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ORGANIC LIGHT EMITTING HOST
MATERIALS

BACKGROUND

[0001] Theembodiments disclosed herein include emissive
compounds that can be used for light-emitting layers in
devices.

[0002] Organic light-emitting devices (OLEDs) are
becoming increasingly important in lighting and display
applications. OLEDs may include an emissive or light-emit-
ting layer that includes a host material and an emissive com-
ponent dispersed within the host material. However, emissive
material-containing OLED devices can have problems with
low stability. These problems with emissive materials can
contribute to low efficiency and a short lifetime of the devices
comprising the emissive materials.

SUMMARY

[0003] Some embodiments include a compound repre-
sented by Formula 1:

Cy4
N—Cy'—Cy'—Cy,

/

cy’

wherein Cy' is an optionally substituted p-phenylene; Cy? is
an optionally substituted 2,3'-bipyridinyl, an optionally sub-
stituted 3,3'-bi-pyridinyl, or an optionally substituted 3,2":5',
3"terpyridinyl; Cy* and Cy’ are optionally substituted phe-
nyl or optionally substituted naphthyl; and, Cy® is optionally
substituted 1-phenyl-1H-benzo[d]imidazol-2-yl.

[0004] Some embodiments include a compound repre-
sented by Formula 2:

Cy4
/N—Cyl—CyZ—Cy3—Cy6
Cy5

wherein Cy" and Cy” are independently p-phenylene option-
ally substituted with 1 or 2 substituents, wherein each sub-
stituent is independently C, 4 alkyl or F, wherein Cy' and Cy*
optionally link together to form a third ring; Cy? is indepen-
dently an optionally substituted 2,5-pyridyl with 1, 2, or 3
substituents, an optionally substituted 2,3'-bipyridyl with 1,
2, or 3 substituents, or an optionally substituted 3,3-bipyridi-
nyl with 1, 2, or 3 substituents, wherein each substituent is
independently C,  alkyl or F; Cy* and Cy” are optionally
substituted phenyl or optionally substituted naphthyl; and,
Cy®is 1-phenyl-1H-benzo[d]imidazol-2-yl optionally substi-
tuted with 1, 2, 3, 4, or 5 substituents, wherein each substitu-
ent is independently C,  alkyl or F. In some embodiments,
Cy” is independently an optionally substituted p-pyridinylene
with 1, 2, or 3 substituents, an optionally substituted 2,3-
bipyridyl with 1, 2, or 3 substituents, or an optionally substi-
tuted 3,3-bipyridinyl with 1, 2, or 3 substituents, wherein each
substituent 1s independently C,  alkyl or F.
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[0005] Some embodiments include a compound repre-
sented by Formula 3:

cy?
/N_Cyl_cyl _Cy3a — Cy3b_ Cyﬁ,
oy’

wherein Cy" is optionally substituted p-phenylene; Cy* is a
bond, optionally substituted p-phenylene, or optionally sub-
stituted p-pyridinylene; wherein Cy' and Cy® can share a
substituent that links Cy* and Cy* to form a fused ring system
incorporating Cy' and Cy% Cy>* is optionally substituted
p-pyridinylene; Cy>? is a bond or optionally substituted p-py-
ridinylene; Cy* and Cy® are independently optionally substi-
tuted phenyl or optionally substituted naphthyl; and, Cy® is
optionally substituted benzimidazol-2-yl, optionally substi-
tuted benzoxazol-2-yl, or optionally substituted benzothia-
701-2-yl.

[0006] Some embodiments include a compound repre-
sented by Formula 4:

wherein HT is optionally substituted diphenylamine or
optionally substituted phenylnaphthylamine; ET is option-
ally substituted benzimidazol-2-yl, optionally substituted
benzoxazol-2-yl, or optionally substituted benzothiazol-2-yl,
Xis CHorN;Y is CH or N, provided that when X 1s N, Y is
CHand whenY is N, Xis CH; ris 1 or 2; and, s is 0 or 1,
provided that when s is 0, r is 2.

[0007] With respect to Formula 4, in some embodiments
HT is optionally substituted diphenylamine or an unsubsti-
tuted phenylnaphthylamine. In some embodiments, ET is an
unsubstituted benzimidazol-2-yl.

[0008] Some embodiments include an emissive layer com-
prising a compound of any of Formulas 1-17; optionally
substituted N,N-diphenyl-4-(6-(1-phenyl-1H-benzo[d]imi-
dazol-2-yl)pyridin-3-yl)aniline;  optionally  substituted
N-phenyl-N-(4'-(6-(1-phenyl-1H-benzo|d]imidazol-2-y1)
pyridin-3-y1)-[ 1,1-biphenyl]-4-yl)naphthalen-1-amine;
optionally substituted 4'-(6'-(1-phenyl-1H-benzo[d]imida-
701-2-y1)-[3,3'-bipyridin]-6-y1)-N,N-di-p-tolyl-[1,1"-biphe-
nyl]-4-amine; optionally substituted 9,9-dimethyl-N,N-
diphenyl-7-(6'-(1-phenyl-1H-benzo[ d]imidazol-2-y1)-[3,3'-
bipyridin]-6-y1)-9H-fluoren-2-amine; optionally substituted
N,N-diphenyl-4'-(6'-(1-phenyl-1H-benzo[d]imidazol-2-yl)-
[3,3"-bipyridin]-6-y1)-[1,1'-biphenyl]-4-amine;  optionally
substituted N,N-diphenyl-4'-(6'-(1-phenyl-1H-benzo[d]imi-
dazol-2-y1)-[2,3'-bipyridin]-5-y1)-[1,1'-biphenyl]-4-amine;
optionally substituted 4'-(3-methyl-6'-(1-phenyl-1H-benzo
[d]imidazol-2-y1)-[2,3"-bipyridin]-5-y1)-N,N-diphenyl-[ 1,1'-
biphenyl]-4-amine; optionally substituted N-phenyl-N-(4'-
(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[2,3'-bipyridin]-
5-yD)-[1,1"-biphenyl]-4-yl)naphthalen-2-amine;  optionally
substituted N-phenyl-N-(4'-(6'-(1-phenyl-1H-benzo[d]imi-
dazol-2-y1)-[2,3"-bipyridin]-5-y1)-[1,1'-biphenyl |-4-yD)naph-
thalen-1-amine; optionally substituted N,N-diphenyl-4-(6-
(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,2":5',3"-
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terpyridin]-6"-yl)aniline; optionally substituted 4-methyl-N-
(4-(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,3'-
bipyridin]-6-y1)phenyl)-N-(p-tolylaniline; optionally
substituted 4-methyl-N-(4-(6'-(1-phenyl-1H-benzo[d]imida-
701-2-y1)-[2,3'-bipyridin]-35-yl)phenyl)-N-(p-tolyl)aniline;
optionally  substituted N-phenyl-N-(4-(6'-(1-phenyl-1H-
benzo[d]imidazol-2-y1)-[3,3'-bipyridin]-6-yl)phenyl)naph-
thalen-1-amine; or, optionally substituted 9,9-dimethyl-7-
(6'-(1-phenyl-1 H-benzo[d] imidazol-2-y1)-[3 ,3'-bipyridin] -
6-y1)-N,N-di-p-tolyl-9H-fluoren-2-amine.

[0009] Some embodiments provide a compound described
herein in an emissive layer. Some embodiments include a
light-emitting device comprising a compound described
herein. Some embodiments provide a light-emitting device
comprising the emissive layer described herein.

[0010] These and other embodiments are described in more
detail herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 11is a schematic drawing of an embodiment of
an OLED device comprising a compound disclosed herein.
[0012] FIG. 2 is a schematic drawing of an embodiment of
an OLED device described in Example 1.

DETAILED DESCRIPTION

[0013] By employing a newly designed molecular struc-
ture, embodiments of which are demonstrated in Examples
below, a new series of host materials is produced that can be
used in OLED device applications. The synthesis of this
series of host materials is straightforward and results in a high
yield.

[0014] Unless otherwise indicated, when a compound or
chemical structural feature such as aryl is referred to as being
“optionally substituted,” it is meant that the feature may have
no substituents (i.e., unsubstituted) or may have one or more

Q,Q

diphenylamine

phenylnaphthylamine

benzoxazol-2-yl

ﬁ‘% eiliesRoes
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substituents. A feature that is “substituted” has one or more
substituents. The term “substituent” has the ordinary meaning
known to one of ordinary skill in the art. In some embodi-
ments, the substituent may be an ordinary organic moiety
known in the art, which may have a molecular weight (e.g,,
the sum of the atomic masses of the atoms of the substituent)
of 15 g/mol to 50 g/mol, 15 g/mol to 100 g/mol, 15 g/mol to
200 g/mol, 15 g/mol to 300 g/moal, or 15 g/mol to 500 g/mol.
In some embodiments, the substituent comprises, or consists
of, 0-30, 0-20, 0-10, or 0-5 carbon atoms, and 0-30, 0-20,
0-10, or 0-5 heteroatoms independently selected from N, O,
S, Si, F, Cl, Br, or I; provided that the substituent comprises at
least one atom selected from C, N, O, S, Si, F, Cl, Br, or I.
Examples of substituents include, but are not limited to, alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
aryl, heteroaryl, hydroxy, alkoxy, aryloxy, acyl, acyloxy,
alkylcarboxylate, thiol, alkylthio, cyano, halo, thiocarbonyl,
O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl,
C-amido, N-amido, S-sulfonamido, N-sulfonamido, isocy-
anato, thiocyanato, isothiocyanato, nitro, silyl, sulfenyl, sulfi-
nyl, sulfonyl, haloalkyl, haloalkoxyl, trihalomethanesulfo-
nyl, trihalomethanesulfonamido, amino, etc. In some
embodiments, two substituents may combine to form a ring.
[0015] For convenience, the term “molecular weight” is
used with respect to a moiety or part of a molecule to indicate
the sum of the atomic masses of the atoms in the moiety or
part of a molecule, even though it may not be a complete
molecule.

[0016] The structures associated with some of the chemical
names referred to herein are depicted below. These structures
may be unsubstituted, as shown below, or a substituent may
independently be in any position normally occupied by a
hydrogen atom when the structure is unsubstituted. Unless a

point of attachment is indicated by |, attachment may occur at
any position normally occupied by a hydrogen atom.

benzimidazol-2-yl

A OO HOH

benzothiazol-2-yl phenyl p-phenylene

/\

N=—

p-pyridinylene
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OO

naphthyl naphth-1-yl naphth-2-vl bipyridinyl

-continued

N— N N
) / N\_/ \
2.3"-bipyridinyl 3,3"-bipyridinyl 3,25, 3"-terpyridinyl

1-phenyl-1H-
benzo[d]imidazol-2-yl

BE-1
\O —N N
"‘< O )
@ N
N,N-diphenyl-4-(6-(1-phenyl-1H-benzo[d]imidazol-2-yl)pyridin-3-yl)aniline,
BE-2

N-phenyl-N-(4"-(6-(1-phenyl-1H-benzo[dimidazol-2-yl)pyridin-3-y1)-[1,1"-biphenyl]-4-
ylnaphthanen-1-amine,
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-continued

le§s

4"-(6"-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,3"-bipyridin]-6-y1)-N,N-di-p-tolyl-[1,1'-biphenyl ]-4-

amine,

Q0

9,9-dimethyl-N,N-diphenyl-7-(6'-(1-phenyl-1H-benzo[d |imidazol-2-y1)-[3,3"-bipyridin]-6-y1)-9H-
fluoren-2-amine,

Qo

N,N-diphenyl-4"-(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,3"-bipyridin - 6-y1)-[ 1,1 -biphenyl]|-4-

amine,

Qo

N,N-diphenyl-4"-(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[2,3"-bipyridin]-5-y1)-[ 1,1 -biphenyl]-4-

amine,
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BE-3

BE-4

BE-5

BE-6
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-continued

Qo

4'-(3-methyl-6'-(1-phenyl-1H-benzo[d]imidazol-2-yl}-[ 2,3"-bipyridin|-5-y1)-N,N-diphenyl-[1,1"-
biphenyl]-4-amine,

Lo O

N-phenyl-N-(4"-(6'-(1-phenyl- 1H-benzo[d|imidazol-2-y1)-[2,3-bipyridin]-5-yl)-[1,1-biphenyl]-4-
ylnaphthalen-2-amine,

A

N-phenyl-N-(4'-(6"-(1-phenyl- 1H-benzo[d |imidazol-2-y1)-[2,3"-bipyridin]-5-yl)-[1,1-biphenyl]-4-
yljnaphthalen-1-amine,

Q0

N,N-diphenyl-4-(6-(1-phenyl- 1H-benzo[d |imidazol-2-yl}-[3,2":5',3"-terpyridin]- 6"-yl)aniline,
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BE-7

BE-8

BE-9

BE-10
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-continued

HC

: W W

Qo

HC

4-methyl-N-(4-(6-(1-phenyl-1H-benzo[d|imidazol-2-yl)-[3,3"-bipyridin]-6-yl)phenyl)-N-(p-
tolyl)aniline,

HC

" \ /7 \ /X

Qo

H,C

4-methyl-N-(4-(6'-(1-phenyl-1H-benzo[d |imidazol-2-yl)-[2,3"-bipyridin]-5-yl)phenyl)-N-(p-
tolylaniline,

WaWas

Q

N-phenyl-N-(4-(6"-(1-phenyl-1H-benzo[d]imidazol-2-yl)-[3,3-bipyridin]-6-yl)phenyl)naphthalen-1-

amine, or

HC

Qo

H;C

9,9-dimethyl-7-(6"-(1-phenyl-1H-benzo[d]imidazol-2-y1}-[3,3"-bipyridin]-6-y1)-N,N-di-p-tolyl-9H-
fluoren-2-amine
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BE-11

BE-12

BE-13

BE-14

[0017] Some embodiments herein comprise optionally tuted N-phenyl-N-(4'-(6-(1-phenyl-1H-benzo[d]imidazol-2-
substituted N,N-diphenyl-4-(6-(1-phenyl-1H-benzo[d]imi- yl)pyridin-3-y1)-[1,1'-biphenyl]-4-y)naphthalen-1-amine
dazol-2-yl)pyridin-3-yl)aniline (BE-1); optionally substi- (BE-2); optionally substituted 4'-(6'-(1-phenyl-1H-benzo[d]
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imidazol-2-y1)-[3,3'-bipyridin]-6-y1)-N,N-di-p-tolyl-[1,1'-
biphenyl]-4-amine (BE-3); optionally substituted 9,9-dim-
ethyl-N,N-diphenyl-7-(6'-(1-phenyl-1H-benzo[d]imidazol-
2-y1)-[3,3"-bipyridin]-6-y1)-9H-fluoren-2-amine (BE-4),
optionally substituted N,N-diphenyl-4'-(6'-(1-phenyl-1H-
benzo[d]imidazol-2-y1)-[3,3"-bipyridin]-6-y1)-[ 1,1'-biphe-
nyl]-4-amine (BE-5); optionally substituted N,N-diphenyl-
4'-(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[2.,3'-
bipyridin]-5-y1)-[1,1'-biphenyl]-4-amine (BE-6); optionally
substituted 4'-(3-methyl-6'-(1-phenyl-1H-benzo[ d[imidazol-
2-y1)-[2,3"-bipyridin]-5-y1)-N,N-diphenyl-[ 1,1'-biphenyl]-4-
amine (BE-7); optionally substituted N-phenyl-N-(4'-(6'-(1-
phenyl-1H-benzo[d]imidazol-2-y1)-[2,3'-bipyridin]-5-y1)-
[1,1'-biphenyl]-4-yl)naphthalen-2-amine (BE-8); optionally
substituted N-phenyl-N-(4'-(6'<(1-phenyl-1H-benzo[d]imi-
dazol-2-y1)-[2,3'-bipyridin]-5-y1)-[ 1,1'-biphenyl]-4-yD)naph-
thalen-1-amine (BE-9); optionally substituted N,N-diphenyl-
4-(6-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,2":5",3"-
terpyridin]-6"-yl)aniline (BE-10); optionally substituted
4-methyl-N-(4-(6"-(1-phenyl-1H-benzo[d]imidazol-2-y1)-
[3,3"-bipyridin]-6-y1)phenyl)-N-(p-tolyl)aniline ~ (BE-11);
optionally  substituted  4-methyl-N-(4-(6'-(1-phenyl-1H-
benzo[d]imidazol-2-y1)-[2,3'-bipyridin]-5-yl)phenyl)-N-(p-
tolyl)aniline (BE-12); optionally substituted N-phenyl-N-(4-
(6'-(1-phenyl-1H-benzo[d]imidazol-2-y1)-[3,3'-bipyridin]-
6-yl)phenyl)naphthalen-1-amine (BE-13); or, optionally
substituted  9,9-dimethyl-7-(6'<(1-phenyl-1H-benzo[d]imi-
dazol-2-y1)-[3,3"-bipyridin]-6-y1)-N,N-di-p-tolyl-9H-fluo-
ren-2-amine (BE-14).

[0018] As used herein the term “alkyl” has the broadest
meaning generally understood in the art, and may include a
moiety composed of carbon and hydrogen containing no
double or triple bonds. Alkyl may be linear alkyl, branched
alkyl, cycloalkyl, or a combination thereof, and in some
embodiments, may contain from one to thirty-five carbon
atoms. In some embodiments, alkyl may include C,_,, linear
alkyl, such as methyl (—CHy), ethyl (—CH,CH,), n-propyl
(—CH,CH,CH,), n-butyl (—CH,CH,CH,CH,), n-pentyl
(—CH,CH,CH,CH,CH,), n-hexyl
(—CH,CH,CH,CH,CH,CH,), etc.; C;_,, branched alkyl,
such as C;H, (e.g., iso-propyl), C,H, (e.g., branched butyl
isomers), CsH,, (e.g., branched pentyl isomers), C¢H, 5 (e.g.,
branched hexyl isomers), C;H, 5 (e.g., heptyl isomers), etc.;
C,_;ocycloalkyl, suchas C,H; (e.g., cyclopropyl), C,H, (e.g.,
cyclobutyl isomers such as cyclobutyl, methyleyclopropyl,
etc.), C;H, (e.g., cyclopentyl isomers such as cyclopentyl,
methylcyclobutyl, dimethylcyclopropyl, etc.), C.H,, (e.g,
cyclohexyl isomers), C.H, ; (e.g., cycloheptyl isomers), etc.;
and the like.

[0019] With respect to an optionally substituted moiety
such as optionally substituted alkyl, a phrase such as “option-
ally substituted C,_, alkyl” referstoa C,_, , alkyl that may be
unsubstituted, or may have 1 or more substituents, and does
not limit the number of carbon atoms in any substituent. A
phrase such as “C,_,, optionally substituted alkyl” refers to
unsubstituted C, _,, alkyl, or substituted alkyl wherein both
the alkyl parent and all substituents have from 1-12 carbon
atoms. Similar conventions may be applied to other option-
ally substituted moieties such as aryl and heteroaryl.

[0020] Substituents on alkyl may be the same as those
described generally above, except that alkyl may not have an
alkyl substituent. In some embodiments, substituents on alkyl
are independently selected from F, Cl, Br, I, CN, CO,H,
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—0O-alkyl, ester groups, acyl, amine groups, and amide
groups, and may have amolecular weight of about 15 to about
100 or about 500.

[0021] The term “perfluoroalkyl” refers to fluoroalkyl with
a formula C,F,,—F, for a linear or branched structure. Per-
fluoroalkyl can be, for example: CF;, C,Fs, C5F,, C,F,,
C,F,,, CFy5,etc; o, CF,, foracyclic structure, e.g., cyclic
C,Fg, cyclic C,Fg, cyclic CSFy,, cyclic CGF, 5, ete. In other
words, every hydrogen atom in the alkyl is replaced by fluo-
rine. For example, C, ; perfluoroalkyl refers to CF;, C,F,
and C,F, isomers.

[0022] As used herein the term “aryl” has the broadest
meaning generally understood in the art, and may include an
aromatic ring or aromatic ring system such as phenyl, naph-
thyl, etc. The term “heteroary]” also has the meaning under-
stood by a person of ordinary skill in the art, and includes an
“aryl” which has one or more heteroatoms in the ring or ring
system, such as pyridinyl, furyl, thienyl, oxazolyl, thiazolyl,
imidazolyl, indolyl, quinolinyl, benzofuranyl, benzothienyl,
benzoxazolyl, benzothiazolyl, benzimidazolyl, etc.

[0023] Ifstereochemistry is not indicated, a name or struc-
tural depiction includes any stereoisomer or any mixture of
stereoisomers.

[0024] With respect to any relevant formula or structural
depiction herein, HT can be optionally substituted dipheny-
lamine or optionally substituted phenylnaphthylamine. IfHT
is substituted, it may have 1, 2, 3, 4, 5, or more, substituents.
Any substituent may be included on HT. In some embodi-
ments, some or all of the substituents on HT may have: from
0to 10 carbon atoms and from 0 to 10 heteroatoms, wherein
each heteroatom is independently: O, N, S, F, Cl, Br, or I
(provided that there is at least 1 non-hydrogen atom); and/or
a molecular weight of 15 g/mol to 500 g/mol. For example,
the substituents may independently be C, |, optionally sub-
stituted alkyl, such as CH,, C,H;, C;H,, cyclic C,Hs, C H,,
cyclic C,H,, CH,,, cyclic C;H,, CH, 5, cyelic CH, , ete.,
which may be optionally substituted; C, ;, optionally substi-
tuted alkoxy, such as —OCH,;, —OC,H,, —OC;H,, cyclic
—O0C;H;, —OC,H,, cyclic —OC,H,, —CO:H,,, cyclic
—COsH,, —OCgH, 5, cyclic—OCGH, |, etc.; halo, such as F,
Cl, Br, [; OH; CN; NO,; C, s fluoroalkyl, such as CF,, CF,H,
C,Fs, etc.; a C,_, ester such as —O,CCH;, —CO,CHj,
—0,CC,H;, —CO,C,H;, —O,C-phenyl, —CO,-phenyl,
etc; a C,,, ketone such as —COCH,;, —COC,H,,
—COC;H,, —CO-phenyl, etc.; or a C,_;, amine such as
NH,, NH(CH;), N(CH,),, N(CH;)C,Hs, etc. In some
embodiments, HT is unsubstituted. In some embodiments,
HT may have 0, 1, 2, 3, or 4 electron-donating substituents,
suchas C, ¢ alkyl, OH,C, ;alkoxy,oraC,_;,amine. Insome
embodiments, HT is unsubstituted, or any substituents of HT
are independently F, methyl, ethyl, propyl, or isopropyl.
[0025] With respect to any relevant formula or structural
depiction herein, ET can be optionally substituted benzimi-
dazol-2-yl, optionally substituted benzoxazol-2-yl, or option-
ally substituted benzothiazol-2-yl. If ET is substituted, it may
have 1, 2,3, 4, 5, or more substituents. Any substituent may be
included on ET. In some embodiments, some or all of the
substituents on ET may have: from 0 to 10 carbon atoms and
from 0 to 10 heteroatoms, wherein each heteroatom is inde-
pendently: O, N, S, F, Cl, Br, or I (provided that there is at least
1 non-hydrogen atom); and/or a molecular weight of 15 g/mol
to 500 g/mol. For example, the substituents may indepen-
dently be C,_,, optionally substituted alkyl, such as CHj;,
C,Hs, C;H,, cyclic C;H,, C,H,, cyclic C,H,, CH, |, cyclic
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CsH,, C4H, 5, cyclic CH, ,, etc., which may be optionally
substituted; C, _, optionally substituted alkoxy; halo, such as
F, Cl, Br, I; OH; CN; NO,; C,  fluoroalkyl, such as CF;,
CF,H, CJF,, etc; a C, |, ester such as —O,CCH,,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C,,, ketone such as —COCH;,
—COC,H,,—COC,H,,—CO-phenyl, etc.;ora C,_, , amine
such as NH,, NH(CH,), N(CH,;),, N(CH;)C,Hs, etc. In some
embodiments, ET is unsubstituted. With respect to any rel-
evant formula or structural depiction herein, Cy" can be
optionally substituted p-phenylene. If the p-phenylene is sub-
stituted, it may have 1, 2, 3, or 4 substituents. Any substituent
may be included on the p-phenylene. In some embodiments,
some or all of the substituents on the p-phenylene may have:
from 0 to 10 carbon atoms and from 0 to 10 heteroatoms
independently selected from: O, N, S, F, Cl, Br, and [; and/or
a molecular weight of 15 g/mol to 500 g/mol. For example,
the substituents may be C, _,alkyl, suchas CH;, C,H5, C;H,,
cyclic CyHs, C,Hs, eyclic C,H,, CH, |, cyclic CsH,, CcHy 5,
cyclicCgH, |, ete.; C,_,, alkoxy; halo, suchas F, Cl, Br, I; OH;
CN; NO,; C,_¢ fluoroalkyl, such as CF5, CF,H, C,Fs, etc.; a
C,_, ester such as —O,CCH,, —CO,CH;, —0,CC,H,,
—CO,C,Hs, —O0,C-phenyl, —CO,-phenyl, etc.; a C,_,
ketone such as —COCH,, —COC,H,, —COC;H,, —CO-
phenyl, etc.; oraC, _, amine suchas NH,, NH(CH,), N(CH,)
2, N(CH;)C,H,, etc. In some embodiments, the p-phenylene
is optionally substituted with 1 or 2 substituents indepen-
dently selected from C,_¢ alkyl and F. In some embodiments,
Cy'! is unsubstituted.

[0026] With respect to any relevant formula or structural
depiction herein, Cy* can be a bond.

[0027] With respect to any relevant formula or structural
depiction herein, Cy* can be optionally substituted p-phe-
nylene. If the p-phenylene is substituted, it may have 1, 2, 3,
or 4 substituents. Any substituent can be included on the
p-phenylene. In some embodiments, some or all of the sub-
stituents on the p-phenylene may have: from 0 to 15 carbon
atoms and from O to 10 heteroatoms independently selected
from: O, N, S, F, Cl, Br,and I; and/or amolecular weight of 15
g/mol to 500 g/mol. For example, the substituents may be
C, ..o alkyl, such as CH,, C,Hs, C;H,, cyclic C;Hs, C,H,,
cyclic C,H,, C;H, 4, cyclic CsH,, CH 5, cyclic C.H, |, ete;
C,_;o alkoxy; halo, such as F, Cl, Br, I; OH; CN; NO,; C,
fluoroalkyl, such as CF;, CF,H, C,F, etc.;a C, |, ester such
as —0,CCH,, —CO,CH;, —0O,CC,H;, —CO,C,Hs,,
—O,C-phenyl, —CO,-phenyl, etc.; a C,_,, ketone such as
—COCH,, —COC,H,, —COC;H,, —CO-phenyl, etc.; or a
C,.;oamine such as NH,, NH(CH,), N(CH,),, N(CH,)C,H,,
etc. In some embodiments, the p-phenylene is optionally
substituted with 1 or 2 substituents independently selected
from C, ¢ alkyl and F. If the p-phenylene is substituted, it may
have 1, 2, 3, or 4 substituents.

[0028] With respect to any relevant formula or structural
depiction herein, Cy? can be optionally substituted p-pyridi-
nylene. Any substituent can be included on the p-pyridi-
nylene. In some embodiments, some or all of the substituents
on the p-pyridinylene may have: from 0 to 15 carbon atoms
and from 0 to 10 heteroatoms independently selected from: O,
N, 8, F, Cl, Br, and [; and/or a molecular weight of 15 g/mol
to 500 g/mol. For example, the substituents may be C,_,
alkyl, such as CH,, C,Hs, C;H,, cyclic CyH,, C,H,, cyclic
C,H,, CsH,, cyclic CsHy, C(H, 5, cyclic CH, , ete.; Cy |,
alkoxy; halo, such as F, Cl, Br, I; OH; CN; NO,; C, , fluoro-
alkyl, such as CF,, CF,H, C,Fs, etc.; a C,_|, ester such as
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—0,CCH,, —C0,CH,, —0,CC,H,, —CO0,C,H,, —O0,C-
phenyl, —CO,-phenyl, etc.; a C,,, ketone such as
—COCH,, —COC,H,, —COC;H,, —CO-phenyl, etc.; ora
C,. o amine such as NH,, NH(CH,), N(CH,),, N(CH,)C,H,,
etc. In some embodiments, the p-pyridinylene is optionally
substituted with 1 or 2 substituents independently selected
from C, 4 alkyl and F.

[0029] Insome embodiments, Cy is unsubstituted.

[0030] With respect to any relevant formula or structural
depiction herein, Cy* and Cy” can share a substituent that
links Cy" and Cy? to form a fused ring system incorporating
Cy' and Cy?.

[0031] With respect to any relevant formula or structural
depiction herein, Cy® can be optionally substituted p-pyridi-
nylene. Any substituent can be included on the p-pyridi-
nylene. In some embodiments, some or all of the substituents
on the p-pyridinylene may have: from 0 to 15 carbon atoms
and from O to 10heteroatoms independently selected from: O,
N, S, F, Cl, Br, and [; and/or a molecular weight of 15 g/mol
to 500 g/mol. For example, the substituents may be C,_,,
alkyl, such as CH;, C,Hs, C3H-, cyclic C3Hs, C,H,, cyclic
C,H,, C;H,,, eyclic C;H,, C,H, 5, cyclic CH, , etc.; C,_j,
alkoxy; halo, such as F, Cl, Br, I; OH; CN; NO,; C,  fluoro-
alkyl, such as CF;, CF,H, C,F,, etc.; a C,_, ester such as
—0,CCH;, —CO0,CH,, —0,CC,Hs, —CO,C,Hs, —O,C-
phenyl, —CO,-phenyl, etc; a C, , ketone such as
—COCH,;, —COC,H,, —COC;H,, —CO-phenyl, etc.; ora
C,_,oamine such as NH,, NH(CH,), N(CH,),, N(CH;)C,H,,
etc. In some embodiments, the p-pyridinylene is optionally
substituted with 1 or 2 substituents independently selected
from C, 4 alkyl and F.

[0032] With respect to any relevant formula or structural
depiction herein, Cy® can be optionally substituted 2,3-bipy-
ridinyl. Any substituent can be included on the 2,3-bipyridi-
nyl. In some embodiments, some or all of the substituents on
the 2,3-bipyridinyl may have: from 0 to 15 carbon atoms and
from 0 to 10 heteroatoms independently selected from: O, N,
S, F, Cl, Br, and I; and/or a molecular weight of 15 g/mol to
500 g/mol. For example, the substituents may be C,_,, alkyl,
such as CH;, C,Hs, C;H,, cyclic C3Hs, C Hg, cyclic C,H,,
C,H, |, cyclic C;Hg, CH, 5, cyclic CH, ,, ete.; C,_ , alkoxy;
halo, such as F, Cl, Br, I; OH; CN: NO,; C,  fluoroalkyl, such
as CF,, CF,H, C,F,, etc.; a C,_,,, ester such as —O,CCH,,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C, |, ketone such as —COCH,,
—COC,H;,—COC;H,,—CO-phenyl, etc.;oraC,_, , amine
such as NH,, NH(CH,), N(CH3;),, N(CH,)C,Hs, etc. In some
embodiments, the 2,3-bipyridinyl is optionally substituted
with 1 or 2 substituents independently selected from C,
alkyl and F.

[0033] With respect to any relevant formula or structural
depiction herein, Cy> can be optionally substituted 3,3-bipy-
ridinyl. Any substituent can be included on the 3,3-bipyridi-
nyl. In some embodiments, some or all of the substituents on
the 3,3-bipyridinyl may have: from 0 to 15 carbon atoms and
from 0 to 10 heteroatoms independently selected from: O, N,
S, F, Cl, Br, and I; and/or a molecular weight of 15 g/mol to
500 g/mol. For example, the substituents may be C, ,,alkyl,
such as CH;, C,Hs, C;H,, cyclic C;Hs, C H,, cyclic CH,,
CsH,,, cyclic CsHy, CH, 5, cyclic CH, , ete.; Cy_ , alkoxy;
halo, such as F, Cl, Br, I; OH; CN; NO,; C,  fluoroalkyl, such
as CF,, CF,H, C,Fs, ete.; a C,_,, ester such as —O,CCH;,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C, |, ketone such as —COCH,,
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—COC,H,,—COC;H,, —CO-phenyl, etc.;ora C,_, , amine
such as NH,, NH(CH,), N(CH,;),, N(CH;)C,Hs, etc. In some
embodiments, the 3,3-bipyridinyl is optionally substituted
with 1 or 2 substituents independently selected from C,
alkyl and F.

[0034] Insome embodiments, Cy” is unsubstituted.

[0035] With respect to any relevant formula or structural
depiction herein, Cy*# can be optionally substituted p-pyridi-
nylene. Any substituent can be included on the p-pyridi-
nylene. In some embodiments, some or all of the substituents
on the p-pyridinylene may have: from 0 to 15 carbon atoms
and from 0 to 10 heteroatoms independently selected from: O,
N, S, F, Cl, Br, and [; and/or a molecular weight of 15 g/mol
to 500 g/mol. For example, the substituents may be C,_,
alkyl, such as CH,, C,Hs, C;H,, cyclic CyH,, C,H,, cyclic
C,H,, C;H,,, cyclic C;H,, CH, 5, cyclic CH, |, etc.; C,_j,
alkoxy; halo, such as F, Cl, Br, I; OH; CN; NO,; C,  fluoro-
alkyl, such as CF,, CF,H, C,Fs, etc.; a C,_, ester such as
—0,CCH,,—C0,CH,, —0,CC,H,, —CO,C,H,, —O,C-
phenyl, —CO,-phenyl, etc.; a C,,, ketone such as
—COCH,;, —COC,H;, —COC,H,, —CO-phenyl, etc.; or a
C,_,oamine such as NH,, NH(CH,), N(CHs,),, N(CH;)C,H;,
etc. In some embodiments, the p-pyridinylene is optionally
substituted with 1 or 2 substituents independently selected
from C, 4 alkyl and F. In some embodiments, Cy>* is unsub-
stituted.

[0036] With respect to any relevant formula or structural
depiction herein, Cy** can be a bond.

[0037] With respect to any relevant formula or structural
depiction herein, Cy>” can be optionally substituted p-pyridi-
nylene. Any substituent can be included on the p-pyridi-
nylene. In some embodiments, some or all of the substituents
on the p-pyridinylene may have: from 0 to 15 carbon atoms
and from O to 10 heteroatoms independently selected from: O,
N, S, F, Cl, Br, and [; and/or a molecular weight of 15 g/mol
to 500 g/mol. For example, the substituents may be C,_|,
alkyl, such as CH,, C,H;, CyH,, cyclic CyHs, C,H,, cyclic
C,H,, C;H,, eyclic C;Hg, CH, 5, cyclic CH, |, ete.; Cy |,
alkoxy; halo, such as F, Cl, Br, I; OH; CN; NO,; C, 4 fluoro-
alkyl, such as CF;, CF,H, C,Fs, etc.; a C, |, ester such as
—0,CCH,, —CO0,CH,, —0,CC,H,, —CO,C,H,, —0O,C-
phenyl, —CO,-phenyl, etc.; a C,,, ketone such as
—COCH,, —COC,H;, —COC,;H,, —CO-phenyl, etc.; or a
C,.,oamine such as NH,, NH(CH,), N(CHj;),, N(CH;)C,H,,
etc. In some embodiments, the p-pyridinylene is optionally
substituted with 1 or 2 substituents independently selected
from C,_ alkyl and F. In some embodiments, Cy>” is unsub-
stituted.

[0038] With respect to any relevant formula or structural
depiction herein, Cy* can be optionally substituted phenyl.
Any substituent can be included on the phenyl. In some
embodiments, some or all of the substituents on the phenyl
may have: from 0 to 15 carbon atoms and from 0 to 10
heteroatoms independently selected from: O, N, S, F, Cl, Br,
and I; and/or a molecular weight of 15 g/mol to 500 g/mol. For
example, the substituents may be C, |, alkyl, such as CH,,
C,H,, C;H,, cyclic C;H,, C,H,, cyclic C,H,, C;H, |, cyclic
CsH,, CH, 5, cyclic CH, 4, ete.; C,_;, alkoxy; halo, such as
F, Cl, By, [; OH; CN; NO,; C, ¢ fluoroalkyl, such as CF;,
CF,H, CJF,, etc; a C, |, ester such as —O,CCH,,
—CO,CH;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO5-phenyl, etc.; a C, |, ketone such as —COCHS,,
—COC,H;,—COC;H,,—CO-phenyl, etc.;oraC,_, , amine
such as NH,, NH(CH,), N(CH3;),, N(CH;)C,Hs, etc. Insome
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embodiments, the phenyl is optionally substituted with 1, 2, 3,
4 or 5 substituents independently selected from C,_, alkyland
F. In some embodiments, the phenyl may have 0, 1, 2, 3, or 4
electron-donating substituents, such as C, ¢ alkyl, OH, C,
alkoxy, ora C,_,,amine. In some embodiments, the phenyl is
unsubstituted, or any substituents of the phenyl are indepen-
dently F, methyl, ethyl, propyl, or isopropyl.

[0039] With respect to any relevant formula or structural
depiction herein, Cy* can be optionally substituted naphthyl.
Any substituent can be included on the naphthyl. In some
embodiments, some or all of the substituents on the naphthyl
may have: from 0 to 15 carbon atoms and from 0 to 10
heteroatoms independently selected from: O, N, S, F, Cl, B,
and I; and/or a molecular weight of 15 g/mol to 500 g/mol. For
example, the substituents may be C,_,, alkyl, such as CHj;,
C,Hs, C,H,, cyclic C,H,, C,H,, cyclic C,H,, C;H,,, cyclic
CsH,, C;H, 5, cyclic CH, 4, ete.; C,_ alkoxy; halo, such as
F, Cl, Br, I; OH; CN; NO,; C, ¢ fluoroalkyl, such as CF,,
CF,H, C,F,, etc; a C,, ester such as —O,CCH;,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C,,, ketone such as —COCH;,
—COC,H;,—COC;H,,—CO-phenyl, etc.;ora C,_, , amine
such as NH,, NH(CHj,), N(CH,),, N(CH;)C,Hj, etc. In some
embodiments, the naphthyl is optionally substituted with 1, 2,
3,4, 5, 6 or 7 substituents independently selected from C,
alkyl and F. In some embodiments, the naphthyl may have 0,
1,2, 3, or 4 electron-donating substituents, such as C, ¢ alkyl,
OH, C, ¢ alkoxy, ora C,_,, amine. In some embodiments, the
naphthyl is unsubstituted, or any substituents of the naphthyl
are independently F, methyl, ethyl, propyl, or isopropyl.
[0040] Insome embodiments, Cy* is unsubstituted.

[0041] With respect to any relevant formula or structural
depiction herein, Cy® can be optionally substituted phenyl.
Any substituent can be included on the phenyl. In some
embodiments, some or all of the substituents on the phenyl
may have: from 0 to 15 carbon atoms and from 0 to 10
heteroatoms independently selected from: O, N, S, F, Cl, B,
and I; and/or a molecular weight of 15 g/mol to 500 g/mol. For
example, the substituents may be C,_,, alkyl, such as CH,,
C,H;, C;H,, cyclic C;H,, C,H,, cyclic C,H,, C;H, |, eyclic
C,H,, C,H, ;, eyclic CH, ,, etc.; C,_,, alkoxy; halo, such as
F, Cl, Br, I; OH; CN; NO,; C, ¢ fluoroalkyl, such as CF;,
CF,H, CJF,, etc; a C, ., ester such as —O,CCH,,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C, |, ketone such as —COCH,,
—COC,H;,—COC;H,,—CO-phenyl, etc.;oraC,_, , amine
such as NH,, NH(CH,), N(CH3;),, N(CH,)C,Hs, etc. In some
embodiments, the phenyl is optionally substituted with 1,2, 3,
4 or 5 substituents independently selected from C,_4 alkyl and
F. In some embodiments, the phenyl may have 0, 1,2, 3, or 4
electron-donating substituents, such as C,_¢ alkyl, OH, C,
alkoxy, ora C,_,,amine. In some embodiments, the phenyl is
unsubstituted, or any substituents of the phenyl are indepen-
dently F, methyl, ethyl, propyl, or isopropyl.

[0042] With respect to any relevant formula or structural
depiction herein, Cy> can be optionally substituted naphthyl.
Any substituent can be included on the naphthyl. In some
embodiments, some or all of the substituents on the naphthyl
may have: from 0 to 15 carbon atoms and from 0 to 10
heteroatoms independently selected from: O, N, S, F, Cl, Br,
and I; and/or a molecular weight of 15 g/mol to 500 g/mol. For
example, the substituents may be C, |, alkyl, such as CH,,
C,H;, C;H,, cyclic C,H,, C,H,, cyclic C,H,, C;H, |, cyclic
C;Hg, C;H, 5, cyclic CH, 4, ete.; C, o alkoxy; halo, such as
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F, Cl, Br, I; OH; CN; NO,; C,  fluoroalkyl, such as CF;,
CF,H, CJF,, etc; a C,,, ester such as —O,CCH;,
—CO,CH,;, —0,CC,H;, —CO,C,H;, —O,C-phenyl,
—CO,-phenyl, etc.; a C,,, ketone such as —COCH,,
—COC,H,,—COC,H,,—CO-phenyl, etc.;ora C,_, , amine
such as NH,, NH(CH,), N(CH,),, N(CH;)C,Hj, etc. In some
embodiments, the naphthyl is optionally substituted with 1, 2,
3,4, 5, 6 or 7 substituents independently selected from C,
alkyl and F. In some embodiments, the naphthyl may have 0,
1,2, 3, or 4 electron-donating substituents, suchas C, ¢ alkyl,
OH, C,_,alkoxy, oraC,_,,amine. In some embodiments, the
naphthyl is unsubstituted, or any substituents of the naphthyl
are independently F, methyl, ethyl, propyl, or isopropyl.

[0043]

[0044] With respect to any relevant formula or structural
depiction herein, Cy® can be optionally substituted benzimi-
dazol-2-yl, optionally substituted benzothiazol-2-yl, or
optionally substituted benzoxazol-2-yl.

In some embodiments, Cy® is unsubstituted.

[0045] In some embodiments Cy® may be optionally sub-
stituted. If Cy® is substituted, it may have 1, 2, 3, 4, or 5
substituents. Any substituent may be included on Cy®. In
some embodiments, some or all of the substituents on Cy®
may have: from 0 to 10 carbon atoms and from 0 to 10
heteroatoms, wherein each heteroatom is independently: O,
N, S, F, Cl, Br, or I (provided that there is at least 1 non-
hydrogen atom); and/or a molecular weight of 15 g/mol to
500 g/mol. For example, the substituents may independently
be C, ,, optionally substituted alkyl, such as CH,, C,H;,
C;H., cyclic C4Hs, C,H,, cyclic C,H,, CsH,,, cyclic CsH,,
CeH, 3, cyclic CgH| |, etc., which may be optionally substi-
tuted; C, _,, optionally substituted alkoxy; halo, such as F, Cl,
Br, I; OH; CN; NO,; C, ¢ fluoroalkyl, such as CF;, CF,H,
C,Fs, etc.; a C,_,, ester such as —O,CCH;, —CO,CHj,
—0,CC,H;, —CO,C,H;, —0O,C-phenyl, —CO,-phenyl,
etc; a C,,, ketone such as —COCH,;, —COC,H,,
—COC;H,, —CO-phenyl, etc.; or a C, |, amine such as
NH,, NH(CH;), N(CH,;),, N(CH,)C,Hs, etc. In some
embodiments, Cy® is unsubstituted. In some embodiments,
Cy® may have 0, 1, 2, 3, 4, 5, or 6 electron-withdrawing
substituents, such as F, C,_¢ perfluoroalkyl, NO,, CN, etc. In
some embodiments, Cy® is unsubstituted, or any substituents
of Cy® are independently F or C,_; alkyl.

[0046] In some embodiments, HT can be

Cy4

N
/
Cy5

In some embodiments, HT can be:

R RS HC R3S

RS R RS R
R2 % R2 /%z
RIS N 7 RIS 7

R R® RIS RY
RV RIS HyC RIS
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-continued
RZS
R24

R26

[0047] whereinR'3, R*® R'7 R'$, R* R?° R*!,R**, R*,
R**, R**, and R are independently H or any substituent. In
some embodiments, R'3, R16, R17, R*® R*®, R?° R?! R%,
R* R** R*, and R*° are independently H, F,or C, ,alkyl. In

some embodiments, HT can be:
E N
N >

R

[0048] In some embodiments, ET can be Cy®. In some
embodiments, ET can be:

R27
N R28
% N 29
R
/ >
R36
R30
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[0049] wherein R¥, R*®, R*®, R*®, and R?® are indepen-
dently H or any substituent. In some embodiments, R*?, R*®,
R*®, and R*° are independently H or any electron-withdraw-
ing substituent, such as F, C, _ perfluoroalkyl, NO,, CN, etc.
In some embodiments, R*’, R*®, R*®, and R*® are indepen-
dently H,ForC, ; alkyl. In some embodiments R*’, R*¥, R*%,
and R*® are independently H, F, C,_, alkyl, or C,_, perfluoro-
alkyl. In some embodiments, R*° is H, C, ; alkyl, C, 5 pet-
fluoroalkyl, or optionally substituted phenyl. In some
embodiments, ET can be:

§ N.
/
N

R3 5

R28

R27
R
R30
R3l
R34
Rr3?
R33

[0050] wherein R¥, R*, R*, R*® R*! R*Z, R*,R*, and
R** are independently H, F, methyl, ethyl, propyl, or isopro-
pyl. In some embodiments, ET can be:

R! R?
R3 R*

wherein R?, R?, R?, and R* are independently H or any sub-
stituent. In some embodiments, R', R?, R, and R* are inde-
pendently H, F, or C, ; alkyl. In some embodiments, R', R?,
R?, and R* are independently H, F, methyl, ethyl, propyl, or
isopropyl.

[0052] In some embodiments, Cy* can be a bond. In some
embodiments, Cy” can be:

R’ RS

<

R’ R®

wherein R°, R%, R, and R® are independently H or any sub-
stituent. In some embodiments, R®, R®, R7, and R® are inde-
pendently H, F, or C, 5 alkyl.
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[0053] Insome embodiments, Cy? can be:
5

—N

\ /

R’ RS

[0054] Insome embodiments, Cy' and Cy* can be:

RZA RSA

R3 R* R’ RS

wherein R** and R>* are independently H or any substituent.
In some embodiments, R** and R>* are independently H, F, or

C,; alkyl.
[0055] Insome embodiments, Cy can be:

RQ RIO R9 RIO

wherein R?, R%, R7, R%, R®, R, R}, R'2, R!3, and R are
independently H or any substituent. In some embodiments,
R3 RS R7, R® R® R'® R'' R'% R'? and R'* are indepen-
dently H, F, or C, 5 alkyl.

[0056] Insome embodiments, Cy> can be:

R9 RIO R9 RIO
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[0057] Insome embodiments, Cy** can be:

R12 RI3

\ /7
R4

wherein R, R'’, R'', R'?, R*?, and R'* are independently H
or any substituent. In some embodiments, R°, R*®, R!!, R'?,
and R'* are independently H, F, or C,_, alkyl.

[0058] Insome embodiments, Cy* can be:

5

RhS
R24

wherein R?%, R*, R**, R* and R?® are independently H or
any substituent. In some embodiments, R?°, R**, R*', R*? and
R?? are independently H, F, C, , alkyl, or C, , perfluoroalkyl.
In some embodiments, R*, R*°, R*!, R>? and R>? are inde-
pendently H, F, or C, 5 alkyl.

[0059] Insome embodiments, Cy> can be:
RIS R16
RY,
RY RS

wherein R, R'S, R'7, R'®, and R'® are independently H or
any substituent. In some embodiments R'>, R'%,R'”",R*#, and
R'? are independently H, F, C,  alkyl, or C, , perfluoroalkyl.
In some embodiments R'%, R*%, RY7, R'%, and R'® are inde-
pendently H, F, or C, 5 alkyl.

Formula 5
R25
R24
RZG
R23
o F—Cyl—Cyz—Cyh—Cy”—Cy“,
oy
Formula 7
RIS oyt

A\
N—Cyl—Cy?—CyPa—CyP—CyS,

RZI
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[0060] Insome embodiments, Cy> can be:

:i 2o RIS*‘

wherein R'?, R'¢, R*7, R'® R'®, R*°, and R*' are indepen-
dently H or any substituent. In some embodiments R, RS,
R, R"® R" R*,andR*" areindependently H, RC, 3alk}ll
or C 13 ;)erﬂuoroalkvl In some embodiments R'> ,RTS,

R R ,and R?" are mdependently H F, orC 13 alkyl
[0061] In some embodiments, Cy® can be:

HIHOC
O

wherein R*7, R*®, R**, and R*’, and R*® are mdependentlyH
or any substituent. In some embodlments R*,R*®,R*® and
R* are independently H or any electron- Wlthdrawmg “sub-
stituent, suchas F, C 268perﬂuoroal 1, NO,, CN, etc. In some
embodiments, R27, R, R25, and R*C are 111dependentlyH F
orC, alkyl. In some embodiments R*7, R2%, R?*, and R*° are
independently H, F Cysalkyl,orC,_ 3perﬂuoroalkyl Insome
embodiments, R*® is H, C 1.3 alkyl, C, 5 perfluoroalkyl, or
optionally substituted phenyl.

[0062] Some embodiments can include a compound repre-
sented by one or more of Formulas 5-28, as follows:
Formula 6
cyt
\
R15 N—Cyl—CyZ—Cy3”—Cy3b—Cy6,
R16 R19
Rl7 RIS
Formmla 8
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-continued
Formula 9
R! R? cy*
\
Cy4 N_Cyl_cy3a_Cy3b_cyﬁ7
\ . /
N Oy — Oy =Gy —Cye, oy’
CyS
R} R*
R’ RS
Cy4
\
N—Cy! Cylr—CyP =y,
&s
R’ R®
Formula 12
R6 Rll
cy* N— cy* —N
\ \
N—Cy' \ / Oy -Gy =0y, N—Cy'—Cy \ / Oy =0y,
C§5 C§5
R7 R8 R9 RIO
Formula 14
Rl R4
cyt N— cyt —N
\ 1 3b 6 \ 1 3a 6
N—Cy'—cy \ / Cy¥P=0yS, N—Cy'—Cy’—Cy \ / o,
oy C§5
R9 RIO RIZ Rl3
Cy4
\
/N—Cyl—Cyz—Cyz”—Cys,
oy
R3S
R
R26
Rr23 R R R® RI0 RI2 RI3 RY
28
— N R,
N / N R
R* RIl R4 R3S
R30
R3l
R34
R32
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Formula 10

Formula 11

Formula 13

Formula 15

Formula 16

Formula 17
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14

-continued
Formula 18
RZS
R24
R26
Rr23 R RE RS R6 RI2 RI3 RY
28
R2 - /N R
R N \ /
N N R
16 3 4 7 8 pl4 R
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Formula 24
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R24
R26
R23 R27
RZS
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RIS
R29
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R
R
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-continued
Formula 27
RZS
R24
R% RY
R and
R?.Z
RIS
R29
Rl6 R30
ng R3l
RV R*
RI® R32
R33
Formula 28
R3S
R24
RZG
R27
RE,
R29
R30
R31
[0063] Generally R'-R*S, R4, and R> can be H or any -continued
substituent, such as a substituent having from 0 to 6 carbon 0 0
atoms and from 0 to 3 heteroatoms, wherein each heteroatom
is independently: O, N, S, F, Cl, Br, or 1, and/or having a 5 /RA
molecular weight of 15 g/mol to 300 g/mol. Any of R*-R?S N R N
may comprise: a) one or more alkyl moieties optionally sub- | B I 2
stituted with, or optionally connected by or to, b) one or more R R
functional groups, such as C—=C, C=C, CO, CO,, CON, NRACOR? CONRAR?

NCO,, OH, SH, O, S,N, N—C, F, C1, Br, [, CN,NO,, CO,H,
NH,, etc.; or, may be a substituent having no alkyl portion,
such as F, Cl, Br, I, NO,, CN, NH,, OH, COH, CO,H, etc. In
some embodiments R*-RS are independently H, C,_; alkyl,
or C,_, perfluoroalkyl.

[0064] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R' ma
include R?, F, CN, OR?, CF,,NO,, NR“R?, COR*, CO,R*,
OCOR“ NRACOR?, CONRARZ, etc. In some embodiments,
R'may be H; C,_; alkyl, such as methyl, ethyl, propyl isomers
(e.g., n-propyl and isopropyl), cyclopropyl, etc.; or, C, 5 per-
fluoroalkyl, such as perfluoromethyl, perfluoroethyl, perfluo-
ropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R' is H, F, or C,_; alkyl. Insome embodiments,
R! may be H. In some embodiments, R* is methyl.

[0} O O
RA
/ R4 )t
%—N\ %1\ R4 %LO/ \!vio R4
RB

NRAR? COR4 CO,R4 OCOR4

[0065] Each R may independently be H, or C, _,, alkyl,
including; linear or branched alkyl having a formulaC H,, ,,
or cycloalkyl having a formula C H,_,, whereinais 1, 2,3, 4,
5,6,7,8,9,10,11, or 12, such as linear or branched alkyl of
a formula: CH;, C,Hs, C3H;, CuH, CsH,y, Col 5, CoH s,
C.H,,,CH,,, C,,H,,,etc.,orcycloalkyl of a formula: C;H;,
C,H;, CsHy, CoH, . CH, 5, CeHy s, CH, 7, CooH,, ete. In
some embodiments, R* may be H or C,_4 alkyl. In some
embodiments, R* may be H or C, ; alkyl. In some embodi-
ments, R* may be H or CH,. In some embodiments, R* may
be H.

[0066] Each R® may independently be H, or C,_,, alkyl,
including: linear or branched alkyl having a formulaC H,, ,,
or cycloalkyl having a formula C_H,_, whereina is 1, 2, 3, 4,
5,6,7,8,9,10, 11, or 12, such as linear or branched alkyl of
a formula: CH,, C,Hs. CH,, CHo, C;H,y, CoH, 5, CgH,y 5,
C.H,.,CH,,, C,oH,,, ete., or cycloalkyl of a formula: C,H,,
C,H;, CsHy, CoH, . CH, 5, CeHys, CH, 7, CioH,, etc. In
some embodiments, R® may be H or C,_; alkyl. In some
embodiments, R may be H or CH,. In some embodiments,
RZ may be H.
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[0067] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R* may
include R F, Cl, OR?, CF,, NO,, NR“R?, COR?, CO,R*,
OCOR“ NR4COR?, CONR4R?Z, etc. In some embodiments,
R? may be H; C, _, alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, ; perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, per-
fluorocyclopropyl, etc. In some embodiments, R* is H, F, or
C,, alkyl. In some embodiments, R* may be H. In some
embodiments, R” is ethyl.

[0068] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R*, F, Cl, OR?, CF,, NO,, NR“R?, COR?, CO,R,
OCOR“A NRACOR?, CONRAR?, etc. In some embodiments,
R** may be H; C,_, alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, 5 perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, per-
fluorocyclopropyl, etc. In some embodiments, R* may be
CH,.

[0069] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R® may
include R, F, Cl, CN, CF,, NO,, NR“R?, COR?, CO,R*,
OCOR“NRACOR?, CONRR?, etc. In some embodiments,
R* may be H; C,_, alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, 5 perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, per-
fluorocyclopropyl, etc. In some embodiments, R* may be H.
In some embodiments, R* is H, F, or C,_, alkyl. In some
embodiments, R* is OCH,.

[0070] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R* may
include R, F, Cl, CN, OR%, CF,, NO,, COR?, CO,R",
OCOR“ANRACOR?, CONRR?, etc. In some embodiments,
R* may be H; C,_, alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, 5 perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, per-
fluorocyclopropyl, etc. In some embodiments, R* may be H.
In some embodiments, R* is H, F, or C, ; alkyl. In some
embodiments, R*is F.

[0071] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R> may
include R F, CF,, NO,, NR“R?, COR, CO,R* OCOR“N-
R“COR?, CONR“R?, etc. In some embodiments, R* may be
H; C,_; alkyl, such as methyl, ethyl, propyl isomers, cyclo-
propyl, etc.; or C, 5 perfluoroalkyl, such as perfluoromethy],
perfluoroethyl, perfluoropropyl isomers, perfluorocyclopro-
pyl, etc. In some embodiments, R> may be H. In some
embodiments, R* isH, F, or C,_, alkyl. Insome embodiments,
R? is methyl.

[0072] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R>* may
include R4, F, CI, OR%, CF,, NO,, NR“R?, COR*, CO,R%,
OCOR“ NRACOR?, CONR“RZ, etc. In some embodiments,
R* may be H; C,_, alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, _; perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, pet-
fluorocyclopropyl, etc. In some embodiments, R*4 may be
CH;.

[0073] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of RS may
includeR*, F, C1,CN, OR?, CF,, COR?, CO,R*, OCOR etc.
In some embodiments, R® may be H; C, 5 alkyl, such as
methyl, ethyl, propy! isomers, cyclopropyl, etc.; or C, 5 per-
fluoroalkyl, such as perfluoromethyl, perfluoroethyl, perfluo-
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ropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R® may be H. In some embodiments, R%1s H, F,
or C,_, alkyl. In some embodiments, R® is methyl.

[0074] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R” may
include R*, F, CN, OR?, CF,, NR“R?, COR*, CO,R",
OCOR“NRACOR?, CONRARZ, etc. In some embodiments,
R” may be H; C, 5 alkyl, such as methyl, ethyl, propyl iso-
mers, cyclopropyl, etc.; or C, ; perfluoroalkyl, such as per-
fluoromethyl, perfluoroethyl, perfluoropropyl isomers, per-
fluorocyclopropyl, etc. In some embodiments, R” may be H.
In some embodiments, R” is H, F, or C,_; alkyl. In some
embodiments, R is F.

[0075] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R® may
include R4, F, CF,, OCOR, etc. In some embodiments, R®
may be H; C, 5 alkyl, such as methyl, ethyl, propyl isomers,
cyclopropyl, etc.; or C,_; perfluoroalkyl, such as perfluorom-
ethyl, perfluoroethyl, perfluoropropy! isomers, etc. In some
embodiments, R® may be H. In some embodiments, R®is H, F,
or C, , alkyl. In some embodiments, R® is OH.

[0076] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R® may
include R4, F, OR%, CF,, NO,, NR“R®, COR%, CO,R4,
OCOR“, CONR“R?, etc. In some embodiments, R” may be
H; C,_; alkyl, such as methyl, ethyl, propyl isomers, cyclo-
propyl, etc.; or C, 5 perfluoroalkyl, such as perfluoromethyl,
perfluoroethyl, perfluoropropyl isomers, perfluorocyclopro-
pyl, etc. In some embodiments, R® may be H. In some
embodiments, R® is H, F, or C,_ alkyl. In some embodiments,
R® may be CH,.

[0077] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'® may
inctude R, F, CF,, NO,, etc. In some embodiments, R'* may
be H; C,_; alkyl, such as methyl, ethyl, propyl isomers, cyclo-
propyl, etc.; or C,_; perfluoroalkyl, such as perfluoromethyl,
perfluoroethyl, perfluoropropyl isomers, perfluorocyclopro-
pyl, etc. In some embodiments, R'® may be H. In some
embodiments, R'® is H, F, or C,_; alkyl. In some embodi-
ments, R'° is methyl.

[0078] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'! may
include R4, F, CN, OR#, CF,, NO,, NRCOR?, CONR“R?,
etc. In some embodiments, R' may be H; C,_; alkyl, such as
methyl, ethyl, propyl isomers, cyclopropyl, etc.; or C, 5 per-
fluoroalkyl, such as perfluoromethyl, perfluoroethyl, perfluo-
ropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R'* may be H. In some embodiments, R'* is H,
F, or C,_; alkyl. In some embodiments, R** is F.

[0079] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R*, F, CF;, NR“R?, COR4, CO,R?, OCOR“N-
R“COR?, CONR“R?, etc. In some embodiments, R** may be
H; C,_; alkyl, such as methyl, ethyl, propyl isomers, cyclo-
propyl, etc.; or C,_; perfluoroalkyl, such as perfluoromethyl,
perfluoroethyl, perfluoropropyl isomers, perfluorocyclopro-
pyl, etc. In some embodiments, R'* may be H. In some
embodiments, R'? is H, F, or C,_; alkyl. In some embodi-
ments, R'?is COH.

[0080] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'®> may
include R4, F, Cl, CF, NO,, COR?, CO,R*, OCOR etc. In
some embodiments, R'®> may be H; C, ; alkyl, such as methyl,
ethyl, propyl isomers, cyclopropyl, etc.; or C,_; perfluoro-
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alkyl, such as perfluoromethyl, perfluoroethyl, perfluoropro-
pyl isomers, perfluorocyclopropyl, etc. In some embodi-
ments, R'* may be H. In some embodiments, R'? is H, F, or
C, 5 alkyl. In some embodiments, R'? is methyl.

[0081] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'* may
include R4, F, Cl, CN, OR“, CF,, NO,, NR“R® COR",
CO,RY, OCOR* NRCOR?, CONR“R?, etc. In some
embodiments, R'* may be H; C,_, alkyl, such as methyl,
ethyl, propyl isomers, cyclopropyl, etc.; or C,_; perfluoro-
alkyl, such as perfluoromethyl, perfluoroethyl, perfluoropro-
pyl isomers, perfluorocyclopropyl, etc. In some embodi-
ments, R'* may be H. In some embodiments, R** is H, F, or
C, 5 alkyl. In some embodiments, R** is CN,

[0082] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'® may
include R4, F, OR4, SR*, NR“R?, etc. In some embodiments,
R'® may be H; or C, ¢ alkyl, such as methyl, ethyl, propyl
isomers, butyl isomers, pentyl isomers, hexyl isomers, cyclo-
propyl, cyclobutyl isomers, cyclopentyl isomers, cyclohexyl
isomers, etc. In some embodiments, R* is H, OH, NH,,, C, ,
alkyl (such as methyl, ethyl, propyl, isopropyl, etc.), C; ;—
O-alkyl (such as —O-methyl, —O-ethyl, —O-propyl, —O-
isopropyl, etc.), or C,_; amino (such as —NHCH;,—N(CH,)
5, €tc.). In some embodiments, R'® is H, F, methyl, ethyl,
propyl, or isopropyl. In some embodiments, R'* may be H.
[0083] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'® may
include R4, F, OR%, NR“RZ, etc. In some embodiments, R'¢
may be H; or C,_, alkyl, such as methyl, ethyl, propyl isomers,
butyl isomers, pentyl isomers, hexyl isomers, cyclopropyl,
cyclobutyl isomers, cyclopentyl isomers, cyclohexyl iso-
mers, etc. [n some embodiments, R'® is H, OH, NH,, C, ;
alkyl, —OCH,;, OC,H,, or C,_; amino. In some embodi-
ments, R'®is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R'® may be H. In some embodiments, R*® may
be CH..

[0084] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'” may
include R% F, OR™, NR“R?, etc. In some embodiments, R’
may be H; or C,  alkyl, such as methyl, ethyl, propyl isomers,
butyl isomers, pentyl isomers, hexyl isomers, cyclopropyl,
cyclobutyl isomers, cyclopentyl isomers, cyclohexyl iso-
mers, etc. In some embodiments, R'” is H, OH, NH,, C,
alkyl, C, ; —O-alkyl, or C, 5 amino. In some embodiments,
R'” is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R'” may be H.

[0085] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'® may
include R%, F, OR*, NR“R?, etc. In some embodiments, R*®
may be H; or C, ¢ alkyl, such as methyl, ethyl, propyl isomers,
butyl isomers, pentyl isomers, hexyl isomers, cyclopropyl,
cyclobutyl isomers, cyclopentyl isomers, cyclohexyl iso-
mers, etc. [n some embodiments, R'® is H, OH, NH.,, C, ;
alkyl, C, ; —O-alkyl, or C,_; amino. In some embodiments,
R'® is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R*® may be H.

[0086] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R'® may
include R4, F, OR%, NR“RZ, etc. In some embodiments, R’
may be H; or C, ¢ alkyl, such as methyl, ethyl, propyl isomers,
butyl isomers, pentyl isomers, hexyl isomers, cyclopropyl,
cyclobutyl isomers, cyclopentyl isomers, cyclohexyl iso-
mers, etc. In some embodiments, R'® is H, OH, NH.,, C, ;
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alkyl, C,_; —O-alkyl, or C,_ amino. In some embodiments,
R is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R*® may be H.

[0087] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*® may
include R, F, OR?, NR“R”, NR'COR”, etc. In some
embodiments, R** may be H; or C, ¢ alkyl, such as methyl,
ethyl, propyl isomers, butyl isomers, pentyl isomers, hexyl
isomers, cyclopropyl, cyclobutyl isomers, cyclopentyl iso-
mers, cyclohexyl isomers, etc. In some embodiments, R*° is
H, OH, NH,. C, ; alkyl, C, ; —O-alkyl, or C, 5 amino. In
some embodiments, R*° is H, F, methyl, ethyl, propyl, or
isopropyl. In some embodiments, R** may be H.

[0088] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R?! may
include RY, F, OR?, NR*R?, NRACOR?, etc. In some
embodiments, R*' may be H; or C, _, alkyl, such as methyl,
ethyl, propyl isomers, butyl isomers, pentyl isomers, hexyl
isomers, cyclopropyl, cyclobutyl isomers, cyclopentyl iso-
mers, cyclohexyl isomers, etc. In some embodiments, R*! is
H, OH, NH,, C, ; alkyl, C, ; —O-alkyl, or C, 5 amino. In
some embodiments, R*' is H, F, methyl, ethyl, propyl, or
isopropyl. In some embodiments, R*! may be .

[0089] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R*, F, OR?, NRR?, NR“COR?, etc. In some
embodiments, R** may be H; or C, ¢ alkyl, such as methyl,
ethyl, propyl isomers, butyl isomers, pentyl isomers, hexyl
isomers, cyclopropyl, cyclobutyl isomers, cyclopentyl iso-
mers, cyclohexyl isomers, etc. In some embodiments, R* is
H, OH, NH,, C, ; alkyl, or methoxy. In some embodiments,
R* is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R*? may be H.

[0090] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R%, F, OR%, NR4RZ, NR4COR?, etc. In some
embodiments, R**> may be H; or C, _, alkyl, such as methyl,
ethyl, propyl isomers, butyl isomers, pentyl isomers, hexyl
isomers, cyclopropyl, cyclobutyl isomers, cyclopentyl iso-
mers, cyclohexyl isomers, etc. In some embodiments, R* is
H, OH, NH,, C, ; alkyl, C, ; —O-alkyl, or C, 5 amino. In
some embodiments, R* is H, F, methyl, ethyl, propyl, or
isopropyl. In some embodiments, R** may be H.

[0091] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R, F, C!, OR?, NR“R?, etc. In some embodiments,
R* may be H; or C, , alkyl, such as methyl, ethyl, propyl
isomers, butyl isomers, pentyl isomers, hexyl isomers, cyclo-
propyl, cyclobutyl isomers, cyclopentyl isomers, cyclohexyl
isomers, etc. [n some embodiments, R** is H, OH, NH,, C,
alkyl, C, ; —O-alkyl, or C,_; amino. In some embodiments,
R* is H, F, methyl, ethyl, propyl, or isopropyl. In some
embodiments, R** may be H or CH,. In some embodiments,
R** may be H. In some embodiments, R>* may be CH;.

[0092] With respect to any relevant formula or structural
depiction herein, some non-limiting With respect to any rel-
evant formula or structural depiction herein, some non-limit-
ing examples of R** may include R?, F, OR?, NR“R?,
NRACOR?, etc. In some embodiments, R** may be H; or C, ¢
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc. In some
embodiments, R* is H, OH, NH,, C,_, alkyl, or C,_, —O-
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alkyl. In some embodiments, R’ is H, F, methyl, ethyl, pro-
pyl, or isopropyl. In some embodiments, R** may be H.
[0093] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*® may
include R% F, ORY, NR’R®, NRCOR?, etc. In some
embodiments, R*® may be H; or C, ¢ alkyl, such as methyl,
ethyl, propyl isomers, butyl isomers, pentyl isomers, hexyl
isomers, cyclopropyl, cyclobutyl isomers, cyclopentyl iso-
mers, cyclohexyl isomers, etc. In some embodiments, R*® is
H, OH, NH,, methyl, or methoxy. In some embodiments, R*°
is H, F, methyl, ethyl, propyl, or isopropyl. In some embodi-
ments, R*® may be H.

[0094] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*’ may
include R, F, CN, CF,, NO,, COR?, CO,R*, NR*COR?,
CONR#R? etc. In some embodiments, R*” may be H; F; C, ¢
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, eftc.; or C, ¢
perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R*” may be H, F, CN, CF,, COH, CO,H,
CO,CH,, or NO,. In some embodiments, R>" may be H or F.
[0095] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R4, F, CN, CF,, NO,, COR?, CO,R*, NR*COR?,
CONR4R?, etc. In some embodiments, R*®* may be H; F; C, ¢
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc.; or C, ¢
perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R*® may be H, F, CN, CF,, COH, COCH,,
CO,CH,, or NO,. In some embodiments, R** may be Hor F.
[0096] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R, F, CN, CF,, NO,, COR?, CO,R*, NR*COR?,
CONR“R?, etc. In some embodiments, R*® may be H; F; C,
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc.; or C,
perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R* may be H, F, CN, CF,, COH, CO,H,
CO,CH,, COCH,, or NO,. In some embodiments, R*° may
beHorF.

[0097] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*® may
include R, F, CN, CF,, NO,, COR?, CO,R?, NR*COR?,
CONRAR? etc. In some embodiments, R** maybe H; F; C, ¢
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc.; or C, 4
perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R** may be H, F, CN, CF,, or COH. In some
embodiments, R*° may be H or .

[0098] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*' may
include R4, F, CN, CF,, NO,, COR4, CO,R%, NR*COR?,
CONR“R?, etc. Insome embodiments, R*' may be H; F; C, ,
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc.; or C, ¢

Mar. 6, 2014

perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R*' may be H, F, Cl, CN, CF,, COH, CO,H,
NHCOH, CO,CHj,, or NO,. In some embodiments, R*! may
beHorF.

[0099] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R?, F, CN, CF,, NO,, COR?, CO,R, NR*COR?,
CONR“R?, etc. In some embodiments, R*> may be H; F; C,
alkyl, such as methyl, ethyl, propyl isomers, butyl isomers,
pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl iso-
mers, cyclopentyl isomers, cyclohexyl isomers, etc.; or C, ¢
perfluoroalkyl, such as perfluoromethyl, perfluoroethyl, per-
fluoropropyl isomers, perfluorocyclopropyl, etc. In some
embodiments, R** may be H, F, CN, CF,, COH, or NO,. In
some embodiments, R?> may be H or F.

[0100] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R*, F, CN, CF,, NO,, COH, COR, CO,R“,
NRACORZ, CONR“R?, etc. In some embodiments, R** may
be H; F; C,_, alkyl, such as methyl, ethyl, propyl isomers,
butyl isomers, pentyl isomers, hexyl isomers, cyclopropyl,
cyclobutyl isomers, cyclopentyl isomers, cyclohexyl iso-
mers, etc.; or C, ¢ perfluoroalkyl, such as perfluoromethyl,
perfluoroethyl, perfluoropropyl isomers, perfluorocyclopro-
pyl, etc. In some embodiments, R** may be H, F, CN, CF,,
COH, CO,H, CO,CH,, or NO,. In some embodiments, R**
may be H or F.

[0101] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R** may
include R, F, CN, CF,, CO,R*, NO,, etc. In some embodi-
ments, R** may be H; F; C,_; alkyl, such as methyl, ethyl,
propyl isomers, butyl isomers, pentyl isomers, hexyl isomers,
cyclopropyl, cyclobutyl isomers, cyclopentyl isomers, cyclo-
hexyl isomers, etc.; or C, ¢ perfluoroalkyl, such as perfluo-
romethyl, perfluoroethyl, perfluoropropyl isomers, perfluo-
rocyclopropyl, etc. In some embodiments, R** may be H, F,
CN, CF,, COH, CO,H, CO,CHs,, or NO,. In some embodi-
ments, R** may be Hor F.

[0102] With respect to any relevant formula or structural
depiction hetein, some non-limiting examples of R** may
inctude R%, F, CN, CF,, COCH,, NO,, etc. In some embodi-
ments, R**> may be H; F: C,_ alkyl, such as methyl, ethyl,
propyl isomers, butyl isomers, pentyl isomers, hexylisomers,
cyclopropyl, cyclobutyl isomers, cyclopentyl isomers, cyclo-
hexyl isomers, etc.; or C,_¢ perfluoroalkyl, such as perfluo-
romethyl, perfluoroethyl, perfluoropropyl isomers, perfiuo-
rocyclopropyl, ete. In some embodiments, R** may be H, F,
CN, or CF,. In some embodiments, R** may be H or F.
[0103] With respect to any relevant formula or structural
depiction herein, some non-limiting examples of R*® may
inctude R¥, CF,, optionally substituted phenyl, etc. In some
embodiments, R*® may be unsubstituted phenyl.

[0104] Some embodiments include optionally substituted
BE-1, optionally substituted BE-2, optionally substituted
BE-3, optionally substituted BE-4, optionally substituted
BE-5, optionally substituted BE-6, optionally substituted
BE-7, optionally substituted BE-8, optionally substituted
BE-9, optionally substituted BE-10, optionally substituted
BE-11, optionally substituted BE-12, optionally substituted
BE-13, or optionally substituted BE-14.

[0105] The compounds and compositions described herein
can be incorporated into light-emitting devices in various
ways. For example, an embodiment provides an organic com-
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ponent disposed between an anode and a cathode. In some
embodiments, the device may be configured so that holes can
be transferred from the anode to the organic component. In
some embodiments, the device may be configured so that
electrons can be transferred from the cathode to the organic
component. The organic component may comprise the com-
pounds and/or compositions described herein.

[0106] Theanodemay be alayer comprising aconventional
material such as a metal, mixed metal, alloy, metal oxide or
mixed-metal oxide, conductive polymer, and/or an inorganic
material such as carbon nanotube (CNT). Examples of suit-
able metals include the Group 1 metals, the metals in Groups
4, 5, 6, and the Group 8-10 transition metals. If the anode
layer is to be light-transmitting, metals in Group 10 and 11,
such as Au, Pt, and Ag, or alloys thereof; or mixed-metal
oxides of Group 12, 13, and 14 metals, such as indium-tin-
oxide (ITO), indium-zinc-oxide (IZO), and the like, may be
used. In some embodiments, the anode layer may be an
organic material such as polyaniline. The use of polyaniline is
described in, e.g., “Flexible light-emitting diodes made from
soluble conducting polymer,” Nature, vol. 357, pp. 477-479
(11 Jun. 1992), which is incorporated by reference herein for
its relevant teachings. Examples of suitable high work func-
tion metals and metal oxides include but are not limited to Au,
Pt, or alloys thereof; ITO; IZ0; and the like. In some embodi-
ments, the anode layer can have a thickness in the range of
about 1 nm to about 1000 nm.

[0107] A cathode may be a layer including a material hav-
ing a lower work function than the anode layer. Examples of
suitable materials for the cathode layer include those selected
from alkali metals of Group 1, Group 2 metals, Group 12
metals including rare earth elements, lanthanides and
actinides, materials such as aluminum, indium, calcium,
barium, samarium and magnesium, and combinations
thereof. Li-containing organometallic compounds, LiF, and
Li,0 may also be deposited between the organic layer and the
cathode layer to lower the operating voltage. Suitable low
work function metals include but are not limited to Al, Ag,
Mg, Ca, Cu, Mg/Ag, LiF/Al, CsF, CsF/Al or alloys thereof. In
some embodiments, the cathode layer can have a thickness in
the range of about 1 nm to about 1000 nm.

[0108] Insome embodiments, the organic component may
comprise at least one light-emitting layer comprising a light-
emitting component, and optionally, a host. A host may com-
prise a compound described herein, a hole-transport material,
an electron-transport material, and/or an ambipolar material.
In some embodiments, the device may be configured so that
holes can be transferred from the anode to the light-emitting
layer. In some embodiments, the device may be configured so

x | AN
N N F
/
Ir
0 ¢]
FsC CF;
2
bis-{2-[3,3-

bis(trifluoromethyl)pheny!|pyridinato-
N,C2"Viridium(II)-picolinate (Ir(CF3ppy)a(Pic)

bis(2-[4,6-difluorophenyl]pyridinato-
N,C2hiridium (II) picolinate [FlrPic]
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that electrons can be transferred from the cathode to the
light-emitting layer. If present, the amount of the host in a
light-emitting layer can vary. In one embodiment, the amount
of ahost in a light-emitting layer may be in the range of from
about 1% to about 99.9% by weight of the light-emitting
layer. In another embodiment, the amount of a host in a
light-emitting layer may be in the range of from about 90% to
about 99% by weight of the light-emitting layer. In another
embodiment, the amount of a host in a light-emitting layer
may be about 97% by weight of the light-emitting layer.
[0109] In some embodiments, the mass of the light-emit-
ting component may be about 0.1% to about 10%, about 1%
to about 5%, or about 3% of the mass of the light-emitting
layer. In some embodiments, the light-emitting layer may be
a neat light-emitting layer, meaning that the light-emitting
component is about 100% by weight of the light-emitting
layer, or alternatively, the light-emitting layer consists essen-
tially of light-emitting component. The light-emitting com-
ponent may be a fluorescent and/or a phosphorescent com-
pound. In some embodiments, the light-emitting component
comprises a phosphorescent material.

[0110] Thelight-emitting component or compound may be
chosen to vary the color of the light emitted by the light-
emitting device. For example, a blue light-emitting compo-
nent may emit a combination of visible photons so that the
light appears to have a blue quality to an observer. In some
embodiments, a blue light-emitting component may emit vis-
ible photons having an average wavelength in the range of
about 440 nm or about 460 nm to about 490 nm or about 500
nm. The “average wavelength” of visible photons may
include, when referring to the visible emission spectrum of a
compound, the wavelength wherein the area under the curve
for the part of the visible spectrum having a lower wavelength
than the average wavelength is about equal to the area under
the curve for the part of the visible spectrum having a higher
wavelength than the average wavelength. Some non-limiting
examples of compounds which may form part or all of a blue
light-emitting component include iridium coordination com-
pounds such as: bis-{2-[3,5-bis(trifluoromethyl)phenyl]py-
ridinato-N,C2'}iridium(IIT)-picolinate,  bis-(2-[4,6-diffuo-
rophenyl]pyridinato-N,C2")iridium (IIT) picolinate, bis(2-[4,
6-difluorophenyl]pyridinato-N,C2")iridium
(acetylacetonate), Iridium (I bis(4,6-
difluorophenylpyridinato)-3-(trifluoromethyl)-5-(pyridine-
2-y1)-1,2,4-triazolate, Tridium (II0) bis(4,6-

difluorophenylpyridinato)-5-(pyridine-2-yl)-1H-tetrazolate,
bis[2-(4,6-difluorophenyl)pyridinato-N,C* |iridium(I11)tetra
(1-pyrazolyl)borate, etc. The structures corresponding to
these compounds are as follows:

bis(2-[4,6-difluorophenyl|pyridinato-
N,C2"iridium{acetylacetonate) [Flr(acac)]
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Iridium (IIT) bis(4,6-diflucrophenylpyridinato)-3-
(triflucromethyl)-5-(pyridine-2-y1)-1,2 4-
triazolate (Flrtaz)

Iridium (I11) bis(4,6-difluorophenylpyridinato)-
5-(pyridine-2-yl)-1H-tetrazolate (F1tN4)

bis[2-(4,6-difluorophenyl)pyridinato-
N,Czr]iridimn(HI)tetra(l -pyrazolyl)borate (Fir6)

QiQ

4 A'-(1E,1'E)-[1,1"-biphenyl]-4 4"-diylbis(ethene-2,1-diyl))bis(N,N-di-p-tolylaniline)

(DPAVBi).

[0111] The thickness of a light-emitting layer may vary. In
one embodiment, a light-emitting layer may have a thickness
in the range of from about 1 nm to about 150 nm or about 200
nm

[0112] In some embodiments, the light-emitting device
may emit white light. A light-emitting layer may be config-
ured to emit white light by including a white light emitter, or
a combination of colored emitters which have a combined
emission that appears white. Alternatively, a combination of
different colored light-emitting layers may be configured to
emit white light.

[0113] Insome embodiments, the organic component may
further comprise a hole-transport layer disposed between the
anode and the light-emitting layer. The hole-transport layer
may comprise at least one hole-transport material. In some
embodiments, the hole-transport material comprises at least
one of an aromatic-substituted amine, a carbazole, a polyvi-
nylcarbazole (PVK), e.g. poly(9-vinylcarbazole); polyfluo-
rene; a polyfluorene copolymer; poly(9,9-di-n-octylfluorene-
alt-benzothiadiazole);  poly(paraphenylene);  poly[2-(5-
cyano-5-methylhexyloxy)-1,4-phenylene]; a benzidine; a
phenylenediamine; a phthalocyanine metal complex; a poly-
acetylene; a polythiophene; a triphenylamine; copper phtha-
locyanine; 1,1-Bis(4-bis(4-methylphenyl)aminophenyl)cy-
clohexane; 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline;
3,5-Bis(4-tert-butyl-phenyl)-4-phenyl[ 1,24 triazole; 3.4,5-
Triphenyl-1,2,3-triazole; 4,4',4'-tris(3-methylphenylpheny-
lamino)triphenylamine (MTDATA); N,N'-bis(3-methylphe-
nyl)N,N'-diphenyl-[ 1,1'-biphenyl]-4,4'-diamine (TPD); 4,4'-
bis[N-(naphthyl)-N-phenyl-amino |biphenyl (a-NPD); 4,4,

4"-tris(carbazol-9-yl)-triphenylamine (TCTA); 4.,4'-bis[N,
N'-(3-tolyl)amino]-3,3'-dimethylbiphenyl (HMTPD); 4.,4'-
N,N'-dicarbazole-biphenyl (CBP); 1,3-N,N-dicarbazole-
benzene (mCP); Bis[4-(p,p'-ditolyl-amino)phenyl]
diphenylsilane (DTASI); 2,2-bis(4-carbazolylphenyl)-1,1'-
biphenyl (4CzPBP); N,N'N"-1,3,5-tricarbazoloylbenzene
(tCP); N,N'-bis(4-butylphenyl)-N,N'-bis(phenyl)benzidine;
or the like.

[0114] Insome embodiments, the organic component may
further comprise an electron-transport layer disposed
between the cathode and the light-emitting layer. In some
embodiments, the electron-transport layer may comprise a
compound described herein. Other electron-transport mate-
rials may be included, such as 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-0xadiazole (PBD); 1,3-bis(N,N-t-butyl-
phenyl)-1,3.4-oxadiazole (OXD-7), 1,3-bis[2-(2,2'-
bipyridine-6-y1)-1,3,4-oxadiazo-5-yl]benzene; 3-phenyl-4-
(1'-naphthyl)-5-phenyl-1,2,4-triazole (TAZ); 2,9-dimethyl-
4,7-diphenyl-phenanthroline  (bathocuproine or BCP);
aluminum tris(8-hydroxyquinolate) (Alq3); and 1,3,5-tris(2-
N-phenylbenzimidazolyl)benzene;  1,3-bis[2-(2,2'-bipyri-
dine-6-yl)-1,3,4-o0xadiazo-5-yl]benzene (BPY-OXD); 3-phe-
nyl-4-(1'-naphthyl)-5-phenyl-1,2,4-triazole (TAZ),2,9-
dimethyl-4,7-diphenyl-phenanthroline  (bathocuproine or
BCP); and 1,3,5-tris[2-N-phenylbenzimidazol-z-yl|benzene
(TPBI). In some embodiments, the electron transport layer
may be aluminum quinolate (Alq,), 2-(4-biphenylyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD), phenanthroline,
quinoxaline, 1,3,5-tris[N-phenylbenzimidazol-z-yl|benzene
(TPBI or TPBi), or a derivative or a combination thereof.
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[0115] If desired, additional layers may be included in the
light-emitting device. These additional layers may include an
electron injection layer (EIL), a hole-blocking layer (HBL),
an exciton-blocking layer (EBL), and/or a hole-injection
layer (HIL). In addition to separate layers, some of these
materials may be combined into a single layer.

[0116] Insome embodiments, the light-emitting device can
include an electron injection layer between the cathode layer
and the light emitting layer. In some embodiments, the lowest
unoccupied molecular orbital (LUMO) energy level of the
electron injection material(s) is high enough to prevent it
from receiving an electron from the light emitting layer. In
other embodiments, the energy difference between the
LUMO of the electron injection material(s) and the work
function of the cathode layer is small enough to allow the
electron injection layer to efficiently inject electrons into the
light-emitting layer from the cathode. A number of suitable
electron injection materials are known to those skilled in the
art. Examples of suitable electron injection material(s)
include but are not limited to, an optionally substituted com-
pound selected from the following: LiF, CsF, Cs doped into
electron transport material as described above or a derivative
or a combination thereof.

[0117] In some embodiments, the device can include a
hole-blocking layer, e.g., between the cathode and the light-
emitting layer. Various suitable hole-blocking materials that
can be included in the hole-blocking layer are known to those
skilled in the art. Suitable hole-blocking material(s) include
but are not limited to, an optionally substituted compound
selected from the following: bathocuproine (BCP), 3.4,5-
triphenyl-1,2 4-triazole, 3,5-bis(4-tert-butyl-phenyl)-4-phe-
nyl-[1,2,4]triazole, 2,9-dimethyl-4,7-diphenyl-1,10-phenan-
throline, and 1,1-bis(4-bis(4-methylphenyl)aminophenyl)-
cyclohexane.

[0118] Insome embodiments, the light-emitting device can
include an exciton-blocking layer; e.g., between the light-
emitting layer and the anode. In an embodiment, the band gap
energy of the material(s) that comprise exciton-blocking
layer may be large enough to substantially prevent the diffu-
sion of excitons. A number of suitable exciton-blocking mate-
rials that can be included in the exciton-blocking layer are
known to those skilled in the art. Examples of material(s) that
can compose an exciton-blocking layer include an optionally
substituted compound selected from the following: alumi-
num quinolate (Algs), 4,4'-bis[N-(naphthyl)-N-phenyl-
amino]biphenyl (a-NPD), 4,4'-N,N'-dicarbazole-biphenyl
(CBP), and bathocuproine (BCP), and any other material(s)
that have a large enough band gap to substantially prevent the
diffusion of excitons.

[0119] Insome embodiments, the light-emitting device can
include a hole-injection layer between the light-emitting
layer and the anode. Various suitable hole-injection materials
that can be included in the hole-injection layer are known to
those skilled in the art. Exemplary hole-injection material(s)
include an optionally substituted compound selected from the
following: a polythiophene derivative such as poly(3,4-eth-
ylenedioxythiophene (PEDOT)/polystyrene sulphonic acid
(PSS), a benzidine derivative such as N,N,N',N'-tetraphenyl-
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benzidine, poly(N,N'-bis(4-butylphenyl)-N,N'-bis(phenyl)
benzidine), a triphenylamine or phenylenediamine derivative
such as N,N'-bis(4-methylphenyl)-N,N'-bis(phenyl)-1,4-
phenylenediamine, 4,4',4"-tris(N-(naphthylen-2-y1)-N-phe-
nylamino)triphenylamine, an oxadiazole derivative such as
1,3-bis(5-(4-diphenylamino)phenyl-1,3,4-oxadiazol-2-yl)
benzene, a polyacetylene derivative such as poly(1,2-bis-ben-
zylthio-acetylene), and a phthalocyanine metal complex
derivative such as phthalocyanine copper (CuPc). In some
embodiments, hole-injection materials, while still being able
to transport holes, may have a hole mobility substantially less
than the hole mobility of conventional hole transport materi-
als.

[0120] Light-emitting devices comprising the compounds
described herein can be fabricated using techniques known in
the art, as informed by the guidance provided herein. For
example, a glass substrate can be coated with a high work
functioning metal such as [TO which can act as an anode.
After patterning the anode layer, a hole-injection and/or hole-
transport layer may be deposited on the anode in that order. A
light-emitting layer that includes a light-emitting component
can be deposited on the anode, the hole-transport layer, or the
hole-injection layer. The light-emitting layer may contain a
compound described herein, and/or a compound described
herein may be part of an electron-transport layer and/or an
electron-injecting layer, deposited in that order, or may be
part of an electron-injecting and electron-transport layer. The
cathode layer, comprising a low work functioning metal (e.g,,
Mg:Ag), can then be deposited, e.g., by vapor deposition or
sputtering. The device may also contain an exciton-blocking
layer, an electron blocking layer, a hole blocking layer, a
second light-emitting layer, or other layers that can be added
to the device using suitable techniques.

[0121] Some embodiments may have a structure repre-
sented by FIG. 1. A hole-injection layer 10 is disposed on the
anode 5. A hole-transport layer 15 is disposed on the hole-
injection layer 15. The emissive layer 20 is disposed on the
hole-transport layer 15. An electron-transport layer 30 is dis-
posedon the emissive layer 20, and the cathode 35 is disposed
on the electron-transport layer 30.

[0122] Insome embodiments, the OLED may be made by a
wet process such as a process that comprises at least one of
spraying, spin coating, drop casting, inkjet printing, screen
printing, etc. Some embodiments provide a composition
which may be a liquid suitable for deposition onto a substrate.
The liquid may be a single phase, or may comprise one or
more additional solid or liquid phases dispersed in it. The
liquid typically comprises a light-emitting compound, a host
material described herein and a solvent.

[0123] Insomeembodiments, a device comprising the sub-

ject compounds can provide a significantly increased device
lifetime compared with commercially available compounds.
In some embodiments, the devices can provide a T50(h) @
10000 nit lifetime of atleast about 125, 150, 175, 185, and/or
200 hours. In some embodiments, the desired lifetime can be
determined by examining the luminescent/emissive decay of
the device by measuring the luminescent, e.g., cd/m?, after
applying a constant current ofa 16 mA to device (correspond-
ing to about 10000 cd/m?) for a device having an active
emissive area of about 13.2 mm®,
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EXAMPLES
[0124]
HN
HN
N-phenyl-1,2-diaminobenzene
Br cocl >
\ / DCM, TEA 0° C.
N 25%

5-bromopyridine-
2-carbonylchloride

HN
— O

Br

-0y

—_—

I3
100° C.

N-(2-aminophenyl)
-5-bromo-N-phenylpicolinamide

Compound 1

Rote

Pd(dppf)Cly, NaOBut
toluene, 80° C., 72%

Br

44'-dibromobiphenyl

=)~

Compound 2

0] 0O
\ /
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0] (0]

bis(pinacolate)diborane

KOAc, Pd(dppf)Cl,
dioxane, 100° C., 68%
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-continued
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Compound 1

Pd(PPh3)y, KyCO3
dioxane/H,O
100° C.,92%

Compound 3
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BE-1
Br
N
H
N-phenylnaphthalen-1-amine
Pd(dppf)Cly, NaOBut
toluene, 80° C., 70%
Br

4 4'-dibromo-1,1'"-biphenyl
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25
-continued Example 1
Synthesis Examples
[0125]
Pd(dppf)Clz,IxO Ac LN
dioxane, 100° C
%

HN

Br / COCl

\ N N-phenyl-1,2-diaminobenzene
e DCM, TEA, 0°C.
Br 5-bromopyridine- 25%

2-carbonyl chloride

_pach
Tooee.

N-(2-aminophenyl)-
5-bromo-N-phenylpicolinamide
{>_<N
Br / /
\ 7/ \
Pd(PPh3)s, KoCO3
dioxane/H,O

100° C.
74%
Compound 1

Compound 4

s B\ g .
o0 2-(5-bromopyridin-2-yl)-1-phenyl-1H-benzo[d]imi-
H dazole (Compound 1)
[0126] To a suspension of S5-bromopyridine-2-carbonyl
Compound 5 chloride (10.11 g, 46 mmol), N-phenyl-1,2-diaminobenzene

(8.46 g, 46 mmol) in anhydrous dichloromethane (DCM)
(100 mL), was added triethylamine (TEA) at 0° C. Then the
whole was stirred at room temperature (RT) for about 20
hours. The mixture was poured into water, extracted with
dichloromethane (100 mLx2). The organic phase was col-
lected, dried over sodium sulfate (Na,SO,), and passed
through a pad of silica gel (hexanes/ethyl acetate 4:1). After
removal of solvent, a brown oil was obtained, which was
dissolved in dioxane (150 mL), phosphoryl chloride (POCI,)
(25 mL) was added at 0° C., and the mixture was then heated

Q , - /N at about 100° C. under argon overnight. Then the whole was
N \ y. E poured into ice (200 g) after being cooled to RT, then neutral-
N N ized by sodium carbonate (Na,CO;), and extracted with

dichloromethane (DCM) (200 mLx2). The organic phase was
dried over Na,SQO,, absorbed on silica gel, and purified by a
silica gel column (hexanes/ethyl acetate 4:1). The desired
fraction was collected, concentrated, and reprecipitated with
hexanes. After filtration and being washed with methanol, an
off-white crystalline solid (Compound 1) was obtained, 4.02
g, with an overall 25% yield.
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s

Di-p-tolylamine
Pd(dppf)Cly, NaOBut
toluene, 80° C., 72%

Compound 2

4,4'-dibromobiphenyl

4'-bromo-N,N-di-p-tolylbiphenyl-4-amine
(Compound 2)

[0127] Di-p-tolylamine (6.0 g, 30.4 mmol), 4,4'-dibromo-
biphenyl (23.7 g, 76.0 mmol), sodium tert-butoxide
(NaOBut) (7.26 g, 91.2 mmol), and [1,1-bis(diphenylphos-
phino)ferrocene]palladium(11)dichloride (Pd(dppf)Cl,)
(666 mg, 0.912 mmol, 3 mol %) were added to anhydrous
toluene (about 250 mL) and degassed in argon for about 30
minutes. The resulting mixture was heated to about 80° C. for
about 6 hours, after which a TLC analysis indicated that most
of the di-p-tolylamine was consumed. After being cooled to
RT, the mixture was poured into saturated aqueous sodium
bicarbonate (NaHCO;) and extracted with two portions of
ethyl acetate (EtOAc). The organic layers were pooled and
washed with water and brine, then dried over magnesium
sulfate (MgSO,). After filtration the extract was concentrated
to dryness on a rotary evaporator, then loaded onto silica gel.
A flash column (gradient of 100% hexane to 1% methylene
chloride in hexane) resulted in 9.4 g (72%) of a white solid
(Compound 2) confirmed by ‘H NMR in deuterated chloro-

form (CDCl,).
0] 0
B—B
0 0

bis(pinacolate)diborane

Pd(dppf)Cl, KOAc
80° C., 68%

j»!

Compound 2

00~

Compound 3
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4'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-N,
N-di-p-tolyl-[1,1'-biphenyl]-4-amine (Compound 3)

[0128] A mixture of Compound 2 (2.0 g, 4.67 mmol), bis
(pinacolate)diborane (1.27 g, 5 mmol), Pd(dppf)Cl, (0.18 g,
0.25 mmol) and potassium acetate (0.98 g, 10 mmol) in
anhydrous dioxane (50 mL) was degassed and heated at about
80° C. for 16 hours. After being cooled to RT, the whole was
poured into ethyl acetate (100 mL) and the solid filtered off.
The organic solution was loaded on silica gel, and purified by
flash column (hexanes/ethyl acetate 6:1) to give a white solid
Compound 3 (1.5 g, in 68% yield).

QI 040
O

Compound 1
Pd(PPhs)s, K>CO3,
dioxane/H,O
100°C.,92%

Compound 3

gNZI)'

BE-1

Chemical Formula: CqqHz4Ny
Molecular Weight: 618.77

Compound BE-1

[0129] A mixture of Compound 3 (1.426 g, 3 mmol), Com-
pound 1 (1.05 g, 3 mmol), potassium carbonate (K,CO,)
(0.828 g, 6 mmol) and tetrakis(triphenylphosphine)Palla-
dium(0) (Pd(PPh,),) in dioxane/water (30 mL/8 ml) was
degassed for 30 min., then heated at 100° C. overnight. The
whole was poured into ethyl acetate (250 mL), absorbed on
silica gel, and purified by flash column (hexanes/ethyl acetate
4:1) to give a light yellow solid (Compound BE-1) after
removal of solvents (1.7 g, in 92% yield). LCMS (APCI+)
was calculated for C,,H;sN, (M+H)=619. found: m/e=619.
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49

N-phenylnaphthalen-1-amine
Pd(dppf)Cl,, NaOBut

O toluene, 80° C., 62%

Br

4.4'-dibromo-
1,1-biphenyl

M

Br
Compound 4

N-(4'-bromo-[1,1'-biphenyl]-4-yl)-N-phenylnaphtha-
len-1-amine (Compound 4)

[0130] A mixture of N-phenylnaphthalen-1-amine (4.41 g,
20 mmol), 4,4'-dibromo-1,1'-biphenyl (15 g, 48 mmol),
sodium tert-butoxide (NaOBut) (4.8 g, 50 mmol) and Pd(dp-
pHCl, (0.44 g, 0.6 mmol) in anhydrous toluene (100 mL) was
degassed and heated at 80° C. for about 10 hours. After
cooling to RT, the mixture was poured into dichloromethane
(400 mL) and stirred for about 30 min., then washed with
brine (100 mL). The organic solution was collected and dried
over Na,SO,, loaded on silica gel, and purified by flash col-
umn (hexanes to hexanes/ethyl acetate 90:1) to give a solid
which was washed with methanol and dried under air to give
a white solid Compound 4 (5.58 g, in 62% yield).

Qs
si X
(]

bis(pinacolate)diborane
Br

KOAc, Pd(dppHCly
dioxane, 80°
90%

Compound 4
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B
H
Compound 5
N-phenyl-N-(4'-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-[1,1'-biphenyl]-4-yl)naphthalen-1-
amine (Compound 5)
[0131] A mixture of Compound 4 (5.5 g, 12.2 mmol), bis

(pinacolate)diborane (3.10 g, 12.2 mmol), Pd(dppf)Cl,
(0.446 mg, 0.6 mmol) and KOAc (5.5 g, 56 mmol) in anhy-
drous dioxane (60 mL) was degassed and heated at about 80°
C. overnight. After being cooled to RT, the mixture was
poured into ethyl acetate (200 mL), and washed with brine
(150 mL). The organic solution was dried over Na,SO,,
loaded on silica gel and purified by flash column (hexanes to
hexanes/ethyl acetate 30:1) to collect the major fraction. After
removal of solvent, the solid was washed with methanol,
filtered and dried in air to give a white solid Compound 5
(5.50 g, in 90% yield).

YP-04C

Compound 1
Pd(PPh3)s, KoCO3,
dioxane/H,0O
100°C., 74%

Compound 3
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-continued Compound BE-2

Q [0132] A mixture of Compound 5 (1.744 g, 3.5 mmol),

= /N Compound 1 (1.171 g, 3.34 mmol), K,CO, (1.38 g, 10 mmol)
N and Pd(PPh,), (0.231 g, 0.2 mmol) in dioxane/water (40

N N mL/10 mL) was degassed, then heated to 100° C. overnight.

OQ The whole was poured into ethyl acetate (200 mlL), washed

with brine, then dried over Na,SO, and purified by flash silica
gel column using eluents of (hexanes/ethyl acetate 9:1 to 6:1

RE-2 to 3:1). The desired fraction was collected, concentrated and

recrystallized in dichloromethane/hexanes to give a yellow

Chemical Formula: C4sHzNy solid (Compound BE-2) (1.65 g, in 74% yield). LCMS

Molecular Weight: 640.77 (APCI+) was calculated for C,H; N, (M+H)=641. found:
m/e=641.

0 0

N/

B—B

/N

0 0
N Br
Pd(dppf)Cly, KOAe,
80° C., 84%

Compound 2

\ Pd(PPh3)4, KrCO3
0 dioxane/H,0, 80° C.
78%

Q o Br4<il>—1
S/ L

Compound 3
Molecular Weight: 475.43

0 0
\B B/
N= / 0\
o 0
Br
\ / Pd(dppt)Cla, KOAC, 80° C.
Q 63%

Compound 6

Molecular Weight: 505.45



US 2014/0066627 A1l Mar. 6, 2014
29
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—N N

N— 0
N B/
\ / \ Pd(PPhs)4, K,CO3
H o
[§] dioxane/H,0, 90° C.

76%

Compound 7

Molecular Weight: 552.51

BE-3

Molecular Weight 695.85

—N

Br \ / 1

Molecular Weight: 283.89

0O
/ 2-ioso-5-bromopyrine
N B
N\ Pd(PPhy)4, KoCO3
0 dioxane/H,0, 80° C.

8%

Compound3

g

Compound 6
Molecular Weight: 475.43
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4'-(5-bromopyridin-2-y1)-N,N-di-p-tolyl-[ 1,1'-biphe-
nyl]-4-amine (Compound 6)

[0133] A mixture of 4'-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-N,N-di-p-tolyl-[ 1,1"-biphenyl]-4-amine

(Compound 3) (1.82 g, 3.83 mmol), 2-iodo-5-bromopyrine
(2.18 g, 7.7 mmol), K,CO, (1.38 g, 10 mmol) and Pd(PPh,),
(0.313 g, 0.27 mmol) in dioxane/water (80 mL/15 mL) was
degassed, then heated at about 80° C. for 36 hours. The

N\N_/Bf

Mar. 6, 2014

resulting mixture was cooled to RT. The yellow precipitate
was filtered and collected (1.1 g). The filtrate was diluted with
ethyl acetate (100 mL), washed with brine, dried over
Na,SO,, loaded on silica gel and purified by flash column
(hexanes to hexanes/ethyl acetate 40:1). The desired fraction
was collected and concentrated, resulting in a yellow solid.
This was filtered and washed with methanol to give a pale
yellow solid (Compound 6) (0.40 g). Total amount obtained
was 1.50 g in 77.6% yield.

0 o)
N/
B—8
/N
o o)

bis(pinacolate)diborane

Pd(dppf)Cls, KOAG, 80° C.
63%

Molecular Weight: 505.45
Compound 6

Compound 7

4'-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
pyridin-2-y1)-N,N-di-p-tolyl-[ 1,1-biphenyl]-4-amine
(Compound 7)

[0134] A mixture of 4'-(5-bromopyridin-2-y1)-N,N-di-p-
tolyl-[1,1-biphenyl]-4-amine (Compound 6) (1.454 g, 2.87
mmol), bis(pinacolate)diborane (0.762 g, 3.0 mmol), Pd(dp-
pHICl, (0.22 g, 0.3 mmol) and KOAc (0.882 g, 9 mmol) in
dioxane (50 mL) was degassed and heated at about 80° C. for
18 hours. The mixture was poured into ethyl acetate (300
mL), washed with brine, dried over Na,SQO,, concentrated
and loaded on silica gel, then purified by flash column (hex-
anes/ethyl acetate 10:1 to 2:1 to dichloromethane/ethyl
acetate 10:1). The desired fraction was collected, dried under
vacuum to give yellow oil (Compound 7) (1.0 g, in 63%
yield).
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Molecular Weight: 552.51
Compound 7

Mar. 6, 2014

Compound 1
Pd(PPhz)4, KoCO3
dioxane/H,0, 90° C.
76%

OO~~~

BE-3
Chemical Formula: Cy9H37N5
Molecular Weight: 695.85

Compound BE-3

[0135] A mixture of 4'-(5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)pyridin-2-yl)-N,N-di-p-tolyl-[ 1,1'-biphenyl]-

4-amine (Compound 7) (1.0 g, 1.8 mmol), 2-(5-bromopyri-
din-2-yl)-1-phenyl-1H-benzo[d]imidazole (Compound 1)
(0.595 g, 1.7 mmol), K,CO, (0.69 g, 5 mmol) and Pd(PPh,),
(0.17 g, 0.15 mmol) in dioxane/water (50 mL/10 mL) was
degassed and heated at about 90° C. for 18 hours. After being

cooled to RT, a yellow precipitate formed. This was filtered,
washed with methanol and dried in air. Then the solid was
dissolved in dichloromethane (250 mL) and loaded on silica
gel, then purified by flash column (dichloromethane to
dichloromethane/ethyl acetate 9:1 to 4:1 to 7:3). After
removal of solvent, a light yellow solid (Compound BE-3)
was obtained (0.90 g, in 76% yield). LCMS (APCI+) was
calculated for C,gH, N (M+H)=696. found: m/e=696.
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7-bromo-9,9-dimethyl-N,N-diphenyl-9H-fluoren-2-
amine (Compound 8)

[0136] A mixture of diphenylamine (3.06 g, 20 mmol),
dibromo-9,9'-dimethyl-fluorene (14.08 g, 40 mmol), sodium
tert-butoxide (NaOBut) (3.84 g, 40 mmol) and Pd(dppf)Cl,
(1.46 g, 2 mmol) in toluene (200 mL) was degassed and
heated at about 85° C. for about 16 hours. The resulting
mixture was mixed with water and extracted with ethyl
acetate. The organic phase was collected, dried over Na,SO,,,
loaded on silica gel and purified by flash column (hexanes to
hexanes/dichloromethane 30:1). The desired fraction was
collected and a white solid (Compound 8) was obtained after
removal of solvent (4.5 g, in 50% yield).

2 G328

Pd(dppf)Clo, KOAc

dioxane, 85° C
96%
Molecular Weight: 440.37
Compound 8
O
: 7\ /
N B
\
0]

Compound 9

9,9-dimethyl-N,N-diphenyl-7-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-y1)-9H-fluoren-2-amine (Com-
pound 9)

[0137] 7-bromo-9,9-dimethyl-N,N-diphenyl-9H-fluoren-
2-amine (Compound 8) (4.4 g, 10 mmol), bis(pinacolate)
diborane (2.79 g, 11 mmol), Pd(dppH)CL, (0.5 g, 0.68 mmol)
and potassium acetate (2.94 g, 30 mmol) in dioxane (100 mL)
was degassed and heated at about 85° C. for about 22 hours.
After being cooled to RT, the whole was poured into ethyl
acetate (200 mL), washed with water, then brine, dried over
Na,SO,. loaded on silica gel and purified by flash column
(hexanes to hexanes/ethyl acetate 10:1). The desired fraction
was collected and removal of solvent gave a white solid
(Compound 9) (4.7 g, in 96% yield).

FE

Pd(dppf)Cl, KOAc
dioxane, 80° C.
~95%

=0

Compound 1
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N\ — /O
B
N \N / \o
Compound 10

1-phenyl-2-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)pyridin-2-y1)-1H-benzo[d]imidazole (Com-
pound 10)

[0138] A mixture of 2-(5-bromopyridin-2-yl)-1-phenyl-
1H-benzo[d]imidazole (Compound 1) (1.048 g, 3 mmol),
bis(pinacolate)diborane (0.787 g, 3.1 mmol), Pd(dppH)Cl,
(0.219 g, 0.3 mmol) and potassium acetate (KOAc) (0.588 g,
6 mmol) in dioxane (50 mL) was degassed and heated at 80°
C. for 18 hours. The whole was diluted with ethyl acetate (100
mlL), washed with brine, and dried over Na,SO,. After
removal of solvent, a brown solid (Compound 10) was
obtained which was used in the next step without further

purification.

Br / \ 1
\ B

N \ / Y Pd(PPIy)a, KoCO5

dioxane/H,0, 80° C.
61%

Molecular Weight: 397.28

Compound 10

Compound 11

2-(6'-bromo-[3,3"-bipyridin]-6-y1)-1-phenyl-1H-
benzo[d]imidazole (Compound 11)

[0139] A mixture of 1-phenyl-2-(5-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)pyridin-2-yl)-1H-benzo[d|imidazole
(3 mmol), 2-bromo-5-iodopyridine (1.98 g, 7 mmol) (Com-
pound 10), Pd(PPh,), (0.346 g, 0.3 mmol) and potassium
carbonate (0.828 g, 6 mmol) in dioxane/water (50 mLL/10 mL)
was degassed and heated at about 80° C. overnight. The
mixture was poured into ethyl acetate (250 mL), washed with
water, then brine, dried over Na,SO,, loaded on silica gel and
purified by flash column (hexanes/dichloromethane 1:1 to
dichloromethane to dichloromethane/ethyl acetate 9:1 to
4:1). The desired fraction was collected and concentrated,
then filtered to give a light yellow solid (Compound 11) (0.78
g, in 61% yield).
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Molecular Weight: 487.44

Compound 9
N\ — ——
Br
W W

Molecular Weight: 427.30
Compound 11
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Pd(PPhs)4, K5CO3
dioxane/H,0, 90° C.

68%

BE-4

Chemical Formula: CsoHz7N5
Molecular Weight: 707.86

Compound BE-4

[0140] A mixture of 9,9-dimethyl-N,N-diphenyl-7-(4.,4,5,
S-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-fluoren-2-amine
(0.892 g, 1.83 mmol) (Compound 9), 2-(6'-bromo-[ 3,3'-bipy-
ridin]-6-y1)-1-phenyl-1H-benzo[d]imidazole (0.784 g, 1.83
mmol) (Compound 11), Pd(PPh;), (0.173 g, 0.15 mmol) and
potassium carbonate (0.745 g, 5.4 mmol) in dioxane/water
(50 mL/10 mL) was degassed and heated at about 90° C. for

about 16 hours. After being cooled to RT, a yellow solid was
collected by filtration, which was dissolved in dichlo-
romethane (250 mL), and loaded on silica gel. Purification by
flash column (dichloromethane to dichloromethane/ethyl
acetate 9:1 to 4:1) gave a light yellow solid (Compound
BE-4), after concentrating the solvent and filtration (0.88 g, in
68% yield). LCMS (APCI+) was calculated for CsoH;4N5
(M+H)=708. found: m/e=708.

Br4©71

4-bromo-iodobenzene

O
/
N—< >—B
\
o

4-diphenylaminophenyl boronic acid

Pd(PPh3)4, KoCO3
dioxane/H,0, 80° C.
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0] 0
\ /
B—B,

/ N
0] 0]
dioxane, 80° C.
96%

Molecular Weight: 400.31
Compound 12

/ N\,

Br
N=
2-bromo-5-iodobenzene
i r Pd(PPh;)4, KoCO3

dioxane/H,0, 90° C.

Molecular Weight: 447.38
Compound 13

o] 0
\ /
B—3B
— j: /N ﬁ
O : O
Br
\N /

Pd(dppf)CL,, KOAc
dioxane, 80° C.

Compound 14

IO~
\>—(j>713
\ i
v N/
— 0]
N B/ Compound 1
\ /
N 0O Pd(PPh3)s, KoCO3

dioxane/H,0, 90° C.

BE-5
Molecular Weight: 667.80
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Br )

4-bromo-iodobenzene

OH
/
N B -
\ Pd(PPhy)s, K>CO;
OH dioxane/H,0, 80° C., 76%

4-diphenylaminopheny! beronic acid

4'-bromo-N,N-diphenyl-[1,1'-biphenyl]-4-amine

(Compound 12)
[0141] A mixture of 4-diphenylaminophenyl boronic acid
(2.57 g, 8.9 mmol), 4-bromo-iodobenzene (5.03 g, 17.8
mmol), Pd(PPh,), (0.58 g, 0.5 mmol) and K,CO, (3.0 g, 22
mmol) in dioxane/water (80 mL/15 mL) was degassed and
heated at about 80° C. for about 20 hours. The whole was
mixed with water/dichloromethane, the organic phase was
collected and washed with brine, dried over Na,SO_, loaded
on silica gel, and purified by flash column (hexanes to hex-
anes/dichloromethane 30:1). The desired fraction was col-
lected, and concentrated to give a white solid (Compound 12),
which was filtered and washed with methanol (2.70 g, in 76%
vield).

0, 0]
\ /
AN
0 0]
N Br
Pd(dppf)CL,, KOAc
dioxane, 80° C.

@ 69%

Molecular Weight: 400.31
Compound 12

)
N B

\

o)

Compound 13

N,N-diphenyl-4'-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-[1,1'-biphenyl]-4-amine (Compound
13)
[0142] A mixture of 4'-bromo-N,N-diphenyl-[1,1"-biphe-
nyl]-4-amine (Compound 12) (2.636 g, 6.6 mmol), bis(pina-

Mar. 6, 2014

Compound 12

colate)diborane (1.78 g, 7 mmol), Pd(dppf)Cl, (0.24 g, 0.33
mmol) and KOAc (1.47 g, 15 mmol) in dioxane (50 mL) was
degassed and heated at about 80° C. for about 16 hours. The
resulting mixture was poured into ethyl acetate (250 mL),
washed with brine, dried over Na,SO,, loaded on silica gel,
and purified by flash column (hexanes to hexanes/dichlo-
romethane 30:1 to hexanes/ethyl acetate 9:1). The desired
fraction was collected. After removal of solvent, a white solid
(Compound 13) was obtained (2.05 g, in 69% yield).

%NH Ot

—_—
Pd(PPhg);;, K2C03
dioxane/H»0,
95°C.,97%
Molecular Weight: 447.38
Compound 13
@ N /
Compound 14

4'-(5-bromopyridin-2-y1)-N,N-diphenyl-[ 1,1'-biphe-
nyl]-4-amine (Compound 14)

[0143] A mixture of N,N-diphenyl-4'-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-[ 1,1-biphenyl]-4-amine ~ (Com-
pound 13) (1.0 g, 2.24 mmol), 2-bromo-5-iodopyridine (1.4
2, 4.9 mmol), Pd(PPh,), (0.2 g, 0.18 mmol) and K,CO; (0.69
g, 5 mmol) in dioxane/water (30 mL/6 mL) was degassed,
then heated at about 95° C. for about 24 hours. The mixture
was allowed to cool to RT, and a yellow solid precipitated,
which was filtered and dried under vacuum to give the desired
product (Compound 14) (1.03 g, in 97% yield).

O, 6]

N/

— B—B
ok

Pd{dppf)Cl,, KOAc
dioxane, 80° C., 53%

Compeund 14
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Compound 15

N,N-diphenyl-4'-(5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)pyridin-2-y1)-[1,1'-biphenyl]-4-amine
(Compound 15)

[0144] A mixture of 4'-(5-bromopyridin-2-y1)-N,N-diphe-
nyl-[1,1-biphenyl]-4-amine (Compound 14) (1.03 g, 2.16
mmol), bis(pinacolate)diborane (0.584 g, 2.3 mmol), Pd(dp-
pHCL, (0.1 g, 0.14 mmol) and KOAc (0.49 g, 5 mmol) in
dioxane (50 mL) was degassed and heated at about 80° C. for
about 15 hours. The mixture was poured into ethyl acetate
(150 mL). After filtration, the solution was loaded on silica
gel and purified by flash column (hexanes/dichloromethane
1:1 to dichloromethane to dichloromethane/ethyl acetate 4:1
to 2:1 to ethyl acetate). The desired fraction was collected and
concentrated to give an oil (Compound 15) (0.6 g, in 53%

yield).

Compound 15

Mar. 6, 2014
37
— /o
B
\_/ N\
N\ —
Br
v N\
Compound 1

Pdl:PPh3)4, K2CO3
dioxane/H,0, 90° C.,
34%

’ O Q \N_/ \_N/

BE-5
Chemical Formula: C47H33Ns
Molecular Weight: 667.80

N.

4

N

Compound BE-5

[0145] A mixture of N,N-diphenyl-4'-(5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)-[ 1,1'-biphenyl]-
4-amine (0.6 g, 1.1 mmol) (Compound 15), 2-(6'-bromo-[3,
3'-bipyridin]-6-y1)-1-phenyl-1H-benzo| d]imidazole

(Compound 1) (0.35 g, 1.1 mmol), Pd(PPh,), (58 mg, 0.05
mmol) and K,CO; (0.55 g, 4 mmol) in dioxane/water (30
mL/6 mL) was degassed and heated at 90° C. for 15 hours.

After cooling to RT, the mixture was diluted with dichlo-
romethane (100 mL), washed with brine, dried over Na,SO,,,
loaded on silica gel and purified by flash column (dichlo-
romethane to dichloromethane/ethyl acetate 8:1to 4:1to 2:1).
The desired fraction was collected, concentrated and filtered
to give a light yellow solid (Compound BE-5) (0.25 g, in 34%
yield). LCMS (APCI+) was calculated for C,,H, N (M+H)
=668. found: m/e=668.
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2-(5-bromo-[2,3'-bipyridin]-6'-y1)-1-phenyl-1H-
benzo[d]imidazole (Compound 17)

[0146] A mixture of 1-phenyl-2-(5-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-y1)pyridin-2-y1)-1H-benzo[d|imidazole
(Compound 16) (12 mmol), 2-iodo- -5-bromo pyridine
(6.816 g, 24 mmol), Pd(PPh,), (0.69 g, 0.6 mmol) and K,CO,
(3.3 g, 24 mmol) in dioxane/water (100 mL./20 mL) was
degassed and heated at 90° C. for 20 hours. The whole was
allowed to cool to RT, white precipitate formed. After filtra-
tion, a solid (Compound 17) was collected (5.0 g, in 97%
vield).

0
/

N B —
~ <
0]

Compound 13
Molecular Weight: 447.38

N\>—<Nj>—<\lj/>7 Br

Compound 17
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Pd(PPhs)y, K,CO5
dioxane/H,0, 90° C.
—_—mm

73%

BE-6
Chemical Formula: Cy47Hz3Ns
Molecular Weight: 667.80

Compound BE-6

[0147] A mixture of N,N-diphenyl-4'-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-[ 1,1-biphenyl]-4-amine ~ (Com-
pound 13) (0.90 g, 2 mmol), 2-(5-bromo-[2,3'-bipyridin]-6'-
yl)-1-phenyl-1H-benzo[d]imidazole (Compound 17) (0.86 g,
2 mmol), Pd(PPh,), (0.12 g, 0.1 mmol) and K,CO, (0.55g, 4
mmol) in dioxane/water (40 mL/8 mL) was degassed and
heated at 90° C. for 15 hours. The mixture was allowed to cool
to RT, and a yellow solid precipitated. After filtration, the

solid was washed with methanol, dried in air, then dissolved
in dichloromethane (150 mL). The solution was loaded on
silica gel and purified by flash column (hexanes/dichlo-
romethane 1:1 to dichloromethane to dichloromethane/ethyl
acetate 8:1 to 4:1). The desired fraction was collected, con-
centrated and recrystallized in dichloromethane/methanol to
give a yellow solid (Compound BE-6) (0.98 g, in 73% vield).
LCMS (APCI+) was calculated for C,,H,,N5 (M+H)=668.
found: m/e=668.
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4'-bromo-3'-methyl-N ,N-diphenyl-[1,1'-biphenyl]-4- _continued
amine (Compound 18) -
3
/OH
[0148] A mixture of 4-diphenylaminophenyl boronic acid N O O B
(1.25 g, 433 mmol), 2,5-dibromotoluene (2.16 g, 8.65 \OH

mmol), Pd(PPh,), (0.25 g, 0.22 mmol) and K,CO, (1.38 g, 10

mmol) in dioxane/water (50 mL/9 ml.) was degassed and

heated at 80° C. for 15 hours. The resulting mixture was Compound 19

mixed with ethyl acetate/brine. The organic phase was dried Molecular Weight: 414.34

over Na,SO,, loaded on silica gel, and purified by flash col-

umn (hexanes to hexanes/dichloromethane 9:1 to 4:1). The

desired fraction was collected and concentrated. After (4-(diphenylamino)-3-methyl-[1,1'-biphenyl]-4-y)

removal of solvent, a white solid (Compound 18) was boronic acid (Compound 19)

obtained (1.2 g, in 67% yield).
[0149] To a solution of 4'-bromo-3'-methyl-N,N-diphenyl-
[1,1'-biphenyl]-4-amine (Compound 18) (1.2 g, 2.9 mmol) in
THF (25 mL), was added n-butyllithium (n-Buli) solution
(2.5M, 1.6 mL) at —78° C. The mixture was stirred at =78° C.
for about one hour, then a freshly distilled trimethyl borate
B(OCH,), (0.56 mL, 5 mmol) was added. The resulting mix-
ture was stirred at RT for about one hour, then 1IN HCl

CHs aqueous solution (50 mL) was added and stirred at RT over-
I nBuLL T80 C night. The whole was mixed with dichloromethane/brine,
N O O py D UBULLTETC extracted with dichloromethane (100 mLx2). The organic
i; ]1315101553)3 phase was dried over Na,SO,, loaded on silica gel, and puri-
) 5404 fied by flash column (hexanes/dichloromethane 1:1 to dichlo-
romethane to dichloromethane/ethyl acetate 4:1 to ethyl
Compound 18 acetate/methanol 4:1). The desired fraction was collected,
and solvent was removed under reduced pressure to give a
white solid (Compound 19) (0.60 g, in 54% yield).
CH;
OH
/o
N B
\
OH

Pd(PPh3)4, K,CO3
dioxane/H,0, 100° C.

Compound 19
60%

Molecular Weight: 379.26

Compound 17
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BE-7
Chemical Formula: C4gH35Nj5
Molecular Weight: 681.83

Compound BE-7

[0150] A mixture of (4'-(diphenylamino)-3-methyl-[1,1'-
biphenyl]-4-yl)boronic acid (Compound 19) (0.60 g, 1.58
mmol),  2-(5-bromo-[2,3"-bipyridin]-6'-y1)-1-phenyl-1H-
benzo[d]imidazole (Compound 17) (0.86 g, 2 mmol),
Pd(PPh,), (0.20 g,0.17 mmol) and K,CO, (0.65 g,4.7 mmol)
in dioxane/water (30 mL/6 mL) was degassed and heated at

100° C. for 15 hours. The mixture was mixed with dichlo-
romethane/brine, dried over Na,SO,, loaded on silica gel, and
purified by flash column (dichloromethane to dichlo-
romethane/ethyl acetate 8:1 to 4:1). The desired fraction was
collected and concentrated, and recrystallized in dichlo-
romethane/methanol to give a yellow solid (Compound
BE-7) (0.64 g, in 60% yield). LCMS (APCI+) was calculated
for C,gH; N5 (M+H)=682. found: m/e=682.

@1

iodobenzene
_——
Pd(dppf)C12, NaOBut

toluene, 120° C.
43%

l I NH,

2-naphthylamine

Pd(dppf)C12, NaOBut

toluene, 80° C.
60%

Compound 20

/O\ /O
B—B

/ N\
0 0
N Br
Pd(dppf)Cl, KOAc
dioxane, 80° C.
78%

Compound 21

\_
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O
/
N B —
\
O O
Molecular Weight: 497.43

Compound 22

Compound 17
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Pd(PPh3)4, K2C03
dioxane/H,0, 90° C.

50%

L

Molecular Weight 717.86
BE-8

A

I
NH, : NH

iodobenzene
S
Pd(dppf)C12, NaOBut

toluene, 120° C.,
43%

94

2-naphthylamine

J

Compound 20

N-phenylnaphthalen-2-amine

N-phenylnaphthalen-2-amine (Compound 20)

[0151] A mixture of 2-naphthylamine (8.0 g, 55.9 mmol),
iodobenzene (12.24 g, 60 mmol), Pd(dppf)Cl, (0.731 g, 1
mmol) and sodium tert-butoxide (NaOBut) (5.76 g, 60 mmol)
in toluene (200 mL) was degassed and heated at 120° C.

overnight. The whole was poured into ethyl acetate (250 mL),
washed with brine, dried over Na,SO,, loaded on silica gel
and purified by flash column (hexanes to hexanes/dichlo-
romethane 10:1). The desired fraction was collected, and
concentrated. A white solid precipitated, which was filtered to
give the product (Compound 20) (5.30 g, in 43% yield).



US 2014/0066627 A1l

4 4'-dibromo-1,1'-biphenyl

Pd(dppf)C12, NaOBut
toluene, 80° C., 60%

v

Compound 20

Compound 21

N-(4'-bromo-[1,1'-biphenyl]-4-y1)-
N-phenylnaphthalen-2-amine

N-(4'-bromo-[1,1'-biphenyl]-4-y1)-N-phenylnaphtha-
len-2-amine (Compound 21)

[0152] A mixture of N-phenylnaphthalen-2-amine (Com-
pound 20) (5.0 g, 22.8 mmol), 4,4'-dibromobipheny] (17.8 g,
57 mmol), Pd(dppf)Cl, (0.73 g, 1 mmol) and sodium tert-
butoxide (2.4 g, 25 mmol) in toluene (250 mL) was degassed
and heated at 80° C. overnight. The whole was poured into
ethyl acetate (250 mL), washed with brine, dried over
Na,SQ,, loaded on silica gel and purified by flash column
(hexanes to hexanes/dichloromethane 9:1). The desired frac-
tion was collected, and concentrated. The resulting solid was

Compound 22

Molecular Weight: 497.43

N — —
¢ NS N\

Compound 17

Mar. 6, 2014

filtered, and washed with methanol to give a white solid
(Compound 21) (6.15 g, in 60% yield).

Q O O
\ /
B—B,
4 \
o] (6]
O Pd(dpp?)Cly, KOAc

Seses

dioxane, 80° C., 78%

Compound 21

5

N-phenyl-N-(4'-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-y1)-[1,1"-biphenyl]-4-yl)naphthalen-2-
amine (Compound 22)

[0153] A mixture of N-(4'-bromo-[1,1'-biphenyl]-4-y1)-N-
phenylnaphthalen-2-amine (Compound 21) (6.10 g, 13.6
mmol), bis(pinacolate)diborane (3.81 g, 15 mmol), Pd(dppf)
Cl, (0.73 g, 1 mmol) and KOAc (5.0 g, 50 mmol) in dioxane
(200 mL) was degassed and heated at 80° C. overnight. The
mixture was poured into ethyl acetate (250 mL), washed with
brine, dried over Na,SO,, loaded on silica gel, and purified by
flash column (hexanes to hexanes/ethyl acetate 9:1). The
desired fraction was collected, and concentrated. The result-
ing precipitate was filtered, and washed with methanol to give

a white solid (Compound 22) (5.25 g, in 78% yield).

Compound 22

Pd(PPhs)4, K,CO5
dioxane/H;0, 90° C.

50%
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BE-8
Chemical Formula: Cs51H3sNs
Molecular Weight: 717.86

Compound BE-8

[0154] A mixture of N-phenyl-N-(4'-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-[ 1,1"-biphenyl]-4-y])naphthalen-2-
amine (Compound 22) (0.907 g, 1.82 mmol), 2-(5-bromo-[2,
3'-bipyridin|-6'-y1)-1-phenyl- 1H-benzo[d]imidazole

(Compound 17) (1.4 g, 3.2 mmol), Pd(PPh;), (0.20 g, 0.17
mmol) and K,CO, (0.552 g, 4 mmol) in dioxane/water (50
ml./9 mL) was degassed and heated at 90° C. for 30 hours.

O

aa
N B —

\

(0]

s

The resulting mixture was mixed with dichloromethane/
brine. The organic phase was dried over Na,SQ,, loaded on
silica gel, and purified by flash column (dichloromethane to
dichloromethane/ethyl acetate 9:1 to 4:1). The desired yellow
emission fraction was collected, and concentrated. The solid
was recrystallized in dichloromethane/methanol to give a
yellow solid (Compound BE-8) (0.65 g, in 50% yield). LCMS
(APCI+) was calculated for C5,H; N5 (M+H)=718. found:
m/e=718.

Pd(PPhs)y, K,CO;
dioxane/H,0, 90° C.

Compound 5
Molecular Weight: 497.43 68%
N — —
N N N

Compound 17
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BE-9
Chemical Formula: C5;H35N5
Molecular Weight: 717.86

Compound BE-9

[0155] A mixture of N-phenyl-N-(4'-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-[1,1"-biphenyl]-4-y)naphthalen-1-
amine (Compound 5) (0.737 g, 1.48 mmol), 2-(5-bromo-[2,
3'-bipyridin]-6'-yl)-1-phenyl-1H-benzo[d]imidazole

(Compound 17) (1.27 g, 3 mmol), Pd(PPh,), (0.17 g, 0.147
mmol) and K,CO; (0.552 g, 4 mmol) in dioxane/water (50
ml./10 m[) was degassed and heated at 90° C. for 16 hours.

N \ / B\O

The mixture was mixed with dichloromethane/brine, dried
over Na,SO,, loaded on silica gel, and purified by flash col-
umn (dichloromethane to dichloromethane/ethyl acetate 9:1
to 4:1). The desired yellow green emissive fraction was col-
lected, and concentrated. Reprecipitation in dichlo-
romethane/methanol gave a yellow solid (Compound BE-9)
(0.72 g, in 68% yield). LCMS (APCI+) was calculated for
C,,H; (N5 (M+H)=718. found: m/e=718.

Pd(PPhs)4, K,CO3
dioxane/H,0, 90° C.

Compound 24 I .
=00
\ \ Br
I WA W
Compound 17
N— —N —N N

BE-10
Chemical Formula: C4¢H3)Ng
Molecular Weight: 668.79

X W WaWal
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-continued
Ne— Q Pd(PPhg), Q Ne—
I ) ————— T
\ / THEF:H,0 (5:3) \ /
80°C.
(98%)
5-bromo-2-iodopyridine 4-(diphenylamino)phenylboronic acid Compound 23

(6] 6]
N
B—B
j: /N
(6] (6]

PdCly(dppD), KOAc

SN \ / B dioxane, 80° C.

N— )
/
B

\ / \,

O 000

(95%)

Compound 23 Compound 24

N— Q Pd(PPhy)4 N—
I B N BOm), s N B
r + e — e T
\ / THF:H,0 (5:3) \ /
80°C.,
(88%)
5-bromo-2-iodopyridine 4-(diphenylamino)phenylboronic acid Compound 23
4-(5-bromopyridin-2-y1)-N,N-diphenylaniline -continued

(Compound 23)

[0156] A mixture of 4-(diphenylamino)phenylboronic acid

(7.00 g, 24.2 mmol), 5-bromo-2-iodopyridine (7.56 g, 26.6 N=— 0
mmol), tetrakis(triphenylphosphine)palladium(0) (1.40 g, N B/
1.21 mmol), Na,CO, (9.18 g, 86.6 mmol), F,O (84 mL) and \ / \,

tetrahydrofuran (THF) (140 mL) was degassed with argon for
about 1.5 h. while stirring. The stirring reaction mixture was
then maintained under argon at 80° C. for about 19 h. Upon
confirming consumption of the starting material by thin layer

L

chromatography (TLC) (SiO,, 19:1 hexanes-EtOAc), the Compound 24
reaction was cooled to RT and poured over EtOAc (500 mL).
The organics were then washed with saturated sodium bicar- N,N-diphenyl-4-(5-(4,4,5,5-tetramethyl-1,3,2-diox-

bonate (NaHCO,, H,0) and brine, dried over MgSO.,,, filtered
and concentrated in vacuo. The crude product was then puri- . )
fied via flash chromatography (SiO,, 2:1 hexanes-dichlo- [0157] A mixture of Compound 23 (6.00 g, 15.0 mmol),

thane) to afford C d 23 (9.54 o. 98% vield bis(pinacolato)diboron (4.18 g, 16.4 mmol), [1,1"-bis(diphe-
fgﬁf yeei?ci)v Ocrysgarnineogélfi?n ( & 9% yield)asa nylphosphino)-ferrocene]dichloropalladium(Il) (0.656 g,

0.897 mmol), potassium acetate (4.40 g, 44.9 mmol) and

anhydrous 1,4-dioxane (90 mL) was degassed with argon for

about 50 min. while stirring. The stirring reaction mixture

6 P was then maintained under argon at 80° C. for about 67 h.

BB Upon confirming consumption of the starting material by
0] 0]

TLC (8i0,, 4:1 hexanes-acetone), the reaction was cooled to

aborolan-2-yl)pyridin-2-yl)aniline (Compound 24)

RT, filtered and the filtrant washed copiously with EtOAc (ca.

- .
N Br Pd(dpphCl, KOAC 200 mL). The organics were then washed with saturated
5 \ 7/ dioxane, 80° C. NaHCO,, H,0, saturated ammonium chloride (NH,CI) and

(95%) brine, dried over MgSO,, filtered and concentrated in vacuo.

The crude product was then taken up in hexanes (ca. 300 mL),

the insolubles filtered off and the filtrate concentrated to yield

Compound 23 Compound 24 (6.34 g, 95% yield) as a yellow foam, which
was carried forward without further purification.
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Pd(PPhy)s, K>CO;
THF/H,0, 90° C.
_— -

43%

BE-10
Chemical Formula: CygHz,Ng
Molecular Weight: 668.79

N—=— —N —N

X Ve WaWal

N

Compound BE-10

[0158] A mixture of N,N-diphenyl-4-(5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)aniline ~ (Com-
pound 24) (0.306 g, 0.68 mmol), 2-(5-bromo-[2,3"-bipyri-
din]-6'-yl)-1-phenyl-1H-benzo| d]imidazole (Compound 17)
(0.55 g, 1.3 mmol), Pd(PPh;), (0.9 g, 0.078 mmol) and
K,CO; (0.276 g, 2 mmol) in THF/water (30 mL/6 mL) was

degassed, and heated at 90° C. for 24 hours. The whole was
mixed with dichloromethane/brine, dried over Na,SO,, and
purified by flash column (dichloromethane to dichlo-
romethane/ethyl acetate 9:1to 2:1). The desired yellow emis-
sive fraction was collected, concentrated and filtered to give a
yellow solid (Compound BE-10) (0.20 g, in 43% yield).
LCMS (APCI+) was calculated for C,H;3Ny (M+H)=669.
found: m/e=669.

HC H;C
NBS, DCM, RT 1) n-Buli, -78° C.
N —_— N Br ————— =
99% 2) B(OCH3)3
3) INHCL
56%
H;C H;C

N,N'"-ditoylaniline

Compound 25
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HyC
\Q .
OH I Br
/ 4@
N B
T \ Pd(PPhy);, KoCO;
HsC 3

OH 100° C., 82%
%
Compound 26
HC
0 0
/
VAN
N= 0 0
N Br
\ / Pd(dpp)Cl, KOAc
dioxane, 80° C., 88%
e 71%
Compound 27
—N N
N
H,C
N=— 0
/ Compound 1
N B >
\ / \ Pd(PPhy)s, K203
0 9° C.
81%

LC

Compound 28

H;C
N— —N N
) \ / ./ \
H;C
BE-11

Molecular Weight: 619.76
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H;C H;C
NBS, DCM, RT
N _—
99%
LC il

N,N'-ditoylaniline
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N4®7Br

Compound 25

4-bromo-N,N-di-p-tolylaniline

4-bromo-N,N-di-p-tolylaniline

[0159] To a solution of N.N'-ditolylaniline (10 g, 36.6
mmol) in dichloromethane (200 mL) was added n-bromosuc-
cinimide (NBS) (6.764 g, 38 mmol) at RT. The whole was
stirred for about 3 hours. After filtering off the solid, the
solution was loaded on silica gel, and purified by flash column
(hexanes to hexanes dichloromethane 4:1). The desired frac-
tion was collected and a white solid (Compound 25) was
obtained after removal of solvents (12.86 g, in 99.7% yield)

HsC
1) n-BuLi, -78° C.
N Br ————
2) B(OCH3)3
3) INHCI
56%
H;C
Compound 25
HsC,
OH
/
N B
\
OH
HsC

56%
(4-(di-p-tolylamino)phenyl)boronic acid

Compound 26

(4-(di-p-tolylamino)phenyl)boronic acid (Compound
26)

[0160] To a solution of 4-bromo-N,N-di-p-tolylaniline
(Compound 25)(12.55 g, 35.6 mmol) in anhydrous THF (100
mL), was added n-BuLi solution (16 mL, 2.5 M in hexanes) at
-78° C. slowly. The resulting solution was stirred at —=78° C.
for about one hour. Then a freshly distilled trimethyl borate

(B(OCH,3),) (5.6 mL) was added. The solution turned to
yellow immediately, and was stirred at RT for about 2 hours.
After addition of 1N HCl solution (150 mL), the whole was
stirred at RT for about 18 hours and concentrated. The result-
ing solid was filtered and washed with diethyl ether to give a
light yellow solid (Compound 26) (5.8 g, in 56% yield).

H;C
N—
) Br
OH
/ @7
N B
Pd(PPhs)4,
OH KaCO;5
95° C., 82%
1%
H;C
Compound 26
H;C
N—
N Br
< > <\ />
H;C

Compound 27

4-(5-bromopyridin-2-y1)-N,N-di-p-tolylaniline
(Compound 27)

[0161] A mixture of (4-(di-p-tolylamino)phenyl)boronic
acid (Compound 26) (3.17 g, 10 mmol), 2-iodo-5-bromo-
pyridine (5.68 g, 20 mmol), Pd(PPh,), (0.58 g, 0.5 mmol) and
K,CO, (2.76 g, 20 mmol) in dioxane/water (80 mL/15 mL)
was degassed and heated at about 95° C. overnight. The
resulting solution was diluted with ethyl acetate (200 mL),
loaded on silica gel, and purified by flash column (hexanes to
hexanes/dichloromethane 9:1 to 4:1 to 3:2). The desired frac-
tion was collected and concentrated to give a light yellow
solid (Compound 27) (3.5 g, in 82% yield).
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0
/

\

0

N= /
0
N Br
\ / Pd(dppf)CLy, KOAc

dioxane, 85° C. 88%

HC
Compound 27

HsC
N=— 0
N B/
\ /
[¢]

HsC

Compound 28

4-methyl-N-(4-(5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)pyridin-2-yl)phenyl)-N-(p-tolyl)
aniline (Compound 28)
[0162] A mixture of 4-(5-bromopyridin-2-y1)-N,N-di-p-
tolylaniline (Compound 27) (3.44 g, 8 mmol), bis(pinacolate)

diborane (2.286 g, 9 mmol), Pd(dppf)Cl, (0.365 g, 0.5 mmol)
and KOAc (1.96 g, 20 mmol) in dioxane (60 mL) was

degassed and heated at about 85° C. overnight. The mixture
was diluted with ethyl acetate, and the precipitate filtered off,
then loaded on silica gel and purified by flash column (dichlo-
romethane to dichloromethane/ethyl acetate 9:1 to 2:1). The
desired fraction was collected and a yellow solid (Compound
28) was obtained after removal of solvents (3.34 g, in 88%
yield).

H,C
2-(5-bromopyridin-2-yl)-1-phenyl-1 H-
benzo[d]imidazole
N— 0]
N B/ Compound 1
\ / \ Pd(PPh)s, KoCO5
0 85° C. 81%
H;C

Compound 28
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BE-II

Chemical Formula: C43H33N5
Molecular Weight: 619.76

Compound BE-11

[0163] A mixture of 4-methyl-N-(4-(5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)phenyl)-N-(p-
tolyl)aniline (Compound 28) (1.7 g, 3.57 mmol), 2-(5-bro-
mopyridin-2-yl)-1-phenyl-1H-benzo[d]imidazole
(Compound 1) (1.25 g, 3.57 mmol), Pd(PPhL,), (0.2 g, 0.18
mmol) and K,CO; (1.1 g, 8 mmol) in dioxane/water (80

ml/15 mL) was degassed and heated at 85° C. overnight. The
resulting yellow precipitate was filtered and collected, then
purified by flash column (dichloromethane to dichlo-
romethane/ethyl acetate 9:1 to 4:1). The desired fraction was
collected and concentrated. A bright yellow solid (Compound
BE-11) was obtained (1.8 g, in 81% yield). LCMS (APCI+)
was calculated for C,3H; N (M+H)=620. found: m/e=620.

H;C
OH
/ Compound 17
N B
\ Pd(PPh3)4, K3CO3, dioxane/H>O
OH 90° C. 81%
H;C

Compound 26

HiC

HiC

{ >—<\ )<

BE-12

Chemical Formula: Cy3H33N5
Molecular Weight: 619.76
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Compound BE-12

[0164] A mixture of (4-(di-p-tolylamino)phenyl)boronic
acid (Compound 26) (0.76 g, 2.4 mmol), 2-(5-bromo-[2,3'-
bipyridin]-6'-yl)-1-phenyl-1H-benzo[d]imidazole ~ (Com-
pound 17) (2.05 g, 4.8 mmol), Pd(PPh,), (0.138 g, 0.12
mmol) and K,CO; (0.69 g, 5 mmol) in dioxane/water (50
ml/9 mL) was degassed and heated at about 90° C. for about

Mar. 6, 2014

6 hours. The whole was poured into dichloromethane (150
mL), then washed with brine, dried over Na,SO,, loaded on
silica gel and purified by flash column (hexanes/dichlo-
romethane 1:1 to dichloromethane to dichloromethane/ethyl
acetate 9:1 to 4:1). The desired fraction was collected and
concentrated to give a yellow solid (Compound BE-12) (1.20
g, in 81% yield). LCMS (APCI+) was calculated for
C,3H;, N5 (M+H)=620. found: m/e=620.

0 O
N
B—B
/N i
0 [¢] .

SUNE

s

N-(4-bromophenyl)-N-
phenylnaphthalen-1-amine

s

0
/
N—< >—B
\
o)

Pd(dppf)Cl;,
KOAc
dioxane, 85° C.

75%

Pd(PPh3:|4, K2C03
100° C. 87%

Compound 29

s

0] O

N/

B—B
/
(0]

\
0

Pd(dppf)Cl,
KOAc
dioxane, 80° C.

61%

Compound 30

s

Compound 31

O~

Compound 1

Pd(PPhs),, K,CO4
90° C. 63%
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Q.

A

BE-13

’ \ / \ ./ \

—N N

o9

~_
|
& Do

B—B
o)
N Br
Pd(dppf)Cly,

KOAc
dioxane, 85° C.
75%

A

N-(4-bromophenyl}-N-
phenylnaphthalen-1-amine

L
s

N-phenyl-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)phenyl)naphthalen-1-amine (Compound 29)

[0165] A mixture of N-(4-bromophenyl)-N-phenylnaph-
thalen-1-amine (7.14 g, 19.1 mmol), bis(pinacolate)diborane
(5.08 g, 20 mmol), Pd(dppf)Cl, (0.73 g, 1.0 mmol) and KOAc
(4.9 g, 50 mmol) in dioxane (100 mL) was degassed and
heated at about 85° C. for about 15 hours. The resulting
mixture was poured into ethyl acetate (250 mL), then the
precipitate was filtered off. The solution was loaded on silica
gel, and purified by flash column (hexanes to hexanes/dichlo-
romethane 8:1 to 6:1 to 2:1). The desired fraction was col-
lected, and concentrated. A white solid (Compound 29) was
obtained after removal of solvent (6.0 g, in 75% yield).

O

Compound 29

Pd(PPhs)s, KoCOs,

dioxane/H,0, 95° C.
! 70/

Compound 29

-continued

s

N-(4-(5-bromopyridin-2-yl)phenyl)-N-phenylnaph-
thalen-1-amine (Compound 30)

[0166] A mixture of N-phenyl-N-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan- 2-y1)phenv1)naphtha1en 1-amine (Com-
pound 29) (2.32 g, 5.51 mmol), 2-iodo-5-bromo-pyridine
(3.13 g, 11 mmol), Pd(PPh;), (0.346 g, 0.3 mmol) and K,CO;

(1.38 g, 10 mmol) in dioxane/water (60 mL/10 mL) was
degassed and heated at about 95° C. overnight. The resulting
mixture was mixed with ethyl acetate/brine, dried over
Na,SO,, loaded on silica gel, and purified by flash column
(hexanes to hexanes/dichloromethane 9:1 to 3:1). The desired
fraction was collected and a light yellow solid (Compound
30) was obtained after removal of solvents (2.17 g. in 87%

Pd(dppD)Cla,
O KOAc
Q dioxane, 85° C.

Compound 30

61%
Compound 30
N— 0
N B/
\_/
O O
Compound 31

N-phenyl-N-(4-(5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridin-2-yl)phenyl)naphthalen-
1-amine
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N-phenyl-N-(4-(5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)pyridin-2-yl)phenyl)naphthalen-1-
amine (Compound 31)

[0167] A mixture of N-(4-(5-bromopyridin-2-yl)phenyl)-
N-phenylnaphthalen-1-amine (Compound 30) (2.21 g, 4.91
mmol), bis(pinacolate)diborane (1.27 g, 5 mmol), Pd(dppf)
Cl, (0.18 g, 0.25 mmol) and KOAc (0.98 g, 10 mmol) in
dioxane (50 mL) was degassed and heated at about 85° C.
overnight. The resulting mixture was diluted with ethyl
acetate (200 mL). After filtering off the precipitate, the solu-
tion was loaded on silica gel, and purified by flash column
(dichloromethane to dichloromethane/ethyl acetate 4:1 to
1:1). After removal of solvent, a yellow solid (Compound 31)

was obtained (1.5 g, in 61% yield).
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Compound 1

Compound 31

Pd(PPhg)4, K5CO;3,
dioxane/H,0, 85° C.
63%

BE-13

Chemical Formula: C45H3 (N5
Molecular Weight: 641.76

Compound BE-13

[0168] A mixture of N-phenyl-N-(4-(5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)phenyl)naphtha-
len-1-amine (Compound 31) (1.3 g, 2.6 mmol), 2-(5-bro-
mopyridin-2-yl)-1-phenyl-1H-benzo[d]imidazole

(Compound 1) (0.91 g, 2.6 mmol), Pd(PPh;), (0.23 g, 0.2
mmol) and K,CO, (0.69 g, 5 mmol) in dioxane/water (50
ml./8 mL) was degassed and heated at about 85° C. for about
5 hours. The resulting mixture was mixed with ethyl acetate

(200 mL) and brine. The organic phase was dried over
Na,SO,, loaded on silica gel, and purified by flash column
(dichloromethane to dichloromethane/ethyl acetate 9:1 to
4:1). The desired fraction was collected and solvent was
removed under reduced pressure. The resulting solid was
recrystallized in dichloromethane/hexanes to give the desired
product (Compound BE-13) (1.05 g, in 63% yield). LCMS
(APCI+) was calculated for C,sH;,N; (M+H)=642. found:
m/e=642.
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N
H
ditolylamine
Br Br
Pd(dppf)Cl,, NaOBut
toluene, 80° C., 67%
2,7-dibromo-9,9-
dimethyl-9 H-fluorene
6] 0]
\ /
B—B
/ N
o] (0]
N .
,: ; Pd(dppf)Cly, KOAe dioxane, 80° C., 95%
6.2 g, 64%
14.01 g, 67%
Compound 32
N=
) \ / Br
0O
/ Pd(PPhj)y, K,CO3
N B ;
\ dioxane/H,0, 90° C.
0]
5.1g,77%
9.04 g, 95%
Compound 33
o] 0
\B B/
N= / \
o] 6]
N Br
i : \ / Pd(dppf)Cly, KOAc dioxane, 80° C.
2.55 g, 69%
4.08 g, 77%

Compound 34

Mar. 6, 2014



US 2014/0066627 Al Mar. 6, 2014
58
-continued
N\ —
Br
v N\

Compound 1

Q N— 0
N B/
dioxane/H,0, 100° C.

1.31g,43%

Compound 35

BE-14

S5,

Pd(dppf)Cl,, NaOBut
toluene, 80° C. 67%
2,7-dibromo-9,9-
dimethyl-9 H-fluorene

7-bromo-9,9-dimethyl-N,N-di-p-tolyl-9H-fluoren-2-
amine (Compound 32)

[0169] A mixture of 2,7-dibromo-9,9-dimethyl-9H-fluo-
rene (31.64 g, 89.87 mmol), ditolylamine (8.865 g, 44.9
mmol), Pd(dppDCL, (1.644 g, 2.25 mmol) and sodium tert-
butoxide (10.796 g, 112.3 mmol) in toluene 400 mL was
degassed and heated at about 80° C. overnight. The resulting

'z,
=]
=

Compound 32

mixture was poured into ethyl acetate (500 mL). After the
precipitate was filtered off, the solution was washed with
water and brine, dried over Na,SO,, loaded on silica gel and
purified by flash column (hexane to hexanes/dichlo-
romethane 99:1 to 95:5 gradients). After removal of solvent
and recrystallization in dichloromethane/hexanes, a white
solid (Compound 32) was obtained (14.0169 g, in 66.6%

yield).
Q O
j \ / i
B—B
/ \
0] O

N Br
Pd(dppf)Cly, KOAc dioxane, 80° C. 95%

Compound 32
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-continued

Compound 33

9,9-dimethyl-7-(4,4,5.5-tetramethyl-1,3,2-dioxaboro-
lan-2-y1)-N,N-di-p-tolyl-9H-fluoren-2-amine (Com-
pound 33)

[0170] A mixture of 7-bromo-9,9-dimethyl-N,N-di-p-
tolyl-9H-fluoren-2-amine (Compound 32) (9.0 g, 19.21
mmol), bis(pinacolate)diborane (5.367 g, 21.13 mmol),
Pd(dppD)Cl, (0.984 g, 1.34 mmol) and potassium acetate
(8.485 g, 86.46 mmol) in dioxane (120 ml.) was degassed an
heated at about 80° C. overnight. The whole was poured into
ethyl acetate (300 mL), then washed with water and brine.
The organic phase was dried over MgSQ,, loaded on silica
gel, and purified by flash column (ethyl acetate/hexanes 1:5 to
1:1 to ethyl acetate). The desired fraction was collected, con-
centrated and recrystallized in dichloromethane/hexanes to
give a white solid (Compound 33) (9.452 g, in 95.4% yield).

59
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Pd(PPhs)s, K2CO3

Compound 33

dioxane/H,0, 90° C. 77%

N\N_/Bf

Compound 34

7-(5-bromopyridin-2-y1)-9,9-dimethyl-N,N-di-p-
tolyl-9H-fluoren-2-amine (Compound 34)

[0171] A mixture of 9,9-dimethyl-7-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-N,N-di-p-tolyl-9H-fluoren-2-

amine (Compound 33) (5.0 g, 9.7 mmol), 2-iodo-5-bromo-
pyridine (8.26 g, 29.1 mmol), Pd(PPh,), (0.56 g, 0.48 mmol)
and K,CO, (5.36 g, 38.8 mmol) in dioxane/water (65 mI./13

mL) was degassed and heated at about 90° C. overnight. The
resulting mixture was worked up with ethyl acetate and brine.
The organic phase was dried over Na,SO,, loaded on silica
gel, purified by flash column (hexanes/dichloromethane 5:1
to 1:3 to dichloromethane). The desired fraction was col-
lected, concentrated and recrystallized in dichloromethane/
hexanes to give a white solid (Compound 34) (4.085 g,in 77%
yield).
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Q o0

Compound 34
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RGeS

Pd(dpphHCly, KOAe dioxane, 85° C. 43%

N— 0
D
\ 7/ \

Compound 35

9,9-dimethyl-7-(5-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)pyridin-2-yl)-N,N-di-p-tolyl-9H-fluo-
ren-2-amine (Compound 35)

[0172] A mixture of 7-(5-bromopyridin-2-y1)-9,9-dim-
ethyl-N,N-di-p-tolyl-9H-fluoren-2-amine (Compound 34)
(2.00 g, 3.67 mmol), bis(pinacolate)diborane (1.024 g, 4.03
mmol), Pd(dppf)Cl, (0.188 g, 0.26 mmol) and KOAc (1.619

2, 16.5 mmol) in dioxane (25 ml.) was degassed and heated at
about 85° C. overnight. The resulting mixture was mixed with
ethyl acetate/brine. The organic phase was dried over
Na,SO,, loaded on silica gel, and purified by flash column
(dichloromethane to dichloromethane ethyl acetate 9:1to 1:1
to ethyl acetate). After removal of solvents, a white solid
(Compound 35) was obtained (1.305 g, in 43% yield).

N\ —
Br

Compound 1

Pd(PPhs)s, K2CO;3
dioxane/H,0, 100° C.,
84%

BE-14

Chemical Formula: C5;Hg N5
Molecular Weight: 735.92
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Compound BE-14

[0173] A mixture of 9,9-dimethyl-7-(5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-y1)-N,N-di-p-tolyl-
9H-fluoren-2-amine (Compound 35) (1.3 g, 2.19 mmol),
2-(5-bromopyridin-2-y1)-1-phenyl-1H-benzo[ d]imidazole
(Compound 1) (0.845 g, 2.41 mmol), Pd(PPh,), (0.127 g,
0.11 mmol) and K,CO; (1.364 g, 9.87 mmol) in dioxane/
water (25 mL/5 mL) was degassed and heated at about 100°
C. overnight. The product precipitated after being cooled to
RT. The precipitate was filtered and washed with water,
methanol, and then dried. The resulting solid was dissolved in
dichloromethane and purified by flash column (hexanes/ethyl
acetate 3:2 to ethyl acetate). The desired fraction was col-
lected, concentrated and recrystallized in dichloromethane/
hexanes to give a light yellow solid (Compound BE-14)
(1.356 g, in 84% yield). LCMS (APCI+) was calculated for
C,,H,, N, (M+H)=736. found: m/e=736.

Example 2

Example of OLED Device Configuration and
Performance; Fabrication of a Hybrid White
Light-Emitting Device

[0174] ITO coated glass substrates are cleaned by ultra-
sound consecutively in water, acetone, and 2-propanol, baked
at 110° C. for 3 hours, followed by treatment with oxygen
plasma for 5 min. A layer of PEDOT:PSS (Baytron P, pur-
chased from H.C. Starck) is spin-coated at 3000 rpm onto the
precleaned and O,-plasma treated ITO substrate and
annealed at 180° C. for 30 min., to yield a thickness of around
55 nm. In a glove-box hosted vacuum deposition system at a
pressure of 1077 torr (1 torr=133.322 Pa), DTASI is first
deposited on top of a PEDOT/PSS layer at deposition rate of
0.06 nm/s., yielding a 30 nm thick film. Then the Compound
BE-2 is heated and deposited on top of DTAS], yielding a film
about 5 nm thick, followed by co-deposition of Compound
BE-2 and Ir(PIQ)2(acac) at depositions rates of about 0.06
nn/s. to form a 5 nm thick layer, and deposition of another
Compound BE-2 layer having a thickness of about 5 nm.
Then 1,3,5-tris(N-phenylbenzimidizol-2-yl)benzene (TPBI)
at a deposition rate of about 0.06 nm/s. is deposited on the Ir;
(PIQ),(acac)/BE-2 layer to form a 40 nm thick film. LiF (1.0
nm) and Al (100 nm ) are then deposited successively at depo-
sition rates of 0.005 and 0.2 nm/s., respectively. Each indi-
vidual device has an area of 0.14 cm®.

Example 3

Device A

[0175] All spectra are measured with an Ocean Optics HR
4000 spectrometer, and I-V-L characteristics are taken with a
Keithley 2400 SourceMeter, Newport 2832-C power meter
and 818 UV detector. All device operations are performed
inside a nitrogen-filled glove-box. An example of a configu-
ration of the device thus described (Device A) is shown in
FIG. 2.

[0176] Upon determining the luminescent efficiency and
power efficiency as a function of luminance of Device A, a
plot of the electroluminescence spectrum of Device A, and
the CRI of Device A, Compound BE-2 is suitable as a host
material in hybrid OLED devices.

[0177] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular
weight, reaction conditions, and so forth used in the specifi-
cationand claims are to be understood as being modified in all
instances by the term “about.”” Accordingly, unless indicated
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to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by
applying ordinary rounding techniques.
[0178] Theterms “a,” “an,” “the” and similar referents used
in the context of describing the invention (especially in the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of any claim. No language
in the specification should be construed as indicating any
non-claimed element essential to the practice of the invention.
[0179] Groupings of alternative elements or embodiments
disclosed herein are not to be construed as limitations. Each
group member may be referred to and claimed individually or
in any combination with other members of the group or other
elements found herein. It is anticipated that one or more
members of a group may be included in, or deleted from, a
group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is
deemed to contain the group as modified thus fulfilling the
written description of all Markush groups used in the
appended claims.
[0180] Certain embodiments are described herein, includ-
ing the best mode known to the inventors for carrying out the
invention. Of course, variations on these described embodi-
ments will become apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventor
expects skilled artisans to employ such variations as appro-
priate, and the inventors intend for the invention to be prac-
ticed otherwise than specifically described herein. Accord-
ingly, the claims include all modifications and equivalents of
the subject matter recited in the claims as permitted by appli-
cable law. Moreover, any combination of the above-described
elements in all possible variations thereof is contemplated
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.
[0181] In closing, it is to be understood that the embodi-
ments disclosed herein are illustrative of the principles of the
claims. Other modifications that may be employed are within
the scope of the claims. Thus, by way of example, but not of
limitation, alternative embodiments may be utilized in accor-
dance with the teachings herein. Accordingly, the claims are
not limited to embodiments precisely as shown and
described.

1. A compound represented by a formula:

cy*
/N_ Cyl _Cy2_cy3a — Cy3b_ Cy6,
cy’

wherein Cy' is optionally substituted p-phenylene;

Cy® is a bond, optionally substituted p-phenylene, or
optionally substituted p-pyridinylene; wherein Cy' and
Cy” can share a substituent that links Cy' and Cy” to
form a fused ring system incorporating Cy' and Cy?;

Cy*“ is optionally substituted p-pyridinylene;

Cy™” is a bond or optionally substituted p-pyridinylene;
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Cy” and Cy® independently optionally substituted phenyl
or optionally substituted naphthyl; and,

Cy®is optionally substituted benzimidazol-2-y1, optionally
substituted benzoxazol-2-yl, or optionally substituted
benzothiazol-2-yl.

2. The compound of claim 1, wherein each substituent
independently has a molecular weight of 15 g/mol to 300
g/mol.

3. The compound of claim 2, further represented by a
formula:

wherein HT is optionally substituted diphenylamine or
optionally substituted phenylnaphthylamine;

ET is optionally substituted benzimidazol-2-yl, optionally
substituted benzoxazol-2-yl, or optionally substituted
benzothiazol-2-yl,

XisCHorN;

Y is CH or N, provided that when X is N, Y is CH and when
Yis N, X is CH,

ris 1-2; and,

sis 0 or 1, provided that when s is 0, r is 2.

4. The compound of claim 3, wherein HT is

Q,Q, Q

N > or N .

5. The compound of claim 3, wherein ET is

N.

4

N
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6. A compound of claim 2, further represented by a for-
mula:

cy?
NGy ==y =0,
Cy5

wherein Cy' and Cy” are independently p-phenylene
optionally substituted with 1 or 2 substituents, wherein
each substituent is independently C, ; alkyl or F,
wherein Cy' and Cy? optionally link together to form a
third ring;

Cy’ is independently an optionally substituted p-pyridi-
nylene with 1, 2, or 3 substituents, an optionally substi-
tuted 2,3-bipyridyl with 1, 2, or 3 substituents, or an
optionally substituted 3,3-bipyridinyl with 1, 2, or 3
substituents, wherein each substituent is independently
C,salkylorF;

Cy*and Cy” are optionally substituted phenyl or optionally
substituted naphthyl; and,

Cy®is 1-phenyl-1H-benzo[d]imidazol-2-yl optionally sub-
stituted with 1, 2, 3, 4, or 5 substituents, wherein each
substituent is independently C, . alkylor F.

7. The compound of claim 2, wherein Cy* and Cy” are

unsubstituted.

8. The compound of claim 6, wherein Cy? and Cy* are

unsubstituted.

9. The compound of claim 6, wherein Cy' and Cy* are

unsubstituted.

10. The compound of claim 6, wherein Cy*, Cy? and Cy*

are unsubstituted.

11. The compound of claim 6, wherein the compound is:

12. The compound of claim 6, wherein the compound is:

“O~-O--C0~<0D
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-continued

Z

HzC @

13. The compound of claim 6, wherein the compound is:

D
D

Z

Z

>
>

Qo o

Mar. 6, 2014



US 2014/0066627 A1l
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14. A compound of claim 2, further represented by a for-
mula:

Cy4
N—Cy'—Cy'—yS,

/

Cy5

wherein Cy' is an optionally substituted p-phenylene;

Cy? is an optionally substituted 2,3'-bipyridinyl, an option-
ally substituted 3,3'-bi-pyridinyl, or an optionally sub-
stituted 3,2":5",3"-terpyridinyl;

Cy” and Cy” are optionally substituted phenyl or optionally
substituted naphthyl; and,

Cy®is optionally substituted 1-phenyl-1H-benzo[d]imida-
701-2-yl.

15. The compound of claim 2, wherein Cy" is:

R! R?

R? R*

wherein R', R%, R?, and R* are independently H, F, methyl,
ethyl, propyl, or isopropyl.

16. The compound of claim 14, wherein Cy” is:

R9 RIO R9 RIO

Mar. 6, 2014

-continued
R9 RIO RIZ Rl3

wherein R®, RS, R®, R®, R°, R}, R'2, R!3 and R'* are
independently H, F, methyl, ethyl, propyl, or isopropyl.

17. The compound of claim 2, wherein Cy* is:

RZS

R22

wherein R?%, R**, R**, R*® and R*° are independently H, F,
methyl, ethyl, propyl, or isopropyl.
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18. The compound of claim 2, wherein Cy” is:

RIG RIG RIS
v Q o Q
“ ' R217 « O R217
Rl9 RZO Rl9 RZO
RIS RIG RIS RIG
R”, or @C}b
Rl9 RIS R19 RIS

wherein R'>,R'® R'7, R'® R'®,R*° and R*' are indepen-
dently H, F, methyl, ethyl, propyl, or isopropyl.
19. The compound of claim 2, wherein
cy?

N
/
Cy?

is:

R24 RZS RZS
R23 R26 R23 ‘%j% RZG
RZO NELLL y ;771
RIS > >
Rlé R19 RIG ‘gj RIQ
R17 RIS 18

Q
2

HC
R20
RIS
H,C
e
e
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RZS
R24
/i( R26
R23
R2

N
RIG
. O v
* O ©
R19 RZO

Wherein RIS R16 R17 RIS R19 R20 R21 R22 R23 R24
RS and R*® are independently H, F, methyl, ethyl, pro-
pyl, or isopropyl.

20. The compound of claim 2, wherein Cy® is:

R27
28
N R
N R,
R35 R30

R3l

RZS

R24
RZG
R23
22
RIS
7
RIS
1

Ri6 R
1
R Rl, or
0
9

R

R34

R32
R33

wherein R?7, R?%,R?®, R* R3! R*2 R* R** andR*3are
independently H, F, methyl, ethyl, propyl, or isopropyl.
21. The compound of claim 14, which is:
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22. A compound having a structure:
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—N —N N
4

QN \ /7 7/ \
. \//_\/_\/N

23. A light-emitting device comprising a compound of
claim 1.

24. The light-emitting device of claim 23, wherein the
compound is an emissive compound in an emissive layer.

I I I
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