Rp1 Res
L2225 Rps Rps Res
L4226 Rps Rps Res
L2227 Rps Rps Res
Lo2o2s Rgs Rps Res
L2220 Rps Ry Res
L2230 Rps Rpoa Res
Loa Rgs Rgas Res
L3 Rgs Ry Res
L2233 Rps Riysg Res
L2234 Rgs Roaa Res
Li23s Rgs Ryso Res
L2236 Rgs Ryss Res
L2237 Rps Rysa Res
Loa3s Rgs R Res
Lia3o Rgs Rey Res
Lozac Rps Res Res
Looar Rgs H Rey
Looas Rgs Rz Rey
Looas Rps Rps Rey
Liooas Rps Rpy Rey
Loooas Rgs Rps Rey
Loae Rps Rps Rey
Looa7 Rps Rpy Rey
L2248 Rps Rpos Rey
Loooas Rps Rpss Rey
Loasc Rps Ry Rey
Lamsi Rps Ry Rey
L2252 Rps Ras Res
Lamss Rps Rys> Rey
L2254 Rps Rys3 Rey
L2255 Rps Rysa Rey
L5256 Rps Res Rey
L5 Rps Req Rey
L2258 Rps Res Rey
L2259 Rps H Rpy
Ls260 Rps Rp Ry,
L6 Rgs Rps Rpy
Lane Rgs Rps Rpy
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L, R! RI2 RI L, Rl R12 RI
Lxo63 Rpe Rps Rp L2337 Rps Rp7 Rp,
Lo Rps Rps Ry, L33 Rps Rpoa Ry,
Lzo6s Rpe Rp; Rp L2330 Rps Rpos Rp,
L2266 Rpe Rpoy Rp L2340 Rps Ri Rp,
L2267 Rgs Raos Rp: L so3ar Rgs R Rp:
L2263 Rps Rg Ry, Lz Rge R Ry,
Lzo60 Rpe Ruza Rp Lo3a3 Rps Ruso Rp,
L3270 Rgs R Rp: L o3aa Rgs Russ Rp:
Lssont Rgs Ruso Rp: L 2345 Rgs Rysa Rpi
Lyon Rps Ryss Ry, L2346 Rpe Re Ry
L7 Rgs Rysa Rp: L2347 Rgs R Rp:
Lz Rgs Res Rp: L so3as Rgs Reg Rpi
L3275 Rgs Rea Rp: L 42340 Rgs H Rps
L6 Rps Reg Ry, L 3s0 Rpe Ry Rps
Lzo77 Rgs H Rps L p3st Rgs Rps Rps
Lszo7s Rgs Rp; Rps Los Rgs Rpy Rps
Lszo70 Rps Rps Rps Lssa Rgs Rps Rps
L2280 Rps Ry, Rps L 354 Rys Rps Rps
Lssost Rgs Rps Rps L s3ss Rgs %% Rps
Lzog Rps Rgs Rps L4236 Rgs Rpog Rps
Lo Rgg Rg7 Rps L s3s7 Rgs Rgos Rps
L3284 Rgs Rpog Rps L s3ss Rgs Ra Rps
Lszoss Rps Rpos Rps L 42350 Rgs R Rps
Ls2os6 Rgg Ra Rps L 360 Rgs Raa Rgs
Lyzog7 Rps R Rps L6l Rgs Rys Rps
Lsooss Rps Raaa Rps Lie Rgs Ryss Rps
Lsaoso Rgg Ryso Rps Lie Rgs Rysa Rgs
L 43200 Rgg Ryss Rps Liea Rgs Res Rps
L2001 Rps Risa Rps L 36 Rys Rey Rps
L2200 Rgg Res Rps L 2366 Rgs Reg Rgs
L 43203 Rgg Rey Rps L 367 Rgs H Res
L3204 Rgs Res Rps L oses Rgs Rg; Res
L2205 Rys H Re L2360 Rps Ry Re
L 43206 Rgg Rg; Res L 370 Rgs Rgy Res
L 42207 Rgs Rgs Res Lyt Rgs Rpgs Res
L3208 Rgs Rgy Res Lisn Rgs Rgs Res
L2200 Rys Rps Re L2373 Rps Ry Re
L 43300 Rgs Rgs Res L3 Rgs Rayy Res
L301 Rgs Rgy Res L2375 Rgs Rpos Res
L300 Rps Rpzy Res L2376 Rgs Rag Res
Lz303 Rgs Rpss Re L3z Rps R Re
L3304 Rgs Rg Res Lg37s Rgs Ra Res
L3305 Rps Raa Res L2379 Rgs Rysz Res
L3306 Rgs Raa Res L 3s0 Rgs Ryss Res
Lz307 Rps Rysz Re Lss1 Rys Risa Re
L0 Rps Ryss Res Lsg Rgs Res Res
L3300 Rgs Rysa Res L 3s Rgs Rey Res
Lzsio Rps Res Re L2384 Rys Reg Re
Laant Rps Rey Res L p3ss Rgs H Rey
Lsar Rgs Res Res L2356 Rgs Rp; Rey
L1 Rgs H Rey L1237 Rgs Rps Rey
Lz Rgs Ry Rey Li23ss Rys Ry, Rey
Lats Rgs Rps Rey L2380 Rgs Rgps Rey
Lisie Rgs Rgy Rey L 12300 Rgs Rgs Rey
La17 Rgs Ras Rey L2301 Rgs Rg7 Rey
Lzsis Rgs Rys Rey L2307 Rys Rpsa Rey
L3t Rgs Rg7 Rey L2303 Rgs Rpas Rey
L2320 Rgs Rpzg Rey L 42304 Rgs Ras Rey
L3or Rgs Rpas Rey L 12305 Rgs Raa Rey
Lyzsn Rys R Rey L2396 Rys R Rey
Laos Rgg R Rey L 37 Rgs Rysz Rey
L2324 Rge Ruaa Req L 42308 Rgs Ryss Rey
L 45305 Rpg Ryso Rey L 42399 Rgs Rysa Rey
L6 Rpe Rysz Reu L2400 Rgs Re Rey
L2327 Rze Risa Rea Laor Res Res Rey

L R R, R,

Lzsos Rys Res Rey 42402 56 s i
L2329 Rps Rea Rey
L2330 Rgs Res Rey . .
L33t Rys H Ry, wherein R, to Ry, have the following structures:
Lan Rgs Rp; Rp:
Lzazz Rpe Rps Rp,
Lsana Rgs Rz Rp; Ra
LA2335 RBG RBS RBI ’CH:;
L2336 Rpes Rzs Rpy P ’
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Rpi6
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wherein R, to R 45 have the following structures:

Ra

Rai
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wherein R, to R, have the following structures:
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11. The compound of claim 1, wherein the compound has
formula Ir(L )3, Ir(L )(Lg)as Ir(L,)a(Lp), Ir(Ly)x(Lc), and
Ir(L )(Ls)XLe); and wherein each L, Ly and L. is a
bidentate ligand, and different from each other.

12. The compound of claim 11, wherein L is L, selected

from the group consisting of:

Reio

Ren

Ly, through Ly .4, are based on a structure of Formula

XXVII,

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

Lg; R! R? R?
Lp, R2! RZ! H
Ly RDP2 RD2 H
Lps RD3 RD3 H
Lpu RP4 RD4 H
Lys RDS RZS H
Lpe RDS RDS H
Ly RP7 R?7 H
L RDS RDS H
Lo R2® RZ® H
Lo RP10 RO H
Loy RPU RO H
Lo RPR2 RPR2 H
Lpss RPB RPB H
Lo RPM4 RO H
Lpss RP1S RD1S H
Lo RP'6 RDL6 H
Lo RPY R2Y H
Lpis RP18 RD8 H
Lpo RP RDW H
Lo RD20 RD20 H
Lpos RP2! RD2! H
Lo RP22 RD22 H
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-continued -continued
Ly R! R R} Ly R! R R}
LBZS RD23 RD23 H LBQ7 RD2 RD 15 H
LBZ4 RD24 RD24 H LBQS RD2 RD 16 H
L325 RD25 RD25 H LBQQ RD2 RD 17 H
LBZG RD26 RD26 H LB 100 RD2 RD 18 H
LBZ . RD2 7 RD2 7 H LB 101 RD2 RD 19 H
LBZS RD28 RD28 H LB 102 RD2 RD20 H
LBZQ RD29 RD29 H LB 103 RD2 RD21 H
LBSO RDSO RDSO H LB loa RDZ RDZZ H
L33 ! RDS 1 RDS 1 H LB 105 RD2 RD23 H
LBS2 RD32 RD32 H LB 106 RD2 RD24 H
LBSS RD33 RD33 H LB 107 RDZ RDZS H
L334 RD34 RD34 H LB 108 RDZ RDZS H
L335 RDSS RDSS H LB 100 RD2 RD27 H
LBSG RD40 RD40 H LBI 10 RDZ RDZS H
L33 . RD4 1 RD41 H LB i RDZ RDZQ H
LBSS RD42 RD42 H LBI 2 RD2 RDSO H
L33 o RD64 RD64 H LB 3 RDZ RD3 1 H
LBAO RD66 RD66 H LBI " RDZ RDSZ H
LBA L RD68 RD68 H LB s RDZ RD33 H
L342 RD76 RD76 H LBI 16 RDZ RD34 H
L343 RDI RDZ H LBI 7 RDZ RDSS H
LBA4 RDI RD3 H LB s RDZ RD40 H
LBAS RDI RD4 H LB 1o RDZ RD41 H
LBAS RDI RDS H LB 120 RDZ RD42 H
Lass R?! R H Lo R RO H
LBAS RDI RD7 H LB 22 RDZ RDGG H
LBAQ RDI RD8 H LB 3 RDZ RD68 H
LBSO RDI RDQ H LB 124 RDZ RD 76 H
Lle RDI RDIO H LBI25 RD3 RD4 H
Lsz RDI RDll H LBIZS RD3 RD5 H
L353 RDI RDIZ H LBIZ7 RD3 RDG H
LBS4 RDI RD13 H LBIZS RD3 RD7 H
LBSS RDI RD14 H LBIZQ RD3 RD8 H
LBSS RDI RDIS H L3130 RD3 RDQ H
LBj7 RDI RDIG H LBI31 RD.’: RDIO H
LBS8 RDI RD17 H LBI3Z RD3 RDll H
Lng RDI RD18 H LBI33 RD3 RDIZ H
LBﬁO RDI RDIQ H L3134 RD.’: RDL’: H
LBﬁl RDI RDZO H LBI35 RD3 RD14 H
LB&Z RDI RDZI H LBI36 RD3 RDIS H
LBﬁS RDI RDZZ H L3137 RD3 RDIG H
LB&4 RDI RDZ.’: H LBI38 RD.’: RD17 H
LB&S RDI RDZ4 H LBI39 RD3 RD18 H
LB&G RDI RDZS H LBI40 RD3 RDIQ H
LB&7 RDI RDZG H LB 1 RD3 RDZO H
LB68 RDI RDZ7 H LB 2 RD.’: RDZI H
LB&Q RDI RDZS H LB 3 RD3 RDZZ H
LB70 RDI RDZQ H LB 144 RD3 RDZ3 H
LB71 RDI RD30 H LB 145 RD.’: RDZ4 H
LB7Z RDI RD31 H LB 146 RD3 RDZS H
LB73 RDI RD3Z H LB w RD3 RDZG H
LB74 RDI RD33 H LB 148 RD3 RDZ7 H
LB75 RDI RD34 H LB 149 RD3 RDZS H
LB76 RDI RD35 H LBISO RD3 RDZQ H
LB77 RDI RD40 H LBISI RD3 RD30 H
LB78 RDI RD41 H LBISZ RD3 RD31 H
LB79 RDI RD4Z H LB 153 RD3 RD3Z H
LBSO RDI RD64 H LBIS4 RD3 RD33 H
LBSI RDI RDGG H LBISS RD3 RD34 H
LBSZ RDI RD68 H LBISG RD3 RD35 H
LBSS RDI RD76 H LBIS7 RD3 RD40 H
LBS4 RD2 RDI H LBI58 RDS RD41 H
Lpes RP2 RD? H Lpiso RD3 RD42 H
Lpse R>2 R4 H Lo RD3 RD64 H
LBS , RD2 RDS H LB 161 RDS RDGG H
LB8 s RD2 RDG H LB 162 RDS RDGS H
Lpso R2 RP7 H Lptes RD? RD7S H
Laoo RD2 RS H Lpies R4 RDS H
Lgos RD2 RDY H Lpies R4 RDS H
Laos R gt H Lpss R4 RY7 H
Lpos RP2 RPU H Laier RD4 RD8 H
LBQ4 RD2 RD12 H LBIGS RD4 RDQ H
LBQ5 RD2 RDIS H LBIGQ RD4 RDIO H
Lpos RDP2 e H Laio RD4 ROU H
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inued -continued
-continue:
1 2 RS
R! R R} Ly R R
LBj L RDS RD 12 H
L RD4 RD 12 H L3245 RDS RD 2 i
B RD4 RDIS H 546 RDS RDM i
Lai7 RD RD1 I - o W u
Lpi7 RO RDIS H o v w u
Lpi7a RO RDIS - Lo v we m
Lp17s RDA PV - L2 v w ;
Lp17s _D RD1S I [ o w u
Lpi77 RO RDIO - o v w m
Lpi7s RDA RE0 - o v e n
La17o RDA R - - v v ;
Laiso RD RD? I [ v W ]
Lpis RO RD? - [ v w n
Lpigr RDA RE - [ v o n
Lpisgs RDA RE> = L v e u
Lpiss RD RD% I [ v W m
Lpigs RDA REY7 - [ v w n
Lpigs RDA RE% = L v s u
Lpig7 RD RE® I e w e u
Lpiss RD RD% - [ v w ;
Laisgo RDA P = [ w e u
Lg1oo RD RP® I - w x> u
Lzio1 R R - e v e n
Lp1oz RD RD% = [ v w u
Lp1o3 RD RDS I ol w > u
Lgioa R RPA0 I Lo w e u
Lpios RD R4 - [ v X u
Lp1os RD RD I [ RDS wr u
Lgio7 RD RDS I in w e u
Lgiog RD RDSS - o w e u
Laigo R RDS - L RD8 e u
Lgsoo R RDTS I Lo o & u
Lgsor RD RP! - Lo w e u
Lgooz RD7 DS - Lo ! - u
L32 " RD7 RDG H LBQ 8 RD 11 RD 10 H
LBEM RD7 RD8 i LBQ79 RDII RD 12 H
L32 . RD7 RDQ H Lst © RD 11 RD 13 H
LBZOG RD7 RDIO i L3281 RDII RD 14 H
LBEO7 RD7 RD“ i LBQSZ RDII RDIS H
L3208 RD7 RDIZ H L3283 RDII RDIG H
LBEOQ RD7 RD13 H L3284 RDll RD17 H
LBZIO RD7 RD14 i Lstj RDll RDIS H
L3211 RD7 RD15 H LBBG RDII RDIQ H
LBE : RD7 RDIG H L3287 RDll RDZO H
L3213 RD7 RD” H LBQSS RDll RDZI H
LBE . RD7 RDIS i LBZSQ RDll RDZZ H
LBE : RD7 RDIQ H LBZQO RDll RDZ3 H
LBE v RD7 RDZO H LBZQ ! RD 11 RDZ4 H
LBE s RD7 RDZ : i LBZQZ RD 11 RDZS H
LBZ - RD7 RDZZ H LBZQ 3 RD 11 RDZG H
LBE 0 RD7 RDZ3 H LBZQA RDll RDZ7 H
LBZZO RD7 RDZ4 H LBzQ > RD 11 RDZS H
Lan RD7 RDZj i LBZQG RDll RDZQ H
LBZZZ RD7 RDZG H LBZQ7 RDll RD30 H
L3223 RD7 RDZ7 H LBzQS RDll RD31 H
LBEZ4 RD7 RDZS H LBzQ o RD 11 RD3Z H
LBzzj RD7 RDZQ i LB300 RDll RD33 H
LBZZG RD7 RD30 H LB301 RDll RD34 H
LBEZ7 RD7 RD31 H LB:’OZ RDll RD35 H
EBEZS RD7 RD3Z H EB303 RD 11 RD40 H
LBEZQ RD7 RD33 - B304 RDII RD41 H
. RD7 RD34 - LB:’OS RD 11 RD42 H
R e omr o me o
- : RD7 RD40 i 8307 RDll RD66 H
o RD7 RD41 - LBSOS RDll RDGS H
LBZ : RD7 RD42 - LB309 RD 11 RD 76 H
iBsz RD7 RD64 H EB“O RD13 RDS H
LBjSG RD7 RDGG H LB311 RD13 RDG i
LBj37 RD7 RDGS H LB}IZ RD13 RDQ i
LBi38 RD7 RD76 u L3313 RDIB RDIO H
LBng RD8 RD5 I LB314 RDIS RD 12 H
LBiAO RDS RDS - L33 s RD 13 RD 14 H
LBAAI RDS RDQ i B3L6 RDIS RDIS H
I RDS RDIO - LB317 RDIS RDIG H
LBZ43 D8 RDll H LB318
LBZ44 R



US 2019/0237683 Al

144

Aug. 1,2019

inued -continued
-continue
1 2 RS
R! R R} Ly R R
LBj L RD22 RD26 H
b RD13 RD17 H LB393 RD22 RD27 H
oo RD13 RDIS I B394 RD22 RD28 H
L3320 RDI ; RDIQ i LB395 RD22 RD29 H
L3321 RDI ; RD20 H LB396 RD22 RDSO H
L3322 RD13 RD21 I LB397 RD22 RDSI H
L3323 RDI ; RD22 1 LB398 RD22 RD32 H
L3324 RD13 RD23 H LB:’QQ RDZZ RD33 H
L3325 RDI ; RDZA I LBAOO RD22 RD34 H
L3326 RDI ; RD25 1 LBAOI RD22 RDSS H
L3327 RDI ; RD26 H LBAO2 RDZZ RD40 H
L3328 RDI ; RD27 H LBAO} RDZZ RD41 H
LBSzg RDI ; RDZS 1 LBAOA RD22 RD42 H
L3330 RDI 3 RD29 H LBAOS RDZZ RDM i
L3331 RDI ; RD30 i LBAOG RDZZ RD66 H
L3332 RDI ; RD31 1 LBAO7 RD22 RDSS H
L3333 RDI ; RD:Q i LBAOS RDZZ RD 76 H
L3334 RDI 3 RD33 H LBAOQ RD26 RD5 i
L3335 RDIB RD34 H LBAIO RD26 RD6 H
L3336 RDI 3 RD35 H LBAI L RD26 RDQ i
L3337 RD13 RD40 i LBAQ RDZS RDIO H
L3338 RD13 RDAI i L3413 RDZS RDIZ H
LBSSQ RD13 RDAZ H LBAIA RDZG RDIS H
L3340 RD13 RDGA i LBAIS RDZS RDIS H
L3341 RD13 RD66 i LBAIS RDZS RD17 H
L3342 RDI ; RD68 i LBAI 7 RDZG RD 18 H
L3343 RD13 RD76 H LBAIS RDZG RDIQ H
LBSM RDIA RD5 i LBAI o RDZS RDZO H
L3345 RDIA RD6 i LBAZO RDZG RDZI H
L3346 RDIA RDQ i LBA21 RDZG RDZ3 H
L3347 RDIA RDIO H LBAZZ RDZG RDZ4 H
L3348 RDIA RDIZ i L3423 RDZG RDZS H
LBSAQ RDIA RDIS i LBAZA RDZG RDZ7 H
L3350 RDIA RDIG i LBAZS RDZG RDZS H
L3351 RDIA RD17 H LBAZS RDZG RDZQ H
L3352 RD14 RDIS i LBAZ7 RDZG RD30 H
L3353 RDIA RDIQ H LBAZS RDZG RD31 H
L3354 RDIA RDZO i LBAZQ RDZG RD?:Z H
L3355 RD14 RDZI i L3430 RDZG RD33 H
L3356 RDIA RDZZ H LBA31 RDZG RD34 H
L3357 RDIA RDZ3 H LBA3Z RDZG RD35 H
L3358 RD14 RDZ4 i L3433 RDZG RD40 H
LBSSQ RD14 RDZj H LBA34 RDZG RD41 H
L3360 RDIA RDZG H LBA35 RDZG RD4Z H
L3361 RD14 RDZ7 H LBA36 RDZG RD64 i
LBSGZ RD14 RDZS i LBA3 7 RDZG RDGG H
LBSG3 RD14 RDZQ H LBA38 RDZG RDGS H
LBSGA RD14 RD30 H LBA3Q RDZG RD 76 H
L3365 RD14 RD31 H LBAAO RD35 RD5 i
L3366 RD14 RD3Z H LBAAI RD35 RDG i
LBSG7 RD14 RD33 H LBAAZ RD35 RDQ i
L3368 RD14 RD34 H LBM?’ RD35 RDIO H
L3369 RD14 RD35 i LBMA RD35 RD 12 H
L33 " RD14 RD40 H LBMj RD35 RDIS H
LBSH RD14 RD41 H LBA46 RD35 RDIG i
L33 2 RD14 RD4Z H L3447 RD35 RD N i
L33 " RD14 RDM i LBA48 RD35 RD18 H
L33 " RD14 RDGG H LBA49 RD35 RDIQ i
L33 » RD14 RDGS H LBASO RD35 RDZO i
EBS e RD14 RD76 H EBASI RD35 RDZI i
L33 " RDZZ RD5 - Bas2 RD35 RDZ3 H
e RDZZ RDG - L3453 RDSS RD24 H
L33 ' RD22 RDQ 1 LBA54 RD35 RD25 H
Lpaso RD22 RD10 H Lpiss R R I
L3381 RD22 RD12 H LBASG RD35 RD28 i
58382 RD22 RDIS H LBAS . RD35 Rng H
LB383 RD22 RDIG H EB458 RD35 RD30 H
L8384 RDZZ RD17 H LB459 RD35 RD31 i
L3385 RDZZ RD18 H L3460 RD35 RD3Z i
L3386 RDZZ RDIQ H LBASI RD35 RD33 .
L3387 RDZZ RDZO H LBAS2 RD35 RD34 I
L3388 RD22 RD21 - LBAS3 RD35 RD40 H
L3389 RD22 RD23 H Buga RD35 RD41 i
8390 RD22 RD24 H LBAGS RD35 RD42 i
LB391 D22 RD25 H L8466
L83 92 R
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-continue
1 2 RS
R! R R} Ly R R
LBj L RD64 RD24 H
b RD35 RD64 H LB541 RD64 RD25 H
Bac RDSS RDSS H B4 RDSA RD27 i
LBASS RDSS RDSS H LB543 RDSA RD28 i
LBAGQ RDSS RD76 H L3544 RDSA Rng i
Laazo RD40 RDS - - we x> m
Lpant RDH0 RDS - S e w ;
Lpimn RDA40 o I - e ! u
LBAB RD40 RDIO H LBSAS RDSA RD33 i
LBA I RD40 RD12 H LBSAQ RDSA RD34 i
LBA » RD40 RDIS H L3550 RDGA RD42 i
LBA76 RD40 RD16 H L3551 RDGA RDGA i
LBA77 RD40 RDI 7 H LBSS2 RDSA RD66 i
LBA78 RD40 RDIS H LBSSS RDGA RD68 i
LBA79 RD40 RDIQ H L3554 RDGA RD76 i
LBASO RD40 RDZO H LBSSS RD66 RD5 i
LBASI RD40 RD21 H LBSSS RD66 RD6 i
LBAS2 RD40 RD23 H LBSS . RD66 RDQ i
LBASS RD40 RD24 H LBSSS RD66 RD . H
LBASA RD40 RDZS H LBSSQ RD66 RD o i
LBASS RD40 RD27 H LBSSO RD66 RDIS i
LBASS RD40 RDZS H LB561 RD66 RD16 H
LBAS7 RD40 RDZQ H L3562 RDGG RD N i
LBASS RD40 RD30 H LBSSS RD66 RDIS i
LBASQ RD40 RDSI H L3564 RD66 RD - i
LBAQO RD40 RDSZ H LBSSS RDGG RDZO i
LBAQI RD40 RD33 H LBSSS RDGG RDZI i
LBAQ2 RD40 RD34 H L3567 RD66 RD23 i
L3493 RD40 RD41 H LB568 RDGG RDZA i
LBAQA RD40 RD4Z H LBSSQ RDGG RDZj i
LBAQS RD40 RDM H L3570 RDGG RDZ7 H
LBAQS RD40 RDGG H LB571 RDGG RDZS i
LBAQ7 RD40 RDGS H L3572 RDGG RDZQ i
LBAQS RD40 RD76 H L3573 RDGG RD30 i
LBAQQ RD41 RD5 H L3574 RDGG RD31 H
LBjoo RD41 RDG i L3575 RDGG RD3Z H
LBjm RD41 RDQ H L3576 RDGG RD33 H
LBSOZ RD41 RDIO H L3577 RDGG RD34 i
L3503 RD41 RDIZ H L3578 RDGG RDAZ i
LBSOA RD41 RDIS H LB579 RDGG RDGS i
LBSOS RD41 RDIG H LB580 RDGG RD76 i
LBSOG RD41 RDI 7 H LBjS L RDGS RD5 i
LBSO7 RD41 RDIS H LBj8Z RDGS RDG i
LBjOS RD41 RDIQ H LBj83 RDGS RDQ i
LBSOQ RD41 RDZO H LBj84 RDGS RDIO i
LBS to RD41 RDZI H LBj85 RDGS RD o i
LBS 1 RD41 RDZ?: H L3586 RDGS RD15 i
LBS 2 RD41 RDZ4 H LBj87 RDGS RDIG i
LBS 13 RD41 RDZS H LBj88 RDGS RD” i
LBS 14 RD41 RDZ7 H LBj89 RDGS RDIS i
LBS 15 RD41 RDZS H LBjQO RDGS RDIQ i
LBS 16 RD41 RDZQ H Lng1 RDGS RDZO i
LBS 17 RD41 RD30 H LBjQZ RDGS RDZI i
LBS 18 RD41 RD31 H L3593 RDGS RDZ3 i
LBS 19 RD41 RD3Z H L3594 RDGS RDZ4 i
LBSZO RD41 RD33 H L3595 RDGS RDZs i
LBSZI RD41 RD34 H LBjQG RDGS RDZ7 i
LBSZZ RD41 RD4Z H Lng 4 RDGS RDZS i
LBjZ?’ RD41 RDM H LngS RDGS RDZQ H
53524 RD41 RDGG H EB599 RDGS RD30 i
LBSZS RD41 RDGS H B600 RDGS RD31 i
8326 RD41 RD76 H LBﬁOl RD68 RD:Q i
LBEZ7 RD64 RDS 1 LBGO2 RDSS RD33 H
LBS28 RD64 RDS i LBéOS RD68 RD34 H
LBSzg RD64 RDQ H L8604 RDGS RD42 H
Lasio RE64 R0 H Lpcos R R B
iBiSI RDS4 RP12 H I]:Bsos R R i
LB'32 RD64 RO H L3607 R R .
LB533 RD64 RDIG H LBGOS RD76 RDQ i
LBE34 RD64 RD17 H LBﬁOQ RD76 RDIO .
LBE}S RD64 RDIS I LB610 RD76 RD12 H
L3536 RD64 RDIQ H LBéll RD76 RDIS i
LBS37 RD64 RD20 H B61> RD76 RD - i
- RD64 RD21 H L8613 RD76 RD17 H
LBSSQ D64 RD23 H L8614
LBS40 R
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-continued -continued
Ly R! R R} Ly R! R R}
D76 D18 L RDI RDIS RDI
iBGU §D76 §D19 g Lizzz RDI RDIQ RDI
LBE t6 RD76 RD20 H LBGQ L RDI RD20 RDI
LBG 7 RD76 RD21 H LBGQ2 RDI RD21 RDI
LBGIS RD76 RD23 H LBGQ} RDI RD22 RDI
LBGIQ RD76 RD24 H LBGQ4 RDI RD23 RDI
L3620 RD76 RD25 H LBGQ5 RDI RD24 RDI
L3621 RD76 RD27 H LBGQG RDI RDZS RDI
L3622 RD76 RD28 H LBéQ . RDI RD26 RDI
L3623 RD76 RD29 H LBGQS RDI RD27 RDI
L3624 RD76 RD30 H LBGQQ RDI RDZS RDI
L3625 RD76 RD31 H LB700 RDI RDZQ RDI
LBS26 RD76 RD32 H LB701 RDI RDSO RDI
L3627 RD76 RD33 H LB702 RDI RD31 RDI
L3628 RD76 RD34 H LB 703 RDI RD32 RDI
LBS29 RD76 RD42 H LB 04 RDI RD33 RDI
LBSSO RDI RDI RDI LB’OS RDI RD34 RDI
LBSSI RDZ RDZ RDI LB ”06 RDI RD35 RDI
LB632 RD3 RD3 RDI LB ;07 RDI RD40 RDI
LBS33 RD4 RD4 RDI LB ”08 RDI RD41 RDI
LBSSA RDS RDS RDI LB ”'09 RDI RD42 RDI
L3635 RDS RDS RD! LB’:IO RP! RD64 RD!
LB636 RD7 RD7 RDI LB’II RDI RDGG RDI
LBSS7 RDS RDS RDI LB"'IZ RDI RD68 RDI
L3638 RDQ RDQ RDI LB’:IS RDI RD76 RDI
LB639 RDIO RDIO RDI LB714 RDZ RDI RDI
LB640 RDII RDII RDI LB715 RDZ RD3 RDI
L3641 RDIZ RDIZ RDI LB716 RDZ RD4 RDI
L3642 RD13 RD13 RDI LB71 . RDZ RDS RDI
LB643 RD14 RD14 RDI LB718 RDZ RDG RDI
LBﬁM RDIS RDIS RDI LB719 RDZ RD7 RDI
L3645 RDIG RDIG RDI 8720 RDZ RDS RDI
L3646 RDI 7 RDI 7 RD 1 LB - RDZ RDQ RDI
L3647 RDIS RDIS RDI LB722 RDZ RDIO RDI
L3648 RDIQ RDIQ RDI LB723 RDZ RDll RDI
L3649 RDZO RDZO RDI 8724 RDZ RD 12 RDI
LB&SO RDZI RDZI RDI LB s RDZ RD 13 RDI
LBﬁjl RDZZ RDZZ RDI LB 6 RDZ RD 14 RDI
LBﬁSZ RDZ3 RDZ3 RDI LB 7 RDZ RD 15 RDI
L3653 RDZ4 RDZ4 RDI BDS RDZ RD 16 RDI
L3654 RDZS RDZS RDI LB 0 RDZ RD 17 RDI
LB655 RDZG RDZG RDI LB 70 RDZ RD 18 RDI
LB656 RDZ 7 RDZ7 RDI LB a1 RDZ RD 19 RDI
L3657 RDZS RDZS RDI 5732 RDZ RDZO RDI
LB658 RDZQ RDZQ RDI LB 33 RDZ RDZI RDI
LB&jQ RD30 RD.’:O RDI LB 74 RDZ RDZZ RDI
LB&GO RD31 RD31 RDI LB s RDZ RDZ3 RDI
LB&GI RD3Z RD3Z RDI 3736 RDZ RDZ4 RDI
LB&GZ RD33 RD33 RDI 3737 RDZ RDZS RDI
L3663 RD34 RD34 RDI LB 78 RDZ RDZG RDI
L3664 RD35 RD35 RDI LB 79 RDZ RDZ7 RDI
L3665 RD40 RD40 RDI 3740 RDZ RDZS RDI
L3666 RD41 RD41 RDI a1 RDZ RDZQ RDI
L3667 RD4Z RD4Z RDI LB a2 RDZ RD30 RDI
L3668 RD64 RD64 RDI LB 3 RDZ RD31 RDI
L3669 RDGG RDGG RDI a4 RDZ RD3Z RDI
L3670 RDGS RDGS RDI 745 RDZ RD33 RDI
L3671 RD76 RD76 RDI LBT'46 RDZ RD34 RDI
L367Z RDI RDZ RDI LB a7 RDZ RD35 RDI
L3673 RDI RD3 RDI B8 RDZ RD40 RDI
L3674 RDI RD4 RDI LB _"49 RDZ RD41 RDI
L3675 RDI RDS RDI LB %50 RD2 RD42 RDI
LBG76 RDI RDG RDI LB 251 RD2 RD64 RDI
L3677 RDI RD7 RDI LB"'52 RD2 RD66 RDI
L8678 RDI RDS RDI LB _:'53 RD2 RDGS RDI
LBG7Q RDI RDQ RDI LB 54 RD2 RD 76 RDI
LBGSO RDI RDIO RDI LB':'SS RD3 RD4 RDI
LBGSI RDI RDll RDI L3756 RD3 RDS RDI
LBﬁSZ RDI RDIZ RDI LB75 . RD3 RDG RDI
L3683 RDI RDIS RDI LB758 RD3 RD7 RDI
LBSSA RDI RD14 RDI LB759 RD3 RDS RDI
L3685 RDI RDIS RDI L8760 RD3 RDQ RDI
LBSSG RDI RDIG RDI LB"GI RDS RDIO RDI
BesT D1 D17 D1 L _" RD3 RDll RDI
LBGSS R R R ‘B762
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Ly R! R R} Ly R! R R}
Lpses RD3 RO RO Lpsas RO RD10 Rﬁi
Lo R RO RO Lpess RD7 ROU Y
LBLSA R RO RO Lpess Y RO )
LBﬂ’“ R RD1S RO Lpsto RD7 RO )
LBLGG RD? RDI6 RO Lpsa RO RO RO
LBL67 RD? ROV RO Lpes RO RDLS RO
LBLGS R RD1S RO Lpons RD7 RO )
LBLGQ RD? RO RO Lpost RD7 RDV RP!
LBﬂJO RD? RD20 RO Lpsas RO RDIS RO
LBln RD? RD21 RO Lpsae RO RO RO
LBﬂ’D RD? RD? RO Lpers RD7 RD?0 )
LBLB RD? RO RO Lpess RD7 RO )
LBLM RD? RO RO Lpsto RO RD2 RO
LB?S RD? RD2 RO Lpsso RO RD23 RO
LBL76 RD? RD? RO Lpeas RD7 RO )
L;’Z; RD? RD27 RO Lpsss RO RD2 RO
L. RD? RO RO Lpsss RO RD26 RO
LBlm RD? R RO Lpes RO RD27 RO
LBLSO RD? RD0 RO Lpeas RD7 RD? RP!
LBLSI RD? RD3! RO Lpsse RO RD® RO
LBlsz RD? RO® RO Lpsss RO RD% RO
LBLS3 RD? RO RO Lpsss RD7 RO RP!
LBLSA R RO RO Lpons RD7 RD® )
LBLSS RD? RD% RO Lpseo RO RO RO
LBLSS RD? RD40 RO Lyses RO RO RO
LBLS7 RD? RO RO Lpses RO RD¥ )
LBLSS R RD2 RO Lpecs RD7 RD40 )
LBLSQ RD? RDG RO Lpses RO RD4 RO
LBLQO RD3 RDS6 RO Lses N RO RO
LBLQI RD? RDSS RO Lpsce RO RO )
LBLQZ R RD7 RO Loses RD7 RDSS )
LBLEB R RDS RO Lpses N RDSS RO
LBLQA RD4 RD6 RO Lsco RD7 RZ76 RO
LBlgj R RY RO Lpsro RDS RDS RO
LBL% R RDS RO Lpsr,s N RDS RO
L;z; RD4 RD® RO Lpsrs RDS RE® RO
L R4 RO RO Lpers RDS REL RO
LB 709 R RO RO Lpora RDS RO RP!
LBSOO RD4 RO RO Lpsrs RDS R RO
LBSOI R4 ROL3 RO Lpsre RDS REL3 RO
LBSOZ RD4 RDM RO Lpers RDS ROM RO
LBS(B RO RDLS N Lpors RDS RDLS RO
LBSM R4 RDL6 RO Lpsro RDS RDL6 RO
LBSOS RD4 ROV RO Lpsso RDS ROV RO
LBSOG RD4 RD!IS RO Lpes, RDS RD!IS RO
LBSN RO RDI9 N Lpess RDS RDI9 RO
LBSO8 RD4 RD20 RO Lpsss RDS RD20 RO
LBgog RD4 RO2L RO Lpssa RDS RO2L RO
LBS 10 RO RO2 N Lpess RDS N RO
LBS u RO RD23 RO Lpsse RDS RD23 RO
LBS 12 RD4 RO RO Lpsss RDS R4 RO
LBS B RD4 RD25 RO Lpsss RDS RD25 RO
LBS 1 RO RD26 RO Lpess RDS RD26 RO
LBS L RO RD27 RO Losoo RDS RD27 RO
LBS 16 RD4 RD28 RO Lpso RDS RD2S RO
LBS 7 RD4 RD2 RO Lpsos RDS RD2 RO
LBS 18 RO RD30 RO Lpsos RDS RD3 RO
LBS ot RO RD3!1 RO . RDS RD3!1 RO
LBSZO RD4 RD32 RO Lpsos RDS RD32 RO
LBSZI RD4 RO RO Lpsoe RDS RD% RO
LBSZZ R RO RP! Lpsos RDS RO )
LBSZ3 RO RO RO Lpsos RDS RD¥ RO
LBSM RO RDH0 RO Lpsoo RDS RD40 RO
LBS25 R RD4 R2! Lpsoo RDS RO RO
LBS26 RD4 RD42 RD 1 LBQO A RD8 RD42 RDI
LIB82 4 RD4 RD64 RD 1 LBQOZ RD8 RD64 RDI
L8828 RD RDS6 RO Lpoos RDS RDS6 RO
LBSZQ RD4 RD6S RO Lpeos RDS RD6S RO
L3830 RD4 RD76 RO Lpoos RDS RD76 RO
LBS31 R RO RP! L pooe RO RDS )
L3832 RY7 RDS RO Lpoor RO RDS RO
LBS33 RY7 RDS RO Lpoos RO RD® RO
LBSM Y RZS RO Lpooo RO RD10 RP!

583 D7 D9 D1 L RDII RD12 RDI
LB 836 R R R ‘B910
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Ly R! R R} Ly R! R R}

LBQII RDll RDIS RDI LBQS5 RD14 RD2(1) Rﬁi
L RDll RD14 RDI LBQSG RD14 RD2 R

LBQ 12 RDll RDIS RDI LBQS7 RD14 RD22 RDI
LBQI3 RDll RDIS RDI LBQSS RD14 RD23 RDI
LB9 14 RDll RD17 RDI LBQSQ RD14 RD24 RDI
LBQI5 RDll RDIS RDI LBQQO RD14 RD25 RDI
LBQIG RDll RDIQ RDI LBQQI RD14 RD26 RDI
LBQI7 RDll RDZO RDI LBQQ2 RD14 RD27 RDI
LBQIS RDll RD21 RDI LBQQS RD14 RD28 RDI
LBQ 19 RDI 1 RD22 RDI LBQQ4 RD 14 RD29 RDI
LBQ20 RDll RDZS RDI LBQQj RD14 RDSO RDI
LBQ21 RDll RD24 RDI LBQQS RD14 RDBI RDI
L3922 RDI 1 RD25 RDI LBQQ . RD 14 RD32 RDI
L3923 RDll RDZS RDI LBQQS RD14 RD33 RDI
LBQ24 RDI 1 RD27 RDI LBQQQ RD 14 RD34 RDI
Lizjz RDll RD28 RDI LBIOOO RD14 RDSS RDI
L RDI 1 RDZQ RDI LB 1001 RD 14 RD40 RDI
LBQ27 RDll RDSO RDI LBIOOZ RD14 RD41 RDI
LBQ28 RDI 1 RDBI RDI LB 1003 RD 14 RD42 RDI
LBQ29 RDll RDSZ RDI LBIOOA RD14 RD64 RDI
LBQSO RDll RD33 RDI LBIOOE RD14 RD66 RDI
LBQ31 RDI 1 RD34 RDI LB 1006 RD 14 RD68 RDI
LBQ:Q RDll RD35 RDI LBIOO7 RD14 RD76 RDI
LBQ33 RDI 1 RD40 RDI LB 1008 RDZZ RDS RDI
LBQ34 RDI 1 RD41 RDI LB 1009 RDZZ RD6 RDI
LBQSS RDI 1 RD4Z RDI LB L0160 RDZZ RDQ RDI
LBQSS RDll RD64 RDI LBIOll RDZZ RDIO RDI
LBQ37 RDI 1 RD66 RDI LB 101 RDZZ RD 12 RDI
LBQ38 RDll RD68 RDI LBIOIS RDZZ RDIS RDI
LBQSQ RDll RD76 RDI LBIOIA RDZZ RDIG RDI
LBQAO RDI 3 RD5 RDI LB 1015 RDZZ RD 17 RDI
LBQAI RDIS RDG RDI LBIOlé RDZZ RD18 RDI
LBQAZ RDI 3 RDQ RDI LB 017 RDZZ RD 19 RDI
L3943 RDI 3 RDIO RDI LB lo1s RDZZ RDZO RDI
LBQM RD13 RDIZ RDI LBIOIQ RDZZ RDZI RDI
LB945 RDI 3 RD14 RDI LB 1020 RDZZ RDZ3 RDI
LBQAG RDI 3 RDIS RDI LB 1021 RDZZ RDZ4 RDI
L3947 RDI 3 RDIG RDI LB 1022 RDZZ RDZS RDI
Lizjz RDI 3 RDI 7 RDI LB 1023 RDZZ RDZG RDI
L RDI 3 RD18 RDI LB 1024 RDZZ RDZ7 RDI
LBQSO RDI 3 RDIQ RDI LB 1025 RDZZ RDZS RDI
LBQS1 RDI 3 RDZO RDI LB 1026 RDZZ RDZQ RDI
L§Z§§ RDI 3 RDZI RDI LB 1027 RDZZ RDSO RDI
L RDI 3 RDZZ RDI LB 1028 RDZZ RD31 RDI
LBQSA RDI 3 RDZ3 RDI LB 1029 RDZZ RD3Z RDI
LBQS5 RDI 3 RDZ4 RDI LB 1030 RDZZ RD33 RDI
Lng6 RDI 3 RDZS RDI LB 1031 RDZZ RD34 RDI
LBQS7 RDI 3 RDZG RDI LB 1032 RDZZ RD35 RDI
LBQSS RDI 3 RDZ7 RDI LB 1033 RDZZ RD40 RDI
LBQSQ RDI 3 RDZS RDI LB 1034 RDZZ RD41 RDI
LBQGO RDI 3 RDZQ RDI LB 1035 RDZZ RD4Z RDI
LBQG1 RDI 3 RD30 RDI LB 1036 RDZZ RD64 RDI
LBQGZ RDI 3 RD31 RDI LB 1037 RDZZ RDGG RDI
L3963 RDI 3 RD3Z RDI LB 1038 RDZZ RD68 RDI
LBQ64 RDI 3 RD33 RDI LB 1038 RDZZ RD76 RDI
LBQ65 RDI 3 RD34 RDI LB 1040 RDZG RDS RDI
LBQGG RDI 3 RD35 RDI LB L0a1 RDZG RDG RDI
LBQG7 RDI 3 RD40 RDI LB Loa2 RDZG RDQ RDI
LBQG8 RDI 3 RD41 RDI LB 1043 RDZG RD 10 RDI
LBQGQ RDI 3 RD4Z RDI LB L0ad RDZG RD 12 RDI
LBQ 7o RDI 3 RD64 RDI LB 1045 RDZG RD 15 RDI
Liz Z; RDI 3 RDSS RDI LB 1046 RD26 RD 16 RDI
L RDI 3 RDGS RDI LB 047 RD26 RD 17 RDI
LB9 3 RDI 3 RD76 RDI LB L04s RD26 RD 17 RDI
LBQ 74 RD14 RDS RDI LB 1049 RD26 RD 18 RDI
LBQ 7 RD14 RDG RDI LB 1056 RD26 RD20 RDI
LBQ 7 RD14 RD9 RDI LB 1051 RDZG RDZI RDI
Liz Z; RD14 RDIO RDI LB 1052 RDZG RDZ3 RDI
L RD14 RDIZ RDI LBIOSS RDZG RDZ4 RDI
LBQ 7 RD14 RDIS RDI LB 1054 RDZS RDZS RDI
Lizz(l) RD14 RDIG RDI LBIOSS RD26 RD27 RDI
L RD14 RD17 RDI LBIOSé RD26 RD28 RDI
LBQS2 RD14 RDIS RDI L81057 RD26 RD29 RDI
Lizzz RD14 RDIQ RDI LBIOSS RD26 RDSO RDI
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Ly R! R R} Ly R! R R}
LBIO59 RD26 RDSI RDI LBII}} RD41 RDIO RDI
LB 1060 RD26 RD32 RDI LB] 134 RD41 RD 12 RDI
LB]OGI RD26 RD33 RDI LB]135 RD41 RDIS RDI
LB 106 RD26 RD34 RDI LB] 136 RD41 RD 16 RDI
LB 1063 RD26 RDSS RDI LBI 137 RD41 RD 17 RDI
LB 1064 RD26 RD40 RDI LB] 138 RD41 RD 18 RDI
LB 1065 RD26 RD41 RDI LB] 139 RD41 RD 19 RDI
LB 1066 RDZS RD42 RDI LB] 140 RD41 RDZO RDI
LB 1067 RD26 RD64 RDI LBI 141 RD41 RD21 RDI
LB 1068 RD26 RDSS RDI LB] o RD41 RD23 RDI
LB 1060 RDZS RD68 RDI LB] 143 RD41 RD24 RDI
LB 1070 RDZS RD76 RDI LB] 144 RD41 RDZS RDI
LB 1071 RDSS RDS RDI LBI 145 RD41 RD27 RDI
panor A N Rﬁi Lanc o . A
Liiz;z RDSS RDIO §Dl £31147 §D4l %DSO ﬁii
LBIO75 RD35 RDIZ RDI Liiijz RD41 RD31 RDI
patoe e A e Lane b b ,
Liiz;; RD35 RD17 %Dl EBHSI §D4l §D34 ﬁii
LB 1079 RD35 RDIS RDI Lii izj RD41 RD42 RDI
Latoso N e Rﬁi Lanis o N RDI
Li i zz; RD35 RDZI %Dl EBI 123 §D4l %DSS ﬁii
‘B
Larcss R R et Lonisr RO RO R
EB 1084 §D35 §D25 RDI LBI 158 Riz Riz RDI
Lo v N . Lauis o N 8
‘B116C
Loros R R et Lo et Roo R
EB 1088 §D35 §D30 RDI LBI 162 Riz Ri ii RDI
Liizzz RD35 RD31 %Dl EBHSS §D64 %DIG ﬁii
‘Bl11
Lo R23: o 2! Cones R RV R
EB 1092 §D35 §D34 RDI LBI 166 Riz Ri iz RDI
Li i zzz RD35 RD40 ng EBI 167 §D64 %DZO ﬁii
‘B1168
Jatos N . e [ o e e
pon R N r Lane R N N
LB 1008 RD35 RDGG RDI Lﬁi i Z; RD64 RDZ5 RDI
[0 e N e pau o N e
poe Aoio Ao hon pe Ao Ao Ao
LBI 102 RD40 RDG RDI Lﬁi i ZZ RD64 RD30 RDI
[anon o Ao e panm o . e
Lﬁi 122 RD40 RDIZ EDI EB“78 §D64 ED;? ﬁii
‘Bl11
Lorios R RS et Lonec Roet R R2!
531107 §D40 §D17 RDI LBHSI Rzz Rizézl RDI
Lﬁi 122 RD40 RD18 EDI EBI 182 §D64 EDGG ﬁii
‘Bl11
Lomig R RO et Loned Roet RS R2!
EB““ §D40 EDZI RDI LBIISﬁ Rzz‘ﬁl Rizs RDI
Liiiij RD40 RDZ3 EDI EBHSé EDGG EDG ﬁii
‘B1187
Lo Ro% Ro2s 2! Lo R R2? R
iBlllj §D40 §D27 RDI LBHSQ Rzzz Riio RDI
Liiii: RD40 RDZS EDI EBHQO EDGG EDli Eﬁi
‘Bl11
Lo R0 R R Lons R R R
LBIIIQ RDAO RD31 RDI L31193 RDGG RD17 RDI
LBI 120 RDAO RD32 RDI LBI 194 RD66 RD 18 RDI
LBI 121 RD40 RD33 RDI LBIIQS RDGS RDIQ RDI
La1i2 RO RO R La11o6 RP% RP20 R2!
LBI 123 RD40 RD41 Rzi LBIIQ7 RDGG RD21 RDI
LBI 124 RD40 RD42 RDI LBI 198 RDGG RD23 RDI
LBI 125 RD40 RD64 RD LBI 199 RD66 RD24 RDI
LBI 126 RD40 RDGG RDi LB 1200 RDGG RDZj RDI
LBI 127 RD40 RD68 RDI LB 1201 RDGG RDZ7 RDI
LBI 128 RDAO RD75 RDI LB 1202 RD66 RDZS RDI
LBI 129 RD41 RDS RDI LB 1203 RDGS RD29 RDI
LBI 130 RD41 RDG RDI LB 1204 RD66 RD30 RDI
Lpiisi R R R Lp1o0s RP6S RP3 R7!
LB] 13 R R RDI LB 1206 RDGG RD32 RDI
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Ly R! R? R?

LB 1207 RDGG RD33 RDI
LB 1208 RDSS RD34 RDI
LB 1200 RD66 RD42 RDI
LB 1210 RD66 RDSS RDI
LBI211 RDSS RD76 RDI
LB 212 RDSS RDS RDI
LB 213 RDSS RDS RDI
LB 214 RD68 RDQ RDI
LBI215 RDSS RDIO RDI
LBI216 RDSS RD12 RDI
LBI217 RD68 RDIS RDI
LBI218 RD68 RDIS RDI
LBI219 RDSS RD17 RDI
LBI220 RD68 RDIS RDI
L31221 RD68 RDIQ RDI
LB 1992 RDSS RD20 RDI
LB 1223 RD68 RDZI RDI
LB 1224 RD68 RD23 RDI
LB 1295 RD68 RD24 RDI
LB 1226 RD68 RDZS RDI
LB 1237 RD68 RD27 RDI
LB 1298 RD68 RDZS RDI
LB 1229 RD68 RDZQ RDI
LB 1230 RD68 RDSO RDI
LBI231 RD68 RDBI RDI
LB . RD68 RDSZ RDI
LB 1233 RD68 RD33 RDI
LB 1234 RD68 RD34 RDI
LB 1235 RD68 RD4Z RDI
LB 1236 RD68 RD76 RDI
L31237 RD76 RD5 RDI
LBIZSS RD76 RDG RDI
L31239 RD76 RDQ RDI
LBIZ40 RD76 RDIO RDI
LBIZ41 RD76 RDIZ RDI
LBIZ4Z RD76 RDIS RDI
L31243 RD76 RDIG RDI
LBIZAA RD76 RD17 RDI
L31245 RD76 RD18 RDI
LBIZ46 RD76 RDIQ RDI
LB 1247 RD76 RDZO RDI
LB 1248 RD76 RD21 RDI
LB 1249 RD76 RD23 RDI
LB 1250 RD76 RD24 RDI
LBI251 RD76 RD25 RDI
LB 1252 RD76 RD27 RDI
L31253 RD76 RDZS RDI
LB 1254 RD76 RDZQ RDI
LBIZSS RD76 RDSO RDI
LBI256 RD76 RD31 RDI
LB 1257 RD76 RD32 RDI
LBI258 RD76 RD33 RDI
LB 1250 RD76 RD34 RDI
LB 1260 RD76 RD42 RDI

wherein R”! to RP® has the following structures:

,.CH;,

RDI

RDZ

RD3

RD4

150

-continued

N
v
.
Ny

>

Ly
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T
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N

.

.

L4

.
N
.

O

Iy

Ly
1y
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\
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RDS

RD7

RDS

RDJO

RO

RP12

RDIS

RD14

RDIS

RDJG

RL17

RDIS
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RDJQ RD32

Jo

,
RO
) P
RD3
> - )
- RD¥
R¥- .
RDZ RD36
Ly ‘s
l"
RDM
RDY
-
K
RD2
LREEEE RD3S
RD26 ? f
O Lo
,
RPY RD%
\/\/\ o
RO -
.
/\/\{x' >
RD4
- \Q
.
e >
\/j RD4
»
D30
R b
)\/\ -
‘ RD2
ez
f"
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.
.
.

‘Aj /

.
’
. .
’ S
.
] ‘

& &R

& ©

RD43

RD44

RD45

RD46

RD47

RD48

RD49

RDSO

RDS 1

RDO2
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D
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D
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J<”
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D
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D
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RDS3

RD54

RDSS

RDSG

RD57

RD38

RDSQ

RD6O

RDGI

RDGZ
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RD63

RD64

RD65

RD66

RD67

RD68

P

RD70

RD7 1

RD72

RD73

RD74

RD75

RD76

RD77
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F5C

CF;s,

CF,
éi CF3 ,

FsC
Q, and
CFy
CFs
i “CF,
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RD78

RD79

RD8O

RDSI

13. The compound of claim 10, wherein the compound is
selected from the group consisting of Compound 1 through
Compound 8,512,560; wherein each Compound x has the

formula Ir(L 4), (L)

wherein x=6756j+k-6756, k is an integer from 1 to 6756,
and j is an integer from 1 to 1260; and wherein Lz,

through L, , are defined as follows:

Ly, through Lz, .4, are based on a structure of Formula

XXVII,
Rl
0=
. / R37
~\O
RZ

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

Ligand R! R? R?
Ly RO1 RO H
Ly RD2 RP2 H
Lps RD? RD? H
Ly RD* RD* H
Lys RDS RS H
Lpe RDS RDS H
Lys RD7 RD7 H
Ly RPS® RD® H
Lpo RD? RD? H
Lero RDL© RO H
Lo RO RO H
Lo RD12 RD12 H
Lo RD!3 RO H
Lo RO RO H
Lo RD1S RD1S H
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-continued _ _ _
3 Ligand 8 -
i R! R R = = H
Ligand — - -
RDIG RDIG H LBQI RD2 RDIO :
Lzies ROV RDYV o Lon §D2 o ;
L317 RDIS RDIS H LBQ} RD2 RD12 :
Lzis RD19 R2L H Loss k- o ;
Lzio RD20 RD20 o Low v o ;
Lgso RO21 R22! H Lo - v ;
LBZ 1 RD22 RD22 H LBW RD2 RD : :
Lg»n RD?3 RP2 H Low k- o ;
Lpas RO RO H Lo - o i
Lpoa RD25 RD2 H Low. - v ;
L325 RDzs RDZS H LBIOI RD2 RD20 :
LBZG RD27 RD27 H LBIO2 RDZ RDZI :
Lgs7 RD28 RD28 H Low: - ko i
Lpss RD29 RP® H Lo - = ;
LBZQ RD30 RD30 H LB o RDZ RDZA :
Lgag RO RZ3L H Lows k- o H
Lga; RD32 RD32 H Lans k> = i
Lgx RD33 RD33 H Lo v 2 ;
LBJS RD34 RD34 H LBIOQ RDZ RDZS :
Lpaa RD35 RD3S H Lows k> ko i
Lgss RD40 RDH40 H Laus v = ;
Lgses RD4 RD4 H Lo - e ;
L337 RDAZ RD4Z H LBI 2 RDZ RD32 :
LBJS RD54 RD54 H LBI ) RDZ RD33 :
Lgao RD66 RDS66 H Lons v e ;
LBAO RDGS RD68 H LBI ; RDZ RD35 :
LBAI RD75 RD76 H LBI i RDZ RD40 :
Lz RO! R22 H Lo i = i
Lpas RO! RD3 H Lans - i ;
Lpaa RO RD# o Lovs g e ;
Lpss RO! RDS H Lo - i ;
Lpas RO! RDS H Lo i 2 ;
Lpa7 RO RD7 H Lo - = ;
Lpus RO! RDS H Lovs - - ;
Lpao RO! R H Loy v v ;
Lgso RO RD10 H Las 2 i H
Lgs1 RO RO H Lo - - ;
Lgsy RO! RO H Lo b v ;
Lgss RO RD13 H Lons - - ;
Lpsa RO RDM H Las i o ;
Lgss RO RD1S H Lo - o ;
Lpse RO! RD16 H Lo \ v :
Lpsy RO RV H Lo i = ;
Lpss RO RD18 H Lais i i ;
Lgso RO RD1® H Lo v - ;
Lpeo RO! RD20 H Lans \ v :
Lge1 RO RP21 H Laise i = ;
Lger RO RD22 H Lo v = ;
Lpes RO! RD23 H Lans s = ;
Lpea RO RO H Lo v o ;
Lges RO RD25 H Laus i o ;
Laes RO RD26 H Lo - o ;
Lpe7 RO! RD?7 H Lo v e :
Lpes RO RD28 H Lo RD3 o ;
Laeo RO RD2 H Lous i = ;
Lg7o RO RD3 H Lons - = ;
Lpn RO RD3! H Lons o = ;
Lg7 RO RO H Lovs - o ;
Lg7s RO RD33 H Lows . 2 ;
L4 RO RD3# H Laus RD3 = ;
Lgs RO RD3 H Lai RD3 o ;
Lgie RO! R2H40 H Lo RD3 o ;
L7 RO! R H Lo Rm = ;
Lgss RE! RD® H Lot Rm o ;
LB79 RDI RD54 H LBISS RD3 RD35 ;
Laso RO RDS6 H Loss RD3 = ;
Lps1 RO! RDSE H Lase RD3 2 ;
LBSZ RDI R076 H LBISS RD3 RDAZ i
L383 RDZ RDI H LBISQ RD3 RDM ;
Lpsa NS RD3 H Lavs RD3 = ;
Lgss RD2 R4 H Lot RD3 2 ;
Lase RE2 RDS it Lot Rm - ;
LBS7 RD2 RDG H L8163 R
LBSS D2 RD7 H
R
Laso
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-continued 3
2

i ! R2 R? Ligand R! R R
— - RP7 RDS8 H
Lpies R RP H EBQSS RD? RDS =
R4 RDS H . R R B
Lpiss o _D7 I - o - u
Laiss RD4 ~oe " g RDS v 5
Lpis7 RD4 . n p RDS w A
Lpies RD4 Roto H [ RDS o 7
Laiso RD4 Rout . s RD8 w i
Lzi7o RD4 ~oi2 n p RDS v A
Lpin RD4 R H g RDS e "
Laim2 RD4 Rt H e RD8 o i
Lai7 RD4 Rois . [ RD8 s "
Lpia RD4 R H s RDS o "
Lp17s RD4 Rotr H [ RD8 o i
Lp17s RD4 Rois H e RD8 o i
Lpi77 RD4 Rpis " [ RDS e i
Lpi7s RD4 R0 H [ RD8 e i
La17o RD4 oo H [ RD8 e i
Laiso RD4 o H [ RD8 o i
Lpist RD4 ~pas e [ RDS e "
Lpigr RD4 Ro H e RD8 e i
Lpisgs RD4 Noas H [ RD8 e i
Lgiga RD4 ~oos e s RD8 e "
Lpigs RD4 Rozr H [ RDS e i
Lpigs RD4 Noas H L RDS e i
Lpig7 RD4 N H L RD8 e i
Lpiss RD4 ~oo0 H e RD8 e "
Laisgo RD4 ~osi H [ RDS e i
Lg1oo RD4 rom H [ RD8 e i
Lzio1 RD4 o H e RD8 e i
Laigo RD4 oo : e RD8 e :
Lg1os RD4 ~o3s H [ RD8 s i
Lgioa RD4 o H [ RD8 o :
Lz1os RD4 o n [ RD8 e i
Lzigs RD4 b . [ RD8 e "
Lgio7 RD4 Mo H o RD8 e :
Lgiog RD4 N s n [ RD8 o 7
Lz19o RD4 o " o RD8 e i
L2300 RD4 o6 . [ RD“ e :
Lgsor RD4 o n [ RD“ e 7
Lgsoz RD7 o " [ RD“ e "
Lgoos RD7 ~oe " L RD“ e i
e RD7 R u baro RDu RD12 H
Lgsos RD7 oo " [ RD“ o "
Lgsos RD7 o1 " [ RD“ o "
Lgsor RD7 o " Lo RD“ o i
Lg0s RD7 row H [ RD“ e "
Lgaoo RD7 ~on " - RD“ o "
Lgsio RD7 ~ois " Lo RD“ e i
Lo RD7 Rots H [ RD“ e "
Lgoo RD7 Nois " s RD“ e "
Lgois RD7 ~or7 " [ RD“ e "
Lpoia RD7 o " Lo RD“ e i
Lgais RD7 Ros H [ RD“ o "
Lgois RD7 om0 " [ RD“ o "
Lga17 RD7 oo " [ RD“ e "
Lpaig RD7 ~on " o RD“ e i
Lgsio RD7 ro H [ RD“ o "
Lgao RD7 Noaa " [ RD“ e "
Lga) RD7 o " . RD“ e "
o Em R 1 bz RDu RD30 o
o R A = Fazss RDu RD3L H
o R A i Lazso RDu RDR2 H
e R A u Fzso0 RDll RD33 H
o R R H Lot RDll RD34 H
o & R H Laso2 RDll RD3S H
L e R " basos EDII RZH40 H
o R A n Fas04 RPU RD4 H
Lo x A n Fas0s RPU RD2 H
Lpaa D7 - H L o e "
s R R i Laao7 RDu RDS66 H
o R A H Lasos RDu RDS8 H
o R R u E2soo RDll RD76 H
Lp3s o RDS - o RDB w !

Fae RD7 RDS6 H Lt R

Lpaa7 R



US 2019/0237683 Al

156

Aug. 1,2019

-continued
-continued 3
2

! R2 R? Ligand R! R R
— - RP2 RD!S H
L A u Fasso RP2 RDY H
L s o 1 Lass? D22 RD20 H
Lpais RD13 Roio . [ RD22 e "
Lpaa RD13 Noiz " - RD22 v 5
Lpais RD13 Apis n - RD22 s A
Lpas RD13 Rois H e RD22 e 7
Lpayy RD13 Rois . [ RDZZ s i
Lpais RD13 pi7 n - RD22 o A
Lpato RD13 Ros H [ RD22 e "
Lpao RD13 R H [ RDZZ e i
Lpsoy RD13 Roo0 . [ RDZZ e "
Lpin RD13 R0 H e RD22 e "
Lpis RD13 R H [ RDZZ e i
Lpag RD13 R H s RDZZ e i
Lpaos RD13 o " [ RD22 e i
Lpis RD13 R oos H e RDZZ e i
Lpay RD13 e H o RDZZ e i
Lpag RD13 e H [ RDZZ o i
Lpazg RD13 s e s RDZZ e "
Lpazo RD13 R H o RDZZ e i
Lpaa RD13 ~oo H s RDZZ e i
Lgaz RD13 oot e e RDZZ e "
Lpaaz RD13 Ron H i RDZZ R i
Lpazg RD13 Nom H s RDZS & i
Lpaas RD13 o H [ RDZG - i
Lpazs RD13 s H e RDZG % "
Lpaay RD13 - H o RDZS & i
Lpasg RD13 o H [ RDZG o i
Lpazo RD13 o H [ RDZG o i
Laaao RD13 ~pos : [ RDZG e :
Lgaa RD13 D H [ RDZG e i
Lga RD13 s H [ RDZG o :
Lgaas RD13 e n [ RDZG o i
o §D14 R i Laato %Dzs RD20 o
Lo " R u ka0 RD26 RD21 H
Lpaas RD14 oo n [ o e 7
Lpaa7 RD14 o1 " [ RDZG e i
Lpass RD14 o2 . [ RDZG e :
Lgaao RD14 Rois n [ RDZG xe 7
Lgaso RD14 N " [ RDZG e "
Lgasi RD14 o1 " o RDZG o i
Lgiss RD14 Rots H [ RDZG e "
Lpass RD14 ~oi " [ RDZG e "
Lpasa RD14 om0 " [ RDZG e "
Lgass RD14 oo " [ RDZG e i
Lgise RD14 oz H e RDZG e "
Lgasy RD14 ~om " [ RDZG e "
Lpasg RD14 oot " [ RDZG e i
Lpaso RD14 Rozs H s RDZG e "
Lgaeo RD14 Mo " o RDZG e "
Lgae RD14 oo " [ RDZG o "
Lpie RD14 o " e RDZG e i
Lpiss RD14 Roas H [ RDZG e "
Easen RD14 RD30 H Laiso RDZG R R
Lpaes RD14 ot " [ RD35 e "
Lpaes RD14 ~os " e RD35 e i
Lpsy RD14 rom H o RD35 e "
Lpaes RD14 o " o RD35 w "
Faes EDM RD3 H Ly §D35 R .
o A e 1 baus RD RD1S o
Faan RD14 RD4 o Losie R R :
o R R i Lo RD3S RPY H
o A A u Laus RD3S RD18 H
Faane RD14 RDS6 H Lato R R ;
Lpazs RO RDS8 H Lpiso R R B
e R A " bads1 RD%S RD2L H
o N x> n Loz RP3S RD23 H
i N > n Fauss RP3S RD24 H
o L x> 1 baise RD RD2 I
o R R i Lasss RD3S RD?7 H
Lpagi RD22 RD12 H Lpuse R R B
Fae RD22 RDIS H Lpiss o R I
Fasss RD22 RD16 H Lpiss RD35 R ;

Fassa D22 RPY7 H Lpuso R

Lgags R



US 2019/0237683 Al

157

Aug. 1,2019

-continued
-continued
2 3
i ! R2 R? Ligand R! R R
Ligand R — — -
L RD33 RD3! H Lass R RO H
2460 RD33 RD3 I Lasss R R R
Lol RD3S RO H Lpese R RS I
Faie RD3S RO H Lpess R R I
foue RD33 RDH0 I Lpsss R R R
Faet RD33 RP4 I Lasso R R R
Eaics RD3S RO H Lpsto R R I
Lpass RO RDS - Lo we e m
Lot RD33 RD66 I Lasio R R R
Daues RD33 RDS8 I Lposs R R R
Faieo RD% RD76 " Lposs R RS I
Lpazo RD40 RDS - [ e w n
Lpa71 RDH0 RDS - L2 e e n
Lparn RDH0 P = Lo e w u
Faazs RD40 R0 H Lposs R R I
Faans RD40 RD12 I Lasio R R R
Faars RD40 RD1S o Lasso R R B
Laazs RD40 RD16 o Lows R R B
Lz RD4O RPY " Laser R R I
Faurs RD40 RD18 o Lpsos R R B
bz RD40 RDY o Lpsss R R B
Fauso D40 RD2 " Tpsss oot R I
Lpasi RD40 R H [ RD66 - i
Lpagr RD40 Noom H e RD66 e i
Faus3 ﬁmo RD o Lysss %DGG R :
Faisa RD4O RD2S H Lasso R R I
Lauss RD4O RP27 i Lasco R R I
Fauss RD40 RD2 o Lpsg, R R B
Laust RDH0 RD® o Laser R R :
Fauss RD4O RD® i Laoes R R I
Lauso RD4O RPH i Lases R RS I
Fzus0 RDH0 RO o Lpscs RO RY I
Laiol RP40 RD33 H Lasse R R B
Faasn RD4O RDM i Laser R R I
Lauos RD4O RO H Lases RO R l
Faiod RP40 RD®2 H Lysco R R R
Lo R R n Lzs70 RDS6 RD27 H
Faase RD4O RD66 H Laury RO R .
Laior RP40 RDS8 H Lpers R R R
Fauss RP40 RD76 H Lpsrs R R R
e R R n Las7a RD66 RD3! H
Lo o R n bass RDS6 RD32 H
o N o n Les76 RDS6 RD33 H
Fasor R4 RPI0 H Lpsrs R R R
Fasos R4 RP12 H Lyos R R B
Fasoa RD4L RO H Lasro R R H
Fasos R4 RPI6 H Lysso R RO R
Fasos R4 RPV7 H Lowst oos R B
Fasor DAl RD18 H Lasr RD68 R H
Lasos RD41 o1 " [ RDGS e "
Fasos EDAI RD20 H Lpssa EDGS R R
Fasio R4 RP21 H Lysss R R B
Fasiy RD4L RD23 H Lasse R RO H
Fasiz RD4L RO H Lasss R RS H
Fasis R4 RD?S H Lpsss R RO R
Fasia R4 RD?7 H Lsso R R B
Fasis RD4L RD28 H Lssso R RS H
Lasis RD4L RD® H Losar R RY H
iBj v R4 RD30 H II:B592 R R R
LBj 18 R4 RD31 H pios R R i
a1 ROM RO i Lasos R R :
iBszo RO RD33 I Lpsos RS R ;
Lwl RP4L RD3 H Lasoc R R ;
pa22 ROM RO® H Lasor R X :
58523 RD41 RD64 - LB598 RDGS RD29 H
L8524 RD4 1 RDGG H Lng o RDGS RD30 H
LB525 RP4H RDSS H Lacoo R . ;
Lszﬁ R4 RDT6 H II:BGOI R R :
LBEN R R 1 LBﬁoz RDSS RD3 i
LBSZS R R i 2603 RDS8 RD3 H
LBQQ R > H EMOA RDS8 RD® H
LBiS(: RD64 RD10 H LBéOS R R ;
Lz;; RD64 RD12 H LBGOG R R B
i D64 RDIS H o
LBS 33 R



US 2019/0237683 Al

158

Aug. 1,2019

-continued -continued

. 1 2 3 L- d Rl R2 RS

Ligand R R R igan
D6 D1 RD 11 RDI

LBGOS RD76 R H L3682 RDI D12 RDI
L RP76 R™ H Lpess R’ R

60O D1 D13 D1
L RP76 RO H Lpesa R R R

Be10 D1 D14 D1
L RP76 RPV2 H Lpess R’ R R

Boll D1 D15 RDI
L RP76 RP H Laess R’ R

B612 D1 D16 RD 1
L RP76 RP16 H Lpes7 R R

BeL3 D1 D17 D1
L RP76 RPY H Lpess R R R

Bol4 D1 D18 D1
L RP76 RP!S H Lzeso R R R

B615 D1 D19 RD 1
LBSIS RD76 RDIQ H LB690 R R
L RD76 RD20 H LBGQI RDI RD20 RDI
LBG 7 RD76 RDZI H LBGQ2 RDI RDZI RDI

Be1s D1 D22 D1
L RP76 RPZ H Lzeos R R R

B619 D1 D23 RDI
L RP76 R4 H Lzeos R R

5620 D1 D24 RDI
L RP76 RP% H Lpcos R R

Be2l D1 D25 D1
L RP76 RE?7 H Laeos R R R

5622 D1 D26 RDI
L RP76 RE?8 H L3607 R R

5623 D1 D27 RDI
L RP76 R H Lzeos R R

B624 D1 D28 RDI
L RP76 RP30 H Laeoo R R

BE25 D1 D29 D1
L RP76 RP3! H La00 R R R
LBQS RD76 RD32 H LB701 RDI RD30 RDI
L3627 RD76 RD33 H L3702 RDI RDSI RDI
LBﬁZS RD76 RD34 H LB 703 RDI RD32 RDI
LBQQ RD76 RD4Z H LB 04 RDI RD33 RDI

B630 ) D1 D34 D1
L RP! RP! RP! 3705 R R R
L3631 RDZ RDZ RDI LB 106 RDI RD35 RDI
LBS32 RD3 RD3 RDI LB ;07 RDI RD40 RDI

BE33 D4 RD4 RDI L _' RDI RD41 RDI
L3634 R ‘B708 h1 1o b1
L R™ RP® RP! 700 R R R
L3635 RDG RDG RDI LB’IO RDI RD64 RDI
LBSSS RD7 RD7 RDI LB"'I L RDI RDGG RDI
L3637 RDS RDS RDI LB"'IZ RDI RDGS RDI
L3638 RDQ RDQ RDI LB"'IS RDI RD76 RDI
L3639 RDIO RDIO RDI LB7'14 RDZ RDI RDI
L3640 RDll RDll RDI LB"IS RDZ RD3 RDI
LB641 RDIZ RDIZ RDI LB7'16 RDZ RD4 RDI
L3642 RD13 RD13 RDI LB7'1 . RDZ RDS RDI
L3643 RD14 RD14 RDI LB7'18 RDZ RDG RDI
LBﬁM RDIS RDIS RDI LB"IQ RDZ RD7 RDI
L3645 RDI 6 RDIG RDI LB 0 RDZ RDS RDI
L3646 RDI 7 RD17 RDI B 1 RDZ RDQ RDI
L3647 RDI 8 RD18 RDI LB7'22 RDZ RD 10 RDI
L3648 RDIQ RDIQ RDI LB"Z3 RDZ RDll RDI
LB&49 RDZO RDZO RDI LB 4 RDZ RD 12 RDI
LB&SO RDZI RDZI RDI 55 RDZ RD13 RDI
LBﬁjl RDZZ RDZZ RDI LB 6 RDZ RD 14 RDI
LB&SZ RDZ3 RDZ3 RDI LB 7 RDZ RD 15 RDI
L3653 RDZ4 RDZ4 RDI LB . RDZ RD 16 RDI
L3654 RDZS RDZS RDI 379 RDZ RD 17 RDI
L3655 RDZG RDZG RDI 3730 RDZ RDIS RDI
LB656 RDZ 7 RDZ7 RDI LB 51 RDZ RD 19 RDI
L3657 RDZS RDZS RDI LB 2 RDZ RDZO RDI
L3658 RDZQ RDZQ RDI 3733 RDZ RDZI RDI
LBﬁjg RD30 RD30 RDI B"'34 RDZ RDZZ RDI
LB&GO RD31 RD31 RDI LB _"35 RDZ RDZ3 RDI
L3661 RD3Z RD3Z RDI LB 76 RDZ RDZ4 RDI
LB&GZ RD33 RD33 RDI 3737 RDZ RDZS RDI
L3663 RD34 RD34 RDI B"'38 RDZ RDZG RDI
L3664 RD35 RD35 RDI LB 79 RDZ RDZ7 RDI
L3665 RD40 RD40 RDI LB 10 RDZ RDZS RDI
L3666 RD41 RD41 RDI a1 RDZ RDZQ RDI
L3667 RD4Z RD4Z RDI LB . RDZ RD30 RDI
L3668 RD64 RD64 RDI LB 3 RD2 RDSI RDI
LBGGQ RDSS RDGS RDI LB a4 RD2 RD32 RDI
L3670 RD68 RD68 RDI LB a5 RD2 RD33 RDI
L8671 RD76 RD76 RDI LB"46 RD2 RD34 RDI

Be72 ' D2 D35 D1
L RP! R™? RP! Lpra7 R’ R R
LBG73 RDI RD3 RDI LB g RDZ RD40 RDI
LB674 RDI RD4 RDI LB 19 RDZ RD41 RDI
L3675 RDI RDS RDI LB 50 RDZ RD4Z RDI
L3676 RO! RDS RD! LB”SI RP2 RS el
LBS77 RDI RD7 RDI LB’52 RD2 RDGS RDI
L3678 RDI RDS RDI LB 53 RD2 RD68 RDI
LBé79 RDI RDQ RDI LB _"54 RD2 RD 76 RDI

5680 D1 D10 D1 L ' RDS RD4 RDI
LBGSI R R R ‘B755



US 2019/0237683 Al

159

Aug. 1,2019

-continued
-continued 3
2
! R2 R? Ligand R! R R
— - D4 RDS8 RDL
o R X Fasso §D4 RD76 REL
Lprse RD3 208 s e 2 v o
Lpssy RD3 Ao o o RD7 v o
Lp7ss RD3 ~oe o [ RD7 w0 w
Lp7so RD3 . o ps RD7 e i
Fae0 RDs R0 RD! Lpsss RD7 o R
Lazel %DS RO RP! Lpssc §D7 R R
Fare RD3 RD12 RPL Lpsss Ry R R
Faies D3 RD13 RD! Lpsss o7 R R
Farst RDS RDM RD! Lpsso RD7 R R
Faes %DS RD15 RPL Lpsso §D7 RO R
Dares RD3 RD16 RPL Lt Ry R %
Larst D3 RPY7 RD! Lpsio o7 R R
Faes RDs RD!8 RD! Lpsss RD7 R R
Fateo RDs RDY RPL Lpsas RD7 R R
Fa7mo RDS RD20 RD! Lpsas RD7 R R
Famni RDs RP2L RD! Lpsas RD7 R R
Farn RDs RDP2 RD! Lpsas RD7 R R
La7rs %DS RD23 RPL Lpsas §D7 R R
Fa7n R>3 RD24 RD! Lpsao R R R
Farrs R>3 RDZS RD! Lasso R R R
Fa7ie RD3 RD26 RPL Lpsst R R R
Lary RD3 RD?7 RP1 Lsso R R R
Farrs R>3 RDZ8 RD! Lpess R R &
La7ro R RDP® RD! Lpssa R R R
Fa7s0 RD3 RD30 RP1 Lpsss R R R
Lassi RD3 RD3L RPL Lagse R R R
Fars2 D3 RD32 RD! Lasss o7 R R
Lass RDs RD33 RD! Lpsss RD7 R R
Fazsa §D3 RD3 RPL Lasso §D7 R R
Latss RD3 RD3 RPL Laseo R R R
Lass R>3 ez RD! Lass1 R RS R
Larsr RD3 RDH RP! Laser R R R
Fass RD3 RD% RPL Lases R R R
e R R R Lasos RP7 RD2 RP!
Fa70 D3 RD66 RP! Lpsss o7 RO R
Farol §D3 RDS8 RP! Lases §D7 R R
Fa1o0 RD3 RD76 RPL Laser R R R
e N R o Lascs RP7 RD76 RP!
Far04 D4 RDS RP! Lpsso o7 R R
Lg7os RD4 e N e RD8 e i
Lzos RD4 ros rot - RD8 e o
Lo §D4 o o Lasr2 EDS RD10 RP!
Faos RP* RD10 RP! Lpsrs R, R R
Fa100 RP* RO RP! Lpsra R R R
Fasoo RD4 RD12 RD! Lps7s R R R
Fasol RP* RD13 RP! Lasrs R, RO R
Fasor RP* ROM RP! Lpgre R R R
Fasos RD4 RO RD! Lpsvs R R R
Eason RD4 RDL6 RO! Lpsvo R R R
Fasos RP* RV RP! Lasso R, R R
Fasos RP* RD18 RP! Lpss1 R R R
Easor RD4 RO RDL Lpseo R R R
Easos RD4 RD20 RO! Lpses R R R
Fasos RP* RP21 RP! Lpsss R, R R
Fasio RD4 RD22 RP! Lpsss R R R
Easiy RD4 RD23 RDL Lysse R R R
Fasi2 RD4 RD24 RO! Lyssr R R R
Fasis RD4 RD25 RP! Lpsss R R R
Fasia RD4 RD26 RP! Lpsso x R o
Fasts R RD?7 RPL Lasso R R &
Lasis R RD28 RO Lasor R A r
Lps17 R RD20 RO Lpgos R R e
Fasis R4 RD30 RP1 Lpsos R R x>
Lasio R4 RP31 RP! Lzsos N R R
Las2o R4 RP32 RP! L8895 R R R
b RD4 RD33 ROL Lasos R R R
Lz RD4 RD3# RP! Lpsor R R R
Faszs RP?* RD3 RP! Lsos R R v
o R R R Lasoo RDS RDM REL
EBS25 R4 R RDL II:BQOO R R R
LBS26 e R Rl;i LBQO1 RPS RO RP!
o R R X 8302 RDS REDS6 REL
Fasas D4 RDS6 RD! Lpsos
Lzgo R



US 2019/0237683 Al

160

Aug. 1,2019

-continued
-continued 3
2
! R2 R? Ligand R! R R

ngand - D14 RDIO RDI

RD8 RDGS RDI LBQ78 §D 14 RD 12 RDI
LBQM o RD76 RDI LBQ79 D14 RDIS RDI
LBQOS RD“ RD5 RDI LBQSO l{Dl4 RDIS RDI
LBQOG RD“ RD6 RDI LBQSI l{Dl4 RD17 RDI
LBQO7 RD“ RDQ RDI LBQS2 1{Dl4 RDIS RDI
LBQOS RD“ RDIO RDI LBQS} 1{Dl4 RDIQ RDI
LBQOQ RD“ RD12 RDI LBQSA l{Dl4 RDZO RDI
LBQIO RD“ RD13 RDI LBQS5 1{Dl4 RD21 RDI
LBQ“ RD“ RD14 RDI LBQSS 1{Dl4 RD22 RDI
LBQ . RD“ RDIS RDI LBQS7 1{Dl4 RDZB RDI
LBQIS RD“ RD16 RDI LBQSS 1{Dl4 RD24 RDI
LBQ . RD“ RD17 RDI LBQSQ 1{Dl4 RD25 RDI
LBQIS RD“ RDIS RDI LBQQO 1{Dl4 RDZS RDI
LBQIS RD“ RDIQ RDI LBQQI RD14 RD27 RDI
LBQI7 RD“ RDZO RDI LBQQ2 1{Dl4 RD28 RDI
LBQIS RD“ RD21 RDI LBQQS 1{Dl4 RDZQ RDI
LBQIQ RD“ RDZZ RDI LBQQA RD14 RD30 RDI
LBQzO RD“ RD23 RDI LBQQS RD14 RD31 RDI
LBgzl RDI 1 RDZA RDI LBQQS 1{D 14 RD32 RDI
LBgzz RD“ RDZS RDI LBQQ7 RD14 RD33 RDI
LBQzS RD“ RD26 RDI LBQQS RD14 RD34 RDI
LBQZA RD“ RD27 RDI LBQQQ 1{Dl4 RD35 RDI
LBQzS RDI 1 RDZS RDI LB 1000 RD 14 RD40 RDI
LBgzs RD“ RDZQ RDI LBIOOI RD14 RD41 RDI
LBQZ7 RDI 1 RD30 RDI LB 1002 RD 14 RD4Z RDI
LBQ28 RDll RD31 RDI LBIOOS RD14 RDM RDI
LBgzg RDI 1 RD3Z RDI LB tooa RD 14 RD66 RDI
LBQ30 RD“ RD33 RDI LBIOOj RD14 RD68 RDI
LBQ31 RDI 1 RD34 RDI LB 1006 RD 14 RD76 RDI
LBQ:Q RDI 1 RD35 RDI LB 1007 RDZZ RD5 RDI
LBQ33 RDI 1 RD40 RDI LB 1008 RDZZ RDG RDI
LBQ34 RDI 1 RD41 RDI LB 1008 RDZZ RDQ RDI
LBQ35 RD“ RDAZ RDI LBIOIO RDZZ RDIO RDI
LBQ36 RD“ RDM RDI LBIO“ RDZZ RDIZ RDI
LBQ37 RD“ RDGG RDI LBIOIZ RDZZ RDIS RDI
LBQ38 RD“ RD68 RDI LBIOB RDZZ RDIG RDI
LBQ3Q RD“ RD76 RDI LBIOM RDZZ RD17 RDI
LBQAO RDI ; RD5 RDI LB 1oL RDZZ RD 18 RDI
LBQAI RD13 RDG RDI L31016 RDZZ RDIQ RDI
LBQAZ RDI ; RDQ RDI LB tors RDZZ RDZO RDI
LBQA3 RD13 RDIO RDI LBIOIS RDZZ RDZI RDI
LBQM RD13 RDIZ RDI LBIOIQ RDZZ RDZ3 RDI
LBQAs RDI ; RD14 RDI LB 1020 RDZZ RDZ4 RDI
LBQAG RDI ; RD15 RDI LB 1oz RDZZ RDZS RDI
LBQA7 RDI ; RDIG RDI LB 1022 RDZZ RDZG RDI
LBQAs RDI ; RDI : RDI LB 1023 RDZZ RDZ7 RDI
LBQAQ RDI ; RDIS RDI LB 1024 RDZZ RDZS RDI
Lngo RDI ; RDIQ RDI LB 1025 RDZZ RDZQ RDI
Lngl RDI ; RDZO RDI LB 1026 RDZZ RD30 RDI
Lngz RDI ; RDZI RDI LB 1027 RDZZ RD31 RDI
L3953 RDI ; RDZZ RDI LB 1028 RDZZ RD3Z RDI
L3954 RDI ; RDZ3 RDI LB 102 RDZZ RD33 RDI
Lngj RDI ; RDZ4 RDI LB 1036 RDZZ RD34 RDI
LBQjG RD13 RDZj RDI LBIO31 RDZZ RD35 RDI
L3957 RDI ; RDZG RDI LB 1032 RDZZ RD40 RDI
LBQjS RDI ; RDZ7 RDI LB 1033 RDZZ RD41 RDI
Lngg RDI ; RDZS RDI LB 1034 RDZZ RD4Z RDI
LBQGO RDI 3 RDZQ RDI LB 1035 RDZZ RDM RDI
LBQGI RDI ; RD30 RDI LB 1036 RDZZ RDGG RDI
LBQGZ RDI . RD31 RDI LB 1037 RDZZ RD68 RDI
LBQG3 RDI . RD3Z RDI LB 1038 RD22 RD 76 RDI
LBQGA RDIS RD33 RDI LBIOSQ RD26 RD5 RDI
LBQG5 RDI 3 RD34 RDI LB 1040 RD26 RD6 RDI
LBQSS RDI 3 RD35 RDI LB Loal RD26 RDQ RDI
L8967 RDI 3 RD40 RDI LB 1042 RD26 RD ) RDI
Lages ED 13 RO4 RO! Lpsoss RD26 R &
LBQGQ D13 RD42 RDI LB Loa4 RDZG RD . RDI
LBQ " RDI . RDM RDI LB 1045 RDZG RD 16 RDI
LBQ n EDI 3 RDGG RDI LB 1046 RD26 RD o RDI
LBQ ” D13 RD68 RDI LB 047 RD26 RD N RDI
LBQ » RDI 3 RD76 RDI LB 1048 RD26 RD ) RDI
LBQ . RD14 RD5 RDI LB 1049 RD26 RD20 RDI
LBQ . RD14 RD6 RDI LB 1056 RD26 RD21 RDI
LBQ76 l{Dl4 RDQ RDI LB]051 R
Lgo77 R



US 2019/0237683 Al

161

Aug. 1,2019

-continued
-continued

Ligand R! R2 ® )

Ligand R! R2 3
L1052 RD26 RD23 RD! R
Lpios3 R?6 RO RO! Lpi126 R0 RD6 1
Lpiosa RP%6 RDZ RP! Lpi127 RP40 RDS6 %D |
Lpioss RP%6 RD27 RP! Lpiios RP40 RO D
Lz1ose RE26 RD28 RO! Lzii2g RP40 RD76 RD 1
Lpi0s7 RP?6 RD® RO! Laiiso ROU RDS %D .
Lp1oss RP2¢ RD30 P! Laiis1 RPH RZ6 RD!
Lp1oso RD26 R RP! Laimn REM Do .
Lz 1060 RP26 RD32 D! Lpiiaa R4 RD10 RD 1
Lpios1 RP?6 RO RO! Lpiiza ROM RO %D .
Lzioe RP26 RD34 P! Lpiias RP4 RD1S RD!
Lz1063 RP26 RD3 RP! L1136 RO RDI6 DI
Lz104 RD26 R2H40 RO Lpiia7 RO RPV7 RD L
L1065 RD26 RD4L RO! Lpiiss ROM RDIS %D .
Lg1oss RP26 R P! Lpii3g RO RPY RP!
Lp1067 RP26 RD64 RO La11a0 R4 RD20 RO
Lp106s RD26 RDS6 RO! Lpna ROM RO RDL
Lpi1060 R?6 RDSS RO! L1 ROUL RD23 Rl
Lzio70 RP2¢ RD76 P! Lpii43 RPH RD RD!
Laiont RDP3 RS RO Lpiias RPH RD2 RO
Lzion RD3 RDS P! L1145 RP4 RD?7 RD!
Lgio7 RP¥ R RP! Lg11a6 ROM RD?S RO
Lgioma RP¥ RD10 RP! Lpi1a7 RPM RD2 D
Lzio7s RP33 RP2 P! Lpias R4 RD30 RD 1
L1076 RP3 RDIS RO! Lgiiao ROUL RD3! %D .
Lg1o77 RP¥ RD!6 P! Laiiso RO RD® RP!
Lgios RP¥ RDV7 RP! La1isi RPM RD3 D
Leiom RP® RD!8 RO Leus RPM RD RD |
L1080 RP3 RD1 RO! Lgiiss ROM RO© %D .
Lg1os1 RP¥ RD20 P! Laiisa RO RD64 RP!
Lzios2 RP* RP2L RP! Lgiiss RO RD66 DI
Lpioss RP33 RDZ RO L1156 RPH RDS8 RD 1
Lz10sa RD35 RO RO! Lziis7 RPH RD76 %D L
Lzioss RP¥» RD2S P! Lgiiss RDS4 RDS RO!
Lgioss R3S RP27 P! Lziise RP6 RES .
Lg1os7 RD3S RD?8 RE! Lz1iso RO RD® RD "
L1088 RD3S RD29 RO! Lziiel RD64 REL %D .
Lg1oso RP¥ RD30 P! Lzie RD&4 RP12 RO!
Lz1090 RP3 RD31 RE! Lziis3 RPS RO D1
L1001 RD3S RD32 RO Laiie RD&4 R2I6 %D L
L1002 RD3S RD33 RO! Laiies RD64 ROV RO!
L1093 RD% RD34 R2! Lgii6s RD64 RDI8 RO!
L1094 RP33 RDH40 RO! Lziier RPS RDY RO
L1005 RP33 R4 RO! Lpii6s RPS4 RD20 RO!
L1006 RD3S RD42 RO! L1160 RO RO2L RD!
L1007 RD33 RDS4 R2! Lgnz RS RD23 RO!
L1098 RP33 RDS6 RO! Leumn RPS RD24 RO
L1009 RD3S RDSS RO! Leumn RO RD25 RO!
Lpi100 RD3 RP76 N Lpnzs RDS4 Ny R
Laiio1 RP40 RS RO! Lpiim RPS RD28 D1
Laiio2 RP40 RDS RO! Lpiss RD64 RD2 %D 1
Lgii03 RP40 RD® RO! La1176 RS RD30 RO
e RPA40 RR2I0 RO! Lii7s RD64 RD3L RO!
Lz1i0s RP40 RD12 RO! Lpii7s RS RD32 D1
La1106 RP40 RD1S RO! Laii7g RD64 RD33 ED 1
Lp1107 RD40 ROI6 RO! Lp11s0 RP&* RO RO!
Lz110s RPA40 R2V R2! Lgiis1 RD64 RD42 RO!
L1109 RP40 RDIS RO Laise RD® ROS -
Lzii1o RP40 RD1 RO Laiis3 RS RS %Dl
L1 RD40 RO RO! Lpiisq RS RD6S RO!
Leiin RP40 RP2! RE! Liiss RDS RD76 RO
Leiia RP40 RD23 RP! Lziise RD66 RDS RD!
Ly RP40 RO RO Lpiisr RDS6 RDS Rl
Lziiis RP40 RD25 RP! Lpiiss RP%6 RD® RD!
Laiie RP4 RDY RO Laiiso RD% R0 DL
Ly RP40 RD28 P! L1190 RP¢® RO RP!
Lpins RP40 RD29 RP! Laiio1 RP%S RD1S RO!
Lzing RD40 RD30 RO! Lzno RDSS RDI6 R
Lei120 RP40 RD31 RO La1193 RDS6 RD7 RO
Lpiia1 R0 RD%2 RE! Lg110a RP%6 RDI8 RO
Lpiiz RP40 RO RD! Lpiios RP66 RD1® RD!
Laii2s RD40 RDH RO Lp1196 RP66 RD2 RDL
Lp112q RP# RO RO Lp1197 RD% RO R
Laiios RP40 RDP®2 RP! Laiios RPS6 RD23 RP!

Lzi109 RDS6 RD24 RO
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-continued
H 3
Ligand R! R2 R
D66 D25 D1
LB 1200 RDSS 1{D27 RDI
LB 1201 R R BiS
L RDSS RD28 RDI
‘B1202
L RDSS RD29 RDI
51203 D66 D30 D1
LB 1204 RDSS RDSI RDI
LBI205 R R S
L RDSS RD32 RDI
‘B1206
L RD66 RD33 RDI
81207 D66 D34 D1
LB 1208 RDSS 1{D42 RDI
LBI209 R R S
L RD66 RD68 RDI
‘B1210
L RD66 RD76 RDI
B2l D68 D5 D1
LB 1212 RDSS RDS RDI
LB 1213 R R S
L RD68 RDQ RDI
B1214 D68 D10 D1
Faiis RD68 RDIZ RDI
Faiie RD68 R1)15 RDI
Lpioi7 R R R
L RD68 RD16 RDI
B1218 D68 D17 D1
LBI219 RDSS RDIS RDI
LBIZZO RDSS RDIQ RDI
LB 1221 R R S
L RD68 RDZO RDI
Bl1222 D68 D21 D1
Fains RDss RD23 RDI
Lpi224 R R R
L RD68 RDZ4 RDI
‘B1225
L RD68 RDZ5 RDI
B1226 D68 D27 D1
LB 1227 RD68 RDZS RDI
LBI228 R R S
L RD68 RDZQ RDI
‘B1229
L RD68 RD30 RDI
81230 D68 D31 D1
LB 1231 RD68 RD3Z RDI
LB 1232 RDSS RD33 RDI
LB 1233 RDSS 1{D34 RDI
LB 1234 RD68 1{D42 RDI
LB 1235 RDGS 1{D76 RDI
LB 1236 R RD5 RDI
D76
LB 1237 R RDG RDI
D76
LBIZ38 RD76 RDQ RDI
LBIZ39 RD76 RDIO RDI
LB 1240 RD76 RDIZ RDI
LBI241 RD76 RD15 RDI
LBI242 1{D76 RD16 RDI
LBI243 1{D76 1{D17 RDI
LBle 1{D76 RDIS RDI
LB 1245 R RDlg RDI
D76
LB 1246 RD76 RDZO RDI
LB 1247 RD76 RDZI RDI
LB 1248 RD76 RD23 RDI
LB 1249 RD76 RD24 RDI
LBI250 1{D76 1{D25 RDI
LBI251 1{D76 1{D27 RDI
Lpios2 R RD28 Rm
D76
L81253 1{D76 RD29 RDI
LB 1234 RD76 RD30 RDI
LBIZS5 RD76 RD31 RDI
LB 1256 RD76 RD3Z RDI
LBIZS7 RD76 RD33 RDI
LB 1238 1{D76 1{D34 RDI
LB 1259 1{D76 1{D42 RDI
L1260 R R S

Iy
Y
Ly
\

>

.
.

\
\
8
.
4< \

.

T

Iy

v
\

\

.

L4

N
.
S

O

wherein R”' to R”*" has the following structures:

L-CHz,

I3

.-CDs,

.

RDI

RDZ
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RD3

RD4

RDS

RD6

RD7

RDS

RD9

RDIO

RDll

RDIZ

RD13

RD14

RPI5

RDIG

RD17



US 2019/0237683 Al

-continued

RDJS

RO

RrD20

RrD21

RDZZ

RD23

RD24

RDZS

RD26

RD27

RDZS

RD29
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RDSI

RL32

RD33

RD34

RD35

RL36

RD37

RD38

RD39

RD40

RD41
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RD42

RD43

RD44

RD45

RD46

RD47

RD48

RD49

RDSO

RD51
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RDSZ

RD53

RD54

RDSS

RDSG

RD57

RDSS

RD39

RDGO

RL61
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RDGZ

RDE3

RD64

RD65

RD66

RD67

RD68

P

RD70

RD7 1

RD72

RO

R4

RD75

RD76
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RD77

RD78

RD70

RD8O

RDSI

14. A formulation comprising the compound of claim 1.
15. An organic light emitting device (OLED) comprising:

an anode;
a cathode; and

an organic layer, disposed between the anode and the
cathode, comprising a compound comprising a ligand

L, of Formula I:

Formula I

wherein Ring B represents a five- or six-membered aro-

matic ring;

wherein R represents from none to the maximum number

of substitutions;

wherein X', X*, X, and X* are each independently a CR

or N;

wherein (1) at least two adjacent ones of X*, X% X°, and
X* are CR and fused into a five or six-membered

aromatic ring, or
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(2) at least one of X!, X2, X°, and X* is nitrogen, or
(3) both (1) and (2) are true;

wherein (a) R' is CR''R'R"? or join with R? to form into
a ring; or

(b) R? is not hydrogen, or
(¢) both (a) and (b) are true;

wherein R, RY, R2 R3 R!, R'3, and R'? are each
independently selected from the group consisting of
hydrogen, deuterium, halogen, alkyl, cycloalkyl, het-
eroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, het-
eroaryl, acyl, carbonyl, carboxylic acid, ester, nitrile,
isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and
combinations thereof;,

wherein any two substituents among R, R', R?, R® R,
R'?, and R'? are optionally joined to form into a ring;

wherein L, is coordinated to a metal M;

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

wherein M is optionally coordinated to other ligands.

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

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

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

Aug. 1,2019
166

-continued

0,
mz

.
e
3
s



US 2019/0237683 Al Aug. 1,2019
167



US 2019/0237683 Al

-continued

e
5

=
"%

OO |

and combinations thereof.

19. A consumer product comprising an organic light
emitting device comprising:

an anode;

a cathode; and

an organic layer, disposed between the anode and the
cathode, comprising a compound comprising a ligand
L, of Formula I:

168
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Formula I

wherein Ring B represents a five- or six-membered aro-
matic ring;
wherein R? represents from none to the maximum number
of substitutions;
wherein X', X2, X3, and X* are each independently a CR
or N;
wherein (1) at least two adjacent ones of X', X?, X, and
X* are CR and fused into a five or six-membered
aromatic ring, or
(2) at least one of X!, X2, X3, and X* is nitrogen, or
(3) both (1) and (2) are true;
wherein (a) R' is CR*R*R"? or join with R? to form into
a ring; or
(b) R is not hydrogen, or
(c) both (a) and (b) are true;
wherein R, R!, R? R3, R!!, R'?, and R'® are each
independently selected from the group consisting of
hydrogen, deuterium, halogen, alkyl, cycloalkyl, het-
eroalkyl, arylalkyl, alkoxy, aryloxy, amino, silyl, alk-
enyl, cycloalkenyl, heteroalkenyl, alkynyl, aryl, het-
eroaryl, acyl, carbonyl, carboxylic acid, ester, nitrile,
isonitrile, sulfanyl, sulfinyl, sulfonyl, phosphino, and
combinations thereof;
wherein any two substituents among R, R, R?, R?, RY,
R'?, and R"? are optionally joined to form into a ring;
wherein [, is coordinated to a metal M;
wherein L, is optionally linked with other ligands to
comprise a tridentate, tetradentate, pentadentate, or
hexadentate ligand; and
wherein M is optionally coordinated to other ligands.
20. A chemical structure selected from the group consist-
ing of a monomer, a polymer, a macromolecule, and a
supramolecule, wherein the chemical structure comprises a
compound according to claim 1.

# 0k % k&



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HARE(FFR)AGE) 3

FRI& B A

RBA

L5
S\EReERE

BE@®F)

BHBRBR AR AR

US20190237683A1 NI (AE)B

US16/375467 RiEH

HRERKELE

BOUDREAULT PIERRE LUC T
SU MINGJUAN

WENDT HARVEY

JOSEPH SCOTT

BOUDREAULT, PIERRE-LUC T.
SU, MINGJUAN

WENDT, HARVEY

JOSEPH, SCOTT

HO1L51/00 CO7F15/00 CO9K11/06

2019-08-01

2019-04-04

patsnap

HO01L51/0085 CO7F15/0033 HO1L51/009 C09K11/06 HO1L51/5012 HO1L51/5088 HO1L51/5056 HO1L51
/5096 HO1L51/5072 C09K2211/185 CO09K2211/1029 CO9K2211/1051

62/403424 2016-10-03 US

Espacenet USPTO

EREAANEENTEBRAEEREY : EAEHETHEEHETS

TN R AR EY}

SHHIFWHM,

A AMEOLEDH MR K4 , HIRERMERMER

100

1FG o

60 <
N

s 188

T —

e

PR e

G o

ERE e

EETS U

E2E s

ARG e

158 oenem]



https://share-analytics.zhihuiya.com/view/9e5a39de-b1b6-44f7-95b0-e76f5ee55520
https://worldwide.espacenet.com/patent/search/family/067392433/publication/US2019237683A1?q=US2019237683A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190237683%22.PGNR.&OS=DN/20190237683&RS=DN/20190237683

