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(57) ABSTRACT

Described herin are molecules for use in organic light
emitting diodes. Example molecules comprise at least one
acceptor moiety A, at least one donor moiety D, and option-
ally one or more bridge moieties B. Each moiety A is
covalently attached to either the moiety B or the moeity D,
each moiety D is covalently attached to either the moeity B
or the moeity A, and each B is covalently attached to at least
one moiety A and at least one moiety D. Values and preferred
values of moieties A, D and B are defined herein.
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Splitting Absorp,  Rate HOMO  LUMG " 8A
Color  Structure Name (&) Sirangth P fis) V) o) INCHE Kay Waight Score
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. gu)@
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20 %Q.wc
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6,0
c&, mallka_Junetd 6-6 0407 0.183 2.54 .28 -4.76 ~1.98 UQGEWWRCVHRUIA - 96804 3.0
of Ry
& o
goge®
malika_dnets 710 0.047 0.087 2.3 07%  -487 233  GWUIHOCUCRHTBY 8583  ad
o
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Splitting Apsorp.  Rate HOMO  LUMO " SA
Golor  Structure  Name o) Strength e (hush oW V) INCHI Key Weight Score
L
Bop ™%, malika Junel5 7-7 0145 0.173 2.30 005  -473  -220 KISCHLHCSIOVEW 9344 43
& w
e
Soaag™u,  Mmalikalunets 7-8 0075 0.083 2,46 0.4  -481 -221  KPGHGOUURLFUGR 10104 3.4
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Splitting Absorp.  Rate HOMO  LUMO . SA
Color  Structwre  Name (o) Strength @) s eV () INCHI Kay Weight Score
§ maika_June15_10-16  0.048 0.052 278 0.03 -4.78 -1.74 ZMHGYRUOINYUJO 8974 11
o"m%c
&
b3
B ; malika_Junet5_10-15  0.060 0.061 238 0.68 ~4.76 -1.66 IPRFMOMFBOSZOG 9114 2
D’Vm 2o
o
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Splitting Absorp.  Rate  HOMO LUMO . SA
Color  Strusture  Name V) Strength o (s eV ) INCHI Koy Weight Soore
igm mafika_Junets 1822 0123 0183 2.59 .15 -4.66 -1.78 KMURVORKKIYGPRO 7703 2.8
2]
& :5: malika_Jurel5_17-23 0102 0.079 2,88 .18 -4.79 -1.71 FMWIODAUSGIBFG  896.3 3.6
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Splitting Absorp.  Rete  HOMO  LUMO . 8A
Color  Stucture  Name 0 Strength e s e &9 INCHI Key Waight Score
ogw"ﬁaa mafika_Junel5_23-29  0.134 8417 2.56 0.22 -4.79 -1.94 FULHEGOGYLWNOY 9764 3.4
BN ﬂf’%“‘h malika_dJuneis_24-31 0048 {.088 218 0.92 -4.88 -2.48 XDEBWEBHDSOXFH 855.3 3.0
¢ o
6 %
@mﬁ malika_Jurel3 2430 (0108 0.082 2.31 a.u -4.88 -2.38 DWCCSOQMELEXGO 7783 2.9
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3
N ¢ maiika_Junets_24-34  £.018 0.082 228 .51 -4 84 -2.46 YITMHPZCIDIOHO 931.4 31
a”m‘lb
[~
kd
oa"":‘;@& malika_Jkune15_24-33  (.118 0.672 238 047 -4,85 ~2.30 HYKQSQEBEELYJRR 931.4 3.1
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‘,g‘:"% woed  maikaduneld 24-32 0,053 $.082 2.34 0.789 -4.83 -2.3% BLHAANDCAHEINY GeT4 32
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Spiitting Absorp,  Rate HOMG  LUMO . 54

& tr

olor  Structure  Name s Strength ) {tus) (&%} =Y INGHI Key Waeight score
oF*E,  malika_dune1s 27-38  0.076 0212 230 083  -488 237  SGKVIECHUIMQHK  ©884 37
b
qﬁ’ﬁq malika_Junels 28-38  0.136 0,131 228 005 -4.88 -2.34 JSGCIQCFPCOJOD 8253 2.8
07 %o
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Splitting Absorp.  Rate HOMO  LUNO . SA
Color  Structure  Name P Strength (N fiies)  feWh (e INCHI Key Weight Score
ubam%o malika_durelS_32-45  0.088 0.308 254 0.68 -4.93 -2.18 UGDSJSHYCOWNI 978.3 36
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Splitting Absorp.  Rate HOMO  LUMO N
t il
Color  Strucure  Mame €% Strength e flusy (oY) s INCHI Key Weight Score
f}‘
“’%@”&m malika_June15._36-52 0125 4.191 2.53 .14 -4.59 2175 GLHBGRIFVYRGMN  744.3 30
y
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Splitting Absorp.  Rate  HOMO LUMOQ $A
Narme Structure  Method  Color &%) Strength V) s W) V) INCHI Key Waight Score
& 0.004 315 0.60
echo_prime-6,romeo, 53-116 <525  -155  HEEAVJOEDUPPBL 5802 30
@ 0.464 0011 2.87 000
51 N 0.031 2.74 0.03
indiad-22-1rormeo_52-114 540 200 IKPZGOXGBSTOR 522 27
T & 0.082 0.008 2.43 0.02
§1 N 0.081 0.007 278 0.08
romeo,1-1 Q“ﬁ%"q -480 <159 UZFCMYUNYWFEID 10204 34
WG
T & 0,126 0008 254 0.01
51 N 0.078 0.004 284 0.02
ol
romeo_i-4 %S‘,%“ 520 -184  CFYSES3GRZNWCY 10244 34
L=
b ® 5457 0.005 2,80 0.00
51 0.078 0.004 262 0.03
“ %;f‘ &
rongo, 45 LT 570 -2.85  PPANSSPIVUGS 12564 48
v By
T D069 0.011 207 4,05
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&1 £ 0.284 0406 £.78 0.00
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T N} 0.204 0414 2.41 6.66
81 8 .024 0018 2.76 0.70
romeo_5-10 %% Ww 488 181 OEOYGOOUEAGWH 8724 34
T $ 0472 017 259 0.0¢
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Name Structure Method  Color & Strength @) {1/us) (V) ) INCHI Key Weight Scare
 ap & B 0,064 0.004 272 @08
romea_19-49 %4{ e -4.90 178 BHWAEGORINUTMY 9843 34
d o
T N 2.061 0.001 248 0.0
31 N 0.062 2003 278 0.02
romeo_18-80 5.04 1.82 CFDIMIGMISNLIED 8483 3.0
Il & 0122 0.004 2.55 0.00
ES N 0.051 4.008 278 0.04
romee, 18-51 ~8.10 ~1.83 IFRWBFBCKLFFJA 1085.4 4.4
Tt & 5406 a.005 254 8.
51 ® 0.056 0.012 2.73 0.44
romeo_20-52 491 78 SKTRDGHKHTXGIM 8123 34
il & 0056 0.018 2.47 015
» 1 N 0055 0.009 220 0.42
e, ¥
romeo_20-53 ‘%f‘r .23 2.07 AKMFYTRLEFKUMU 11184 35
¢
L N
bl ® 0.164 0,008 260 0.08
5 8 0.043 0.005 272 0.10
ramen,_20-54 457 154 AMMRUSOUHOFFK 8182 2.7
T N 0088 0.008 250 0.03
1 N 0.083 9.004 279 0.03
roms. 20-55 5.41 218 VINDVOQEHANOOY 8123 30
1 N 0008 0.010 2.55 .03
&1 S 0.085 0018 2.84 8.54
romeo. 7156 -4.89 158 YUDUNOGUFIRGC 5842 27
T $ 0054 0.008 255 .09

FIGURE 113



Patent Application Publication  Jul. 26,2018 Sheet 114 of 120 US 2018/0212158 A1

Splitting Absorp. Rate HOMO LUMO SA
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Splitiing Absorp. Rate HOMO LUMO N SA
Name Structure Mathod  Color &) Strength e (t/us) ) v INCH! Key Weight Score
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T $ 0.204 .002 2.5 0.00
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S
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rarmer 30-78 % ¢ -5.54 235 VMPKYSHIQGAAMO 12184 42
Af i B 5066 0.008 263 602
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rames_30-79 6.46 -2.28 TVMIGETYLOPUGH 5081 30
T 0.028 0.005 215 .1
sl 3.153 0.1 289 0.05

roime 51-82 -6.09 215 ISRVLKUMENRFG 7282 30
T $ %111 0188 2.43 0.2¢
Q.9 st & 0108 0.024 278 .05

roimes 31-63 7 -5.02 -1.98 HDOWXOPLXKAVGG 8302 32
o o T § 0,141 0.024 2.58 .61
51 & 569 0.004 2.72 624

rorme -85 543 241 JMLFRRWOXVSEPD 11323 43
T 8 2142 6.004 254 0.00
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Splitting Absorp.  Rate HOMO  LUMO sA

Name Structure Method  Color V) Strength o (tius) V) oV INCH1 Key Weight Score
3 N 5.081 €006 2.84 0.0z

romeo, 32-86 4.7 -1.45 SFOZSTBUACY AN 1020.4 3.4
T ® c.td 0.004 260 6.6
81 & 6.008 278 0.01

g‘aﬁ%’ﬁ}w o
romeo_38-87 g:g -5.27 FRE AUNHZKNLIODSDX 10244 3.7
[+

T $ ¢.1ee 2.56 .07
51 8 0138 0.008 28 0.00

romes, 34-88 4,83 153 VOGRFOKRRREUIZ 7623 2.8
it $ 6.266 0.003 262 600
81 0.039 G003 282 0.08

romes_36-89 BT 274 SEANQHURCICAPSY 9243 49
& ¢.008 0.005 2.24 0.7
&1 0.008 6.006 2.69 0.41

romeo_36-91 4,75 ENE RHZOWOZINDFIQ 8883 28
Tt N 0.675 0.006 249 6.03
51 ? 0.156 €.003 2.84 0.00

romes_36-92 .08 176 AOBHNCRTBARGS 7163 28
1 0.088 0,001 2.05 0.0
51 A 6.108 0.004 2.85 0.0t

romea_47-88 -4.88 188 AOZOVBIWMAIK. 8762 83
T L 0.488 9,002 2,84 .00
51 0.043 ¢.010 266 o7

romes_38-94 535 532 FTZUBHAVWLKFGA 10482 40
T 0.034 0.011 2.2 0.22
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Splitting Absorp. Rate HOMO LUNMO N sA
Narne Structure Method  Color v Strength v us) v ) INCHI Key Weight Score
51 0.083 Q007 285 .08
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jege] .
i i N 0.071 6010 243 0.08
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4 7 H 0.081 0010 2.5 012
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ORGANIC LIGHT-EMITTING DIODE
MATERIALS

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/191766, filed on Jul. 13, 2015;
U.S. Provisional Application No. 62/208190, filed on Aug.
21, 2015; U.S. Provisional Application No. 62/239556, filed
on Oct. 9, 2015; U.S. Provisional Application No.
62/277316, filed on Jan. 11, 2016. The entire teachings of
each application above are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] An organic light emitting diode (OLED) is a light-
emitting diode (LED) in which a film of organic compounds
is placed between two conductors and emits light in
response to excitation, such as an electric current. OLEDs
are useful in displays such as television screen, computer
monitors, mobile phones, and tablets. A problem inherent in
OLED displays is the limited lifetime of the organic mate-
rials. OLEDs which emit blue light, in particular, degrade at
a significantly increased rate as compared to green or red
OLEDs.

[0003] OLED materials rely on the radiative decay of
molecular excited states (excitons) generated by recombi-
nation of electrons and holes in a host transport material. The
nature of excitation results in interactions between electrons
and holes that split the excited states into bright singlets
(with a total spin of 0) and dark triplets (with a total spin of
1). Since the recombination of electrons and holes affords a
statistical mixture of four spin states (one singlet and three
triplet sublevels), conventional OLEDs have a maximum
theoretical efficiency of 25%.

[0004] To date, OLED material design has focused on
harvesting the remaining energy from the normally dark
triplets into an emissive state. Recent work to create efficient
phosphors, which emit light from the normally dark triplet
state, have resulted in green and red OLEDs. Other colors,
such as blue, however, require higher energy excited states
which enhance the degradation process of the OLED.
[0005] The fundamental limiting factor to the triplet-
singlet transition rate is a value of the parameter IHﬁ/Alz,
where Hg, is the coupling energy due to hypetfine or
spin-orbit interactions, and A is the energetic splitting
between singlet and triplet states. Traditional phosphores-
cent OLED:s rely on the mixing of singlet and triplet states
due to spin-orbital (SO) interaction, increasing H, and
affording a lowest emissive state shared between a heavy
metal atom and an organic ligand. This results in energy
harvesting from all higher singlet and triplet states, followed
by phosphorescence (relatively short-lived emission from
the excited triplet). The shortened triplet lifetime reduces
triplet exciton annihilation by charges and other excitons.
Recent work by others suggests that the limit to the perfor-
mance of phosphorescent materials has been reached.

SUMMARY OF THE INVENTION

[0006] Thus, a need exists for OLEDs which can reach
higher excitation states without rapid degradation. It has
now been discovered that thermally activated delayed fluo-
rescence (TADF), which relies on minimization of A as
opposed to maximization of H,, can transfer population
between singlet levels and triplet sublevels in a relevant
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timescale, such as, for example, 110 ps. The compounds
described herein are capable of fluorescing or phosphoresc-
ing at higher energy excitation states than compounds pre-
viously described.

[0007] Accordingly, in one embodiment, the present
invention is a molecule represented by one of structural
formulas (1), (II), (IITA)-(IIE), (IIIC), AV), (VA)-(VL),
(VD), (VITA)-(VIIE), or (VIIIA)-(VIIIF).

[0008] In another embodiment, the present invention is a
molecule represented by one of the structural formulas in
Tables M, N, O, Q, B, or R.

[0009] In another embodiment, the present invention is an
organic light-emitting device comprising a first electrode, a
second electrode, and an organic layer between the first
electrode and the second electrode. The organic layer com-
prises at least one light-emitting molecule selected from the
compounds disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing will be apparent from the following
more particular description of example embodiments of the
invention, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts
throughout the different views. The drawings are not nec-
essarily to scale, emphasis instead being placed upon illus-
trating embodiments of the present invention.

[0011] FIGS. 1-21 represent Table 1 which lists example
embodiments of the present invention.

[0012] FIGS. 22 to 40 represent Table 2 which lists
example embodiments of the present invention.

[0013] FIGS. 41 to 48 represent Table 3 which lists
example embodiments of the present invention.

[0014] FIGS. 49 to 57 represent Table 4 which lists
example embodiments of the present invention.

[0015] FIGS. 58 to 72 represent Table 5 which lists
example embodiments of the present invention.

[0016] FIGS. 73 to 89 represent Table 6 which lists
example embodiments of the present invention.

[0017] FIGS. 90 to 91 represent Table 7 which lists
example embodiments of the present invention.

[0018] FIGS. 92 to 93 represent Table 8 which lists
example embodiments of the present invention.

[0019] FIGS. 94 to 98 represent Table 9 which lists
example embodiments of the present invention.

[0020] FIGS. 99-104 represent Table 10, which lists
example embodiments of the present invention.

[0021] FIGS. 105-107 represent Table 11, which lists
example structures.

[0022] FIGS. 108-120 represent Table 12, which lists
example embodiments of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] A description of example embodiments of the
invention follows.

Glossary

[0024] The term “alkyl,” as used herein, refers to a satu-
rated aliphatic branched or straight-chain monovalent
hydrocarbon radical having the specified number of carbon
atoms. Thus, “C,-C, alkyl” means a radical having from 1-6
carbon atoms in a linear or branched arrangement. Examples
of “C,-C, alkyl” include, n-propyl, i-propyl, n-butyl, i-butyl,
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sec-butyl, t-butyl, n-pentyl, n-hexyl, 2-methylbutyl, 2-meth-
vlpentyl, 2-ethylbutyl, 3-methylpentyl, and 4-methylpentyl.
An alkyl can be optionally substituted with halogen, —OH,
C,-Cyalkyl, C,-C, alkoxy, —NO,, —CN, and —N(R")(R?)
wherein R' and R? are each independently selected from
—H and C,-C; alkyl.

[0025] The term “alkenyl,” as used herein, refers to a
straight-chain or branched alkyl group having one or more
carbon-carbon double bonds. Thus, “C,-C alkenyl” means
a radical having 2-6 carbon atoms in a linear or branched
arrangement having one or more double bonds. Examples of
“C,-C alkenyl” include ethenyl, propenyl, butenyl, pente-
nyl, hexenyl, butadienyl. pentadienyl, and hexadienyl. An
alkenyl can be optionally substituted with the substituents
listed above with respect to alkyl.

[0026] The term “alkynyl,” as used herein, refers to a
straight-chain or branched alkyl group having one or more
carbon-carbon triple bonds. Thus, “C,-C, alkynyl” means a
radical having 2-6 carbon atoms in a linear or branched
arrangement having one or more triple bonds. Examples of
C,-C¢ “alkynyl” include ethynyl, propynyl, butynyl, penty-
nyl, and hexynyl. An alkynyl can be optionally substituted
with the substituents listed above with respect to alkyl.

[0027] The term “cycloalkyl,” as used herein, refers to a
saturated monocyclic or fused polycyclic ring system con-
taining from 3-12 carbon ring atoms. Saturated monocyclic
cycloalkyl rings include, for example, cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, and cyclooctyl. Saturated bicy-
clic and polycyclic cycloalkyl rings include, for example,
norbornane, [2.2.2]bicyclooctane, decahydronaphthalene
and adamantane. A cycloalkyl can be optionally substituted
with the substituents listed above with respect to alkyl.

[0028] The term “amino,” as used herein, means an
“—NH,,” an “NHR ,,” or an “NR,R_,” group, wherein R,
and R, can be alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl,
aryl, and heteroaryl. Amino may be primary (NH,), second-
ary (NHR,) or tertiary (NR_R,).

[0029] The term “alkylamino,” as used herein, refers to an
“NHR,,,” or an “NR R ” group, wherein R, and R, can be
alkyl, alkenyl, alkynyl, alkoxy, or cycloalkyl. The term
“dialkylamino,” as used herein, refers to an “NR R ” group,
wherein R, and R, can be alkyl, alkenyl, alkynyl, alkoxy, or
cycloalkyl.

[0030] The term “alkoxy”, as used herein, refers to an
“alkyl-O” group, wherein alkyl is defined above. Examples
of alkoxy group include methoxy or ethoxy groups. The
“alkyl” portion of alkoxy can be optionally substituted as
described above with respect to alkyl.

[0031] The term “aryl,” as used herein, refers to an aro-
matic monocyclic or polycyclic ring system consisting of
carbon atoms. Thus, “C,-C, 5 aryl” is a monocylic or poly-
cyclic ring system containing from 6 to 18 carbon atoms.
Examples of aryl groups include phenyl, indenyl, naphthyl,
azulenyl, heptalenyl, biphenyl, indacenyl, acenaphthylenyl,
fluorenyl, phenalenyl, phenanthrenyl, anthracenyl, cyclo-
pentacyclooctenyl or benzocyclooctenyl. An aryl can be
optionally substituted with halogen, —OH, C,-C, alkyl,
C,-Cs alkenyl, C,-Cy alkynyl, C,-Cy haloalkyl, C,-C;
alkoxy, C4-C,5 aryl, C4-C,, haloaryl, (5-20 atom) het-
eroaryl, —C(O)C,-C; haloalkyl, —S(0),—, —NO,, —CN,
and oxo.

[0032] The terms “halogen,” or “halo,” as used herein,
refer to fluorine, chlorine, bromine, or iodine.
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[0033] The term “heteroaryl,” as used herein, refers a
monocyelic or fused polycyclic aromatic ring containing one
or more heteroatoms, such as oxygen, nitrogen, or sulfur.
For example, a heteroaryl can be a “5-20 atom heteroaryl,”
which means a 5 to 20 membered monocyclic or fused
polycyclic aromatic ring containing at least one heteroatom.
Examples of heteroaryl groups include pyridinyl, pyridazi-
nyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,
quinolyl, isoquinolyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoqui-
nolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, purinyl, oxadiazolyl, thiazolyl, thiadiazolyl, fura-
zanyl, benzofurazanyl, benzothiophenyl, benzotriazolyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, dihydroquinolyl, tetrahydroquinolyl, dihy-
droisoquinolyl, tetrahydroisoquinolyl, benzofuryl, furo-
pyridinyl, pyrolopyrimidinyl, and azaindolyl. A heteroaryl
can be optionally substituted with the same substituents
listed above with respect to aryl.

[0034] Inother embodiments, a “5-20 member heteroaryl”
refers to a fused polycyclic ring system wherein aromatic
rings are fused to a heterocycle. Examples of these heteroar-
yls include:
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[0035] The term “haloalkyl,” as used herein, includes an
alkyl substituted with one or more of F, Cl, Br, or I, wherein
alkyl is defined above. The “alkyl” portion of haloalkyl can
be optionally substituted as described above with respect to
alkyl.

[0036] The term “haloaryl,” as used herein, includes an
aryl substituted with one or more of F, Cl, Br, or I, wherein
aryl is defined above. The “aryl” portion of haloaryl can be
optionally substituted as described above with respect to
aryl.

[0037] The term “oxo,” as used herein, refers to —0O.
[0038] The term “nitro,” as used herein, refers to —NO,.
[0039] The term “symmetrical molecule,” as used herein,

refers to molecules that are group symmetric or synthetic
symmetric. The term “group symmetric,” as used herein,
refers to molecules that have symmetry according to the
group theory of molecular symmetry. The term “synthetic
symmetric,” as used herein, refers to molecules that are
selected such that no regioselective synthetic strategy is
required.

[0040] The term “donor,” as used herein, refers to a
molecular fragment that can be used in organic light emitting
diodes and is likely to donate electrons from its highest
occupied molecular orbital to an acceptor upon excitation. In
an example embodiment, donors have an ionization poten-
tial greater than or equal to =6.5 eV.

[0041] The term “acceptor,” as used herein, refers to a
molecular fragment that can be used in organic light emitting
diodes and is likely to accept electrons into its lowest
unoccupied molecular orbital from a donor that has been
subject to excitation. In an example embodiment, acceptors
have an electron affinity less than or equal to 0.5 eV.

[0042] The term “bridge,” as used herein, refers to w-con-
jugated molecular fragment that can be included in a mol-
ecule which is covalently linked between acceptor and donor
moieties. The bridge can, for example, be further conjugated
to the acceptor moiety, the donor moiety, or both. Without
being bound to any particular theory, it is believed that the
bridge moiety can sterically restrict the acceptor and donor
moieties into a specific configuration, thereby preventing the
overlap between the conjugated m system of donor and
acceptor moieties. Examples of suitable bridge moieties
include phenyl, ethenyl, and ethynyl.

[0043] The term “multivalent,” as used herein, refers to a
molecular fragment that is connected to at least two other
molecular fragments. For example, a bridge moiety, is
multivalent.

[0044] <~~~ > as used herein, refers to a point of attach-
ment between two atoms.
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Principles of OLED

[0045] OLEDs are typically composed of a layer of
organic materials or compounds between two electrodes, an
anode and a cathode. The organic molecules are electrically
conductive as a result of delocalization of m C electronics
caused by conjugation over part or all of the molecule. When
voltage is applied, electrons from the highest occupied
molecular orbital (HOMO) present at the anode flow into the
lowest unoccupied molecular orbital (LUMO) of the organic
molecules present at the cathode. Removal of electrons from
the HOMO is also referred to as inserting electron holes into
the HOMO. Electrostatic forces bring the electrons and the
holes towards each other until they recombine and form an
exciton (which is the bound state of the electron and the
hole). As the excited state decays and the energy levels of the
electrons relax, radiation is emitted having a frequency in
the visible spectrum. The frequency of this radiation
depends on the band gap of the material, which is the
difference in energy between the HOMO and the LUMO.
[0046] As electrons and holes are fermions with half
integer spin, an exciton may either be in a singlet state or a
triplet state depending on how the spins of the electron and
hole have been combined. Statistically, three triplet excitons
will be formed for each singlet exciton. Decay from triplet
states is spin forbidden, which results in increases in the
timescale of the transition and limits the internal efliciency
of fluorescent devices. Phosphorescent organic light-emit-
ting diodes make use of spin-orbit interactions to facilitate
intersystem crossing between singlet and triplet states, thus
obtaining emission from both singlet and triplet states and
improving the internal efficiency.

[0047] The prototypical phosphorescent material is
iridium tris(2-phenylpyridine) (Ir(ppy);) in which the
excited state is a charge transfer from the Ir atom to the
organic ligand. Such approaches have reduced the triplet
lifetime to about 1 ps, several orders of magnitude slower
than the radiative lifetimes of fully-allowed transitions such
as fluorescence. Ir-based phosphors have proven to be
acceptable for many display applications, but losses due to
large triplet densities still prevent the application of OLEDs
to solid-state lighting at higher brightness.

[0048] Further, recent research suggests that traditional
Iridium based OLEDs may have reached a physical perfor-
mance limit. As illustrated in FIG. 1, the brightness of an
OLED will decrease as the time of decay increases. Since
the highest energy triplet state is the origin of the lumines-
cent transition in the Ir-based materials of FIG. 1, increasing
the zero-field splitting through additional spin-orbit cou-
pling will eventually lengthen the effective lifetime of the
other two triplets. It is believed that this effect is responsible
for the asymptote empirically observed at about 1 us.
[0049] The recently developed thermally activated
delayed fluorescence (TADF) seeks to minimize energetic
splitting between singlet and triplet states (A). The reduction
in exchange splitting from typical values of 0.4-0.7 eV 10 a
gap of the order of the thermal energy (proportional to kT,
where k; represents the Boltzmann constant, and T repre-
sents temperature) means that thermal agitation can transfer
population between singlet levels and triplet sublevels in a
relevant timescale even if the coupling between states is
small.

[0050] Example TADF molecules consist of donor and
acceptor moieties connected directly by a covalent bond or
via a conjugated linker (or “bridge”). A “donor” moiety is
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likely to transfer electrons from its HOMO upon excitation
to the “acceptor” moiety. An “acceptor” moiety is likely to
accept the electrons from the “donor” moiety into its
LUMO. The donor-acceptor nature of TADF molecules
results in low-lying excited states with charge-transfer char-
acter that exhibit very low A. Since thermal molecular
motions can randomly vary the optical properties of donor-
acceptor systems, a rigid three-dimensional arrangement of
donor and acceptor moieties can be used to limit the non-
radiative decay of the charge-transfer state by internal con-
version during the lifetime of the excitation.

[0051] It is beneficial, therefore, to decrease energetic
splitting between singlet and triplet states (A), and to create
a system with increased reversed intersystem crossing
(RISC) capable of exploiting triplet excitons. Such a system,
it is believed, will result in decreased emission lifetimes.
Systems with these features will be capable of emitting blue
light without being subject to the rapid degradation preva-
lent in blue OLEDs known today.

Compounds of the Invention

[0052] The molecules of the present invention, when
excited via thermal or electronic means, can produce light in
the blue or green region of the visible spectrum. The
molecules comprise molecular fragments including at least
one donor moiety, at least one acceptor moiety, and option-
ally, a bridge moiety.

[0053] Electronic properties of the example molecules of
the present invention can be computed using known ab initio
quantum mechanical computations. By scanning a library of
small chemical compounds for specific quantum properties,
molecules can be constructed which exhibit the desired
spin-orbit/thermally activated delayed fluorescence (SO/
TADF) properties described above.

[0054] It could be beneficial, for example, to build mol-
ecules of the present invention using molecular fragments
with a calculated triplet state above 2.75 eV. Therefore,
using a time-dependent density functional theory using, as a
basis set, the set of functions known as 6-31G* and a Becke,
3-parameter, Lee-Yang-Parr hybrid functional to solve Har-
tree-Fock equations (TD-DFT/B3LYP/6-31G*), molecular
fragments (moieties) can be screened which have HOMOs
above a specific threshold and LUMOs below a specific
threshold, and wherein the calculated triplet state of the
moieties is above 2.75 eV.

[0055] Therefore, for example, a donor moiety (“D”) can
be selected because it has a HOMO energy (e.g., an ioniza-
tion potential) of greater than or equal to -6.5 eV. An
acceptor moiety (“A”) can be selected because it has, for
example, a LUMO energy (e.g., an electron aflinity) of less
than or equal to =0.5 eV. The bridge moiety (“B”) can be a
rigid conjugated system which can, for example, sterically
restrict the acceptor and donor moieties into a specific
configuration, thereby preventing the overlap between the
conjugated  system of donor and acceptor moieties.
[0056] Accordingly, in a first aspect, the present invention
is a molecule comprising at least one acceptor moiety A, at
least one donor moiety D, and optionally, a bridge moiety B.
The moiety D, for each occurrence independently, is a
monocyclic or fused polycyclic aryl or heteroaryl having
between 5 and 20 atoms, optionally substituted with one or
more substituents. The moiety A, for each occurrence inde-
pendently, is —CF;, —CN, or a monocyclic or fused
polycyclic aryl or heteroaryl having between 5 and 20
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atoms, optionally substituted with one or more substituents.
The moiety B, for each occurrence independently, is phenyl
optionally substituted with one to four substituents. Each
moiety A is covalently attached to either the moiety B or the
moiety D, each moiety D is covalently attached to either the
moiety B or the moiety A, and each moiety B is covalently
attached to at least one moiety A and at least one moiety D.
At least one moiety A is selected from list AN1 or at least
one moiety D is selected from list DN1.

List AN1
[0057]
Q
(6]
List DN1
[0058]

In an example embodiment of the first aspect, each moiety
A is bonded either to moiety B or moiety D, each moiety B
is bonded either to moiety A, moiety D, or a second moiety
B, and each moiety D is bonded either to moiety A or moiety
B. In another example embodiment of the first aspect, the
moieties A are different than the moieties D.

[0059] The foregoing rules of connection mean that the
moiety A cannot be connected to another moiety A, the
moiety D cannot be connected to another moiety D, and that
each moiety B is multivalent, and therefore must be con-
nected to at least two other moieties, either a moiety A, a
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moiety D, or a second moiety B. It is understood that within
a molecule no molecular fragment represented by A is the
same as any molecular fragment represented by D.

[0060] In a second aspect, the present invention is a
molecule comprising at least one acceptor moiety A, at least
one donor moiety D, and optionally, one or more bridge
moieties B; wherein A, D, and B are defined above with
respect to the first aspect of the present invention, and
wherein at least one moiety A is selected from list AN1 or
at least one moiety D is selected from list DN1. In addition
to the moieties recited above in the first aspect, the moiety
D can be —N(C,-C,zaryl),. In addition to the moieties
recited above with respect to the first aspect, the moiety A,
can be —S(0),—. In addition to the moieties recited above
with respect to the first aspect, the moiety B can be C,-Cq
alkenyl, C,-C; alkynyl, or Cs-C,, cycloalkyl optionally
substituted with one to four substituents.

[0061] In a third aspect, the present invention is a mol-
ecule defined by the structural formula (G-I)

(A)-(B)1-(D), (G-D

[0062] wherein A, B, and D are defined above with respect
to the first and second aspects, at least one moiety A is
selected from list AN1, and at least one moiety D is selected
from list DN1, and

[0063] the moiety D, for each occurrence independently, is
optionally substituted with one or more substituents each
independently selected from C,-Cq alkyl, C,-C4 alkenyl,
C,-Cy alkynyl, C(-C,; aryl, (5-20 atom) heteroaryl, C,-Cg
alkoxy, amino, C,-C, alkylamino, C,-C, dialkylamino, or
0XO0;

[0064] the moiety A, for each occurrence independently, is
optionally substituted with one or more substituents inde-
pendently selected from C,-Cg alkyl, C,-C; alkenyl, C,-Cq
alkynyl, C4-C, 4 aryl, (5-20 atom) heteroaryl, C,-C, alkoxy,
—C(0)C,-C; haloalkyl, —S(O,)H, —NO,, —CN, oxo,
halogen, or C,-C,  haloaryl;

[0065] the moiety B, for each occurrence independently, is
optionally substituted with one to four substituents, each
independently selected from C,-C, alkyl, C,-C, alkenyl,
C,-C¢ alkynyl, C-C, 4 aryl, or (5-20 atom) heteroaryl;
[0066]
[0067]

[0068] 1 is either 0 or an integer greater than one. In an
example embodiment, | is greater than 1. In another example
embodiment, 1is 0, 1, or 2.

[0069] In a fourth aspect, the present invention is a mol-
ecule defined by the structural formula (G-I)

(A),-(B)r(D), G

[0070] wherein A, B, and D are defined above with respect
to the first or second aspects of the present invention, at least
one moiety A is selected from list AN1, and at least one
moiety D is selected from list DN1, and

[0071] the moiety D, for each occurrence independently, is
optionally substituted, in addition to the substituents
described above with respect to the third aspect of the
present invention, with —N(C4-C aryl),;

[0072] the moiety A, for each occurrence independently, is
optionally substituted as described above with respect to the
third aspect of the present invention;

m is an integer greater than 1;

p is an integer greater than 1; and
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[0073] the moiety B, for each occurrence independently, is
optionally substituted as described above with respect to the
third aspect of the present invention;

[0074] m is an integer greater than 1;
[0075] p is an integer greater than 1; and
[0076] 1 is either 0 or an integer greater than one. In an

example embodiment, | is greater than 1. In another example
embodiment, 1 is 0, 1, or 2.

[0077] In a fifth aspect, the present invention is molecule
defined by the structural formula (G-I)

(A (B)r (D), (G

[0078] wherein A, B, and D are defined above with respect
to the first and second aspects of the present invention, at
least one moiety A is selected from list AN1, and at least one
moiety D is selected from list DN1, and

[0079] the moiety D, for each occurrence independently, is
optionally substituted as described above with respect to the
third and fourth aspects, and further wherein, each alkyl,
alkenyl, alkynyl, aryl, and heteroaryl optionally further
substituted with one or more substituents selected from
C,-C¢ alkyl, 5-20 atom heteroaryl, or —N(C,-C, zaryl),;
[0080] the moiety A, for each occurrence independently, is
optionally substituted as described above with respect to the
third aspect of the present invention;

[0081] the moiety B, for each occurrence independently, is
optionally substituted as described above with respect to the
third aspect of the present invention;

[0082] m is an integer greater than 1;
[0083] p is an integer greater than 1; and
[0084] 1 is either 0 or an integer greater than one. In an

example embodiment, | is greater than 1. In another example
embodiment, 1is 0, 1, or 2.

[0085] In a sixth aspect, the present invention is a mol-
ecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety D,
for each occurrence independently, can be selected from List
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molecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety D,
for each occurrence independently, can be selected from List
D1, List D2, or both.

O . O | [0087]
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-continued and wherein the moiety D can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.
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and wherein the moiety D can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0088] In a eighth aspect, the present invention is a mol-
ecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety D,
for each occurrence independently, can be selected from List
D1, List D2, List D3, or any combination thereof.

List D3

[0089]
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and wherein the moiety D can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0090] In a ninth aspect, the present invention is a mol-
ecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety A,
for each occurrence independently, can be selected from List
Al.
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and wherein the moiety A can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0092] In a tenth aspect, the present invention is a mol-
ecule as defined above with respect to the first, second, third,
aspects of the present invention, and wherein the moiety A,
for each occurrence independently, can be selected from List
Al, List A2, or both.

List A2
[0093]
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and wherein the moiety A can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0094] In a eleventh aspect, the present invention is a
molecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety A
for each occurrence independently, can be selected from List
Al, List A2, List A3, or any combination thereof.

List A3

[0095]
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-ﬁ.@@

N
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and wherein the moiety A can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0096] In a twelfth aspect, the present invention is a
molecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety B

for each occurrence independently, can be selected from List
B1:

List B 1
[0097]

HyC

CH;
CH;
CH;
H;C
, and )
CH;

HC CHj

CH;

and wherein the moiety B can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0098] In a thirteenth aspect, the present invention is a
molecule as defined above with respect to the first or second
aspects of the present invention, and wherein the moiety B,
for each occurrence independently, can be selected from List
B1, List B2, or both.

Jul. 26,2018

List B2

[0099]

00=~

Yo

$-0

and wherein the moiety B can be optionally substituted as
described above with respect to the third, fourth, and fifth
aspects of the present invention.

[0100] In an example embodiment of the sixth aspect of
the present invention, the moiety D, for each occurrence
independently, is selected from List D4.

List D4
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wherein, within each molecule:

Q
Q
/N [0102] Q is the moiety A or a moiety B, ,-A and each M
8 O ’ CO ’ NO ’ is the moiety A or the moiety B, _,-A,
/N [0103]
Q Q Q Q

all groups Q are the same and all groups M are the
same, and each group Q is the same or different from any
group M, and the moieties A and B are defined above with

Q
N, N , respect to the first, second, and third aspects of the present
O O <O invention.
/ /
Q Q

[0104] Inanexample embodiment of the seventh aspect of
the present invention, the moiety D, for each occurrence
independently, is selected from List D4, List D3, or both.
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wherein, within each molecule:

[0106] Q is independently selected from the group con-
sisting of the moiety A, a moiety B, ,-A, H, C,-C; alkyl,
Cs-C,q aryl, oxo, (5-20 atom) heteroaryl, and —N(Cs-Cq
aryl),, and wherein the moieties A and B are defined above
with respect to the first, second, and third aspects of the
present invention.

[0107] In an example embodiment of the seventh and
eighth aspects of the present invention, the moiety D, for
each occurrence independently, can also be selected from
List D6.

List D6
[0108]
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wherein, within each molecule:

[0109] Q is independently selected from the group con-
sisting of the moiety A, a moiety B, ,-A, H, C,-C, alkyl,
Cs-C, g aryl, oxo, (5-20 atom) heteroaryl, and —N(C4-C 4
aryl),.

[0110] M is independently selected from the group con-
sisting of the moiety A, a moiety By ,-A, H, C,-C; alkyl,
Cs-C, 5 aryl, oxo, (5-20 atom) heteroaryl, and —N(C,-C, 4
ary])2:

[0111] at least one of Q and M is the moiety B ,-A,
[0112] all groups Q are the same and all groups M are the
same, and

[0113] each group Q is the same or different from any

group M, and wherein the moieties A and B are defined
above with respect to the first, second, and third aspects of
the present invention.

[0114] In an example embodiment of the seventh and
eighth aspects of the present invention, the moiety D, for
each occurrence independently, can also be selected from
List DN2.

N Q.
folime
OO0

Q

-continued

M
/
500
wherein, within each molecule:

[0116] Q is independently selected from the group con-
sisting of the moiety A, a moiety B, ,-A, H, C,-C; alkyl,
Cs-C,5 aryl, oxo, (5-20 atom) heteroaryl, and —N(C4-C, 4
aryl)s,

[0117] M is independently selected from the group con-
sisting of the moiety A, a moiety B, ,-A, H, C,-C; alkyl,
C¢Ciq aryl, oxo, (5-20 atom) heteroaryl, and —N(C4-C 5
aryl),.
[0118]

[0119] all groups Q are the same and all groups M are the
same, and each group Q is the same or different from any
group M, and wherein the moieties A and B are defined
above with respect to the first, second, and third aspects of
the present invention.

[0120] In an example embodiment of the ninth aspect of
the present invention, the moiety A, for each occurrence
independently, is selected from List A4.

at least one of Q and M is the moiety B, ,-A,

List A4
[0121]
(@]
Q0000

N
|
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wherein, within each molecule:

[0122] W is the moiety D or a moiety B,_,-D and each X
is the moiety D or the moiety By_,-D,

[0123] all groups W are the same and all groups X are the
same, and

[0124] each group W is the same or different from any
group X, and wherein the moieties D and B are defined
above with respect to the first, second, and third aspects of
the present invention.

[0125] In an example embodiment of the tenth aspect of
the present invention, the moiety A, for each occurrence
independently, can be selected from List A4, List AS, or
both.
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wherein, within each molecule:

[0127] X is selected from the group consisting of the
moiety D, a moiety B, ,-D, H, C,-C; alkyl, C(-C,, aryl,
oxo, C,-C; haloalkyl, —CN, —CF;, —C(0)C,-C,
haloalkyl, —F, and —S(O,)H, and wherein the moieties D
and B are defined above with respect to the first, second, and
third aspects of the present invention.

[0128] In an example embodiment of the tenth and elev-
enth aspects of the present invention, the moiety A, for each

40
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occurrence independently, can be selected from List A4, List
AS, List A6, or any combination thereof.

List A6

[0129]
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wherein, within each molecule:

[0130] X s selected from the group consisting of a moiety
Bo..-D, H, C,-C,; alkyl, C-C,; aryl, oxo, C,-C; haloalkyl,
—CN, —CF,, —C(0)C,-C; haloalkyl, —F, and —S(O,)H,
[0131] W is selected from the group consisting of the
moiety By _,-D, H, C,-C; alkyl, C,-C; acylalkyl, C4-C, 4 aryl,
oxo, C,;-C; haloalkyl, —CN, —CF;, —C(O)C,-C,
haloalkyl, —F, and —S(O,)H,

[0132] at least one of W and X is the moiety B,_,-D,
[0133] all groups W are the same and all groups X are the
same, and

[0134] each group W is the same or different from any
group X, and wherein the moieties D and B are defined
above with respect to the first, second, and third aspects of
the present invention.

[0135] In an example embodiment of the tenth and elev-
enth aspects of the present invention, the moiety A, for each
occurrence independently, can be selected from List A4, List
AS, List A6, List AN2, or any combination thereof. In
certain embodiments, at least one occurrence of the moiety
A 1s selected from List AN2. In certain embodiments, each
occurrence of the moiety A is independently selected from
List AN2.

List AN2
[0136]
O
Y
(0]

wherein, within each molecule:

[0137] W is the moiety D or a moiety B,_,-D and wherein
the moieties D and B are defined above with respect to the
first, second, and third aspects of the present invention.
[0138] In an example embodiment of the twelfth aspect of
the present invention, the moiety B, for each occurrence
independently, is selected from List B3.

List B3
[0139]
Y Y
/\j Y ~ Y
, K/J : U ‘
H;C Z
CH;
Y 7 Y Y
@
U H;C CH,
7z
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wherein, within each molecule:

[0140] Y is the moiety A, the moiety By_, -A, the moiety D,
or the moiety B,,_,-D and each Z is the moiety A, a moiety
B,.,-A, the moiety D, or a moiety B,_-D,

[0141] within a given molecule all groups Y are the same
and all groups Z are the same, and

[0142] each group Y is the same or different from any
group 7, and wherein the moieties A and D are defined above
with respect to the first, second, and third aspects of the
present invention.

[0143] In an example embodiment of the thirteenth aspect
of the present invention, the moiety B, can also be selected
from List B3, List B4, or both.

List B4
[0144]
\
[N Y.
A~ A
/ Lz ~
\
=
Z 7 Z Z Z 7
0§
RORAU,
CH; 7z HC CH;

wherein, within each molecule:

[0145] Z is independently selected from the group con-
sisting of the moiety A, a moiety B,_,-A, the moiety D, a
moiety By_;-D, H, C,-C; alkyl, and C4-C, ¢ aryl, and wherein
the moieties A and D are defined above with respect to the
first, second, and third aspects of the present invention.

[0146] In an example embodiment of the twelfth and
thirteenth aspects of the present invention, the moiety B, can
also be selected from List B3, List B4, List B5, or any
combination thereof.
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List B5
[0147]

VA

/\\

——

Z/\Z Y/\Z

4 oz 4. A,
e

z\//yz,Yx/yz,zé\z ,Y4\Z ,24\2,

I8 Q&
CH; CH; Z

N .y AL

&) (XK X

x X X x
F

H;C CHz, H;C CH;, 7 CHs, Y CHs,

Y———7, d Y. R

wherein, within each molecule:

[0148] 7 is the moiety A, a moiety B,_;-A, the moiety D,
a moiety B,_-D, H, C,-C; alkyl, or C,-C; aryl,

[0149] Y isthe moiety A, the moiety By_;-A, the moiety D,
or the moiety B,_;-D and each Z is the moiety A, a moiety
Bo.;-A, the moiety D, or a moiety B,,_;-D,

[0150] within a given molecule all groups Y are the same
and all groups Z are the same, and

[0151] each group Y is the same or different from any
group Z, and wherein the moieties A and D are defined above
with respect to the first, second, and third aspects of the
present invention.

[0152] In an example embodiment of the twelfth aspect of
the present invention, the moiety B, for each occurrence
independently, is selected from List B3, List B4, List B5,
List B6, or any combination thereof.

[0153] List B6
Y
CH;
ch\ |
Y.
Z
H;C 7

CH;

Z
Y
Y
Y. Y
H;C CH;
z Y
z
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CH, z

wherein, within each molecule:

[0154] Y is the moiety A, the moiety B,_, -A, the moiety D,
or the moiety B, |-D and each Z is the moiety A, a moiety
B,.,-A, the moiety D, or a moiety B,_,-D,

[0155] within a given molecule all groups Y are the same
and all groups 7 are the same, and

[0156] each group Y is the same or different from any
group Z, and wherein the moieties A and D are defined above
with respect to the first, second, and third aspects of the
present invention.

[0157] In an example embodiment of the thirteenth aspect
of the present invention, the moiety B, for each occurrence
independently, is selected from List B3, List B4, List B5,
List B6, List B7, or any combination thereof.

List B7
[0158]

N

Ragets

2R
&
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Z

wherein, within each molecule:

[0159] Zisthe moiety A, the moiety B,_,-A, the moiety D,
the moiety By ,-D, H, C,-C; alkyl, or C,-C,q aryl, and
wherein the moieties A and D are defined above with respect
to the first, second, and third aspects of the present inven-
tion.

[0160] In an example embodiment of the twelfth and
thirteenth aspects of the present invention, the moiety B, for
each occurrence independently, is selected from List B3,
List B4, List B, List B6, List B7, List B8 or any combi-
nation thereof.

List B3
[0161]

Z

O z z

A
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Z, and

wherein, within each molecule:

[0162] Zis the moiety A, the moiety B, _,-A, the moiety D,
the moiety B,_;-D, H, C,-C; alkyl, or C(-C,; aryl,

[0163] Y isthe moiety A, the moiety B,_, -A, the moiety D,
the moiety B,_;-D, H, C,-C; alkyl, or C4-C,4 aryl,

[0164] within a given molecule all groups Y are the same
and all groups Z are the same, and

[0165] each group Y is the same or different from any
group Z, and wherein the moieties A and D are defined above
with respect to the first, second, and third aspects of the
present invention.

[0166] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety D is optionally substituted with one or
more substituents each independently selected from C,-C;
alkyl, C4-C,, aryl, or oxo, and wherein A, B, and D are
defined above with respect to the first or second aspects of
the present invention.

[0167] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety D is optionally substituted with one or
more substituents each independently selected from (5-20
atom) heteroaryl or —N(C4-C,aryl),, and wherein A, B,
and D are defined above with respect to the first or second
aspects of the present invention.

[0168] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety D is optionally substituted with one or
more substituents each independently selected from C,-C,
alkyl, C,-C 5 aryl, oxo, (5-20 atom) heteroaryl, or —N(C,-
C,garyl),, and wherein A, B, and D are defined above with
respect to the first or second aspects of the present invention.
[0169] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety A is optionally substituted with one or
more substituents each independently selected from C,-C;
alkyl, C4-C,q aryl, oxo, C,-C; haloalkyl, —CN, —CF;,
—C(0)C,-C; haloalkyl, —F, and —S(O,)H, and wherein A,
B, and D are defined above with respect to the first or second
aspects of the present invention.

[0170] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety B is optionally substituted with C,-C;
alkyl, and wherein A, B, and D are defined above with
respect to the first or second aspects of the present invention.
[0171] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety B is optionally substituted with C,-C
aryl, and wherein A, B, and D are defined above with respect
to the first or second aspects of the present invention.
[0172] In an example embodiment of any one of the first
through thirteenth aspects of the present invention described
above, the moiety B is optionally substituted with one or
more substituents each independently selected from C,-C,
alkyl or C¢-C, 4 aryl, and wherein A, B, and D are defined
above with respect to the first or second aspects of the
present invention.
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[0173] 1In a fourteenth aspect, the present invention is a
molecule of any one of the structural formulas represented
in Tables M, N, O, Q, B, or R and is optionally substituted.
[0174] According to certain embodiments of the four-
teenth aspect, the present invention is a molecule repre-
sented by any one structural formula in Tables M, N, O, Q,
B, or R and is optionally substituted. According to certain
embodiments, the present invention is a molecule repre-
sented by any one structural formula in Tables M, N, O, Q,
or R and is optionally substituted. According to certain
embodiments, the present invention is a molecule repre-
sented by any one structural formula in Tables N', N", N™,
Q', or R" and is optionally substituted. The variables and
substitution patterns on the molecule may be selected as
described below with respect to the fourteenth aspect.
[0175] According to certain embodiments of the four-
teenth aspect, the present invention is a molecule repre-
sented by any one structural formula as shown in Table M,
N, N, N", N", O, Q, Q' B, R, or R, wherein

[0176] at each substitutable carbon independently, the
molecule is optionally substituted with R;

[0177] R is selected from a C,-Cq alkyl, a C;-Cq
cycloalkyl, —OH, —CN, a halo, a C4-C |, aryl, a 5-20 atom
heteroaryl, or —N(R**),; and

[0178] each R'®, independently, is H, a C,-C4 alkyl, a
C,-C,, cycloalkyl, or a C4-C 5 aryl.

[0179] According to certain embodiments of the four-
teenth aspect, the molecule is represented by one of the
structural formulas in Table M, N, N, N", N"', O, Q, Q', B,
R, or R', and is optionally substituted at any substitutable
carbon with R€. According to certain embodiments, no atom
is substituted. According to certain embodiments, at least
one substitutable carbon is substituted with R, The vari-
ables and base molecules may be selected as described
above or below with respect to the fourteenth aspect.
[0180] According to certain embodiments of the four-
teenth aspect, the molecule is represented by any one
compound in Tables M, N, O, Q, B, R, N, N", N", Q', or R’
wherein atoms marked with * are optionally substituted with
R. According to certain embodiments, no atom is substi-
tuted with RS, According to certain embodiments, at least
one atom marked with * is substituted with R<. According

Jul. 26,2018

to certain embodiments, at least one atom marked with * is
substituted with R¢, and any substitutable carbon is option-
ally substituted with R<. According to certain embodiments,
at least one atom marked with * is substituted with R¢, and
no other atom is substituted. The variables and base mol-
ecules may be selected as described above or below with
respect to the fourteenth aspect.

[0181] According to certain embodiments of the four-
teenth aspect, each RS, independently, is selected from a
C,-C¢ alkyl, a C;-Cy cycloalkyl, —OH, —CN; a halo, a
C,-C,, aryl, a 5-20 atom heteroaryl, or —N(R*®),. Accord-
ing to certain embodiments, each R, independently, is
selected from a C,-C, alkyl, a C,-C, cycloalkyl, a C4-C,,
aryl, a 5-20 atom heteroaryl, halo, or —CN. According to
certain embodiments of the fourteenth aspect, each R,
independently, is selected from methyl or phenyl. The
remainder of the variables, base molecules, and substitution
patterns, may be selected as described above or below with
respect to the fourteenth aspect.

[0182] According to example embodiments of the four-
teenth aspect, each R*®, independently, is H, a C,-C, alkyl,
a C5-C,, cycloalkyl, or a C4-C 4 aryl. According to certain
embodiments, each R'®, independently, is H, a C, -C, alkyl,
a C,-C, eycloalkyl, or phenyl. According to certain embodi-
ments, each R is phenyl. The remainder of the variables,
base molecules, and substitution patterns, may be selected as
described above or below with respect to the fourteenth
aspect.

[0183] In an example embodiment of the fourteenth
aspect, the present invention is any one molecule selected
from compounds M1 to M53, listed in Table M. As
described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R€. In some embodiments,
at least one substitutable carbon in the molecule is substi-
tuted by R, In some embodiments, atoms indicated by * are
optionally substituted by R€. In some embodiments, at least
one atom indicated by * is substituted by R€. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the
fourteenth aspect.
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[0184] In an example embodiment of the fourteenth
aspect, the present invention is any one molecule selected
from compounds N1 to N151, listed in Table N. As
described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R“. In some embodiments,
at least one substitutable carbon in the molecule is substi-

tuted by R€. In some embodiments, atoms indicated by * are

optionally substituted by R€. In some embodiments, at least

one atom indicated by * is substituted by R€. In some

embodiments, the molecule is not substituted, and is repre-

sented by the structural formula as depicted. The variables

may be selected as described above with respect to the
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[0185] In example embodiments of the fourteenth aspect, optionally substituted by R“. In some embodiments, at least
the invention is any one compound selected from Table N'. one atom indicated by * is substituted by R€. In some

As described above with respect to the fourteenth aspect, in embodiments, the molecule is not substituted, and is repre-

some embodiments, any substitutable carbon in the mol- 4 by th | f | depicted. Th bl
ecule is optionally substituted by R<. In some embodiments, sented by the structural formula as depicted. The variables

at least one substitutable carbon in the molecule is substi- may be selected as described above with respect to the
tuted by R€. In some embodiments, atoms indicated by * are fourteenth aspect.
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[0186] In example embodiments of the fourteenth aspect,
the invention is any one compound selected from Table N".
As described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R<. In some embodiments,
at least one substitutable carbon in the molecule is substi-
tuted by R€. In some embodiments, atoms indicated by * are
optionally substituted by R“. In some embodiments, at least
one atom indicated by * is substituted by R€. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the
fourteenth aspect.
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[0187] In example embodiments of the fourteenth aspect,
the invention is any one compound selected from Table N'™.
As described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R“. In some embodiments,
at least one substitutable carbon in the molecule is substi-
tuted by R€. In some embodiments, atoms indicated by * are
optionally substituted by R€. In some embodiments, at least
one atom indicated by * is substituted by R€. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the
fourteenth aspect.
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[0188] In example embodiments of the fourteenth aspect,
the present invention is any one molecule selected from
compounds O1 to 0123, listed in Table O. As described
above with respect to the fourteenth aspect, in some embodi-
ments, any substitutable carbon in the molecule is optionally
substituted by R®. In some embodiments, at least one
substitutable carbon in the molecule is substituted by R€. In
some embodiments, atoms indicated by * are optionally
substituted by R€. In some embodiments, at least one atom
indicated by * is substituted by R€. In some embodiments,
the molecule is not substituted, and is represented by the
structural formula as depicted. The variables may be
selected as described above with respect to the fourteenth
aspect.
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[0189] In example embodiments of the fourteenth aspect, at least one substitutable carbon in the molecule is substi-

the present invention is a molecule selected from com-
pounds Q1 to Q12, listed in Table Q. The variables and
substitution patterns on the molecule may be selected as
described above with respect to the fourteenth aspect. As
described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R<. In some embodiments,

tuted by R€. In some embodiments, atoms indicated by * are
optionally substituted by R¢. In some embodiments, at least
one atom indicated by * is substituted by R®. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the
fourteenth aspect.
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[0190] In example embodiments of the fourteenth aspect,
the present invention is the molecule of Table Q. As
described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R“. In some embodiments,
at least one substitutable carbon in the molecule is substi-
tuted by R€. In some embodiments, atoms indicated by * are
optionally substituted by R¢. In some embodiments, at least
one atom indicated by * is substituted by R€. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the
fourteenth aspect.
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[0191] In example embodiments of the fourteenth aspect,
the present invention is any one molecule selected from
compounds B1 to B35, listed in Table B. As described above
with respect to the fourteenth aspect, in some embodiments,
any substitutable carbon in the molecule is optionally sub-
stituted by R€. In some embodiments, at least one substi-
tutable carbon in the molecule is substituted by R€. In some
embodiments, atoms indicated by * are optionally substi-
tuted by RE. In some embodiments, at least one atom
indicated by * is substituted by R”. In some embodiments,
the molecule is not substituted, and is represented by the
structural formula as depicted. The variables may be
selected as described above with respect to the fourteenth

aspect.
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[0192] In example embodiments of the fourteenth aspect,
the present invention is a molecule selected from com-
pounds R1 to R108, listed in Table R. As described above
with respect to the fourteenth aspect, in some embodiments,
any substitutable carbon in the molecule is optionally sub-
stituted by R€. In some embodiments, at least one substi-
tutable carbon in the molecule is substituted by R<. In some

embodiments, atoms indicated by * are optionally substi-
tuted by RE. In some embodiments, at least one atom
indicated by * is substituted by R€. In some embodiments,
the molecule is not substituted, and is represented by the
structural formula as depicted. The variables may be
selected as described above with respect to the fourteenth
aspect.
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[0193] In example embodiments of the fourteenth aspect,
the invention is any one compound selected from Table R'.
As described above with respect to the fourteenth aspect, in
some embodiments, any substitutable carbon in the mol-
ecule is optionally substituted by R€. In some embodiments,
at least one substitutable carbon in the molecule is substi-
tuted by R€. In some embodiments, atoms indicated by * are

optionally substituted by R€. In some embodiments, at least
one atom indicated by * is substituted by R€. In some
embodiments, the molecule is not substituted, and is repre-
sented by the structural formula as depicted. The variables
may be selected as described above with respect to the

fourteenth aspect.

TABLE R’
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[0194] In a fifteenth aspect, the present invention is a -continued

molecule represented by structural formula (I):

M

.
=

El4

71

N—(aAr'h,—J;

wherein:

[0195] E', and E*’, are, each independently, CR* or N,
wherein R, for each occurrence independently, is H, a
C,-Cgalkyl, a C5-C g cycloalkyl, a C4-C, aryl, a 5-20 atom
heteroaryl, a halo, or —CN;

[0196] ] is any moiety selected from —CN,

N\ \ /
\ /" VARN
\ /

and is optionally substituted with one or more R*!, each
independently selected from C,-C, alkyl, a C;-C,
cycloalkyl, a C-C, ¢ aryl, a 5-20 atom heteroaryl, a halo, or
—CN;

[0197] R R'3, RS, and R'7 “*, each independently, H,
a C,-C; alkyl, a C,4-C,; cycloalkyl, a C,-C 4 aryl, a 5-20
atom heteroaryl, a halo, or —CN;

[0198] F'is C—(Ar'?) -G;

[0199] F?*is CR? or N, wherein R? is H, a C,-C, alkyl, a
C;-C¢ cycloalkyl, a C4-Czaryl, a 5-20 atom heteroaryl, a
halo, or —CN, or —(Ar'?),-G;

[0200] Ar'!, for each occurrence independently, is phenyl
optionally substituted with one to four C,-C, alkyls;
[0201] Ar'?, for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cq alkyls;

[0202] pisO, 1, or2;
[0203] qisOor1;and
[0204] G, for each occurrence independently, is a moiety

represented by one of the following structural formulas:
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{103 RIM )
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[0205] wherein:

[0206] E'S,E',E' and E* are, each independently, CR®
or N, wherein R is H, a C,-C, alkyl, halo, or —CN; and

[0207] R101, R*®% R' and R'® are, each indepen-
dently, a C,-C; alkyl, a C;-C |, cycloalkyl, a Co-Ciq aryl, a
5-20 atom heteroaryl, a halo, or —CN.

[0208] In certain embodiments of the fifteenth aspect, the
molecule is not represented by any molecule represented by
a structural formula in Table NN1. In certain embodiments
of the fifteenth aspect, the molecule is not represented by
any molecule represented by a structural formula in Table
NN1, wherein the carbon or heteroatom denoted by (¥*) is
unsubstituted or substituted by a C,-C, alkyl, —OH, —CN,
ahalo, a C,-C, 2 aryl, a 5-20 atom heteroaryl, —N(R'%),, or
—N(R?),, wherein each R'®, independently, is H ora C,-Cj
alkyl, or a C-C, cycloalkyl, and wherein each R*°, inde-
pendently, is H or a C;-C, 5 aryl.

[0209] In certain embodiments of the fifteenth aspect, B**,
and B are, each independently, CR? or N. In certain
embodiments, E'* is CR*. In certain embodiments, E'* is N.
In certain embodiments, E'> is CR%. In certain embodi-
ments, E' is N. The remainder of the variables in structural
formula (I) are as described above and below with respect to
the fifteenth aspect.

[0210] In certain embodiments of the fifteenth aspect, J is
any moiety selected from —CN,

)

and is optionally substituted with one or more R'. In certain
embodiments, J is unsubstituted. In certain embodiments, J
is —CN. In certain embodiments, J is

\ /
\/

—N

\_J

N

Jul. 26,2018

In certain embodiments, T is

—N

\ )

N

In certain embodiments, J is

\ /N.

In certain embodiments, J is

The remainder of the variables in structural formula (I) are
as described above and below with respect to the fifteenth
aspect.

[0211] In certain embodiments of the fifteenth aspect, each
R' is independently selected from C,-C, alkyl, a C5-C 4
cycloalkyl, a C¢-C, ¢ aryl, a 5-20 atom heteroaryl, a halo, or
—CN. In certain embodiments, each R'" is independently
selected from C,-Cg alkyl or C4-C, 4 aryl. In certain embodi-
ments, each R is independently selected from C,-Cy alkyl
or phenyl. In certain embodiments, each R'' is indepen-
dently selected from C,-C; alkyl or phenyl. In certain
embodiments, each R'' is independently selected from
methyl or phenyl. The remainder of the variables in struc-
tural formula (I) are as described above and below with
respect to the fifteenth aspect.

[0212] In certain embodiments of the fifteenth aspect, R**
is H, a C,-Cq alkyl, a C5-C,4 cycloalkyl, a C¢-Ciq aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R is H, a C,-C alkyl, a C;-C, cycloalkyl, a halo,
or —CN. In certain embodiments, R'* is H, a C,-C; alkyl,
or a C,-C, cycloalkyl. In certain embodiments, R'* is H or
methyl. In certain embodiments, R'* is H. In certain embodi-
ments, R is a C,-C, alkyl, a C5-C,q cycloalkyl, a C4-Ciq
aryl, a 5-20 atom heteroaryl, a halo, or —CN. In certain
embodiments, R** is a C,-Cy alkyl, a C;-C 4 cycloalkyl, a
halo, or —CN. In certain embodiments, R**is a C, -C; alkyl,
or a C;-C, cycloalkyl. In certain embodiments, R is
methyl. The remainder of the variables in structural formula
(D) are as described above and below with respect to the
fifteenth aspect.

[0213] In certain embodiments of the fifteenth aspect, R*
is H, a C;-C; alkyl, a C;-C,; cycloalkyl, a C,-C g aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R**is H, a C,-C, alkyl, a C,-C, cycloalkyl, a halo,
or —CN. In certain embodiments, R'* is H, a C,-C;, alkyl,
or a C;-C, cycloalkyl. In certain embodiments, R** is H or
methyl. In certain embodiments, R'® is H. In certain embodi-
ments, R'® is a C,-Cy alkyl, a C5-C,q cycloalkyl, a C4-Cq
aryl, a 5-20 atom heteroaryl, a halo, or —CN. In certain
embodiments, R* is a C,-Cy alkyl, a C5-C 4 cycloalkyl, a
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halo, or —CN. In certain embodiments, R*® is a C,-C, alkyl,
or a C;-C4 cycloalkyl. In certain embodiments, R* is
methyl. The remainder of the variables in structural formula
(I) are as described above and below with respect to the
fifteenth aspect.

[0214] In certain embodiments of the fifteenth aspect, R*®
is H, a C,-C, alkyl, a C,-C,; cycloalkyl, a C,-C; aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R'is H, a C,-C, alkyl, a C,-C 4 cycloalkyl, a halo,
or —CN. In certain embodiments, R'° is H, a C,-Cy alkyl,
or a C;-Cy cycloalkyl. In certain embodiments, R*® is H or
methyl. In certain embodiments, R'® is H. In certain embodi-
ments, R'6 is a C,-C, alkyl, a C;-C,, cycloalkyl, a C,-C,q
aryl, a 5-20 atom heteroaryl, a halo, or —CN. In certain
embodiments, R*® is a C,-C, alkyl, a C,-C,5 cycloalkyl, a
halo, or —CN. In certain embodiments, R*®is a C,-Cj alkyl,
or a C;-C, cycloalkyl. In certain embodiments, R'® is
methyl. The remainder of the variables in structural formula
(1) are as described above and below with respect to the
fifteenth aspect.

[0215] In certain embodiments of the fifteenth aspect, R*”
is H, a C;-C; alkyl, a C;-C; cycloalkyl, a C4-C, aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R*” is H, a C,-Cy alkyl, a C5-C,4 cycloalkyl, a halo,
or —CN. In certain embodiments, R'” is H, a C,-Cy alkyl,
or a C5-C, cycloalkyl. In certain embodiments, R*® is H or
methyl. In certain embodiments, R'” is H. In certain embodi-
ments, R'” is a C,-C, alkyl, a C;-C,4 cycloalkyl, a C4-Cyq
aryl, a 5-20 atom heteroaryl, a halo, or —CN. In certain
embodiments, R'” is a C;-Cy alkyl, a C5-C,4 cycloalkyl, a
halo, or —CN. In certain embodiments, R'” is a C,-C, alkyl,
or a C,-C4 cycloalkyl. In certain embodiments, R’ is
methyl. The remainder of the variables in structural formula
(I) are as described above and below with respect to the
fifteenth aspect.

[0216] In certain embodiments of the fifteenth aspect, F*
is C—(Ar'?) ;-G The remainder of the variables in structural
formula (T) are as described above and below with respect to
the fifteenth aspect.

[0217] In certain embodiments of the fifteenth aspect, F>
is N or CR?. In certain embodiments, F? is CR?. In certain
embodiments, F? is N. The remainder of the variables in
structural formula (I) are as described above and below with
respect to the fifteenth aspect.

[0218] Incertain embodiments of the fifteenth aspect, each
R7 is, independently, H, a C,-Cy alkyl, a C,-C4 cycloalkyl,
a C4-C qaryl, a 5-20 atom heteroaryl, a halo, or —CN, or
—(Ar'?),-G. In certain embodiments, each R” is, indepen-
dently, H, a C,-C, alkyl, a C,-C cycloalkyl, or—(Ar'?) -G.
In certain embodiments, each R” is, independently, H, a
C,-C¢ alkyl, a C;-C, cycloalkyl, or a moiety represented by
one of the following structural formulas:

PN
A0 NN

N )
0-2 0-2
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In certain embodiments, each R? is, independently, H or a
moiety represented by the following structural formula:

N\O
In certain embodiments, each R? is, independently, H or a
moiety represented by the following structural formula:

&

The remainder of the variables in structural formula () are
as described above and below with respect to the fifteenth
aspect.

[0219] In certain embodiments of the fifteenth aspect,
Ar", for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C; alkyls. In certain
embodiments, Ar'!, for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
In certain embodiments, Ar'!, for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
methyls. In certain embodiments, Ar'', for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar't, for
each occurrence independently, is phenyl optionally substi-
tuted with one to four C,-Cg alkyls. The remainder of the
variables in structural formula () are as described above and
below with respect to the fifteenth aspect.

[0220] In certain embodiments of the fifteenth aspect,
Ar'2, for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C alkyls. In certain
embodiments, Ar'?, for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
In certain embodiments, Ar'?, for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
methyls. In certain embodiments, Ar'%, for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar*?, for
each occurrence independently, is phenyl optionally substi-
tuted with one to four C,-C; alkyls. The remainder of the
variables in structural formula () are as described above and
below with respect 1o the fifteenth aspect.

[0221] In certain embodiments of the fifteenth aspect, p is
0 or 1. In certain embodiments, p is 0. In certain embodi-
ments, p is 1. The remainder of the variables in structural
formula (I) are as described above and below with respect to
the fifteenth aspect.
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[0222] In certain embodiments of the fifteenth aspect, q is
0 or 1. In certain embodiments, q is 0. In certain embodi-
ments, q is 1. The remainder of the variables in structural
formula (I) are as described above and below with respect to
the fifteenth aspect.

[0223] In certain embodiments of the fifteenth aspect, G,
for each occurrence independently, is a moiety represented
by one of the following structural formulas:

In certain embodiments, G is a moiety represented by one of
the following structural formulas:

\ , or

\ 7
),

4
(o]

Y
(Rég)o{ /\(\ R )0_2

In certain embodiments, G is a moiety represented the
following structural formula:

O/N\O
In certain embodiments, G is a moiety represented the
following structural formula:

\/N\ﬁ .

Jul. 26,2018

The remainder of the variables in structural formula (I) are
as described above and below with respect to the fifteenth
aspect.

[0224] In certain embodiments of the fifteenth aspect, E'S
is CR or N. In certain embodiments, E'¢ is CR€. In certain
embodiments, E' is N. The remainder of the variables in
structural formula (I) are as described above and below with
respect to the fifteenth aspect.

[0225] In certain embodiments of the fifteenth aspect, E'
is CR or N. In certain embodiments, E*7 is CR€. In certain
embodiments, E'” is N. The remainder of the variables in
structural formula (I) are as described above and below with
respect to the fifteenth aspect.

[0226] In certain embodiments of the fifteenth aspect, E'®
is CR or N. In certain embodiments, E*® is CR€. In certain
embodiments, E'® is N. The remainder of the variables in
structural formula (1) are as described above and below with
respect to the fifteenth aspect.

[0227] In certain embodiments of the fifteenth aspect, E*
is CR€ or N. In certain embodiments, E*® is CR€. In certain
embodiments, E'® is N. The remainder of the variables in
structural formula () are as described above and below with
respect to the fifteenth aspect.

[0228] Incertain embodiments of the fifteenth aspect, each
R is, independently, H, a C,-C, alkyl, halo, or —CN. In
certain embodiments, each R® is H. The remainder of the
variables in structural formula (I) are as described above and
below with respect to the fifteenth aspect.

[0229] Incertain embodiments of the fifteenth aspect, each
R'% s, independently, a C,-Cy alkyl, a C;-C, ¢ cycloalkyl, a
Ce-C,g aryl, a 5-20 atom heteroaryl, a halo, or —CN. In
certain embodiments of the fifieenth aspect, each R'®* is,
independently, a C,-C, alkyl or a C,-C, cycloalkyl. The
remainder of the variables in structural formula (I) are as
described above and below with respect to the fifteenth
aspect.

[0230] Incertain embodiments of the fifteenth aspect, each
R'%? s, independently, a C,-Cy alkyl, a C,-C, 4 cycloalkyl, a
Ce-C,5 aryl, a 5-20 atom heteroaryl, a halo, or —CN. In
certain embodiments of the fifteenth aspect, each R'** is,
independently, a C,-C, alkyl or a C;-C, cycloalkyl. The
remainder of the variables in structural formula (I) are as
described above and below with respect to the fifteenth
aspect.

[0231] Incertain embodiments of the fifteenth aspect, each
R'® is, independently, a C,-C, alkyl, a C,-C,  cycloalkyl, a
Ce-C,g aryl, a 5-20 atom heteroaryl, a halo, or —CN. In
certain embodiments of the fifieenth aspect, each R'® is,
independently, a C,-C; alkyl or a C;-C; cycloalkyl. The
remainder of the variables in structural formula (I) are as
described above and below with respect to the fifteenth
aspect.

[0232] Incertain embodiments of the fifteenth aspect, each
R*%*is, independently, a C,-Cy alkyl, a C5-C, 4 cycloalkyl, a
Ce-C,g aryl, a 5-20 atom heteroaryl, a halo, or —CN. In
certain embodiments of the fifteenth aspect, each R'®* is,
independently, a C,-Cq alkyl or a C;-C4 cycloalkyl. The
remainder of the variables in structural formula (I) are as
described above and below with respect to the fifteenth
aspect.

[0233] In certain embodiments of the fifteenth aspect:

[0234] R, for each occurrence independently, is H or a
C,-C¢ alkyl,



US 2018/0212158 Al
264

[0235] R R'3, R'® and R'7 are, each independently, H,
a C,-Cq alkyl, or a C4-C; cycloalkyl;

[0236] F*is CR?; and

[0237] RZis H, a C,-C, alkyl, a C,-C, cycloalkyl, or
—(Ar'?),-G.

The remainder of the variables in structural formula () are

as described above and below with respect to the fifteenth
aspect.

[0238] In certain embodiments of the fifteenth aspect, the
molecule is represented by the following structural formula:

P

wherein the variables in structural formula (II) are as
described above and below with respect to the sixteenth
aspect. In certain embodiments:

[0239] E', and E**, are, each independently, CR* or N,
wherein R, for each occurrence independently, is H or a
C,-C¢ alkyl;

[0240] pisOorl,;
[0241] R is a C,-C,q aryl or a 5-20 atom heteroaryl;

[0242] R'“ R'5, R'S, and R'” are, each independently, H,
a C,-Cq alkyl, a C;-C | cycloalkyl, a halo, or —CN;
[0243] RZ is, for each occurrence independently, H, a
C,-C¢ alkyl, a C5-C, cycloalkyl, or a moiety represented by
one of the following structural formulas:

or

N
e
~

4

[0244] wherein:
[0245] R R'%2 R'®3 and R'®* are, each independently,
a C,-C; alkyl or a C;-C, cycloalkyl.

[0246] In certain embodiments of the fifteenth aspect, J is
—CN. In certain embodiments, the molecule is represented
by one of the following structural formulas:

Jul. 26,2018
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[0247] 1In certain embodiments of the fifteenth aspect, J is _continued

mN_

In certain embodiments, the molecule is represented by one
of the following structural formulas: N

.
O
@N

N
o-0-0-O
O § [0248] In certain embodiments of the fifteenth aspect, J is
O~

or
N
O X : \_/
N@
O N
@\ , In certain embodiments, the molecule is represented by one
N

of the following structural formulas:

Q0

O

! 9a
00 vl
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[0249] In a sixteenth aspect, the present invention is a
compound represented by structural formula (II):

{1

X N—(Ar!),—T;

wherein:

[0250] X is O, S, or C(RP),;

[0251] RZ, independently for each occurrence, is a C,-Cj
alkyl or a C;-C cycloalkyl;

[0252] E', and E**, are, each independently, CR* or N,
wherein R, for each occurrence independently, is H, a
C,-Csalkyl, a C4-C cycloalkyl, a C-C g aryl, a 5-20 atom
heteroaryl, a halo, or —CN;

[0253] T is any moiety selected from H,

Lo )
E <_> \ /
\_/ VARN
\ /

-continued

and is optionally substituted with one or more R", each
independently selected from is a C,-Cy alkyl, a C;-C,
cycloalkyl, a C-C, 4 aryl, a 5-20 atom heteroaryl, a halo, or
—CN;

[0254] R'“ R'5, R'S, and R'” are, each independently, H,
a C,-C; alkyl, a C5-C,4 cycloalkyl, a C4-C ¢ aryl, a 5-20
atom heteroaryl, a halo, or —CN;;

[0255] F'is C—(Arlz)q-G;

[0256] F?is CR® or N, wherein R? is H, a C,-C, alkyl, a
C;-C¢ cycloalkyl, a C4-Cgaryl, a 5-20 atom heteroaryl, a
halo, or —CN, or —(Ar'?) -G;

[0257] Ar", for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cq alkyls;
[0258] Ar'?, for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cq alkyls;

[0259] pisO, 1, or 2;
[0260] qisOor1;and
[0261] G, for each occurrence independently, is a moiety

represented by one of the following structural formulas:
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-continued

wherein:

[0262] E'S, E', E'®, and B are, each independently,
CRE or N, wherein R is H, a C,-C, alkyl, halo, or —CN;
and

[0263] R'® R'%%,R'%, and R'°* are, each independently,
a C,-C; alkyl, a C;-C,4 cycloalkyl, a C,-C,4 aryl, a 5-20
atom heteroaryl, a halo, or —CN.

[0264] In certain embodiments of the sixteenth aspect, if
(Ar'"),-J is phenyl, then F' and F* are other than CH. In
certain embodiments of the fifteenth aspect, the present
invention is not represented by any of the compounds in
Table NN2. In certain embodiments of the fifteenth aspect,
the molecule is not represented by any molecule represented
by a structural formula in Table NN2, wherein the carbon or
heteroatom denoted by (*) is unsubstituted or substituted by
a C,-C; alkyl, —OH , —CN, a halo, a C(-C,2 aryl, a 5-20
atom heteroaryl, —N(R'?),, or —N(R>),, wherein each
R'®, independently, is H or a C,-Cy alkyl, or a C,-C,,
cycloalkyl, and wherein each R, independently, is H or a
Cs-C,q aryl.

[0265] In certain embodiments of the sixteenth aspect, X
is O, 8, or C(RP),. In certain embodiments, X is O. In certain
embodiments, X is S. In certain embodiments, X is C(RP),.
The remainder of the variables in structural formula (II) are
as described above and below with respect to the sixteenth
aspect.

[0266] Incertain embodiments of the sixteenth aspect, R”,
independently for each occurrence, is a C,-C4 alkyl or a
C,-C g cycloalkyl. In certain embodiments, R”, indepen-
dently for each occurrence, is a C;-C; alkyl. In certain
embodiments, R”, for each occurrence, is methyl. The
remainder of the variables in structural formula (II) are as
described above and below with respect to the sixteenth
aspect.

[0267] In certain embodiments of the sixteenth aspect,
E' and E'* are, each independently, CR* or N. In certain
embodiments, E'* is CR“. In certain embodiments, E** is N.
In certain embodiments, E'® is CR. In certain embodi-
ments, E'° is N. The remainder of the variables in structural
formula (II) are as described above and below with respect
to the sixteenth aspect.

[0268] In certain embodiments of the sixteenth aspect, J is
any moiety selected from —CN,

Lo )
E <_> \ /
\_/ VARN
\ /
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-continued

and is optionally substituted with one or more R™. In certain
embodiments, J is unsubstituted. In certain embodiments, J
is —CN. In certain embodiments, J is

)

In certain embodiments, J is —CN. In certain embodiments,
Iis

In certain embodiments, J is —CN. In certain embodiments,
Iis

\ /N.

In certain embodiments, T is

\ /N.
\_/

In

[0269] certain embodiments, J is
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In certain embodiments, T is

The remainder of the variables in structural formula (II) are
as described above and below with respect to the sixteenth

aspect.
[0270] In certain embodiments of the sixteenth aspect,
each R is independently selected from C,-C, alkyl, a

C;-C,5 cycloalkyl, a C,-C 4 aryl, a 5-20 atom heteroaryl, a
halo, or —CN. In certain embodiments, each is indepen-
dently selected from C,-Cg alkyl or C¢-C, 4 aryl. In certain
embodiments, each is mdependently selected from C,-Cs
alkyl or phenyl In certain embodiments, each R'" is 1nde-
pendent]y selected from C,-C; alkyl or phenyl In certain
embodiments, each R is 1ndependent1y selected from
methyl or phenyl. The remainder of the variables in struc-
tural formula (II) are as described above and below with
respect to the sixteenth aspect.

[0271] In certain embodiments of the sixteenth aspect, R**
is H, a C;-C; alkyl, a C5-C4 cycloalkyl, a Cs-C4 aryl, a
5- 20 atom heteroaryl a halo or —CN. In certaln embodi-
ments, R'"*is H, a C,-C, alkyl aC, C18 cycloalkyl, a halo,
or —CN. In certain embodlments R is H, a C,-C; alkyl,
or a C;-C; cycloalkyl. In certain embodlments R1 is Hor
methyl In certain embodiments, R** is H. In certain embodi-
ments, R' is a C,-Cy, alkyl, a C -C,5 cycloalkyl, a C4-Ci g
aryl, a 5-20 atom heteroaryl a halo or —CN. In cenain
embodiments, R** is a C,-C, alkyl, a C, C18 cycloalkyl, a
halo, or—CN. In certain embodlments R1 isaC;-C alkyl
or a C4-C4 cycloalkyl. In certain embodlments R1 is
methyl. The remainder of the variables in structural formula
(II) are as described above and below with respect to the
sixteenth aspect.

[0272] In certain embodiments of the sixteenth aspect, R*
is H, a C;-C; alkyl, a C;-C,; cycloalkyl, a C,-C; aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R is H, a C,-Cq alkyl aC, C 18 cycloalkyl a halo,
or —CN. In certain embodlments R is H, a C,-C alkyl,
or a C5-C, cycloalkyl. In certain embodlments R1 is Hor
methyl In certain embodiments, R'? is H. In certain embodi-
ments, R'® is a C,-C, alkyl, a C5-C,4 cycloalkyl, a Cy Cia
aryl, a 5-20 atom heteroaryl a halo or —CN. In certain
embodiments, R* is a C,-Cy alkyl, a C, C18 cycloalkyl, a
halo, or—CN. Tn certain embodlments R isaC,-C alkyl
or a C;-Cy cycloalkyl. In certain embodlments R
methyl. The remainder of the variables in structural formula
(II) are as described above and below with respect to the
sixteenth aspect.

[0273] In certain embodiments of the sixteenth aspect, R
is H, a C,-Cs alkyl, a C5-Cy5 cycloalkyl, a Co-Cyg aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R'®is H, a C,-C, alkyl a C,-C, 4 cycloalkyl, a halo,
or —CN. In certain embodlments R s H, a C,-C alkyl,
or a C5-Cg cycloalkyl. In certain embodlments R1 is Hor
methyl In certain embodiments, R'® is H. In certain embodi-
ments, R'® is a C,-C, alkyl, aC -C,g eyeloalkyl, a Co-C g
aryl, a 5-20 atom heteroaryl a halo or —CN. In cenam
embodiments, R*® is a C,-C, alkyl, a C, C 1s Cycloalkyl, a
halo, or—CN. In certain embodlments R isa C,-Cqalkyl,
or a C;-C4 cycloalkyl. In certain embodlments, Ri¢is
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methyl. The remainder of the variables in structural formula
(1) are as described above and below with respect to the
sixteenth aspect.

[0274] Incertain embodiments of the sixteenth aspect, R'”
is H, a C,-Cy alkyl, a C;-C,4 cycloalkyl, a C(-C,, aryl, a
5-20 atom heteroaryl, a halo, or —CN. In certain embodi-
ments, R*” is H, a C,-C; alkyl, a C5-C,4 cycloalkyl, a halo,
or —CN. In certain embodiments, R'” is H, a C,-C, alkyl,
or a C3-Cy cycloalkyl. In certain embodiments, R*® is H or
methyl. In certain embodiments, R'” is H. In certain embodi-
ments, R'” is a C,-Cy alkyl, a C5-C 4 cycloalkyl, a C4-C g
aryl, a 5-20 atom heteroaryl, a halo, or —CN. In certain
embodiments, R'” is a C,-C, alkyl, a C,-C, cycloalkyl, a
halo, or —CN. In certain embodiments, R*7 is a C,-Cy alkyl,
or a C,-C, cycloalkyl. In certain embodiments, R’ is
methyl. The remainder of the variables in structural formula
(1) are as described above and below with respect to the
sixteenth aspect.

[0275] In certain embodiments of the sixteenth aspect, F*
is C—(Ar'?),-G. The remainder of the variables in structural
formula (IT) are as described above and below with respect
to the sixteenth aspect.

[0276] In certain embodiments of the sixteenth aspect, F2
is N or CR?. In certain embodiments, F? is CR?. In certain
embodiments, F> is N. The remainder of the variables in
structural formula (II) are as described above and below
with respect to the sixteenth aspect.

[0277] In certain embodiments of the sixteenth aspect,
each R? is, independently, H, a C,-C, alkyl, a C;-Cq
cycloalkyl, a C-C,; aryl, a 5-20 atom heteroaryl, a halo, or
—CN, or —(Ar'?),-G. In certain embodiments, each R” is,
independently, H, a C,-C, alkyl, a C;-Cq cycloalkyl or
—(Ar'?) -G. In certain embodlments cach R? is, indepen-
dently, H a C,-Cy alkyl, a C5-Cq cycloalkyl or a moiety
represented by one of the followmg structural formulas:

s

AW AN o
el

),
T
x x

J

104
R1%)g, R

In certain embodiments, each R® is, independently, H or a
moiety represented by the following structural formula:

gy
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In certain embodiments, each R? is, independently, H or a
moiety tepresented by the following structural formula:

O

In certain embodiments, each R? is, independently, H or a
moiety represented by the following structural formula:

N
(Y g

The remainder of the variables in structural formula (II) are
as described above and below with respect to the sixteenth
aspect.

[0278] In certain embodiments of the sixteenth aspect,
Ar', for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C; alkyls. In certain
embodiments, Ar'!, for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
In certain embodiments, Ar'!, for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
methyls. In certain embodiments, Ar'*, for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar'*, for
each occurrence independently, is phenyl optionally substi-
tuted with one to four C,-Cy4 alkyls. The remainder of the
variables in structural formula (II) are as described above
and below with respect to the sixteenth aspect.

[0279] In certain embodiments of the sixteenth aspect,
Ar'?, for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C; alkyls. In certain
embodiments, Ar*?, for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
In certain embodiments, Ar', for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
methyls. In certain embodiments, Ar'2, for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar'?, for
each occurrence independently, is phenyl optionally substi-
tuted with one to four C,-C, alkyls. The remainder of the
variables in structural formula (IT) are as described above
and below with respect to the sixteenth aspect.

[0280] In certain embodiments of the sixteenth aspect, p is
0, 1, or 2. In certain embodiments, p is 0. In certain
embodiments, p is 1. In certain embodiments, p is 2. The
remainder of the variables in structural formula (IT) are as
described above and below with respect to the sixteenth
aspect.

[0281] In certain embodiments of the sixteenth aspect, q is
0 or 1. In certain embodiments, q is 0. In certain embodi-
ments, q is 1. The remainder of the variables in structural
formula (II) are as described above and below with respect
to the sixteenth aspect.
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[0282] 1In certain embodiments of the sixteenth aspect, G,
for each occurrence independently, is a moiety represented
by one of the following structural formulas:

In certain embodiments, G is a moiety represented by one of
the following structural formulas:

AN
(NI,

R

2

/

—
s
=)
&

o

=3

RI04 )
0-2

In certain embodiments, G is a moiety represented the
following structural formula:

.

In certain embodiments, G is a moiety represented the
following structural formula:

N
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In certain embodiments, G is a moiety represented the
following structural formula:

CFIW

The remainder of the variables in structural formula (II) are
as described above and below with respect to the sixteenth
aspect.

[0283] In certain embodiments of the sixteenth aspect, E'6
is CR€ or N. In certain embodiments, E'° is CR€. In certain
embodiments, E*® is N. The remainder of the variables in
structural formula (IT) are as described above and below
with respect to the sixteenth aspect.

[0284] In certain embodiments of the sixteenth aspect, B’
is CR or N. In certain embodiments, E*” is CR€, In certain
embodiments, E*? is N. The remainder of the variables in
structural formula (II) are as described above and below
with respect to the sixteenth aspect.

[0285] In certain embodiments of the sixteenth aspect, E'®
is CR® or N. In certain embodiments, E'® is CR€. In certain
embodiments, E*® is N. The remainder of the variables in
structural formula (II) are as described above and below
with respect to the sixteenth aspect.

[0286] In certain embodiments of the sixteenth aspect, E*°
is CR€ or N. In certain embodiments, E'° is CR€. In certain
embodiments, E'® is N. The remainder of the variables in
structural formula (IT) are as described above and below
with respect to the sixteenth aspect.

[0287] In certain embodiments of the sixteenth aspect,
each R is, independently, H, a C,-C, alkyl, halo, or —CN.
In certain embodiments, each R is H. The remainder of the
variables in structural formula (II) are as described above
and below with respect to the sixteenth aspect.

[0288] In certain embodiments of the sixteenth aspect,
each R'°? is, independently, a C,-C, alkyl, a C;-Ciq
cycloalkyl, a C-C, 5 aryl, a 5-20 atom heteroaryl, a halo, or
—CN. In certain embodiments, each R'°? is, independently,
a C,-C; alkyl or a C4-C; cycloalkyl. The remainder of the
variables in structural formula (IT) are as described above
and below with respect to the sixteenth aspect.

[0289] In certain embodiments of the sixteenth aspect,
each R'%? is, independently, a C,-C4 alkyl, a C;-Ciq
cycloalkyl, a C4-C, aryl, a 5-20 atom heteroaryl, a halo, or
—CN. In certain embodiments, each R'°? is, independently,
a C,-C, alkyl or a C,-C, cycloalkyl. The remainder of the
variables in structural formula (II) are as described above
and below with respect to the sixteenth aspect.

[0290] In certain embodiments of the sixteenth aspect,
each R'® is, independently, a C,-C, alkyl, a C,-C
cycloalkyl, a C,-C 4 aryl, a 5-20 atom heteroaryl, a halo, or
—CN. In certain embodiments, each R'°? is, independently,
a C,-C alkyl or a C,;-C; cycloalkyl. The remainder of the
variables in structural formula (IT) are as described above
and below with respect to the sixteenth aspect.

[0291] In certain embodiments of the sixteenth aspect,
each R'®* is, independently, a C,-C4 alkyl, a C5-Ciq
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cycloalkyl, a C(-C, aryl, a 5-20 atom heteroaryl, a halo, or
—CN. In certain embodiments, each R*** is, independently,
a C,-C, alkyl or a C,-C cycloalkyl. The remainder of the
variables in structural formula (II) are as described above
and below with respect to the sixteenth aspect.

[0292] In certain embodiments of the sixteenth aspect:
[0293] R for each occurrence independently, is H or a
C,-Cq alkyl;

[0294] R'“ R'3, R'S and R'” are, each independently, H,

a C,-Cy alkyl, or a C;-C, cycloalkyl; F* is CR?; and
[0295] RZ is H, a C,-C, alkyl, a C,-C, cycloalkyl, or
—(Ar'?),-G.

The remainder of the variables in structural formula (I) are
as described above and below with respect to the sixteenth
aspect.

In certain embodiments of the sixteenth aspect, the molecule
is represented by the following structural formula:

RB Rl4
R17 RA
X N—(ar!h),—1,
R16 RA
RB RIS

wherein the variables in structural formula (II) are as
described above and below with respect to the sixteenth
aspect. In certain embodiments:

[0296] R, for each occurrence independently, is H or a
C,-Cq alkyl;

[0297] RZ, for each occurrence, is methyl;

[0298] pisOorl;

[0299] R is a C-C,q aryl or a 5-20 atom heteroaryl;
[0300] R'“4 R'5, R'S, and R'” are, each independently, H,
a C,-Cq4 alkyl, a C4-C 4 cycloalkyl, a halo, or —CN;
[0301] RZ is, for each occurrence independently, H, a
C,-Cq alkyl, a C5-C, cycloalkyl, or a moiety represented by
one of the following structural formulas:

( plof ) = =/ | TRI02 )
02 02
NN

| | ’

(R43);_2/ /\/le04 )0_2

[0302] R, R'Y%2 R' and R'™ are, each independently,
a C,-C; alkyl, a C5-C,, cycloalkyl, a C¢-C,, aryl, or a 5-10
atom heteroaryl.
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[0303] In certain embodiments of the sixteenth aspect, the
molecule is represented by one of the following structural
formulas:

@
j)@\ o

O

Z

TABLE NN2

[0304] In a seventeenth aspect, the present invention is a
compound represented by one of structural formulas (I11A),
(111B), (IIIC), (1IID), or (IIIE):

PA (ITTA)
PAP ()
PPA (11C)
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PAA (ITID)
APA (IIIE)

In structural formulas (IITA)-(IIIE):
[0305] The moieties P and A are either covalently linked
or are linked by a moiety ;

[0306] P is represented by the following structural for-
mula:

N’\

O
[0307] each instance of P, independently, is optionally

substituted with one or more groups R*', each independently
selected from a C,-Cy alkyl, a C5-C,4 cycloalkyl, a C4-Ciq
aryl, a 5-20 atom heteroaryl, a halo, or —CN;

[0308] each instance of P is, independently, linked to the
remainder of the molecule by any one atom in the hetero-
cyclic ring portion;

[0309] each instance of ¢, independently, phenyl option-
ally substituted with one to four C,-Cy alkyls; and

[0310] A s a 5-20 atom heteroaryl, optionally substituted
with one or more groups R, each independently selected
from a C,-C; alkyl, a C,-C,, cycloalkyl, a C,-C, aryl, a
5-20 atom heteroaryl, a halo, or —CN.

[0311] In certain embodiments of the seventeenth aspect,
P is represented by the following structural formula:

O

In certain embodiments, each instance of P, independently,
is optionally substituted with one or more R*'. In certain
embodiments, each instance of P is unsubstituted. The
remainder of the variables in structural formulas (ITTA)-
(IIE)are as defined above and below with respect to the
seventeenth aspect.

[0312] In certain embodiments of the seventeenth aspect,
each instance of ¢, independently, is phenyl optionally
substituted with one to four C,-Cg alkyls. In certain embodi-
ments, each instance of ¢, independently, is pheny! option-
ally substituted with one to four C,-C; alkyls. In certain
embodiments, each instance of ¢, independently, is phenyl
optionally substituted with one to four methyls. In certain
embodiments, each instance of ¢, independently, is unsub-
stituted phenyl. The remainder of the variables in structural
formulas (IITIA)-(IIIE) are as defined above and below with
respect to the seventeenth aspect.

[0313] In certain embodiments of the seventeenth aspect,
each instance of A, independently, is a 5-20 atom heteroaryl,
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optionally substituted with one or more R*?. In certain
embodiments, each instance of A, independently, is pyridi-
nyl, pyrimidinyl, triazinyl, quinoline, isoquinoline, or a
diazanaphthalene. In certain embodiments, each instance of
A, independently, is triazinyl or 1,4-diazanaphthalene. In
certain embodiments, each instance of A, independently, is
1,4-diazanaphthalene. In certain embodiments, each
instance of A, independently, is triazinyl. In certain embodi-
ments, each instance of A, independently, is unsubstituted.
The remainder of the variables in structural formulas (II1A)-
(IllE)are as defined above and below with respect to the
seventeenth aspect.

[0314] In certain embodiments of the seventeenth aspect,
each instance of R™' is independently selected from ¢, a
C,-Cyalkyl, a C;-C 4 cycloalkyl, a C,-C 5 aryl, a 5-20 atom
heteroaryl, a halo, or —CN. In certain embodiments, each
instance of R*' is independently selected from o, C,-C,
alkyl, a C;-C,; cycloalkyl, a halo, or —CN. In certain
embodiments, each instance of R*! is independently selected
from ¢ or methyl. In certain embodiments, each instance of
R*! is independently selected from ¢. The remainder of the
variables in structural formulas (IIIA)-(IIIE)are as defined
above and below with respect to the seventeenth aspect.
[0315] In certain embodiments of the seventeenth aspect,
each instance of R*? is independently selected from ¢, a
C,-Cgalkyl, a C5-C 4 cycloalkyl, a C,-C ¢ aryl, a 5-20 atom
heteroaryl, a halo, or —CN. In certain embodiments, each
instance of R*? is independently selected from ¢, C,-C,
alkyl, a C;-C,, cycloalkyl, a halo, or —CN. In certain
embodiments, each instance of R is independently selected
from ¢ or methyl. In certain embodiments, each instance of
R*? is independently selected from ¢. The remainder of the
variables in structural formulas (IIIA)-(IIIE) are as defined
above and below with respect to the seventeenth aspect.
[0316] In certain embodiments of the seventeenth aspect,
the molecule is represented by structural formula (IIIA). The
variables are as defined above with respect to the seven-
teenth aspect. In certain embodiments, the molecule is
represented by the following structural formula:

[0317] In certain embodiments of the seventeenth aspect,
the molecule is represented by structural formula (I1IB). The

Jul. 26,2018

variables are as defined above with respect to the seven-
teenth aspect. In certain embodiments, the molecule is
represented by the following structural formula:

[0318] In certain embodiments of the seventeenth aspect,
the molecule is represented by structural formula (ITIC). The
variables are as defined above with respect to the seven-
teenth aspect. In certain embodiments, the molecule is
represented by the following structural formula:

P

ON

Z,

e

@

[0319] In an eighteenth aspect, the present invention is a
compound represented by structural formula (IV):

Iv)

>
bl
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In structural formula (IV):

[0320] each X is, independently, selected from H, C,-C;
alkyl, a C;-C,, cycloalkyl, a C,-C,q aryl, a 5-20 atom
heteroaryl, halo, —CN, or —(Ar*!) -G;

[0321] d, for each occurrence independently, is 0, 1, or 2;
[0322] Ar*', for each occurrence independently, is phenyl
optionally substituted with one to four C,-C; alkyls;
[0323] @, for each occurrence independently, is C4-Ciq
aryl or 5-20 atom heteroaryl. In certain embodiments, at
least one instance of X is —(Ar*'),-G* wherein G* is
benzothiophene. In certain embodiments, at least one
instance of X is —CN. In certain embodiments, the mol-
ecule is not represented by the following structural formula:

[0324] In certain embodiments of the eighteenth aspect,
each X is, independently, selected from H, C,-C; alkyl, a
C;-C,q cycloalkyl, a C4-Cq aryl, a 5-20 atom heteroaryl,
halo, —CN, or —(Ar*") -G. In certain embodiments, each X
is, independently, selected from C,-C4 alkyl, a C;-C,q
cycloalkyl, a C4-C,, aryl, a 5-20 atom heteroaryl, halo,
—CN, or —(Ar*") -G. In certain embodiments, each X is,
independently, selected from H, —CN, or —(Ar*") -G. In
certain embodiments, at least two instances of X are
—(Ar""),-G* In certain embodiments, at least three
instances of X are —(Ar*") ~G*. In certain embodiments, at
least four instances of X are —(Ar*"),-G* In certain
embodiments, at least two instances of X are —CN. In
certain embodiments, at least three instances of X are —CN.
In certain embodiments, at least four instances of X are
—CN. In certain embodiments, three instances of X are
—(Ar*") -G* and three instances of X are —CN. The
remainder of the variables in structural formula (IV) are as
defined above and below with respect to the eighteenth
aspect.

[0325] In certain embodiments of the eighteenth aspect, d,
for each occurrence independently, is 0, 1, or 2. In certain
embodiments, d, for each occurrence independently, is 0 or
1. In certain embodiments, d, for each occurrence indepen-
dently, is 0. In certain embodiments, d, for each occurrence
independently, is 1. In certain embodiments, d, for each
occurrence independently, is 2. The remainder of the vari-
ables in structural formula (IV) are as defined above and
below with respect to the eighteenth aspect.

[0326] In certain embodiments of the eighteenth aspect,
Ar*', for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C¢ alkyls. In certain
embodiments, Ar*, for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
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In certain embodiments, Ar*', for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
methyls. In certain embodiments, Ar*', for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar*, for
each occurrence independently, is phenyl optionally substi-
tuted with one to four C,-C; alkyls. The remainder of the
variables in structural formula (IV) are as defined above and
below with respect to the eighteenth aspect.

[0327] Incertain embodiments of the eighteenth aspect, G,
for each occurrence independently, is C-C, 4 aryl or 5-20
atom heteroaryl. In certain embodiments, G is benzothio-
phene. In certain embodiments, G is represented by the
following structural formula:

@

S

The remainder of the variables in structural formula (TV) are
as defined above and below with respect to the eighteenth
aspect.

[0328] In certain embodiments of the eighteenth aspect,
the molecule is represented by the following structural
formula:

[0329] In a nineteenth aspect, the present invention is a
compound represented by structural formula (VA), (VB), or

VO

(VA)

(VB)
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-continued

TN
5

According to structural formulas (VA), (VB), and (VC):
[0330] Ring A, for each occurrence independently, is
represented by the following structural formula:

Lo

[0331] Rings A, B, and C, each independently, are option-
ally substituted with 1 or 2 substituents selected from a
C,-Cyalkyl, a C;-C 4 cycloalkyl, a C,-C 4 aryl, a 5-20 atom
heteroaryl, halo, or —CN;

[0332] R?*'and R*2 each independently, are selected from
H, a C,-C; alkyl, a C;-C 4 cycloalkyl, a C4-C,; aryl, a 5-20
atom heteroaryl, halo, —CN, —(Ar*") -G, or —Ar*?, pro-
vided that at least one of R*' and R** is —(Ar*"),-G or
—(Ar'h) —Ar*;

[0333] Ar*, for each occurrence independently, is phenyl
optionally substituted with one to four C,-C, alkyls;
[0334] Ar*%, for each occurrence independently, is:

(VO)

(Arh—1' (Arh,—7
s
CEN
—(
@Arh;—1 Arh;—r
(Arth—J* (AP —1
N
N=—= N=<
(Arh—1 Arh—7
arth,—r (A", — P2
é_(i\é ’Or e_QN
— —
Arh—1 Arhy—F

[0335] and is optionally substituted with one to three
C,-C; alkyls;
[0336] d, for each occurrence independently, is 0, 1, or 2;

[0337] T, for each occurrence independently, is H, C4-Cq
aryl or 5-20 atom heteroaryl and is optionally substituted by
one or more —CN, —C(O)phenyl, C,-C, alkyl, C,-Cq
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haloalkyl, C4-C, aryl, or (5-6 atom) heteroaryl, provided
that if at least one instance of Ar*? is

(Arth,—1I',

Aarth,—1

then at least one J' is not H or unsubstituted phenyl;

[0338] J?, for each occurrence independently, is H, C4-C g
aryl or 5-20 atom heteroaryl and is optionally substituted by
one or more —CN, —C(O)phenyl, C,-C, alkyl, C,-Cq4
haloalkyl, C.-C, 4 aryl, or (5-6 atom) heteroaryl;

[0339] G, for each occurrence independently, is C4-Ciq
aryl or 5-20 atom heteroaryl, provided that G is not triazinyl,
pyrimidinyl, tetrazolyl, oxadiazolyl, diazanaphthyl, or pen-
tafluorophenyl, further provided that if G is phenyl it is not
unsubstituted and is not substituted with carbonyl, trifluo-
romethyl, triazinyl, pyrimidinyl, tetrazolyl, oxadiazolyl,
diazanaphthyl, or pentafluorophenyl; and

[0340] E**,E** E*°,and E*° are, each independently, CR”
or N, wherein R, for each occurrence independently, is H,
a C,-C; alkyl, a C5-C,4 cycloalkyl, a C,-C 4 aryl, a 5-20
atom heteroaryl, halo, or —CN.

[0341] In certain embodiments of the nineteenth aspect,
the compound is not represented by any structural formula
in Table NR. In certain embodiments of the fifteenth aspect,
the molecule is not represented by any molecule represented
by a structural formula in Table NR, wherein the carbon or
heteroatom denoted by (*) is unsubstituted or substituted by
a C,-Cg4 alkyl, —OH , —CN, a halo, a C,-C,2 aryl, a 5-20
atom heteroaryl, —N(R'®),, or —N(R*"),, wherein each
R'?, independently, is H or a C,-Cy alkyl, or a C5-C,,
cycloalkyl, and wherein each R, independently, is H or a
CeCg aryl.

[0342] In certain embodiments of the nineteenth aspect,
the molecule is represented by any one of structural formu-

las (VD), (VE), or (VF):

(VD)

R

(VE)
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\
N,

In structural formulas (VD), (VE), and (VF):
[0343] Ring A, for each occurrence independently, is
represented by the following structural formula:

| N\

R22 .

and rings A, B, and C, each independently, are optionally
substituted with 1 to 4 substituents selected from a C;-C,
alkyl, a C;-C,, cycloalkyl, a C,-C,4 aryl, a 5-20 atom
heteroaryl, halo, or —CN. The remainder of the variables in
structural formulas (VD), (VE), and (VF) are as defined
above and below with respect to the nineteenth aspect.

[0344] In certain embodiments of the nineteenth aspect,
the molecule is represented by structural formula (VG):

Vo)

R242

In structural formula (VG), R®*, R**?, R#*, R**% R**!, and
R**2, each independently, are H, a C,-C, alkyl, a C5-C,q
cycloalkyl, a C,-C; aryl, a 5-20 atom heteroaryl, halo, or
—CN. The remainder of the variables in structural formula
(VG) are as defined above and below with respect to the
nineteenth aspect.

[0345] In certain embodiments of the nineteenth aspect,
the molecule is represented by structural formula (VH):

(VH)
R

R232

Jul. 26,2018

In structural formula (VH), R?!, R**2, R** R** R**!, and
R*2, and R**2, each independently, are H, a C,-C, alkyl, a
C;-C ¢ cycloalkyl, a C4-Cq aryl, a 5-20 atom heteroaryl,
halo, or —CN. The remainder of the variables in structural
formula (VH) are as defined above and below with respect
to the nineteenth aspect.

[0346] In certain embodiments of the nineteenth aspect,
the molecule is represented by structural formula (VI):

(V)

242
232 241 R
R R

In structural formula (VI), R**!, R**2 R**, R**2 R**!, and
R**?, each independently, are H, a C,-C4 alkyl, a C;-C 4
cycloalkyl, a C4-C,4 aryl, a 5-20 atom heteroaryl, halo, or
—CN. The remainder of the variables in structural formula
(V]) are as defined above and below with respect to the
nineteenth aspect.

[0347] In certain embodiments of the nineteenth aspect,
the molecule is represented by structural formula (VK):

(VK)

R232 R!

In structural formula (VK), R**, R*? R**', R**?, R**!, and
R*2, each independently, are H, a C,-C, alkyl, a C;-C 4
cycloalkyl, a C,-C 4 aryl, a 5-20 atom heteroaryl, halo, or
—CN. The remainder of the variables in structural formula
(VK) are as defined above and below with respect to the
nineteenth aspect.

[0348] In certain embodiments of the nineteenth aspect,
the molecule is represented by structural formula (VL)

(VL)

In structural formula (VL), R**!, R*32, R**! R**2, R**!, and
R*2, each independently, are H, a C,-C, alkyl, a C5-C ¢
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cycloalkyl, a C,-C 4 aryl, a 5-20 atom heteroaryl, halo, or _continued
—CN. The remainder of the variables in structural formula R

(VL) are as defined above and below with respect to the \N

nineteenth aspect.

[0349] In certain embodiments of the nineteenth aspect, @ Q

ring A may be fused to ring C in any orientation. In certain
embodiments, any two atoms of the six-membered ring in
ring A may be shared with ring C. In other embodiments, the RZ
two carbon atoms of the five-membered ring ing ring A may
be shared with ring C. In example embodiments, the com-
pounds of structures (VA), (VB), and (VC) can be repre-
sented by the following structural formulas:
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The remainder of the variables in structural formulas (VA)-
(VL) are as defined above and below with respect to the
nineteenth aspect.

[0350] In certain embodiments of the nineteenth aspect,
R?! is selected from H, a C,-Cg alkyl, a C,-C 4 cycloalkyl,
a Cy-C,q aryl, a 5-20 atom heteroaryl, halo, —CN, —(Ar™")
G, or —Ar*?, According to certain embodiments, R** is
selected from H, a C,-C; alkyl, a C5-C,; cycloalkyl, a
C4-C,q aryl, a 5-20 atom heteroaryl, halo, —CN, or —(Ar*!)
+—Ar% According to certain embodiments, H, a C,-C,
alkyl, a C5-C; cycloalkyl, a C,-C,q aryl, a 5-20 atom
heteroaryl, halo, —CN, or —(Ar*")_-G. According to certain
embodiments, R*! is selected from H, a C,-Cy alkyl, a C;-Cy
cycloalkyl, —(Ar*") -G, or —Ar*>. According to certain
embodiments, R*! is selected from H, a C,-Cy alkyl, a C5-Cy
cycloalkyl, or —Ar*?. According to certain embodiments,
R* is selected from H, a C,-Cy alkyl, a C;-C cycloalkyl, or
—(ArY)+G. The remainder of the variables in structural
formulas (VA)-(VL) are as defined above and below with
respect to the nineteenth aspect.

[0351] In certain embodiments of the nineteenth aspect,
R is selected from H, a C,-C, alkyl, a C5-C  cycloalkyl,
aC4-C,4 aryl, a 5-20 atom heteroaryl, halo, —CN, —(Ar*™)
G, or —Ar*?. According to certain embodiments, R** is
selected from H, a C;-Cq4 alkyl, a C5-C,; cycloalkyl, a
C4-C, g aryl, a 5-20 atom heteroaryl, halo, —CN, or —(Ar*')
—Ar?. According to certain embodiments, H, a C,-C;
alkyl, a C;-C,; cycloalkyl, a C4-C; aryl, a 5-20 atom
heteroaryl, halo, —CN, or —(Ar*")_~G. According to certain
embodiments, R*? is selected from H, a C,-C, alkyl, a C,-C,,
cycloalkyl, —(Ar*") -G, or —Ar*?. According to certain
embodiments, R*? is selected from H, a C,-C, alkyl, a C,-C,,
cycloalkyl, or —Ar*?. According to certain embodiments,
R**is selected from H, a C -C,, alkyl, a C,-C,, cycloalkyl, or
—(Ar*Y) ~G. The remainder of the variables in structural
formulas (VA)-(VL) are as defined above and below with
respect to the nineteenth aspect.

[0352] According to certain embodiments of the nine-
teenth aspect, at least one of R** and R** is —(Ar*!) -G or
—(Ar*Y) —Ar*. According to certain embodiments, at
least one of R?! and R* is —(Ar*") -G According to certain
embodiments, at least one of R*! and R** is —(Ar?!) -Ar*%.
According to certain embodiments, one of R*! and R** is H
or unsubstituted phenyl. According to certain embodiments,
one of R?! and R* is H. According to certain embodiments,
one of R*' and R** is unsubstituted phenyl. According to
certain embodiments, R*" and R*? are identical.

[0353] In certain embodiments of the nineteenth aspect,
Ar*', for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C; alkyls. In certain
embodiments, Ar*', for each occurrence independently, is
phenyl optionally substituted with one to four C,-C; alkyls.
In certain embodiments, Ar*!, for each occurrence indepen-
dently, is phenyl optionally substituted with one to four
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methyls. In certain embodiments, Ar**, for each occurrence,
is unsubstituted phenyl. In certain embodiments, Ar*!, for
each occurrence independently, is phenyl substituted with
one to four C,-Cg alkyls. The remainder of the variables in
formulas (VA)-(VL) are as described above and below with
respect to the nineteenth aspect.

[0354] In certain embodiments of the nineteenth aspect,
Ar®, for each occurrence independently, is:

arth,—1 (ARY,—P
7\
@Aarh,—1, ) Arh—P,
(Arh,—7 (AP, —F
K
) (At —7, ) (AR —7F,
(Arth;—7T (AP, — 12
/\ /\
o Arh;—71 o — (Arh;,—T1%

[0355] In certain embodiments, Ar*?, for each occurrence
independently, is:

(Arh—TF (APh;—F
N—< N
7\, H \
N=— N=—
(Arth—7F, (AP —P,
(AP — 1 (Arthy— 12
7N\ /' \
N=—= N=—=
(Arh,—7P, (Arh,—71%  or
Arh;—F

7\

Arh—12

Jul. 26,2018

In certain embodiments, Ar*, for each occurrence indepen-
dently, is:

(Arh—F (Arh—F
N4< N
%{ \, 7\
N=< N=—
(Arh— P, (Ahy—F,
(Arthy,— (Arth,—1
/' \ 7\
= —_—
Arthy,—7P o (Arth,—712

In certain embodiments, Ar®?, for each occurrence, is

(A —1'
(At —T"

In certain embodiments, Ar®%, for each occurrence, is

(Arth,—7P
~
7\
N—
(Arh,—R

In certain embodiments, Ar®?, for each occurrence, is

(At —T
N
7\
-

(A, — T2
In certain embodiments, Ar®?, for each occurrence, is

(arth,—7P

/N

N=—

Aarth,—7I
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In certain embodiments, Ar?%, for each occurrence, is

(Arth;—1P
/' \
N=—

At — .

In certain embodiments, Ar*?, for each occurrence, is

(AP — P

/N

(AP —P.

In certain embodiments, Ar*?, for each occurrence indepen-
dently, is optionally substituted with one to four C,-Cq
alkyls. In certain embodiments, Ar*>, for each occurrence
independently, is optionally substituted with one to four
C,-C, alkyls. In certain embodiments, Ar*?, for each occur-
rence independently, is optionally substituted with one to
four methyls. In certain embodiments, Ar*%, for each occur-
rence, is unsubstituted. In certain embodiments, Ar*, for
each occurrence independently, is substituted with one to
four C,-C, alkyls. The remainder of the variables in formu-
las (VA)-(VL) are as described above and below with respect
to the nineteenth aspect.

[0356] 1In certain embodiments of the nineteenth aspect, d,
for each occurrence independently, is 0, 1, or 2. In certain
embodiments, d, for each occurrence independently, is 0 or
1. In certain embodiments, d is 0. In certain embodiments,
dis 1. In certain embodiments, d is 2. The remainder of the
variables in formulas (VA)-(VL) are as described above and
below with respect to the nineteenth aspect.

[0357] Incertain embodiments of the nineteenth aspect, I',
for each occurrence independently, is H, C4-C 5 aryl or 5-20
atom heteroaryl. In certain embodiments of the nineteenth
aspect, I, for each occurrence independently, is C,-C, 4 aryl
or 5-20 atom heteroaryl. In certain embodiments of the
nineteenth aspect, J*, for each occurrence independently, is
phenyl or pyridinyl. In certain embodiments of the nine-
teenth aspect, J*, for each occurrence, is phenyl. In certain
embodiments of the nineteenth aspect, I', for each occur-
rence, is pyridinyl. In certain embodiments, J* is optionally
substituted with one or more —CN, —C(Q)phenyl, C,-C,
alkyl, C,-C, haloalkyl, C-C, ; aryl, or (5-6 atom) heteroaryl.
In certain embodiments, J' is optionally substituted with
—CN, C,-C; alkyl, C,-C; haloalkyl, C,-C,, aryl, or (5-6
atom) heteroaryl. In certain embodiments, I' is optionally
substituted with —CN, or C,-C; haloalkyl. In certain
embodiments, I' is optionally substituted with phenyl, trif-
Iuoromethyl, or cyano. In certain embodiments, J* is unsub-
stituted. In certain embodiments, J' is substituted as
described herein. In certain embodiments, if at least one
instance of Ar*® is

Jul. 26,2018

(Arth—1T

Arth—1,

then at least one J* is not H or unsubstituted phenyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0358] In certain embodiments of the nineteenth aspect, I,
for each occurrence independently, is H, C,-C, 5 aryl or 5-20
atom heteroaryl. In certain embodiments of the nineteenth
aspect, J?, for each occurrence independently, is C,-C, 4 aryl
or 5-20 atom heteroaryl. In certain embodiments of the
nineteenth aspect, J?, for each occurrence independently, is
phenyl or pyridinyl. In certain embodiments of the nine-
teenth aspect, J*, for each occurrence, is phenyl. In certain
embodiments of the nineteenth aspect, J%, for each occur-
rence, is pyridinyl. In certain embodiments, J* is optionally
substituted with one or more —CN, —C(O)phenyl, C,-C,
alkyl, C,-C haloalkyl, C,-C, 4 aryl, or (5-6 atom) heteroaryl.
In certain embodiments, J* is optionally substituted with
—CN, C,-C; alkyl, C,-C; haloalkyl, C¢-C,,, aryl, or (5-6
atom) heteroaryl. In certain embodiments, J* is optionally
substituted with —CN, or C,-C, haloalkyl. In certain
embodiments, J* is optionally substituted with phenyl, trif-
luoromethyl, or cyano. In certain embodiments, J* is unsub-
stituted. In certain embodiments, J* is substituted as
described herein. The remainder of the variables in formulas
(VA)-(VL) are as described above and below with respect to
the nineteenth aspect.

[0359] Incertain embodiments of the nineteenth aspect, G,
for each occurrence independently, is C,-C,, aryl or 5-20
atom heteroaryl. In certain embodiments, G is optionally
substituted with one or more —CN, —C(O)phenyl, C,-C,
alkyl, C,-C; haloalkyl, C-C, 4 aryl, or (5-6 atom) heteroaryl.
In certain embodiments, G is optionally substituted with
—CN, C,-C; alkyl, C,-C; haloalkyl, C,-C,, aryl, or (5-6
atom) heteroaryl. In certain embodiments, G is optionally
substituted with —CN, or C,-C; haloalkyl. In certain
embodiments, G is optionally substituted with phenyl, trif-
luoromethyl, or cyano. In certain embodiments, G is unsub-
stituted. In certain embodiments, G is substituted as
described herein. In certain embodiments, G is not triazinyl,
pyrimidinyl, tetrazolyl, oxadiazolyl, diazanaphthyl, or pen-
tafluorophenyl. In certain embodiments, if G is phenyl it is
not unsubstituted and is not substituted with carbonyl,
trifluoromethyl, triazinyl, pyrimidinyl, tetrazolyl, oxadiaz-
olyl, diazanaphthyl, or pentafluorophenyl. In certain
embodiments, G is phenyl substituted with up to 5 C,-C,
haloalkyls. In certain embodiments, G is phenyl substituted
with up to 5 trifluoromethyls. The remainder of the variables
in formulas (VA)-(VL) are as described above and below
with respect to the nineteenth aspect.

[0360] In certain embodiments of the nineteenth aspect,
E**is CR” or N. In certain embodiments, E** is N. In certain
embodiments, E** is CRY. The remainder of the variables in
formulas (VA)-(VL) are as described above and below with
respect to the nineteenth aspect.
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[0361] In certain embodiments of the nineteenth aspect,
E**1s CRY or N. In certain embodiments, E** is N. In certain
embodiments, E>* is CRY. The remainder of the variables in
formulas (VA)-(VL) are as described above and below with
respect to the nineteenth aspect.

[0362] In certain embodiments of the nineteenth aspect,
E?*is CRY or N. In certain embodiments, E?* is N. In certain
embodiments, E*° is CRY. The remainder of the variables in
formulas (VA)-(VL) are as described above and below with
respect to the nineteenth aspect.

[0363] In certain embodiments of the nineteenth aspect,
E?%is CR or N. In certain embodiments, E>¢ is N. In certain
embodiments, E*° is CRY. The remainder of the variables in
formulas (VA)-(VL) are as described above and below with
respect to the nineteenth aspect.

[0364] In certain embodiments of the nineteenth aspect,
RY, for each occurrence independently, is H, a C,-C, alkyl,
a C;-Cy4 cycloalkyl, a Cy-Cy g aryl, a 5-20 atom heteroaryl,
halo, or —CN. In certain embodiments, R¥, for each occur-
rence independently, is H or a C,-C alkyl. The remainder of
the variables in formulas (VA)-(VL) are as described above
and below with respect to the nineteenth aspect.

[0365] In certain embodiments of the nineteenth aspect,
R* is H, a C,-C, alkyl, a C5-C, 4 cycloalkyl, a C4-C, ¢ aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R**! is H, a C,-C, alkyl, or a C,-C; cycloalkyl. In
certain embodiments, R*** is H. In certain embodiments,
R*! is a C,-Cy alkyl, phenyl, or a C,-C, cycloalkyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0366] In certain embodiments of the nineteenth aspect,
R*?is H, a C,-C, alkyl, a C;-C,4 cycloalkyl, a C,-C, aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R**? is H, a C,-Cy alkyl, or a C5-Cy cycloalkyl. In
certain embodiments, R?3? is H. In certain embodiments,
R*? is a C,-C4 alkyl, phenyl, or a C5-Cy cycloalkyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0367] In certain embodiments of the nineteenth aspect,
R** is H, a C,-C, alkyl, a C;-C 4 cycloalkyl, a C4-C ¢ aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R**' is H, a C,-C, alkyl, or a C5-C, cycloalkyl. In
certain embodiments, R**!' is H. In certain embodiments,
R** is a C,-C, alkyl, phenyl, or a C,-C, cycloalkyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0368] In certain embodiments of the nineteenth aspect,
R**?isH, a C,-C, alkyl, a C,-C, cycloalkyl, a C4-C, ¢ aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R*** is H, a C,-C, alkyl, or a C,-C, cycloalkyl. In
certain embodiments, R*** is H. In certain embodiments,
R** is a C,-Cy alkyl, phenyl, or a C,-C, cycloalkyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0369] In certain embodiments of the nineteenth aspect,
R*!is H, a C,-Cy alkyl, a C;-C,4 cycloalkyl, a C,-C 4 aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R*! is H, a C,-Cy alkyl, or a C5-C; cycloalkyl. In
certain embodiments, R*! is H. In certain embodiments,
R*! is a C,-C alkyl, phenyl, or a C5-Cy cycloalkyl. The

remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0370] In certain embodiments of the nineteenth aspect,
R*?is H, a C,-C, alkyl, a C5-C,4 cycloalkyl, a C4-C ;4 aryl,
a 5-20 atom heteroaryl, halo, or —CN. In certain embodi-
ments, R**? is H, a C,-C, alkyl, or a C,-C, cycloalkyl. In
certain embodiments, R*? is H. In certain embodiments,
R*? is a C,-Cy alkyl, phenyl, or a C,-C, cycloalkyl. The
remainder of the variables in formulas (VA)-(VL) are as
described above and below with respect to the nineteenth
aspect.

[0371]

[0372] E?** E**,E** and E° are, each independently, CRY
or N, wherein R, for each occurrence independently, is H or
a C;-Cy alkyl,

[0373] R*, R*2, R**, R**, R*®!, and R*? are, each
independently, H, a C,-C, alkyl, or a C;-C, cycloalkyl;
[0374] R*'and R? each independently, are selected from
H, a C,-C4 alkyl, a C;-C4 cycloalkyl, —(Ar*"),-G, or
. Ar22.

El

In certain embodiments of the nineteenth aspect,

[0375] Ar*, for each occurrence independently, is phenyl
optionally substituted with one to four C,-C; alkyls;

[0376] Ar**, for each occurrence independently, is

Arh;—1! (AZh—F
N
/N
—
Arth;—1, (arh,—F
arth,—7P
N
§_</ \
N—
arthy—F, (Arh—P,
(Arh,—1F (arh,—r
/' \ /N
N
= —
Aarth,—1%  or (Ah,—7P?

and is optionally substituted with one to three C,-C; alkyls;
[0377]

[0378] G, for each occurrence independently, is phenyl
substituted with 1, 2, 3, 4, or 5 trifluoromethyls; and

d. for each occurrence independently, is 0, 1, or 2;

[0379] each occurrence of J* or J*, is independently, phe-
nyl or pyridinyl, and is optionally substituted with 1, 2, 3, 4,
or 5 substituents selected from phenyl, trifluoromethyl, or
cyano.

[0380] In certain embodiments of the nineteenth aspect,
the molecule is represented by one of the following struc-
tural formulas:
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[0381] 1In a twentieth aspect, the present invention is a
molecule represented by structural formula (VI):

(VD

El4 R13

Rl7 —N
EB_(AI“)I, \ />7R11;
RIS = N
\ Bl R12
R/
R]S
[0382] In structural formula (VI) of the present invention:

[0383] E'*E' and E'® are, each independently, CR* or N.
[0384] R for each occurrence independently, is H, a
C,-Cg alkyl, a C4-C ; cycloalkyl, a C.-C, aryl, a 5-20 atom
heteroaryl, a halo, or —CN.

[0385] At least one of E**, E*, and E'® is N.

[0386] R, R'2 and R'? are, each independently, H, a
C,-Cgalkyl, a C5-C 4 cycloalkyl, a C,-C ¢ aryl, a 5-20 atom
heteroaryl, a halo, or —CN.

[0387] R R'3, R'® and R'7 are, each independently, H,
a C,-C; alkyl, a C5-C,4 cycloalkyl, a C,-C 5 aryl, a 5-20
atom heteroaryl, a halo, or —CN.

[0388] F'is C—(Ar'®),-G.

[0389] F?is CR® or N, wherein R® is H, a C,-C, alkyl, a
C,-Cy cycloalkyl, a C,-C,qaryl, a 5-20 atom heteroaryl, a
halo, or —CN, or —(Arlz)q-G.

[0390] Ar'!, for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cg alkyls.
[0391] Ar'? for each occurrence independently, is phenyl
optionally substituted with one to four C,-C, alkyls.

[0392] pisO,1, or2.
[0393] qisOor 1.
[0394] G, for each occurrence independently, is a moiety

represented by one of the following structural formulas:

®R1%)g

[0395] E'®,E'7,E'®,and E'° are, each independently, CR“
or N, wherein R is H, a C,-C, alkyl, halo, or —CN.
[0396] R'%', R'%* R'® and R'™ are, each independently,
a C,-C; alkyl, a C5-C,4 cycloalkyl, a C,-C 4 aryl, a 5-20
atom heteroaryl, a halo, or —CN.

Jul. 26,2018

[0397] In one example embodiment of the twentieth
aspect, the molecule of structural formula (VI) is not rep-
resented by any structural formula in Table 11. In a further
example embodiment, in Table 11, each carbon or heteroa-
tom denoted by * in the structural formulas therein is
unsubstituted or substituted by a C,-C; alkyl, —OH, —CN,
ahalo, a C,-C, aryl, a 5-20 atom heteroaryl, —N(R>*%°),, or
—N(R*),, wherein each R*®, independently, is H or a
C,-C, alkyl and wherein each R**!, independently, is H or
a C4-Cyq aryl.

[0398] In another example embodiment of the twentieth
aspect:

[0399] R'isaC,-Cqalkyl,aC;-C,q cycloalkyl, a Co-Cq
aryl, a 5-20 atom heteroaryl, a halo, or —CN.

[0400] Ar'!, for each occurrence independently, is phenyl
optionally substituted with one to four C,-C, alkyls.
[0401] pisOorl.

[0402] Provided thatifpis 1, Ar' is unsubstituted phenyl,
and R™ is unsubstituted phenyl, then F* is not CH.

[0403] In an example embodiment of the twentieth aspect:
[0404] R is C,-C, alkyl or C,-C, aryl

[0405] R'> and R" are, each independently, H, C,-Cj
alkyl, or C4-C,; aryl.

[0406] In an example embodiment of the twentieth aspect:
[0407] R is a C,-C,; aryl and R'* and R" are, each
independently, H or a C,-Cy alkyl.

[0408] In an example embodiment of the twentieth aspect:
[0409] Ar'!is a phenyl.

[0410] In an example embodiment of the twentieth aspect:
[0411] F*is CR®.

[0412] In an example embodiment of the twentieth aspect:
[0413] G, for each occurrence independently, is a moiety

represented by one of the following structural formulas:

.
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(R]Ol 0_2\ /\(\Rm )o-z
T

A /\/f

R103 R104 )
R o

[0414] In an example embodiment of the twentieth aspect:
[0415] R4, for each occurrence independently, is H or a
C,-C¢ alkyl.

[0416] R is a C;-Cq aryl, and R'? and R*? are, each
independently, H or a C,-C; alkyl.

[0417] R14 ,'°.R'‘, and R' are, each independently, H,
a C,-Cq alkyl, or a C;-C; cycloalkyl.

[0418] F, and F, are CR? wherein R? is, for each occur-
rence independently, H, a C,-C alkyl, a C,-C cycloalkyl, or
—(Ar'?) pes

[0419] In an example embodiment of the twentieth aspect,
structural formula (I) can be represented by the following
structural formula:
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[0420] E'3, E'", and E', are, each independently, CR* or
N, wherein R, for each occurrence independently, is H or
a C,-C, alkyl.

[0421] pisOor 1.

[0422] R is a C-Ciq aryl or a 5-20 atom heteroaryl.
[0423] R'> and R™ are, each independently, H, a C,-Cq
alkyl, a halo, or —CN.

[0424] R R'3, R'° and R'7 are, each independently, H,
a C,-C, alkyl, a C;-C | cycloalkyl, a halo, or —CN.
[0425] RZ is, for each occurrence independently, H, a
C,-C¢ alkyl, a C5-C, cycloalkyl, or a moiety represented by
one of the following structural formulas:

\ , Or

\
),

=

/
(e

AN

[0426] R R'%2 R'®3 and R'®* are, each independently,
a C,-C; alkyl or a C;-C, cycloalkyl.

[0427] In an example embodiment of the twentieth aspect:
[0428] E'is N;and

[0429] E'*and E*® are CR™.

[0430] In an example embodiment of the twentieth aspect,

R? is, for each occurrence independently, H or a moiety
represented by the following structural formula:

gy

[0431] In an example embodiment of the twentieth aspect:
[0432] RMisa C,-Cqaryl.

[0433] R'?and R'? are, each independently, H or a C,-C;
alkyl.

Jul. 26,2018

[0434] R R'® R' and R'7 are, each independently, H,
a C,-Cy alkyl, or a C5-C 4 cycloalkyl.

[0435] In an example embodiment of the twentieth aspect,
molecular structure (V1) can be represented by the following
structural formula:

0-0-0-0

[0436] In an example embodiment of the twentieth aspect,
molecular structure (V) can be represented by the following
structural formula:

| goo

[0437] In a twenty-first aspect, the present invention is a
molecule that can be represented by one of structural for-
mulas (VIIA), (VIM), or (VIIC):

(VIIA)
RZI
\
S
(VIIB)
RZI
\
N
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-continued

(VIIC)
Rll

N,

oS!

[0438] In structural formulas (VIIA), (VIIB), and (VIIC):

[0439] Ring A, for each occurrence independently, is
represented by the following structural formula:

| N\
A

R%.

Ring A may be fused to ring C in any orientation. In certain
embodiments, any two atoms of the hexacycle of ring A may
be shared with ring C. In other embodiments, the two carbon
atoms of the pentacycle of ring A may be shared with ring
C. In example embodiments, the compounds of structures
(VIIA), (VIIB), and (VIIC) can be represented by the
following structural formulas:

-continued

Jul. 26,2018
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-continued

[0440] Rings A, B, and C, each independently, are option-
ally substituted with 1 to 4 substituents selected from a
C,-Cyalkyl, a C;-C 4 cycloalkyl, a C,-C 4 aryl, a 5-20 atom
heteroaryl, halo, or —CN.

[0441] R>*'and R*2, each independently, are selected from
H, a C,-Cq alkyl, a C,;-C, 4 cycloalkyl, a C,-C,, aryl, a 5-20
atom heteroaryl, halo, —CN, or —(Ar*') -G. At least one of
R* and R** is —(Ar™) -G.

[0442] Ar*, for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cg alkyls.

[0443] d. for each occurrence independently, is 0, 1, or 2.

[0444] G, for each occurrence independently, is:

R26
El—=
B2,
\ /
R28 R27

[0445] E*! and E** are, each independently, CR* or N,
wherein R, for each occurrence independently, is H, a
C,-Cg alkyl, a C5-C, 4 cycloalkyl, a C¢-C g aryl, a 5-20 atom
heteroaryl, a halo, or —CN. At least one of E** and E**is N.
[0446] R, R*’, and R*®, for each occurrence indepen-
dently, are H, a C,;-C, alkyl, a C;-C,, cycloalkyl, a C4-C 4
aryl, a 5-20 atom heteroaryl, a halo, or —CN.

[0447] In an example embodiment of the twenty-first
aspect, the molecule is represented by structural formula

(VIID):
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(VIID)

R?! R4

R242

R252
[0448] In structural formula (I11):
[0449] E* E** E*°, and E*° are, each independently, CR¥

or N, wherein R, for each occurrence independently, is H,
a C,-C; alkyl, a C4-C,4 cycloalkyl, a C,-C4 aryl, a 5-20
atom heteroaryl, halo, or —CN.

[0450] R, R*Z, R**, R**, R*!, and R**?, each inde-
pendently, are H, a C,-C, alkyl, a C;-C,; cycloalkyl, a
Cs-C,5 aryl, a 5-20 atom heteroaryl, halo, or —CN.
[0451] In an example embodiment of the twenty-first
aspect:

[0452] R*°, R¥, and R*® are, each independently, H,
C,-C¢ alkyl, or C¢-C, 4 aryl.

[0453] dis1or2.
[0454] In an example embodiment of the twenty-first
aspect:

[0455] R*°and R*, each independently, are a C4-C, , aryl,
and R*® is H or a C,-C; alkyl.

[0456] In an example embodiment of the twenty-first
aspect:

[0457] Ar*' is a moiety represented by the following

structural formula:
(CHz)s

/N

[0458]
aspect:
[0459] E** E** E*°, and E*® are, each independently, CR”
or N, wherein RY, for each occurrence independently, 1s H or
a C,-Cg alkyl;

[0460] R*°and R*, each independently, are a C4-C, 4 aryl,
and R*® is H or a C,-C; alkyl; and

[0461] R*' R¥2 R** R**2 R*' and R*? are, each
independently, H, a C,-C; alkyl, or a C5-C; cycloalkyl;
[0462] R*'and R** each independently, are selected from
H, a C,-C alkyl, a C;-C4 cycloalkyl, or —(Ar*"),-G;
[0463] Ar*', for each occurrence independently, is phenyl
optionally substituted with one to four C,-C; alkyls;

In an example embodiment of the twenty-first

[0464] d, for each occurrence independently, is 0, 1, or 2;
[0465] G, for each occurrence independently, is:
R26
E21=<
\ /E22

Jul. 26,2018

[0466] E*' and E** are, each independently, CR* or N,
wherein R¥, for each occurrence independently, is H, or a
C,-C¢ alkyl.

n an example embodiment of the twenty-first
0467] 1 ple embodi f th y-fi
aspect:

an are N; an
[0468] E*' and E* are N; and
[0469] E**, E** E**, and E*° are, each independently,
CR”.

n an example embodiment of the twenty-first

0470] 1 ple embodi f th y-fi
aspect:

an are, each independently, selected trom
0471] R?'and R?? h independently, selected fi

H, C,-Cq alkyl, C4-C,4 aryl, 5-20 atom heteroaryl, or a
moiety represented by the following structural formula:

[0472] In an example embodiment of the twenty-first
aspect:

[0473] R'isa C.-C,,aryl.

[0474] R'?and R'® are, each independently, H or a C,-C,
alkyl.

[0475] R'“ R'5, R'S, and R'” are, each independently, H,

a C,-Cq4 alkyl, or a C5-C¢ cycloalkyl.

[0476] In an example embodiment of the twenty-first
aspect, the molecule is represented by the structure:
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[0477] 1In another example embodiment of the twenty-first
aspect, the molecule is represented by the structure:

O
O

[0478] In this structure, R** is H or C,-C, alkyl.

[0479] In an example embodiment of the twenty-first
aspect, the molecule is represented by structural formula
(VIIE):

N—R%,

(VIIE)

[0480] In structural formula (VIIE):

[0481] E*,E** E*, and E*° are, each independently, CR”
or N, wherein R”, for each occurrence independently, is H,
a C,-C; alkyl, a C,-C,4 cycloalkyl, a C,-C4 aryl, a 5-20
atom heteroaryl, halo, or —CN.

[0482] R>', R**2 R**' R**? R*' and R***, each inde-
pendently, are H, a C,-C, alkyl, a C;-C,, cycloalkyl, a
Cs-C,g aryl, a 5-20 atom heteroaryl, halo, or —CN.

[0483]
aspect:
[0484] R*°, R”, and R*® are, each independently, H,
C,-Cy alkyl, or C,-C,; aryl.

In an example embodiment of the twenty-first

[0485] dis1or2.
[0486] In an example embodiment of the twenty-first
aspect:

[0487] R*®and R*, each independently, are a C4-C, ¢ aryl,
and R*® is H or a C,-C;; alkyl.
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[0488]
aspect:
[0489] Ar*' is a moiety represented by the following
structural formula:

In an example embodiment of the twenty-first

(|CH3)0-3
/" \

[0490]
aspect:
[0491] E?3,B**,E*°, and E*° are, each independently, CRY
or N, wherein RY, for each occurrence independently, is H or
a C;-Cy alkyl,

[0492] R*®and R, each independently, are a C,-C,  aryl,
and R?® is H or a C,-C; alkyl; and

[0493] R231, R*#% R**!, R**? R*!, and R*? are, each
independently, H, a C,-C alkyl, or a C;-C, cycloalkyl;
[0494] R*'and R*2 each independently, are selected from
H, a C,-C, alkyl, a C,-C4 cycloalkyl, or —(Ar*),-G;
[0495] Ar*, for each occurrence independently, is phenyl
optionally substituted with one to four C,-C; alkyls;

In an example embodiment of the twenty-first

[0496] d. for each occurrence independently, is 0, 1, or 2;
[0497] G, for each occurrence independently, is:
R26
EZI

\ /"

R28 R27
[0498] E?' and E*? are, each independently, CR* or N,
wherein RY, for each occurrence independently, is H, or a
C,-Cyalkyl.
[0499] In an example embodiment of the twenty-first
aspect:
[0500] E*'and E** are N; and
[0501] E>*, E**, E*, and E*° are, each independently,
CR”.
[0502] In an example embodiment of the twenty-first
aspect:
[0503] R>'and R*? are, each independently, selected from

H, C,-C; alkyl, C4-C,q aryl, 5-20 atom heteroaryl, or a
moiety represented by the following structural formula:
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[0504] In an example embodiment of the twenty-first —continued
aspect:
[0505] R''isa C4-C,qaryl. R (VIIB)
[0506] R'?and R'? are, each independently, H or a C-C, \
alkyl. N

[0507] R, R'5, R'S, and R'” are, each independently, H,
a C,;-Cy alkyl, or a C;-C 4 cycloalkyl. Cor
[0508] In an example embodiment of the twenty-first

aspect, the molecule is represented by the following struc-
ture: (VIIIC)

rence independently, is represented by the following struc-

@ tural formula:

O-Q
Q ~
@ ON @ ON [0512] In structural formulas (VIIIA), (VIIIB), and
(VIIIC) of the present invention: Ring A, for each occur-
o0

[0509] In another example embodiment of the twenty-first ‘ \

aspect, the molecule is represented by the following struc- N

ture: \
R22’

[0513] Ring A may be fused to ring C in any orientation.
In certain embodiments, any two atoms of the hexacycle of
ring A may be shared with ring C. In other embodiments, the
two carbon atoms of the pentacycle of ring A may be shared
with ring C. In example embodiments, the compounds of

C :N:
N structures (VIIIA), (VIIIB), and (VIIIC) can be represented
O by the following structural formulas:
O O N—R?
o0 |

[0510] In this structure, R** is H or C,-Cy alkyl.

[0511] In a twenty-second aspect, the present invention is
a molecule represented by any one of the following struc-
tural formulas:

(VIIIA) R2!
21
R \
\ N

ool 0
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-continued

[0514] Rings A, B, and C, each independently, are option-
ally substituted with 1 to 4 substituents selected from a
C,-Ce alkyl, a C4-C 4 cycloalkyl, a C,-C 4 aryl, a 5-20 atom
heteroaryl, halo, or —CN.

[0515] R>'and R*?, each independently, are selected from
H,aC,-Cgalkyl, a C -Ciq cycloalkyl a Cg-C g aryl, a 5-20
atom heteroaryl halo —CN, —(Ar*Y d-G or —Ar*? , pro-
vided that at léast one 0f R*! and R* is —(ArY Gor Ar2‘
[0516] Ar?*', for each occurrence independently, is phenyl
optionally substituted with one to four C,-C, alkyls;

[0517] Ar*?, for each occurrence 111dependently, is:
(Arth;—1T

(A —1

and is optionally substituted with one to three C,-Cg alkyls;
[0518] d, for each occurrence independently, is 0, 1, or 2;
[0519] J, for each occurrence independently, is C4-C 5 aryl
or 5-20 atom heteroaryl, provided that J is not unsubstituted
phenyl;

[0520] G, for each occurrence independently, is C4-Ciq
aryl or 5-20 atom heteroaryl, provided that G is not triazinyl,
pyrimidinyl, tetrazolyl, oxadiazolyl, diazanaphthyl, or pen-
tafluorophenyl, further provided that if G is phenyl it is not
unsubstituted and is not substituted with carbonyl, trifluo-
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romethyl, triazinyl, pyrimidinyl, tetrazolyl, oxadiazolyl,
diazanaphthyl, or pentafluorophenyl.

[0521] In an example embodiment of the twenty-second
aspect, the present invention is a molecule represented by

one of the following structural formulas:
(VIIID)

R242

R252

(VIIIE)
R24l

(VIIIF)

R232 R241

[0522] In structural formulas (VIIIA), (VIIIB),
(VIIIC) of the present invention:

[0523] R?*'and R each independently, are selected from
H, aC,-Cgalkyl, a C5-Cyq cycloalkyl a Cy-C 5 aryl, a 5-20
atom heteroaryl halo —CN, —(Ar*! G or —Ar**, pro-
vided that at léast one of R*' and R?? is (ArZI) Gor Arzz;

[0524] Ar*, for each occurrence independently, is phenyl
optionally substituted with one to four C,-Cq alkyls;

[0525] Ar*%, for each occurrence independently, is:

(AP —]T

Aﬁlg—J
d

and is optionally substituted with one to three C,-Cg alkyls;
[0526]

[0527] ], for each occurrence independently, is C4-C, 5 aryl
or 5-20 atom heteroaryl, provided that J is not unsubstituted
phenyl;

d. for each occurrence independently, is 0, 1, or 2;
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[0528] G, for each occurrence independently, is C4-C,q
aryl or 5-20 atom heteroaryl, provided that G is not triazinyl,
pyrimidinyl, tetrazolyl, oxadiazolyl, diazanaphthyl, or pen-
tafluorophenyl, further provided that if G is phenyl it is not
unsubstituted and is not substituted with carbonyl, trifluo-
romethyl, triazinyl, pyrimidinyl, tetrazolyl, oxadiazolyl,
diazanaphthyl, or pentafluorophenyl;

[0529] E?*3 E**,E**, and E*° are, each independently, CRY
or N, wherein R, for each occurrence independently, is H,
a C,-C; alkyl, a C;-C,, cycloalkyl, a C.-C 4 aryl, a 5-20
atom heteroaryl, halo, or —CN; and

[0530] R>*', R**2 R**! R**2 R*! and R***, each inde-
pendently, are H, a C,-C, alkyl, a C;-C,, cycloalkyl, a
Cs-Cq aryl, a 5-20 atom heteroaryl, halo, or —CN.
[0531] In atwenty-second aspect, the present invention is
an organic light-emitting device comprising a first electrode,
a second electrode, and an organic layer disposed between
the first electrode and the second electrode. In an example
embodiment, the organic layer comprises a molecule from
any one of the one through eighteen aspects of the present
invention described above. In another example embodiment,
the organic layer comprises at least one light-emitting mol-
ecule represented by a structural formula selected from
Table M, N, N', N",N", O, Q, Q', B, R, or R". In yet another
example embodiment, the organic layer comprises at least
one light-emitting molecule represented by any one of the
structural formulas in Table M, N, N, N", N"', O, Q, Q', B,
R, or R"

[0532] In an example embodiment of any one of the one
through twenty-second aspects of the present invention
described above, the moiety A and the moiety D are differ-
ent.

[0533] In an example embodiment of any one of the one
through twenty-second aspects of the present invention
described above, the moiety D has a highest occupied
molecular orbital (HOMO) energy above -6.5 ¢V and the
moiety A has a lowest unoccupied molecular orbital
(LUMO) energy below -0.5 eV.

[0534] In an example embodiment of any one of the one
through twenty-second aspects of the present invention
described above, the molecule is group symmetric or syn-
thetic symmetric.

Combinatorial Assembly and Screening

[0535] Example molecules of the present invention having
desirable properties, such as color of visible emission, can
be constructed from the acceptor, donor, and bridge moieties
described above using a combinatorial process described
below. While only a few example compounds are illustrated
below, it is understood that different combinations of dif-
ferent moieties can be used to create a combinatorial library
of compounds. The example moieties below are intended
only to illustrate the concepts herein, and are not intended to
be limiting.

[0536] In the first step, a library of chemical moieties are
screened for their abilities to function as acceptor or donor
moieties. Example properties examined include desirable
quantum mechanical computations such as the ionization
potential of the highest occupied molecular orbital (i.e., a
“donor” moiety) and the electron affinity of the lowest
unoccupied molecular orbital (i.e., an “acceptor” moiety). In
an example embodiment, a donor moiety can be selected if
it is calculated that it has an ionization potential of greater
than or equal to -6.5 eV. In another example embodiment,
an acceptor moiety can be selected if it is calculated that it
has an electron affinity of less than or equal to 0.5 eV. An
example donor moiety selected after screening could be:
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*

0 6

and an example acceptor moiety selected after screening
could be:

wherein (*) represents a point of attachment for the donor
and acceptor moieties either to each other or to a bridge
moiety.

[0537] In a second, optional, step, if the selected donor
and/or acceptor is “multi-site,” the multi-site donor moiety
is combined with a single-site bridge moiety, and/or the
multi-site acceptor moiety is combined with a single-site
bridge moiety. If the donor and/or acceptor moieties are
“single-site” moieties, then multi-site bridge moieties can be
combined with the selected moieties. For the purposes of the
combinatorial assembly, the number of “sites” refers to how
many potentially different moieties can be attached. For
example, the moiety below has one “site”:

O

N N
/ \
Q Q

because all moieties attached at the position labeled Q must
be the same. Similarly, the moiety below has two “sites”
because Q and M can be the same or different:

M Q
~7

Thus, the nitrogen atom in the molecule is “multi-site.”
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[0538] In the example moieties from the first step, both
moieties are single-site. An example “multi-site” bridge
could be:

wherein the moieties attached at Y and Z are different. If the
donor moiety combines with a bridge, and the acceptor
combines with a bridge, the following moieties are created:

920} O

[0539] In a third step, the second step can be repeated to
continuously add bridge moieties to the molecule. The only
limitation is the size of final molecules that are going to be
generated. The bridge molecules can be added at position Y
or Z, indicated above, and can be the same bridge moiety, or
a different bridge moiety. In one example embodiment, the
number of bridge moieties can be limited to a number
between 0 and 3. In another example, the number of donor
moieties and acceptor moieties, or the total molecular
weight of the molecule can be limited. In an example
embodiment, the molecules are symmetrical. The symmetry
can be used to limit the molecules in the combinatorial
process to those that are stable. Therefore, for example, an
additional bridge moiety added to the moieties from step two
could be:
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and

\

[0540] In a fourth step, the unattached point on the bridge
moieties only combine with either (1) a donor moiety or an
acceptor moiety that does not have a bridge moiety attached,
or (2) other bridge moieties that is attached to either an
acceptor moiety or a donor moiety such that the size
limitation in step three is not violated, and that each mol-
ecule comprises at least one donor moiety and one acceptor
moiety.

[0541] Using the example moieties and the rules described
above, the following example molecules can be created:

*®

|
N

2y
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/Z

~ O~

-

[0542] In the fifth step, the combined potential donors,
acceptors, and bridges can be screened based on quantum
mechanical computations such as desired HOMO and
LUMO values, as well as vertical absorption (the energy
required to excite the molecule from the ground state to the
excited state), rate of decay (S1 to SO oscillator strength,
e.g., how fast and/or how bright the molecule’s emission
after excitation), estimated color of visible light emission in
nanometers, and the singlet-triplet gap (the energy difference
between the lowest singlet excited state, S1, the lowest
triplet excited state, T1). Examples of these calculations for
molecules embodied in the present invention are provided in
Tables 1-10 and 12.

Exemplification

[0543] The compounds described herein may be prepared
by synthetic methods known to those of skill in the art.
Provided below are exemplary reaction schemes for
example embodiments of the present invention. Reactants
and conditions suitable for carrying out the reactions
described below can be found, for example in: PCT Publi-
cation WO2005/070916, Mansanet Ana Maria Castano, et
al.; PCT Publication WO2010/050778, Sung Jin Eum et al.;
PCT Publication W02014/021569, Yu-Mi Chang et al.; PCT
Publication W02015/175678; PCT Publication W(O2012/
080062; U.S. Pat. No. 9,240,559, Oh et al.; U.S. Pat. No.
8,865,322; U.S. Patent Publication 2012/273766; U.S. Pat-
ent Publication 2016/006925; European Patent Publication
EP2910555; Korean Patent KR101297162; J. Am. Chem.
Soc. 1984, 106, 2569-2579; J. Am. Chem. Soc. 2016, 138,
1709-1716; J. Am. Chem. Soc. 2000, 122, 1822-1823; J.
Org. Chem. 2013, 78, 2639-2648; J. Org. Chem. 2002, 67,
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7185-7192; Org. Lett. 2004, 6, 985-987; Chem. Commun.
2015, 51, 12641-12644; Chem. Commun. 2012, 48, 5367-
5369; Chem. Commun. 2014, 50, 13683-13686; Advanced
Synthesis and Catalysis 2008, 350, 2653-2660; Org. Lett.
2004, 6, 985-987; Org. Lett. 2004, 6, 985-987; Gu Angew.
Chem. Int. Ed. 2014, 53, 4850; Stille, J. K. Angew. Chem.
Int. Ed. 1986, 25, 508; Miyaura, N.; Suzuki, A. Chem. Rev.
1995, 95, 2457; Synthesis 2005, 4, 547-550; J. Chem. Soc.
Perk. 2 1985, 705-710; Synletr 2013, 24, 603-606; Advanced
Synthesis and Catalysis 2009, 351, 931-937; Chem. 4 Eur.
Journal 2016, 22, 6637-6642, Chem. A Eur. Journal 2006,
12, 2222-2234; Tetrahedron Letters 2014, 55, 6976-6978;
and J. Organometallic Chem. 1987, 325, 13-24.

Compound N44

[0544] Compound N44 may be prepared by a person of
ordinary skill following Scheme 1. Starting materials S1-1,
S1-7, S1-3, and S1-6 are commercially available, for
instance from Acros.

Scheme 1

i I
CAS: 624-38-4
Q S1-7
B

K3P0O4
Cul
CAS: 86-74-8 dioxane, 100°C.,12 h
S1-1

CAS: 13534-98-0
Sl 3

szldba)g
NaOtBu
toluene, 100° C., 24 h

Pd(OAC)
AcNMey, 24 b, 100° C.

%
s
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-continued -continued
CN ) Br
Xy
HN S
\ N I LN 7
CAS: 3058-39-7 CAS: 13534-98-0
S1-6 S2-10
N
K)_CO; sz(dbﬁ.)g
N Cul NaOtBu
toluene, 80° C., 6 1 Q toluene, 100° C., 24 h
Q 523
S1-5 Br
/
N
NC Pd(OAe),

AcNMe,, 24 b, 100° C.

1 '
500

N
K,CO;
N44 Cul
toluene, 80°C., 6 h

S2-5

HN" )
RS
\ Y

/z_\\)

Compound N34

J

[0545] Compound N34 may be prepared by a person of
ordinary skill following Scheme 2. Starting materials S2-1,
S2-2, 82-10, S2-8, and S2-9 are commercially available, for
instance from Acros or Aldrich.

Scheme 2

\

H
N I
CAS: 624-38-4

S2-2
_— =
K;PO,
Cul

CAS: 86-74-8 dioxane, 100°C., 12 h
S2-1 N34

S o
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Br Br
/
N, /N
[ j (HO)B BTN
CAS: 5467-74-3
NG $29
CAS: 290-37-9 %
52-8 AcNMe,, 24 h, 100° C.
N\O
K\N $3-6
AN
Br
$2-6 7
=
N
Compound N59 4
Br
[0546] Compound N59 may be prepared by a person of CAS: 39795-60-3

toluene, 80° C., 6 h

ordinary skill following Scheme 3. Starting materials S3-1, N 53-8

S3-2, S3-5, and S3-8 are commercially available, for K,CO;

instance from Acros or Arkpharm. Cul
S3-7

Scheme 3

CAS: 624-384
S3 2
K3PO4 Cul
dioxane, 100°C.,12h

Naw
CAS: 122-39-4 /
N =
I B
’ Xy \ y N
LN A
CAS: 13534-98-0
N@
N9

S3-1
S3-5

- - .
N Pd,(dba);
NaOtBu
toluene, 100°C.,24 h
S3-4
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Compound N17

[0547] Compound N17 may be prepared by a person of
ordinary skill following Scheme 4. Starting materials S4-1,
S4-4, and S4-5 are commercially available, for instance
from Acros or Aldrich.

Scheme 4

1) BOC anhydride
DMAP, THF
2) HNPhs, tBusP, Pdadbas

I
N toluene

-0

Br

3) trifluorocacetic acid

CAS: 1592-95-6
54-1

00 o

K,CO;
Cul
toluene, 80°C., 6 h

54-2

NC

o0 4

N17
Synthesis of fragment:

Br

(HO),B
CAS: 5467-74-3
I S4-5
Pd(PPh;s)4
Na2C03
dioxane/water, 80° C.,3 h

CAS: 4387-36-4
S4-4
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-continued

CN
Br

84-3

Compound N55

[0548] Compound N55 may be prepared by a person of
ordinary skill following Scheme 5. Starting materials S5-1,
S5-4, and S5-5 are commercially available, for example
from Acros or Aldrich.

Scheme 5

1) BOC anhydride
DMAP, THF
2) HNPhy, tBusP, Pdadbas

I
N toluene

-0

Br

3) trifluoroacetic acid

CAS: 1592-95-6
55-1

50 g .

K,CO3
Cul
toluene, 80°C.,, 6 h

N55
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Br N
T X
Z
(HO);B V N
I CAS: 5467-74-3
S5-5
Pd(PPh3)y
CN NayCO;
CAS: 3058-39-7 methanol/water, 80° C., 22 h o
S5-4 X OTf
N S6-5
/ \ NMP, 200°C., 1 h
ON microwave
S6-4
NC
Br
S5-3
N,
R
—
Compound N14 N
[0549] Compound N14 may be prepared by a person of Pdon Hcafbon
2

ordinary skill following Scheme 6. Starting materials S6-1, R
S6-2, S6-8, S6-9, and $6-10 are commercially available, for DMF, 23° C.,

. . 30 mi
instance, from Acros, Aldrich, or Belpharm. s
N
/ N
Scheme 6 0N \
NH2 =}
S6-6
0O,N
cl 2
CAS: 100-01-6
Cl S6-2
Ny
K,CO;4
PA(OAC)
e toluene, 100° C., 35 min
CAS: 2402-77-9 N,
S6-1 / N \ I
/
o
N
CAS: 591-50-4
S6-8
—_—
NO, K>CO;
DBU Cul
Pdydbas toluene, 80° C.,
N PtBus 6h
dioxane, 180° C., 10 min
Cl )
A N microwave HN
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-continued

%

/

N

Synthesis of fragment:

B(OH),

N Ho
NN CAS: 71597-85-8
S6-10
/ N/ Pd(OAC)Z, K3P04
THF, 45° C., 24 h
Br Suzuki cross-coupling
CAS: 9001-34-6
S6-9
N, N.
ASZEAN AN
& Z
Ny ax
THO
pyridine
DCM, 0°C, 1h
OH OTf
S6-11 S6-5
Compound N68
[0550] Compound N14 may be prepared by a person of

ordinary skill following Scheme 7. Starting materials S7-1,
S7-4, and S7-5 are commercially available, for instance,
from Acros or Aldrich.

Jul. 26,2018

Scheme 7

1) BOC anhydride
DMAP, THF

2) HNPh,, tBusP,
szdbﬁg
toluene

3) trifluoroacetic acid
_—

Br

CAS:1592-95-6
57-1

=N N//
g N
O oy b

K,CO4
Cul
toluene, 8C¢° C.,
6h

N
X
s
‘i‘
o

N68
Synthesis of fragment:

CIA)I\Q\
Br

NH,
CAS: 31736-73-9
N. S7-5
X
H;P0,
orthoarsenic acid
7 120°C., 151
CAS: 578-66-5
S7-4
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CAS: 591-50-4

-continued -continued
S8-6
K,CO;3

N==
N
— /
\ B
O P
Br ¥ tol Cslélf)c 6h
978 D\ oluene, .
g NI,

Compound N144 583

[0551] Compound N144 may be prepared by a person of
ordinary skill following Scheme 8. Starting materials S8-1,
S8-3, S8-6, and S8-7 are commercially available, for
instance from Aldrich or Arkpharm.

Scheme § | N
Br N P
Cl
N,
N O,N j@\
$8-8 § N
Cul
HS K.CO;
CAS: 137075 DMSO0, 120°C., 48 h
S8-1
N144
s
N
X Synthesis of fragment:
Cl
0 Br TBCA/TFA
N CAS: 17613-400 IBCATEA
S8-3 23°C,1h
K,CO, ON
Cul
g NO, .
toluene, 80° C., 6 h CAS-SISO';‘OO‘S
S8-2 ;
Br
Cl
x
| Pd on carbon
N F H, ON
S
DMF, 23° C., 30 min .
N
g NO, Compound N128
58-4 [0552] Compound N128 may be prepared by a person of

ordinary skill following Scheme 9. Starting materials S9-1,
S9-2, S9-5, S9-8, 89-9 are commercially available, for
example, from ArkPharm, Aldrich, or Acros.
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Scheme 9

M

e Me
Me, Me
CAS: 591-50-4
S9-2 NBS
B —_ N —_—
K,CO4 DMEF, 20°C.,8h
Cul
N o
o toluene, 80°C., 6 h
CAS: 6267-02-3
59-1
59-3

H
N

CAS: 122-39-4
59-5

K,C04
Cul
toluene, 80°C., 6 h

NH

Me  Me

Br N
39-7
K>CO;
N Cul
? toluene, 80° C., 6 h

Me Me
N I l N
N

N128

Jul. 26,2018
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-continued
Synthesis of fragment:
1) BOC anhydride
DMAP, THF, 23° C., 6 h
NH 2) B(OH),
TR
Br
Z Z
CAS: 54446-36-5 N

59-8 $9-9
Pd(OAc),, K;PO,
THF, 45° C., 24 h

Suzuki cross-coupling

3) HCl in dioxane
23°C,6h
Compound N53 -continued
Ny
[0553] Compound N53 may be prepared by a person of |
ordinary skill following Scheme 10. Starting materials S10- N _#
1, S10-3, and S10-7 are commercially available, for instance
from Aldrich or Arkpharm.
Br
Scheme 10 Br
/N $10-6
v,
N\< Pd(OAc),, K5PO,
BOH THF,45°C.,24h
(O, Suzuki cross-coupling
= L
N benzene, 23°C.,8 h -
HN\/ photolysis
CAS: 668-94-0
S10-1
B(OH),
S10-3
- - .
Cu(NO3),
N TMEDA
HNJ methanol, 20°C., 24 h
S10-2
1) nBuLi; B(OMe)3
hexanes, 0°C., 1 h Br
R —— glyoxal N N
2)aq HCI T |
NazCO3 N.
\//N Br NH, ethanol/water A
N CAS: 49764-63-8 237G, 24
$10-7 Br
Br
510-6

S10-4
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ordinary skill following Scheme 12. Starting materials
S12-1 and S12-4 are commercially available and may be
purchased, for example, from Acros or Aldrich.

324
Compound N92 -continued
Synthesis of fragment:
[0554] Compound N92 may be prepared by a person of NH,
ordinary skill following Scheme 11. Starting materials S11- )
1, S11-4, and S11-5 are commercially available, for instance
from Aldrich.
Br
Scheme 11 CAS: 100-46-9
- S11-5
NC 1) AICl, 140° C., 30 min
CAS: 623-00-7- sealed tub
S11-4 2) CuCl, 05, DMSO
100°C,15h
== L Br
N benzene, 23°C.,8h
HN\/ photolysis
CAS: 668-94-0
S11-1
NN
Br
Va
N
Br
S11-3
NN
&
N Compound Q11
Br [0555] Compound Q11 may be prepared by a person of
K;CO;
/N Cul

toluene, 80° C., 6 h
S11-2

Ko

Scheme 12
Cl Cl
Br,, Fe
— =
135°C,1h
Cl
CAS: 120-82-1
S12-1
Br
Cl
Fe(CN)4
DMF, 140°C., 15 h
Cl Br
Br
S12-2
CN S

B(OH),

Cl cl /

CAS: 98437-23-1
Cl CN S12-4

Pd(OAc),, K3PO4

THF,45°C., 24 h

Suzuki cross-coupling

512-3
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-continued -continued

Qi1

Compound R19

[0556] Compound R19 may be prepared by a person of
ordinary skill following Scheme 13. Starting materials S13-
1, S13-2, and S13-5 are commercially available, for R19
instance, from Acros or Aldrich.

Scheme 13
Br Synthesis of fragment:
NH
Br
NO, o HN
CAS: 583-53-9 HCI
B(OH), S13-2 o
—_—
Pd(PPh3)y CAS: éf379 66-5 2-4

K;C0; x .

toluene KOH

CAS: 5570-19-4 45°C.,24h ethanol, 23° C., 24 h
S13-1
CAS: 94-41-7
S13-3
Br
Br
N
N N
N N
Z
/ N
O NH
$13-4
KyCOs 13-4
Cul
toluene, 80° C., 6 h
N Compound R51

[0557] Compound R51 may be prepared by a person of
ordinary skill following Scheme 14. Starting materials S14-
1, S14-2, S14-5, and S14-7 are commercially available, for
example, from Acros or Aldrich.

S13-3
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-continued
Scheme 14 Synthesis of fragment:
Br FsC CF;
nBuLi
Br ether, 0° C.;
NO, Bry, 241
CAS:583-53-9 CF3
B(OH), §14-2 CAS:729-81-7
Pd(PPhs), 514-5
K;C0;
toluene HO B(OH),
CAS: 5570-19-4 45°C., 24h
S14-1
Br
OTf F;C CF; CAS: 87199-18-6
S14-7
Pd(OAc),, K;PO,
CF;
THF, 45°C.,24h
Suzuki cross-couping
CF,
S14-6
NI g CF;
HO
S14-4 _
NMP, 200°C., 1 h
microwave
THO
N F3C CF3 4>
)i pyridine
§14.3 DCM, 0°C.,1h
CF;
CF; S14-8
N
OTf
F;C
3 CF3
CF;
N
FC CF
FAC 3 3
S14-4
CF; Compound R18
F,C [0558] Compound R18 may be prepared by a person of

R51

1
N

ordinary skill following Scheme 15. Starting materials S15-
1, S15-5, S15-7, and S15-9 are commercially available and
may be purchased, for example, from Acros or Aldrich.

Scheme 15

1) HCl in ether, 20°C., 16 h

/ 2) Pd on carbon, toluene, 110° C., 3 h
3) Acetic acid, 118°C., 8 h

S15-1
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-continued
OTf
NC CN
CN CN

HN

S15-3

NMP, 200°C.,1h
microwave
N
H
S15-2
NC

NC

o

CN
NC
CN
NC
R18
Synthesis of fragment:
o]
Br
Br
Br CAS:99-73-0
S15-5
NaOH
OHC MeOH, 75° C., 30 min

CAS:1122-91-4
815-4

Jul. 26,2018
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-continued
[©]
| Br
P [0}
0
CAS: 17282-41-6
N §15-7
EtsN
FtOH, 60° C., 24 h
Br Br
S15-6
1)NC CN
Br Br
SnBug
S15-8
Pd(0Ac),
THF,45°C., 24 h
) THO
on VeI
S15-10 i N
OTf
NC\,/‘/‘\‘\,/CN
CN CN
S15-3
0] 0}
NC CN
HO OH 1) SOCly, reflux, 1.5 h
2) tertbutylamine, toluene, 20° C., 24 h
3) SOCly, reflux, 1.5 1
4) nBuLi, SnBusCl, THF, 0° C., 6 h SnBug
Br 515-8

CAS: 23351-91-9
S15-9
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Compound R108 1, S16-4, S16-5, S16-8, and S16-9 are commercially avail-

[0559] Compound R108 may be prepared by a person of able and may be purchased, for example, from Acros or
ordinary skill following Scheme 16. Starting materials S16- Aldrich.

Scheme 16
N,
=
> N
HN
OTf
1) HClin ether, 20°C., 16 h $16-3
2) Pd on carbon, toluene, 110° C., 3 h NMP, 200°C., 1h
3) Acetic acid, 118°C.,8h g microwave
S16-1 $16.2

o
N
Y Y
O,

R108
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-continued
Synthesis of fragment:

B(OH),
Cl N, Cl
x
| CAS: 98-80-6
S16-5
N > N
\( Pd(OAc), K3PO,
l THEF, 45°C.,24h
Suzuki cross-coupling
CAS: 108-77-0
S16-4
OMe
N\
| S16-7 1) BBr;, DCM, -20°C.,4h
N > N Pd(OAc)y, K3POy ) THO
THF, 45°C.,24 h pyridine
l Suzuki cross-coupling DCM,0°C.,1h
S16-6
OTf
/ N
N
d |
S16-3
(HO),B OMe
OMe

Br 1) nBuli, B(OMe);,
$16.9 THF, 0°C., 6 h
BI‘ _—
. Pd{OAC),, KsPO, 2) HCl in cther
T

THF,45°C., 24h

CAS:S 11268_3 7-6 Suzuki cross-coupling 516-9

(HO)B

OMe

S16-7

Jul. 26,2018
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Compound R109 1, S17-2, S17-5, S17-6, S17-8, and S17-9 are commercially

[0560] Compound R109 may be prepared by a person of ~ available and may be purchased, for example, from Acros or
ordinary skill following Scheme 17. Starting materials S17- Aldrich.

Scheme 17
N
N
N > N
Br
NO, Br O
CAS: 583-53-9 NI OTf
B(OH), S17-2 174
- . N
Pd(PPh3)y NMP, 200°C., 1h
K,CO3 microwave
toluene
CAS: 5570-19-4 45°C,, 24h N
S17-1 T
$17-3
O N O
‘ N
N
N
N =
N,
\ N
Neo/

R109
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-continued
Synthesis of fragment:
B(OH);
Cl N Cl
\( Y CAS: 98-80-6
N N S17-6
- .
A Pd(DAc), K3PO,
THF, 45° C., 24 h
Cl Suzuki cross-coupling
CAS: 108-77-0
S17-5

OMe

N

N S17-8 1) BBr3, DCM, -20°C., 4 h
N| X PA(OAC), K3PO4 2) THO
Z THF, 45°C., 24 h pytidine
Suzuki cross-coupling DCM, 0°C.,1h
Cl
S17-7
OTf
/ N
N
dN
S17-4
(HO),B OMe
Br OMe 1) yBuLi, BOMe)s,
$17-10 THF,0°C,,6h
Pd(0AG), K3POy Br 2) HCI in ether
Br THF, 45°C., 24 h
CAS: 106-37-6 Suzuki cross-coupling

S17-9 S17-11

(HO),B

OMe

S17-8

Jul. 26,2018
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Compound R72

[0561] Compound R72 may be prepared by a person of
ordinary skill following Scheme 18. Starting materials S18-
1, S18-2, S18-5, and S18-6 are commercially available and
may be purchased, for example, from Acros, Aldrich, or
Bepharm.

Scheme 18
Br
NO,
Br
B(OH),
CAS: 583-53-9
S18-2
Pd(PPhs)s
K,C0;
CAS: 5570-19-4 toluene
S18-1 45°C., 24 h
OTf
N,
NH | N \
Va
/ N
S18-4
NMP, 200°C., 1 h
microwave

N

H

S18-3

-continued
Synthesis of fragment:

B(OH),

N
T X o
~ CAS: 71507-85-8
7 N S18-6
L PA(OAc), K3PO,

THF, 45°C.,24h
Suzuki cross-coupling

CAS:9001-34-6

518-5
N N,
X X
& F
Ny Ny
THO
—_— =
pyridine
DCM,0°C., 1h
OH OTf
S18-7 S18-4

Compound R82

[0562] Compound R82 may be prepared by a person of
ordinary skill following Scheme 19. Starting materials S19-
1, S19-2, S19-5, and S19-7 are commercially available, for
example, from Acros or Aldrich.

Scheme 19
Br

NO,
Br
B(OH),
CAS: 583-53-9
S19-2
e
Pd(PPh;)4

K,CO3
CAS:851597?-1 9-4 toluene
- 45°C., 24k
OTf
CN CN
NH
5194 -
NMP, 200¢C., 1 h
microwave

N
H
$19-3
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-continued Compound R74
[0563] Compound R74 may be prepared by a person of
e ordinary skill following Scheme 20. Starting materials S20-

1, $20-4, and S20-6 are commercially available and may be
purchased, for example, from Acros or Aldrich.

3) Acetic acid, 118°C., 8h
S20-1

O N O Scheme 20

H

N
NC 1) HCl in ether, 20°C., 16 h
/ 2) Pd on carbon, toluene, 110° C., 3 h

N
NC

R82

OTf
NC
N NC CN
S20-3
OH NMP, 200°C,, 1 h
microwave
szinz g
PdCLy(PPhy),
520-2
Br Br KOAc
dioxane, 80° C., 30 h NC
CAS: 626-41-5
S19-5
CN
OH Br.
5 N
Ol _-0 CAS: 2042-37-7
Me B B e §19-7
—_—-
Me 0 0 Me Pd(OAc), K5PO,
Ve Me  THE45°C.24h
Me Me Suzuki
910-6 cross-coupling NC N
OH
CN CN THO Q
- . CN
pyridine
DCM, 0°C.,1h
S19-8 NC
OTf R74
OH
Bjpiny
PdCL(PPhy)
Br Br KOAc
dioxane, 80° C., 30 h
CAS: 626-41-5

o2
$19-4 820->
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-continued
Br
CN
O\B CAS: 623-00-7
S20 6
Me Me Pd(O Ac)s, K3PO,
Me Me
Me Me THEF, 45° C:, 24h
Suzuki

$20-5 ,
cross-coupling

TfZO
vr1d1ne
DCM,0°C., 1h

S20-7

OTf
) /‘h\‘\CN

S20-3

Compound R57

[0564] Compound R57 may be prepared by a person of
ordinary skill following Scheme 21. Starting materials S21-
1, 821-2, S21-5, and S21-7 are commercially available, for
example, from Acros, Aldrich, or Alfa-Aesar.

Scheme 21

Br

NO,
Br
CAS: 583-53-9
$21-2
Pd(PPhs)4
K>COs
toluene
45°C., 24 h

B(OH),

CAS: 5570-19-4
S21-1

OTf

oWlonas

NC

S21-4
NMP, 200°C., 1h
microwave

N
H

CN

S21-3

Jul. 26,2018

-continued
CN

8
(AL
.

NC
OH
Bypiny
PdCly(PPhs),
KOAc
dioxane, 80° C., 30 h
CAS: 626-41-5
$21-5
Ol Br
/@\ o
O~ -0 CAS: 623-00-7
Me ]|3 ]|3 Me $21-7
——————————————
Me 0 0 Me "~ p4(OAc), K5PO,
Me Me >
Ve Vie THF,45° C., 24 h

Suzuki
cross-coupling

OH
5,0
_—
pyridine
DCM,0°C.,1h
NC CN

S21-8

OTf
) /‘/‘\‘\CN

S21-4

$21-6
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Compound R38

[0565] Compound R38 may be prepared by a person of
ordinary skill following Scheme 22. Starting materials S22-
1, 822-2, S22-5, and S22-7 are commercially available, for
example, from Acros, Arkpharm, or Aldrich.

Scheme 22
Br

NO,
Br

CAS: 583-53-9
822-2

B(OH),

Pd(PPh3)4
K,CO;
toluene

45°C., 24 h

CAS: 5570-19-4
822-1

NMP, 200°C., 1h
microwave

O O 522-4

Jul. 26,2018
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-continued
Br

A
on |

OH

O~p 30 Me
. Me CAS: 107351-82-6
2pily Me 0 0 Me S22-7 _
PdCly(PPhs), Me Me Pd(0Ac),, K3POy
Br Br KOAe Me Me

THF, 45°C., 24 h
dioxane, 80° C., 30 h

CAS: 626-41-5 $22-6 Suznki
.S72—5 cross-coupling
OH
THO
e
X AN pyridine
| DCM, 0°C., 1 h
Y N N /
S22-8
OTf
AN | AN
/ N N /
S22-4
Compound R50
[0566] Compound R50 may be prepared by a person of
ordinary skill following Scheme 23. Starting materials S23-
1, 823-2, S23-5, and S23-6 are commercially available, for
example, from Acros, TCI America, or Aldrich.
Scheme 23
OTf
Me Me
s
Br |
X
N
NO, Br
CAS: 583-53-9 NH
B(OH), §232 S23-4
Pd(PPh3)y NMP, 200°C.,1h
K,CO;4 microwave
toluene
CAS: 5570-19-4 45°C., 241
S23-1

523-3
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:
N.
N,
I
N N
Me Me \ /
Me
—
N
N
N
RS0

Synthesis of fragment:

Br
Z SN
R OoH
N
Me Me
o

Me Me CAS: 4073-24-5
$23-6 THO
Pd(OAc),, K3PO4 pyridine
THF,45°C., 24 h = N DCM,(°C.,1h
Suzuki cross-coupling |
BOH), X
N
CAS: 934826-20-7
523-5

823-7
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Compound R110

[0567]

339

-continued

Compound R110 may be prepared by a person of

ordinary skill following Scheme 24. Starting materials S25-
1, 825-2, 825-5 and S25-6 are commercially available, for

example, from Acros or Aldrich.

Scheme 24

Cl

Il
)\ )\
cl N Cl

CAS: 108-77-0
$25-2

Pd(OAc),, K3P04
THF,45°C.,24h
Suzuki cross-coupling
B(OH),

CAS: 5122-94-1
825-1

§

oS
.

Jul. 26,2018

OTf
Me Me
N
x>
N
S23-4
-continued

L 1

Se

Synthesis of fragment:

o

Z
Ia®aW,

)’
.

Cl N Cl

525-3

toluene, 80° C., 6 h

CAS: 94994-62-4
525-5

O~

Z,

>

R110

>=z

L

A
v

NH,

(

CAS: 95-51-2
525-6

B —————————

1) Pd(OAc),, NaOtBu
PtBugs, toluene,

1

10°C,3h

2) Pd(OAc),, Cs,CO;,
AcNMeZ reflux,

"
N,

s

S25-4



US 2018/0212158 Al Jul. 26,2018

340

Compound R20

[0568] Compound R20 may be prepared by a person of
ordinary skill following Scheme 25. Starting materials S27-
1, 827-2, S27-5, and S27-7 are commercially available, for
example, from Acros, Arkpharm, or Aldrich.

Scheme 25
OTf
Br
Br
CAS: 583-53-0 NH # e
B(OH), 527-2 5274
Pd(PPh3)y NMP, 200°C.,1h
K,CO3 microwave
toluene
CAS: 5570-19-4 45°C.,24h N
S27-1 o
§27-3
N /
Synthesis of fragment:
Br
N /
N
OH
OH
CAS: 54151-74-5
Bopiny $27-7
PdCl>(PPhs)s Me O\B B 0 Me Pd(OAc);, K3POy
KOAc THF, 45°C., 24 h
Br Br dioxane, 80° C., 30 h Me 0 0 Me Suzuki cross-coupling
CAS: 626-41-5 Me Me
S27-5 Me Me

827-6
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-continued
OH
N N THO
D P N
S27-8

[0569] The teachings of all patents, published applications
and references cited herein are incorporated by reference in
their entirety.

[0570] While this invention has been particularly shown
and described with references to example embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

1. A molecule represented by structural formula (I):

M

R]4
A
7 \ El4
17
R =
N—(Ar'h),—1I;
RIS =
\ 15
%
R]S
wherein:

E'*, and E'* are, each independently, CR? or N, wherein
R*, for each occurrence independently, H, a C,-C,
alkyl, a C,;-C, 4 cycloalkyl, a C,-C,, aryl, a 5-20 atom
heteroaryl, a halo, or —CN;

J is any moiety selected from —CN,

-continued

\ /"

\/

and is optionally substituted with one or more R, each
independently selected from C,-C; alkyl, a C5-C,q
cycloalkyl, a C,-C 4 aryl, a 5-20 atom heteroaryl, a
halo, or —CN;

R R'? R'S, andR'” are, each independently, H, a C-C,
alkyl, a C;-Cy4 cycloalkyl, a C4-Cy g aryl, a 5-20 atom
heteroaryl, a halo, or —CN;

F!is C—(Arlz)q-G;

F? is CR? or N, wherein R? is H, a C,-C, alkyl, a C5-C;
cycloalkyl, a C4-C 4 aryl, a 5-20 atom heteroaryl, a
halo, or —CN, or —(Arlz)q-G;

Ar"', for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C alkyls;

Ar'?, for each occurrence independently, is phenyl option-
ally substituted with one to four C,-C alkyls;

pis O, 1, or 2;

qis Oor 1; and

G, for each occurrence independently, is a moiety repre-
sented by one of the following structural formulas:

or
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wherein:
E'® E'7,E'® and E" are, each independently, CR“ or N,
wherein R is H, a C,-C, alkyl, halo, or —CN; and
R!%t, R'2 R and R'™ are, each independently, a
C,-Cq alkyl, a C5-C 4 cycloalkyl, a C4-C 4 aryl, a 5-20
atom heteroaryl, a halo, or —CN;
provided that the molecule is not represented by any
structural formula in Table NN1.
2. The molecule of claim 1, wherein J is unsubstituted.
3. The molecule of claim 1, wherein J is substituted with
one or more R"' selected from C,-C; alkyl or C4-C 4 aryl.
4. The molecule of claim 3, wherein J is substituted with
one or more R™ selected from C,-C, alkyl or phenyl.
5. The molecule of claim 1, wherein F* is CR?.
6. The molecule of claim 1, wherein G, for each occur-

rence independently, is a moiety represented by one of the
following structural formulas:

( Rl | = /\(\ RI02 )
0-2 02
N,
(T
(R43)Of /\/tRm )0 ,

7. The molecule of claim 1 any one of the preceding
claims, wherein:

R“, for each occurrence independently, is H or a C,-C,
alkyl;
R R'3, RS, and R are, each independently, H, a C,-Cy
alkyl, or a C;-C; cycloalkyl; and
F? is CR?; and
R?is H, a C,-C, alkyl, a C,-C, cycloalkyl, or —(Ar'?)
-G.

q
8. The molecule of claim 1, represented by the following
structural formula:

2

Jul. 26,2018
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wherein:

E' and E', are, each independently, CR or N, wherein
R4, for each occurrence independently, is Hor a C,-Cy

alkyl;
pisOorl;
R¥ is a C4-C,q aryl or a 5-20 atom heteroaryl;

R R', R'S, and R"” are, each independently, H,a C,-Cj
alkyl, a C;-C,, cycloalkyl, a halo, or —CN;

RZ is, for each occurrence independently, H, a C,-Cy
alkyl, a C,-C, cycloalkyl, or a moiety represented by
one of the following structural formulas:

( R]Ol —— — RIOZ )
0-2 0-2
N.
T 1S
AP P
R103 R104 )
R™)o02 -
wherein:

R' R R'™ and R'™ are, each independently, a
C,-Cq alkyl or a C4-C, cycloalkyl.

9. The molecule of claim 1, wherein E'* and E'> are CR*.

10. The molecule of claim 1, wherein R? is, for each
occurrence independently, H or a moiety represented by the
following structural formula:

N\©
11. The molecule of claim 1, wherein R? is, for each

occurrence independently, H or a moiety represented by the
following structural formula:

BN
O |

12. The molecule of claim 1, wherein J is —CN.
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13. The molecule of claim 12, wherein the molecule is 14. The molecule of claim 1, wherein J is

represented by one of the following structural formulas: —
N )
I \ 7/
§ <\ /> |

N 15. The molecule of claim 14, wherein the molecule is
represented by one of the following structural formulas:

OQ |
% o
0. O
O

00 A~ Q-
o oo

O
O

or
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-continued 17. The molecule of claim 16, wherein the molecule is
represented by one of the following structural formulas:
O N

iy

0 400

@
N
16. The molecule of claim 1, wherein T is O © © N
0° O

18-127. (canceled)

128. An organic light-emitting device containing:

a first electrode;

a second electrode; and

an organic layer disposed between the first electrode and
the second electrode, wherein the organic layer com-
prises at least one molecule as defined by claim 1.

or

L S T T
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