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CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims benefit of priority to U.S. Provisional Patent
Application No. 62/354,449, filed June 24, 2016, and U.S. Provisional Patent
Application No. 62/426,095 filed November 23, 2016, both of which are incorporated

by reference in their entireties.

BACKGROUND OF THE INVENTION
[0002] The high proliferation rate of cancer cells is a result not only of decreased
cell death but also of improperly regulated cell cycling, allowing evasion of growth
suppressing signals. Although multiple cell cycle checkpoints can be impaired in
cancer, the mitotic or spindle assembly checkpoint is of great importance both in
tumorigenesis and as an anticancer target. This point of regulation, which is
responsible for ensuring appropriate chromosome segregation, is required for cell
viability. Cells with a weakened mitotic checkpoint are capable of survival but do not
maintain proper chromosome segregation, resulting in genomic instability and
aneuploidy. PARP (poly(ADP-ribose) polymerase) is an important protein in DNA
repair pathways especially the base excision repair (BER). BER is involved in DNA
repair of single strand breaks (SSBs). If BER is impaired, inhibiting PARP, SSBs
accumulate and become double stand breaks (DSBs). In addition, PARP can act on
many mediators of cell cycle progression through its effects on gene expression.
However, direct regulation of the mitotic checkpoint by PARP is another important

factor that may be exploited in the development of an optimal cancer therapy.

[0003] Recent reports suggest multiple roles for PARP in the structural machinery
of mitosis. First, PAR, which is primarily synthesized by PARP, is required for
assembly and function of the bipolar spindle. In addition, PARP-1 both localizes to
and P ARylates proteins at centromeres and centrosomes during mitosis. PARP-1 also
mediates PARylation of p53, which is responsible for regulating centrosome
duplication and monitoring chromosomal stability. Loss of PARP activity is
associated with mislocalization of centromeric and centrosomal proteins, resulting in

incomplete synapsis of homologous chromosomes, defective chromatin
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modifications, and failure to maintain metaphase arrest, indicating loss of mitotic
checkpoint integrity. Similarly, inhibition of PARP-1 is associated with genomic
instability characterized by reduced stringency of mitotic checkpoints, centrosome
hyper-amplification, and chromosomal aneuploidy. Furthermore, PARP-1 has been
shown to interact with the E3 ubiquitin ligase, CHFR, a tumor suppressor with an
important role in the early mitotic checkpoint. Binding of these two proteins results
in cell cycle arrest in prophase, an effect stimulated by microtubule inhibitors
resulting in resistance to this class of drugs in cancer cells. Thus, inhibition of PARP
or microtubules, or both, could significantly increase cancer cells death, and may be a

promising anti-cancer strategy.

[0004] The present invention relates to compounds having microtubule-perturbing
and/or anti-PARP activity. These compounds may be used for treatment in the animal
of a disease associated with tubulin polymerization or PARP, or both. This, and other

uses of these compounds are described herein.

SUMMARY OF THE INVENTION
[0005] This invention provides, among other things, compounds useful for treating
diseases associated with PARP1 (Poly ADP Ribose Polymerasel) and/or PARP2
(Poly ADP Ribose Polymerase2) and/or tubulin, pharmaceutical formulations
containing such compounds, as well as combinations of these compounds with at least

one additional therapeutic agent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1A - FIG. 10 provides biological data for compounds of the
invention. For the Trapped PARP-DNA column, TC= Induces Trapped PARP-DNA

complex formation in cells, NT= Not Tested.

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions and Abbreviations

[0007] As used herein, the singular forms “a,” “an”, and “the” include plural
references unless the context clearly dictates otherwise. For example, reference to “an
active agent” includes a single active agent as well as two or more different active
agents in combination. It is to be understood that present teaching is not limited to the

specific dosage forms, carriers, or the like, disclosed herein and as such may vary.
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[0008] The abbreviations used herein generally have their conventional meaning

within the chemical and biological arts.

[0009] The following abbreviations have been used: Acis acetyl; AcOH is acetic
acid; ACTBr is cetyltrimethylammonium bromide; AIBN is azobisisobutyronitrile or
2.2 azobisisobutyronitrile; aq. is aqueous; Ar is aryl; B,pin; is bis(pinacolato)diboron;
Bn is, in general, benzyl [see Cbz for one example of an exception]; (BnS); is benzyl
disulfide; BnSH is benzyl thiol or benzyl mercaptan; BnBr is benzyl bromide; Boc is
tert-butoxy carbonyl; Boc,O is di-fert-butyl dicarbonate; Bz is, in general, benzoyl;
BzOOH is benzoyl peroxide; Cbz or Z is benzyloxycarbonyl or carboxybenzyl;
Cs,COs5 is cesium carbonate; CSA is camphor sulfonic acid; CTAB is
cetyltrimethylammonium bromide; Cy is cyclohexyl; DABCO is 1,4-
diazabicyclo[2.2.2]octane; DCM is dichloromethane or methylene chloride; DHP is
dihydropyran; DIAD is diisopropyl azodicarboxylate; DIEA or DIPEA is N, N-
diisopropylethylamine; DMAP is 4-(dimethylamino)pyridine; DME is 1,2-
dimethoxyethane; DMF is N,N-dimethylformamide; DMSO is dimethylsulfoxide;
equiv or eq. is equivalent; EtOAc is ethyl acetate; EtOH is ethanol; Et,0 is diethyl
ether; EDCI is N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride; ELS
is evaporative light scattering; equiv or eq is equivalent; h is hours; HATU is O-(7-
azabenzotriazol-1-y1)-N N, N' N'-tetramethyluronium hexafluorophosphate; HOBt is
N-hydroxybenzotriazole; HCl is hydrochloric acid; HPLC is high pressure liquid
chromatography; ISCO Companion is automated flash chromatography equipment
with fraction analysis by UV absorption available from Presearch; KOAc or AcOK is
potassium acetate; K,COs5 is potassium carbonate; LiAIH, or LAH is lithium
aluminum hydride; LDA is lithium diisopropylamide; LHMDS is lithium
bis(trimethylsilyl) amide; KHMDS is potassium bis(trimethylsilyl) amide; LiOH is
lithium hydroxide; m-CPBA is 3-chloroperoxybenzoic acid; MeCN or ACN is methyl
cyanide or cyanomethane or ethanenitrile or acetonitrile which are all names for the
same compound; MeOH is methanol; MgSQ, is magnesium sulfate; mins or min is
minutes; Mp or MP is melting point; NaCNBHj is sodium cyanoborohydride; NaOH
is sodium hydroxide; Na,SOy is sodium sulfate; NBS is N-bromosuccinimide; NH,CI
is ammonium chloride; NIS is N-iodosuccinimide; N> is nitrogen; NMM is N-
methylmorpholine; n-BuL.i is n-butyllithium; overnight is O/N; PdCl,(pddf) is 1,1'-
Bis(diphenylphosphino) ferrocene]dichloropalladium(Il); Pd/C is the catalyst known
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as palladium on carbon; Pd»(dba); is an organometallic catalyst known as
tris(dibenzylideneacetone) dipalladium(0); Ra Ni or Raney Ni is Raney nickel; Ph is
phenyl; PMB is p-methoxybenzyl; PrOH is 1-propanol; iPrOH is 2-propanol; POCl;
is phosphorus chloride oxide; PTSA is para-toluene sulfonic acid; Pyr. or Pyr or Py as
used herein means pyridine; RT or rt or r.t. is room temperature; sat. is saturated; Si-
amine or Si-NH, is amino-functionalized silica, available from SiliCycle; Si-pyr is
pyridyl-functionalized silica, available from SiliCycle; TEA or E;N is triethylamine;
TF A is trifluoroacetic acid; Tf,0 is trifluoromethanesulfonic anhydride; THF is
tetrahydrofuran; TFAA is trifluoroacetic anhydride; THP is tetrahydropyranyl; TMSI
1s trimethylsilyl 1odide; H,O is water; diNO,PhSO,Cl is dinitrophenyl sulfonyl
chloride; 3-F-4-NO,-PhSO,C(l is 3-fluoro-4-nitrophenylsulfonyl chloride; 2-MeO-4-
NO,-PhSO,Cl is 2-methoxy-4-nitrophenylsulfonyl chloride; and
(EtO),POCH,COOEt is a triethylester of phosphonoacetic acid known as triethyl

phosphonoacetate.

[0010] "Compound of the invention," as used herein refers to the compounds
discussed herein, salts (e.g. pharmaceutically acceptable salts), prodrugs, solvates and

hydrates of these compounds.

[0011] Where substituent groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical
substituents, which would result from writing the structure from right to left,

e.g., -CH,0- is intended to also recite -OCH;-.

[0012] The term "poly" as used herein means at least 2. For example, a polyvalent

metal ion is a metal ion having a valency of at least 2.

[0013] "Moiety" refers to a radical of a molecule that is attached to the remainder of

the molecule.

[0014] The symbol vwwvv  whether utilized as a bond or displayed perpendicular
to a bond, indicates the point at which the displayed moiety is attached to the

remainder of the molecule.

[0015] The term “alkyl,” by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or
combination thereof, which may be fully saturated, mono- or polyunsaturated and can

include di- and multivalent radicals, having the number of carbon atoms designated

4
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(i.e. C,-Cjp means one to ten carbons). In some embodiments, the term “alkyl” means
a straight or branched chain, or combinations thereof, which may be fully saturated,
mono- or polyunsaturated and can include di- and multivalent radicals. Examples of
saturated hydrocarbon radicals include, but are not limited to, groups such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclobutyl, cyclohexyl,
(cyclohexyl)methyl, cyclopropyl, cyclopropylmethyl, homologs and isomers of, for
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl
group is one having one or more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-
isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-
propynyl, 3-butynyl, and the higher homologs and isomers.

[0016] The term “alkylene” by itself or as part of another substituent means a
divalent radical derived from an alkane, as exemplified, but not limited, by
—CH,CH,CH,CH;-, and further includes those groups described below as
“heteroalkylene.” Typically, an alkyl (or alkylene) group will have from 1 to 24
carbon atoms, with those groups having 10 or fewer carbon atoms being preferred in
the invention. A “lower alkyl” or “lower alkylene” is a shorter chain alkyl or alkylene

group, generally having eight or fewer carbon atoms.

[0017] The term “alkenylene” by itself or as part of another substituent means a

divalent radical derived from an alkene.

[0018] The term “cycloalkylene” by itself or as part of another substituent means a

divalent radical derived from a cycloalkane.

[0019] The term “heteroalkylene™ by itself or as part of another substituent means a

divalent radical derived from an heteroalkane.

[0020] The term “heterocycloalkylene™ by itself or as part of another substituent

means a divalent radical derived from an heterocycloalkane.

[0021] The term “arylene” by itself or as part of another substituent means a

divalent radical derived from an aryl.

[0022] The term “heteroarylene™ by itself or as part of another substituent means a

divalent radical derived from heteroaryl.
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[0023] The terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in
their conventional sense, and refer to those alkyl groups attached to the remainder of

the molecule via an oxygen atom, an amino group, or a sulfur atom, respectively.

[0024] The term “heteroalkyl,” by itself or in combination with another term,
means, unless otherwise stated, a stable straight or branched chain, or cyclic
hydrocarbon radical, or combinations thereof, consisting of the stated number of
carbon atoms and at least one heteroatom. In some embodiments, the term
“heteroalkyl,” by itself or in combination with another term, means a stable straight or
branched chain, or combinations thereof, consisting of the stated number of carbon
atoms and at least one heteroatom. In an exemplary embodiment, the heteroatoms can
be selected from the group consisting of B, O, N and S, and wherein the nitrogen and
sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally
be quaternized. The heteroatom(s) B, O, N and S may be placed at any interior
position of the heteroalkyl group or at the position at which the alkyl group is attached
to the remainder of the molecule. Examples include, but are not limited to,

-0-CHs, -CH,-CH,-0O-CH3;, -CH,-CH,-NH-CH3, -CH,-CH,-N(CHj3)-CH3, —CH,-CH,-
CH,-N(CHj3)-CHs, -CH,-S-CH,-CHj3, -CH,-CH,-S(0)-CHj3, -CH,-CH,-S(0),-CH3, -
CH=CH-0O-CH3, -CH,-CH=N-OCHj3, and -CH=CH-N(CH3;)-CH;. Up to two
heteroatoms may be consecutive, such as, for example, -CH,-NH-OCHj3;. Similarly,
the term “heteroalkylene” by itself or as part of another substituent means a divalent
radical derived from heteroalkyl, as exemplified, but not limited by, -CH,-CH,-S-
CH;-CH,- and —CH,-S-CH,-CH,-NH-CH,-. For heteroalkylene groups, heteroatoms
can also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,
alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is implied by the
direction in which the formula of the linking group is written. For example, the

formula —C(O),R’- represents both —C(0O),R’- and —R’C(0O);-.

[0025] The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in
combination with other terms, represent, unless otherwise stated, cyclic versions of
“alkyl” and “heteroalkyl™, respectively. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the heterocycle is attached to the
remainder of the molecule. Examples of cycloalkyl include, but are not limited to,

cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.

PCT/US2017/039119
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Examples of heterocycloalkyl include, but are not limited to, 2-(4-methylpiperazin-1-
yl)ethyl, 3-(4-methylpiperazin-1-yl)propyl, 2-morpholinoethyl, 3-morpholinopropyl,
1-methylazetidin-3-yl, 1-ethylazetidin-3-yl, 1-isopropylazetidin-3-yl, 1-
methylpiperidin-4-yl, 1-ethylpiperidin-4-yl or, 1-isopropylpiperidin-4-yl, 1 —(1,2,5,6-
tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-
morpholinyl, tetrahy drofuran-2-y1, tetrahydrofuran-3-yl1, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1 —piperazinyl, 2-piperazinyl, and the like.

[0026] The terms “halo” or “halogen,” by themselves or as part of another
substituent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine
atom. Additionally, terms such as “haloalkyl,” are meant to include monohaloalkyl
and polyhaloalkyl. For example, the term “halo(C;-C4)alkyl” is mean to include, but
not be limited to, trifluoromethyl, 2,2.2-trifluoroethyl, 2-fluoroethyl, 2,2-difluoroethyl
, 2-chloroethyl, 3-chloropropyl, 4-chlorobutyl, 3-bromopropyl, and the like.

[0027] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
substituent that can be a single ring or multiple rings (preferably from 1 or 2 or 3
rings), which are fused together or linked covalently. The term “heteroaryl” refers to
aryl groups (or rings) that contain from one to four heteroatoms. In an exemplary
embodiment, the heteroatom is selected from B, N, O, and S, wherein the nitrogen
and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally
quaternized. A heteroaryl group can be attached to the remainder of the molecule
through a heteroatom. Non-limiting examples of aryl and heteroaryl groups include
phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-
pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-
oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
S-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-
pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-
isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected

from the group of acceptable substituents described below.

[0028] For brevity, the term “aryl” when used in combination with other terms (e.g.,
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined
above. Thus, the term “arylalkyl” is meant to include those radicals in which an aryl

group is attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethyl and the
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like) including those alkyl groups in which a carbon atom (e.g., a methylene group)
has been replaced by, for example, an oxygen atom (e.g., phenoxymethyl, 2-

pyridyloxymethyl, 3-(1-naphthyloxy)propyl, and the like).

[0029] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl” and
“heteroaryl™) are meant to include both substituted and unsubstituted forms of the

indicated radical. Preferred substituents for each type of radical are provided below.

[0030] Substituents for the alkyl and heteroalkyl radicals (including those groups
often referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) are generically
referred to as “alkyl group substituents,” and they can be one or more of a variety of
groups selected from, but not limited to: -R’, -OR’, =0, =NR’, =N-OR’, -NR’R”,
-SR’, -halogen, -SiR’R”R™’, -OC(O)R’, -C(O)R’, -CO2R’, -CONR’R”,
-OC(O)NR’R”, -NR”C(O)R’, -NR’-C(O)NR”R’”, -NR”C(0),R",
NR””-C(NR’R”R’?)=NR"”, -NR*-C(NR’R”)=NR >, -S(O)R’, -S(O),R",
-S(0);NR’R”, -NR”SO,R’, -CN, —-NO,, -N3, -CH(Ph),, fluoro(C;-C4)alkoxy, and
fluoro(C,-Cy)alkyl, in a number ranging from zero to (2m’+1), where m’ is the total
number of carbon atoms in such radical. R’, R”, R”’, R™” and R each preferably
independently refer to hydrogen, substituted or unsubstituted haloalkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, e.g., aryl substituted with 1-3 halogens, substituted or
unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R group, for example, each of the
R groups is independently selected as are each R’, R”, R, R and R groups
when more than one of these groups is present. When R” and R are attached to the
same nitrogen atom, they can be combined with the nitrogen atom to form a 5-, 6-, or
7-membered ring. For example, -NR’R” is meant to include, but not be limited to, 1-
pyrrolidinyl and 4-morpholinyl. From the above discussion of substituents, one of
skill in the art will understand that the term “alkyl™ is meant to include groups
including carbon atoms bound to groups other than hydrogen groups, such as
haloalkyl (e.g., -CF; and —CH,CF;) and acyl (e.g., -C(O)CH3;, -C(O)CF3, -
C(O)CH,0OCH3, and the like).

[0031] Similar to the substituents described for the alkyl radical, substituents for the

aryl and heteroaryl groups are generically referred to as “aryl group substituents.”
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The substituents are selected from, for example: -R’, -OR’, =0, =NR’, =N-OR’,
-NR’R”, -SR’, -halogen, -SiR’R”R"’, -OC(O)R”’, -C(O)R’, -CO,R’, -CONR'R”,
-OC(O)NR’R”, -NR”C(O)R’, -NR’-C(O)NR”R’”, -NR”C(O),R’,
NR””-C(NR’R”R’?)=NR"”, -NR*-C(NR’R”)=NR >, -S(O)R’, -S(O),R",
-S(0);NR’R”, -NR”SO,R’, -CN, —-NO,, -N3, -CH(Ph),, fluoro(C;-C4)alkoxy, and
fluoro(C,-Cy)alkyl, in a number ranging from zero to the total number of open
valences on the aromatic ring system; and where R’, R”, R*”, R”” and R are
preferably independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl and
substituted or unsubstituted heteroaryl. When a compound of the invention includes
more than one R group, for example, each of the R groups is independently selected
as are each R’, R”, R, R”” and R groups when more than one of these groups is

present.

[0032] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula —T-C(O)-(CRR’)4-U-,
wherein T and U are independently —NR-, -O-, -CRR’- or a single bond, and q is an
integer of from 0 to 3. Alternatively, two of the substituents on adjacent atoms of the
aryl or heteroaryl ring may optionally be replaced with a substituent of the formula
—A-(CH,)-B-, wherein A and B are independently —-CRR’-, -O-, -NR-, -S-, -S(0O)-

, -S(0)2-, -S(0);NR’- or a single bond, and r is an integer of from 1 to 4. One of the
single bonds of the new ring so formed may optionally be replaced with a double
bond. Alternatively, two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent of the formula —
(CRR*)¢-X-(CR"R’”)4-, where s and d are independently integers of from 0 to 3, and
Xis —0-, -NR’-, -S-, -S(0)-, -S(0),-, or —=S(0O);NR’-. The substituents R, R’, R” and
R’ are preferably independently selected from hydrogen or substituted or

unsubstituted C; or C;, or Cs or C4 or Cs or Cg alkyl.

[0033] “Ring” as used herein, means a substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl. A ring includes fused ring moieties. The
number of atoms in a ring is typically defined by the number of members in the ring.
For example, a “5- to 7-membered ring” means there are 5 or 6 or 7 atoms in the

encircling arrangement. Unless otherwise specified, the ring optionally includes a
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heteroatom. Thus, the term 5 to 7-membered ring” or “*5 or 6 or 7 membered ring”
includes, for example phenyl, pyridinyl and piperidinyl. The term “5 to 7-membered
heterocycloalkyl ring” “5 or 6 or 7-membered heterocycloalkyl ring”, on the other
hand, would include pyridinyl and piperidinyl, but not phenyl. The term “ring”
further includes a ring system comprising more than one “ring”, wherein each “ring”

is independently defined as above.

[0034] As used herein, the term "heteroatom" includes atoms other than carbon (C)
and hydrogen (H). Examples include oxygen (O), nitrogen (N) sulfur (S), silicon (Si),

germanium (Ge), and aluminum (Al).

[0035] The term "leaving group" means a functional group or atom which can be
displaced by another functional group or atom in a substitution reaction, such as a
nucleophilic substitution reaction. By way of example, representative leaving groups
include triflate, chloro, bromo and iodo groups; sulfonic ester groups, such as
mesylate, tosylate, brosylate, nosylate and the like; and acyloxy groups, such as

acetoxy, trifluoroacetoxy and the like.

[0036] The symbol "R" is a general abbreviation that represents a substituent group
that is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl and substituted or unsubstituted

heterocycloalkyl groups.

[0037] By “effective” amount of a drug, formulation, or permeant is meant a
sufficient amount of an active agent to provide the desired local or systemic effect. A

2 <<

“Topically effective,” “pharmaceutically effective,” or “therapeutically effective”

amount refers to the amount of drug needed to effect the desired therapeutic result.

[0038] The term "pharmaceutically acceptable salt" is meant to include a salt of a
compound of the invention which is prepared with relatively nontoxic acids or bases,
depending on the particular substituents found on the compounds described herein.
When compounds of the invention contain relatively acidic functionalities, base
addition salts can be obtained by contacting the neutral form of such compounds with
a sufficient amount of the desired base, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable base addition salts include sodium,

potassium, calcium, ammonium, organic amino (such as choline or diethylamine or
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amino acids such as d-arginine, l-arginine, d-lysine, or l-lysine), or magnesium salt, or
a similar salt. When compounds of the invention contain relatively basic
functionalities, acid addition salts can be obtained by contacting the neutral form of
such compounds with a sufficient amount of the desired acid, either neat or in a
suitable inert solvent. Examples of pharmaceutically acceptable acid addition salts
include those derived from inorganic acids like hydrochloric, hydrobromic, nitric,
carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous
acids and the like, as well as the salts derived from relatively nontoxic organic acids
like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric,
lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric,
methanesulfonic, and the like. Also included are salts of amino acids such as arginate
and the like, and salts of organic acids like glucuronic or galactunoric acids and the
like (see, for example, Berge et al., "Pharmaceutical Salts", Journal of Pharmaceutical
Science 66: 1-19 (1977)). Certain specific compounds of the invention contain both
basic and acidic functionalities that allow the compounds to be converted into either

base or acid addition salts.

[0039] The neutral forms of the compounds are preferably regenerated by
contacting the salt with a base or acid and isolating the parent compounds in the
conventional manner. The parent form of the compound differs from the various salt

forms in certain physical properties, such as solubility in polar solvents.

[0040] In addition to salt forms, the invention provides compounds which are in a
prodrug form. Prodrugs of the compounds described herein readily undergo chemical
changes under physiological conditions to provide the compounds of the invention.
Additionally, prodrugs can be converted to the compounds of the invention by

chemical or biochemical methods in an ex vivo environment.

[0041] Certain compounds of the invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are
equivalent to unsolvated forms and are encompassed within the scope of the
invention. Certain compounds of the invention may exist in multiple crystalline or

amorphous forms.

[0042] Certain compounds of the invention possess asymmetric carbon atoms

(optical centers) or double bonds; the racemates, diastereomers, geometric isomers
11
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and individual isomers are encompassed within the scope of the invention. The
graphic representations of racemic, ambiscalemic and scalemic or enantiomerically
pure compounds used herein are taken from Maehr, J. Chem. Ed. 1985, 62: 114-120.
Solid and broken wedges are used to denote the absolute configuration of a
stereocenter unless otherwise noted. When the compounds described herein contain
olefinic double bonds or other centers of geometric asymmetry, and unless specified
otherwise, it is intended that the compounds include both E and Z geometric isomers.

Likewise, all tautomeric forms are included.

[0043] Compounds of the invention can exist in particular geometric or
stereoisomeric forms. The invention contemplates all such compounds, including cis-
and frans-isomers, (-)- and (+)-enantiomers, (R)- and (S)-enantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof,
such as enantiomerically or diastereomerically enriched mixtures, as falling within the
scope of the invention. Additional asymmetric carbon atoms can be present in a
substituent such as an alkyl group. All such isomers, as well as mixtures thereof, are

intended to be included in this invention.

[0044] Optically active (R)- and (S)-isomers and ¢ and / isomers can be prepared
using chiral synthons or chiral reagents, or resolved using conventional techniques.
If, for instance, a particular enantiomer of a compound of the invention is desired, it
can be prepared by asymmetric synthesis, or by derivatization with a chiral auxiliary,
where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule
contains a basic functional group, such as an amino group, or an acidic functional
group, such as a carboxyl group, diastereomeric salts can be formed with an
appropriate optically active acid or base, followed by resolution of the diastereomers
thus formed by fractional crystallization or chromatographic means known in the art,
and subsequent recovery of the pure enantiomers. In addition, separation of
enantiomers and diastereomers is frequently accomplished using chromatography
employing chiral, stationary phases, optionally in combination with chemical

derivatization (e.g., formation of carbamates from amines).

[0045] The compounds of the invention may also contain unnatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. For

example, the compounds may be radiolabeled with radioactive isotopes, such as for
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example tritium (*H), iodine-125 (**I) or carbon-14 (**C). All isotopic variations of
the compounds of the invention, whether radioactive or not, are intended to be

encompassed within the scope of the invention.

[0046] The term “‘pharmaceutically acceptable carrier” or “‘pharmaceutically
acceptable vehicle” refers to any formulation or carrier medium that provides the
appropriate delivery of an effective amount of an active agent as defined herein, does
not interfere with the effectiveness of the biological activity of the active agent, and
that is sufficiently non-toxic to the host or patient. Representative carriers include
water, oils, both vegetable and mineral, cream bases, lotion bases, ointment bases and
the like. These bases include suspending agents, thickeners, penetration enhancers,
and the like. Their formulation is well known to those in the art of cosmetics and

topical pharmaceuticals. Additional information concerning carriers can be found in

Remington: The Science and Practice of Pharmacy, 21st Ed., Lippincott, Williams &

Wilkins (2005) which is incorporated herein by reference.

[0047] The term “pharmaceutically acceptable additive™ refers to preservatives,
antioxidants, fragrances, emulsifiers, dyes and excipients known or used in the field
of drug formulation and that do not unduly interfere with the effectiveness of the
biological activity of the active agent, and that is sufficiently non-toxic to the host or
patient. Additives for topical formulations are well-known in the art, and may be
added to the topical composition, as long as they are pharmaceutically acceptable and
not deleterious to the epithelial cells or their function. Further, they should not cause
deterioration in the stability of the composition. For example, inert fillers, anti-
irritants, tackifiers, excipients, fragrances, opacifiers, antioxidants, gelling agents,
stabilizers, surfactant, emollients, coloring agents, preservatives, buffering agents,
other permeation enhancers, and other conventional components of topical or

transdermal delivery formulations as are known in the art.

[0048] The term “excipients™ is conventionally known to mean carriers, diluents

and/or vehicles used in formulating drug compositions effective for the desired use.

[0049] The terms “effective amount” or a “therapeutically effective amount™ of a
drug or pharmacologically active agent refers to a nontoxic but sufficient amount of
the drug or agent to provide the desired effect. In the oral dosage forms of the present
disclosure, an “effective amount™ of one active of the combination is the amount of

that active that is effective to provide the desired effect when used in combination
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with the other active of the combination. The amount that is “effective” will vary
from subject to subject, depending on the age and general condition of the individual,
the particular active agent or agents, and the appropriate “effective” amount in any
individual case may be determined by one of ordinary skill in the art using routine

experimentation.

P43 PN

[0050] The phrases “active ingredient”, “therapeutic agent”, “active”, or “active
agent” mean a chemical entity which can be effective in treating a targeted disorder,

disease or condition.

[0051] The phrase “pharmaceutically acceptable” means moieties or compounds
that are, within the scope of medical judgment, suitable for use in humans without
causing undesirable biological effects such as undue toxicity, irritation, allergic

response, and the like, for example.

[0052] The phrase “oral dosage form™ means any pharmaceutical formulation
administered to a subject via the oral cavity. Exemplary oral dosage forms include
tablets, capsules, films, powders, sachets, granules, solutions, solids, suspensions or as
more than one distinct unit (e.g., granules, tablets, and/or capsules containing different
actives) packaged together for co-administration, and other formulations known in the
art. An oral dosage form can be one, two, three, four, five or six units. When the oral
dosage form has multiple units, all of the units are contained within a single package,
(e.g. a bottle or other form of packaging such as a blister pack). When the oral dosage
form is a single unit, it may or may not be in a single package. In a preferred
embodiment, the oral dosage form is one, two or three units. In a particularly

preferred embodiment, the oral dosage form is one unit.

[0053] The phrase “unit”, as used herein, refers to the number of discrete objects to
be administered which comprise the dosage form. In some embodiments, the dosage
form includes a compound of the invention in one capsule. This is a single unit. In
some embodiments, the dosage form includes a compound of the invention as part of
a therapeutically effective dosage of a cream or ointment. This is also a single unit.
In some embodiments, the dosage form includes a compound of the invention and
another active ingredient contained within one capsule, or as part of a therapeutically
effective dosage of a cream or ointment. This is a single unit, whether or not the
interior of the capsule includes multiple discrete granules of the active ingredient. In
some embodiments, the dosage form includes a compound of the invention in one

14
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capsule, and the active ingredient in a second capsule. This is a two unit dosage form,
such as two capsules or tablets, and so such units are contained in a single package.
Thus the term “unit’ refers to the object which is administered to the animal, not to the

interior components of the object.

[0054] "Biological medium," as used herein refers to both in vitro and in vivo
biological milieus. Exemplary in vitro "biological media" include, but are not limited
to, cell culture, tissue culture, homogenates, plasma and blood. /n vivo applications

are generally performed in mammals, preferably humans.

[0055] "Inhibiting" and "blocking," are used interchangeably herein to refer to the
partial or full blockade of an enzyme, such as PARP1 (Poly ADP Ribose
Polymerasel) and/or PARP2 and/or tubulin.

[0056] Embodiments of the invention also encompass compounds that are poly- or
multi-valent species, including, for example, species such as dimers, trimers,
tetramers and higher homologs of the compounds of use in the invention or reactive

analogues thereof.

11 Introduction

[0057] The invention provides novel compounds. The novel compounds, as well as
pharmaceutical formulations containing such compounds or combinations of these
compounds with at least one additional therapeutic agent, can be used for, among

other things, treating diseases, including cancer.

11 The Compounds
1lil.a)

[0058] In one aspect, the invention provides a compound of the invention. In an
exemplary embodiment, the invention is a compound described herein. In an
exemplary embodiment, the invention is a compound according to a formula

described herein.
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[0059] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (I):

(o}
NH
6
R N .=« _N Y-Z—-R'
R® T e
lT“'/',_ N
l‘ 'l H
M

(B)

* ¥k

wherein g represents a covalent bond to the methylene group in formula (1) and §
represents a covalent bond to the U ring in formula (I)

wherein formula (C)

.~ N *kskk
—_— E/UEN\>—§
H (©)

Fhx Fkkk

wherein g represents a covalent bond to the T ring in formula (I) and g
represents a covalent bond to -NH-Y-Z-R' in formula (I), has a structure which is
R2 R2 R2

N N N

N Fekededk I \J % dedekd N N Kkkk
***%'{@ng ***-L{éNIN *kk x I N>—§

H (D) or H (E) or H (F) or

RZ

NN
I \) % dekkk
dokk \ H
(€))

wherein Y is C(O) or S$(0),; Z is —O- or —-CH,— or -NH- or -N(CH,R")- wherein R’
is hydrogen or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C5 or Cg
or Co or Cyg alkyl; R' is hydrogen or substituted or unsubstituted C; or C or C; or Cy4
or Cs or Cg or C;5 or Cg or Cg or Cg alkyl or substituted or unsubstituted C; or C; or C;
or C4 or Cs or C¢ or C;7 or Cg or Cg or Cyg heteroalkyl or substituted or unsubstituted
aryl or substituted or unsubstituted arylalkyl or substituted or unsubstituted cycloalkyl
or substituted or unsubstituted heterocycloalkyl; R” is hydrogen or halogen or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
alkyl; R” is hydrogen or halogen or substituted or unsubstituted C; or C or Cs or Cy4

or Cs or Cg or C5 or Cg or Cg or Cygalkyl or substituted or unsubstituted C; or C; or C;
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or C4 or Cs or Cg or C; or Cg or Co or Cjoalkoxy; R* is hydrogen or halogen or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
alkyl or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C; or Cg or Cy
or Cyoalkoxy; R’ is hydrogen or halogen or substituted or unsubstituted C; or C, or C3
5 orCyor Csor Cgor Csor Cg or Co or Cypalkyl; and R® is hydrogen or halogen or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg

alkyl.

[0060] In another aspect, the invention provides a compound, or a salt or a hydrate
or a solvate thereof, having a structure according to formula (Ia):
(o]

RS H

Z-Z

Z

oo N
see MU E\> NH,
”’ T“‘/',__o N
[ ' H

10 (Ia)

A’f \@/‘2 N o}
R3 \ /\; *x ®)

represents a covalent bond to the methylene group in formula (Ia) and g

R5

* ¥k

wherein g
represents a covalent bond to the U ring in formula (Ia)

15  wherein formula (C1)

=+ _~N
-~ «%/ u '[N\>_NH2
H (1)

*kh%E

wherein g represents a covalent bond to the T ring in formula (1a), has a structure

which is
RZ R2 R2
N N N
i{@ - ﬂ o a{ﬁ o
deded N Tk N N *kk X N
H (D1) or H (El)or H (F1) or

RZ

N _N
I S—nH
***“L{QIN% i
20 H (GD)

wherein R” is hydrogen or halogen or substituted or unsubstituted C; or C, or Cs or Cy4
or Cs or C or C; or Cg or Cy or Cypalkyl; R? is hydrogen or halogen or substituted or

unsubstituted C; or C» or Cs or C4 or Cs or Cs or C7 or Cg or Co or Cyp alkyl or
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substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
alkoxy: R* is hydrogen or halogen or substituted or unsubstituted C; or C; or C; or C4
or Cs or Cg or C5 or Cg or Cg or Cygalkyl or substituted or unsubstituted C; or C; or C;
or C4 or Cs or Cg or C; or Cg or Cy or Cyp alkoxy; R’ is hydrogen or halogen or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
alkyl; and R® is hydrogen or halogen or substituted or unsubstituted C, or C, or C; or
Cqor Cs or Cg or C7 or Cg or Cg or Cyg alkyl.

[0061] In an exemplary embodiment, according to formula (1), Z, R, RZR} R* R,
and R® are as described herein, Y is C(O). In an exemplary embodiment, according to
formula (1), Z, R', R*, R>, R*, R°, and R° are as described herein, Y is S(O),. In an
exemplary embodiment, according to formula (I), Y, R', R’ R* R* R’ and R® are as
described herein, Z is —O—. In an exemplary embodiment, according to formula (I),
Y, RL R% R’ R*, R, and R® are as described herein, Z is —CH»—. In an exemplary
embodiment, according to formula (I), Y, R', R%, R*, R*, R’ and R® are as described
herein, Z is -NH-. In an exemplary embodiment, according to formula (I), Y, R, R?,

R*, R* R’ R® and R’ are as described herein, Z is —N(CH2R7)—.

[0062] In an exemplary embodiment, according to formula (1), R' R% R’ R*and
R’ are as described herein, Y is C(0), Z is -O- or -NH- or -N(CH,R")-, R is
halogen, and R® is halogen. In an exemplary embodiment, according to formula (),
R', R?, R?, R*and R’ are as described herein, Y is C(0), Z is —O— or -NH- or —
N(CH,R")-, R’ s halogen, and R® is fluorine or chlorine. In an exemplary
embodiment, according to formula (I), R', R?, R’, R* and R’ are as described herein,
Y is C(0), Z is —O- or -NH- or —N(CH2R7)—, Y is C(0), Z is —O—, R’is hydrogen,
and R°® is halogen or unsubstituted C; or C, or C; haloalkyl or C; or C, or C5 alkoxy
or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or Cy or Cyp alkyl. In an
exemplary embodiment, according to formula (1), R, R?, R’ R* and R” are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R®is hydrogen, and
R’ is halogen or unsubstituted C; or C, or Cs haloalkyl or C; or C; or C; alkoxy or
unsubstituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl.

[0063] In an exemplary embodiment, according to formula (I), R', R?, and R’ are
as described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R* is hydrogen or
halogen or unsubstituted C; or C; or C; haloalkyl or C; or C; or Cs3 alkoxy or
unsubstituted C, or C, or C3 or C4 or Cs or Cg or C7 or Cg or Cg or Cyo alkyl, R* is
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hydrogen or halogen or C; or C, or C; alkoxy, R’ is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C, or C; or C4 or Cs or Cg or C5 or Cg or Co or Cyo alkyl, and R® is hydrogen or
halogen or unsubstituted C; or C, or C; haloalkyl or C; or C, or C;5 alkoxy or
unsubstituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, according to formula (1), R', R% and R’ are as described
herein, Y is C(0), Z is —O- or -NH- or -N(CH,R")-, R’ is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C, or Cs or C4 or Cs or Cg or C or Cg or Cy or C alkyl, R* is hydrogen or halogen or
C; or C, or C; alkoxy, R’ is hydrogen or halogen or unsubstituted C; or C; or C;
haloalkyl or C; or C, or C; alkoxy or unsubstituted C,; or C, or C; or C4 or Cs or C¢ or
C7 or Cg or Co or Cyp alkyl, and R® is hydrogen or halogen. In an exemplary
embodiment, according to formula (I), R', R?, and R’ are as described herein, Y is
C(0), Z is —O— or -NH- or -N(CH,R")—, R” is hydrogen or halogen or unsubstituted
C, or C; or C;5 haloalkyl or C; or C; or C; alkoxy or unsubstituted C; or C, or C; or Cy4
or Cs or Cg or C5 or Cs or Cs or Cyo alkyl, R* is hydrogen or halogen or C; or C, or Cs
alkoxy, R’ is hydrogen or halogen, and R’ is hydrogen or halogen or unsubstituted C;
or C; or C; haloalkyl or C; or C, or C;5 alkoxy or unsubstituted C; or C; or C; or C4 or
Cs or Cg or C5 or Cg or Cg or Cg alkyl. In an exemplary embodiment, according to
formula (I), R', R?, and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or —
N(CH,R")-, R7is halogen, and R* is fluorine or chlorine, R’ is hydrogen or halogen,
and R® is hydrogen or halogen. In an exemplary embodiment, according to formula
D, R', R’ and R’ are as described herein, Y is C(0), Z is —O- or -NH- or —
N(CH,R)-, RY is unsubstituted C; or C, or Cs or heteroalkyl, and R* is fluorine or
chlorine, R’ is hydrogen or halogen, and R is hydrogen or halogen. In an exemplary
embodiment, according to formula (I), R!, R%, and R’ are as described herein, Y is
C(0), Z is —O— or -NH- or -N(CH,R")~, Y is C(0), Z is —O—, R*is hydrogen or
halogen or unsubstituted C; or C, or C; haloalkyl or C; or C, or C;5 alkoxy or
unsubstituted C, or C, or C3 or C4 or Cs or Cg or C; or Cg or Co or Cyo alkyl, R* is C;
or C, or Cs alkoxy, R’ is hydrogen or halogen, and R® is hydrogen or halogen. In an
exemplary embodiment, according to formula (1), R', R% and R’ are as described
herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R’ is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C1 or C3 or C4 or Cs or Cg or C7 or Cs or Co or Cy alkyl, R* is hydrogen, R’ is
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hydrogen or halogen, and R® is hydrogen or halogen. In an exemplary embodiment,
according to formula (I), R', R’ and R’ are as described herein, Y is C(0), Zis —O-
or -NH- or -N(CH,R")-, R*is hydrogen, R* is hydrogen or halogen or C; or C, or Cs
alkoxy, R’ is hydrogen or halogen, and R’ is hydrogen or halogen. In an exemplary
embodiment, according to formula (I), R!, R%, and R’ are as described herein, Y is
C(0), Z is —O— or -NH- or —-N(CH,R")-, R’ is fluorine, R* is hydrogen or halogen or
C, or C, or C5 alkoxy, R’ is hydrogen or halogen, and R® is hydrogen or halogen. In
an exemplary embodiment, according to formula (I), R', R%, and R’ are as described
herein, Y is C(0O), Z is —O- or —-NH- or —N(CH2R7)—, R'is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C, or C3 or C4 or Cs or Cg or C5 or Cg or Cy or Cyg alkyl, R* is hydrogen or halogen or
C; or C; or C3 alkoxy, R’ is hydrogen or halogen, and R® is fluorine or chlorine. In an
exemplary embodiment, according to formula (1), R', R% and R are as described
herein, Y is C(0), Z is —O- or -NH- or -N(CH,R")-, R’ is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C, or Cs or C4 or Cs or Cg or C or Cg or Cy or C alkyl, R* is hydrogen or halogen or
C; or C, or C3 alkoxy, R’ is hydrogen or halogen, and R® is fluorine or chlorine. In an
exemplary embodiment, according to formula (I), R', R% and R are as described
herein, Y is C(O), Z is ~O— or -NH- or -N(CH,R")—, R’ is fluorine, R* is hydrogen or
halogen or C; or C; or Cs alkoxy, R’ is hydrogen, and R® is hydrogen.

[0064] In an exemplary embodiment, according to formula (I), R' and R” are as
described herein, Y is C(0O), Z is —O— or -NH- or -N(CH,R")—, R*is hydrogen or
halogen or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C; or Cg or
Co or Cyo alkyl, R*is hydrogen or halogen or unsubstituted C; or C; or C; haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or
Co or Cg alkyl, R* is hydrogen or halogen or C; or C; or C; alkoxy, R’ is hydrogen or
halogen or unsubstituted C; or C, or C; haloalkyl or C; or C, or C;5 alkoxy or
unsubstituted C, or C, or C3 or C4 or Cs or Cg or C7 or Cg or Cy or Cyo alkyl, and R® is
hydrogen or halogen or unsubstituted C; or C, or C; haloalkyl or C, or C; or C;
alkoxy or unsubstituted C; or C, or C5 or C4 or Cs or Cg or C7 or Cg or Cy or Cyp alkyl.
In an exemplary embodiment, according to formula (I), R' and R” are as described
herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")—, R?is hydrogen or halogen or

substituted or unsubstituted C; or C, or C3 or C4 or Cs or Cg or C7 or Cg or Co or Cyg
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alkyl, R*is hydrogen or halogen or unsubstituted C, or C, or C; haloalkyl or C, or C,
or C; alkoxy or unsubstituted C; or C, or C5 or C4 or Cs or Cg or C7 or Cg or Cy or Cyy
alkyl, R* is hydrogen or halogen or C; or C, or C; alkoxy, R’ is hydrogen or halogen
or unsubstituted C; or C, or C; haloalkyl or C; or C; or C; alkoxy or unsubstituted C,
or C, or C3 or C4 or Cs or Cg or C5 or Cg or Cy or C alkyl, and R® is hydrogen or
halogen. In an exemplary embodiment, according to formula (I), R' and R” are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R*is hydrogen or
halogen or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C; or Cg or
Co or Cg alkyl, R*is hydrogen or halogen or unsubstituted C; or C or C; haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or
Cy or Cyp alkyl, R* is hydrogen or halogen or C; or C, or C; alkoxy, R’ is hydrogen or
halogen, and R® is hydrogen or halogen or unsubstituted C; or C, or Cs haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or
Co or Cyg alkyl. In an exemplary embodiment, according to formula (I), R' and R are
as described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R%is halogen, R'is
halogen, R* is fluorine or chlorine, R’ is hydrogen or halogen, and R’ is hydrogen or
halogen. In an exemplary embodiment, according to formula (I), R' and R’ are as
described herein, Y is C(0O), Z is —O— or -NH- or -N(CH,R")—, R*is hydrogen, R*is
halogen, R* is fluorine or chlorine, R*is hydrogen or halogen, and R® is hydrogen or
halogen. In an exemplary embodiment, according to formula (I), R' and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R%is hydrogen, R'is
unsubstituted C, or C, or C; or heteroalkyl, R* is fluorine or chlorine, R’ is hydrogen
or halogen, and R°® is hydrogen or halogen. In an exemplary embodiment, according
to formula (1), R' and R’ are as described herein, Y is C(0), Z is —~O— or -NH- or —
N(CH,R")-, R?is hydrogen, R¥ is hydrogen or halogen or unsubstituted C; or C, or Cs
haloalkyl or C; or C, or C; alkoxy or unsubstituted C,; or C, or C; or C4 or Cs or C¢ or
C; or Cg or Co or Cyo alkyl, R*is C; or C; or C; alkoxy, R’ is hydrogen or halogen,
and R® is hydrogen or halogen. In an exemplary embodiment, according to formula
(D), R' and R’ are as described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")-,
R’is hydrogen, R’ is hydrogen or halogen or unsubstituted C; or C; or C; haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or
Co or Cyp alkyl, R* is hydrogen, R’ is hydrogen or halogen, and R® is hydrogen or
halogen. In an exemplary embodiment, according to formula (I), R' and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R%is hydrogen, R'is
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hydrogen, R* is hydrogen or halogen or C, or C, or C; alkoxy, R’ is hydrogen or
halogen, and R® is hydrogen or halogen. In an exemplary embodiment, according to
formula (I), R' and R are as described herein, Y is C(0), Z is —O— or -NH- or —
N(CH,R")-, R?is hydrogen, R’ is fluorine, R* is hydrogen or halogen or C, or C, or
C; alkoxy, R’ is hydrogen or halogen, and R’ is hydrogen or halogen. In an
exemplary embodiment, according to formula (I), R' and R are as described herein,
Y is C(0), Z is —O— or -NH- or -N(CH,R")-, R is hydrogen, R’ is hydrogen or
halogen or unsubstituted C; or C, or C; haloalkyl or C; or C, or C;5 alkoxy or
unsubstituted C, or C, or C3 or C4 or Cs or Cg or C7 or Cg or Cg or Cyo alkyl, R* is
hydrogen or halogen or C, or C; or Cs alkoxy, R’ is hydrogen or halogen, and R® is
fluorine or chlorine. In an exemplary embodiment, according to formula (I), R' and
R’ are as described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R%is
hydrogen, R’ is hydrogen or halogen or unsubstituted C; or C; or Cs haloalkyl or C; or
C; or C; alkoxy or unsubstituted C; or C;, or C; or C4 or Cs or Cg or C; or Cg or Co or
C1o alkyl, R* is hydrogen or halogen or C; or C; or Cs alkoxy, R’ is hydrogen or
halogen, and R® is fluorine or chlorine. In an exemplary embodiment, according to
formula (I), R' and R are as described herein, Y is C(0), Z is —O— or -NH- or —
N(CH,R")-, R?is methyl, R*is hydrogen or halogen or unsubstituted C, or C; or Cs
haloalkyl or C; or C, or C; alkoxy or unsubstituted C,; or C, or C; or C4 or Cs or C¢ or
C; or Cg or Co or Cyo alkyl, R* is hydrogen or halogen or C; or C, or C; alkoxy, R*is
hydrogen or halogen, and R° is fluorine or chlorine. In an exemplary embodiment,
according to formula (I), R' and R’ are as described herein, Y is C(0), Z is —O— or —
NH- or -N(CH,R")-, R?is fluorine or chlorine, R’ is hydrogen or halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or
C, or C3 or C4 or Cs or Cg or C5 or Cg or Cy or Cyg alkyl, R* is hydrogen or halogen or
C; or C, or C3 alkoxy, R’ is hydrogen or halogen, and R® is fluorine or chlorine. In an
exemplary embodiment, according to formula (I), R' and R’ are as described herein,
Y is C(0), Z is —O- or -NH- or —N(CH2R7)—, R’is hydrogen, R’is fluorine, R* is
hydrogen or halogen or C, or C, or Cs alkoxy, R’ is hydrogen, and R® is hydrogen. In
an exemplary embodiment, according to formula (I), R' and R’ are as described
herein, Y is C(0O), Z is —O- or —-NH- or —N(CH2R7)—, R is hydrogen, Ris fluorine,
R* is hydrogen, R’ is hydrogen, and R® is hydrogen.
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[0065] In an exemplary embodiment, according to formula (1), R, R’ R* R’ R,
and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and R*
is substituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, according to formula (1), R, R’ R* R’ R and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, and R?is
unsubstituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, according to formula (1), R, R’ R* R’ R® and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, and R*is CH;. In an
exemplary embodiment, according to formula (1), R, R’ R* R’ R® and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, and R? is H. In an
exemplary embodiment, according to formula (1), RL R? R* R® R and R are as
described herein, Y is C(0), Z is -O— or -NH- or -N(CH>R")-, and R” is halogen. In
an exemplary embodiment, according to formula (I), RY, R, R*, R’ R® and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")-, and R* is fluorine or
chlorine. In an exemplary embodiment, according to formula (1), R, R’ R* R’ R
and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and R*

1s chlorine.

[0066] In an exemplary embodiment, according to formula (1), Rl, R3, R4, RS, RG,
and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")-, and R’
is hydrogen or halogen or substituted or unsubstituted C; or C;, or C; or C4 or Cs or Cq
or C; or Cg or Cy or Cjphaloalkyl or substituted or unsubstituted C; or C, or C; or Cy
or Cs or C¢ or C; or Cg or Cy or Cyp heteroalkyl. In an exemplary embodiment,
according to formula (I), R', R’, R* R°, R’ and R’ are as described herein, Y is C(O),
Z is —O- or —-NH- or -N(CH>R")-, and R’ is substituted C; or C or C3 or C4 or Cs or
Co or C; or Cg or Co or Cyp alkyl. In an exemplary embodiment, according to formula
D, R', R’ R* R’ R’ and R’ are as described herein, Y is C(0), Z is —O— or —-NH- or
~N(CH,R")-, and R? is unsubstituted C; or C5 or Cs or C4 or Cs or Cg or C; or Cs or
Cy or Cyp alkyl. In an exemplary embodiment, according to formula (I), R', R*, R*,
R>, R®, and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")—,
and R’ is CH;. In an exemplary embodiment, according to formula (I), R', R*, R*, R®,
R®, and R’ are as described herein, Y is C(0), Z is —O— or -NH- or —-N(CH,R")-, and
R’ is C,-C, alkyl substituted with one or more halogen. In an exemplary embodiment,

according to formula (I), R', R’ R* R’ R® and R’ are as described herein, Y is C(0),
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Z 1s —O— or -NH- or —N(CH2R7)—, and R® is —~CF;. In an exemplary embodiment,
according to formula (I), R', R’ R* R’ R® and R’ are as described herein, Y is C(0),
Z is —O— or -NH- or -N(CH,R")—, and R*is C; or C, or C; alkoxy. In an exemplary
embodiment, according to formula (I), R, R, R* R’ R® and R’ are as described
herein, Y is C(O), Z is ~O- or -NH- or -N(CH,R")-, and R is -OCH3. In an
exemplary embodiment, according to formula (1), R, R’ R* R’ R® and R’ are as
described herein, Y is C(0O), Z is —O— or -NH- or -N(CH,R")-, and R’ is C; or C, or
C; haloalkyl. In an exemplary embodiment, according to formula (I), R, R’ R* R,
R®, and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and
R’ is CF;. In an exemplary embodiment, according to formula (I), R!, R*, R*, R®, R®,
and R are as described herein, Y is C(0), Z is —-O- or -NH- or -N(CH,R")-, and R’
is H. In an exemplary embodiment, according to formula (1), R, R’ R* R’,R® and
R’ are as described herein, Y is C(0O), Z is -O— or -NH- or -N(CH,R")-, and R’ is
halogen. In an exemplary embodiment, according to formula (1), R, R’ R* R’ R,
and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")-, and R’
is fluorine or chlorine. In an exemplary embodiment, according to formula (I), R", R®,
R* R’, R®, and R’ are as described herein, Y is C(0), Z is —O— or -NH- or —
N(CH,R")-, and R’ is fluorine.

[0067] In an exemplary embodiment, according to formula (1), R, R%Z R’ R’ R,
and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and R*
is hydrogen or halogen or substituted or unsubstituted C; or C;, or C; or C4 or Cs or Cq
or C; or Cg or Cy or Cjphaloalkyl or substituted or unsubstituted C; or C, or C; or Cy
or Cs or C¢ or C; or Cg or Cy or Cyp heteroalkyl. In an exemplary embodiment,
according to formula (I), R', R?, R, R’, R® and R’ are as described herein, Y is C(0),
Z is —O— or -NH- or -N(CH,R")-, and R* is halogen. In an exemplary embodiment,
according to formula (I), R', R?, R, R’, R® and R’ are as described herein, Y is C(0),
Z is —O— or -NH- or -N(CH,R")-, and R* is fluorine or chlorine. In an exemplary
embodiment, according to formula (I), R', R, R, R’ R, and R’ are as described
herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, and R* is substituted C, or C, or
C; or C4 or Cs or Cg or C; or Cg or Cy or Cyg alkyl. In an exemplary embodiment,
according to formula (I), R, R?, R*, R°, R’ and R’ are as described herein, Y is C(O),
Z is —O— or -NH- or -N(CH,R")—, and R* is unsubstituted C; or C, or C3 or C4 or Cs

or Cg or C; or Cg or Cg or Cyp alkyl. In an exemplary embodiment, according to
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formula (I), R', R%, R, R’, R, and R’ are as described herein, Y is C(0), Z is —O— or
—NH- or -N(CH,R")~, and R* is CH;. In an exemplary embodiment, according to
formula (I), R', R%, R*, R®, R®, and R’ are as described herein, Y is C(0), Z is —O- or
~NH- or -N(CH,R")~, and R* is unsubstituted C, or C, or C; or heteroalkyl. In an
exemplary embodiment, according to formula (1), R, R%, R’ R’ R’ and R’ are as
described herein, Y is C(0O), Z is —O— or -NH- or -N(CH,R")-, and R* is C; or C, or
C; alkoxy. In an exemplary embodiment, according to formula (I), R R%, R’ R’ R,
and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")-, and R*
is —OCH3;. In an exemplary embodiment, according to formula (I), R, R R’ R’ R,
and R are as described herein, Y is C(0), Z is -O- or -NH- or -N(CH,R")-, and R*
is C; or C;, or C; haloalkyl. In an exemplary embodiment, according to formula (I),
R', R? R’ R® R® and R’ are as described herein, Y is C(0), Z is —O- or -NH- or -
N(CH,R")-, and R* is CFs. In an exemplary embodiment, according to formula (1),
R', R? R’ R® R® and R’ are as described herein, Y is C(0), Z is —O- or -NH- or -
N(CH,R)-, and R* is hydrogen.

[0068] In an exemplary embodiment, according to formula (1), R, R’ R’ R* R,
and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")-, and R’
is hydrogen or halogen or substituted or unsubstituted C; or C;, or C; or C4 or Cs or Cq
or C; or Cg or Cy or Cjphaloalkyl or substituted or unsubstituted C; or C, or C; or Cy
or Cs or C¢ or C; or Cg or Cy or Cyp heteroalkyl. In an exemplary embodiment,
according to formula (I), R', R?, R, R* R’ and R’ are as described herein, Y is C(0),
Z is —~O— or -NH- or -N(CH,R")-, and R’ is halogen. In an exemplary embodiment,
according to formula (I), R, R?, R>, R* R’ and R’ are as described herein, Y is C(O),
Z is —O— or -NH- or -N(CH,R")-, and R’ is fluorine or chlorine or bromine. In an
exemplary embodiment, according to formula (1), R, R%, R’ R* R® and R’ are as
described herein, Y is C(0O), Z is —O— or -NH- or -N(CH,R")-, and R’ is substituted
Cyor Cy or C; or Cy4 or Cs or Cg or C; or Cg or Cy or Cyg alkyl. In an exemplary
embodiment, according to formula (I), R', R, R, R* R® and R’ are as described
herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, and R’ is unsubstituted C; or C,
or C; or C4 or Cs or C¢ or C7 or Cg or Cy or Cjp alkyl. In an exemplary embodiment,
according to formula (I), R, R?, R>, R* R’ and R’ are as described herein, Y is C(O),
Z is —~O- or -NH- or -N(CH,R")—, and R” is CH3. In an exemplary embodiment,
according to formula (I), R', R?, R, R* R’ and R’ are as described herein, Y is C(0),
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Z is —O— or -NH- or -N(CH,R")-, and R’ is unsubstituted C; or C, or Cs or
heteroalkyl. In an exemplary embodiment, according to formula (1), R, R%Z R RY,
R®, and R’ are as described herein, Y is C(0), Z is —O— or -NH- or —-N(CH,R")-, and
R’is C, or C; or Cs alkoxy. In an exemplary embodiment, according to formula (1),
R', R?, R*, R* R® and R’ are as described herein, Y is C(0), Z is -O— or -NH- or —
N(CH,R")-, and R’ is —OCHs. In an exemplary embodiment, according to formula
D, R', R’ R’ R* R’ and R’ are as described herein, Y is C(0), Z is —O— or —-NH- or
~N(CH,R")-, and R’ is C; or C; or C; haloalkyl. In an exemplary embodiment,
according to formula (I), R', R?, R, R* R’ and R’ are as described herein, Y is C(0),
Z is —~O- or -NH- or -N(CH,R")-, and R” is CF3. In an exemplary embodiment,
according to formula (I), R, R?, R>, R* R’ and R’ are as described herein, Y is C(O),
Z is —O— or -NH- or -N(CH,R")-, and R’ is hydrogen.

[0069] In an exemplary embodiment, according to formula (1), R, R% R’ R* R,
and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and R®
is hydrogen or halogen or substituted or unsubstituted C; or C;, or C; or C4 or Cs or Cq
or C; or Cg or Cy or Cjphaloalkyl or substituted or unsubstituted C; or C, or C; or Cy
or Cs or C¢ or C7 or Cg or Co or Cyp heteroalkyl. In an exemplary embodiment,
according to formula (I), R', R?, R*, R* R’ and R’ are as described herein, Y is C(0),
Z is —O— or -NH- or -N(CH,R")-, and R is halogen. In an exemplary embodiment,
according to formula (I), R', R?, R*, R* R’ and R’ are as described herein, Y is C(0),
Z is —O— or -NH- or -N(CH,R")-, and R° is fluorine or chlorine or bromine. In an
exemplary embodiment, according to formula (1), R, R%, R’ R* R’, and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")-, and R® is substituted
Cior Cy or C; or C4 or Cs or Cg or C7 or Cg or Cy or Cyp alkyl. In an exemplary
embodiment, according to formula (I), R', R?, R?, R* R’, and R’ are as described
herein, Y is C(0O), Z is ~O— or -NH- or -N(CH,R")—, and R® is unsubstituted C; or C,
or C; or C4 or Cs or C¢ or C7 or Cg or Cy or Cjp alkyl. In an exemplary embodiment,
according to formula (I), R', R?, R>, R* R’, and R’ are as described herein, Y is C(O),
Z is —~O- or -NH- or -N(CH,R")-, and R®is CH;. In an exemplary embodiment,
according to formula (I), R', R?, R>, R* R’, and R’ are as described herein, Y is C(O),
Z is —~O- or -NH- or -N(CH,R")-, and R®is C; or C, or C; heteroalkyl. In an
exemplary embodiment, according to formula (1), R, R%, R’ R* R’, and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")-, and R® is C; or C, or
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C; alkoxy. In an exemplary embodiment, according to formula (I), R, R% R’ R R,
and R’ are as described herein, Y is C(0), Z is -O— or -NH- or -N(CH,R")-, and R®
is ~OCH;. In an exemplary embodiment, according to formula (I), R, R%, R®, R*, R,
and R are as described herein, Y is C(0), Z is -O- or -NH- or -N(CH,R")-, and R®
is unsubstituted C; or C; or C; haloalkyl. In an exemplary embodiment, according to
formula (I), R', R%, R*, R*, R, and R’ are as described herein, Y is C(0), Z is —O— or
—NH- or -N(CH,R")-, and R® is CF;. In an exemplary embodiment, according to
formula (I), R', R%, R*, R*, R, and R’ are as described herein, Y is C(0), Z is —O— or
~NH- or -N(CH,R")~, and R° is hydrogen.

[0070] In an exemplary embodiment, according to formula (1), R R*, R’ and R’
are as described herein, Y is C(O), Z is ~O— or -NH- or -N(CH,R")-, R*is halogen,
and R* is halogen. In an exemplary embodiment, according to formula (I), R', R%, R,
and R’ are as described herein, Y is C(0), Z is —-O— or -NH- or -N(CH,R")—, R’ is
halogen, and R* is fluorine or chlorine. In an exemplary embodiment, according to
formula (I), R', R?, R’, and R’ are as described herein, Y is C(0), Z is —O— or -NH-
or -N(CH,R")-, R*is halogen, and R? is unsubstituted C; or C» or C; or heteroalkyl.
In an exemplary embodiment, according to formula (I), R', R’ R’ and R’ are as
described herein, Y is C(0), Z is —O— or -NH- or -N(CH,R")—, R*is halogen, and R
is C; or C, or C3 alkoxy. In an exemplary embodiment, according to formula (I), R,
R% R’ and R’ are as described herein, Y is C(0), Z is —O- or —-NH- or —N(CH2R7)—,
R’ is fluorine or chlorine, and R* is —OCH;. In an exemplary embodiment, according
to formula (I), R, R?, R®, and R’ are as described herein, Y is C(0), Z is —O- or —
NH- or -N(CH,R")-, R*is hydrogen, and R? is halogen or unsubstituted C; or C, or
C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or C; or C; or C4 or Cs or Cg
or C; or Cg or Co or Cyp alkyl. In an exemplary embodiment, according to formula (I),
R', R? R’, and R’ are as described herein, Y is C(0), Z is —O- or -NH- or —
N(CH,R")-, R*is hydrogen, and R* is halogen or unsubstituted C; or C, or Cs
haloalkyl or C; or C, or C; alkoxy or unsubstituted C,; or C, or C; or C4 or Cs or C¢ or
C; or Cg or Cy or Cyp alkyl.

[0071] In an exemplary embodiment, according to formula (1), Rl, R2, R3, R4, RS,
and R® are as described herein, Y is C(0), Z is-N(CH,R")—, and R’ is unsubstituted C;
or C, or C; or C4 or Cs or Cg or C; or Cg or Cy or Cyp alkyl. In an exemplary

embodiment, according to formula (I), R!, R%, R®, and R* are as described herein, Y is
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C(0), Z is-N(CH,R")—, R’ is H, R® is H, and R is unsubstituted C, or C; or C3 or C4
or Cs or Cg or C7 or Cg or Cg or Cp alkyl. In an exemplary embodiment, according to
formula (I), R, R?, and R? are as described herein, Y is C(0), Z is-N(CH,R")—, R*is
H, R’is H, R%is H, and R’ is unsubstituted C; or C or Cs or C4 or Cs or Cg or C5 or
Cg or Cy or Cyo alkyl. In an exemplary embodiment, according to formula (I), R', R’
and R* are as described herein, Y is C(0), Z is-N(CH,R")—, R*is H or F or CH3, R’ is
H, R®is H, and R’ is unsubstituted C; or C» or C3 or C4 or Cs or Cg or C5 or Cg or Co
or Cyo alkyl. In an exemplary embodiment, according to formula (I), R' and R’ are as
described herein, Y is C(0), Z is-N(CH,R")—, R?is Hor F or CH3, R* is H, R’ is H,
R®is H, and R’ is unsubstituted C; or C5 or C3 or C4 or Cs or Cg or C; or Cg or Co or
Cyo alkyl. In an exemplary embodiment, according to formula (I), R' is as described
herein, Y is C(0), Z is-N(CH,R")—, R?is H or F or CH3, R* is F, R*is H, R’ is H, R®
is H, and R’ is unsubstituted C; or C» or Cs or C4 or Cs or Cg or C or Cs or Co or Cio
alkyl. In an exemplary embodiment, according to formula (I), R' is as described
herein, Y is C(0), Z is-N(CH,R")—, R?isH or F or CHs, R* is F, R*is H, R is H, R®
is H, and R’ is methyl or ethyl or propyl or isopropyl. In an exemplary embodiment,
according to formula (I), R, R?, R>, R* R’ and R® are as described herein, Y is C(O),
Z is-N(CH,R")-, and R’ is methyl or ethyl or propyl or isopropyl. In an exemplary
embodiment, according to formula (I), R%, R*, R* R®, and R° are as described herein,
Y is C(0), Z is-N(CH,R")-, R’ is unsubstituted C, or C, or C; or C4 or Cs or Cg or C-
or Cg or Cy or Cyo alkyl and R is unsubstituted C; or C or C3 or C4 or Cs or Cg or C-
or Cg or Co or Cyo alkyl. In an exemplary embodiment, according to formula (I), R,
R’,R* R°, and R° are as described herein, Y is C(0), Z is—-N(CH,R")—, R’ is methyl
or ethyl or propyl or isopropyl and R' is unsubstituted C; or C, or C; or C4 or Cs or Cg
or C; or Cg or Co or Cyp alkyl. In an exemplary embodiment, according to formula (I),
R% R, R* R, and R® are as described herein, Y is C(0), Z is-N(CH,R")—, R’ is
unsubstituted C, or C, or C3 or C4 or Cs or Cg or C7 or Cg or Cy or Cyo alkyl and R is
methyl or ethyl or propyl or isopropyl. In an exemplary embodiment, according to
formula (1), R% R’ R* R®, and R® are as described herein, Y is C), Z is—N(CH2R7)—
. R7is methyl or ethyl or propyl or isopropyl and R' is methyl or ethyl or propyl or
isopropyl. In an exemplary embodiment, according to formula (I), R*, R, and R* are
as described herein, Y is C(0), Z is-N(CH,R")—, R’ is H, R® is H, and R’ is methy] or
ethyl or propyl or isopropyl and R is methyl or ethyl or propyl or isopropyl. In an

exemplary embodiment, according to formula (I), R* and R’ are as described herein,
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Y is C(0), Z is-N(CH,R")—, R*is H, R’ is H, R®is H, R is methyl or ethyl or propyl
or isopropyl and R” is methyl or ethyl or propyl or isopropyl. In an exemplary
embodiment, according to formula (I), R* and R* are as described herein, Y is C(0), Z
is-N(CH,R")—, R*is H or F or CH3, R’ is H, R®is H, R' is methy] or ethyl or propyl
or isopropyl and R’ is methy] or ethyl or propyl or isopropyl. In an exemplary
embodiment, according to formula (I), R’ is as described herein, Y is C(0), Z is—
N(CH2R7)—, R*isHor For CHs, R*isH, R’ isH, R®is H, R' is methyl or ethyl or
propyl or isopropyl and R’ is methyl or ethyl or propyl or isopropyl. In an exemplary
embodiment, according to formula (I), Y is C(0), Z is-N(CH,R")—, R? is H or F or
CH;, R*is F, R*is H, R%is H, R® is H, R" is methyl or ethyl or propyl or isopropyl
and R is methyl or ethyl or propyl or isopropyl. In an exemplary embodiment,
according to formula (I), R' is as described herein, Y is C(O), Z is-N(CH,R")—, R? is
HorF or CHs, R*is F, R*isH, R’ is H, R®is H, and R is methyl or ethyl or propyl or
isopropyl.

[0072] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

(1a) or Ly H (111a),
wherein R' and R? are as described herein. In an exemplary embodiment, the

compound, or a salt or a hydrate or a solvate thereof, has a structure which is
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so TN
2N Re N )—H—m
Xy
\\

N
(Iva) or o H Va)

wherein R' and R? are as described herein. In an exemplary embodiment, the

compound, or a salt or a hydrate or a solvate thereof, has a structure which is

5
O
NH
| (0]
O ~N RZ N >_0_R1
X
= N
0-4 H (VIa) or
wherein R' and R? are as described herein.
[0073] In an exemplary embodiment, the compound, or a salt or a hydrate or a
solvate thereof, has a structure which is
o 0
oCr s
N N
V—NH, N\ @ H>_NH2
10 (ITb) or 0 (IVb) or

N
D—NH,

N
H

(VIb) wherein R” is as described herein. In an
exemplary embodiment, the structure is according to one of the following table,

wherein R' is as described herein, where applicable
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Cmpd | Form | R Cmpd |Form | R’ Cmpd | Form | R’
i i H 7 HI H 13 v H
2 i F 3 HI F 14 v F
3 1] CH; 9 HI CH; 15 v CH;
4 fa H 10 iHa H 16 Va H
5 fa F il iHa F 17 IVa F
6 Ha | CH; i2 Hla | CHj 8 IVa | CH;
Cmpd | Form | R Cmpd | Form | R Cmpd | Form | R’
19 Y H 25 VI H 31 Vi H
29 Y F 26 VI F 3 Vi F
21 Y CH; 27 VI CH; 33 VII | CH;
22 Va H 28 Via H 34 Via H
23 Va F 29 Via F 35 Via F
24 Va | CHs 30 Via | CH; 36 VHa | CH:

Cmpd | Ferm | R°
37 b H
38 Iib F
39 Iib CH;
40 Vb H
41 Vb F
42 Vb | CH;j
43 Vib H
44 Vib F
45 Vib | CH;

{0074] In an exemplary embodiment, the compound, or a salt or ahvdrale or a

15 solvate thersof, has a structure which is
o} o}
NH [o) NH [o)
R2 2 H
O 2 f!| N >—0-R1 O P f!| R N >—N—R1
QL QL
N N
S NS
R® ; . R? .
R# (Vi) or R* (1X),

‘ 3 4 . .
wherein R, R?, R®, and R* are as described herein.
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[0075] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

R* (X) or R* (X1),

. 1 2 3 4 . .
wherein R", R”, R’, and R™ are as described herein.

5 [0076] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

Ré (XII) or R* (X111),

. 1 2 3 4 . .
wherein R", R”, R’, and R™ are as described herein.

[0077] In an exemplary embodiment, the compound, or a salt or a hydrate or a

10 solvate thereof, has a structure which is

(o]
(o]
NH
r;‘H 2 R -R1 /I -R!
O ZN R O N\)_NZ—OR O N O \>_N2—NR
N
(T (L.
R (XIV) or R* (XV),

wherein R!, R?, R?, and R* are as described herein.

[0078] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is
o)

NH

|
N N R? N—-R’
¢ i ( \HZ_

N

o-R1
L7
15 R® (XVI) or R® (XVID),

\Y
Zz-Z
X
A
)

Iz

wherein R', R?, and R are as described herein.

32



10

15

WO 2017/223516 PCT/US2017/039119

[0079] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

(XVII) or (XIX),
wherein R', R%, and R? are as described herein. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (XVIII)
or (XIX) wherein R is hydrogen or F or Cl or unsubstituted C; or C; or C; alkyl; R
1s hydrogen or unsubstituted C; or C» or Cs or alkyl or substituted or unsubstituted C;
or C; or Cs alkoxy; and R' is as described herein. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (XVIII)

or (XIX) wherein R* is H; R is F; and R' is as described herein.

[0080] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

(XX) or (XXI),

wherein R? and R? are as described herein.

[0081] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

N o>—O-R1

R3

(XXI1I) or

wherein R? and R? are as described herein.
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[0082] In an exemplary embodiment, the compound, or a salt or a hydrate or a

solvate thereof, has a structure which is

N
X
N
R® (XVIb), wherein R* and R’ are as described herein.

[0083] In an exemplary embodiment, the compound, or a salt or a hydrate or a
solvate thereof, is according to formulae (Ia) or (VIII) or (VIIIb) or (IX) or (X) or
(Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb) or (XV) or (XVI) or
(XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII), wherein R? is hydrogen or
F or CI or unsubstituted C; or C, or Cs alkyl; R? is hydrogen or F or Cl or
unsubstituted C, or C; or C; or alkyl or substituted or unsubstituted C; or C; or C;
alkoxy; and R* is hydrogen or F or CI or unsubstituted C; or C, or C5 or alkyl or

substituted or unsubstituted C; or C; or C; alkoxy.

[0084] In an exemplary embodiment, the compound, or a salt or a hydrate or a
solvate thereof, is according to formulae (I) or (Ia) or (VIII) or (VIIIb) or (IX) or (X)
or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb) or (XV) or (XVI) or
(XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII), wherein R” is H and R’ is
H. In an exemplary embodiment, the compound, or a salt or a hydrate or a solvate
thereof, is according to formulae (I) or (Ia) or (VIII) or (VIIIb) or (IX) or (X) or (Xb)
or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVDb) or (XV) or (XVI) or (XVIb) or
(XVII) or (XX) or (XXI) or (XXII) or (XXIII), wherein R” is F and R*is H. In an
exemplary embodiment, the compound, or a salt or a hydrate or a solvate thereof, is

according to formulae (I) or (Ia) or (VIII) or (VIIIb) or (IX) or (X) or (Xb) or (XI) or
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(XII) or (XIIb) or (XIIT) or (XIV) or (XIVDb) or (XV) or (XVI) or (XVIb) or (XVII) or
(XX) or (XXI) or (XXII) or (XXIII), wherein R” is H and R* is F. In an exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formula (XVIb), wherein R?is H and R’ is F. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I) or
(Ia) or (VIII) or (VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or
(XIV) or (XIVD) or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII)
or (XXIII), wherein R?is F and R*is F. In an exemplary embodiment, the compound,
or a salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII)
or (VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or
(XIVb) or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is H and R? is Cl. In an exemplary embodiment, the compound, or a salt
or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is F and R* is Cl. In an exemplary embodiment, the compound, or a salt
or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R? is H and R* is ~OCHj3. In an exemplary embodiment, the compound, or a
salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is H and R? is —OCHF,. In an exemplary embodiment, the compound, or
a salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is H and R? is —OCFs. In an exemplary embodiment, the compound, or a
salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R? is H and R* is —<CH;. In an exemplary embodiment, the compound, or a
salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
35
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or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is H and R’ is —CF3. In an exemplary embodiment, the compound, or a
salt or a hydrate or a solvate thereof, is according to formulae (I) or (Ia) or (VIII) or
(VIIIb) or (IX) or (X) or (Xb) or (XI) or (XII) or (XIIb) or (XIII) or (XIV) or (XIVb)
or (XV) or (XVI) or (XVIb) or (XVII) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R” is H and R® is —-OCH,CHj3. In an exemplary embodiment, the compound,
or a salt or a hydrate or a solvate thereof, is according to formulae (I) or (VIII) or (IX)
or (X) or (X1) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or
(XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is substituted or
unsubstituted C; or C; or Cs or C4 or Cs or C¢ or C; or Cs or Cy or Cy alkyl or
substituted or unsubstituted C; or C; or C3 or C4 or Cs or Cg or C7 or Cg or Co or Cyg
heteroalkyl or substituted or unsubstituted aryl or substituted or unsubstituted
arylalkyl or substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl. In an exemplary embodiment, the compound, or a salt or a hydrate
or a solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (XI) or
(XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or
(XXI) or (XXII) or (XXIII), wherein R' is methyl. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I) or
(VIID) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or
(XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is ethyl. In an
exemplary embodiment, the compound, or a salt or a hydrate or a solvate thereof, is
according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or
(XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII),
wherein R' is ~(CH,)mOR "™, wherein R™ is substituted or unsubstituted C; or C; or Cs
alkyl, and mis 1 or 2 or 3. In an exemplary embodiment, the compound, or a salt or a
hydrate or a solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or
(XD) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or
(XX) or (XXI) or (XXII) or (XXIII), wherein R' is -(CH,),OCHs. In an exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or
(XVD) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein
R' is propyl or -CH,CH,F or -CH,CHF; or —-CH,CF; or -CH(CH3), or —
CH(CH;)(CH,CHj3) or cyclopropyl or cyclobutyl or cyclopentyl or cyclohexyl or

oxetanyl or tetrahydropyranyl or azetidinyl or methylazetidinyl or piperidinyl or
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methylpiperidinyl or phenyl or benzyl or —(CH,)uNR'™R'®, wherein R™ is hydrogen
or substituted or unsubstituted C; or C; or C; alkyl and R is hydrogen or substituted
or unsubstituted C; or C; or Cs alkyl and mis 1 or 2 or 3, with the proviso that R'®

and R'° can optionally be joined to form a 4-7 membered ring.

[0085] In an exemplary embodiment, the compound, or a salt or a hydrate or a solvate
thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (X1) or (XII) or (XIII)
or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII)
or (XXIII), wherein R' is —-(CH,),OCH3, R” is H, and R* is H. In an exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or
(XVD) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein
R'is «(CH,),OCH;, R* is H, and R’ is F. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I) or
(VIID) or (IX) or (X) or (X1I) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII)
or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is methyl, R*
is F, and R* is F. In an exemplary embodiment, the compound, or a salt or a hydrate
or a solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (XI) or
(XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or
(XXI) or (XXII) or (XXIII), wherein R' is ethyl, R*is F, and R* is F. In an
exemplary embodiment, the compound, or a salt or a hydrate or a solvate thereof, is
according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV)
or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or
(XXIII), wherein R' is -(CH,),OCHj3, R% is F, and R* is F. In an exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or
(XVD) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein
R'is methyl; R? is H; and R? is —CH;. In an exemplary embodiment, the compound,
or a salt or a hydrate or a solvate thereof, is according to formulae (I) or (VIII) or (IX)
or (X) or (X1) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or
(XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is ethyl; R? is H; and R” is
—CH3;. In an exemplary embodiment, the compound, or a salt or a hydrate or a solvate
thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII)
or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII)
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or (XXIII), wherein Rlis —(CH»),OCHj3;, R?is H; and R?is —~CH;. Inan exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or
(XVD) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein
R'is methyl; R? is H; and R? is —OCH;. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I) or
(VIID) or (IX) or (X) or (X1I) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII)
or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is ethyl; R’ is
H; and R® is ~OCH;. In an exemplary embodiment, the compound, or a salt or a
hydrate or a solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or
(XD) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or
(XX) or (XXI) or (XXII) or (XXIII), wherein R' is -(CH,),OCHs, R? is H; and R’ is
—OCH;. In an exemplary embodiment, the compound, or a salt or a hydrate or a
solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or
(XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or
(XXII) or (XXIII), wherein R' is methyl; R’ is H; and R’ is —OCHF>. In an
exemplary embodiment, the compound, or a salt or a hydrate or a solvate thereof, is
according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV)
or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or
(XXIII), wherein R' is ethyl; R? is H; and R’ is —OCHF>. In an exemplary
embodiment, the compound, or a salt or a hydrate or a solvate thereof, is according to
formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or
(XVD) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein
R'is —(CH,;),OCHj3;, R%is H; and R’ is -OCHF,. In an exemplary embodiment, the
compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I) or
(VIID) or (IX) or (X) or (X1I) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII)
or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is methyl; R
is H; and R’ is —-OCH,CH3. In an exemplary embodiment, the compound, or a salt or
a hydrate or a solvate thereof, is according to formulae (I) or (VIIT) or (IX) or (X) or
(XD) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or
(XX) or (XXI) or (XXII) or (XXIII), wherein R'is ethyl; R%is H;and R’ is —
OCH,CHj3;. In an exemplary embodiment, the compound, or a salt or a hydrate or a
solvate thereof, is according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or
(XIII) or (XIV) or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or
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(XXII) or (XXIII), wherein R' is -(CH,),0CH3, R? is H; and R’ is -OCH,CHj3. In an
exemplary embodiment, the compound, or a salt or a hydrate or a solvate thereof, is
according to formulae (I) or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV)
or (XV) or (XVI) or (XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or
(XXIII), wherein R' is methyl; R” is H; and R” is F. In an exemplary embodiment,
the compound, or a salt or a hydrate or a solvate thereof, is according to formulae (I)
or (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV) or (XVI) or
(XVII) or (XVIII) or (XIX) or (XX) or (XXI) or (XXII) or (XXIII), wherein R' is
ethyl; RZisH; and R is F.

[0086] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (I):

@
wherein Y is C(O) or $(O); Z is —O— or —CH,— or -NH- or —-N(CH,R")- wherein R’

is hydrogen or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C5 or Cg
or Cy or Cyp alkyl; R is hydrogen or substituted or unsubstituted C; or C, or C; or Cy4
or Cs or Cg or C5 or Cg or Cg or Cg alkyl or substituted or unsubstituted aryl or
arylalkyl; R is hydrogen or halogen or substituted or unsubstituted C; or C or C3 or
C4 or Cs or Cg or C; or Cg or Co or Cpp alkyl; R? is hydrogen or halogen or substituted
or unsubstituted C, or C, or C3 or C4 or Cs or Cg or C; or Cg or Co or Cjpalkyl; R* is
hydrogen or halogen or substituted or unsubstituted C, or C, or C; or C4 or Cs or C¢ or
C; or Cs or Co or Cyoalkyl; R’ is hydrogen or halogen or substituted or unsubstituted
C; or C, or C5 or C4 or Cs or Cg or C; or Cg or Co or Cyalkyl; and R® is hydrogen or
halogen or substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C; or Cg or

Cg or C10 alkyl

[0087] In an exemplary embodiment, for a formula described herein, Y, Z, R% R’
R*, R’, and R® are as described herein, R' is unsubstituted C, or C, or C; or C4 or Cs
or Cg or C; or Cg or Co or Cyp alkyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R>, R®, R* R®, and R® are as described herein, R is methyl or
ethyl. In an exemplary embodiment, for a formula described herein, Y, Z, R% R’ R,
R’, and R° are as described herein, R' is n-propyl or isopropyl or n-butyl or t-butyl or
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isobutyl or sec-butyl. In an exemplary embodiment, for a formula described herein,
Y, Z, R% R®, R*, R’, and R® are as described herein, R’ is cyclopropyl or
cyclopropylmethyl or cyclobutyl or cyclohexyl. In an exemplary embodiment, for a
formula described herein, Y, Z, R%, R*, R*, R®, and R® are as described herein, R is
substituted C; or C, or C5 or C4 or Cs or Cg or C7 or Cg or Cy or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R% R’ R* R°, and R®
are as described herein, R' is substituted or unsubstituted C; or C» or C; or C4 or Cs or
Cs or C; or Cg or Cg or C haloalkyl or substituted or unsubstituted C, or C; or C; or
C4 or Cs or Cg or C7 or Cg or Cy or Cyp heteroalkyl. In an exemplary embodiment, for
a formula described herein, Y, Z, R*, R*, R*, R’, and R® are as described herein, R! is
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
haloalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R% R’
R*, R’, and R®are as described herein, R' is C, or C, or C; haloalkyl. In an exemplary
embodiment, for a formula described herein, Y, Z, R% R, R*, R”, and R® are as
described herein, R' is 2-fluoroethyl or 2,2-difluoroethyl or 2,2 2-trifluoroethyl or 2-
chloroethyl or 3-chloropropyl. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R®, R* R®, and R® are as described herein, R' is C1-Cy4 alkyl
substituted with NR*R®, wherein R* and R are each independently substituted or
unsubstituted C,-C4 alkyl. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R®, R* R®, and R® are as described herein, R' is C1-Cy4 alkyl
substituted with N(CH3),. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R’, R*, R®, and R® are as described herein, R' is C;-Cy alkyl
substituted with N(CH,CH3),. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R, R*, R’, and R® are as described herein, R' is alkyl substituted
with substituted or unsubstituted heterocycloalkyl. In an exemplary embodiment, for
a formula described herein, Y, Z, R?, R*, R*, R’ and R® are as described herein, R! is
C,-C4 alkyl substituted with substituted pyrrolidinyl or substituted piperazinyl or
substituted morpholinyl or substituted piperidinyl or substituted pyrrolidinyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R%L R’ R* R’ and R®
are as described herein, R' is C;-Cy alkyl substituted with unsubstituted pyrrolidinyl
or unsubstituted piperazinyl or unsubstituted morpholinyl or unsubstituted piperidinyl
or unsubstituted pyrrolidinyl. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R, R*, R’, and R® are as described herein, R' is alkyl substituted
with substituted or unsubstituted C3-C7 cycloalkyl. In an exemplary embodiment, for

40

PCT/US2017/039119



10

15

20

25

30

WO 2017/223516

a formula described herein, Y, Z, R%, R*, R*, R°, and R® are as described herein, R is
substituted or unsubstituted aryl. In an exemplary embodiment, for a formula
described herein, Y, Z, R%, R®, R*, R’, and R® are as described herein, Ris phenyl. In
an exemplary embodiment, for a formula described herein, Y, Z, R%, R*, R, R’, and
R® are as described herein, R' is substituted or unsubstituted arylalkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R% R’ R* R°, and R®
are as described herein, R'is benzyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R>, R®, R* R®, and R® are as described herein, R is substituted
or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or Cy or Cyp heteroalkyl.
In an exemplary embodiment, for a formula described herein, Y, Z, R*, R*, R*, R’
and R® are as described herein, R' is -CH,-CH,-0-CHj or -CH,-CH,-N(CH3)-CH; or
—CH;-CH2-CH>-N(CH3)-CHj3. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R, R*, R’, and R® are as described herein, R' is unsubstituted C; or
C, or C; heteroalkyl. In an exemplary embodiment, for a formula described herein,
Y, Z,R% R®, R, R’, and R® are as described herein, R’ is substituted or unsubstituted
C; or C4 or Cs or Cg or C; or Cg heterocycloalkyl. In an exemplary embodiment, for a
formula described herein, Y, Z, R%, R*, R*, R®, and R® are as described herein, R is
substituted or unsubstituted oxetanyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R*, R, R*, R°, and R® are as described herein, R! is substituted
or unsubstituted tetrahydropyranyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R>, R®, R* R®, and R® are as described herein, R is substituted
or unsubstituted azetidinyl. In an exemplary embodiment, for a formula described
herein, Y, Z, R%, R*, R*, R’, and R® are as described herein, R' is substituted or
unsubstituted methylazetidinyl or substituted or unsubstituted ethylazetidinyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R%, R*, R*, R®, and R®
are as described herein, R' is substituted or unsubstituted piperidinyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R%, R*, R*, R®, and R®
are as described herein, R' is substituted or unsubstituted methylpiperidinyl or
substituted or unsubstituted ethylpiperidinyl. In an exemplary embodiment, for a
formula described herein, Y, Z, R*, R, R* R’, and R® are as described herein, R! is 2-
(4-methylpiperazin-1-yl)ethyl or 3-(4-methylpiperazin-1-yl)propyl or 2-
morpholinoethyl or 3-morpholinopropyl or 1-methylazetidin-3-y1 or 1-ethylazetidin-
3-yl or 1-isopropylazetidin-3-yl or 1-methylpiperidin-4-yl or 1-ethylpiperidin-4-yl or
1-isopropylpiperidin-4-yl. In an exemplary embodiment, for a formula described
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herein, Y, Z, R%, R*, R*, R’, and R® are as described herein, R' is —(CH,)nOR™,
wherein R is substituted or unsubstituted C; or C; or C3 or C4 or Cs or Cg alkyl, and
mis 4 or 5 or 6. In an exemplary embodiment, for a formula described herein, Y, Z,
R% R, R* R, and R® are as described herein, R is —(CH»)mOR'?, wherein R' is
substituted or unsubstituted C; or C; or C; or C4 or Cs or C¢ alkyl, and mis 1 or 2 or
3. In an exemplary embodiment, for a formula described herein, Y, Z, R%L R’ R* R’
and R® are as described herein, R' is —(CH,)mOR ", wherein R* is substituted or
unsubstituted C; or C, or Cs, and mis 1 or 2 or 3 or 4 or 5 or 6. In an exemplary
embodiment, for a formula described herein, Y, Z, R%, R*, R*, R®, and R are as
described herein, R! is —(CH,),OR"?, wherein R'? is substituted or unsubstituted Cy4 or
CsorCs,and mis 1 or2 or 3 or4 or 5 or 6. In an exemplary embodiment, for a
formula described herein, Y, Z, R, R®, R* R’, and R® are as described herein, R! is —
(CH)mOR™, wherein R™ is substituted or unsubstituted C; or C; or Cs, and mis 1 or
2 or 3. In an exemplary embodiment, for a formula described herein, Y, Z, R%L R’ RY,
R’, and R° are as described herein, R' is -(CH,),OR'", wherein R is methyl, and m
is 1 or 2 or 3. In an exemplary embodiment, for a formula described herein, Y, Z, R’
R’, R*, R®, and R® are as described herein, R is -(CH,)OR", wherein R' is ethyl,
and mis 1 or 2 or 3. In an exemplary embodiment, for a formula described herein, Y,
Z,R* R, R* R’ and R® are as described herein, R! is -(CH,),OR'?, wherein R' is
methyl, and m is 2. In an exemplary embodiment, for a formula described herein, Y,
Z, R%, R’ R* R’ and R® are as described herein, R' is «(CH»)nOR"™, wherein R is
ethyl, and mis 2.

[0088] In an exemplary embodiment, for a formula described herein, Y, Z, R, R’
R* R, and R° are as described herein, R? is substituted C; or C; or C; or C4 or Cs or
Cs or C; or Cg or Cg or Cyg alkyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R*, R*, R* R, and R® are as described herein, R*is
unsubstituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R*, R*, R®, and R®
are as described herein, R* is CH;. In an exemplary embodiment, for a formula
described herein, Y, Z, R}, R®, R*, R’, and R® are as described herein, R* is H. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R*, R*, R®, and R®
are as described herein, R? is halogen. In an exemplary embodiment, for a formula

described herein, Y, Z, R*, R*, R* R, and R® are as described herein, R” is fluorine or
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chlorine. In an exemplary embodiment, for a formula described herein, Y, Z, R. R’

R* R’, and R® are as described herein, R? is chlorine.

[0089] In an exemplary embodiment, for a formula described herein, Y, Z, R' R?,
R*, R’, and R® are as described herein, R® is hydrogen or halogen or substituted or
unsubstituted C; or C; or Cs or C4 or Cs or Cg or C; or Cg or Cy or Cyp haloalkyl or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
heteroalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R,
R% R* R’, and R® are as described herein, R? is substituted C, or C, or C; or C4 or Cs
or Cg or C; or Cg or Co or Cyp alkyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R', R%, R* R, and R® are as described herein, R’ is
unsubstituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R R* R’ and R®
are as described herein, R is CHs. In an exemplary embodiment, for a formula
described herein, Y, Z, R', R%, R* R, and R® are as described herein, R® is
unsubstituted C; or C; or Cs heteroalkyl. In an exemplary embodiment, for a formula
described herein, Y, Z, R}, R%, R®, R* R®, and R® are as described herein, R® is C; or
C; or C; alkoxy. In an exemplary embodiment, for a formula described herein, Y, Z,
R', R? R* R, and R® are as described herein, R? is -OCHj5. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R’ and R® are as
described herein, R” is C; or C; or C; haloalkyl. In an exemplary embodiment, for a
formula described herein, Y, Z, R', R%, R’, R*, R’, and R® are as described herein, R’
is CF;. In an exemplary embodiment, for a formula described herein, Y, Z, R' , R?,
R*, R, and R® are as described herein, R* is H. In an exemplary embodiment, for a
formula described herein, Y, Z, R', R%, R* R, and R® are as described herein, R? is
halogen. In an exemplary embodiment, for a formula described herein, Y, Z, R, R%
R’, R* R°, and R° are as described herein, R’ is fluorine or chlorine. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R’ and R® are as

described herein, R® is fluorine.

[0090] In an exemplary embodiment, for a formula described herein, Y, Z, Rl, R2,
R’ R’, and R°® are as described herein, R* is hydrogen or halogen or substituted or
unsubstituted C; or C; or Cs or C4 or Cs or Cg or C; or Cg or Cy or Cyp haloalkyl or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg

heteroalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R,
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R’ R’, R’, and R® are as described herein, R* is halogen. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R, and R® are as
described herein, R* is fluorine or chlorine. In an exemplary embodiment, for a
formula described herein, Y, Z, R', R?, R, R’, and R® are as described herein, R*is
substituted C; or C, or C5 or C4 or Cs or Cg or C7 or Cg or Cy or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R’ R%Z R’ R’ and R®
are as described herein, R* is unsubstituted C; or C» or C; or C4 or Cs or Cg or C; or
Cs or Cy or Cyp alkyl. In an exemplary embodiment, for a formula described herein,
Y,Z R! R’ R’ R’ and R°® are as described herein, R* is CH;. In an exemplary
embodiment, for a formula described herein, Y, Z, RY, R%, R®, R’, and R® are as
described herein, R* is unsubstituted C; or C or C; or heteroalkyl. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R, and R® are as
described herein, R* is C; or C; or C; alkoxy. In an exemplary embodiment, for a
formula described herein, Y, Z, R, R%, R’, R®, and R® are as described herein, R* is —
OCHjs;. In an exemplary embodiment, for a formula described herein, Y, Z, R, R%
R’, R, and R° are as described herein, R* is C; or C, or C; haloalkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R% R®, R®, and R®
are as described herein, R* is CF;. In an exemplary embodiment, for a formula

described herein, Y, Z, R', R%, R’ R®, and R® are as described herein, R* is hydrogen.

[0091] In an exemplary embodiment, for a formula described herein, Y, Z, R'. R%
R’, and R° are as described herein, R® is halogen and R* is halogen. In an exemplary
embodiment, for a formula described herein, for a formula described herein, Y, Z, R,
R% R’ and R° are as described herein, R? is halogen and R* is fluorine or chlorine. In
an exemplary embodiment, for a formula described herein, Y, Z, R', R% R’ and R®
are as described herein, R is halogen and R’ is unsubstituted C; or C, or C; or
heteroalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R,
R% R’, and R® are as described herein, R* is halogen and R* is C; or C; or C; alkoxy.
In an exemplary embodiment, for a formula described herein, Y, Z, RL R% R’ and R®
are as described herein, R” is fluorine or chlorine and R* is —OCHj;. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R?, R®, and R® are as described
herein, R*is hydrogen and R’ is halogen or unsubstituted C; or C, or Cs haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or

Cy or Cyg alkyl. In an exemplary embodiment, for a formula described herein, Y, Z,
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R', R? R’, and R® are as described herein, R’ is hydrogen and R* is halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or

Cy or C; or C4 or Cs or Cg or C; or Cg or Cy or Cyg alkyl.

[0092] In an exemplary embodiment, for formula (VIII) or (IX) or (X) or (XI) or
(XII) or (XIII) or (XIV) or (XV), Y, Z, R', R>, R®, and R® are as described herein, R’
is F or Cl or CH; or OCH; and R* is F or Cl or CH; or OCH;. In an exemplary
embodiment, for formula (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or
(XV), Y. Z, R' R%, R’ and R® are as described herein, R*is F and R*is F or Cl or
CH; or OCHj3;. In an exemplary embodiment, for formula (VIII) or (IX) or (X) or (XI)
or (XII) or (XIII) or (XIV) or (XV), Y, Z, R', R*, R’, and R® are as described herein,
R’is CH; and R* is F or Cl or CH; or OCH;. In an exemplary embodiment, for
formula (VIII) or (IX) or (X) or (XI) or (XII) or (XIII) or (XIV) or (XV), Y, Z, R", R,
R’, and R° are as described herein, R* is OCH; and R*is F. In an exemplary
embodiment, for formula (Ia) or (VIIIb) or (Xb) or (XIIb) or (XIVb) or (XVIb), Y, Z,
R', R% R, and R® are as described herein, R*is F and R* is OCH;. In an exemplary
embodiment, for formula (Ia) or (VIIIb) or (Xb) or (XIIb) or (XIVb) or (XVIb), Y, Z,
R’ R% R, and R° are as described herein, R is OCH; and R*is F.

[0093] In an exemplary embodiment, for a formula described herein, Y, Z, R'. R%
R’ R, and R® are as described herein, R is hydrogen or halogen or substituted or
unsubstituted C; or C; or Cs or C4 or Cs or Cg or C; or Cg or Cy or Cyp haloalkyl or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
heteroalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R,
R% R’ R*, and R° are as described herein, R is halogen. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R* and R® are as
described herein, R’ is fluorine or chlorine or bromine. In an exemplary embodiment,
for a formula described herein, Y, Z, R', R%, R’, R*, and R are as described herein, R’
is substituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R%, R®, R*, and R®
are as described herein, R® is unsubstituted C; or C» or Cs or C4 or Cs or Cg or C7 or
Cs or Cy or Cyp alkyl. In an exemplary embodiment, for a formula described herein,
Y,Z, R! R’ R’ R* and R® are as described herein, R’ is CH;. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R>, R*, R* and R® are as

described herein, R is unsubstituted C; or C, or C; or heteroalkyl. In an exemplary
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embodiment, for a formula described herein, Y, Z, R', R>, R*, R* and R® are as
described herein, R” is C; or C, or C; alkoxy. In an exemplary embodiment, for a
formula described herein, Y, Z, R', R%, R, R*, and R® are as described herein, R’ is —
OCH;. In an exemplary embodiment, for a formula described herein, Y, Z, R', R?,
R’, R*, and R® are as described herein, R’ is C; or C, or C; haloalkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R', R%Z R’ R* and R®
are as described herein, R’ is CF3. In an exemplary embodiment, for a formula

described herein, Y, Z, R}, R%, R*, R*, and R® are as described herein, R is hydrogen.

[0094] In an exemplary embodiment, for a formula described herein, Y, Z, R, R%
R’ R, and R’ are as described herein, R® is hydrogen or halogen or substituted or
unsubstituted C; or C; or Cs or C4 or Cs or Cg or C; or Cg or Cy or Cyp haloalkyl or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C7 or Cs or Cy or Cyg
heteroalkyl. In an exemplary embodiment, for a formula described herein, Y, Z, R,
R% R’ R, and R’ are as described herein, R® is halogen. In an exemplary
embodiment, for a formula described herein, Y, Z, RY, R%, R®, R* and R’ are as
described herein, R® is fluorine or chlorine or bromine. In an exemplary embodiment,
for a formula described herein, Y, Z, R', R%, R?, R*, and R’ are as described herein, R®
is substituted C; or C, or Cs or C4 or Cs or Cg or C7 or Cg or Co or Cyp alkyl. In an
exemplary embodiment, for a formula described herein, Y, Z, R, R%Z R’ R* and R’
are as described herein, R® is unsubstituted C; or C» or C; or C4 or Cs or Cg or C; or
Cs or Cy or Cyp alkyl. In an exemplary embodiment, for a formula described herein,
Y,Z, R, R’ R’ R*, and R’ are as described herein, R® is CH;. In an exemplary
embodiment, for a formula described herein, Y, Z, RY, R%, R®, R* and R’ are as
described herein, R®is C; or C; or Cs heteroalkyl. In an exemplary embodiment, for a
formula described herein, Y, Z, R}, R%, R’, R*, and R’ are as described herein, R® is C;
or C; or C; alkoxy. In an exemplary embodiment, for a formula described herein, Y,
Z, R R%, R’ R*, and R’ are as described herein, R® is -OCHj5. In an exemplary
embodiment, for a formula described herein, Y, Z, RY, R%, R®, R* and R’ are as
described herein, R® is unsubstituted C; or C, or C; haloalkyl. In an exemplary
embodiment, for a formula described herein, Y, Z, RY, R%, R®, R* and R’ are as
described herein, R® is CF;. In an exemplary embodiment, for a formula described

herein, Y, Z, R', R, R>, R*, R’, and R° are as described herein, R® is hydrogen.
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[0095] In an exemplary embodiment, for a formula described herein, Y, Z, R'. R%
R’, and R* are as described herein, R’ is halogen and R® is halogen. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R?, R}, R*, R’, and R® are as
described herein, R’ is halogen and R’ is fluorine or chlorine. In an exemplary
embodiment, for a formula described herein, Y, Z, R', R?, R®, and R* are as described
herein, R’ is hydrogen and R® is halogen or unsubstituted C; or C, or C; haloalkyl or
C, or C, or C;5 alkoxy or unsubstituted C; or C, or C; or C4 or Cs or Cg or C; or Cg or
Cy or Cyg alkyl. In an exemplary embodiment, for a formula described herein, Y, Z,
R', R? R’, and R* are as described herein, R®is hydrogen and R’ is halogen or
unsubstituted C, or C; or C; haloalkyl or C; or C, or C; alkoxy or unsubstituted C; or

Cy or C3 or C4 or Cs or Cg or C; or Cg or Cy or Cyp alkyl.

[0096] In another aspect, the invention provides a compound, or a salt or a hydrate
or a solvate thereof, having a structure according to the following formula:
RS ©

I;IH
=N e

<N )
[‘)—NH
-+ N

H

, -z—-R!
e N U

kY
Snne

wherein R’ is F or CHs.

[0097] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:

(o}
RS

Zz=-Z

.- Y-Z—-R!

'o - N /
el buU [\>—NH
’ T . N
L H

Ly
.
Veur

wherein R’ is F or CI or CHj; or CF5 or OCH;.

[0098] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:

o)
NH
N --«_N Y-Z-R'
RS ¥ o /
T [\>—NH
N
R H

Vam?

wherein R’ is F or CI or CHj; or CF5 or OCHj; or OCFs.
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[0099] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:
0

Z2=-2

—7=R1
/YZR
NH

{y [
RS ,'_'I_'\I/'_':J_.

IZWéZ

-

Senr’

wherein R’ is F or CI or CHj; or CF5 or OCH;.

5 [0100] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:

RS O
l;lH
~N e N /Y—Z—R1
4 \
6 . [ D—NH
R . T 5‘I/.l-J-, H

s,
Veus’

wherein R’ is F and R®is F.

[0101] In another aspect, the invention provides a compound, or a salt or a hydrate

10 or a solvate thereof, having a structure according to the following formula:

o}
5
R NH
N - Y-zZ-R'
RG < "‘ ~ N /7
T [\)—NH

Ve

wherein R® is F and R® is F or R® is OCHs and R® is OCHs,

[0102] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:

(o]
RS
l;lH
-7=R1
ZN p [N\>—Nf-lY Z-R
R6 "'s‘/‘-_L_J N
e H H
15 o’

wherein R’ is F and R®is F or R® is OCH; and R® is OCH;.

[0103] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to the following formula:

20  wherein R? is as described herein.
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[0104] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXV):
o)

N\
4

Ho
N YZ-R
-+
LT F
R® (XXV)

wherein Y, Z, R, R%, and R’ are as described herein.

5 [0105] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXVI):

O " (XXVT)

wherein Y, Z, R, R%, and R? are as described herein.

[0106] In another aspect, the invention provides a compound, or a salt or a hydrate

10 or a solvate thereof, having a structure according to formula (XXVII):
0

L

OO

wherein Y, Z, R, R%, and R’ are as described herein.

Z-Z

—7—R1
,YZR
NH

IZ\rZ

A
w

(XXVII)

[0107] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXVIII):

15 R? (XXVIID)
wherein Y, Z, R, R%, and R? are as described herein.
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[0108] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXIX):

NH
ZN N Y-Z-R
RS 0 D—NH

N

H

R? (XXIX)
wherein Y, Z, R', R, and R’ are as described herein. In an exemplary embodiment,

the compound is according to formula (XXIX), wherein Y is C(0), Z is O or NH, R*
is ethyl, R* is F, and R’ is as described herein. In an exemplary embodiment, the
compound is according to formula (XXIX), wherein Y is C(0), Z is O or NH, R' is

methyl, R* is F, and R’ is as described herein.

[0109] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXX):

R (XXX)
wherein Y, Z, R, R?, R®, and R® are as described herein. In an exemplary

embodiment, the compound is according to formula (XXX), wherein Y is C(O), Z is
OorNH, R'is ethyl, R’ is F, and R® and R® are as described herein. In an exemplary
embodiment, the compound is according to formula (XXX), wherein Y is C(O), Z is
OorNH, R!is methyl, R%is F, and R® and R® are as described herein.

[0110] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXI):

L
ZN N N-Z-R'
aaduess:
N

L
R® (XXXI)
wherein Y, Z, R, R?, R®, and R® are as described herein. In an exemplary
embodiment, the compound is according to formula (XXXI), wherein Y is C(O), Z is
O or NH, R' is ethyl, R’ is F, and R’ and R°® are as described herein. In an exemplary
embodiment, the compound is according to formula (XXXI), wherein Y is C(O), Z is

O orNH, R'is methyl, R’is F, and R® and R° are as described herein.
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[0111] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXII):

R¢ R® (XXXIT)
wherein Y, Z, R, R®, and R* are as described herein.
5 [0112] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXIII):
o

R* (XXXIIT)
wherein Y, Z, R, R®, and R* are as described herein.
[0113] In another aspect, the invention provides a compound, or a salt or a hydrate

10 or a solvate thereof, having a structure according to formula (XXXIV):

O )
ZN ., N /Y-Z—R1
i O H—NH

N

H

R* (XXXIV)

wherein Y, Z, R, R®, and R* are as described herein.

[0114] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXV):

15 (XXXV)

wherein Y, Z, R!, R%, R*, R* R®, and R® are as described herein.
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[0115] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXVI):

(XXXVD)
wherein R', R?, R?, and R* are as described herein. In an exemplary embodiment, the

compound is according to formula (XXXVTI), wherein R', R?, and R’ are as described
herein, and R*is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R' and R? are as described herein, R* is H and R* is H. In
an exemplary embodiment, the compound is according to formula (XXXVI), wherein
R' and R? are as described herein, R? is F and R* is H. In an exemplary embodiment,
the compound is according to formula (XXXVI), wherein R' and R? are as described
herein, R? is Cl and R*is H. In an exemplary embodiment, the compound is
according to formula (XXXVI), wherein R' and R? are as described herein, R* is C; or
C, or Cs alkyl and R* is H. In an exemplary embodiment, the compound is according
to formula (XXXVI), wherein R' and R” are as described herein, R is C; or C; or C;
alkoxy and R* is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R' and R? are as described herein, R is halogen-
substituted C; or C; or C3 alkoxy and R* is H. In an exemplary embodiment, the
compound is according to formula (XXXVTI), wherein R’ is as described herein, R? is
H, R*is H, and R*is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R' and R? are as described herein, R?is H and R* is H. In
an exemplary embodiment, the compound is according to formula (XXXVI), wherein
R%, R®, and R* are as described herein, and R! is methyl. In an exemplary
embodiment, the compound is according to formula (XXXVI), wherein R* and R’ are
as described herein, R' is methyl, and R* is H. In an exemplary embodiment, the
compound is according to formula (XXXVI), wherein R? is as described herein, R’ is
methyl, R is H, and R* is H. In an exemplary embodiment, the compound is
according to formula (XXXVI), wherein R’ is as described herein, R' is methyl, R is
H, and R*is H. In an exemplary embodiment, the compound is according to formula
(XXXVI), wherein R’ is methyl, R'is methyl, R?isH, and R*isH. Inan exemplary
embodiment, the compound is according to formula (XXXVI), wherein R is

methoxy, R! is methyl, R* is H, and R* is H. In an exemplary embodiment, the
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compound is according to formula (XXXVTI), wherein R’ isF, R'is methyl, R’isF,
and R*is H. In an exemplary embodiment, the compound is according to formula
(XXXVI), wherein R? is OCHF,, R' is methyl, R*isH, and R*isH. Inan exemplary
embodiment, the compound is according to formula (XXXVI), wherein R is
methoxy, R! is methyl, R* is H, and R* is H. In an exemplary embodiment, the
compound is according to formula (XXXVTI), wherein R’ is ethoxy, R'is methyl, R’
is H, and R* is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R’is OCF;, R is methyl, R%*isH,and R*isH. Inan
exemplary embodiment, the compound is according to formula (XXXVI), wherein R*
is C1, R is methyl, R? is H, and R* is H. In an exemplary embodiment, the compound
is according to formula (XXXVI), wherein R? is F, R' is methyl, R?is H, and R* is F.
In an exemplary embodiment, the compound is according to formula (XXXVTI),
wherein R, R’, and R* are as described herein, and R’ is ethyl. In an exemplary
embodiment, the compound is according to formula (XXXVI), wherein R? and R? are
as described herein, R' is ethyl, and R* is H. In an exemplary embodiment, the
compound is according to formula (XXXVTI), wherein R’ is as described herein, R' is
ethyl, R*is H, and R* is H. In an exemplary embodiment, the compound is according
to formula (XXXVI), wherein R? is as described herein, R is ethyl, R is H, and R" is
H. In an exemplary embodiment, the compound is according to formula (XXXVI),
wherein R” is methyl, R' is ethyl, R?is H, and R* is H. In an exemplary embodiment,
the compound is according to formula (XXXVTI), wherein RYis methoxy, R'is ethyl,
R’is H, and R* is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R’ isF, R'is ethyl, R’?isF, and R*isH. Inan exemplary
embodiment, the compound is according to formula (XXXVI), wherein R’ is OCHF,,
R'is ethyl, R? is H, and R* is H. In an exemplary embodiment, the compound is
according to formula (XXXVI), wherein R” is methoxy, R is ethyl, R is H, and R" is
H. In an exemplary embodiment, the compound is according to formula (XXXVI),
wherein R is ethoxy, R'is ethyl, R’isH, and R*is H. Inan exemplary embodiment,
the compound is according to formula (XXXVTI), wherein R*is OCF;, R is ethyl, R’
is H, and R* is H. In an exemplary embodiment, the compound is according to
formula (XXXVI), wherein R’is CL, R'is ethyl, R’isH, and R*isH. Inan
exemplary embodiment, the compound is according to formula (XXXVI), wherein R*

is F, R'is ethyl, R?is H, and R* is F.
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[0116] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXVII):

(o]
NH o)
O /f!l RS N >—H—R1
g
N
(L F
R3
R* (XXXVID)

wherein R', R?, R?, and R* are as described herein. In an exemplary embodiment, the
compound is according to formula (XXXVII), wherein R', R%, and R’ are as described
herein, and R*is H. In an exemplary embodiment, the compound is according to
formula (XXXVII), wherein R' and R” are as described herein, R* is H and R* is H.

In an exemplary embodiment, the compound is according to formula (XXXVII),
wherein R' is as described herein, R* is H, R’ is H, and R*is H. In an exemplary
embodiment, the compound is according to formula (XXXVII), wherein R' and R? are
as described herein, R” is H and R* is H. In an exemplary embodiment, the compound
is according to formula (XXXVII), wherein R*, R?, and R* are as described herein,
and R' is methyl. In an exemplary embodiment, the compound is according to
formula (XXXVII), wherein R, R®, and R* are as described herein, and R' is methyl.
In an exemplary embodiment, the compound is according to formula (XXXVII),
wherein R* and R are as described herein, R' is methyl, and R* is H. In an exemplary
embodiment, the compound is according to formula (XXXVII), wherein R” is as
described herein, R' is methyl, R*isH, and R*isH. Inan exemplary embodiment,
the compound is according to formula (XXXVII), wherein R’ is as described herein,
R'is methyl, R?is H, and R* is H. In an exemplary embodiment, the compound is
according to formula (XXXVII), wherein R’ is methyl, R'is methyl, R’is H, and R*
is H. In an exemplary embodiment, the compound is according to formula (XXXVII),
wherein R’ is methoxy, R' is methyl, R?is H, and R*is H. In an exemplary
embodiment, the compound is according to formula (XXXVII), wherein R’ is F, R is
methyl, R? is F, and R* is H. In an exemplary embodiment, the compound is
according to formula (XXXVII), wherein R’ is OCHF,, R' is methyl, R%isH, and R*
is H. In an exemplary embodiment, the compound is according to formula (XXXVII),
wherein R” is methoxy, R' is methyl, R?is H, and R*is H. In an exemplary
embodiment, the compound is according to formula (XXXVII), wherein R* is ethoxy,

R'is methyl, R?is H, and R* is H. In an exemplary embodiment, the compound is
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according to formula (XXXVII), wherein R’ is OCF;, R is methyl, R%is H, and R* is
H. In an exemplary embodiment, the compound is according to formula (XXXVII),
wherein R® is CI, R' is methyl, R?isH, and R*is H. In an exemplary embodiment,
the compound is according to formula (XXXVII), wherein R is F, R' is methyl, R? is
H, and R* is F. In an exemplary embodiment, the compound is according to formula
(XXXVII), wherein R, R®, and R* are as described herein, and R' is ethyl. In an
exemplary embodiment, the compound is according to formula (XXXVII), wherein
R and R? are as described herein, R' is ethyl, and R*is H. In an exemplary
embodiment, the compound is according to formula (XXXVII), wherein R” is as
described herein, R! is ethyl, R*isH, and R*is H. In an exemplary embodiment, the
compound is according to formula (XXXVII), wherein R® is as described herein, R' is
ethyl, R” is H, and R* is H. In an exemplary embodiment, the compound is according
to formula (XXXVII), wherein R’ is methyl, R'is ethyl, R’isH, and R*is H. Inan
exemplary embodiment, the compound is according to formula (XXXVII), wherein
R is methoxy, R'is ethyl, R’isH, and R*isH. Inan exemplary embodiment, the
compound is according to formula (XXXVII), wherein RYisF,R'is ethyl, R’isF,
and R* is H. In an exemplary embodiment, the compound is according to formula
(XXXVII), wherein R® is OCHF,, R! is ethyl, R’isH, and R*isH. Inan exemplary
embodiment, the compound is according to formula (XXXVII), wherein R? is
methoxy, R! is ethyl, R? is H, and R*is H. In an exemplary embodiment, the
compound is according to formula (XXXVII), wherein RYis ethoxy, R'is ethyl, R is
H, and R* is H. In an exemplary embodiment, the compound is according to formula
(XXXVII), wherein R’ is OCF;, R is ethyl, R?isH,and R*isH. Inan exemplary
embodiment, the compound is according to formula (XXXVII), wherein R’ is C1, R*
is ethyl, R%is H, and R* is H. In an exemplary embodiment, the compound is

according to formula (XXXVII), wherein R® is F, R' is ethyl, R?is H, and R*is F.

[0117] In another aspect, the invention provides a compound, or a salt or a hydrate

or a solvate thereof, having a structure according to formula (XXXVIII):

(XXXVII)
wherein Y, Z, R, R?, R®, and R® are as described herein. In an exemplary

embodiment, the compound is according to formula (XXXVIII), wherein Y is C(O), Z
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is O or NH, R' is ethyl, R%is F, and R” and R° are as described herein. In an
exemplary embodiment, the compound is according to formula (XXXVIII), wherein
Y is C(0), Z is O or NH, R' is methyl, R is F, and R’ and R°® are as described herein.
In an exemplary embodiment, the compound is according to formula (XXXVIII),

wherein Y is C(0), Z is O or NH, R® is F, and R', R’ and R® are as described herein.

[0118] In an exemplary embodiment, the compound is according to a formula

described herein, wherein this structure

is selected from the group in the following table

F

(o] fe) O,
N Z-R’ N Z-R’ F N Zz—R'
X - ﬁ Nt X o
Kkk N *kk N el N
H H H
Q o)
N »Z-R' R N
L L | L X

i N ke PN =

H NN

Cl

O o) QO
NTXN —z-R' N —Z-R' HaC Ny N >_Z_R1
| D—nH S—NH | S—NH
e LY ;L;E*

[0119] In an exemplary embodiment, alkyl is linear alkyl. In another exemplary
embodiment, alkyl is branched alkyl.

[0120] In an exemplary embodiment, heteroalkyl is linear heteroalkyl. In another

exemplary embodiment, heteroalkyl is branched heteroalkyl.

[0121] In an exemplary embodiment, the invention provides a compound
described herein, or a salt, hydrate or solvate thereof, or a combination thereof. In an
exemplary embodiment, the invention provides a compound described herein, or a
salt, hydrate or solvate thereof. In an exemplary embodiment, the invention provides
a compound described herein, or a salt thereof. In an exemplary embodiment, the salt
is a pharmaceutically acceptable salt. In an exemplary embodiment, the invention
provides a compound described herein, or a hydrate thereof. In an exemplary

embodiment, the invention provides a compound described herein, or a solvate
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thereof. In an exemplary embodiment, the invention provides a compound described
herein, or a prodrug thereof. In an exemplary embodiment, the invention provides a
salt of a compound described herein. In an exemplary embodiment, the invention
provides a pharmaceutically acceptable salt of a compound described herein. In an
exemplary embodiment, the invention provides a hydrate of a compound described
herein. In an exemplary embodiment, the invention provides a solvate of a compound
described herein. In an exemplary embodiment, the invention provides a prodrug of a

compound described herein.

1I1.b) Combinations comprising additional therapeutic agents

[0122] The compounds of the invention may also be used in combination with
additional therapeutic agents. The invention thus provides, in a further aspect, a
combination comprising a compound of the invention together with at least one
additional therapeutic agent. In an exemplary embodiment, the combination
comprises a compound described herein or a pharmaceutically acceptable salt thereof
together with at least one additional therapeutic agent. In an exemplary embodiment,
the additional therapeutic agent is a compound of the invention. In an exemplary
embodiment, the combination comprises: a) a compound of the invention and b) a
first additional therapeutic agent. In an exemplary embodiment, the combination
comprises: a) a compound of the invention; b) a first additional therapeutic agent; and
¢) a second additional therapeutic agent. In an exemplary embodiment, the
combination comprises: a) a compound of the invention; b) a first additional
therapeutic agent; ¢) a second additional therapeutic agent; and d) a third additional
therapeutic agent. In an exemplary embodiment, the combination comprises: a) a
compound of the invention according to a formula provided herein and b) a first
additional therapeutic agent. In an exemplary embodiment, the combination
comprises: a) a compound of the invention according to a formula provided herein; b)

a first additional therapeutic agent; and c¢) a second additional therapeutic agent.

[0123] In an exemplary embodiment, an additional therapeutic agent is a
chemotherapeutic and/or radiation treatment. In an exemplary embodiment, an
additional therapeutic agent is radiation treatment. In an exemplary embodiment, an
additional therapeutic agent is an antitumor agent. In an exemplary embodiment, an
additional therapeutic agent is an antitumor alkylating agent, an antitumor

antimetabolite, an antitumor antibiotic, a plant-derived antitumor agent, an antitumor
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organoplatinum compound, an antitumor campthotecin derivative, an antitumor
tyrosine kinase inhibitor, a checkpoint inhibitor, a monoclonal antibody, an
angiogenesis inhibitor, an immunotherapy, an interferon, or a biological response

modifier, or a pharmaceutically acceptable salt thereof.

[0124] When a compound of the invention is used in combination with at least one
additional therapeutic agent active against the same disease state, the dose of each
compound may differ from that when the compound is used alone. Appropriate doses
will be readily appreciated by those skilled in the art. It will be appreciated that the
amount of a compound of the invention required for use in treatment will vary with
the nature of the condition being treated and the age and the condition of the patient

and will be ultimately at the discretion of the attendant physician.

[0125] In an exemplary embodiment, the additional therapeutic agent is useful in
treating cancer. In an exemplary embodiment, the additional therapeutic agent is

cisplatin. In an exemplary embodiment, the additional therapeutic agent is paclitaxel.

[0126] The individual components of such combinations may be administered
either simultaneously or sequentially in a unit dosage form. The unit dosage form
may be a single or multiple unit dosage forms. In an exemplary embodiment, the
invention provides a combination in a single unit dosage form. An example of a
single unit dosage form is a capsule wherein both the compound of the invention and
the additional therapeutic agent are contained within the same capsule. In an
exemplary embodiment, the invention provides a combination in a two unit dosage
form. An example of a two unit dosage form is a first capsule which contains the
compound of the invention and a second capsule which contains the additional
therapeutic agent. Thus the term ‘single unit” or ‘two unit’ or ‘multiple unit” refers to
the object which the patient ingests, not to the interior components of the object.
Appropriate doses of known therapeutic agents will be readily appreciated by those
skilled in the art.

[0127] The combinations referred to herein may conveniently be presented for use
in the form of a pharmaceutical formulation. Thus, an exemplary embodiment of the
invention is a pharmaceutical formulation comprising a) a compound of the invention;
b) an additional therapeutic agent and c) a pharmaceutically acceptable excipient. In
an exemplary embodiment, the pharmaceutical formulation is a unit dosage form. In

an exemplary embodiment, the pharmaceutical formulation is a single unit dosage
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form. In an exemplary embodiment, the pharmaceutical formulation is a two unit
dosage form. In an exemplary embodiment, the pharmaceutical formulation is a two
unit dosage form comprising a first unit dosage form and a second unit dosage form,
wherein the first unit dosage form includes a) a compound of the invention and b) a
first pharmaceutically acceptable excipient; and the second unit dosage form includes
¢) an additional therapeutic agent and d) a second pharmaceutically acceptable

excipient.

[0128] Tt is to be understood that the invention covers all combinations of aspects
and/or embodiments, as well as suitable, convenient and preferred groups described

herein.

[0129] Compounds described herein can be converted into hydrates and solvates

by methods similar to those described herein.

Iv. Methods of Inhibiting PARP and/or tubulin

[0130] The compounds of the invention inhibit one or more proteins, and said one or
more proteins are PARP and/or tubulin, and therefore have the potential to treat
diseases in which these proteins are associated. The compounds of the invention
inhibit tubulin, and therefore have the potential to treat diseases in which tubulin is
associated. The compounds of the invention inhibit PARP, and therefore have the
potential to treat diseases in which PARP is associated. In an exemplary embodiment,
the PARP is PARPI1. In an exemplary embodiment, the PARP is PARP2. In an
exemplary embodiment, the compounds of the invention inhibit one or more proteins,
and said one or more proteins are PARP1 and/or PARP2 and/or tubulin, and therefore

have the potential to treat diseases in which these proteins are associated.

[0131] In a further aspect, the invention provides a method of inhibiting PARP and/or
tubulin, said method comprising: contacting said PARP and/or tubulin with an
effective amount of a compound of the invention, thereby inhibiting said PARP and/or
tubulin. In a further aspect, the invention provides a method of inhibiting PARP, said
method comprising: contacting said PARP with an effective amount of a compound of
the invention, thereby inhibiting said PARP. In a further aspect, the invention
provides a method of inhibiting tubulin, said method comprising: contacting said
tubulin with an effective amount of a compound of the invention, thereby inhibiting

said tubulin. In a further aspect, the invention provides a method of inhibiting PARP1
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and/or PARP2 and/or tubulin, said method comprising: contacting said PARP1 and/or
PARP2 and/or tubulin with an effective amount of a compound of the invention,
thereby inhibiting said PARP1 and/or PARP2 and/or tubulin. In an exemplary
embodiment, the one or more proteins is one protein which is PARP1. In an
exemplary embodiment, the one or more proteins is one protein which is PARP2. In
an exemplary embodiment, the one or more proteins is one protein which is tubulin.
In an exemplary embodiment, the one or more proteins are two proteins which are
PARPI and tubulin. In an exemplary embodiment, the one or more proteins are two
proteins which are PARP2 and tubulin. In an exemplary embodiment, the one or
more proteins are two proteins which are PARP1 and PARP2. In an exemplary
embodiment, the invention provides a method of inhibiting PARP1 and/or PARP2
and/or tubulin, comprising: contacting said PARP1 and/or PARP2 and/or tubulin
with an effective amount of the compound of the invention, thereby inhibiting said

PARP1 and/or PARP2 and/or tubulin.

V. Methods of Treating Disease

[0132] The compounds of the invention exhibit potency against disease, such as
cancer, and therefore have the potential to achieve therapeutic efficacy in the animals

described herein.

[0133] In an exemplary embodiment, the invention provides a method of treating a
disease. The method includes administering to the animal a therapeutically effective
amount of the compound of the invention, sufficient to treat the disease. In an
exemplary embodiment, the invention provides a method of treating a disease in an
animal comprising administering to the animal a therapeutically effective amount of
the compound of the invention, wherein the animal is in need of treatment, sufficient
to treat the disease. In another aspect, the invention provides a method of treating a
disease in an animal comprising administering to the animal a therapeutically
effective amount of the compound of the invention, wherein the animal is not
otherwise in need of treatment with the compound of the invention, sufficient to treat
the disease. In an exemplary embodiment, the disease is a tumor. In an exemplary
embodiment, the disease is a tumor, and the tumor is benign, or non-cancerous. In an
exemplary embodiment, the disease is a tumor, and the tumor is malignant, or
cancerous. In an exemplary embodiment, the disease is a tumor, and the tumor is

benign (non-cancerous). In an exemplary embodiment, the disease is cancer. In an
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exemplary embodiment, the disease is cancer. In an exemplary embodiment, the term
“cancer” defines any malignant cancerous growth. In an exemplary embodiment, the
disease is a sarcoma, adrenal cortical cancer, anal cancer, aplastic anemia, bile duct
cancer, bladder cancer, bone cancer, bone metastasis, a central nervous system (CNS)
cancer, a peripheral nervous system (PNS) cancer, Castleman’s Disease, cervical
cancer, colon cancer, rectum cancer, endometrial cancer, esophagus cancer, Ewing’s
family of tumors (e.g. Ewing’s sarcoma), eye cancer, gallbladder cancer, a
gastrointestinal carcinoid tumor, a gastrointestinal stromal tumor, gestational
trophoblastic disease, hairy cell leukemia, Hodgkin’s disease, kidney cancer,
laryngeal cancer, a hypopharyngeal cancer, acute lymphocytic leukemia, acute
myeloid leukemia, children’s leukemia, chronic lymphocytic leukemia, chronic
myeloid leukemia, liver cancer, lung cancer, a lung carcinoid tumor, malignant
mesothelioma, multiple myeloma, myelodysplastic syndrome, myeloproliferative
disorders, a nasal cavity cancer, a paranasal cancer, nasopharyngeal cancer,
neuroblastoma, an oral cavity cancer, an oropharyngeal cancer, osteosarcoma, ovarian
cancer, pancreatic cancer, penile cancer, pituitary tumor, prostate cancer,
retinoblastoma, rhabdomyosarcoma, salivary gland cancer, an adult soft tissue cancer,
melanoma skin cancer, non-melanoma skin cancer, stomach cancer, testicular cancer,
thymus cancer, thyroid cancer, uterine cancer (e.g. uterine sarcoma), vaginal cancer,

vulvar cancer, or Waldenstrom’s macroglobulinemia.

[0134] In an exemplary embodiment, the disease is a cancer of the blood, such as
leukemia, cancer of the skin, such as melanoma, cancer of the colon, cancer of the
lung, cancer of the ovary, cancer of the uterus, cancer of the breast, cancer of the
prostate, cancer of the pancreas. In an exemplary embodiment, the disease is a cancer
of the central nervous system, or a cancer of the renal system. In an exemplary
embodiment, the disease is a soft tissue cancer. In an exemplary embodiment, the
disease is multiple myeloma. In an exemplary embodiment, the cancer is ovarian
cancer. In an exemplary embodiment, the cancer is uterine cancer. In an exemplary
embodiment, the cancer is pancreatic cancer. In an exemplary embodiment, the
cancer is lung cancer. In an exemplary embodiment, the cancer is brain cancer. In an
exemplary embodiment, the cancer is skin cancer. In some embodiments, the cancer
is colon cancer. In an exemplary embodiment, the cancer is derived from cancer stem

cells.
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[0135] In an exemplary embodiment, the cancer is breast cancer. In an exemplary
embodiment, the breast cancer is negative for one or more of Estrogen Receptor (ER),
Progesterone Receptor (PR), or Human Epidermal Growth Factor Receptor 2 (HER2).
In an exemplary embodiment, the breast cancer is negative for one or more of ER, PR
or HER2; and wherein the breast cancer is positive for one or more of ER, PR or
HER2. In an exemplary embodiment, the breast cancer is negative for two of ER, PR
or HER2. In an exemplary embodiment, the breast cancer is ER negative and PR-

negative.

[0136] In an exemplary embodiment, the breast cancer is ER-negative and HER2-
negative. In an exemplary embodiment, the breast cancer is PR-negative and HER2-
negative. In an exemplary embodiment, the breast cancer is an ER-negative breast
cancer. In an exemplary embodiment, the breast cancer is an HER2-negative breast

cancer.

[0137] In an exemplary embodiment, a compound of the invention treats a disease in
an animal, by inhibiting tubulin polymerization and/or PARP activity. The present
invention thus provides a method for treating a disease by inhibiting either or both
tubulin polymerization and PARP activity comprising the step of administering

compounds of the invention to a patient in need thereof.

[0138] In an exemplary embodiment, a compound of the invention is used at an early
stage of a disease, or before early onset, or after significant progression, including

metastasis in case of cancer. The term “treatment” or “treating” applied to tumor can
refer to a reduction of the burden in a patient, such as a reduction in cell proliferation
rate, a destruction of diseased proliferative cells, a reduction of tumor mass or tumor

size, a delaying of tumor progression, or a complete tumor suppression.

[0139] In an exemplary embodiment, a compound of the invention can be used in
treatment of cancers deficient in Homologous Recombination (HR) dependent DNA
double strand repair (DSB), which consist or comprise one or more cancer cells which

have a reduced or abrogated ability to repair DNA DSBs through that pathway.

[0140] In an exemplary embodiment, a compound of the invention can be used in any

disease state for which either or both tubulin polymerisation and PARP play a role.

[0141] In an exemplary embodiment, the disease is a bacterial infection. In an

exemplary embodiment, the disease is a bacterial ulcer infection. In an exemplary
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embodiment, the disease is a viral infection. In an exemplary embodiment, the
disease is a herpes simplex infection. In an exemplary embodiment, the disease is an
Acquired Immune Deficiency Syndrome (AIDS) infection. In an exemplary
embodiment, the disease is a protozoal infection. In an exemplary embodiment, the
disease is a flagellated parasite infection. In an exemplary embodiment, the disease is

a Chagas' disease. In an exemplary embodiment, the disease is Leishmania.
[0142] In an exemplary embodiment, the disease is vascular neointimal hyperplasia.

[0143] In an exemplary embodiment, the invention provides a use of a compound of a
mvention in the manufacture of a medicament for the treatment of a disease described

herein.

[0144] In an exemplary embodiment, a compound of the invention may be dosed at
intervals of minutes, hours, days, weeks, months or years or continuously over any
one of these periods. Suitable dosage amounts and dosing regimens can be
determined by the attending physician and may depend on the particular condition
being treated, the severity of the condition as well as the general age, health and

weight of the subject.

[0145] In an exemplary embodiment, a compound of the invention may be

administered in a single dose or a series of doses.

[0146] In another exemplary embodiment, the animal is a eukaryote. In another
exemplary embodiment, the animal is a vertebrate animal. In another exemplary
embodiment, the animal is a mammal. In another exemplary embodiment, the animal
is arodent. In another exemplary embodiment, the animal is a mouse. In another
exemplary embodiment, the animal is a horse. In another exemplary embodiment, the
animal is a primate or a simian. In another exemplary embodiment, the animal is a
monkey or an ape. In another exemplary embodiment, the animal is a human or a
farm animal or a companion animal. In another exemplary embodiment, the animal is
ahuman. In another exemplary embodiment, the animal is a goat or pig or sheep or
horse or cow or bull. In another exemplary embodiment, the animal is a cat. In
another exemplary embodiment, the animal is a dog. In another exemplary

embodiment, the animal is a rabbit.

[0147] The compounds of the invention may be administered to a subject by any

convenient route of administration, whether systemically/peripherally or at the site of
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desired action, including but not limited to oral e.g. tablets, chewable tablets or
capsules); topical (e.g. transdermal, intranasal, ocular, buccal, and sublingual);
pulmonary (e.g. inhalation or insufflation therapy using, e.g. an aerosol, e.g. through
mouth or nose); rectal; vaginal, parenteral, for example, by injection, including
subcutaneous, intradermal, intramuscular, intravenous, intraarterial, intracardiac,
intrathecal, intraspinal, intreacapsular, subcupsular, intraorbital, intraperitoneal,
intratracheal, subcuticular, intraarticular, subarachnoid, and intrasternal; by implant of

a depot, for example, subcutaneously or intramuscularly.

[0148] In an exemplary embodiment, the disease is treated through oral
administration of the compound of the invention. In an exemplary embodiment, the
disease is treated through intravenous administration of the compound of the
invention. In an exemplary embodiment, the disease is treated through topical
administration of the compound of the invention. In an exemplary embodiment, the
disease is treated through intraperitoneal administration of the compound of the
invention. In an exemplary embodiment, the compound is administered in a topically
effective amount. In an exemplary embodiment, the compound is administered in a
cosmetically effective amount. In an exemplary embodiment, the pharmaceutical

formulation is administered in an orally effective amount.

VI Pharmaceutical Formulations

[0149] In another aspect, the invention is a pharmaceutical formulation which
includes: (a) a pharmaceutically acceptable excipient; and (b) a compound of the
invention. In another aspect, the pharmaceutical formulation includes: (a) a
pharmaceutically acceptable excipient; and (b) a compound according to a formula
described herein. In another aspect, the pharmaceutical formulation includes: (a) a
pharmaceutically acceptable excipient; and (b) a compound described herein, or a salt,
prodrug, hydrate or solvate thereof, or a combination thereof. In another aspect, the
pharmaceutical formulation includes: (a) a pharmaceutically acceptable excipient;
and (b) a compound described herein, or a salt, hydrate or solvate thereof, or a
combination thereof. In another aspect, the pharmaceutical formulation includes: (a)
a pharmaceutically acceptable excipient; and (b) a compound described herein, or a
salt, hydrate or solvate thereof. In another aspect, the pharmaceutical formulation
includes: (a) a pharmaceutically acceptable excipient; and (b) a salt of a compound

described herein. In an exemplary embodiment, the salt is a pharmaceutically
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acceptable salt. In another aspect, the pharmaceutical formulation includes: (a) a
pharmaceutically acceptable excipient; and (b) a prodrug of a compound described
herein. In another exemplary embodiment, the pharmaceutical formulation includes:
(a) a pharmaceutically acceptable excipient; and (b) a compound described herein. In
an exemplary embodiment, the pharmaceutical formulation is a unit dosage form. In
an exemplary embodiment, the pharmaceutical formulation is a single unit dosage

form.

[0150] The pharmaceutical formulations of the invention can take a variety of
forms adapted to the chosen route of administration. Those skilled in the art will
recognize various synthetic methodologies that may be employed to prepare non-toxic
pharmaceutical formulations incorporating the compounds described herein. Those
skilled in the art will recognize a wide variety of non-toxic pharmaceutically
acceptable solvents that may be used to prepare solvates of the compounds of the
invention, such as water, ethanol, propylene glycol, mineral oil, vegetable oil and
dimethylsulfoxide (DMSO).

[0151] The pharmaceutical formulation of the invention may be administered
orally, topically, intraperitoneally, parenterally, by inhalation or spray or rectally in
unit dosage forms containing conventional non-toxic pharmaceutically acceptable
carriers, adjuvants and vehicles. It is further understood that the best method of
administration may be a combination of methods. Oral administration in the form of
a pill, capsule, elixir, syrup, lozenge, troche, or the like is particularly preferred. The
term parenteral as used herein includes subcutaneous injections, intradermal,
intravascular (e.g., intravenous), intramuscular, spinal, intrathecal injection or like
injection or infusion techniques. In an exemplary embodiment, the pharmaceutical
formulation is administered orally. In an exemplary embodiment, the pharmaceutical
formulation is administered intravenously. In an exemplary embodiment, the
pharmaceutical formulation is administered in a topically effective dose. In an
exemplary embodiment, the pharmaceutical formulation is administered in a
cosmetically effective dose. In an exemplary embodiment, the pharmaceutical

formulation is administered in an orally effective dose.

[0152] The pharmaceutical formulations containing compounds of the invention

are preferably in a form suitable for oral use, for example, as tablets, troches,
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lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsion,

hard or soft capsules, or syrups or elixirs.

[0153] Compositions intended for oral use may be prepared according to any
method known in the art for the manufacture of pharmaceutical formulations, and
such compositions may contain one or more agents selected from the group consisting
of sweetening agents, flavoring agents, coloring agents and preserving agents in order
to provide pharmaceutically elegant and palatable preparations. Tablets may contain
the active ingredient in admixture with non-toxic pharmaceutically acceptable
excipients that are suitable for the manufacture of tablets. These excipients may be
for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose,
calcium phosphate or sodium phosphate; granulating and disintegrating agents, for
example, corn starch, or alginic acid; binding agents, for example starch, gelatin or
acacia; and lubricating agents, for example magnesium stearate, stearic acid or talc.
The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time delay material such as

glyceryl monostearate or glyceryl distearate may be employed.

[0154] Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example,

calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein
the active ingredient is mixed with water or an oil medium, for example peanut oil,

liquid paraffin or olive oil.

[0155] Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia; and dispersing or wetting agents, which may be a
naturally-occurring phosphatide, for example, lecithin, or condensation products of an
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or
condensation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide
with partial esters derived from fatty acids and a hexitol such as polyoxyethylene

sorbitol monooleate, or condensation products of ethylene oxide with partial esters
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derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan
monooleate. The aqueous suspensions may also contain one or more preservatives,
for example ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents, one
or more flavoring agents, and one or more sweetening agents, such as sucrose or

saccharin.

[0156] Oily suspensions may be formulated by suspending the active ingredients
in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening
agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents such
as those set forth above, and flavoring agents may be added to provide palatable oral
preparations. These compositions may be preserved by the addition of an anti-oxidant

such as ascorbic acid.

[0157] Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetting agent, suspending agent and one or more preservatives. Suitable
dispersing or wetting agents and suspending agents are exemplified by those already
mentioned above. Additional excipients, for example sweetening, flavoring and

coloring agents, may also be present.

[0158] Pharmaceutical formulations of the invention may also be in the form of
oil-in-water emulsions and water-in-oil emulsions. The oily phase may be a vegetable
oil, for example olive oil or arachis oil, or a mineral oil, for example liquid paraffin or
mixtures of these. Suitable emulsifying agents may be naturally-occurring gums, for
example gum acacia or gum tragacanth; naturally-occurring phosphatides, for
example soy bean, lecithin, and esters or partial esters derived from fatty acids and
hexitol; anhydrides, for example sorbitan monooleate; and condensation products of
the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan

monooleate. The emulsions may also contain sweetening and flavoring agents.

[0159] Syrups and elixirs may be formulated with sweetening agents, for example

glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a

demulcent, a preservative, and flavoring and coloring agents. The pharmaceutical

formulations may be in the form of a sterile injectable aqueous or oleaginous

suspension. This suspension may be formulated according to the known art using

those suitable dispersing or wetting agents and suspending agents, which have been
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mentioned above. The sterile injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally acceptable diluent or solvent, for
example as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in

the preparation of injectables.

[0160] The composition of the invention may also be administered in the form of
suppositories, e.g., for rectal administration of the drug. These compositions can be
prepared by mixing the drug with a suitable non-irritating excipient that is solid at
ordinary temperatures but liquid at the rectal temperature and will therefore melt in
the rectum to release the drug. Such materials are cocoa butter and polyethylene

glycols.

[0161] Alternatively, the compositions can be administered parenterally in a
sterile medium. The drug, depending on the vehicle and concentration used, can
either be suspended or dissolved in the vehicle. Advantageously, adjuvants such as

local anesthetics, preservatives and buffering agents can be dissolved in the vehicle.

[0162] For administration to non-human animals, the composition containing the
therapeutic compound may be added to the animal's feed or drinking water. Also, it
will be convenient to formulate animal feed and drinking water products so that the
animal takes in an appropriate quantity of the compound in its diet. It will further be
convenient to present the compound in a composition as a premix for addition to the
feed or drinking water. The composition can also added as a food or drink

supplement for humans.

[0163] Dosage levels of the order of from about 5 mg to about 250 mg per
kilogram of body weight per day and more preferably from about 25 mg to about 150
mg per kilogram of body weight per day, are useful in the treatment of the above-
indicated conditions. The amount of active ingredient that may be combined with the
carrier materials to produce a unit dosage form will vary depending upon the
condition being treated and the particular mode of administration. Unit dosage forms
will generally contain between from about 1 mg to about 500 mg of an active
ingredient.
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[0164] Frequency of dosage may also vary depending on the compound used and
the particular disease treated. However, for treatment of most disorders, a dosage
regimen of 4 times daily or less is preferred. It will be understood, however, that the
specific dose level for any particular patient will depend upon a variety of factors
including the activity of the specific compound employed, the age, body weight,
general health, sex, diet, time of administration, route of administration and rate of
excretion, drug combination and the severity of the particular disease undergoing

therapy.

[0165] In an exemplary embodiment, the unit dosage form contains from about 1
mg to about 800 mg of a compound of the invention. In an exemplary embodiment,
the unit dosage form contains from about 1 mg to about 500 mg of an active
ingredient. In an exemplary embodiment, the unit dosage form contains from about
100 mg to about 800 mg of a compound of the invention. In an exemplary
embodiment, the unit dosage form contains from about 200 mg to about 500 mg of a
compound of the invention. In an exemplary embodiment, the unit dosage form
contains from about 500 mg to about 800 mg of a compound of the invention. In an
exemplary embodiment, the unit dosage form contains from about 1 mg to about 100
mg of a compound of the invention. In an exemplary embodiment, the unit dosage
form contains from about 10 mg to about 100 mg of a compound of the invention. In
an exemplary embodiment, the unit dosage form contains from about 50 mg to about
100 mg of a compound of the invention. In an exemplary embodiment, the unit
dosage form contains from about 25 mg to about 75 mg of a compound of the
invention. In an exemplary embodiment, the unit dosage form contains from about 40
mg to about 60 mg of a compound of the invention. In an exemplary embodiment, the
unit dosage form contains from about 75 mg to about 200 mg of a compound of the
invention. In an exemplary embodiment, the unit dosage form contains from about 1
mg to about 5 mg of a compound of the invention. In an exemplary embodiment, the
unit dosage form contains from about 10 mg to about 25 mg of a compound of the
invention. In an exemplary embodiment, the unit dosage form contains from about 50
mg to about 350 mg of a compound of the invention. In an exemplary embodiment,
the unit dosage form contains from about 200 mg to about 400 mg of a compound of

the invention.
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[0166] In an exemplary embodiment, the daily dosage contains from about 1 mg
to about 800 mg of a compound of the invention. In an exemplary embodiment, the
daily dosage contains from about 1 mg to about 500 mg of an active ingredient. In an
exemplary embodiment, the daily dosage contains from about 100 mg to about 800
mg of a compound of the invention. In an exemplary embodiment, the daily dosage
contains from about 200 mg to about 500 mg of a compound of the invention. In an
exemplary embodiment, the daily dosage contains from about 500 mg to about 800
mg of a compound of the invention. In an exemplary embodiment, the daily dosage
contains from about 1 mg to about 100 mg of a compound of the invention. In an
exemplary embodiment, the daily dosage contains from about 10 mg to about 100 mg
of a compound of the invention. In an exemplary embodiment, the daily dosage
contains from about 50 mg to about 100 mg of a compound of the invention. In an
exemplary embodiment, the daily dosage contains from about 75 mg to about 200 mg
of a compound of the invention. In an exemplary embodiment, the daily dosage
contains from about 1 mg to about 5 mg of a compound of the invention. In an
exemplary embodiment, the daily dosage contains from about 10 mg to about 25 mg
of a compound of the invention. In an exemplary embodiment, the daily dosage
contains from about 50 mg to about 350 mg of a compound of the invention. In an
exemplary embodiment, the daily dosage contains from about 200 mg to about 400

mg of a compound of the invention.

[0167] Preferred compounds of the invention will have desirable pharmacological
properties that include, but are not limited to, oral bioavailability, low toxicity, low
serum protein binding and desirable in vitro and in vivo half-lives. Penetration of the
blood brain barrier for compounds used to treat CNS disorders is necessary, while low

brain levels of compounds used to treat peripheral disorders are often preferred.

[0168] Assays may be used to predict these desirable pharmacological properties.
Assays used to predict bioavailability include transport across human intestinal cell
monolayers, including Caco-2 cell monolayers. Toxicity to cultured hepatocytes may
be used to predict compound toxicity. Penetration of the blood brain barrier of a
compound in humans may be predicted from the brain levels of laboratory animals

that receive the compound intravenously.

70



10

15

20

25

30

WO 2017/223516 PCT/US2017/039119

[0169] Serum protein binding may be predicted from albumin binding assays.
Such assays are described in a review by Oravcova, et al. (Journal of

Chromatography B (1996) volume 677, pages 1-27).

[0170] Compound half-life is inversely proportional to the frequency of dosage of
a compound. In vitro half-lives of compounds may be predicted from assays of
microsomal half-life as described by Kuhnz and Gieschen (Drug Metabolism and
Disposition, (1998) volume 26, pages 1120-1127).

[0171] The amount of the composition required for use in treatment will vary not
only with the particular compound selected but also with the route of administration,
the nature of the condition being treated and the age and condition of the patient and

will ultimately be at the discretion of the attendant physician or clinician.

VI a) Testing

[0172] Preferred compounds for use in the pharmaceutical formulations described
herein will have certain pharmacological properties. Such properties include, but are
not limited to, low toxicity, low serum protein binding and desirable in vitro and in
vivo half-lives. Assays may be used to predict these desirable pharmacological
properties. Assays used to predict bioavailability include transport across human
intestinal cell monolayers, including Caco-2 cell monolayers. Serum protein binding
may be predicted from albumin binding assays. Such assays are described in a review
by Oravcovaet al. (1996, J. Chromat. B677: 1-27). Compound half-life is inversely
proportional to the frequency of dosage of a compound. /n vitro half-lives of
compounds may be predicted from assays of microsomal half-life as described by
Kuhnz and Gleschen (Drug Metabolism and Disposition, (1998) volume 26, pages
1120-1127).

[0173] Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the population) and the EDs (the
dose therapeutically effective in 50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be expressed as the ratio
between LDsg and EDsy. Compounds that exhibit high therapeutic indices are
preferred. The data obtained from these cell culture assays and animal studies can be
used in formulating a range of dosage for use in humans. The dosage of such
compounds lies preferably within a range of circulating concentrations that include
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the EDs, with little or no toxicity. The dosage can vary within this range depending
upon the unit dosage form employed and the route of administration utilized. The
exact formulation, route of administration and dosage can be chosen by the individual
physician in view of the patient’s condition. (See, e.g. Fingl ef al., 1975, in “The

Pharmacological Basis of Therapeutics”, Ch. 1, p. 1).

VI. b) Administration

[0174] For any compound used in the method of the invention, the therapeutically
effective dose can be estimated initially from cell culture assays, as disclosed herein.
For example, a dose can be formulated in animal models to achieve a circulating
concentration range that includes the ECs (effective dose for 50% increase) as
determined in cell culture, i.e., the concentration of the test compound which achieves
a half-maximal inhibition of infected cell growth. Such information can be used to

more accurately determine useful doses in humans.

[0175] In general, the compounds prepared by the methods, and from the
intermediates, described herein will be administered in a therapeutically or
cosmetically effective amount by any of the accepted modes of administration for
agents that serve similar utilities. It will be understood, however, that the specific
dose level for any particular patient will depend upon a variety of factors including
the activity of the specific compound employed, the age, body weight, general health,
sex, diet, time of administration, route of administration, and rate of excretion, drug
combination, the severity of the particular disease undergoing therapy and the
judgment of the prescribing physician. The drug can be administered from once or

twice a day, or up to 3 or 4 times a day.

[0176] Dosage amount and interval can be adjusted individually to provide
plasma levels of the active moiety that are sufficient to maintain infected cell growth
inhibitory effects. Usual patient dosages for systemic administration range from 0.1
to 1000 mg/day, preferably, 1-500 mg/day, more preferably 10 - 200 mg/day, even
more preferably 100 - 200 mg/day. Stated in terms of patient body surface areas,

usual dosages range from 50-91 mg/m?*/day.

[0177] The amount of the compound in a formulation can vary within the full
range employed by those skilled in the art. Typically, the formulation will contain, on
a weight percent (wt%) basis, from about 0.01-10 wt% of the drug based on the total
formulation, with the balance being one or more suitable pharmaceutical excipients.
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Preferably, the compound is present at a level of about 0.1-3.0 wt%, more preferably,

about 1.0 wt%.

[0178] The invention is further illustrated by the Examples that follow. The

Examples are not intended to define or limit the scope of the invention.

EXAMPLES
[0179] The following Examples illustrate the synthesis of representative
compounds used in the invention and the following Reference Examples illustrate the
synthesis of intermediates in their preparation. These examples are not intended, nor
are they to be construed, as limiting the scope of the invention. It will be clear that
the invention may be practiced otherwise than as particularly described herein.
Numerous modifications and variations of the invention are possible in view of the

teachings herein and, therefore, are within the scope of the invention.

[0180] In the examples below, unless otherwise indicated, all temperatures are set
forth in degrees Celsius and all parts and percentages are by weight. Reagents may be
purchased from commercial suppliers, such as Sigma-Aldrich Chemical Company,
and may be used without further purification unless otherwise indicated. Reagents
may also be prepared following standard literature procedures known to those skilled
in the art. Solvents may be purchased from Sigma-Aldrich in Sure-Seal bottles and
used as received. All solvents may be purified using standard methods known to
those skilled in the art, unless otherwise indicated. The reactions set forth below were
run generally at ambient temperature, unless otherwise indicated. The reaction
vessels were fitted with rubber septa for introduction of substrates and reagents via
syringe. Analytical thin layer chromatography (TLC) was performed using glass-
backed silica gel pre-coated plates (Analtech TLC Uniplates™ with fluorescent
indicator) and eluted with appropriate solvent ratios (v/v). Reactions were assayed by
TLC or LC/MS, and terminated as judged by the consumption of starting material.
Visualization of the TLC plates was done with UV light (254 nm wavelength) or with
an appropriate TLC visualizing solvent, such as basic aqueous KMnO4 solution,
ninhydrin, cerium molybdate, or phosphomolybdic acid, activated with heat. Flash
column chromatography (W. C. Still ez al., J. Org. Chem., 43, 1978, 2923-2925) was
performed using Biotage Isolera Prime automated flash purification system (220 and
254 nm wavelength) with ZIP Sphere-spherical Silica or KP Silica cartridges or
various preparative HPLC systems. The compound structures in the examples below
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were confirmed by one or more of the following methods: proton magnetic resonance
spectroscopy, mass spectrometry, and melting point. Proton magnetic resonance
(IHNMR) spectra were recorded using an NMR spectrometers operating at 300, 400
or 500 MHz field strength. Chemical shifts are reported in the form of delta (8) values
given in parts per million (ppm) relative to an internal standard, such as
tetramethylsilane (TMS). Alternatively, IHNMR spectra were referenced to signals
from residual protons in deuterated solvents as follows: CDCl; = 7.25 ppm; DMSO-dg
=2.49 ppm; CD;0D = 3.30 ppm. Peak multiplicities are designated as follows: s,
singlet; d, doublet; dd, doublet of doublets; t, triplet; dt, doublet of triplets; q, quartet;
br, broadened; and m, multiplet. Coupling constants are given in Hertz (Hz). Mass
spectrometric (MS) data were obtained using a mass spectrometer with APCI or ESI

1onization.

[0181] Starting materials used were either available from commercial sources or
prepared according to literature procedures and had experimental data in accordance

with those reported.

Synthesis of Compounds of the Invention

[0182] Scheme 1 depicts the general synthetic routes for compounds of the
invention and is not intended to be limiting. Specific examples are described
subsequently to this general synthetic description. Inthe generalizations below,
specific reaction conditions or details, for example, added reagents, catalysts,
solvents, reaction temperature, and the like are not described. The general routes
depicted in conjunction with the specific examples provided contain sufficient
information to allow one of ordinary skill in the art to synthesize compounds of the

invention.
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SCHEME A
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AL X
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R5 ,OX5
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A-1a X5= Me o '."lj~INH2 RE o : 0 INH2
A-1b X3= Et 3 E \ e A [
HJI\{T}'/" NO, RS T ',/ NO,
S’ A-4 ’._f
A-2c

[0183] A number of methods may be available for the synthesis of compounds
represented by formula A-3 and A-4; most of them involve the cyclization of ortho-
substituted arylaldehydes, followed by C-3 alkylation, condensation of 3-bromo-
pthalides with aldehydes, the Wittig-Horner reaction of phthalide-3-phosphonate
esters { A-1) with aldehvdes {A-2} or reacting phthalic anhydrides with phenylacetic
acids. (SCHEME A).

SCHEME B
X
iT ———H
A-6
0 0
Cul
OH base, solvent 6
R64@L R o)
RS x® Sonogashira & RS \ o XE
5-exo-dig-cyclization " T
A-5a Xb=| A3
A-5b X5=Br

[0184] One of the most attractive methods for the synthesis of 3-isobenzofurane-1-
ones (A-3) is a copper (I) mediated tandem Sonogashira coupling and intramolecular
5-exo-dig cyclization reaction. For example, reaction of 2-iodobenzoic acid (A-5a)
and phenyl acetylenes (A-6) in the presence of a copper catalyst (copper(I) bromide,
copper(l) iodide) and organic (trimethylamine, Hunig’s base) or inorganic (potassium
carbonate, cesium carbonate) bases in an appropriate solvent (dimethyl sulfoxide,
N,N-dimethyl formamide) afford A-3 in excellent yield. 2-Bromobenzoic acid (A-5b)
and terminal alkyne (A-6) may also be used in similar fashion. Electron withdrawing
groups such as halogens and/or a pyridyl ring in combination with the carboxylic acid
moiety in the A-5 component increase the reactivity of the C—Halogen bond

producing phthalides in good yields. Electron-donating groups (methyl, methoxy, tert-
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butyl) in both, the benzoic acid and the alkyne components decrease the reactivity of
the alkyne moiety as well as the reactivity of the C—Halogen bond, resulting in lower

yields (SCHEME B.).

Literature:

1. Svuthesis of dimethyl phthalide-3-phosphonates and their use in the
reginspeciic synthesis of 3-ylidenephthalides; Elio Napolitano, Guido
Spinelli, Rita Fiaschi, Antonio Marsili; Synthesis, 1985, 38-40.

2. Regioselective One-Pot Synthesis of Isocoumarins and Phthalides from 2-
Iodobenzoic acids and Alkynes by Temperature Control; Manian Rajesh
Kumar, Francis Mariaraj Irudayanathan, Joong Ho Moon, and Sunwoo Lee;
Adv. Synth. Catal., 2013, 355, 3221-3230.

3. Pd-free Sonogashira coupling: one pot synthesis of phthalide via domino
Sonogashira coupling and 5-exo-dig cyclization; Shubhendu Dhara, Raju
Singha, Munmun Ghosh, Atiur Ahmed, Y asin Nuree, Anuvab Das and Jayanta
K. Ray; RSC Adv., 2014, 4, 42604-42607.

SCHEME C
X&_--+
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" STl
A-8a DG= Quinolin-8-yl A-9 -
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[0185] For the synthesis of the 3-benzylidene-isoindolin-1-one scaffold, represented

by formula A-9, a highly efficient copper-mediated tandem oxidative
C(sp2)—H/C(sp)—H cross-coupling and intramolecular annulation reaction of arenes
with terminal alkynes (A-6) has been developed. In this oxidative coupling process,
copper(Il)acetate acts as both the promoter and the terminal oxidant, and 8-
aminoquinoline as a directing auxiliary (A-8a). This synthetic method tolerates a wide
range of substrates and functional groups, proceeds with high chemo-, regio-, and
stereoselectivity; it is a simple, readily available, inexpensive reaction system.
Isoindolin-1-ones may also be straightforwardly synthesized from terminal alkynes
(A-6) and 8-aminoquinoline benzamides (A-8a) utilizing cobalt(Il) catalytic system or
form substituted 2-aminopyridine 1-oxide amides (A-8b) using nickel(II) catalyst in
tandem C(sp2)—H alkynylation-annulation reactions. An extension of the above
reaction utilizes optionally substituted alkynyl carboxylic acids (A-7) in copper-

catalyzed tandem decarboxylative cross-coupling-cyclization reactions with various
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substituted aromatic amides (A-8a), bearing electron-withdrawing or electron-

donating groups (SCHEME C.).

Literature:

1. Copper-Mediated Tandem Oxidative C(sp2)—H/C(sp)—H Alkynylation and
Annulation of Arenes with Terminal Alkynes; Jiaxing Dong, Fei Wang, and
Jingsong You; Org. Lett., 2014, 16, 2884—2887.

2. The facile construction of the phthalazin-1(2H)-one scaffold via copper-
mediated C—H(sp2)/C—H(sp) coupling under mild conditions; Wei Zhu, Bao
Wang, Shengbin Zhou and Hong Liu; Beilstein J. Org. Chem., 2015, 11,
1624-1631.

3. Cobalt-Catalyzed Cyclization of Aliphatic Amides and Terminal Alkynes with
Silver-Cocatalyst; Jitan Zhang, Hui Chen, Cong Lin, Zhanxiang Liu, Chen
Wang and Yuhong Zhang; J. Am. Chem. Soc., 2015, 137, 12990-12996.

4, Ni(Il)-Cataly zed C(sp2)—H Alkynylation/Annulation with Terminal Alkynes
under an Oxygen Atmosphere: A One-Pot Approach to 3-
Methyleneisoindolin-1-one; Xin-Xiang Zheng, Cong Du, Xue-Mei Zhao,
Xinju Zhu, Jian-Feng Suo, Xin-Qi Hao, Jun-Long Niu and Mao-Ping Song; J.
Org. Chem., 2016, 81, 4002—4011.

5. Copper(Il)/Silver(I)-Catalyzed Sequential Alkynylation and Annulation of
Aliphatic Amides with Alkynyl Carboxylic Acids: Efficient Synthesis of
Pyrrolidones; Jitan Zhang, Danyang Li, Hui Chen, Binjie Wang, Zhanxiang
Liu, and Yuhong Zhang; Adv. Synth. Catal., 2016, 358, 792-807.
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[0186] Substituted 4-benzylphthalazin-1(2H)-ones, formula A-10 and A11, may be

conveniently synthesized from 3-benzylidene-3H-isobenzofurane-1-ones (A-3 or A-4)
or from 3-benzylidene-isoindolin-1-ones (A-9) under hydrazinolysis condition

(SCHEME D.).
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Belgique, 1923, 42, 30-68.

2. Derivatives of 3-fluorofluorene by the Pschorr synthesis; Suzuki, Kazuo,
Weisburger, Elizabeth K., Weisburger, John H; Journal of Organic
Chemistry, 1961, 26, 2239-2242,

3. The facile construction of the phthalazin-1(2H)-one scaffold via copper-
mediated C—H(sp2)/C—H(sp) coupling under mild conditions; Wei Zhu, Bao
Wang, Shengbin Zhou and Hong Liu; Beilstein J. Org. Chem., 2015, 11,

1624-1631.
SCHEME E
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[0187] Compounds, represented by formula A-11 may also be prepared from an

adequately functionalized A-10 in palladium-mediated cross coupling reactions. The
heterocyclic ring can be installed directly or may be formed from an appropriate
precursor, for example from 2-nitroaniline. Reduction of the 2-nitroaniline
intermediate may be carried out under a range of conditions, for example
catalytic hydrogenation or hydrogen transfer may be employed using palladium
on carbon, platinum oxide or Raney nickel catalysts. Alternatively, iron metal or
tin(I1) chloride may also be used as effective reducing agents. Conversion of the
resulting phenylenediamine to benzimidazole can be achieved in one step, for
example treating the appropriate phenylenediamine with 1,3-bis(methoxycarbonyl)-2-
methyl-2-thiopseudourea in acetic acid with heating. Alternatively, the conversion
may be carried out by treating the phenylenediamine intermediate with a substituted
isothiocyanate, followed by heating it in the presence of an appropriate
carbodiimide. To introduce other carbamates, ureas or amides at the benzimidazole
2-position the thiopsueudourea reagent of choice may be straightforwardly prepared.
Alternatively, the appropriate 2-amino-benzimidazole intermediate may also be

conveniently functionalized.
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INTERMEDIATE 1
4-(3-bromo-4-fluorobenzyl)phthalazin-1(2H)-one (I-1.1.)
o)

Method A

[0188] STEP 1. To a solution of dimethyl 3-ox0-1,3-dihydroisobenzofuran-I-
ylphosphonate (1a) (3.70 g, 15.30 mmol) and 3-bromo-4-fluorobenzaldehyde (2a)
(3.10 g, 15.30 mmol) in tetrahydrofuran (35 mL) a solution of trimethylamine (2.2
mL, 15.80 mmol) in tetrahydrofuran (5 mL) was added dropwise at 0 °C and the
reaction mixture was stirred at room temperature overnight. The solvent was
concentrated and the residue was partitioned with ethyl acetate (200 mL) and 2M
aqueous hydrochloric acid (100 mL). The organic layer was separated, washed with
water (2x 100 mL) and brine (2x 100 mL), dried over anhydrous sodium sulfate and
concentrated. The resulting crude solid was crystallized from ethyl acetate-hexanes to
give (£)-3-(3-bromo-4-fluorobenzylidene) isobenzofuran-1(3H)-one as withe solid
(3a) (3.9 g, 80%). (TLC 10% ethyl acetate in hexanes, Rf.: 0.65). MS (EI) for
C1sHsBrFO,: 319 [M+H].

[0189] STEP 2. To a suspension of 3-(3-bromo-4-fluorobenzylidene)isobenzofuran-
1(3H)-one (3a) (3.80 g, 11.90 mmol) in a mixture of water (45 mL) and
tetrahydrofuran (15 mL) 10N aqueous sodium hydroxide (5.4 mL, 53.55 mmol) was
added and the reaction mixture was heated to reflux and stirred until the solid went
into solution (approximately 1 hour). Upon cooling it to room temperature hydrazine
monohydrate (64-65 wt%, 9.0 mL, 119.0 mmol) was added to the reaction mixture
and it was stirred at 90 °C overnight (some precipitate has formed). It was cooled in
ice water followed by the addition of concentrated hydrochloric acid to adjust the pH
4-5 (more precipitate formed). The mixture was diluted with ethyl acetate (500 mL)
and the organic layer was separated. The aqueous phase was partitioned with an
additional amount of ethyl acetate (300 mL) and separated. The combined organic
phase was washed with water (350 mL) and brine (2x 300 mL), dried over anhydrous
sodium sulfate and concentrated. Upon removing the solvent (~2/3 volume) a white
solid product has precipitated; it was collected by filtration washed with hexanes and

dried in vacuo to give 4-(3-bromo-4-fluorobenzyl)phthalazin-1(2H)-one (I-1.1) (3.6 g,
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92%). (TLC 30% ethyl acetate in hexanes, Rf.: 0.50). 1TH NMR (300 MHz, d¢-
DMSO): 12.57 (s, 1H), 8.26 (d, 1H), 8.02 (d, 1H), 7.89 (m, 2H), 7.56 (m, 1H), 7.23
(m, 2H), 4.35 (s, 2H). MS (EI) for C15H;BrFN,0: 333 [M+H].

[0190] Intermediate I-1.2. 4-(3-Bromobenzyl)phthalazin-1(2H)-one was prepared
using 3-bromo benzaldehyde in step 1. MS (EI) for C;sH;;BrN,O 315 [M+H].

[0191] Intermediate I-1.3. 4-(3-Bromo-4-chlorobenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-4-fluorobenzaldehyde in step 1. MS (EI) for C;sH;0BrCIN,O:
350 [M+H].

[0192] Intermediate I-1.4. 4-(3-Bromo-4-methylbenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-4-methylbenzaldehyde in step 1. MS (EI) for C;6H;3BrN,O:
330 [M+H].

[0193] Intermediate I-1.5. 4-(3-Bromo-4-(trifluoromethyl)benzyl)phthalazin-1(2H)-
one was prepared using 3-bromo-4-(trifluoromethyl)benzaldehyde in step 1. MS (EI)
for C16H10BrF3N201 383 [M+H]

[0194] Intermediate I-1.6. 4-(3-Bromo-4-(trifluoromethoxy)benzyl)phthalazin-1(2H)-
one was prepared using 3-bromo-4-trifluoromethoxylbenzaldehyde in step 1. MS (EI)
fOI' C16H10BI'F3N202: 400 [M+H]

[0195] Intermediate I-1.7. 4-(3-Bromo-4-methoxybenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-4-methoxylbenzaldehyde in step 1. MS (EI) for
Ci16H13BrN2O»: 356 [M+H]

[0196] Intermediate I-1.8. 4-(3-Vromo-4-ethoxybenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-4-ethoxylbenzaldehyde in step 1. MS (EI) for C17H;sBrN,O,:
360 [M+H].

[0197] Intermediate I-1.9. 4-(3-Bromo-4-(2-methoxyethoxy)benzyl)phthalazin-1(2H)-
one was prepared using 3-bromo-4-(2-methoxyethoxy)benzaldehyde in step 1. MS
(EI) for C18H17BI'N203I 390 [M+H]

[0198] Intermediate I-1.10. 4-(3-Bromo-4-(difluoromethoxy)benzyl)phthalazin-

1(2H)-one was prepared using 3-bromo-4-diflouromethoxyethoxybenzaldehyde (R-
1.1.) in step 1. MS (EI) for C;¢H;BrFaN>O,: 382 [M+H].
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[0199] Intermediate I-1.11. 4-(3-Bromo-5-fluorobenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-5-flourobenzaldehyde in step 1. MS (EI) for C;5H;0BrFN,O:
334 [M+H].

[0200] Intermediate I-1.12. 4-(5-bromo-2-fluorobenzyl)phthalazin-1(2H)-one was
prepared using S-bromo-2-flourobenzaldehyde in step 1. MS (EI) for C;sH;0BrFN,O:
334 [M+H].

[0201] Intermediate I-1.13. 4-(3-Bromo-2-fluorobenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-2-flourobenzaldehyde in step 1. MS (EI) for C;sH;0BrFN,O:
334 [M+H].

[0202] Intermediate I-1.14. 4-(5-Bromo-2,4-difluorobenzyl)phthalazin-1(2H)-one was
prepared using 5-bromo-2.4-diflourobenzaldehyde in step 1. MS (EI) for
C15H9BI'F2N201 352 [M+H]

[0203] Intermediate I-1.16. 4-(3-Bromo-5-methoxybenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-5-methoxybenzaldehyde in step 1. MS (EI) for
C16H13BI'N202: 346 [M+H]

[0204] Intermediate I-1.17. 4-(5-Bromo-2-methoxybenzyl)phthalazin-1(2H)-one was
prepared using 5-bromo-2-methoxybenzaldehyde in step 1. MS (EI) for
C16H13BI'N202: 346 [M+H]

[0205] Intermediate I-1.18. 4-(3-bromo-2-methoxybenzyl)phthalazin-1(2H)-one was
prepared using 3-bromo-2-methoxybenzaldehyde in step 1. MS (EI) for
C16H13BI'N202: 346 [M+H]

[0206] Intermediate I-1.19. 4-(3-Bromo-4,5-dimethoxybenzyl)phthalazin-1(2H)-one
was prepared using 5-bromo-4,5-dimethoxybenzaldehyde in step 1. MS (EI) for
C17H15BI'N203I 376 [M+H]

[0207] Intermediate I-1.20. 4-(5-Bromo-2,4-dimethoxybenzyl)phthalazin-1(2H)-one
was prepared using 5-bromo-2,4-dimethoxybenzaldehyde in step 1. MS (EI) for
C17H15BI'N203I 376 [M+H]

[0208] Intermediate I-1.21. 4-(5-Bromo-4-fluoro-2-methoxybenzyl)phthalazin-1(2H)-

one was prepared using 5-bromo-4-fluoro-2-methoxybenzaldehyde (R-2.1.) in step 1.

MS (EI) for C16H12BrFN>O»: 364 [M-+H].
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[0209] Intermediate I-1.22. 4-(5-Bromo-2-fluoro-4-methoxybenzyl)phthalazin-1(2H)-
one was prepared using 5-bromo-2-fluoro-4-methoxybenzaldehyde (R-2.2.) in step 1.

MS (EI) for C16H12BI'FN202: 364 [M+H]

[0210] Intermediate I-1.38. 4-((5-Bromofuran-2-yl)methyl)phthalazin-1(2H)-one was
prepared using S-bromofuran-2-carbaldehyde in step 1. MS (EI) for C;3sHoB1N,O:
306 [M+H].

[0211] Intermediate I-1.49. 4-(4-Bromo-3-fluorobenzyl)phthalazin-1(2H)-one was
prepared using 4-bromo-3-fluorobenzaldehyde in step 1. MS (EI) for C;5H;0BrN>O:
333 [M+H].

Method B

[0212] STEP 1. To a suspension of 2-iodobenzoic acid (1b) (2.50 g, 10.00 mol), 2-
bromo-4-ethynyl-1-fluorobenzene (2b, R-2.1.) (2.20 g, 11.00 mmol) and cesium-
carbonate (6.52 g, 20.00 mmol) in dimethyl sulfoxide (10 mL) was added cooper(I)
iodide (0.19 g, 1.00 mmol) and the reaction mixture was stirred at room temperature
for 18 hours. It was partitioned with ethyl acetate (300 mL) and water (50 mL). The
organic layer was separated and washed with water (50 mL), 1M aqueous
hydrochloric acid (50 mL) and brine (2x 100 mL), dried over anhydrous sodium
sulfate and concentrated. The resulting crude product was purified by gradient silica
gel flash chromatography (0-50% ethyl acetate in hexanes) to give (Z)-3-(3-bromo-4-
fluorobenzylidene)-isobenzofuran-1(3H)-one (3a) (2.83 g, 88%). MS (EI) for
C1sHsBrFO,: 319 [M+H].

[0213] STEP 2. To a suspension of (Z)-3-(3-bromo-4-fluorobenzylidene)-
isobenzofuran-1(3H)-one (3a) (2.80 g, 8.77 mmol) in water (45 mL) was added
sodium hydroxide (3.95 mL, 39.47 mmol, 10N aqueous solution) and the reaction
mixture was heated to 90 °C for 1 hour then cooled to 50 °C, followed by the addition
of hydrazine hydrate (11.7 mL, 87.70 mmol, 24-25% aqueous solution) and stirred at
90 °C for 18 hours. It was cooled to room temperature and the pH was adjusted to 4
by the addition of concentrated aqueous hydrochloric acid. The crude mixture was
partitioned with ethyl acetate (500 mL) and the organic layer was separated, washed
with water (2x 100 mL) and brine (200 mL), dried over anhydrous sodium sulfate and
concentrated. The precipitated white solid was collected by filtration to give 4-(3-
bromo-4-fluorobenzyl)phthalazin-1(2H)-one (I-1.1.) (2.08 g, 71%). MS (EI) for
C1sH1oBrFN,O: 333 [M+H].
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[0214] Intermediate I-1.23. 4-(3-Bromo-4-fluorobenzyl)-8-fluorophthalazin-1(2H)-
one was prepared using 2-fluoro-6-iodobenzoic acid in step 1. MS (EI) for

C15H9BI'F2N201 352 [M+H]

[0215] Intermediate I-1.24. 4-(3-Bromo-4-fluorobenzyl)-7-fluorophthalazin-1(2H)-
one is prepared using 5-fluoro-2-iodobenzoic acid in step 1. MS (EI) for

C15H9BI'F2N201 352 [M+H]

[0216] Intermediate I-1.25. 4-(3-Bromo-4-fluorobenzyl)-6-fluorophthalazin-1(2H)-
one was prepared using 4-fluoro-2-iodobenzoic acid in step 1. 1H NMR (300 MHz,
de-DMSO): 12.57 (s, 1H), 8.24 (d, 1H), 7.96 (m, 1H), 7.78 (m, 1H), 7.56 (m, 1H),
7.26 (m, 1H), 7.18 (m, 1H), 4.35 (s, 2H). MS (EI) for C,sHsBrF,N,O: 352 [M+H].

Intermediate I-1.26. 4-(3-Bromo-4-fluorobenzyl)-5-fluorophthalazin-1(2H)-one was
prepared using 3-fluoro-2-iodobenzoic acid in step 1. MS (EI) for C,sHyBrF,N,O: 352
[M+H].

[0217] Intermediate I-1.28. 4-(3-Bromo-4-fluorobenzyl)-6,7-difluorophthalazin-
1(2H)-one is prepared using 4,5-difluoro-2-iodobenzoic acid in step 1. MS (EI) for
C15H8BI'F3NzoI 370 [M+H]

[0218] Intermediate I-1.36. 4-(3-Bromo-4-fluorobenzyl)-6,7-dimethoxyphthalazin-
1(2H)-one was prepared using 2-bromo-4,5-dimethoxybenzoic acid in step 1. 1H
NMR (300 MHz, d-DMSO): 12.56 (s, 1H), 7.58 (s. 1H), 7.55 (m, 1H), 7.42, (s, 1H),
7.23 (m, 2H), 4.28 (s, 2H) 3.94 (s, 3H), 3.93 (s, 3H). MS (EI) for C;7H14BrFN,Os:
394 [M+H]}.

Method C

[0219] STEP 1. To a solution of N-(quinolin-8-yl)benzamide (1¢, R-3.1.) (1.24 g,
5.00 mmol) 2-bromo-4-ethynyl-1-fluorobenzene (2b) (R-2.1.) (2.00 g, 10.00 mmol)
and potassium-carbonate (1.40 g, 10.00 mmol) in N,N-dimethylformamide (20 mL)
was added cooper(Il) acetate (0.91 g, 5.00 mmol) and the reaction mixture was stirred
at 80 °C for 18 hours under oxygen atmosphere. The reaction mixture was cooed to
room temperature, diluted with dichloromethane (250 mL) and filtered through a pad
of Celite. The organic layer was washed with water (2x 50 mL) and brine (2x 100
mL), dried over anhydrous sodium sulfate and concentrated. The resulting crude

product was purified by gradient silica gel flash chromatography (0-5% methanol in
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dichloromethane) to give (2)-3-(3-bromo-4-fluorobenzylidene)-2-(quinolin-§-
yl)isoindolin-1-one (3b) (1.74 g, 78%). MS (EI) for C,4H;4BrFN,O: 446 [M+H].

[0220] STEP 2. To a suspension of 3-(3-bromo-4-fluorobenzylidene)-2-(quinolin-8-
yl)isoindolin-1-one (3b) (1.74 g, 3.90 mmol) in a mixture of water (25 mL) and
ethanol (15 mL) 10N aqueous sodium hydroxide (3.90 mL, 39.0 mmol) was added
and the reaction mixture was heated to reflux for 1 hour. Upon cooling it to room
temperature hydrazine monohydrate (64-65 wt%, 3.0 mL, 39.0 mmol) was added to
the reaction mixture and it was stirred at 90 °C overnight. Upon cooling in ice water,
the pH was adjusted to 4-5 by the addition of concentrated aqueous hydrochloric acid
and it was partitioned with ethyl acetate (250 mL). The organic layer was separated
and washed with water (2x 100 mL) and brine (100 mL), dried over anhydrous
sodium sulfate and concentrated. Upon removing the solvent the product has
precipitated; it was collected by filtration washed with hexanes and dried in vacuo to
give 4-(3-bromo-4-fluorobenzyl) phthalazin-1(2H)-one (I-1.1) (1.2 g, 94%). MS (EI)
for C15HoBrFN,O: 333 [M+H].

[0221] Intermediate 1-1.27. 4-(3-Bromo-4-fluorobenzyl)-5,8-difluorophthalazin-
1(2H)-one was prepared using 2,5-difluoro-N-(quinolin-8-yl)benzamide (R-3.2.) in
step 1. MS (EI) for C15H8BI'F3NzoI 370 [M+H]

[0222] Intermediate I-1.29. 4-(3-Bromo-4-fluorobenzyl)-8-methylphthalazin-1(2H)-
one is prepared using 2-methyl-N-(quinolin-8-yl)benzamide (R-3.3.) in step 1. MS
(EI) for C16H12BI'FNzoI 348 [M+H]

[0223] Intermediate I-1.30. 4-(3-Bromo-4-fluorobenzyl)-7-methylphthalazin-1(2H)-
one was prepared using 3-methyl-N-(quinolin-8-yl)benzamide (R-3.4.) instep 1. 1H
NMR (300 MHz, d¢-DMSO): 12.52 (s, 1H), 8.16 (s, 1H), 7.78 (d, 1H), 7.64 (d, 1H),
7.57 (m, 1H), 7.22 (m, 2H), 4.28 (s, 2H), 2.43 (s, 3H). MS (EI) for C,cH,BrFN,0:
348 [M+H].

[0224] Intermediate I-1.31. 4-(3-bromo-4-fluorobenzyl)-6-methylphthalazin-1(2H)-
one was prepared using 4-methyl-N-(quinolin-8-yl)benzamide (R-3.5.) instep 1. 1H
NMR (300 MHz, d¢-DMSO): 12.51 (s, 1H), 8.14 (d, 1H), 7.76 (s, 1H), 7.62 (d, 1H),
7.57 (m, 1H), 7.22 (m, 2H), 4.28 (s, 2H), 2.45 (s, 3H). MS (EI) for CcH12BrFN,O:
348 [M+H].
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[0225] Intermediate I-1.32. 4-(3-Bromo-4-fluorobenzyl)-6-chlorophthalazin-1(2H)-
one is prepared using 4-methyl-N-(quinolin-8-yl)benzamide (R-3.6.) in step 1. MS
(EI) for C1sHyBrCIFN,O: 368 [M+H].

[0226] Intermediate I-1.33. 4-(3-Bromo-4-fluorobenzyl)-6-
(trifluoromethyl)phthalazin-1(2H)-one is prepared using N-(quinolin-8-yl)-4-
(trifluoromethyl)benzamide (R-3.7.) in step 1. MS (EI) for C;sHoBrF4sN,O: [M+H]
402.

[0227] Intermediate I-1.34. 4-(3-Bromo-4-fluorobenzyl)-6-methoxyphthalazin-1(2H)-
one is prepared using 4-methoxy-N-(quinolin-8-yl)benzamide (R-3.8.) in step 1. MS
(EI) for C16H12BI'FN202: [M+H] 364.

[0228] Intermediate I-1.35. 4-(3-Bromo-4-fluorobenzyl)-6-(trifluoromethoxy)
phthalazin-1(2H)-one is prepared using N-(quinolin-8-yl)-4-(trifluoromethoxy)
benzamide (R-3.9.) in step 1. MS (EI) for C;cHsBrF4sN,O,: [M+H] 418.

[0229] Intermediate I-1.37. 4-(3-Bromo-4-fluorobenzyl)-5,7-dimethoxyphthalazin-
1(2H)-one is prepared using 3,5-dimethoxy-N-(quinolin-8-yl)benzamide (R-3.10.) in
step 1. MS (EI) for C17H14BI'FN203I 394.

INTERMEDIATE 2

4-(4-fluoro-3-(4,4,3, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yl) benzyl)phthalazin-
1(2H)-one (I-2.1.)

[0230] A solution of 4-(3-bromo-4-fluorobenzyl) phthalazin-1(2H)-one (I-1.1.) (0.33
g, 1.00 mmol), bis (pinacolato)diboron (0.28 g, 1.10 mmol), potassium acetate (0.30
g, 3.00 mmol) and dichloro|1,1'-bis(diphenylphosphino)ferrocene]palladium(II)
dichloromethane adduct (37 mg, 0.05 mmol) in dimethyl sulfoxide (3.0 mL) was
heated to 80 °C for three hours. Upon cooling the reaction mixture to room
temperature, it was diluted with ethyl acetate (100 mL) and filtered through a pad of
Celite. The filtrate was partitioned with 1M aqueous hydrochloric acid (50 ml). The
organic layer was separated and washed with brine (2x 50 mL), dried over anhydrous
sodium sulfate and concentrated. The resulting crude was purified by gradient silica

gel flash chromatography (0-50% ethyl acetate in hexanes) to give 4-(4-fluoro-3-
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(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)phthalazin-1(2H)-one (I-2.1.)
(0.33 g, 87%). (TLC 30% ethyl acetate in hexanes). MS (EI) for C,;H»,BFN,05: 381
[M+H].

INTERMEDIATE 3

4-((4"-amino-6-fluoro-3'-nitro-{ 1,1'-biphenyl}-3-yl) methyl) phthalazin-1(2H)-one (I-
3.1)

Method A.

[0231] A solution of 4-(3-bromo-4-fluorobenzyl) phthalazin-1(2H)-one (I-1.1.)
(0.33 g, 1.00 mmol), 2-nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
(0.26 g, 1.00 mmol) and potassium carbonate (0.41 g, 3.00 mmol) in a mixture of 1,4-
dioxane (4.5 mL) and water (0.5 mL) was degassed by repeatedly evacuating the
reaction wessel then bubbling nitrogen gas through the solution, followed by the
addition of dichloro[1,1'-bis(diphenylphosphino)ferrocene] palladium (IT)
dichloromethane adduct (41 mg, 0.05 mmol) and stirring the reaction mixture at 98 °C
for 18 hours. It was cooled to room temperature and partitioned with ethyl acetate
(100 mL) and 1M aqueous hydrochloric acid (50 ml). The organic layer was washed
with 1M aqueous hydrochloric acid (2x 50 ml) and brine (2x 50 mL), dried over
anhydrous sodium sulfate and concentrated. The resulting crude was purified by
gradient silica gel flash chromatography (5-75% ethyl acetate in hexanes) to give 4-
((3'-amino-6-fluoro-4'-nitro-[ 1,1'-biphenyl]-3-yl)methyl) phthalazin-1(2H)-one (I-
3.1.)(0.26 g, 67%). (TLC 50% ethyl acetate in hexanes). 1H NMR (300 MHz, d¢-
DMSO): 12.56 (s, 1H), 8.26 (d, 1H), 8.12 (s, 1H), 8.02 (d, 1H), 7.92 (1, 1H), 7.86 (¢,
1H), 7.60 (m, 4H), 7.26 (m, 2H), 7.10 (d, 1H), 4.35 (s, 2H). MS (EI) for

C»H sFN,O5: 391 [M+H].

[0232] Intermediate I-3.2. 4-((4'-Amino-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromobenzyl)phthalazin-
1(2H)-one (1-12) MS (EI) fOI' C21H16N403I 373 [M+H]

[0233] Intermediate I-3.3. 4-((4'-Amino-6-chloro-3'-nitro-| 1,1'-biphenyl]-3-

yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-

chlorobenzyl)phthalazin-1(2H)-one (I-1.3.). MS (EI) for C,;H;5sCIN,O5: 407 [M+H].
86
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[0234] Intermediate I-3.4. 4-((4'-Amino-6-methyl-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-
methylbenzyl)phthalazin-1(2H)-one (I-1.4.). MS (EI) for C,xHsN4O5: 387 [M+H].

[0235] Intermediate I-3.5. 4-((3'-Amino-4'-nitro-6-(trifluoromethyl)-[ 1,1'-biphenyl]-3-
yl)methyl)phthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-
(trifluoromethyl)benzyl)phthalazin-1(2H)-one (I-1.5.). MS (EI) for C,,H;5F3N403:
441 [M+H].

[0236] Intermediate I-3.6. 4-((4'-Amino-3'-nitro-6-(trifluoromethoxy)-[1,1'-biphenyl]-
3-yl)methyl) phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-
(trifluoromethoxy)benzyl)phthalazin-1(2H)-one (I-1.6.). MS (EI) for C,xH;5F3N4Oy:
457 IM+H].

[0237] Intermediate I-3.7. 4-((4'-Amino-6-methoxy-3'-nitro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-
methoxybenzyl)phthalazin-1(2H)-one (I-1.7.). 1TH NMR (300 MHz, d¢s-DMSO):
12.55 (s, 1H), 8.26 (d, 1H), 8.04 (s, 1H), 8.02 (d, 1H), 7.88 (t, 1H), 7.85 (t, 1H), 7.56
(d, 1H), 7.46 (m, 2H), 7.32 (s, 1H), 7.20 (d, 1H), 7.05 (m, 2H), 4.28 (s, 2H), 3.72 (s,
3H). MS (EI) for C,,H;3sN4O4: 403.

[0238] Intermediate I-3.8. 4-((4'-Amino-6-ethoxy-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-
ethoxybenzyl)phthalazin-1(2H)-one (I-1.8.). MS (EI) for C23H20N4O4: 417 [M+H].
[0239] Intermediate I-3.9. 4-((4'-Amino-6-(2-methoxyethoxy)-3"-nitro-[1,1'-
biphenyl]-3-yl)methyl) phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-(2-
methoxyethoxy)benzyl)phthalazin-1(2H)-one (I-1.9.). MS (EI) for C,4H22N4Os: 47
[M+H].

[0240] Intermediate I-3.10. 4-((4'-Amino-6-(difluoromethoxy)-3'-nitro-[1,1'-
biphenyl]-3-yl)methyl) phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-
(difluoromethoxy )benzyl)phthalazin-1(2H)-one (I-1.10.). MS (EI) for C2,H6F2N4Oy4:
439 [M+H].

[0241] Intermediate I-3.11. 4-((4'-Amino-5-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-5-
fluorobenzyl)phthalazin-1(2H)-one (I-1.11.). MS (EI) for C;H;5FN4O5: 391 [M+H].
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[0242] Intermediate I-3.12. 4-((4'-Amino-4-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(5-bromo-2-
fluorobenzyl)phthalazin-1(2H)-one (I-1.12.). MS (EI) for C;H;5FN4O5: 391 [M+H].

[0243] Intermediate I-3.13. 4-((4'-Amino-2-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-2-
fluorobenzyl)phthalazin-1(2H)-one (I-1.13.). MS (EI) for C;H;5FN4O5: 391 [M+H].

[0244] Intermediate I-3.14. 4-((4'-Amino-4,6-difluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(5-bromo-2.4-
difluorobenzyl)phthalazin-1(2H)-one (I-1.14.). MS (EI) for C,;H 4F,N4O5: 409
[M+H].

[0245] Intermediate 1-3.16. 4-((4'-Amino-5-methoxy-3'-nitro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-5-
methoxybenzyl)phthalazin-1(2H)-one (I-1.16.). MS (EI) for C5,H;sN4O4:403 [M+H].

[0246] Intermediate I-3.17. 4-((4'-Amino-4-methoxy-3'-nitro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(5-bromo-2-
methoxybenzyl)phthalazin-1(2H)-one (I-1.17.). MS (EI) for C22H18N404:403
[M+H].

[0247] Intermediate I-3.18. 4-((4'-Amino-2-methoxy-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-2-
methoxybenzyl)phthalazin-1(2H)-one (I-1.18.). MS (EI) for C,2H;sN;04:403 [M+H].
[0248] Intermediate 1-3.19. 4-((4'-Amino-5,6-dimethoxy-3'-nitro-[ 1,1'-biphenyl|-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(3-bromo-4,5-
dimethoxybenzyl)phthalazin-1(2H)-one (I-1.19.). MS (EI) for C,3H0N4Os: 433
[M+H].

[0249] Intermediate 1-3.20. 4-((4'-Amino-4,6-dimethoxy-3'-nitro-[1,1'-biphenyl|-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(5-bromo-2.4-
dimethoxybenzyl)phthalazin-1(2H)-one (I-1.20.). MS (EI) for C,3H20N405: 433
[M+H].

[0250] Intermediate I-3.21. 4-((4'-Amino-6-fluoro-4-methoxy-3'-nitro-| 1,1'-biphenyl]-
3-yl)methyl) phthalazin-1(2H)-one was prepared using 4-(5-bromo-4-fluoro-2-
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methoxybenzyl)phthalazin-1(2H)-one (I-1.21.). MS (EI) for C,,H;7,FN40,: 421
[M+H].
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[0251] Intermediate I-3.22. 4-((4'-Amino-4-fluoro-6-methoxy-3'-nitro-|1,1'-biphenyl]-

3-yl)methyl) phthalazin-1(2H)-one was prepared using 4-(5-bromo-2-fluoro-4-
methoxybenzyl)phthalazin-1(2H)-one (I-1.22.). MS (EI) for C»,H7;FN4Oy: 421
[M+H].

[0252] Intermediate I-3.23. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-8-fluorophthal-azin-1(2H)-one was be prepared using 4-(3-bromo-4-

fluorobenzyl)-8-fluorophthalazin-1(2H)-one (I-1.23.). MS (EI) for C;H4F2N4O3:

[M+H].

[0253] Intermediate I-3.24. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-7-fluorophthal-azin-1(2H)-one is prepared using 4-(3-bromo-4-

fluorobenzyl)-7-fluorophthalazin-1(2H)-one (I-1.24.). MS (EI) for C,;H14F2N4O;:

409 [M+H].

[0254] Intermediate 1-3.25. 4-((4'-amino-6-fluoro-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)-6-fluorophthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-

fluorobenzyl)-6-fluorophthalazin-1(2H)-one (I-1.25.). MS (EI) for C;H14F2N4O3:

[M+H].

[0255] Intermediate I-3.26. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-5-fluorophthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-

fluorobenzyl)-5-fluorophthalazin-1(2H)-one (I-1.26.). MS (EI) for C,H4F2N4O3:

[M+H].

[0256] Intermediate I-3.27. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-5,8-difluoro-phthalazin-1(2H)-one was prepared using 4-(3-bromo-4-

409

409

409

fluorobenzyl)-5,8-difluorophthalazin-1(2H)-one (I-1.27.). MS (EI) for C,H3F3N40;:

427 [M+H].

[0257] Intermediate I-3.28. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6,7-difluoro-phthalazin-1(2H)-one is prepared using 4-(3-bromo-4-

fluorobenzyl)-6,7-difluorophthalazin-1(2H)-one (I-1.28.). MS (EI) for C;1H;3F3Ny0s:

427 [M+H].
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[0258] Intermediate I-3.29. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-8-methylphthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-
fluorobenzyl)-8-methylphthal-azin-1(2H)-one (I-1.29.). MS (EI) for C»,H7FN4Os5:
405 [M+H].

[0259] Intermediate I-3.30. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-7-methylphthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-
fluorobenzyl)-7-methyl-phthalazin-1(2H)-one (I-1.30.). MS (EI) for C»,H7FN4Os5:
405 [M+H].

[0260] Intermediate I-3.31. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6-methylphthal-azin-1(2H)-one was prepared using 4-(3-bromo-4-
fluorobenzyl)-6-methylphthalazin-1(2H)-one (I-1.31.). MS (EI) for C»,H;7;FN4O;: 405
[M+H].

[0261] Intermediate I-3.32. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6-chlorophthal-azin-1(2H)-one is prepared using 4-(3-bromo-4-
fluorobenzyl)-6-chlorophthalazin-1(2H)-one (I-1.32.). MS (EI) for C,;H14CIFN4O;:
425 [IM+H}.

[0262] Intermediate 1-3.33. 4-((4'-Amino-6-fluoro-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)-6-(trifluoro-methyl)phthalazin-1(2H)-one is prepared using 4-(3-bromo-4-
fluorobenzyl)-6-(trifluoromethyl) phthalazin-1(2H)-one (I-1.33.). MS (EI) for
C»H14F4N4O3: 459 [M+H].

[0263] Intermediate I-3.34. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6-methoxy-phthalazin-1(2H)-one is prepared using 4-(3-bromo-4-
fluorobenzyl)-6-methoxyphthalazin-1(2H)-one (I-1.33.). MS (EI) for C5,H7,FN4Oy:
421 [M+H].

[0264] Intermediate I-3.35. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6-(trifluoro-methoxy )phthalazin-1(2H)-one is prepared using 4-(3-bromo-
4-fluorobenzyl)-6-(trifluoro-methoxy)phthalazin-1(2H)-one (I-1.35.). MS (EI) for
CH14F4N4O4: 475 [M+H].
[0265] Intermediate I-3.36. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-6,7-dimethoxy-phthalazin-1(2H)-one one was prepared using 4-(3-bromo-
4-fluorobenzyl)-6,7-dimethox-yphthalazin-1(2H)-one (I-1.36.). MS (EI) for
Cy3H19FN4Os: 451 [M+H].
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[0266] Intermediate I-3.37. 4-((4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-
yl)methyl)-5,7-dimethoxy-phthalazin-1(2H)-one is prepared using 4-(3-bromo-4-
fluorobenzyl)-5,7-dimethoxyphthalazin-1(2H)-one (I-1.37.). MS (EI) for
Cy3H19FN4Os: 451 [M+H].

[0267] Intermediate I-3.38. 4-((5-(4-Amino-3-nitrophenyl)furan-2-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((5-bromofuran-2-
yl)methyl)phthalazin-1(2H)-one (I-1.38.). MS (EI) for C;sH14N4O4: 363 [M+H].

[0268] Intermediate I-3.49. 4-((4'-Amino-2-fluoro-3'-nitro-[1,1'-biphenyl]-4-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(4-bromo-3-
fluorobenzyl)phthalazin-1(2H)-one (I-1.49.). MS (EI) for C;H;5FN4O5: 391 [M+H].

Method B

[0269] A solution of 4-(4-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzyl)phthalazin-1(2H)-one (I-2.1.) (0.38 g, 1.00 mmol), 4~brome-2-nitroaniiine
{0.22 g, 1 00 nwnoly and potassium carbonate (0.41 g, 3.00 mmol) in a mixture of 1,4-
dioxane (4.5 mL) and water (0.5 mL) was purged with nitrogen gas for 20 minutes,
followed by the addition of dichloro[1,1'-bis(diphenylphosphino)
ferrocene|palladium(II) dichloromethane adduct (41 mg, 0.05 mmol) and the reaction
mixture was stirred at 98 °C for 18 hours. Upon cooling it to room temperature it was
diluted with ethyl acetate (50 mL) and the mixture was filtered through a pad of
Celite, then washed with an additional portion of ethyl acetate (50 mL). The
combined phases were washed with 1M aqueous hydrochloric acid (2x 50 ml) and
brine (2x 50 mL), dried over anhydrous sodium sulfate and concentrated. The
resulting crude was purified by gradient silica gel flash chromatography (5-75% ethyl
acetate in hexanes) to give 4-((3'-amino-6-fluoro-4'-nitro-| 1,1'-biphenyl]-3-yl)methyl)
phthalazin-1(2H)-one (I-3.1.) (0.28 g, 73%). 1H NMR (300 MHz, d¢-DMSO): 12.56
(s, 1H), 8.26 (d, 1H), 8.12 (s, 1H), 8.02 (d, 1H), 7.92 (t, 1H), 7.86 (t, 1H), 7.60 (m,
4H), 7.26 (m, 2H), 7.10 (d, 1H), 4.35 (s, 2H). MS (EI) for C»;H;sFN4O5: 391 [M+H].

[0270] Intermediate 1-3.40. 4-((4'-Amino-3',6-difluoro-5'-nitro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-bromo-2-fluoro-6-nitroaniline
MS (EI) for C21H14F2N403I 409 [M+H]
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[0271] Intermediate 1-3.41. 4-((4'-Amino-2',6-difluoro-5'-nitro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-bromo-3-fluoro-2-nitroaniline
MS (EI) fOI' C21H14F2N403I 409 [M+H]

[0272] Intermediate 1-3.42. 4-((4'-Amino-2',6-difluoro-3'-nitro-[ 1,1'-biphenyl]-3-
yDmethyl)phthalazin-1(2H)-one was prepared using 4-bromo-5-fluoro-2-nitroaniline
MS (EI) fOI' C21H14F2N403I 409 [M+H]

[0273] Intermediate 1-3.44. 4-(3-(6-Amino-5-nitropyridin-2-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one was prepared using 6-bromo-3-nitropyridin-2-
amine MS (EI) for C20H14FN503I 392 [M+H]

[0274] Intermediate 1-3.45. 4-(3-(6-Amino-5-nitropyridin-3-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using 5-bromo-3-nitropyridin-2-amine
MS (EI) for C20H14FN503I 392 [M+H]

[0275] Intermediate 1-3.46. 4-(3-(4-Amino-5-nitropyridin-2-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using 2-bromo-5S-nitropyridin-4-amine
MS (EI) for C20H14FN503I 392 [M+H]

[0276] Intermediate I-3.47. 4-(3-(6-Amino-2-methyl-5-nitropyridin-3-y1)-4-
fluorobenzyl)phthalazin-1(2H)-one was prepared using 5-bromo-6-methyl-3-
nitropyridin-2-amine MS (EI) for C,;HsFNsOj;: 406 [M+H].

[0277] Intermediate 1-3.48. 4-(3-(6-Amino-4-methyl-5-nitropyridin-3-y1)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using S-bromo-4-methyl-3-
nitropyridin-2-amine MS (EI) for C,;HsFNsOj;: 406 [M+H].

Method C

[0278] STEP 1. To a solution of 4'-amino-6-fluoro-3'-nitro-| 1,1'-biphenyl]-3-
carbaldehyde (4, R-4.1.) (2.08 g, 8.0 mmol) ad dimethyl 3-oxo-1,3-
dihydroisobenzofuran-1-ylphosphonate (1a) (3.70 g, 16.0 mmol) in tetrahydrofuran
(50 mL) trimethylamine (11.2 mL, 80.0 mmol) was added dropwise and the reaction
mixture was heated to reflux for 18 hours under nitrogen atmosphere. Upon cooling it
to room temperature, the solvent was concentrated and the residue was partitioned
with ethyl acetate (300 mL) and 2M aqueous hydrochloric acid (100 mL). The organic
layer was separated, washed with 2M aqueous hydrochloric acid (2x 100 mL), brine
(150 mL), 1M aqueous sodium hydroxide (2x 100 mL), brine (150 mL), 1M aqueous
hydrochloric acid (100 mL) and bine (150 mL), dried over anhydrous sodium sulfate
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and the solvent was concentrated. The resulting crude solid was triturated with ethyl
acetate and the solid was collected by filtration to give (E/Z)-3-((4'-amino-6-fluoro-3'-
nitro-[1,1'-biphenyl]-3-yl)methylene)isobenzofuran-1(3H)-one (5) (2.65 g, 88%) as a
brown solid. A portion of the crude product was recrystallized from ethyl acetate to
give (Z)-3-((4'-amino-6-fluoro-3'-nitro-| 1,1'-biphenyl]-3-yl)methylene)isobenzofuran-
1(3H)-one. 1H NMR (300 MHz, d-DMSO): 8.18 (s, 1H), 8.10 (d, 1H), 7.95 (d, 1H),
7.88 (m, 3H), 7.70 (s, 3H), 7.67 (t, 1H), 7.42 (dd, 1H), 7.21 (d, 1H), 7.07 (s, IH). MS
(EI) for C»;H13FN>Oy: 377 [M+H].

[0279] STEP 2. To a suspension of (E/Z)-3-((4"-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-yl)methylene) isobenzofuran-1(3H)-one (5) (1.14 g, 3.00 mmol) in N,N-
dimethylformamide (10 mL) N-methylmorpholine (0.70 mL, 6.00 mmol) was added,
followed by the addition of a 1M solution of hydrazine in tetrahydrofuran (3.75 mL,
3.75 mmol). The reaction mixture was heated to 75 °C for 18 hours. It was cooled to
room temperature and partitioned with ethyl acetate (250 mL) and 2M aqueous
hydrochloric acid (100 mL). The organic layer was separated and washed with 2M
aqueous hydrochloric acid* (100 mL) and brine (2x 150 mL), dried over anhydrous
sodium sulfate and the solvent was concentrated. The resulting crude was triturated
with ethanol and the yellow solid was collected by filtration washed with 10% ethyl
acetate in hexanes and air dried to give 4-((4'-amino-6-fluoro-3'-nitro-|1,1'-biphenyl]-
3-yl)methyl) phthalazin-1(2H)-one (I-3.1.) (1.05 g, 89%). MS (EI) for C,;H;sFN,4Os:
391 [M+H].

[0280] Intermediate I-3.15. 4-((4'-Amino-5,6-difluoro-3'-nitro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4'-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-carbaldehyde (R-4.2.) in step 1. MS (EI) for C;H;4F>N4O3: 408 [M+H].
[0281] Intermediate 1-3.39. 4-((4-(4-Amino-3-nitrophenyl)furan-2-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-(4-amino-3-nitrophenyl)furan-
2-carbaldehyde (R-4.3.) in step 1. MS (EI) for C1oH;4N4O4: 363 [M+H].
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INTERMEDIATE 4

4-((3',4'-diamino-5"-chloro-6-fluoro-{1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-
one (I-4.1.)

[0282] STEP 1 To asolution of 4-((3'-amino-6-fluoro-4'-nitro-[1,1'-biphenyl]-3-
yl)methyl) phthalazin-1(2H)-one (I-2.1.) (0.54 g, 1.38 mmol) in N, V-
dimethylformamid (10 mL) was added N-chlorosuccinimide (0.18 g, 1.38 mmol) in
one portion. The reaction mixture was stirred at room temperature for 18 hours. The
mixture was partitioned with ethyl acetate (100 mL) and 1M aqueous hydrochloric
acid (50 ml). The organic layer was separated and washed with 1M aqueous
hydrochloric acid (50 ml) and brine (2x 50 mL), dried over anhydrous sodium sulfate
and concentrated. The resulting crude was purified by gradient silica gel flash
chromatography (5-50% ethyl acetate in hexanes) to give 4-((4'-amino-3'-chloro-6-
fluoro-5'-nitro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (6) (0.55 g, 93%).
1H NMR (300 MHz, d¢-DMSO); 12.57 (s, 1H), 8.27 (d, 1H), 8.12 (s, 1H), 8.02 (d,
1H), 7.90-7.86 (m, 2H), 7.58 (m, 4H), 7.26 (s, 1H), 7.10 (d, 1H), 4.34 (s, 2H). MS
(EI) for C»1H1sCIFN,O;5: 426 [M+H].

[0283] STEP 2. A suspension of 4-((4'-amino-3'-chloro-6-fluoro-5"-nitro-[1,1'-
biphenyl]-3-yl)methyl) phthalazin-1(2H)-one (6) (0.33 g, 0.78 mmol), ammonium
formate (0.98 g, 15.54 mmol) and iron metal powder (0.43 g, 7.70 mmol) in a mixture
of tetrahydrofuran (25 mL) and water (5 mL) was heated to 70 °C for 18 hours. It was
cooled to room temperature and the solid was removed by filtering the reaction
mixture through a pad of Celite. The residue was partitioned with ethyl acetate (250
mL) and saturated aqueous sodium bicarbonate (100 ml). The organic layer was
separated, washed with saturated aqueous sodium bicarbonate (50 ml), brine (2x 100
mL), dried over anhydrous sodium sulfate and concentrated. The resulting crude was
purified by gradient silica gel flash chromatography (10-80% ethyl acetate in
hexanes) to give 4-((4',5'-diamino-2'-chloro-6-fluoro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-4.1.) (0.17 g, 56%). The crude product was used
without further purification. MS (EI) for C,;H;sCIFN4O: 395 [M+H].
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INTERMEDIATE 5.
4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-y)methyl) phthalazin-1(2H)-one (I-5.1.)

I-5.1.
[0284] To a suspension of 4-((3'-amino-6-fluoro-4'-nitro-[1,1'-biphenyl]-3-

yl)methyl) phthalazin-1(2H)-one (I-3.1.) (0.25 g, 0.64 mmol) and ammonium formate
(0.81 g, 12.80 mmol) in methanol (25 mL) palladium on activated carbon (0.1 g, 10
wt% loading on wet support, Degussa type) was added and the reaction mixture was
stirred at 62 °C for 18 hours. It was cooled to room temperature and the catalyst was
removed filtering the reaction mixture through a pad of Celite; the solvent was
concentrated, the residue was partitioned with ethyl acetate (100 mL) and saturated
aqueous sodium bicarbonate (50 ml). The organic layer was separated, washed with
saturated aqueous sodium bicarbonate (2x 25 ml) and brine (2x 100 mL), dried over
anhydrous sodium sulfate and concentrated to give 4-((3',4'-diamino-6-fluoro-[1,1'-
biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.1.) as light brown solid (0.22 g,
96%). The crude product was used without further purification. MS (EI) for
C»H-FN4O: 361 [M+H].

[0285] Intermediate [-5.2. 4-((3',4'-Diamino-|1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one was prepared using 4-((4'-amino-3'-nitro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-3.2.). MS (EI) for C;H ;sN4O: 343 [M+H].
[0286] Intermediate 1-5.3. 4-((3',4'-Diamino-6-chloro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-chloro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.3.). MS (EI) for C,;H;7CIN,O:
377 [M+H].

[0287] Intermediate I-5.4. 4-((3',4'-Diamino-6-methyl-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-methyl-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.4.). MS (EI) for C;,H»oN4O:
357 [M+H].

[0288] Intermediate I-5.5. 4-((3',4'-Diamino-6-(trifluoromethyl)-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((3'-amino-4'-nitro-6-
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(trifluoromethyl)-[ 1,1'-biphenyl]-3-y1 )methyl)phthalazin-1(2H)-one (I-3.5.). MS (EI)
for C22H17F3N4OI 410 [M+H]

[0289] Intermediate 1-5.6. 4-((3',4'-Diamino-6-(trifluoromethoxy)-[1,1'-biphenyl]-3-
yl)methyl)phthal-azin-1(2H)-one was prepared using 4-((4'-amino-3'-nitro-6-
(trifluoromethoxy)-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.6.). MS
(EI) for Cx,H7F3N40,: 427 [M+H].

[0290] Intermediate I-5.7. 4-((3',4'-Diamino-6-methoxy-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-methoxy-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.7.). MS (EI) for C»,H»oN4O5:
372 [M+H].

[0291] Intermediate I-5.8. 4-((3'.4'-Diamino-6-ethoxy-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-ethoxy-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.8.). MS (EI) for C»;H2:N405:
387 [M+H].

[0292] Intermediate I-5.9. 4-((3',4'-Diamino-6-(2-methoxyethoxy)-| 1,1'-biphenyl]-
3-yl)methyl)phthal-azin-1(2H)-one was prepared using 4-((4'-amino-6-(2-
methoxyethoxy)-3'-nitro-| 1,1'-biphenyl]-3-yl)methyl) phthalazin-1(2H)-one (I-3.9.).
MS (ED) for C»4H24N4O5: 417 [M+H].

[0293] Intermediate I-5.10. 4-((3',4'-Diamino-6-(difluoromethoxy)-| 1,1'-biphenyl]-
3-yD)methyl)phthal-azin-1(2H)-one was prepared using 4-((4'-amino-6-
(difluoromethoxy)-3'-nitro-[1,1'-biphenyl]-3-yl)methyl) phthalazin-1(2H)-one (I-
3.10.). MS (EI) for C,H;sF2N4O,: 409 [M+H].

[0294] Intermediate [-5.11. 4-((3',4'-Diamino-5-fluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-5-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.11.). MS (EI) for C;;H;7FN4O:
361 [M+H].

[0295] Intermediate 1-5.12. 4-((3',4'-Diamino-4-fluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-4-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.12.). MS (EI) for C,;H;,FN4O:
361 [M+H].
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[0296] Intermediate 1-5.13. 4-((3',4'-Diamino-2-fluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-2-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.13.). MS (EI) for C;;H;,FN,O:
361 [M+H].

[0297] Intermediate 1-5.14. 4-((3',4'-Diamino-4,6-difluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-4,6-difluoro-3'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.14.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0298] Intermediate 1-5.15. 4-((3',4'-Diamino-5,6-difluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-5,6-difluoro-3'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.15.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0299] Intermediate 1-5.16. 4-((3',4'-Diamino-5-methoxy-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-5-methoxy-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.16.). MS (EI) for C22H20N4O2:
373 [M+H].

[0300] Intermediate 1-5.17. 4-((3',4'-Diamino-4-methoxy-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-4-methoxy-3'-nitro-
[1,1'-biphenyl]-3-yI)methyl)phthalazin-1(2H)-one (I-3.17.). MS (EI) for C;,H»oN4O3:
373 [M+H].

[0301] Intermediate 1-5.18. 4-((3',4'-Diamino-2-methoxy-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-2-methoxy-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.18.). MS (EI) for C;,H»oN4O;:
373 [M+H].

[0302] Intermediate 1-5.19. 4-((3',4'-Diamino-5,6-dimethoxy-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-5,6-dimethoxy-3'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.19.). MS (EI) for
C»3H2N4Os5: 403 [M+H].
[0303] Intermediate 1-5.20. 4-((3',4'-Diamino-4,6-dimethoxy-[1,1'-biphenyl]-3-
yDmethyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-4,6-dimethoxy-3'-
nitro-| 1,1'-biphenyl]-3-y)methyl) phthalazin-1(2H)-one (I-3.20.). MS (EI) for
C»3H2N4Os5: 403 [M+H].
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[0304] Intermediate I-5.21. 4-((3',4'-Diamino-6-fluoro-4-methoxy-| 1,1'-biphenyl]-3-
yl)methyl)phthal-azin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-4-
methoxy-3'-nitro-[1,1'-biphenyl]-3-yl)methyl) phthalazin-1(2H)-one (I-3.21.). MS
(EI) for C22H19FN4O»: 391 [M+H].

[0305] Intermediate I-5.22. 4-((3',4'-Diamino-4-fluoro-6-methoxy-[ 1,1'-biphenyl]-3-
yl)methyl)phthal-azin-1(2H)-one was prepared using 4-((4'-amino-4-fluoro-6-
methoxy-3'-nitro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-3.22.). MS

(EI) for C22H19FN4O»: 391 [M+H].

[0306] Intermediate 1-5.23. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
8-fluorophthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-yl)methyl)-8-fluorophthalazin-1(2H)-one (I-3.23.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0307] Intermediate 1-5.24. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
7-fluorophthalazin-1(2H)-one is prepared using 4-((4'-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-yl)methyl)-7-fluorophthalazin-1(2H)-one (I-3.24.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0308] Intermediate 1-5.25. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-y1)methyl)-
6-fluorophthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-|1,1'-
biphenyl]-3-yl)methyl)-6-fluorophthalazin-1(2H)-one (I-3.25.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0309] Intermediate I-5.26. 4-((3',4'-Diamino-6-fluoro-[1,1'-biphenyl]-3-y)methyl)-
5-fluorophthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-|1,1'-
biphenyl]-3-yl)methyl)-5-fluorophthalazin-1(2H)-one (I-3.26.). MS (EI) for
C»1H16F2N4O: 379 [M+H].

[0310] Intermediate 1-5.27. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-y1)methyl)-
5,8-difluorophthal-azin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)-5,8-difluorophthalazin-1(2H)-one (I-3.27.). MS (EI) for
C,1H;5FsN4O: 397 [M+H].

[0311] Intermediate 1-5.28. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6,7-difluorophthal-azin-1(2H)-one is prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-y])methyl)-6,7-difluorophthalazin-1(2H)-one (I-3.28.). MS (EI) for
C»1H15F5N4O: 397 [M+H].
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[0312] Intermediate 1-5.29. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
8-methylphthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)-8-methylphthalazin-1(2H)-one (I1-3.29.). MS (EI) for
C»H19FN4O: 375 [M+H].

[0313] Intermediate 1-5.30. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-y1)methyl)-
7-methylphthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-yl)methyl)-7-methylphthalazin-1(2H)-one (I-3.30.). MS (EI) for
C»H19FN4O: 375 [M+H].

[0314] Intermediate I-5.31. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6-methylphthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-y])methyl)-6-methylphthalazin-1(2H)-one (I-3.31.). MS (EI) for
C2»H19FN4O: 375 [M+H].

[0315] Intermediate 1-5.32. 6-Chloro-4-((3'.4'-diamino-6-fluoro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one can is using 4-((4'-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-yl)methyl)-6-chloro-phthalazin-1(2H)-one (I-3.32.). MS (EI) for
C21H16CIFN4O: 395 [M+H].

[0316] Intermediate 1-5.33. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6-(trifluoromethyl) phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-
3'-nitro-[1,1'-biphenyl]-3-y])methyl)-6-(trifluoromethyl)phthalazin-1(2H)-one (I-
3.33.). MS (ED for C2Hi6FsN4O: 429 [M+H].

[0317] Intermediate 1-5.34. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6-methoxy-phthal-azin-1(2H)-one is prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-y])methyl)-6-methoxyphthalazin-1(2H)-one (I-3.34.). MS (EI) for
C»H19FN4Os: 391 [M+H].

[0318] Intermediate 1-5.35. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6-(trifluoromethoxy) phthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-
3'-nitro-[1,1'-biphenyl]-3-yl)methy1)-6-(trifluoromethoxy )phthalazin-1(2H)-one (I-
3.35.)). MS (ED for CyH6FsN4O,: 445 [M+H].
[0319] Intermediate 1-5.36. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
6,7-dimethox-yphthalazin-1(2H)-one was prepared using 4-((4'-amino-6-fluoro-3'-
nitro-[ 1,1'-biphenyl]-3-yl)methyl)-6,7-dimethoxyphthalazin-1(2H)-one (I-3.36.). MS
(EI) for Cy3H21FN4O5: 421.
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[0320] Intermediate 1-5.37. 4-((3',4'-Diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-
5,7-dimethoxy-phthalazin-1(2H)-one is prepared using 4-((4'-amino-6-fluoro-3'-nitro-
[1,1'-biphenyl]-3-y]) methyl)-5,7-dimethoxyphthalazin-1(2H)-one (1-3.37.). MS (EI)
for Cy3H21FN4O5: 421,

[0321] Intermediate 1-5.38. 4-((5-(3,4-Diaminophenyl)furan-2-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((5-(4-amino-3-
nitrophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-3.38.). MS (EI) for
C19H16N4Os: 333 [M+H].

[0322] Intermediate 1-5.39. 4-((4-(3,4-Diaminophenyl)furan-2-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4-(4-amino-3-
nitrophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-3.39.). MS (EI) for
C19H16N4O2: 333 [M+H].

[0323] Intermediate 1-5.40. 4-((3',4'-Diamino-5',6-difluoro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-3',6-difluoro-5'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.40.). MS (EI) for
C»1H16F2N4O: 379 [M+H].

[0324] Intermediate 1-5.41. 4-((4',5'-Diamino-2',6-difluoro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-2',6-difluoro-5'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.56.). MS (EI) for
C21H16F2N4O: 379 [M+H].

[0325] Intermediate [-5.42. 4-((3',4'-Diamino-2',6-difluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-2',6-difluoro-3'-
nitro-[1,1'-biphenyl]-3-y1)methyl) phthalazin-1(2H)-one (I-3.42.). MS (EI) for
C»1H16F2N4O: 379 [M+H].

[0326] Intermediate I-5.44. 4-(3-(5,6-Diaminopyridin-2-y1)-4-
fluorobenzyl)phthalazin-1(2H)-one was prepared using 4-(3-(6-amino-5-nitropyridin-
2-y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-3.59.). MS (EI) for C»HsFNsO: 362
[M+H].
[0327] Intermediate I-5.45. 4-(3-(5,6-Diaminopyridin-3-y1)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using 4-(3-(6-amino-5-nitropyridin-3-
y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-3.45.). MS (EI) for C,0H;cFNsO: 362
[M+H].
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[0328] Intermediate I-5.46. 4-(3-(4,5-Diaminopyridin-2-y1)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using 4-(3-(4-amino-5-nitropyridin-2-
y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-3.61.). MS (EI) for C,0H;cFNsO: 362
[M+H].

[0329] Intermediate 1-5.47. 4-(3-(5,6-Diamino-2-methylpyridin-3-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one was prepared using 4-(3-(6-amino-2-methyl-5-
nitropyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (1-3.47.). MS (EI) for
CHsFNsO: 376 [M+H].

[0330] Intermediate 1-5.48. 4-(3-(5,6-Diamino-4-methylpyridin-3-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one is prepared using 4-(3-(6-amino-4-methyl-5-
nitropyridin-3-yl)-4-fluorobenzyl) phthalazin-1(2H)-one (I-3.48.). MS (EI) for
C1H13FNsO: 376 [M+H].

[0331] Intermediate 1-5.49. 4-((3',4'-Diamino-2-fluoro-| 1,1'-biphenyl]-4-
yl)methyl)phthalazin-1(2H)-one was prepared using 4-((4'-amino-2-fluoro-3'-nitro-
[1,1'-biphenyl]-4-yl)methyl)phthalazin-1(2H)-one (I-3.49.). MS (EI) for C2;H17FN4O:
361 [M+H].

EXAMPLE 1

EXAMPLE 1.1. Methyl (5-{2-fluoro-5-{(4-ox0-3,4-dihydrophthalazin-1-
y)methyl[phenyl}-1H-benzimidazol-2-yl)carbamate
o

(o}

[0332] A solution of 4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.36 g, 1.00 mmol) and 1,3-
bis(methoxycarbonyl)-2-methyl-2-thiopseudourea (0.21 g, 1.00 mmol) in acetic acid
(5.0 mL) was stirred at 98 °C for 18 hours. After cooling the reaction mixture to
room temperature it was diluted with water (5 mL) and the pH was adjusted to 8 by
the addition of 10N aqueous sodium hydroxide (8.6 mL), and then partitioned with
ethyl acetate (100 mL). The organic layer was separated, washed with saturated
aqueous sodium bicarbonate (50 ml), brine (50 mL), dried over anhydrous sodium
sulfate and concentrated. The resulting crude was purified by gradient silica gel flash

chromatography (5-20% 7N ammonia in methanol in ethyl acetate) to give methyl (5-
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(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-yl)methyl)phenyl)- / H-benzimidazol-2-
yl)carbamate (E-1.1.) (0.25 g, 57%). 1H-NMR (300 MHz, d-DMSO): 12.58 (s, 1H),
11.82 (br s, 2H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H), 7.80 (t, 1H), 7.54-7.46 (m,
2H), 7.44 (d, 1H), 7.26 (m, 1H), 7.20 (m, 2H), 4.34 (s, 2H), 3.80 (s, 3H). MS (EI) for
C,4H1sFNsOs: 444 [M+H].

[0333] Example E-1.2. Methyl (5-(3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-[1,1'-biphenyl]|-3-yl)methyl)phthalazin-1(2H)-one) (I-5.2.). TH-NMR (300
MHz, ds-DMSO): 12.58 (s, 1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H), 7.81 (t, 1H),
7.57 (m, 2H), 7.43 (m, 2H), 7.29 (m, 2H), 7.20 (m, 1H), 4.35 (s, 2H), 3.77 (s, 3H).
MS (EI) for C,4H9N5O5: 426 [M+H].

[0334] Example E-1.3. Methyl (5-(2-chloro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-chloro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.3.). 1H-
NMR (300 MHz, de-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.92 (1, 1H),
7.82 (t, 1H), 7.49 (m, 2H), 7.45 (d, 1H), 7.26-7.18 (m, 3H), 4.36 (s, 2H), 3.78 (s, 3H).
MS (ED) for C»4H;5CINsO;5: 460 [M+H].

[0335] Example E-1.4. Methyl (5-(2-methyl-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-methyl-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.4.). 1H-
NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 8.26 (d, 1H), 8.02 (d, 1H), 7.89 (1, 1H),
7.82 (t, 1H), 7.45 (s, 1H), 7.42 (d, 1H), 7.26-7.22 (m, 2H), 7.12 (d, 1H), 7.04 (d, 1H),
4.28 (s, 2H), 3.78 (s, 3H), 2.42 (s, 3H). MS (EI) for C,5sH»1N;505: 440 [M+H].

[0336] Example E-1.5. Methyl (5-(5-((4-0x0-3,4-dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethyl) phenyl)-1H-benzoimidazol-2-yl)carbamate was prepared using 4-
((3',4'-diamino-6-(trifluoro-methyl)-| 1, 1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one
(I-5.5). TH-NMR (300 MHz, ds-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H),
7.92 (t, 1H), 7.82 (t, 1H), 7.50 (m, 2H), 7.47 (d, 1H), 7.26-7.18 (m, 3H), 4.35 (s, 2H),
3.78 (s, 3H). MS (EI) for C,sH;3F5NsOs: 494 [M+H].

[0337] Example E-1.6. Methyl (5-(5-((4-0x0-3,4-dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethoxy) phenyl)- 7/ H-benzoimidazol-2-yl)carbamate carbamate was

prepared using 4-((3'.4'-diamino-6-(trifluoromethoxy)-[1,1'-biphenyl]-3-
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yl)methyl)phthalazin-1(2H)-one (I-5.6.). 1TH-NMR (300 MHz, de-DMSO): 12.58 (s,
1H), 8.25 (d, 1H), 8.03 (d, 1H), 7.89 (1, 1H), 7.83 (1, 1H), 7.45 (s, 1H), 7.36 (d, 1H),
7.26 (s, 1H), 7.22 (d, 1H), 7.10 (d, 1H), 6.98 (d, 1H), 4.28 (s, 2H), 3.78 (s, 3H). MS
(EI) for CsHisF3NsO4: 510 [M+H].

[0338] Example E-1.7. Methyl (5-(2-methoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.7.). 1H-
NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), (d, 1H), 8.03 (d, 1H), 7.88 (1, 1H), 7.82
(t, 1H), 7.44 (s, 1H), 7.39 (d, 1H), 7.26 (s, 1H), 7.24 (d, 1H), 7.06 (d, 1H), 6.96 (d,
1H), 4.28 (s, 2H), 3.80 (s, 3H). MS (EI) for C,5H,1N504: 456 [M+H].

[0339] Example E-1.8. Methyl (5-(2-ethoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-ethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.8.). 1H-
NMR (300 MHz, d¢-DMSO): 12.57 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.89 (t, 1H),
7.82 (t, 1H), 7.43 (s, 1H), 7.37 (d, 1H), 7.26 (s, 1H), 7.22 (d, 1H), 7.10 (d, 1H), 6.98
(d, 1H), 4.63 (q, 2H), 4.28 (s, 2H), 3.79 (s, 3H), 1.58 (1, 3H). MS (EI) for
C26H23N504: 470 [M+H].

[0340] Example E-1.9. Methyl (5-(2-(2-methoxyethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-(2-methoxyethoxy)-[1,1'-biphenyl|-3-
yl)methyl)phthalazin-1(2H)-one (I-5.9.). 1TH-NMR (300 MHz, d¢-DMSO): 12.56 (s,
1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.88 (1, 1H), 7.82 (1, 1H), 7.43 (s, 1H), 7.40 (d, 1H),
7.28 (s, 1H), 7.22 (d, 1H), 7.11 (d, 1H), 6.96 (d, 1H), 4.30 (m, 2H), 4.28 (s, 2H), 3.80
(s, 3H), 3.60 (m, 2H), 3.78 (s, 3H). MS (EI) for C»7H»sNsOs: 500 [M+H].

[0341] Example E-1.10. Methyl (5-(2-(difluoromethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-(difluoromethoxy)-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.10.). TH-NMR (300 MHz, d¢-DMSO): 12.58 (s,
1H), 8.26 (d, 1H), 8.03 (d, 1H), 7.90 (1, 1H), 7.82 (1, 1H), 7.43 (m, 2H), 7.41 (d, 1H),
7.26 (m, 1H), 7.22-7.12 (m, 3H), 4.35 (s, 2H), 3.78 (s, 3H). MS (EI) for
CasH1oF>NsOy4: 492 [M+H].
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[0342] Example E-1.11. Methyl (5-(3-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.11.). 1H-
NMR (300 MHz, d¢-DMSO): 12.60 (s, 1H), 8.24 (d, 1H), 8.04 (d, 1H), 7.90 (1, 1H),
7.82 (t, 1H), 7.62 (s, 1H), 7.47-7.42 (m, 2H), 7.31 (d, 1H), 7.26 (dd, 1H), 7.07 (d, 1H),
4.38 (s, 2H), 3.78 (s, 3H). MS (EI) for C»sH1sFNsO3: 444 [M+H].

[0343] Example E-1.12. Methyl (5-(4-fluoro-3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.12.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (1, 1H),
7.82 (t, 1H), 7.48 (m, 2H), 7.45 (d, 1H), 7.30 (m, 1H), 7.21 (m, 2H), 4.35 (s, 2H), 3.79
(s, 3H). MS (ED for C»sH15FNsOs: 444 [M+H].

[0344] Example E-1.13. Methyl (5-(2-fluoro-3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.13.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (1, 1H),
7.82 (t, 1H), 7.52 (s, 1H), 7.45 (m, 2H), 7.22 (m, 3H), 4.36 (s, 2H), 3.78 (s, 3H). MS
(EI) for Co4H1sFN5O5: 444 [M+H].

[0345] Example E-1.14. Methyl (5-(2,4-difluoro-5-((4-ox0-3,4-dihydrophthalazin-
1-yDmethyl)phenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4,6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.14.) 1H-
NMR (300 MHz, de-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H),
7.82 (t, 1H), 7.48 (m, 2H), 7.45 (d, 1H), 7.21 (d, 1H), 6.84 (m, 1H), 4.35 (s, 2H), 3.78
(s, 3H). MS (ED for C24H17F2N503: 462 [M+H].

[0346] Example E-1.15. Methyl (5-(2,3-difluoro-5-((4-ox0-3,4-dihydrophthalazin-
1-yDmethyl)phenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5,6-difluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.15.). 1H-
NMR (300 MHz, de-DMSO): 12.59 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.92 (t, 1H),
7.83 (t, 1H), 7.49 (m, 3H), 7.23 (d, 1H), 7.08 (m, 1H), 4.35 (s, 2H), 3.78 (s, 3H). MS
(EI) for Cp4H;7F,N503: 462 [M+H].

[0347] Example E-1.16. Methyl (5-(3-methoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
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diamino-5-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.16.). 1H-
NMR (300 MHz, de-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.03 (d, 1H), 7.89 (t, 1H),
7.82 (t, 1H), 7.43 (s, 1H), 7.36 (d, 1H), 7.21 (d, 1H), 7.20 (s, 1H), 7.18 (s, 1H), 6.98
(d, 1H), 4.28 (s, 2H), 3.76 (3H), 3.70 (s, 3H). MS (EI) for C,sH»1N504: 456 [M+H].

[0348] Example E-1.17. Methyl (5-(4-methoxy-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.17.). 1H-
NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 8.2 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H),
7.82 (t, 1H), 7.44 (s, 1H), 7.38 (d, 1H), 7.26 (s, 1H), 7.19-7.12 (m, 2H), 6.98 (d, 1H),
4.28 (s, 2H), 3.78 (s, 3H), 3.64 (s, 3H). MS (EI) for C»sH»1NsO4: 456 [M+H].

[0349] Example E-1.18. Methyl (5-(2-methoxy-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.18.). 1H-
NMR (300 MHz, d¢-DMSO): 12.57 (s, 1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.88 (1, 1H),
7.82, (t, 1H), 7.56 (s, 1H), 7.42 (d, 1H), 7.23 (m, 2H), 7.08 (m, 2H), 4.36 (s, 2H), 3.70
(s, 3H), 3.30 (s, 3H). MS (EI) for C»5sH»1N504: 456 [M+H].

[0350] Example E-1.19. Methyl (5-(2,3-dimethoxy-5-((4-0x0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-5,6-dimethoxy-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.). 1TH-NMR (300 MHz, d¢-DMSO): 12.56 (s,
1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (1, 1H), 7.82, (t, 1H), 7.44 (s, 1H), 7.38 (d, 1H),
7.22 (s, 1H), 6.98 (d, 1H), 6.88 (s, 1H), 4.28 (s, 2H), 3.78 (s, 3H), 3.70 (s, 6H). MS
(EI) for C2sH»NsOs: 486 [M+H].

[0351] Example E-1.20. Methyl (5-(2,4-dimethoxy-5-((4-0x0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-4,6-dimethoxy-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.20.). TH-NMR (300 MHz, d¢s-DMSO): 12.56 (s,
1H), 8.24 (d, 1H), 8.03 (d, 1H), 7.88 (1, 1H), 7.82, (t, 1H), 7.44 (s, 1H), 7.37 (d, 1H),
7.27 (s, 1H), 6.98 (d, 1H), 6.68 (s, 1H), 4.28 (s, 2H), 3.77 (s, 3H), 3.70 (s, 3H), 3.68
(s, 3H). MS (EI) for C2sH»3NsOs: 486 [M+H].

[0352] Example E-1.21. Methyl (5-(2-fluoro-4-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate was
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prepared using 4-((3',4'-diamino-6-fluoro-4-methoxy-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.21.). TH-NMR (300 MHz, d¢-DMSO): 12.58 (s,
1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.88 (1, 1H), 7.82, (t, 1H), 7.52 (s, 1H), 7.48 (m, 2H),
7.24 (m, 1H), 7.21 (d, 1H), 4.35 (s, 2H), 3.80 (s, 3H), 3.68 (s, 3H). MS (EI) for
C2sH2FNsOy: 474 [M+H].

[0353] Example E-1.22. Methyl (5-(4-fluoro-2-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-4-fluoro-6-methoxy-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one can (I-5.22.). MS (EI) for C2sH20FN504: 474 [M+H].

[0354] Example E-1.23. Methyl (5-(2-fluoro-5-((5-fluoro-4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methy1)-8-
fluorophthalazin-1(2H)-one (I-5.23.). MS (EI) for C,4H7F>NsO;: 462 [M+H].

[0355] Example E-1.24. Methyl (5-(2-fluoro-5-((6-fluoro-4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate is
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-7-
fluorophthalazin-1(2H)-one (I-5.24.). MS (EI) for C,4H17F>NsO;: 462 [M+H].
[0356] Example E-1.25. Methyl (5-(2-fluoro-5-((7-fluoro-4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-6-
fluorophthalazin-1(2H)-one (I-5.25.). MS (EI) for C,4H17F>NsO;: 462 [M+H].
[0357] Example E-1.26. Methyl (5-(2-fluoro-5-((8-fluoro-4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-5-
fluorophthalazin-1(2H)-one (I-5.26.). MS (EI) for C,4H17F>NsOj5: 462 [M+H].
[0358] Example E-1.27. Methyl (5-(5-((5,8-difluoro-4-o0x0-3,4-dihydrophthal azin-
1-yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate is prepared using 4-
((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-5,8-difluorophthalazin-1(2H)-
one (I-5.27.). MS (EI) for C24H6F3Ns05: 480 [M+H].

[0359] Example E-1.28. Methyl (5-(5-((6,7-difluoro-4-ox0-3,4-dihydrophthal azin-
1-yl)methyl)-2-fluorophenyl)-/ H-benzoimidazol-2-yl)carbamate is prepared using 4-
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((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-6,7-difluorophthalazin-1(2H)-
one (1-528) MS (EI) for C24H16F3N503I 480 [M+H]

[0360] Example E-1.29. Methyl (5-(2-fluoro-5-((5-methyl-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate is
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methy1)-8-
methylphthalazin-1(2H)-one (I-5.29.). MS (EI) for C,sH0FNsOj;: 458 [M+H].

[0361] Example E-1.30. Methyl (5-(2-fluoro-5-((6-methyl-4-0x0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-7-
methylphthalazin-1(2H)-one (I-5.30.). 1TH NMR (300 MHz, d¢-DMSO): 12.47 (s,
1H), 8.13 (s, 1H), 7.88 (d, 0.5H), 7.86 (s, 1H), 7.68 (d, 0.5H), 7.48 (m, 2H), 7.44 (d,
1H), 7.27 (m, 1H), 7.21 (m, 2H), 4.30 (s, 2H), 3.76 (s, 3H), 2.46 (s, 3H). MS (EI) for
C2sH2FN;sO;5: 458 [M+H].

[0362] Example E-1.31. Methyl (5-(2-fluoro-5-((7-methyl-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamateis prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-6-methylphthalazin-
1(2H)-one (I-5.31.). 1HNMR (300 MHz, d¢-DMSO): 12.47 (s, 1H), 8.14 (d, 1H),
7.73 (s, 1H), 7.60 (d, 1H), 7.48 (m, 2H), 7.45 (d, 1H), 7.26 (m, 1H), 7.19 (m, 2H),
4.29 (s, 2H), 3.76 (s, 3H), 2.45 (s, 3H). MS (EI) for C,sH»0FNsO5: 458 [M+H].

[0363] Example E-1.32. Methyl (5-(5-((7-chloro-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate is prepared using 6-
chloro-4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one
(I-5.32.). MS (ED for C»4H;,CIFNsO;3: 478 [M+H].

[0364] Example E-1.33. Methyl (5-(2-fluoro-5-((4-oxo-7-(trifluoromethyl)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate is prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-6-
(trifluoromethyl)phthalazin-1(2H)-one (I-5.33.). MS (EI) for C,sH,7F4NsO5: 512
[M+H].

[0365] Example E-1.34. Methyl (5-(2-fluoro-5-((7-methoxy-4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate is prepared
using 4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-6-methoxyphthalazin-
1(2H)-one (I-5.34.). MS (EI) for CsH0FNsO4: 474 [M+H].
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[0366] Example E-1.35. Methyl (5-(2-fluoro-5-((4-oxo-7-(trifluoromethoxy)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate is prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-6-

(trifluoromethoxy )phthalazin-1(2H)-one (I-5.35.). MS (EI) for C,sH,7F4NsO4: 528
[M+H].

[0367] Example E-1.36. Methyl (5-(5-((6,7-dimethoxy-4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate
was prepared using 4-((3',4'-diamino-6-fluoro-| 1, 1'-biphenyl]-3-yl)methyl)-6,7-
dimethoxyphthalazin-1(2H)-one (I-5.36.). 1TH NMR (300 MHz, d¢-DMSO): 12.54 (s,
1H), 7.58 (s. 1H), 7.56-7.43 (m, 3H), 7.44, (s, 1H), 7.27 (m, 1H), 7.21 (m, 2H), 4.28
(s, 2H), 3.94 (s, 6H), 3.78 (s, 3H). MS (EI) for C¢H»FNsOs: 504 [M+H].

[0368] Example E-1.37. Methyl (5-(5-((6,8-dimethoxy-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)-2-fluorophenyl)-/ H-benzoimidazol-2-yl)carbamate is
prepared using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-5,7-
dimethoxyphthalazin-1(2H)-one (I-5.37.). MS (EI) for C,H2,FNsOs: 504 [M+H].

[0369] Example E-1.538. Methyl (6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)furan-2-y1)-/ H-benzoimidazol-2-yl)carbamate carbamate was prepared
using 4-((5-(3,4-diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.38.).
1H NMR (300 MHz, d-DMSO): 12.59 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.89 (1,
1H), 7.81 (1, 1H), 7.52 (s, 1H), 7.44 (d, 1H), 7.18 (d 1H), 6.64 (d, 1H), 6.30 (d, 1H),
4.38 (s, 2H), 3.76 (s, 3H). MS (EI) for C;,H;7Ns5O4: 416 [M+H].

[0370] Example E-1.39. Methyl (6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)furan-3-yl)-/ H-benzoimidazol-2-yl)carbamate is prepared using 4-((4-(3,4-
diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.39.). MS (EI) for
CH17Ns504: 416 [M+H].

[0371] Example E-1.40. Methyl (7-fluoro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-5',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.40.). 1H-NMR (300 MHz, de-DMSO): 12.62 (s, 1H), 12.20 (s,1H),
11.50 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.88 (t, 1H), 7.84 (t, 1H), 7.54 (d, 1H), 7.44
(s, IH), 7.27 (m, 1H), 7.23 (q, 1H), 7.08 (d, 1H), 4.36 (s, 2H), 3.78 (s, 3H). MS (EI)
for C,4H7F2NsO;3: 462 [M+H].

108

PCT/US2017/039119



10

15

20

25

30

WO 2017/223516 PCT/US2017/039119

[0372] Example E-1.41. Methyl (6-fluoro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((4',5'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.41.). 1H-NMR (300 MHz, de-DMSO): 12.58 (s, 1H), 8.24 (d, 1H),
8.02 (d, 1H), 7.89 (t, 1H), 7.82 (t, 1H), 7.41 (d, 1H), 7.33 (m, 2H), 7.24 (m, 2H), 7.21
(t, 1H), 4.34 (s, 2H), 3.75 (s, 3H). MS (EI) for C»4H;7F,NsOs: 462 [M+H].

[0373] Example E-1.42. Methyl (4-fluoro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.42.). 1H-NMR (300 MHz, de-DMSO): 12.57 (s, 1H), 8.23 (d, 1H),
8.02 (d, 1H), 7.88 (t, 1H), 7.80 (t, 1H), 7.41 (dd, 1H), 7.32 (m, 2H), 7.20 (t, 1H), 7.00
(t, 1H), 4.34 (s, 2H), 3.76 (s, 3H). MS (EI) for C»4H;7F,NsO;: 462 [M+H].

[0374] Example E-1.43. Methyl (7-chloro-5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((4',5'-diamino-2'-chloro-6-fluoro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-4.1.). MS (EI) for C,4H,7CIFNsO;: 478 [M+H].

[0375] Example E-1.44. Methyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-imidazo[4,5-b]pyridin-2-yl)carbamate was prepared using 4-
(3-(5,6-diaminopyridin-2-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.44.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.23 (d, 1H), 8.01 (d, 1H), 7.84 (m, 1H),
7.80 (m, 3H), 7.47 (d, 1H), 7.36 (m, 1H), 7.22 (dd, 1H), 4.36 (s, 2H), 3.76 (s, 3H).
MS (EI) for C»3H17FN6O;: 445 [M+H].

[0376] Example E-1.45. Methyl (6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)carbamate carbamate is prepared
using 4-(3-(5,6-diaminopyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.45.).
MS (EI) for C»3H17FN6O;: 445 [M+H].

[0377] Example E-1.46. Methyl (6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo[4,5-c]|pyridin-2-yl)carbamate is prepared using 4-(3-
(4,5-diaminopyridin-2-y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.46.). MS (EI)
for C23H17FNgO3: 445 [M+H].

[0378] Example E-1.47. Methyl (6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-3H-imidazo|4,5-b]pyridin-2-yl)carbamate was prepared
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using 4-(3-(5,6-diamino-2-methylpyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one
(I-5.47.). 1TH-NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 8.25 (d, 1H), 8.01 (d, 1H),
7.88 (t, 1H), 7.84 (m, 1H), 7.45 (s, 1H), 7.34 (m, 2H), 7.23 (t, 1H), 4.34 (s, 2H), 3.74
(s, 3H), 2.24 (s, 3H). MS (EI) for C,4H19FN¢O3: 459 [M+H].

[0379] Example E-1.48. Methyl (6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7-methyl-3H-imidazo|4,5-b]pyridin-2-yl)carbamate is prepared
using 4-(3-(5,6-diamino-4-methylpyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one
(I-5.48.). MS (ED for C24H19FN6O;3: 459 [M+H].

[0380] Example E-1.49. Methyl (6-(2-fluoro-4-((4-oxo-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-fluoro-[1,1'-biphenyl|-4-yl)methyl)phthalazin-1(2H)-one (I-5.49.). 1H-
NMR (300 MHz, ds-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H),
7.83 (t, 1H), 7.49 (s, 1H), 7.41 (m, 2H), 7.28-7.16 (m, 3H), 4.35 (s, 2H), 3.78 (s, 3H).
MS (ED) for C»4H15FNs05:444 [M+H].

EXAMPLE 2

EXAMPLE 2.1. Ethyl (5-{2-fluoro-5-[(4-0x0-3,4-dilydrophthalazin- 1-
y)methyl[phenyl}-1H-benzimidazol-2-yl)carbamate.
0

(o}

I-5.1.

[0381] A solution of 4-((3',4'-diamino-6-fluoro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.36 g, 1.00 mmol) and 1,3-
bis(ethoxycarbonyl)-2-methyl-2-thiopseudourea (R-5.1.) (0.23 g, 1.00 mmol) in acetic
acid (5.0 mL) was stirred at 98 °C for 18 hours. After cooling it to room temperature
it was diluted with water (5 mL) and the pH was adjusted to 8 by the addition of 10N
aqueous sodium hydroxide (8.6 mL). The white precipitate was collected by filtration,
washed with water and dried in vacuo. The crude product was triturated with a
mixture of ethyl acetate (45 mL) and ethanol (5 mL). The white solid was collected by
filtration to give ethyl (5-{2-fluoro-5-|(4-ox0-3,4-dihydrophthalazin-1-
yl)methyl|phenyl}-1H-benzimidazol-2-yl) carbamate (E-2.1.) (0.35 g, 76%). 1H-
NMR (300 MHz, d-DMSO): 12.59 (s, 1H), 11.77 (br s, 2H), 8.26 (d, 1H), 8.04 (d,
1H), 7.92 (t, 1H), 7.82 (t, 1H), 7.50 (s, 1H), 7.49 (m, 1H), 7.45 (d, 1H), 7.27 (m, 1H),
7.21 (d, 1H), 7.20 (t, 1H), 4.35 (s, 2H), 4.22 (g, 2H), 1.28 (t, 3H). 13C-NMR (d¢-
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DMSO): 159.47, 159.39, 156.23, 154.31, 148.08, 145.24, 134.58, 134.53, 133.52,
131.52, 131.16, 129.24, 129.16, 129.07, 128.76, 127.91, 127.76, 126.06, 125.62,
122.02, 116.25, 115.94, 61.32, 36.74, 14.41. MS (EI) for C»sHFNsOs: 458 [M+H].

[0382] Example E-2.2. Ethyl (5-(3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-[1,1'-biphenyl]|-3-yl)methyl)phthalazin-1(2H)-one) (I-5.2.). TH-NMR (300
MHz, de-DMSO): 12.57 (s, 1H), 11.58 (s, 2H), 8.24 (d, 1H), 8.01 (d, 1H), 7.88 (1,
1H), 7.80 (1, 1H), 7.58 (m, 2H), 7.42 (m, 2H), 7.30 (m, 2H), 7.20 (m, 1H), 4.36 (s,
2H), 4.21 (q, 2H), 1.26 (t, 3H). MS (EI) for C,5sH21Ns503: 440 [M+H].

[0383] Example E-2.3. Ethyl (5-(2-chloro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-chloro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.3.). 1H-
NMR (300 MHz, d¢-DMSO): 12.60 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.93 (t, 1H),
7.83 (t, 1H), 7.50 (m, 2H), 7.46 (d, 1H), 7.26-7.18 (m, 3H), 4.35 (s, 2H), 4.22 (q, 2H),
1.28 (t, 3H). MS (EI) for C»sH»CINsO3: 474 [M+H].

[0384] Example E-2.4. Ethyl (5-(2-methyl-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-methyl-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.4.). 1H-
NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H),
7.82 (t, 1H), 7.45 (s, 1H), 7.41 (d, 1H), 7.26-7.22 (m, 2H), 7.12 (d, 1H), 7.04 (d, 1H),
4.27 (s, 2H), 4.22 (q, 2H), 2.45 (s, 3H), 1.28 (t, 3H). MS (EI) for CycH23Ns05: 454
[M+H].

[0385] Example E-2.5. Ethyl (5-(5-((4-0x0-3,4-dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethyl) phenyl)-1H-benzoimidazol-2-yl)carbamate was prepared using 4-
((3',4'-diamino-6-(trifluoro-methyl)-[ 1, 1'-biphenyl]-3-y)methyl)phthalazin-1(2H)-one
(I-5.5.). 1H-NMR (300 MHz, d¢-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H),
7.93 (t, 1H), 7.82 (t, 1H), 7.50 (m, 2H), 7.47 (d, 1H), 7.26-7.18 (m, 3H), 4.35 (s, 2H),
4.21 (q, 2H), 1.28 (t, 3H). MS (EI) for CycH20F3NsO;5: 507 [M+H].

[0386] Example E-2.6. Ethyl (5-(5-((4-0x0-3,4-dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethoxy )phenyl)-/ H-benzoimidazol-2-y1l)carbamate was prepared using 4-
((3',4'-diamino-6-(trifluoromethoxy)-[ 1,1'-biphenyl]-3-yl)methy1)phthalazin-1(2H)-
one (I-5.6.). 1TH-NMR (300 MHz, de-DMSO): 12.57 (s, 1H), 8.24 (d, 1H), 8.02 (d,
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1H), 7.89 (1, 1H), 7.83 (t, 1H), 7.4 (s, 1H), 7.37 (d, 1H), 7.26 (s, 1H), 7.22 (d, 1H),
7.10 (d, 1H), 6.98 (d, 1H), 4.28 (s, 2H), 4.21 (q, 2H), 1.28 (t, 3H). MS (EI) for
C26H20F3N504I 524 [M+H]

[0387] Example E-2.7. Ethyl (5-(2-methoxy-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.7.). 1H-
NMR (300 MHz, de-DMSO): 12.56 (s, 1H), 11.55 (br s, 2H), 8.24 (d, 1H), 8.02 (d,
1H), 7.88 (t, 1H), 7.83 (1, 1H), 7.44 (s, 1H), 7.38 (d, 1H), 7.27 (s, 1H), 7.23 (d, 1H),
7.09 (d, 1H), 6.98 (d, 1H), 4.28 (s, 2H), 4.22 (q, 2H), 3.70 (s, 3H), 1.27 (t, 3H). 13C-
NMR (de-DMSO): 159.39, 154.77, 145.57, 133.45, 131.43, 130.87, 130.79, 130.17,
129.17, 12791, 126.02, 125.77, 111.88, 61.16, 59.77, 55.51, 36.78, 20.78, 14.43,
14.09. MS (EI) for CosH23NsO4: 470 [M+H].

[0388] Example E-2.8. Ethyl (5-(2-ethoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-6-ethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.8.). 1H-
NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 11.55 (br s, 1H), 8.24 (d, 1H), 8.03 (d,
1H), 7.89 (1, 1H), 7.82 (1, 1H), 7.43 (s, 1H), 7.37 (d, 1H), 7.26 (s, 1H), 7.22 (d, 1H),
7.10 (d, 1H), 6.98 (d, 1H), 4.63 (q, 2H), 4.28 (s, 2H), 4.22 (q, 2H), 1.58 (t, 3H), 1.28
(t, 3H). MS (EI) for C»7H»sNsO4: 484 [M+H].

[0389] Example E-2.9. Ethyl (5-(2-(2-methoxyethoxy)-5-((4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-(2-methoxyethoxy)-[1,1'-biphenyl|-3-
yl)methyl)phthalazin-1(2H)-one (I-5.9.). 1TH-NMR (300 MHz, de-DMSO): 12.56 (s,
1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (1, 1H), 7.82 (1, 1H), 7.44 (s, 1H), 7.38 (d, 1H),
7.27 (s, 1H), 7.23 (d, 1H), 7.12 (d, 1H), 6.97 (d, 1H), 4.30 (m, 2H), 4.28 (s, 2H), 4.20
(q. 2H), 3.60 (m, 2H), 3.30 (s, 3H), 1.26 (s, 3H). MS (EI) for C,3H»7N50s: 514
[M+H].

[0390] Example E-2.10. Ethyl (5-(2-(difluoromethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-(difluoromethoxy)-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.10.). TH-NMR (300 MHz, d¢-DMSO): 12.58 (s,
1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.89 (1, 1H), 7.82 (1, 1H), 7.44 (m, 2H), 7.42 (s, 1H),
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7.26 (m, 1.5H), 7.20-7.11 (m, 2.5H), 4.35 (s, 2H), 4.22 (g, 2H), 1.26 (t, 3H). MS (E)
for C26H21F2N504I 506 [M+H]

[0391] Example E-2.11. Ethyl (5-(3-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.11.). 1H-
NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 11.63 (br s, 2H), 8.25 (d, 1H), 8.03 (d,
1H), 7.90 (1, 1H), 7.82 (1, 1H), 7.62 (s, 1H), 7.46 (s, 1H), 7.43 (d, 1H), 7.32 (d, 1H),
7.27 (dd, 1H), 7.06 (d, 1H), 4.38 (s, 2H), 4.23 (q, 2H), 1.26 (t, 3H). MS (EI) for
C25H20FNsOs: 458 [M+H].

[0392] Example E-2.12. Ethyl (5-(4-fluoro-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.12.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.25 (d, 1H), 8.03 (d, 1H), 7.91 (1, 1H),
7.82 (t, 1H), 7.48 (m, 2H), 7.46 (d, 1H), 7.30 (m, 1H), 7.20 (m, 2H), 4.35 (s, 2H), 4.21
(g, 2H), 1.28 (1, 3H). MS (EI) for C,sH20FNsOs: 458 [M+H].

[0393] Example E-2.13. Ethyl (5-(2-fluoro-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.13.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.92 (1, 1H),
7.83 (t, 1H), 7.52 (s, 1H), 7.46 (m, 2H), 7.24 (m, 3H), 4.35 (s, 2H), 4.21 (q, 2H), 1.28
(t, 3H). MS (EI) for C,sH»0FNsO5: 458 [M+H].

[0394] Example E-2.14. Ethyl (5-(2,4-difluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4,6-difluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.14.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.03 (d, 1H), 7.91 (1, 1H),
7.82 (t, 1H), 7.48 (m, 2H), 7.44 (d, 1H), 7.22 (d, 1H), 6.84 (m, 1H), 4.34 (s, 2H), 4.22
(q, 2H), 1.28 (t, 3H). MS (EI) for C25H19F2N50s3: 476 [M+H].

[0395] Example E-2.15. Ethyl (5-(2,3-difluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5,6-difluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.15.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.92 (1, 1H),
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7.82 (t, 1H), 7.48 (m, 3H), 7.24 (d, 1H), 7.08 (m, 1H), 4.35 (s, 2H), 4.22 (q, 2H), 1.28
(t, 3H) MS (EI) fOI' C25H19F2N503I 476 [M+H]

[0396] Example E-2.16. Ethyl (5-(3-methoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.16.). 1H-
NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (1, 1H),
7.82 (t, 1H), 7.43 (s, 1H), 7.36 (d, 1H), 7.23 (d, 1H), 7.20 (s, 1H), 7.16 (s, 1H), 6.98
(d, 1H), 4.28 (s, 2H), 4.22, (q, 2H), 3.72 (s, 3H), 1.27 (t, 3H). MS (EI) for
C6H23N504: 470 [M+H].

[0397] Example E-2.17. Ethyl (5-(4-methoxy-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.17.). 1H-
NMR (300 MHz, d-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H),
7.83 (t, 1H), 7.44 (s, 1H), 7.38 (d, 1H), 7.27 (s, 1H), 7.19-7.12 (m, 2H), 7.00 (d, 1H),
4.28 (s, 2H), 4.22, (q, 2H), 3.64 (s, 3H), 1.27 (t, 3H). MS (EI) for CyH23N504: 470
[M+H].

[0398] Example E-2.18. Ethyl (5-(2-methoxy-3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.18.). 1H-
NMR (300 MHz, d¢-DMSO): 12.53 (s, 1H), 8.27 (d, 1H), 8.03 (d, 1H), 7.94 (1, 1H),
7.86, (1, 1H), 7.58 (s, 1H), 7.44 (d, 1H), 7.24 (m, 2H), 7.08 (m, 2H), 4.36 (s, 2H),
4.22,(q, 2H), 3.30 (s, 3H), 1.28 (t, 3H). MS (EI) for C»¢H23Ns504: 470 [M+H].

[0399] Example E-2.19. Ethyl (5-(2,3-dimethoxy-5-((4-0x0-3,4-dihy drophthalazin-
1-yDmethyl)phenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-5,6-dimethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.19.).
1H-NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.03 (d, 1H), 7.87 (1,
1H), 7.82, (t, 1H), 7.44 (s, 1H), 7.37 (d, 1H), 7.22 (s, 1H), 6.98 (d, 1H), 6.88 (s, 1H),
4.28 (s, 2H), 4.22, (q, 2H), 3.70 (s, 6H), 1.27 (t, 3H). MS (EI) for C,7H»sN50s: 500
[M+H].

[0400] Example E-2.20. Ethyl (5-(2,4-dimethoxy-5-((4-0x0-3,4-dihy drophthalazin-
1-yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-4,6-dimethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.20.).
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1H-NMR (300 MHz, d-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.03 (d, 1H), 7.87 (i,
1H), 7.82, (1, 1H), 7.44 (s, 1H), 7.38 (d, 1H), 7.28 (s, 1H), 6.98 (d, 1H), 6.68 (s, 1H),
4.28 (s, 2H), 4.22, (q, 2H), 3.70 (s, 3H), 3.68 (s, 3H), 1.27 (1, 3H). MS (EI) for
C»7H,5sNs0s: 500 [M+H].

[0401] Example E-2.21. Ethyl (5-(2-fluoro-4-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-4-methoxy-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.21.). TH-NMR (300 MHz, d¢s-DMSO): 12.58 (s,
1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H), 7.82, (t, 1H), 7.52 (s, 1H), 7.49 (m, 2H),
7.24 (m, 1H), 7.22 (d, 1H), 4.35 (s, 2H), 4.21 (q. 2H), 3.68 (s, 3H), 1.28 (1, 3H). MS
(EI) for C2sH»FNsO4: 488 [M+H].

[0402] Example E-2.22. Ethyl (5-(4-fluoro-2-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-4-fluoro-6-methoxy-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one can (I-5.22.). MS (EI) for C,6H2,FN5O4: 488 [M+H].

[0403] Example E-2.23. Ethyl (5-(2-fluoro-5-((5-fluoro-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-8-
fluorophthalazin-1(2H)-one (I-5.23.). MS (EI) for C,sH19F2NsO5: 476 [M+H]

[0404] Example E-2.24. Ethyl (5-(2-fluoro-5-((6-fluoro-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate is
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-7-
fluorophthalazin-1(2H)-one (I-5.24.). MS (EI) for C,sH19F>NsO5: 476 [M+H].

[0405] Example E-2.25. Ethyl (5-(2-fluoro-5-((7-fluoro-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-6-
fluorophthalazin-1(2H)-one (I-5.25.). 1TH NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H),
8.24 (d, 1H), 7.96 (m, 1H), 7.78 (m, 1H), 7.52-7.47 (m, 2H), 7.45 (d, 1H), 7.27 (m,
1H), 7.20 (m, 2H), 4.36 (s, 2H), 4.20 (q, 2H), 1.27 (t, 3H). MS (EI) for
CasH1oF2Ns03: 476 [M+H].

[0406] Example E-2.26. Ethyl (5-(2-fluoro-5-((8-fluoro-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was

115

PCT/US2017/039119



10

15

20

25

30

WO 2017/223516

prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-5-
fluorophthalazin-1(2H)-one (I-5.26.). MS (EI) for CysH19F>NsOj3: 476 [M+H].

[0407] Example E-2.27. Ethyl (5-(5-((5.8-difluoro-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using 4-
((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-5,8-difluorophthalazin-1(2H)-
one (I-5.27.). MS (EI) for C,sHsF3NsO5: 494 [M+H].

[0408] Example E-2.28. Ethyl (5-(5-((6,7-difluoro-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate is prepared using 4-
((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-6,7-difluorophthalazin-1(2H)-
one (I-5.28.). MS (EI) for C,sHsF3NsO5: 494 [M+H].

[0409] Example E-2.29. Ethyl (5-(2-fluoro-5-((5-methyl-4-o0x0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate is
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methy1)-8-
methylphthalazin-1(2H)-one (I-5.29.). MS (EI) for C,H,FNsOj;: 472 [M+H].

[0410] Example E-2.30. Ethyl (5-(2-fluoro-5-((6-methyl-4-0x0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-7-
methylphthalazin-1(2H)-one (I-5.30.). 1TH NMR (300 MHz, d¢-DMSO): 12.46 (s,
1H), 11.56 (br s, 2H), 8.12 (s, 1H), 7.90 (d, 0.5H), 7.86 (s, 1H), 7.65 (d, 0.5H), 7.48
(m, 2H), 7.46 (d, 1H), 7.26 (m, 1H), 7.22 (m, 2H), 4.31 (s, 2H), 4.21 (q, 2H), 2.46 (s,
3H), 1.27 (t, 3H). MS (EI) for CsH,FNsO5: 472 [M+H].

[0411] Example E-2.31. Ethyl (5-(2-fluoro-5-((7-methyl-4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-6-
methylphthalazin-1(2H)-one (I-5.31.). 1H NMR (300 MHz, d¢-DMSO): 12.46 (s,
1H), 11.58 (br s, 2H), 8.13 (d, 1H), 7.74 (s, 1H), 7.60 (d, 1H), 7.48 (m, 2H), 7.46 (d,
1H), 7.26 (m, 1H), 7.20 (m, 2H), 4.30 (s, 2H), 4.22 (q, 2H), 2.45 (s, 3H), 1.26 (, 3H).
MS (EI) for C¢H»FNsO5: 472 [M+H]. MS (EI) for Ca6H»FNsOs: 472 [M+H].

[0412] Example E-2.32. Ethyl (5-(5-((7-chloro-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate is prepared using 6-
chloro-4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one
can (I-5.32.). MS (EI) for C,sH;sCIFNsO;5: 492 [M+H].
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[0413] Example E-2.33. Ethyl (5-(2-fluoro-5-((4-oxo-7-(trifluoromethyl)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate is prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-6-
(trifluoromethyl)phthalazin-1(2H)-one (I-5.33.). MS (EI) for C,sH19F4Ns5O5: 526
[M+H].

[0414] Example E-2.34. Ethyl (5-(2-fluoro-5-((7-methoxy-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate is prepared
using 4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-6-methoxyphthalazin-
1(2H)-one (I-5.34.). MS (EI) for C26H2,FNsO4: 488 [M+H].

[0415] Example E-2.35. Ethyl (5-(2-fluoro-5-((4-oxo-7-(trifluoromethoxy)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate iss
prepared using 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)-6-
(trifluoromethoxy )phthalazin-1(2H)-one (I-5.35.). MS (EI) for CycH9gF4sNsOy4: 542
[M+H].

[0416] Example E-2.36. Ethyl (5-(5-((6,7-dimethoxy-4-0x0-3,4-dihy drophthalazin-
1-yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using
4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-6,7-dimethoxyphthalazin-
1(2H)-one (I-5.36.). 1H NMR (300 MHz, d¢-DMSO): 12.56 (s, 1H), 7.57 (s. 1H),
7.54-7.44 (m, 3H), 7.43, (s, 1H), 7.27 (m, 1H), 7.20 (m, 2H), 4.28 (s, 2H), 4.22 (q,
2H), 3.94 (s, 6H), 1.28 (t, 3H). MS (EI) for C,7H»4FNsOs: 518 [M+H].

[0417] Example E-2.37. Ethyl (5-(5-((6,8-dimethoxy-4-0x0-3,4-dihy drophthalazin-
1-yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-yl)carbamate is prepared using 4-
((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-5,7-dimethoxyphthalazin-1(2H)-
one (I-5.37.). MS (EI) for C;;H»4FNsOs: 518 [M+H].

[0418] Example E-2.38. Ethyl (6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)furan-2-y1)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((5-
(3.4-diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.38.). TH NMR (300
MHz, de-DMSO): 12.59 (s, 1H), 11.63 (br s, 2H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (1,
1H), 7.82 (1, 1H), 7.54 (s, 1H), 7.43 (d, 1H), 7.20 (d 1H), 6.65 (d, 1H), 6.30 (d, 1H),
4.39 (s, 2H), 4.22 (q, 2H), 1.26 (t, 3H). MS (EI) for C23H;9N504: 430 [M+H].

[0419] Example E-2.39. Ethyl (6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)furan-3-y1)-/ H-benzoimidazol-2-yl)carbamate was prepared using 4-((4-

117

PCT/US2017/039119



10

15

20

25

30

WO 2017/223516 PCT/US2017/039119

(3.4-diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.39.). MS (EI) for
C23H19N504I 430 [M+H]

[0420] Example E-2.40. Ethyl (7-fluoro-5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-5',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.40.). 1H-NMR (300 MHz, de-DMSO): 12.61 (s, 1H), 12.20 (s,1H),
11.44 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H), 7.84 (t, 1H), 7.54 (d, 1H), 7.43
(s, IH), 7.30 (m, 1H), 7.24 (q, 1H), 7.08 (d, 1H), 4.36 (s, 2H), 4.24 (q, 2H), 1.28 (t,
3H). MS (EI) for C»sH19F2Ns0s3: 476 [M+H].

[0421] Example E-2.41. Ethyl (6-fluoro-5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((4',5'-diamino-2',6-difluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.41.). 1H-NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 11.97 (s, 1H),
11.35 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.89 (t, 1H), 7.81 (t, 1H), 7.41 (m, 1H), 7.32
(m, 2H), 7.24 (d, 1H), 7.20 (t, 1H), 4.34 (s, 2H), 4.23 (q, 2H), 1.26 (t, 3H). MS (EI)
for CysH19F2NsO;3: 476 [M+H].

[0422] Example E-2.42. Ethyl (4-fluoro-5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.42.). 1H-NMR (300 MHz, d-DMSO): 12.61 (s, 1H), 12.20 (s,1H),
11.42 (s, 1H), 8.25 (d, 1H), 8.04 (d, 1H), 7.91 (t, 1H), 7.88 (t, 1H), 7.43 (d, 1H), 7.30
(m, 2H), 7.20 (t, 1H), 7.00 (t, 1H), 4.35 (s, 2H), 4.23 (q, 2H), 1.28 (t, 3H). MS (EI)
for C,5H19F>NsO;5: 476 [M+H].

[0423] Example E-2.58. Ethyl (7-chloro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((4',5'-diamino-2'-chloro-6-fluoro-[ 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-4.1.). "H-NMR (300 MHz, d¢-DMSO): 12.62 (s,
1H), 12.19 (s,1H), 11.41 (s, 1H), 8.24 (d, 1H), 8.03 (d, 1H), 7.94-7.83 (m, 2H), 7.44
(d, 1H), 7.32 (m, 2H), 7.21 (t, 1H), 6.98 (t, 1H), 4.35 (m, 2H), 4.24 (q, 2H), 1.26 (¢,
3H). MS (EI) for CsHsCIFNsO5: 492 [M+H].

[0424] Example E-2.44. Ethyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-imidazo[4,5-b]pyridin-2-yl)carbamate was prepared using 4-
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(3-(5,6-diaminopyridin-2-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.44.). 1H-
NMR (300 MHz, de-DMSO): 12.59 (s, 1H), 12 01 (brs, 1H), 11.68 (br s, 1H), 8.24
(d, 1H), 8.11 (d, 1H), 7.83 (m, 1H), 7.82-7.78 (m, 3H), 7.46 (d, 1H), 7.38 (m, 1H),
7.21 (dd, 1H), 4.34 (s, 2H), 4.23 (q, 2H), 1.28 (t, 3H). MS (EI) for C**HsFN¢O3: 459
[M+H].

[0425] Example E-2.45. Ethyl (6-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)carbamate is prepared using 4-(3-
(5.6-diaminopyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.45.). MS (EI)
for C24H19FNO3: 459 [M+H].

[0426] Example E-2.46. Ethyl (6-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo[4,5-c|pyridin-2-yl)carbamate is prepared using 4-(3-
(4,5-diaminopyridin-2-yl)-4-fluorobenzyl)phthalazin-1(2H)-one can (I-5.46.). MS
(EI) for Co4H19FN¢O5: 459 [M+H].

[0427] Example E-2.47. Ethyl (6-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-3H-imidazo|4,5-b]pyridin-2-yl)carbamate was prepared
using 4-(3-(5,6-diamino-2-methylpyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one
(I-5.47.). 1TH-NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 11.92 (br s, 1H), 11.46 (br
s, 1H), 8.21 (d, 1H), 8.01 (d, 1H), 7.87 (t, 1H), 7.82 (m, 1H), 7.44 (s, 1H), 7.34 (m,
2H), 7.22 (t, 1H), 4.34 (s, 2H), 4.20 (q, 2H), 2.24 (s, 3H), 1.28 (t, 3H). MS (EI) for
C,sH2 1 FNGOs: 473 [M+H].

[0428] Example E-2.48. Ethyl (6-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7-methyl-3H-imidazo|4,5-b]pyridin-2-yl)carbamate is prepared
using 4-(3-(5,6-diamino-4-methylpyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one
(I-5.48.). MS (ED for C»sH»1FN6O;: 473 [M+H].

[0429] Example E-2.49. Ethyl (6-(2-fluoro-4-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 4-((3',4'-
diamino-2-fluoro-[1,1'-biphenyl|-4-yl)methyl)phthalazin-1(2H)-one (I-5.49.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.01 (d, 1H), 7.88 (t, 1H),
7.82 (t, 1H), 7.50 (s, 1H), 7.42 (m, 2H), 7.26 (t, 1H), 7.17 (m, 2H), 4.35 (s, 2H), 4.19
(q, 2H), 1.26 (t, 3H). MS (EI) for C,sH»0FNs0s: 458 [M+H].
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EXAMPLE 3

EXAMPLE 3.1. 2-Methoxyethyl (5-(2-fluoro-5-((4-oxo-3,4-dihydrophthalazin-1-
yl)methyl) phenyl)-1H-benzoimidazol-2-yl)carbamate.
I

[0430] A solution of 4-((3',4'-diamino-6-fluoro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.18 g, 0.50 mmol) and 1,3-
bis(methoxyethoxycarbonyl)-2-methyl-2-thiopseudourea (R-5.2.) (0.15 g, 0.50 mmol)
in acetic acid (3.0 mL) was stirred at 98 °C for 18 hours. After cooling the reaction
mixture to room temperature it was diluted with water (5 mL) and the pH was
adjusted to 8 by the addition of 10N aqueous sodium hydroxide (5.2 mL) and the
residue was partitioned with ethyl acetate (100 mL). The organic layer was separated,
washed with saturated aqueous sodium bicarbonate (2x 25 mL) and brine (2x 50 mL),
dried over anhydrous sodium sulfate and concentrated. The resulting crude was
purified by gradient silica gel flash chromatography (5-20% 7N ammonia in methanol
in ethyl acetate) to give 2-methoxyethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate (E-3.1.)
(0.18 g, 68%). 1H NMR (300 MHz, de-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d,
1H), 7.93 (t, 1H), 7.82 (t, 1H), 4.51-7.47 (m, 2H), 7.44 (d, 1H), 7.28 (m, 1H), 7.21-
7.18 (m, 2H), 4.35 (s, 2H), 4.30 (m, 2H), 3.59 (m, 2H), 3.24 (s, 3H). MS (EI) for
Ca6HxFNsOy: 488 [M+H].

[0431] Example E-3.2. 2-Methoxyethyl (7-fluoro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-5',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.55.). IH-NMR (300 MHz, de-DMSO): 12.62 (s, 1H), 8.23 (d, 1H),
8.02 (d, 1H), 7.90 (t, 1H), 7.80 (t, 1H), 7.51 (d, 1H), 7.29 (s, 1H), 7.22 (m, 1H), 7.16
(q, 1H), 6.88 (d, 1H), 4.33 (s, 2H), 4.14 (m, 2H), 3.53 (m, 2H), 3.23 (s, 3H). MS (EI)
for Cp¢H21F2NsO4: 506 [M+H].
[0432] Example E-3.3. 2-Methoxyethyl (6-fluoro-5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was
prepared using 4-((4',5'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.56.). 1H-NMR (300 MHz, ds-DMSO): 12.58 (s, 1H), 8.24 (d, 1H),
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8.02 (d, 1H), 7.91 (t, 1H), 7.81 (t, 1H), 7.38 (d, 1H), 7.34 (m, 2H), 7.24 (d, 1H), 7.20
(t, 1H), 4.34 (s, 2H), 4.30 (m, 2H), 3.58 (m, 2H), 3.26 (s, 3H). MS (EI) for
C26H21F2N504I 506 [M+H]

[0433] Example E-3.4. 2-Methoxyethyl (4-fluoro-5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 4-((3',4'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.57.). 1H-NMR (300 MHz, d-DMSO): 12.56 (s, 1H), 8.23 (d, 1H),
8.02 (d, 1H), 7.89 (t, 1H), 7.81 (t, 1H), 7.41 (d, 1H), 7.34 (m, 2H), 7.20 (t, 1H), 7.00
(t, 1H), 4.33 (s, 2H), 4.30 (m, 2H), 3.60 m, (2H), 3.23 (s, 3H). MS (EI) for
C26H21FoNsO4: 506 [M+H].

EXAMPLE 4

INTERMEDIATE 6
4-(3-(2-amino-1H-benzoimidazol-6-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (1-6.)
o} 0

[0434] A solution of 4-((3',4'-diamino-6-fluoro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-.5.1.) (0.54 g, 1.50 mmol) and cyanogen bromide
(0.24 g, 2.25 mmol) in a mixture of ethanol-acetonitrile-water (2:1:1) (20 mL) was
heated to 76 °C for five hours. The reaction mixture was cooled to room temperature
and partitioned with ethyl acetate (200 mL). The organic layer was separated, washed
with saturated aqueous sodium bicarbonate (2x 50 mL) and brine (100 mL), dried
over anhydrous sodium sulfate and concentrated to give 4-(3-(2amino-1H-
benzoimidazol-6-y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-6.). MS (EI) for
C2H16FNsO: 386 [M+H].

R1

General synthesis of carbamate-library (E-4.).

[0435] To solution of 4-(3-(2-amino-1H-benzoimidazol-6-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one (I-6.) (0.040 mg, 0.1 mmol) in anhydrous
tetrahydrofuran (1.0 ml) 1,1'-carbonyldiimidazole (0.021 g, 0.13 mmol) was added
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and the reaction mixture was stirred at 50 oC for eight hours, followed by the addition
of alcohol (1.0 mmol, 10 eq.) and the reaction mixture was heated to 75 °C for four
hours. The mixture was cooled to room temperature and purified by preparative
reverse phase HPLC chromatography (acetonitrile - water with 0.1% trifluoroacetic
acid). The desired product was collected, by concentrating the solvent to give title

carbamate.

[0436] Example E-4.1. Propyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 1-propanol.
MS (EI) for C26H»2FN503: 472 [M+H].

[0437] Example E-4.2. 2-Fluoroethyl (5-(2-fluoro-5-((4-ox0-3,4-dihy drophthalazin-
1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using 2-
fluoroethan-1-o0l. MS (EI) for CosH19FaN305: 476 [M+H]

[0438] Example E-4.3. 2,2-Difluoroethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 2,2-difluoroethan-1-ol. MS (EI) for CasHi5F3NsO3: 494 [M+H].
[0439] Example E-4.4. 2.2 2-Trifluoroethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)- /H-benzoimidazol-2-yl)carbamate was
prepared using 2,2 2-trifluoroethan-1-ol. MS (EI) for C,sH17,F4NsO5: 512 [M+H].
[0440] Example E-4.5. Isopropyl (5-(2-fluoro-5-((4-oxo-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using 2-propanol.
MS (EI) for C26H22FN503I 472 [M+H]

[0441] Example E-4.6. sec-Butyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)- 7/ H-benzoimidazol-2-y1l)carbamate cwas prepared using 2-butanol.
MS (EI) for C27H24FN503I 486 [M+H]

[0442] Example E-4.7. Cyclopropyl (5-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-
1-y)methyl)phenyl)- / H-benzoimidazol-2-yl)carbamate was prepared using
cyclopropanol. MS (EI) for C,cH20FN5O35: 470 [M+H].

[0443] Example E-4.8. Cyclobutyl (5-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using
cyclobutanol. MS (EI) for C27H22FN503I 484 [M+H]
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[0444] Example E-4.9. Cyclopentyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-
1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using
cyclopentanol. MS (EI) for C,sH»4FNsO5: 498 [M+H].

[0445] Example E-4.10. Cyclohexyl (5-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-
1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using
cyclohexanol. MS (EI) for C29H26FN503I 512 [M+H]

[0446] Example E-4.11. Oxetan-3-yl (5-(2-fluoro-5-((4-ox0-3,4-dihy drophthalazin-
1-yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamate was prepared using oxetan-3-
01 MS (EI) fOI' C26H20FN504I 486 [M+H]

[0447] Example E-4.12. Tetrahydro-2H-pyran-4-yl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using tetrahydro-2H-pyran-4-ol. MS (EI) for CysH,4FNsO4: 514 [M+H].
[0448] Example E-4.13. 1-Methylazetidin-3-yl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 1-methylazetidin-3-ol. MS (EI) for C,7H,3FNgO;: 499 [M+H].

[0449] Example E-4.14. 1-Methylpiperidin-4-yl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 1-methylpiperidin-4-ol. MS (EI) for Cy9H,7,FNO;: 527 [M+H].
[0450] Example E-4.15. 2-(Dimethylamino)ethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 2-(dimethylamino) ethan-1-ol. MS (EI) for C,;H»5FNgO5: 501 [M+H].
[0451] Example E-4.16. 2-(Diethylamino)ethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 2-(diethylamino)ethan-1-ol. MS (EI) for Cy9H,oFN60;:529 [M+H].
[0452] Example E-4.17. 2-(Pyrrolidin-1-yl)ethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 2-(pyrrolidin-1-yl)ethan-1-ol. MS (EI) for C,0H»7FN¢O5: 527 [M+H].
[0453] Example E-4.18. 2-(4-Methylpiperazin-1-yl)ethyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-yl)methyl)phenyl)-1H-benzo|d]imidazol-2-yl)carbamate was
prepared using 2-(4-methylpiperazin-1-yl)ethan-1-ol. MS (EI) for C30H30FN;O3: 556
[M+H].
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[0454] Example E-4.19. 2-Morpholinoethyl (5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 2-morpholinoethan-1-o0l. MS (EI) for C20H27,FNOy4: 543 [M+H].

[0455] Example E-4.20. 2-(1-Methylpiperidin-4-yl)ethyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-yl)methyl)phenyl)- / H-benzoimidazol-2-yl)carbamate was
prepared using 2-(1-methylpiperidin -4-yl)ethan-1-ol. MS (EI) for C3;H3;FNOs: 555
[M+H].

[0456] Example E-4.21. 3-(Dimethylamino)propyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was
prepared using 3-(dimethylamino)propan-1-ol. MS (EI) for C,sH»7FN¢O5: 515
[M+H].

[0457] Example E-4.22. Phenyl (5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using phenol. MS
(EI) for C29H20FN503I 506 [M+H]

[0458] Example E-4.23. Benzyl (5-(2-fluoro-5-((4-oxo-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)carbamate was prepared using
phenylmethanol. MS (EI) for C30H2,FNsO3: 520 [M+H].

EXAMPLE 5.

EXAMPLE 5.1. 1-Ethyl-3-(5-(2-fluoro-35-((4-oxo-3,4-dihydrophthalazin-1-
y)methylphenyl)- 1 H-benzimidazol-2-yl)urea.
0

[0459] A solution of 4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.36 g, 1.00 mmol) and N,N’-
bis[(ethylamino)-carbonyl] carbamimido thioic acid methyl ester (R-5.3.) (0.23 g,
1.00 mmol) in acetic acid (5.0 mL) was stirred at 98 °C for 18 hours. After cooling
the reaction mixture to room temperature it was diluted with water (5 mL) and the pH
was adjusted to 8 by the addition of 10N aqueous sodium hydroxide (8.6 mL), and
then partitioned with ethyl acetate (100 mL). The organic layer was separated, washed
with saturated aqueous sodium bicarbonate (50 ml), brine (50 mL), dried over

anhydrous sodium sulfate and concentrated. The resulting crude was purified by
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gradient silica gel flash chromatography (5-20% 7N ammonia in methanol in ethyl
acetate) to give 1-ethyl-3-(5-(2-fluoro-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzimidazol-2-yl)urea (E-5.1.) (0.30 g, 66%). 1TH-NMR (300
MHz, d¢-DMSO): 12.58 (s, 1H), 11.64 (s, 1H), 10.04 (s, 1H), 8.25 (d, 1H), 8.02 (d,
1H), 7.90 (t, 1H), 7.82 (t, 1H), 7.43-7.43 (m, 3H), 7.27 (m, 1H), 7.22 (m, 2H), 4.35 (s,
2H), 3.18 (m, 2H), 1.06 (t, 3H). MS (EI) for C,sHy FNgO,: 457 [M+H].

[0460] Example E-5.2. 1-Ethyl-3-(5-(3-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-diamino-
[1,1'-biphenyl]-3-y])methyl) phthalazin-1(2H)-one) (I-5.2.). MS (EI) for C25sH22NsOx:
439 [M+H].

[0461] Example E-5.3. 1-(5-(2-Chloro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-ethylurea was prepared using 4-((3',4'-
diamino-6-chloro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.3.). 1H-
NMR (300 MHz, de-DMSO): 12.58 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.92 (t, 1H),
7.82 (t, 1H), 7.49 (m, 2H), 7.45 (d, 1H), 7.28-7.16 (m, 3H), 4.35 (s, 2H), (3.20 (m,
2H), 1.09 (t, 3H). MS (EI) for C»sH»1CINGO,: 473 [M+H].

[0462] Example E-5.4. 1-Ethyl-3-(5-(2-methyl-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-diamino-
6-methyl-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.4.). TH-NMR (300
MHz, de-DMSO): 12.56 (s, 1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.89 (t, 1H), 7.83 (t, 1H),
7.44 (s, 1H), 7.41 (d, 1H), 7.27-7.22 (m, 2H), 7.12 (d, 1H), 7.03 (d, 1H), 4.28 (s, 2H),
3.19 (m, 2H), 2.43 (s, 3H), 1.08 (t, 3H). MS (EI) for CycH24N¢O,: 453 [M+H].

[0463] Example E-5.5. 1-Ethyl-3-(5-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)-2-(trifluoromethyl) phenyl)-1H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-(trifluoromethyl)-[ 1,1'-biphenyl]-3-y])methyl)phthalazin-
1(2H)-one (I-5.5.). 1H-NMR (300 MHz, d¢-DMSO): 12.60 (s, 1H), 8.25 (d, 1H),
8.03 (d, 1H), 7.92 (1, 1H), 7.82 (1, 1H), 7.50 (m, 2H), 7.46 (d, 1H), 7.26-7.16 (m, 3H),
4.35 (s, 2H), 3.20 (m, 2H), 1.08 (t, 3H). MS (EI) for C,H,1F3NsO,: 506 [M+H].

[0464] Example E-5.6. 1-Ethyl-3-(5-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)-2-(trifluoromethoxy)phenyl)- / H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-(trifluoromethoxy)-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.6.). 1TH-NMR (300 MHz, d¢-DMSO): 12.58 (s, 1H), 8.25 (d, 1H), 8.02
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(d, 1H), 7.88 (t, 1H), 7.83 (t, 1H), 7.43 (s, 1H), 7.36 (d, 1H), 7.26 (s, 1H), 7.21 (d,
1H), 7.10 (d, 1H), 6.98 (d, 1H), 4.28 (s, 2H), 3.18 (m, 2H), 1.07 (t, 3H). MS (EI) for
C26H21F3N603I 523 [M+H]

[0465] Example E-5.7. 1-Ethyl-3-(5-(2-methoxy-5-((4-0x0-3,4-dihy drophthalazin-
1-yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-
diamino-6-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.7.). 1H-
NMR (300 MHz, de-DMSO): 12.56 (s, 1H), 11.56 (s, 1H), 8.25 (d, 1H), 8.02 (d, 1H),
7.87 (t, 1H), 7.82 (t, 1H), 7.45 (s, 1H), 7.38 (d, 1H), 7.28 (s, 1H), 7.22 (d, 1H), 7.07
(d, 1H), 6.97 (d, 1H), 4.28 (s, 2H), 3.70 (s, 3H), 3.20 (m, 2H), 1.08 (t, 3H). MS (EI)
for Cy6H24NgO3: 469 [M+H].

[0466] Example E-5.8. 1-(5-(2-Ethoxy-5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-ethylurea was prepared using 4-((3',4'-
diamino-6-ethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.8.) . 1H-
NMR (300 MHz, de-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.88 (t, 1H),
7.82 (t, 1H), 7.42 (s, 1H), 7.38 (d, 1H), 7.26 (s, 1H), 7.21 (d, 1H), 7.08 (d, 1H), 6.97
(d, 1H), 4.62 (q, 2H), 4.28 (s, 2H), 3.18 (m, 2H), 1.58 (t, 3H), 1.06 (t, 3H). MS (EI)
for C27H6NgO3: 483 [M+H].

[0467] Example E-5.9. 1-Ethyl-3-(5-(2-(2-methoxyethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-(2-methoxyethoxy)-| 1, 1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.9.). MS (EI) for C,5HsN¢O4: 513 [M+H].

[0468] Example E-5.10. 1-(5-(2-(Difluoromethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)- /H-benzoimidazol-2-yl)-3-ethylurea was
prepared using 4-((3',4'-diamino-6-(difluoromethoxy)-| 1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.10.). TH-NMR (300 MHz, d¢-DMSO): 12.58 (s,
1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.88 (t, 1H), 7.82 (t, 1H), 7.43 (m, 2H), 7.41 (s, 1H),
7.28 (m, 1H), 7.22-7.12 (m, 3H), 4.35 (s, 2H), 3.0 (m, 2H), 1.06 (t, 3H). MS (EI) for
Ca6H2FaNGO5: 505 [M+H].

[0469] Example E-5.11. 1-Ethyl-3-(5-(3-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-diamino-
5-fluoro-[1,1'-biphenyl]-3-y)methyl)phthalazin-1(2H)-one (I-5.11.). TH-NMR (300

MHz, d-DMSO): 12.60 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H), 7.82 (t, 1H),
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7.50 (m, 2H), 7.44 (d, 1H), 7.24-7.19 (m, 3H), 4.35 (s, 2H), 3.18 (m, 2H), 1.06 (t,
3H) MS (EI) fOI' C25H21FN602: 457 [M+H]

[0470] Example E-5.12. 1-Ethyl-3-(5-(4-fluoro-3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-diamino-
4-fluoro-|1,1'-biphenyl]-3-y)methyl)phthalazin-1(2H)-one (I-5.12.). 1H-NMR (300
MHz, de-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.02 (d, 1H), 7.9 (t, 1H), 7.82 (t, 1H),
7.4 (m, 2H), 7.46 (d, 1H), 7.30 (m, 1H), 7.19 (m, 2H), 4.35 (s, 2H), 3.20 (m, 2H), 1.09
(t, 3H). MS (EI) for C»sH2FN¢O,: 457 [M+H].

[0471] Example E-5.13. 1-Ethyl-3-(5-(2-fluoro-3-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using 4-((3',4'-diamino-
2-fluoro-|1,1'-biphenyl]-3-yI)methyl)phthalazin-1(2H)-one (I-5.13.). 1H-NMR (300
MHz, de-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.91 (t, 1H), 7.82 (t, 1H),
7.51 (s, 1H), 7.44 (m, 2H), 7.26 (m, 3H), 4.35 (s, 2H),), 3.19 (m, 2H), 1.07 (t, 3H).
MS (EI) for C»sH»1FN6O,: 457 [M+H].

[0472] Example E-5.14. 1-(5-(2,4-Difluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-y1)-3-ethylurea was prepared using 4-((3',4'-
diamino-4,6-difluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.14.). 1H-
NMR (300 MHz, d¢-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H),
7.82 (t, 1H), 7.49 (m, 2H), 7.44 (d, 1H), 7.21 (d, 1H), 6.85 (m, 1H), 4.35 (s, 2H), 3.20
(m, 2H), 1.06 (t, 3H). MS (EI) for C,sH0F2NsO,: 475 [M+H].

[0473] Example E-5.15. 1-(5-(2,3-Difluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-ethylurea was prepared using 4-((3',4'-
diamino-5,6-difluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.15.). 1H-
NMR (300 MHz, de-DMSO): 12.59 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H),
7.82 (t, 1H), 7.49 (m, 3H), 7.2 (d, 1H), 7.08 (m, 1H), 4.35 (s, 2H), 3.18 (m, 2H), 1.06
(t, 3H). MS (EI) for CasHx0F2NsO»: 475 [M+H].

[0474] Example E-5.16. 1-Ethyl-3-(5-(3-methoxy-5-((4-ox0-3,4-dihydrophthalazin-
1-yl)methyl) phenyl)- / H-benzoimidazol-2-yl)urea was prepared using 4-((3'.4'-
diamino-5-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.16.). 1H-
NMR (300 MHz, ds-DMSO): 12.56 (s, 1H), 8.26 (d, 1H), 8.02 (d, 1H), 7.90 (t, 1H),
7.82 (t, 1H), 7.43 (s, 1H), 7.36 (d, 1H), 7.22 (d, 1H), 7.20 (s, 1H), 7.16 (s, 1H), 6.98
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(d, 1H), 4.28 (s, 2H), 3.72 (s, 3H), 3.18 (m, 2H), 1.06 (t, 3H). MS (EI) for
C26H24N603I 469 [M+H]

[0475] Example E-5.17. 1-Ethyl-3-(5-(4-methoxy-3-((4-0x0-3,4-dihydrophthalazin-
1-yl)methyl) phenyl)- / H-benzoimidazol-2-yl)urea was prepared using 4-((3'.4'-
diamino-4-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.17.). MS
(EI) for Cy6H24N¢O5: 469 [M+H].

[0476] Example E-5.18. 1-Ethyl-3-(5-(2-methoxy-3-((4-ox0-3,4-dihydrophthalazin-
1-yl)methyl) phenyl)- / H-benzoimidazol-2-yl)urea was prepared using 4-((3'.4'-
diamino-2-methoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.18.). MS
(EI) for Cy6H24N¢O5: 469 [M+H].

[0477] Example E-5.19. 1-(5-(2,3-Dimethoxy-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)-3-ethylurea was prepared using 4-((3'.4'-
diamino-5,6-dimethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.19.).
MS (ED) for C»7H26N6O4: 499 [M+H].

[0478] Example E-5.20. 1-(5-(2,4-Dimethoxy-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-y1)-3-ethylurea was prepared using 4-((3',4'-
diamino-4,6-dimethoxy-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-5.20.).
1H-NMR (300 MHz, ds-DMSO): 12.56 (s, 1H), 8.24 (d, 1H), 8.02 (d, 1H), 7.89 (t,
1H), 7.81, (t, 1H), 7.45 (s, 1H), 7.38 (d, 1H), 7.28 (s, 1H), 6.97 (d, 1H), 6.68 (s, 1H),
4.28 (s, 2H), 3.70 (s, 3H), 3.68 (s, 3H), 3.18 (m, 2H), 1.06 (t, 3H). MS (EI) for
Formula: C27H36NgQO4: 499 [M+H].

[0479] Example E-5.21. 1-Ethyl-3-(5-(2-fluoro-4-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-fluoro-4-methoxy-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one (I-5.21.). MS (EI) for CycH»3FN¢O5: 487 [M+H].

[0480] Example E-5.22. 1-Ethyl-3-(5-(4-fluoro-2-methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-4-fluoro-6-methoxy-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-
1(2H)-one can (I-5.22.). MS (EI) for C,sH23;FN¢O5: 487 [M+H].

[0481] Example E-5.23. 1-Ethyl-3-(5-(2-fluoro-5-((5-fluoro-4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
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using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-8-fluorophthalazin-
1(2H)-one (1-523) MS (EI) for CysHyoF2NgO,: 475 [M+H]

[0482] Example E-5.24. 1-Ethyl-3-(5-(2-fluoro-5-((6-fluoro-4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-y)methyl)-7-fluorophthalazin-1(2H)-one
(I-5.24.). MS (ED for C»sH20F2NgO2: 475 [M+H].

[0483] Example E-5.25. 1-Ethyl-3-(5-(2-fluoro-5-((7-fluoro-4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-6-fluorophthalazin-
1(2H)-one (I-5.25.). MS (EI) for CsH»0F2NeO,: 475 [M+H].

[0484] Example E-5.26. 1-Ethyl-3-(5-(2-fluoro-5-((8-fluoro-4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-5-fluorophthalazin-
1(2H)-one (I-5.26.). MS (EI) for CsH»0F2NeO,: 475 [M+H].

[0485] Example E-5.27. 1-(5-(5-((5.8-Difluoro-4-oxo0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-y1)-3-ethylurea is prepared using 4-
((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-5,8-difluorophthalazin-1(2H)-
one (I-5.27.). MS (EI) for C3sH9F3NgO,: 493 [M+H].

[0486] Example E-5.28. 1-(5-(5-((6,7-Difluoro-4-oxo0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-y1)-3-ethylurea is prepared using 4-
((3'.4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-6,7-difluorophthalazin-1(2H)-
one (I-5.28.). MS (EI) for C3sH9F3NgO,: 493 [M+H].

[0487] Example E-5.29. 1-Ethyl-3-(5-(2-fluoro-5-((5-methyl-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-y)methyl)-8-methylphthalazin-1(2H)-one
(1-5.29.). MS (ED) for CxH23FNO,: 471 [M+H].

[0488] Example E-5.30. 1-Ethyl-3-(5-(2-fluoro-5-((6-methyl-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)-7-methylphthalazin-
1(2H)-one (I-5.30.). MS (EI) for C26H23FN¢O»: 471[M+H].
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[0489] Example E-5.31. 1-Ethyl-3-(5-(2-fluoro-5-((7-methyl-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methy1)-6-methylphthalazin-
1(2H)-one (I-5.31.). MS (EI) for CycH23FN¢O,: 471 [M+H].

[0490] Example E-5.32. 1-(5-(5-((7-Chloro-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-y1)-3-ethylurea is prepared using 6-
chloro-4-((3',4'-diamino-6-fluoro-[ 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one
can (I-5.32.). MS (EI) for C,sH»CIFNsO,: 491 [M+H].

[0491] Example E-5.33. 1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-7-(trifluoromethyl)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((3'.4'-diamino-6-fluoro-| 1, 1'-biphenyl]-3-y)methyl)-6-(trifluoromethyl)phthalazin-
1(2H)-one (I-5.33.). MS (EI) for C26H20FsNeO»: 525 [M+H].

[0492] Example E-5.34. 1-Ethyl-3-(5-(2-fluoro-5-((7-methoxy-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-6-methoxyphthalazin-1(2H)-
one (I-5.34.). MS (EI) for C36H»3FNO5: 487 [M+H].

[0493] Example E-5.35. 1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-7-(trifluoromethoxy)-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-6-

(trifluoromethoxy )phthalazin-1(2H)-one (I-5.35.). MS (EI) for Co6H20F4N¢Os: 541
[M+H].

[0494] Example E-5.36. 1-(5-(5-((6,7-Dimethoxy-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-benzoimidazol-2-y1)-3-ethylurea was prepared using
4-((3',4'-diamino-6-fluoro-[1,1'-biphenyl]-3-y)methyl)-6,7-dimethoxyphthalazin-
1(2H)-one (I-5.36.). MS (EI) for C»7H»sFN¢O4: 517 [M+H].

[0495] Example E-5.37. 1-(5-(5-((6.8-Dimethoxy-4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)- / H-benzoimidazol-2-y1)-3-ethylurea is prepared using 4-
((3',4'-diamino-6-fluoro-| 1,1'-biphenyl]-3-yl)methyl)-5,7-dimethoxyphthalazin-1(2H)-
one (I-5.37.). MS (EI) for C;;HsFNgO4: 517 [M+H].

[0496] Example E-5.38. 1-Ethyl-3-(6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yDmethyl)furan-2-yl)-/ H-benzoimidazol-2-yl)urea was prepared using 4-((5-(3,4-
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diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.38.). MS (EI) for
C23H20N603I 429 [M+H]

[0497] Example E-5.39. -Ethyl-3-(6-(5-((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)furan-3-yl)-/ H-benzoimidazol-2-yl)urea is prepared using 4-((4-(3,4-
diaminophenyl)furan-2-yl)methyl)phthalazin-1(2H)-one (I-5.39.). MS (EI) for:
C23H2N6Os: 429 [M+H].

[0498] Example E-5.40. 1-Ethyl-3-(7-fluoro-5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-5',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-
one (I-5.40.). 1H-NMR (300 MHz, de-DMSO): 12.58 (s, 1H), 8.24 (d, 1H), 8.02 (d,
1H), 7.88 (1, 1H), 7.82 (1, 1H), 7.52 (d, 1H), 7.36 (s, 1H), 7.26 (m, 1H), 7.18 (q, 1H),
7.00 (d, 1H), 4.33 (s, 2H), 3.18 (m, 2H), 1.09 (t, 3H). MS (EI) for C25H2F2NeO2: 475
[M+H].

[0499] Example E-5.41. 1-Ethyl-3-(6-fluoro-5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using
4-((4',5'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-
5.41.). MS (EI) for CsHxoF2NsO2: 475 [M+H].

[0500] Example E-5.42. 1-Ethyl-3-(4-fluoro-5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 4-((3',4'-diamino-2',6-difluoro-| 1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-
one (I-5.42.). 1H-NMR (300 MHz, de-DMSO): 12.58 (s, 1H), 8.23 (d, 1H), 8.02 (d,
1H), 7.86 (1, 1H), 7.80 (1, 1H), 7.43 (d, 1H), 7.33 (m, 1H), 7.22 (d, 1H), 7.20 (1, 1H),
7.93 (t, 1H), 4.33 (s, 2H), 3.20 (m, 2H), 1.09 (t, 3H). MS (EI) for C,5sH20F2NeO»: 475
[M+H].

[0501] Example E-5.43. 1-(7-Chloro-5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-
1-yD)methyl)phenyl)- / H-benzoimidazol-2-yl)-3-ethylurea is prepared using 4-((4',5'-
diamino-2'-chloro-6-fluoro-[1,1'-biphenyl]-3-yl)methyl)phthalazin-1(2H)-one (I-4.1.).
MS (EI) for C,sHyoCIFNgO»: 491 [M+H].

[0502] Example E-5.44. 1-Ethyl-3-(5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-imidazo[4,5-b]pyridin-2-yl)urea is prepared using 4-(3-(5,6-
diaminopyridin-2-yl)-4-fluoro-benzyl)phthalazin-1(2H)-one (I-5.44.). MS (EI) for
C24H2FN-O;: 458 [M+H].
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[0503] Example E-5.45. 1-Ethyl-3-(6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)urea is prepared using 4-(3-(5,6-
diaminopyridin-3-yl)-4-fluoro-benzyl)phthalazin-1(2H)-one (I-5.45.). MS (EI) for
C24H2FN-O;: 458 [M+H].

[0504] Example E-5.46. 1-Ethyl-3-(6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-imidazo|4,5-c|pyridin-2-yl)urea is prepared using 4-(3-(4,5-
diaminopyridin-2-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.46.). MS (EI) for
C24H2FN-O;: 458 [M+H].

[0505] Example E-5.47. 1-Ethyl-3-(6-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-3H-imidazo[4,5-b]pyridin-2-yl)urea is prepared using 4-
(3-(5,6-diamino-2-methylpyridin-3-y1)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.47.).
MS (ED) for C25H2FN-0O,: 472 [M+H].

[0506] Example E-5.48. 1-Ethyl-3-(5-(2-fluoro-5-((4-ox0-4,5-dihydrofuro[2,3-
d]pyridazin-7-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea is prepared using 4-(3-
(5,6-diamino-4-methylpyridin-3-yl)-4-fluorobenzyl)phthalazin-1(2H)-one (I-5.48).
MS (ED) for C»sH2,FN-O,: 472 [M+H].

[0507] Example E-5.49. 1-Ethyl-3-(6-(2-fluoro-4-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-1H-benzo[d]imidazol-2-yl)urea was prepared using 4-((3',4'-
diamino-2-fluoro-[1,1'-biphenyl]-4-yl)methyl)phthalazin-1(2H)-one (I-5.49). MS (EI)
for C2sH21FNgO»: 457 [M+H].

EXAMPLE 6

General synthesis of urea-library (E-6.):

[0508] To solution of 4-(3-(2-amino-1H-benzoimidazol-6-yl)-4-
fluorobenzyl)phthalazin-1(2H)-one (I-6.) (0.040 mg, 0.1 mmol) in anhydrous
tetrahydrofuran (1.0 ml) 1,1'-carbonyldiimidazole (0.021 g, 0.13 mmol) was added
and the reaction mixture was stirred at 50 °C for eight hours, followed by the addition
of amine (1.0 mmol, 10 eq.) and the reaction mixture was heated to 75 °C for four
hours. It was cooled to room temperature and the residue was purified by preparative

reverse phase HPLC chromatography (acetonitrile - water with 0.1% trifluoroacetic
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acid). The desired product was collected by concentrating the solvent to give title urea

compound.

[0509] Example E-6.1. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)- / H-benzoimidazol-2-y1)-3-propylurea was prepared from 1-
aminopropane. MS (EI) for C,6H»3;FN¢O,: 471 [M+H].

[0510] Example E-6.2. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-(2-fluoroethyl)urea was prepared using
2-fluoroethan-1-amine. MS (EI) for C25H20F2N602: 475 [M+H]

[0511] Example E-6.3. 1-(2,2-Difluoroethyl)-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 2,2-difluoroethan-1-amine. MS (EI) for C,sH;9F3NO,: 493 [M+H].

[0512] Example E-6.4. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-y1)-3-(2,2,2-trifluoroethyl)urea was prepared
using 2,2,2-trifluoroethan-1-amine. MS (EI) for C25H,5F4N¢O,: 511 [M+H].
[0513] Example E-6.5. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-yl)-3-isopropylurea was prepared using 2-
aminopropane. MS (EI) for C,6H»3;FN¢O,: 471 [M+H].

[0514] Example E-6.6. 1-(sec-Butyl)-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using 2-aminobutane. MS (EI) for C7H25FNgOs: 485 M+H].

[0515] Example E-6.7. 1-Cyclopropyl-3-(5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using cyclopropanamine. MS (EI) for C26H21FNgO2: 469 [M+H].

[0516] Example E-6.8. 1-Cyclobutyl-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using cyclobutanamine. MS (EI) for C,7H23FNgO,: 483 [M+H].

[0517] Example E-6.9. 1-Cyclopentyl-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using cyclopentanamine. MS (EI) for CysH2sFNO,: 497 [M+H].
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[0518] Example E-6.10. 1-Cyclohexyl-3-(5-(2-fluoro-5-((4-oxo-3,4-
dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using cyclohexanamine. MS (EI) for C,0H»7FN¢O»: 511 [M+H].

[0519] Example E-6.11. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-(oxetan-3-yl)urea was prepared using 3-
amino-oxetan. MS (EI) for C26H21FN603I 485 [M+H]

[0520] Example E-6.12. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)- / H-benzoimidazol-2-yl)-3-(tetrahy dro-2H-pyran-4-yl)urea was
prepared using 4-amino-tetrahydro-2H-pyran. MS (EI) for C,8H,sFN¢O5: 513
[M+H].

[0521] Example E-6.13. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)- / H-benzoimidazol-2-y1)-3-(1-methylazetidin-3-yl)urea was
prepared using 3-amino-1-methy lazetidin. MS (EI) for C,7H,4FN-O,: 498 [M+H].

[0522] Example E-6.14. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-y1)-3-(1-methylpiperidin-4-yl)urea was
prepared using 4-amino-1-methylpiperidin. MS (EI) for C,9H,5FN-O;: 526 [M+H].

[0523] Example E-6.15. 1-(2-(Dimethylamino)ethyl)-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using N N-dimethylethylene-diamine. MS (EI) for C,;H»cFN-O,: 500 [M+H].

[0524] Example E-6.16. 1-(2-(Diethylamino)ethyl)-3-(5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)- /H-benzoimidazol-2-yl)urea was prepared
using N N-diethylethylenediamine. MS (EI) for C,0H30FN-O;: 528 [M+H].

[0525] Example E-6.17. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)- / H-benzoimidazol-2-y1)-3-(2-(pyrrolidin-1-yl)ethyl)urea was
prepared using 2-(pyrrolidin-1-yl)ethan-1-amine. MS (EI) for Cy9H,sFN-O;: 526
[M+H].

[0526] Example E-6.18. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-(2-(4-methylpiperazin-1-yl)ethyl)urea
was prepared using 2-(4-methylpiperazin-1-yl)ethan-1-amine. MS (EI) for
C30H31FNgO,: 555 [M+H].
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[0527] Example E-6.19. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)-3-(2-morpholinoethyl)urea was prepared
using 2-morpholinoethan-1-amine. MS (EI) for C,90H,sFN-Oj5: 542 [M+H].

[0528] Example E-6.20. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-(2-(1-methylpiperidin-4-yl)ethyl)urea
was prepared using 2-(1-methylpiperidin-4-yl)ethan-1-amine. MS (EI) for
C31H32FN7021 554 [M+H]

[0529] Example E-6.21. 1-(3-(Dimethylamino)propyl)-3-(5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-yl)methyl)phenyl)- / H-benzoimidazol-2-yl)urea was
prepared using N,N-dimethylpropylenediamine. MS (EI) for C,sH,sFN-O;: 514
[M+H].

[0530] Example E-6.22. 1-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-3-phenylurea was prepared using aniline.
MS (EI) for C29H21FN602: 505 [M+H]

[0531] Example E-6.23. 1-Benzyl-3-(5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-
1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared using
phenylmethanamine. MS (EI) for C30H23FN¢O»: 519 [M+H].

[0532] Example E-6.24. Methyl ((5-(2-fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/ H-benzoimidazol-2-yl)carbamoyl)glycinate was prepared using
methyl glycinate. MS (EI) for Cy¢H»1FNgO4: 501 [M+H].

[0533] Example E-6.25. 3-(5-(2-Fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-benzoimidazol-2-y1)-1,1-dimethylurea was prepared using
dlmethylamme MS (EI) for C25H21FN602: 457 [M+H]

[0534] Example E-6.26. 1,1-Diethyl-3-(5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)phenyl)-/H-benzoimidazol-2-yl)urea was prepared
using diethylamine. MS (EI) for C,7H,sFNgO,: 485 [M+H].
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EXAMPLE 7

EXAMPLE 7.1. N-(5-(2-fluoro-3-((4-0xo0-3,4-dihydrophthalazin-1-
y)methyl)phenyl)-1H-benzimidazol-2-yl) methanesulfonamide
o o)

o..0 $"o .0
N\ N\
/S\N)\\Nts\

[0535] A solution of 4-((3',4'-diamino-6-fluoro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.18 g, 0.50 mmol) and methyl-N,N'-
bis(methylsulfonyl)carbamimidothioate (R.5.4.) (0.13 g, 0.50 mmol) in acetic acid
(3.0 mL) was stirred at 98 °C for 18 hours. After cooling the reaction mixture to room
temperature it was diluted with water (5 mL) and the pH was adjusted to 8 by the
addition of 10N aqueous sodium hydroxide (5.2 mL), and then partitioned with ethyl
acetate (100 mL), washed with brine (50 mL), dried over anhydrous sodium sulfate
and concentrated. The resulting crude was purified by gradient silica gel flash
chromatography (5-20% 7N ammonia in methanol in ethyl acetate) to give N-(5-(2-
fluoro-5-((4-ox0-3,4-dihydrophthalazin-1-yl)methyl) phenyl)-/H-benzimidazol-2-yl)
methanesulfonamide (E-7.1.) (0.17 g, 72%). 1H-NMR (300 MHz, d¢-DMSO): 12.58
(s, 1H), 12.27 (s, 1H), 8.26 (d, 1H), 8.04 (d, 1H), 7.90 (t, 1H), 7.82 (t, 1H), 7.55-752
(m, 3H), 7.23 (m, 2H), 7.20 (t, 1H), 4.36 (s, 2H), 3.32 (s, 3H). MS (EI) for
C23H1sFN5O5S: 464 [M+H].

EXAMPLE 8

Example 8.1. Ethyl (5-{2-fluoro-5-[(4-0x0-3,4-dihydrophthalazin-1-
y)methyl[phenyl}-1H-benzimidazol-2-yl)carbamate
o

(o}

[0536] A solution of 4-((3',4'-diamino-6-fluoro-|1,1'-biphenyl]-3-
yl)methyl)phthalazin-1(2H)-one (I-5.1.) (0.18 g, 0.50 mmol) and methyl N, N -
bis[(propyl)carbonyl] imidothiocarbamate (R-5.5.) (0.12 g, 0.50 mmol) in acetic acid
(3.0 mL) was stirred at 98 °C for 18 hours. After cooling the reaction mixture to room
temperature it was diluted with water (5 mL) and the pH was adjusted to 8 by the
addition of 10N aqueous sodium hydroxide (5.2 mL), and then partitioned with ethyl
acetate (100 mL), washed with brine (50 mL), dried over anhydrous sodium sulfate
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and concentrated. The resulting crude was purified by gradient silica gel flash
chromatography (5-20% 7N ammonia in methanol in ethyl acetate) to give N-(5-(2-
fluoro-5-((4-ox0-3,4-dihy drophthalazin-1-yl)methyl)phenyl)- / H-benzimidazol-2-
yl)butyramide (E-8.1.) (0.09 g, 38%). IH-NMR (300 MHz, d¢-DMSO): 12.60 (s,
1H), 11.82 (s, 2H), 8.26 (d, 1H), 8.04 (d, 1H), 7.88 (m, 2H), 7.46 (m, 3H), 7.26 (m,
3H), 4.32 (s, 2H), 3.40 (dd, 2H), 2.24 (m, 2H), 0.96 (t, 3H). MS (EI) for
Ca6HxFNsO,: 456 [M+H].

REAGENT SYNTHESIS
REAGENT R-1.1. 3-Bromo-4-(difluoromethoxy) benzaldehyde
[0537] To a mixture of 3-bromo-4-hydroxy-benzaldehyde (5.0 g, 24.88 mmol) and
cesium carbonate (20.3 g, 62.20 mmol) in N,N-dimethylformamide (75 mL) was
sodium chlorodifluoroacetate (7.6 g, 49.76 mmol) was added and the reaction mixture
was stirred at 75 °C for 18 hours. It was partitioned with ethyl acetate (250 mL) and
water (100 mL), the organic phase was washed with water (2x 100 mL), 1M aqueous
hydrochloric acid (2x 150 mL) and brine (150 mL), dried over anhydrous sodium
sulfate and concentrated. The resulting crude was purified by gradient silica gel flash
chromatography (0-25% ethyl acetate in hexanes) to give 3-bromo-4-
(difluoromethoxy) benzaldehyde (R-1.1.) (4.6 g, 74%). 1H-NMR (300 MHz, ds-
DMSO): 9.90 (s, 1H), 8.22 (d, 1H), 8.04 (dd, 1H), 7.56 (d, 1H), 7.44 (t, 1H). MS (EI)
for CgHsBrF,0,: 234 [M+H].

REAGENT R-1.2. 5-Bromo-4-fluoro-2-methoxybenzaldehyde

[0538] To a solution of 4-fluoro-2-methoxybenzaldehyde (5.0 g, 32.45 mmol) in
acetonitrile (100 mL) N-bromosuccinimide (7.22 g, 40.56 mmol) was added and the
reaction mixture was stirred at 70 °C under an atmosphere of nitrogen for 18
hours. It was partitioned with ethyl acetate (350 mL) and water (100 mL), the organic
phase was washed with 1M aqueous hydrochloric acid (2x 150 mL) and brine (150
mL), dried over anhydrous sodium sulfate and concentrated. The resulting crude was
purified by gradient silica gel flash chromatography (0-25% ethyl acetate in hexanes)
to give 5-bromo-4-fluoro-2-methoxybenzaldehyde (R-1.2.) (7.1 g, 94%). 1H-NMR
(300 MHz, de-DMSO): 10.28 (s, 1H), 7.98 (d, 1H), 6.86 (d, 1H), 3.90 (s, 3H). MS
(EI) for CsHgBrFO,: 234 [M+H].
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REAGENT R-1.3. 5-Bromo-2-fluoro-4-methoxybenzaldehyde

[0539] To a solution of 2-fluoro-4-methoxybenzaldehyde (5.0g, 32.45 mmol) in
methanol (50 mL) bromine (3.3 mL, 65.0 mmol)) was added dropwise at 0 °C and the
reaction mixture was stirred for 18 hours. The mixture was partitioned with ethyl
acetate (350 mL) and water (100 mL), the organic phase was washed with water (2x
150 mL), 2M aqueous sodium hydrogen sulfite (2x 150 mL and brine (150 mL), dried
over anhydrous sodium sulfate and concentrated. The resulting crude was purified by
gradient silica gel flash chromatography (0-25% ethyl acetate in hexanes) to give 5-
bromo-2-fluoro-4-methoxybenzaldehyde (R-1.3.) (6.6 g, 87%). 1H-NMR (300 MHz,
dg-DMSO): 10.20 (s, 1H), 8.04 (d, 1H), 6.72 (d, 1H), 3.98 (s, 3H). MS (EI) for
CsHgBrFO,: 234 [M+H].

Reagent R-2.1. 2-Bromo-4-ethynyl-1-fluorobenzene

[0540] STEP 1. To asolution of 2-bromo-1-fluoro-4-iodobenzene (6.0 g, 20.0
mmol), ethynyl-trimethylsilane (4.20 mL, 30.0 mmol) and piperidine (3.0 mL, 30.0
mmol) in anhydrous tetrahydrofuran (100 mL) copper(I) iodide (0.38 g, 2.0 mmol)
was added, followed by the addition of bis(triphenylphosphine)palladium(IT)
dichloride (0.70 g, 1.0 mmol) and the reaction mixture was stirred under an
atmosphere of nitrogen for 18 hours. The mixture was diluted with ethyl acetate
(250 mL) and filtered through a pad of Celite, washed with an additional portion of
ethyl acetate (100 mL). The combined phases were washed with 1M aqueous
hydrochloric acid (2x 150 mL) and brine (150 mL), dried over anhydrous sodium
sulfate and concentrated. The resulting crude was purified by gradient silica gel
flash chromatography (0-20% ethyl acetate in hexanes) to give ((4-bromo-3-
fluorophenyl)ethynyDtrimethylsilane (5.0 g, 92%).

[0541] STEP 2. To a solution of ((4-bromo-3-fluorophenyl)ethynyl)trimethylsilane
(5.0 g, 18.40 mmol) in methanol (100 mL) was added potassium carbonate (7.64 g,
55.20 mmol) and the reaction mixture was stirred at room temperature for 5 hours.
The solvent was removed and the residue was partitioned with ethyl acetate (250 mL)
and water (100 mL). The organic phase was washed with water (100 mL), 0.5 M
aqueous hydrochloric acid (100 mL) and brine (100 mL), dried over anhydrous
sodium sulfate and concentrated. The resulting crude was purified by gradient silica
gel flash chromatography (0-20% ethyl acetate in hexanes) to give 2-bromo-4-
ethynyl-1-fluorobenzene (2b, R-2.1.) (3.40g, 83%). 1IH-NMR (300 MHz, d¢-DMSO):
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7.78 (dd, 1H), 7.46 (m, 1H), 7.32 (d, 1H), 4.28 (1H). MS (EI) for CsH,BrF: 199
[M+H].

Reagent R-3.1. N-(Quinolin-8-yl)benzamide

[0542] To a solution of 8-aminoquinoline (1.44 g, 10.0 mmol) and trimethylamine
(2.8 mL, 20.0 mmol) in anhydrous tetrahydrofuran (7 mL) was added a solution of
benzoyl chloride (1.3 mL, 11.0 mmol) in tetrahydrofuran (5 mL) dropwise while
maintain the temperature at 0 °C. The reaction mixture was stirred for 18 hours at
room temperature. It was partitioned with ethyl acetate (250 mL) and water (100 mL).
The organic phase was washed with water (2x 100 mL), and brine (100 mL), dried
over anhydrous sodium sulfate and concentrated. The resulting crude was purified by
gradient silica gel flash chromatography (0-80% ethyl acetate in hexanes) to give N-
(quinolin-8-yl)benzamide (1c, R-3.1.) (2.4 g, 96%). 1H-NMR (300 MHz, ds-DMSO):
10.70 (s, 1H), 9.01 (dd, 1H), 8.78 (dd, 1H), 8.48 (d, 1H), 8.12-8.06 (m, 2H), 7.78 (dd,
1H), 7.66 (m, 5H). ). MS (EI) for C16H;>N,0: 249 [M+H].

[0543] Reagent R-3.2. 2,5-Difluoro-N-(quinolin-8-yl)benzamide was prepared
using 2,5-difluorobenzoyl chloride. MS (EI) for CisH10F2N20O: 285 [M+H].

[0544] Reagent R-3.3. 2-Methyl-N-(quinolin-8-yl)benzamide is prepared using 2-
methylbenzoyl chloride. MS (EI) for C;sH14N,O: 263 [M+H].

[0545] Reagent R-3.4. 3-Methyl-N-(quinolin-8-yl)benzamide was prepared using 3-
methylbenzoyl chloride. 1TH NMR (300 MHz, ds-DMSO): 10.65 (s, 1H), 9.02 (dd,
1H), 8.78 (dd, 1H), 8.48 (dd, 1H), 7.88 (d, 2H), 7.76 (dd, 1H), 7.72 (m, 2H), 7.60-7.48
(m, 2H), 2.48 (s, 3H). MS (EI) for C1-H14N,O: 263 [M+H].

[0546] Reagent R-3.5. 4-Methyl-N-(quinolin-8-yl)benzamide was prepared using 4-
methylbenzoyl chloride. 1TH NMR (300 MHz, de-DMSO): 10.67(s, 1H), 9.02 (dd,
1H), 8.79 (dd, 1H), 8.50 (dd, 1H), 8.00 (d, 2H), 7.76 (dd, 1H), 7.76-7.65 (m, 2H), 7.46
(d, 2H), 2.4 (s, 3H). MS (EI) for C;7H4N,0: 263 [M+H].

[0547] Reagent R-3.6. 4-Chloro-N-(quinolin-8-yl)benzamide is prepared using 4-
chlorobenzoyl chloride. MS (EI) for C1¢H;;CIN,O: 283 [M+H].

[0548] Reagent R-3.7. N-(Quinolin-8-yl)-4-(trifluoromethyl)benzamide is prepared
using 4-(trifluoromethyl)benzoyl chloride. MS (EI) for C;H;1F3;N,0: 317 [M+H].
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[0549] Reagent R-3.8. 4-methoxy-N-(quinolin-8-yl)benzamide is prepared using 4-
methoxybenzoyl chloride. MS (EI) for C7H;4N>O,: 279 [M+H].

[0550] Reagent R-3.9. N-(quinolin-8-y1)-4-(trifluoromethoxy)benzamide is
prepared using 4-(trifluoromethoxy)benzoyl chloride. MS (EI) for C;7H;,F3N»05:
233 [M+H].

[0551] Reagent R-3.10. 3,5-dimethoxy-N-(quinolin-8-yl)benzamide is prepared using
3,5-dimethoxybenzoyl chloride. MS (EI) for C;sH;6N2O3: 309 [M+H].

REAGENT 4.1. 4'-Amino-6-fluoro-3'-nitro-[1,1'-biphenyl]-3-carbaldehyde

Q
o B NO,

Ao —7 AL

” . H4 O F NO,

[0552] A mixture of 3-bromo-4-fluorobenzaldehyde (2a) (2.45 g, 12.0 mmol), 2-
nitro-4-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (3.20 g, 12.0 mmol in a
mixture of 1,4-dioxane (32.5 mL) and a solution of potassium carbonate (5.0 g, 36.0
mmol) in water (7.5 mL) was heated to 98 °C and stirred until the reactants went into
solution, then nitrogen gas was bubbled through the solution for approximately thirty
minutes, followed by the addition of dichloro[1,1'-
bis(diphenylphosphino)ferrocene|palladium (II) dichloromethane adduct (120 mg,
0.15 mmol). The reaction mixture was stirred under nitrogen atmosphere at 98 °C for
18 hours. It was cooled to room temperature and poured into water (250 mL). The
precipitated product was collected by filtration and washed successively with water,
and then air-dried for thirty minutes. The resulting crude material was dissolved in a
mixture of ethyl acetate (300 mL) and tetrahydrofuran (150 mL) then anhydrous
sodium sulfate (100 g) Celite (5 g) and silica gel (5 g) were added. The solution was
left to age for twelve hours; then the solvent was concentrated. The precipitating solid
was collected by filtration, washed with a solution of 10% ethyl acetate in hexanes
and air dried for thirty minutes. The resulting crude was dissolved in hot
tetrahydrofuran (200 mL) and treated with charcoal, filtered through a pad of Celite,
and the solvent was concentrated. The precipitated product was collected by filtration
and washed with heaxanes and air dried to give 4'-amino-6-fluoro-3'-nitro-[1,1'-
biphenyl]-3-carbaldehyde (4, R-4.1.) (2.68 g, 86%) as an orange-brown solid. (TLC
30% ethyl acetate in hexanes, Rf.: 0.70). 1TH NMR (300 MHz, d¢-DMSO): 10.03 (s,
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1H), 8.22 (d, 1H), 8.12 (dd, 1H), 7.93 (m, 1H), 7.72-7.66 (m, 3H), 7.53 (dd, 1H), 7.14
(d, 1H). 13C NMR (d¢-DMSO): 191.76, 164.23, 160.84, 145.98, 135.77, 132.24,
127.39, 127.21, 125.36, 120.61, 119.74, 117.54, 117.23. MS (EI) for C13HsFN,05:
261 [M+H].

Reagent R-4.2. 4'-amino-3,6-difluoro-3'-nitro-[1,1'-biphenyl]-3-carbaldehyde
[0553] A mixture of 3-bromo-4,5-difluorobenzaldehyde (0.66 g, 3.00 mmol) 2-
nitro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (0.78 g, 3.00 mmol) and
potassium carbonate (1.24 g, 9.00 mmol) in a mixture of 1,4-dioxane (12.5 mL) and
water (2.5 mL) was purged with nitrogen gas and stirred 98 °C for 30 minutes
followed by the addition of XPhos (Picyclichesy (24,6 - trizsopropyi-{ 1,1 ~biphenyi}-
2-vhphosphune) (0. 14 g, 0.3 romol} and tetrakis{triphenviphosphinepaliadiom(()
{0.18 g, ¢.15 mmol} and the stirring was continued for 18 hours. It was cooled to
room temperature and partitioned with ethyl acetate (200 mL) and 1M aqueous
hydrochloric acid (100 ml). The organic layer was separated and washed with 1M
aqueous hydrochloric acid (100 ml) and brine (100 mL), dried over anhydrous sodium
sulfate and concentrated. The resulting crude was purified by gradient silica gel flash
chromatography (5-75% ethyl acetate in hexanes) to give 4'-amino-5,6-difluoro-3'-
nitro-[1,1'-biphenyl]-3-carbaldehyde (R-4.2.) (0.26 g, 32%). MS (EI) for
C13HsFoN>O5: 279 [M+H].

Reagent R-4.3. 4-(4-amino-3-nitrophenyl)furan-2-carbaldehyde

[0554] A mixture of 4-bromofuran-2-carbaldehyde (0.52 g, 3.00 mmol) 2-nitro-4-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (0.78 g, 3.00 mmol) and
potassium carbonate (1.24 g, 9.00 mmol) in a mixture of 1,4-dioxane (12.5 mL) and
water (2.5 mL) was purged with nitrogen gas and stirred 98 °C for 30 minutes
followed by the addition of dichloro[1,1'-bis(diphenylphosphino)ferrocene] palladium
(IT) dichloromethane adduct (0.12 g, 0.15 mmol) and the stirring was continued for 18
hours. It was cooled to room temperature and partitioned with ethyl acetate (200 mL)
and 1M aqueous hydrochloric acid (100 ml). The organic layer was separated and
washed with 1M aqueous hydrochloric acid (100 ml) and brine (100 mL), dried over
anhydrous sodium sulfate and concentrated. The resulting crude was purified by
gradient silica gel flash chromatography (5-75% ethyl acetate in hexanes) to give 4-
(4-amino-3-nitrophenyl)furan-2-carbaldehyde (R-4.3.) (0.40 g, 58%). MS (EI) for
C11HsN>Oy: 233 [M+H].
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REAGENT R-5.1. 1,3-Bis(ethoxycarbonyl)-2-methyl-2-thiopseudourea

[0555] STEP 1. To a suspension of 2-methyl-2-thiopseudourea hemi sulfate (4.56 g,
16.40 mmol) and sodium bicarbonate (6.90 g, 82.00 mmol) in a mixture of water (30
mL) and tetrahydrofuran (20 mL) was added dropwise a solution of ethyl
chloroformate (3.30 mL, 34.40 mmol) in tetrahydrofuran (20 mL) at 0 °C in a course
of two hours and was stirred overnight at room temperature. The solvent was
concentrated, and the residue was partitioned with ethyl acetate (400 mL) and water
(250 ml). The organic layer was washed with water (2x 150 mL) and brine (2x 250
mL), dried over anhydrous sodium sulfate and concentrated to give 1-ethoxycarbonyl-
2-methyl-2-thiopseudourea (2.70 g). The resulting crude product was used without

further purification.

[0556] STEP 2. To a solution of 1-ethoxycarbonyl-2-methyl-2-thiopseudourea (2.70
g, 16.40 mmol) and triethylamine (4.60 mL, 32.80 mmol) in tetrahydrofuran (30 mL)
was added dropwise a solution of ethyl chloroformate (1.70 mL, 17.40 mmol) in
tetrahy drofuran (20 mL) at O °C and was stirred overnight at room temperature. It was
partitioned with ethyl acetate (400 mL) and 1M aqueous hydrochloric acid (150 ml).
The organic layer was washed with 1M aqueous hydrochloric acid (2x 150 mL) and
brine (2x 250 mL), dried over anhydrous sodium sulfate and concentrated. The
resulting crude product was purified by gradient silica gel flash chromatography
(hexane: ethyl acetate) to give 1,3-bis(ethoxycarbonyl)-2-methyl-2-thiopseudourea
(R-5.1.) as an oil (solidifies to white solid upon standing) (3.65 g, 95%). 1H-NMR
(300 MHz, d-DMSO): 11.13 (s, 1H), 4.10 (m, 4H), 2.28 (s, 3H), 1.22 (m, 6H). MS
(EI) for CsH14N>04S: 235 [M+H].

[0557] Reagent R-5.2. 1,3-bis(methoxyethoxycarbonyl)-2-methyl-2-thiopseudourea
was prepared using 2-methoxyethyl cloroformate. 1TH-NMR (300 MHz, de-DMSO):
11.14 (s, 1H), 4.30 (m, 4H), 3.64 (m, 4H), 3.30 (s, 6H), 2.28 (s, 3H). MS (EI) for
C10H15N>06S: 295 [MH].

[0558] Reagent R-5.3. NN -bis|[(ethylamino)-carbonyl] carbamimido thioic acid
methyl ester was prepared using ethyl isocyanate. 1H-NMR (300 MHz, ds-DMSO):
11.12 (s, 1H), 3.24 (q, 2H), 3.18 (q, 2H), 2.36 (s, 3H), 1.14 (m, 6H). MS (EI) for
CsH1gN4O5S: 233 [M+H].
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Reagent R-5.4. Methyl-N,N'-bis(methylsulfonyl)carbamimidothioate was

prepared using methanesulfonyl chloride. 1H-NMR (300 MHz, d¢-DMSO): 11.16 (s,
1H), 2.48 (s, 3H), 2.86 (s, 3H), 2.98 (s, 3H). MS (EI) for C4H;oN»04S5: 247 [M+H].

[0560]

Reagent R-5.5. Methyl N,N’-bis|(propyl)carbonyl] imidothiocarbamate was

prepared using butaoyl chloride. IH-NMR (300 MHz, ds-DMSO): 11.14 (s, 1H), 2.48
(s, 3H), 2.36 (m, 4H), 1.68 (m, 4H), 0.98 (m, 6H). MS [ESI] for CH;sN>0,S: 231

[M+H].
Cll\?opd Structure Name
Example 1.
o
NH o Methyl (5-(2-fluoro-5-((4-oxo-
. O N H J 3,4-dihydrophthalazin-1-
' O )—NH yl)methyl)phenyl)-1H-
O N benzoimidazol-2-yl)carbamate
F
0
NH o Methyl (5-(3-((4-0x0-3,4-
5 O _N N Jd dihydrophthalazin-1-
: O pans yDmethyl)phenyl)-1H-
O N benzoimidazol-2-yl)carbamate
0
NH o Methyl (5-(2-chloro-5-((4-oxo-
3 O _N H d 3,4-dihydrophthalazin-1-
' O )—NH yDmethyl)pheny1)-/H-
O N benzoimidazol-2-yl)carbamate
. cl
NH o Methy! (5-(2-methyl-5-((4-oxo-
A O _N H d 3,4-dihy drophthalazin-1-
' O Ve yDmethyl)pheny1)-/H-
O benzoimidazol-2-yl)carbamate
CH
5 3
O NH o Methyl (5-(5-((4-0x0-3,4-
5 N N d dihydrophthalazin-1-yl)methy1)-2-
' O Ve (trifluoromethyl)phenyl)-1H-
O benzoimidazol-2-yl)carbamate
CF,
o
NH o Methyl (5-(5-((4-0x0-3,4-
. O N H d dihydrophthalazin-1-yl)methy1)-2-
' O N/>—NH (trifluoromethoxy)phenyl)-/H-
O benzoimidazol-2-yl)carbamate
OCF,
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O NH o Methyl (5-(2-methoxy-5.-((4-oxo-
N N d 3,4-dihydrophthalazin-1-
O »—NH yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate
OCHj

o 3,4-dihydrophthalazin-1-

O NH Lo Methyl (5-(2-ethoxy-5-((4-ox0-
~N N
O N/>—NH yDmethyl)phenyl)-/H-
o>

benzoimidazol-2-yl)carbamate

o Methyl (5-(2-(2-methoxyethoxy)-
H d 5-((4-0x0-3,4-dihy drophthalazin-
O )—NH 1-yl)methyl)phenyl)-/H-

benzoimidazol-2-yl)carbamate
0

NH o Methyl (5-(2-(difluoromethoxy)-
10 O N HoNd 5-((4-0x0-3.4-dihydrophthalazin-
' O )—NH 1-yl)methy1)phenyl)-1H-

O benzoimidazol-2-yl)carbamate

Methyl (5-(3-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

11.

Methyl (5-(4-fluoro-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

12.

Methyl (5-(2-fluoro-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

13.

Methyl (5-(2.4-difluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

14.
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Methyl (5-(2,3-difluoro-3-((4-
ox0-3,4-dihydrophthalazin-1-
ylymethyl)phenyl)-1H-
benzoimidazol-2-yDearbamate

13,

Methyl (5-(3-methoxy-5-((4-ox0-
3,4-dihydrophthalazin-1-
ylymethylyphenyl}-iH-
benzeimidazol-2-yljcarbamate

lé.

Methiyl (5-{4-methoxy-3-((4-ox0-
3,4-dihydrophthalazin-1-
yhmethyDphenyly-7 H-
benzoimidazol-2-yljcarbamate

i7.

Methy! (5~{Z-methoxy-3-((4-0x0-
3.4-dihydroptithalazin-1-
yhmethyDphenyD-1 H-
benzoimidazol-2-vijcarbarnate

18

Methyl (5-(2,3-dimethoxy-5-((4-
oxo-3,4-dihydrophthalazin- 1~
yhmethyDphenyly-1 H-
benzoimidazol-2-yl)carbamate

19.

Methyl (5-(2.4-dimethoxy-5-((4-
oxo-3,4-dihydrophthalazin-1-
yDmethyDphenyl)-/ H-
benzoimidazol-2-v])carbamate

20.

Methyl (5-(2-fluoro-4-methoxy-3-
({(4-ox0-3,4-dihydrophthalazin-1-
yhmethylphenyl)-ZH-
benzoimidazol-2-yljcarbamate

21.

Methyl (5-{4-fluoro-2-methoxy-5-
{(4-0x0=3,4-dihydrophihalazin-1-
yDmethylyphenyl)-1 H-
benzoimidazol-2-ylicarbamate

22,
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Methyl (5-(2-fluoro-5-((5-fluoro-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

23.

Methyl (5-(2-fluoro-5-((6-fluoro-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

24.

Methyl (5-(2-fluoro-5-((7-fluoro-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

25.

Methyl (5-(2-fluoro-5-((8-fluoro-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

26.

Methyl (5-(5-((5,8-difluoro-4-
ox0-3,4-dihydrophthalazin-1-
yD)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

27.

Methyl (5-(5-((6,7-difluoro-4-
ox0-3,4-dihydrophthalazin-1-
yD)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

28.

Methyl (5-(2-fluoro-5-((5-methyl-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

29.

Methyl (5-(2-fluoro-5-((6-methyl-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

30.

Methyl (5-(2-fluoro-5-((7-methyl-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

31.
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Methyl (5-(5-((7-chloro-4-oxo0-
3,4-dihydrophthalazin-1-
yD)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

32.

Methyl (5-(2-fluoro-5-((4-ox0-7-
(trifluoromethyl)-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Methyl (5-(2-fluoro-5-((7-
methoxy-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate
Methyl (5-(2-fluoro-5-((4-ox0-7-
(trifluoromethoxy)-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

33.

34.

35.

Methyl (5-(5-((6,7-dimethoxy-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

36.

Methyl (5-(5-((6,8-dimethoxy-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

37.

Methyl (6-(5-((4-ox0-3,4-
dihydrophthalazin-1-
yD)methyl)furan-2-y1)-1H-
benzoimidazol-2-yl)carbamate

38.

Methyl (6-(5-((4-ox0-3,4-
dihydrophthalazin-1-
yD)methyl)furan-3-y1)-/H-
benzoimidazol-2-yl)carbamate

39.

Methyl (7-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

40.
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Methyl (6-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

4].

Methyl (4-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

42.

Methyl (7-chloro-5-(2-fluoro-5-
((4-ox0-3.4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

43.

Methyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

44.

Methyl (6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

45.

Methyl (6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-c|pyridin-2-
yl)carbamate

46.

Methyl (6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

47.

Methyl (6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7-methyl-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

438.
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0
O H Methy1 (6-(2-fluoro-4-((4-oxo-
49 4 3,4-dihydrophthalazin-1-
' F o yl)methyl)phenyl)-/H-
O N d benzoimidazol-2-yl)carbamate
b
N
Example 2.
0
O NH o Ethyl (5-(2-fluoro-5-((4-ox0-3,4-
1 ZN N Jd dihydrophthalazin-1-
' O N/>—NH yl)methyl)phenyl)-7/H-
O benzoimidazol-2-yl)carbamate
F
0
O NH o Ethyl (5-(3-((4-0};0-3,4-
5 N ¥ g dihydrophthalazin-1-
: O panh yl)methyl)pheny1)-/H-
O N benzoimidazol-2-yl)carbamate
0
O NH o Ethyl (5-(2-chloro-5-((4-0x0-3,4-
3 ZN N o dihydrophthalazin-1-
' O )—NH yDmethyl)phenyl)-/H-
O N benzoimidazol-2-yl)carbamate
cl
0
O NH o Ethyl (5-(2-methyl-5-((4-0x0-3.,4-
4 ~N N o dihydrophthalazin-1-
' O N/%NH yDmethyl)phenyl)-/H-
O benzoimidazol-2-yl)carbamate
CH
5 3
O NH 4 oo - Ethyl (5-(5-((4-0x0-3,4-
5 ~N N o dihydrophthalazin-1-yl)methyl)-2-
' O N/>— NH (trifluoromethyl)phenyl)-1H-
O benzoimidazol-2-yl)carbamate
CF
5 3
O NH o Ethyl (5-(5-((4-0x0-3,4-
. _N N o dihydrophthalazin-1-yl)methy1)-2-
' ‘ N/>— NH (trifluoromethoxy )phenyl)-/ H-
O benzoimidazol-2-yl)carbamate
OCF
5 3
O NH 4 oo Ethyl (5-(2-methoxy-5-((4-oxo-
7 ZN N o 3,4-dihydrophthalazin-1-
' O N/>—N“ yD)methyl)phenyl)-/ H-
O benzoimidazol-2-yl)carbamate
OCH,
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Ethyl (5-(2-ethoxy-5-((4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Ethyl (5-(2-(2-methoxyethoxy)-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Ethyl (5-(2-(difluoromethoxy)-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-
benzoimidazol-2-yl)carbamate

10.

Ethyl (5-(3-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

11.

Ethyl (5-(4-fluoro-3-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

12.

Ethyl (5-(2-fluoro-3-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

13.

Ethyl (5-(2.4-difluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

14.

Ethyl (5-(2,3-difluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

15.
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Ethyl (5-(3-methoxy-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

16.

Ethyl (5-(4-methoxy-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

17.

Ethyl (5-(2-methoxy-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

18.

Ethyl (5-(2,3-dimethoxy-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

19.

Ethyl (5-(2,4-dimethoxy-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

20.

Ethyl (5-(2-fluoro-4-methoxy-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2].

Ethyl (5-(4-fluoro-2-methoxy-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

22.

Ethyl (5-(2-fluoro-5-((5-fluoro-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

23.
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24.

Ethyl (5-(2-fluoro-5-((6-fluoro-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

25.

Ethyl (5-(2-fluoro-5-((7-fluoro-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

26.

Ethyl (5-(2-fluoro-5-((8-fluoro-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

27.

Ethyl (5-(5-((5,8-difluoro-4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

28.

Ethyl (5-(5-((6,7-difluoro-4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

29.

Ethyl (5-(2-fluoro-5-((5-methyl-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

30.

Ethyl (5-(2-fluoro-5-((6-methyl-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

31.

Ethyl (5-(2-fluoro-5-((7-methyl-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate
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o Ethyl (5-(5-((7-chloro-4-ox0-3,4-
H Jd dihy drophthalazin-1-y1)methy1)-2-
O N/>—NH fluorophenyl)-/ H-benzoimidazol-
2-yl)carbamate
F

32. cl O 7

Ethyl (5-(2-fluoro-5-((4-ox0-7-
(trifluoromethyl)-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

33.

Ethyl (5-(2-fluoro-5-((7-methoxy-
4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

34.

Ethyl (5-(2-fluoro-5-((4-ox0-7-
(trifluoromethoxy)-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

35.

Ethyl (5-(5-((6,7-dimethoxy-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

36.

Ethyl (5-(5-((6,8-dimethoxy-4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)-2-fluorophenyl)-/ H-
benzoimidazol-2-yl)carbamate

37.

Ethyl (6-(5-((4-0x0-3,4-
dihydrophthalazin-1-
yD)methyl)furan-2-y1)-1H-
benzoimidazol-2-yl)carbamate

38.

Ethyl (6-(5-((4-0x0-3,4-
dihydrophthalazin-1-
yD)methyl)furan-3-y1)-/H-
benzoimidazol-2-yl)carbamate

39.
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Ethyl (7-fluoro-5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

40.

Ethyl (6-fluoro-5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

4].

Ethyl (4-fluoro-5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

42.

Ethyl (7-chloro-5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

43.

Ethyl (5-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

44.

Ethyl (6-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

45.

Ethyl (6-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-c|pyridin-2-
yl)carbamate

46.

Ethyl (6-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

47.
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438.

Ethyl (6-(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7-methyl-3H-
imidazo[4,5-b]pyridin-2-
yl)carbamate

49.

Ethyl (6-(2-fluoro-4-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2-Methoxyethyl (5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2-Methoxyethyl (7-fluoro-5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2-Methoxyethyl (6-fluoro-5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2-Methoxyethyl (4-fluoro-5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Propyl (5-(2-fluoro-5-((4-ox0-3.,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2-Fluoroethyl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate
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2,2-Difluoroethyl (5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2,2,2-Trifluoroethyl (5-(2-fluoro-
5-((4-0x0-3.4-dihy drophthalazin-
1-yl)methyl)phenyl)-/H-
benzoimidazol-2-yl)carbamate

Isopropyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

sec-Butyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Cyclopropyl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Cyclobutyl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Cyclopentyl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

Cyclohexyl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

10.
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Oxetan-3-yl (5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

11.

Tetrahydro-2H-pyran-4-yl (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-/H-
benzoimidazol-2-yl)carbamate

12.

1-Methylazetidin-3-yl1 (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

13.

1-Methylpiperidin-4-y1 (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

14.

2-(Dimethylamino)ethyl (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

15.

2-(Diethylamino)ethyl (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

16.

2-(Pyrrolidin-1-yl)ethyl (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

17.
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18.

2-(4-Methylpiperazin-1-yl)ethyl
(5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-1H-
benzo[d]imidazol-2-yl)carbamate

19.

2-Morpholinoethyl (5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

20.

2-(1-Methylpiperidin-4-yl)ethyl
(5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

2].

3-(Dimethylamino)propyl (5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-

yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

22. O

Phenyl (5-(2-fluoro-5-((4-o0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

23. 0 /EH

Benzyl (5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)carbamate

1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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Q
ol

o

z, 2T
2__0
I

-4
I

1-Ethyl-3-(5-(3-((4-0x0-3,4-~
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

(9

o

A

\

ot
e

)—N

2. 2T
I

2

I

1-(5-(2-Chloro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

\Y

Z-Z
(9 °
(2}

O

\fo
=

1-Ethyl-3-(5-(2-methyl-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

(9

\

Z-Z
) -

(o]

z..2
=
T

L

(2}
-
w

1-Ethyl-3-(5-(5-((4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethyl)phenyl)-1H-
benzoimidazol-2-yl)urea

(9

\

zZ-Z
O I

(o]
4
=

-

zZ 2z
z
T

(@]

Q

b
©

1-thyl-3-(5-(5-((4-0x0-3,4-
dihydrophthalazin-1-yl)methyl)-2-
(trifluoromethoxy)phenyl)-/H-
benzoimidazol-2-yl)urea

(9

\

ZzZ-Z
O I

o

(o}
Q
g ()
Z..  2ZT
=
\%

1-Ethyl-3-(5-(2-methoxy-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

o

\y

=2-2
(9 °

o

) (D
ZIZI
1

1-(5-(2-Ethoxy-5-((4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

Ne)

o)

NH H O
ZN N )—NH
Qs
L 7,

o~ OCH;

1-Ethyl-3-(5-(2-(2-
methoxyethoxy)-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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1-(5-(2-(Difluoromethoxy)-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

10.

1-Ethyl-3-(5-(3-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

11.

1-Ethyl-3-(5-(4-fluoro-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

12.

1-Ethyl-3-(5-(2-fluoro-3-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

13.

1-(5-(2,4-Difluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

14.

1-(5-(2,3-Difluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

15.

1-Ethyl-3-(5-(3-methoxy-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

16.

1-Ethyl-3-(5-(4-methoxy-3-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

17.
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18.

1-Ethyl-3-(5-(2-methoxy-3-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

19.

1-(5-(2,3-Dimethoxy-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

20.

1-(5-(2,4-Dimethoxy-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-/H-
benzoimidazol-2-yl)-3-ethylurea

2].

1-Ethyl-3-(5-(2-fluoro-4-
methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

22.

1-Ethyl-3-(5-(4-fluoro-2-
methoxy-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

23.

1-Ethyl-3-(5-(2-fluoro-5-((5-
fluoro-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

24.

1-Ethyl-3-(5-(2-fluoro-5-((6-
fluoro-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

25.

1-Ethyl-3-(5-(2-fluoro-5-((7-
fluoro-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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26.

1-Ethyl-3-(5-(2-fluoro-5-((8-
fluoro-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

27.

1-(5-(5-((5,8-Difluoro-4-ox0-3,4-

dihydrophthalazin-1-yl)methyl)-2-

fluorophenyl)-/ H-benzoimidazol-
2-yl)-3-ethylurea

28.

1-(5-(5-((6,7-Difluoro-4-ox0-3,4-

dihydrophthalazin-1-yl)methyl)-2-

fluorophenyl)-/ H-benzoimidazol-
2-yl)-3-ethylurea

29.

1-Ethyl-3-(5-(2-fluoro-5-((5-
methyl-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

30.

1-Ethyl-3-(5-(2-fluoro-5-((6-
methyl-4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

31.

1-Ethyl-3-(5-(2-fluoro-5-((7-
methyl-4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

32.

1-(5-(5-((7-Chloro-4-ox0-3,4-
dihydrophthalazin-1-yl)methyl)-2-
fluorophenyl)-/ H-benzoimidazol-
2-yl)-3-ethylurea

33.

1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-
7-(trifluoromethyl)-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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1-Ethyl-3-(5-(2-fluoro-5-((7-
methoxy-4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

34.

1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-
7-(trifluoromethoxy)-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

35.

1-(5-(5-((6,7-Dimethoxy-4-oxo-
3,4-dihydrophthalazin-1-

yD)methyl)-2-fluorophenyl)-/ H-

benzoimidazol-2-yl)-3-ethylurea

36.

1-(5-(5-((6,8-Dimethoxy-4-oxo-
3,4-dihydrophthalazin-1-

yD)methyl)-2-fluorophenyl)-/ H-

benzoimidazol-2-yl)-3-ethylurea

37.

1-Ethyl-3-(6-(5-((4-0x0-3,4~
dihydrophthalazin-1-
yD)methyl)furan-2-y1)-/H-
benzoimidazol-2-yl)urea

38.

1-Ethyl-3-(6-(5-((4-0x0-3,4~
dihydrophthalazin-1-
yD)methyl)furan-3-y1)-/H-
benzoimidazol-2-yl)urea

39.

1-Ethyl-3-(7-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

40.

1-Ethyl-3-(6-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

4].

163



WO 2017/223516 PCT/US2017/039119

1-Ethyl-3-(4-fluoro-5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

42.

1-(7-Chloro-5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-ethylurea

43.

1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
imidazo[4,5-b]pyridin-2-yl)urea

44.

1-Ethyl-3-(6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-b]pyridin-2-yl)urea

45.

1-Ethyl-3-(6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-3H-
imidazo[4,5-c]pyridin-2-yl)urea

46.

1-Ethyl-3-(6-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-

yl)methyl)phenyl)-5-methyl-3H-

imidazo[4,5-b]pyridin-2-yl)urea

47.

1-Ethyl-3-(5-(2-fluoro-5-((4-oxo-

4,5-dihydrofuro|2,3-d]pyridazin-
7-yDmethyl)phenyl)-/H-
benzoimidazol-2-yl)urea

438.

1-Ethyl-3-(6-(2-fluoro-4-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-1H-
benzo[d]imidazol-2-yl)urea

49.
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Example 6.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-propylurea

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(2-
fluoroethyl)urea

1-(2,2-Difluoroethyl)-3-(5-(2-
fluoro-5-((4-ox0-3.4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-(2,2,2-
trifluoroethyl)urea

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-
isopropylurea

1-(sec-Butyl)-3-(5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

1-Cyclopropyl-3-(5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

1-Cyclobutyl-3-(5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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1-Cyclopentyl-3-(5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

10.

1-Cyclohexyl-3-(5-(2-fluoro-5-
((4-0x0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

11.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-(oxetan-3-
yl)urea

12.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-
(tetrahydro-2H-pyran-4-yl)urea

13.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(1-
methylazetidin-3-yl)urea

14.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(1-
methylpiperidin-4-yl)urea

15.

1-(2-(Dimethylamino)ethyl)-3-(5-
(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

16.

1-(2-(Diethylamino)ethyl)-3-(5-
(2-fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea
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(@]

\Y
Z-Z
() °

il

17.

4
I

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(2-
(pyrrolidin-1-yl)ethyl)urea

(@)

18.

\Y
zZ-Z
O I

SO

z ZT

O

4
I

4
I

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(2-(4-
methylpiperazin-1-yl)ethyl)urea

[e]

W
O =z

19.

e,

z, 2ZT

I

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(2-
morpholinoethyl)urea

o]

20.

\\
Z2-Z
(9 °

-

-

z._ 2T

4
I

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-3-(2-(1-
methylpiperidin-4-yl)ethyl)urea

(o]

\y
z-Z
I

2].

ZT

4

4

1-(3-(Dimethylamino)propyl)-3-
(5-(2-fluoro-5-((4-oxo0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

22.

1-(5-(2-Fluoro-5-((4-ox0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-y1)-3-phenylurea

(9

23.

1-Benzyl-3-(5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

®

24.

\y
Z2-Z
(9 °

m

-

z2 2T

(@]

Zz
x

Zz
x
T

Methyl ((5-(2-fluoro-5-((4-oxo-
3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-
yl)carbamoyl)glycinate
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25.

3-(5-(2-Fluoro-5-((4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)-1,1-
dimethylurea

26.

1,1-Diethyl-3-(5-(2-fluoro-5-((4-
ox0-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzoimidazol-2-yl)urea

N-(5-(2-fluoro-5-((4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-7/H-
benzimidazol-2-yl)
methanesulfonamide

Example 8.

NH

HO
eus

o

N-(5-(2-fluoro-5-((4-0x0-3,4-
dihydrophthalazin-1-
yl)methyl)phenyl)-1H-
benzoimidazol-2-yl)butyramide

EXAMPLE 9

PARPI enzymatic activity inhibition: Determination of IC50 values for Selected

Compounds
[0561]

The half maximal inhibitory concentration (IC50) with respect to PARP1

inhibition was determined for each test compound by using Trevigen's HT Universal

PARP Assay Kit, according to the manufacturer’s protocol (Cat# 4677-096-K,

Gaithersburg, MD). This assay measures the incorporation of biotinylated poly(ADP-

ribose) onto histone proteins in a 96-well strip well format. This assay is ideal for the

determination of IC50 values of known or suspected PARP inhibitors. Briefly, stock

solutions of each test compound were prepared in DMSO. Histone strip wells were

incubated for 30 minutes at room temperature with 50 pl/well of 1X PARP Buffer to

rehydrate the histones. Serial dilutions of either test compound were added to

appropriate wells. Diluted PARP enzyme (0.5 Unit/well) was then added to the wells

containing compounds, and incubated for 10 minutes at room temperature.

Subsequently, 25 ul of 1X PARP Cocktail, containing activated DNA, was distributed
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into each well. Three types of control wells were also analyzed; i. A negative control
without PARP was prepared to determine background absorbance. ii. An activity
control for PARP Inhibitor Study: 0.5 Unit/ well PARP-HSA without inhibitors.
These wells provided the 100% activity reference point. iii. And a PARP Standard
Curve: Serial dilution of the PARP-HAS standard were prepared in cold microtubes
with 1X PARP Buffer such that the total activity is 1 Unit/25 ul, 0.5 Units/25 pl, 0.25
Units/25 ul, 0.1 Units/25 ul, 0.05 Units/25 pl, 0.025 Units/25 ul, and 0.01 Units/25 pl.
25 ul of each standard was added to triplicate wells. Following a 60 minutes
incubation at room temperature, the strip wells were washed twice with 1X PBS +
0.1% Triton X-100, and twice with 1X PBS. For activity detection, 50 ul per well of
diluted Strep-HRP was added, and then incubated at room temperature for 60 minutes.
Subsequently, 50 ul per well of pre-warmed TACS-SapphireTM colorimetric
substrate was added followed by a 15 minutes incubation, in the dark, at room
temperature. The reactions were then stopped by adding 50 ul per well of 0.2M HCI
or 5% Phosphoric Acid and read the absorbance at 450 nm.

[0562] The IC50 values were determined by performing non-linear regression
analysis fitting velocities and the logarithm of inhibitor concentrations to a sigmoidal
dose response with a variable slope model using the GraphPad Prism 6.0 software.
PARP 2 enzymatic activity inhibition: Determination of 1C30 values for Selected

Compounds
[0563] The half maximal inhibitory concentration (IC50) with respect to PARP2

inhibition was determined for each test compound by using BPS Bioscience PARP2
Assay Kit, according to the manufacturer’s protocol (Cat# 80552, San Diego, CA).
This assay measures the incorporation of biotinylated poly(ADP-ribose) onto histone
proteins in a 96-well strip well format. This assay is ideal for the determination of
IC50 values of known or suspected PARP inhibitors. Briefly, stock solutions of each
test compound were prepared in DMSO. Histone strip wells were incubated for 30
minutes at room temperature with 50 pl/well of 1X PARP Buffer to rehydrate the
histones. Serial dilutions of either test compound were added to appropriate wells.
Diluted PARP enzyme (0.5 Unit/well) was then added to the wells containing
compounds, and incubated for 10 minutes at room temperature. Subsequently, 25 pl
of 1X PARP Cocktail, containing activated DN A, was distributed into each well.
Three types of control wells were also analyzed; i. A negative control without PARP

was prepared to determine background absorbance. ii. An activity control for PARP
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Inhibitor Study: 0.5 Unit/ well PARP-HS A without inhibitors. These wells provided
the 100% activity reference point. iii. And a PARP Standard Curve: Serial dilution
of the PARP-HAS standard were prepared in cold microtubes with 1X PARP Buffer
such that the total activity is 1 Unit/25 ul, 0.5 Units/25 ul, 0.25 Units/25 ul, 0.1
Units/25 ul, 0.05 Units/25 pl, 0.025 Units/25 pl, and 0.01 Units/25 ul. 25 ul of each
standard was added to triplicate wells. Following a 60 minutes incubation at room
temperature, the strip wells were washed twice with 1X PBS + 0.1% Triton X-100,
and twice with 1X PBS. For activity detection, 50 pl per well of diluted Strep-HRP
was added, and then incubated at room temperature for 60 minutes. Subsequently, 50
ul per well of pre-warmed TACS-SapphireTM colorimetric substrate was added
followed by al5 minutes incubation, in the dark, at room temperature. The reactions
were then stopped by adding 50 ul per well of 0.2M HCI or 5% Phosphoric Acid and

read the absorbance at 450 nm.

[0564] The IC50 values were determined by performing non-linear regression
analysis fitting velocities and the logarithm of inhibitor concentrations to a sigmoidal
dose response with a variable slope model using the GraphPad Prism 6.0 software.

PARP2 inhibition by Ex. 1.1 is 0.05 nM.

Trapping of PARP—-DNA complexes formation assay

[0565] Trapping PARP on damaged DNA has recently been proposed as a
mechanism accounting for the cytotoxicity of many PARP inhibitors. Using a cellular
Western Blot assay to measure PARP trapping on damaged DNA, we examined
chromatin-bound PARP1. To prepare chromatin-bound subcellular fraction,
semiconfluent MDA-MB-436 human breast cancer cells with 10 mL medium in 10
cm dish were exposed to various concentrations of the drugs for 4 hours. Cells were
then collected and fractionated using a Subcellular Protein Fractionation Kit from
Thermo Scientific (78840) following the manufacturer’s instructions. Immunoblotting
was carried out using standard procedures. Histone H3 was used as positive markers
for chromatin- bound fractions and as loading control. Topoisomerase 1 was used as
positive markers for soluble nuclear fractions and as loading control. Rabbit
polyclonal anti-PARP1 antibody (#9542) was purchased from cell signaling
technology. Rabbit polyclonal anti-histone H3 antibody (#4499) was from cell

signaling technology. Mouse monoclonal anti-topoisomerase I antibody [23B11] was
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purchased from Abcam. Secondary antibodies were horseradish peroxidase (HRP)-

conjugated antibodies to rabbit immunoglobulin G (IgG; GE Healthcare).

Tubulin Polymerization Assay

[0566] The high-throughput screening-tubulin polymerization assay kit
(Cytoskeleton, Cat. # BKO11P) is an economical one step procedure for determining
the effects of drugs or proteins on tubulin polymerization. Polymerization is followed
by fluorescence enhancement due to the incorporation of a fluorescent reporter into
microtubules as polymerization occurs. The standard assay tubulin generates a
polymerization curve representing the three phases of microtubule formation, namely
nucleation, growth, and steady state equilibrium. Compounds that interact with
tubulin will often alter one or more of the characteristic phases of polymerization.
For example, the anti-mitotic drug paclitaxel eliminates the nucleation phase and
enhances the Vmax of the growth phase. Similarly, the microtubule destabilizing
drug, vinblastine (also antimitotic) causes a decrease in Vmax and a reduction in final
polymer mass. Thus, one application of this assay is the identification of novel anti-

mitotics.

[0567] The direct effects of the test compounds on tubulin polymerization were
investigated using the abovementioned Tubulin polymerization assay kit
(Cytoskeleton, Cat. # BKO11P), as indicated by the manufacturer protocol. Briefly,
bovine brain tubulin (400 pg/sample) in the presence of either 0.5% DMSO treated
(control), or increasing concentrations of each test compounds was incubated in PEM
buffer [0 mm PIPES, 1 mm EGTA, 1 mm MgCl, (pH 6.8)] containing 1.0 mm GTP
(G-PEM) and 15 % glycerol, at 37 C. All samples (wells) contained 15% glycerol.
The degree of polymerization over time was measured in a spectrophotometer (Biotek
synergy HT plate reader) at 350 nm. All time points were plotted and analyzed using
GraphPad Prism 6.0 software.

[0568] The IC50 values were determined by performing non-linear regression
analysis fitting velocities and the logarithm of inhibitor concentrations to a sigmoidal

dose response with a variable slope model using the GraphPad Prism 6.0 software.

Cell viability assay in solid tumors cell lines

[0569] Human cancer cell lines (lung, ovarian, breast pancreatic and mesothelioma)
were purchased from the ATCC. The cell lines were cultured in RPMI 1640 (Life

Technologies, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS) and
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antibiotics. 2000 cells were seeded in 96 well costar plate one day before treatment
with test compounds, Olaparib (Selleck Chemicals), Imatnib Mesylate (Selleck
Chemicals) or ponatinib at different concentrations for 72 hours, with vehicle
(DMSO) as controls. At the end of treatment, cell proliferation was determined by an
intracellular adenosine triphosphate monitoring system (Cell-Titer Glo- Promega).
Cell lines tested included A549 cells = Human lung adenocarcinoma; OVCAR-8
Cells = Human Ovarian adenocarcinoma; MDA-MB-436 Cells = Human Breast

adenocarcinoma cell line with BRCA1-mutation.

[0570] Inhibitory activity was evaluated comparing treated versus control data using
the GraphPad Prism 6.0 software. The dose inhibiting 50% (IC50) of cell viability
was calculated using non-linear regression curve. Results show the mean IC50 value

from three different experiments.

[0571] Data obtained from these assays for compounds of the invention are

provided in FIG. 1A-FIG. 10.

[0572] It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are to be included within the
spirit and purview of this application and scope of the appended claims. All
publications, patents, and patent applications cited herein are hereby incorporated by

reference in their entirety for all purposes.
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WHAT IS CLAIMED IS:

1. A compound, or a salt or a hydrate or a solvate thereof, having a

structure according to formula (I):

o]
NH
6
R N ce N YZ-R
RS - E D—NH
’ M N
v H
M

wherein T has a structure which is

o8 AT
3 \ // *k
& ® (Aor T~ (B)

wherein g represents a covalent bond to the methylene group in formula (I) and g

*
ok

represents a covalent bond to the U ring in formula (I)

wherein formula (C)

=N Fkkk
; \>_§
Fokk '7%/‘_9_,[,‘l
H (©)
wherein g represents a covalent bond to the T ring in formula (I) and %
represents a covalent bond to -NH-Y-Z-R' in formula (I), has a structure which is

R2

R2 R2
N Kkkk N dededede N N Kkkk
ki %ﬁ N\>_§ ek Llﬁ N\>_§ wkk -ﬂ;&
H (D) or H (E) or H (F) or
RZN N
\ Fkkk
***H.ﬁ\IN>_§
H (©))
wherein Y is C(O) or S(O);;

Z is —O— or —CH,— or -NH- or -N(CH,R’)- wherein R’ is hydrogen or
substituted or unsubstituted C; or C, or C; or C4 or Cs or C¢ or C; or Cg
or Cy or Cyg alkyl;

R' is unsubstituted C, or C; or C3 or C4 or Cs or Cs or C; or Cg or Cy or Cyo
alkyl or hydrogen or substituted C; or C, or C; or C4 or Cs or C¢ or C5
or Cs or Cy or Cyp alkyl or substituted or unsubstituted C; or C; or C3
or C4 or Cs or Cg or C5 or Cg or Cg or Cyg heteroalkyl or substituted or

unsubstituted aryl or substituted or unsubstituted arylalkyl or
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substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl;

R” is hydrogen or halogen or substituted or unsubstituted C; or C, or C; or Cy4
or Cs or Cg or C; or Cg or Cy or Cypalkyl;

R’ is halogen or hydrogen or substituted or unsubstituted C, or C» or C3 or Cy4
or Cs or Cg or C7 or Cg or Cg or Cpalkyl or substituted or unsubstituted
Cy or C, or C; or C4 or Cs or Cg or C; or Cg or Co or Cypalkoxy;

R* is hydrogen or halogen or substituted or unsubstituted C, or C, or C; or C4
or Cs or Cg or C7 or Cg or Cg or Cpalkyl or substituted or unsubstituted
Cy or C, or C; or C4 or Cs or Cg or C; or Cg or Co or Cypalkoxy;

R’ is hydrogen or halogen or substituted or unsubstituted C; or C, or Cs or Cy4
or Cs or Cg or C7 or Cg or Co or Cypalkyl; and

R’ is hydrogen or halogen or substituted or unsubstituted C; or C, or C; or C

or Cs or Cg or C7 or Cg or Cg or Cypalkyl.

2. The compound of claim 1, or a salt or a hydrate or a solvate

thereof, having a structure which is

(VIII) or (IX)

wherein
R? is hydrogen or F or Cl or unsubstituted C, or C, or C; alkyl;
R’ is hydrogen or F or Cl or unsubstituted C; or C, or C5 or alkyl or
substituted or unsubstituted C; or C, or C; alkoxy; and
R* is hydrogen or F or Cl or unsubstituted C; or C, or C5 or alkyl or

substituted or unsubstituted C; or C; or C; alkoxy.
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3. The compound of claim 1, or a salt or a hydrate or a solvate

thereof, having a structure which is

(o)
NH 0 NH 0
O /f!l R2 N >—O—R1 O /f!l R2 N >—H—R1
x>
N
H
R (X) or R* (XD).

4. The compound of claim 1, or a salt or a hydrate or a solvate

thereof, having a structure which is

(X1 or (XIID).

s. The compound of claim 1, or a salt or a hydrate or a solvate
thereof, having a structure which is

(o)

NH 0 O NH , QA H
b R N Yor! _N R . M—N-r
(T »
R3

R3
R* (XIV) or R* (XV).

6. The compound of claim 1, or a salt or a hydrate or a solvate

thereof, having a structure which is

(XVII).
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1 7. The compound of claim 1, or a salt or a hydrate or a solvate

2 thereof, having a structure which is

O,
N O-R'
\>—NZ_
N
H

(XVIII) or (XIX).

1 8. The compound of claim 1, or a salt or a hydrate or a solvate

2 thereof, having a structure which is

N

H
3 (XX) or (XXD).
1 9. The compound of claim 1, or a salt or a hydrate or a solvate
2 thereof, having a structure which is
3 (XXII) or (XXIII).
1 10.  The compound of claim 1, or a salt or a hydrate or a solvate

2 thereof, having a structure which is

(ID) or L4 H (III).

1 11.  The compound of claim 1, or a salt or a hydrate or a solvate

2 thereof, having a structure which is

NH NH )
O /r!l RS o>_o_R1 O /l!l R 0>—H_R1
N N
L I
LY N \ N
3 0 (V) or o V).
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12.  The compound of claim 1, or a salt or a hydrate or a solvate
thereof, having a structure which is

(o}

o-4 H (V) or (VD).

13.  The compound of claims 1-12, or a salt or a hydrate or a solvate

thereof, wherein

R%isH and R*is H; or

R’is F and R%is H; or

R*isH and R*is F; or

R*isFand R’ is F; or

R?is H and R’ is CI; or

R%is F and R’ is CI; or

R?is H and R? is ~OCHj5; or

R”is H and R’ is ~OCHF>; or

R?is H and R* is ~OCF;; or

R”is H and R’ is ~CH3; or

R”is H and R’ is -OCH,CHj; or

R”is H and R’ is ~CFs.

14.  The compound of claims 1-13, or a salt or a hydrate or a solvate
thereof, wherein R is substituted or unsubstituted C; or C, or Cs or C4 or Cs or C or
C, or Cg or Cy or Cyp alkyl or substituted or unsubstituted C; or C, or C; or C4 or Cs or
Ce or C; or Cg or Cy or Cyp heteroalkyl or substituted or unsubstituted aryl or
substituted or unsubstituted arylalkyl or substituted or unsubstituted cycloalkyl or

substituted or unsubstituted heterocycloalkyl.

1S.  The compound of claims 1-14, or a salt or a hydrate or a solvate

thereof, wherein R is methyl.

16.  The compound of claims 1-14, or a salt or a hydrate or a solvate

thereof, wherein R’ is ethyl.
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17.  The compound of claims 1-14, or a salt or a hydrate or a solvate
thereof, wherein R' is —(CH,),OR ", wherein R* is substituted or unsubstituted C; or

C; or C; alkyl, and mis 2 or 3.

18.  The compound of claims 1-14, or a salt or a hydrate or a solvate

thereof, wherein R' is —(CH,),OCHs.

19.  The compound of claims 1-14, or a salt or a hydrate or a solvate
thereof, wherein R' is propyl or -CH,CH,F or -CH,CHF, or -CH,CF; or —-CH(CH3),
or —CH(CHj;)(CH,CHj3) or cyclopropyl or cyclobutyl or cyclopentyl or cyclohexyl or
oxetanyl or tetrahydropyranyl or azetidinyl or methylazetidinyl or piperidinyl or
methylpiperidinyl or phenyl or benzyl or
—(CHz)mNR"’Rlc, wherein R is hydrogen or substituted or unsubstituted C; or C, or

C; alkyl and R® is hydrogen or substituted or unsubstituted C; or C or C; alkyl
and mis 1 or 2 or 3, with the proviso that R™ and R* can optionally be joined

to form a 4-7 membered ring.

20.  The compound of claims 1-13, or a salt or a hydrate or a

solvate thereof, wherein

R!is —(CH,),OCHjs, R%is H, and R® is H; or

R'is —(CH,),OCHs, R%is H, and R’is F; or

R'is methyl, R%is F, and R’ is F; or

R'is ethyl, R%isF, and R*is F; or

R'is —(CH,),OCHjs, R%is F, and R’is F; or

R'is methyl; R”is H; and R® is —CHj; or

R'is ethyl; R%is H; and R’is —CH;; or

R'is -(CH,),OCH3, R? is H; and R’ is —CHj; or

R is methyl; R? is H; and R* is —OCH3; or

R'is ethyl; R?is H; and R® is —OCHj3; or

R'is —(CH,),OCHjs, R%is H; and R’ is -OCHj5; or

R'is methyl; R%is H; and R’ is —OCHF;; or

R'is ethyl; R%is H; and R’ is -OCHF,; or

R'is ~(CH,),OCHs, R? is H; and R* is —OCHF; or

R'is methyl; R? is H; and R® is -OCH,CHj; or
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R'is ethyl; R?is H; and R® is -OCH,CHj; or
R'is «(CH,),OCH;, R* is H; and R® is -OCH,CH.

21.  The compound of claims 1-12, or a salt or a hydrate or a

solvate thereof, wherein R’ is methyl; R? is H; and R¥ is F.

22.  The compound of claims 1-12, or a salt or a hydrate or a

solvate thereof, wherein R is ethyl; R*isH;and R’ is F.

23. A pharmaceutical formulation comprising;
a) the compound, or a salt or a hydrate or a solvate thereof, of claims 1-22; and

b) a pharmaceutically acceptable excipient.

24, The pharmaceutical formulation of claim 23, wherein the

pharmaceutical formulation is a unit dosage form.

25.  The pharmaceutical formulation of claim 23 or 24, wherein the

salt of the compound is a pharmaceutically acceptable salt.

26. A method of inhibiting PARP1 and/or PARP2 and/or tubulin,
comprising: contacting said PARP1 and/or PARP2 and/or tubulin with an effective
amount of the compound of claims 1-22, thereby inhibiting said PARP1 and/or
PARP2 and/or tubulin.

27. A method of treating a disease in an animal, comprising:
administering to an animal in need of treatment thereof a therapeutically effective

amount of the compound of claims 1-22, thereby treating the disease.
28. The method of claim 27, wherein the disease is cancer.
29, The method of claim 27 or 28, wherein the animal is a human.

30. A use of the compound of a preceding claim in the manufacture

of a medicament for the treatment of cancer.
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