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INHIBITORS OF VEGF RECEPTOR AND HGF RECEPTOR SIGNALING
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BACKGROUND OF THE INVENTION
Field of the Invention
[0001]  This invention relates to the inhibition of VEGF receptor signaling and HGF
receptor signaling. More particularly, the invention relates to compounds and methods for the
inhibition of VEGF receptor signaling and HGF receptor signaling.
Summary of the Related Art
[0002] Angiogenesis is an important component of certain normal physiological processes
such as embryogenesis and wound healing, but aberrant angiogenesis contributes to some
pathological disorders and in particular to tumor growth."” VEGF-A (vascular endothelial
growth factor A) is a key factor promoting neovascularization (angiogenesis) of tumors.>”
VEGF induces endothelial cell proliferation and migration by signaling through two high
affinity receptors, the fins-like tyrosine kinase receptor, Fit-1, and the kinase insert domain-
containing receptor, KDR.**1%. These signaling responses are critically dependent upon
receptor dimerization and activation of intrinsic receptor tyrosine kinase (RTK) activity. The
binding of VEGF as a disulfide-linked homodimer stimulates receptor dimerization and
activation of the RTK domain !!. The kinase activity autophosphorylates cytoplasmic receptor
tyrosine residues, which then serve as binding sites for molecules involved in the propagation
of a signaling cascade. Although multiple pathways are likely to be elucidated for both
receptors, KDR signaling is most extensively studied, with a mitogenic response suggested to
involve ERK-1 and ERK-2 mitogen-activated protein kinases 2
[0003]  Disruption of VEGF receptor signaling is a highly attractive therapeutic target in
cancer, as angiogenesis is a prerequisite for all solid tumor growth, and that the mature
endothelium remains relatively quiescent (with the exception of the female reproductive system
and wound healing). A number of experimental approaches to inhibiting VEGF signaling have

13,14,15

been examined, including use of neutralizing antibodies , receptor antagonists '°, soluble

receptors 7, antisense constructs '* and dominant-negative strategies ",

[0004] Despite the attractiveness of anti-angiogenic therapy by VEGF inhibition alone,
several issues may limit this approach. VEGF expression levels can themselves be elevated by
numerous diverse stimuli and perhaps most importantly, the hypoxic state of tumors resulting
from VEGFr inhibition, can lead to the induction of factors that themselves promote tumor

invasion and metastasis thus, potentially undermining the impact of VEGF inhibitors as cancer
therapeutics 2°.
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[0005] The HGF (hepatocyte growth factor) and the HGF receptor, c-met, are implicated in
the ability of tumor cells to undermine the activity of VEGF inhibition . HGF derived from
either stromal fibroblasts surrounding tumor cells or expressed from the tumor itself has been
suggested to play a critical role in tumor angiogenesis, invasion and metastasis %', For
example, invasive growth of certain cancer cells is drastically enhanced by tumor-stromal
interactions involving the HGF/c-Met (HGF receptor) pathway 2***°, HGF, which was
originally identified as a potent mitogen for hepatocytes 2% is primarily secreted from stromal
cells, and the secreted HGF can promote motility and invasion of various cancer cells that
express c-Met in a paracrine manner 2%°, Binding of HGF to c-Met leads to receptor
phosphorylation and activation of Ras/mitogen-activated protein kinase (MAPK) signaling
pathway, thereby enhancing malignant behaviors of cancer cells 3031 Moreover, stimulation of
the HGF/c-met pathway itself can lead to the induction of VEGF expression, itself contributing
directly to angiogenic activity™.

[0066]  Thus, anti-tumor anti-angiogenic strategies or approaches that target both
VEGF/VEGFr signaling and HGF/c-met signaling may circumvent the ability of tumor cells to
overcome VEGF inhibition alone and may represent improved cancer therapeutics.

[0007]  Here we describe small molecules that are potent inhibitors of both the VEGF
receptor KDR and the HGF receptor c-met.
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BRIEF SUMMARY OF THE INVENTION
[0008] The present invention provides new compounds and methods for treating cell
proliferative diseases. The compounds of the invention are dual function inhibitors, capable of
inhibiting both VEGF and HGF receptor signaling. Accordingly, the invention provides new
inhibitors of VEGF receptor signaling and HGF receptor signaling, including the VEGF
receptor KDR and the HGF receptor c-met.
[0009] In a first aspect, the invention provides compounds of formula A that are useful as
inhibitors of VEGF receptor signaling and HGF receptor signaling and, therefore, are useful
research tools for the study of of the role of VEGF and HGF in both normal and disease states.
[0010]  In a second aspect, the invention provides compounds of formula B that are useful
as inhibitors of VEFG receptor.signaling and HGF receptor signalipg and, therefore, are useful
research tools for, the study of of the role of VEGF and HGF ,injbothinormal and disease states.
[0011] In a third.aspect, the invention provides compgsitions comprising a, compound that
is an inhibitor of VEGF receptor signaling and HGF receptor signaling, or 8 pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier, excipient, or diluent,
[0012]  The fourth aspect of the invention provides a method of inhibiting VEGF receptor
signaling and HGF receptor signaling, the method comprising.contacting the.receptor with a
compound according to the present invention, or with a composition according to the present
invention. Inhibition of VEGF and HGF activity can be in a cell or a multicellular organism.
If in a multicellular organism, the method according to this aspect of the. invention comprises
administering to the organism a compound according to-the present.inyention, or a.composition
according to the. present invention; Preferably the organism is.a mammal, more preferably a

human.

[0013] The foregoing merely summarizes certain aspects of the invention, and is not

intended to be limiting in nature, These aspects and other aspects and embodiments are

described more fully below.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0014]  The invention provides compounds and methods for inhibiting the VEGF receptor
KDR and the HGF receptor c-met. The invention also provides compositions and methods for
treating cell proliferative diseases and conditions. The patent and scientific literature referred to
herein establishes knowledge that is available to those with skill in the art. The issued patents,
applications, and references that are cited herein are hereby incorporated by reference to the
same extent as if each was specifically and individually indicated to be incorporated by
reference, In the case of inconsistencies, the present disclosure will prevail.
[0015]  For purposes of the present invention, the following definitions will be used (unless
expressly stated otherwise):
[0016]  The terms "inhibitor of VEGF receptor éigxlaling" and "inhibitor of HGF receptor
signaling" are used to identify a compound having a structure as defined herein, which is
capable of interacting with a HGF receptor and a VEGF receptor and inhibiting the activity of
HGF and VEGF. In some preferred embodiments, such reduction of activity is at least about
50%, more preferably at least about 75%, and still more preferably at least about 90%.
[0017] For simplicity, chemical moieties are defined and referred to throughout primarily
as univalent chemical moieties (e.g., alkyl, aryl, etc.). Nevertheless, such terms are also used to
convey corresponding multivalent moieties under the appropriate structural circumstances clear
to those skilled in the art. For example, while an “alky]l” moiety generally refers to a
monovalent radical (e.g. CH3-CHj3-), in certain circumstances a bivalent linking moiety can be
“alkyl,” in which case those skilled in the art will understand the alkyl to be a divalent radical
(e.g., -CH2-CHy-), which is equivalent to the term “alkylene.” (Similarly, in circumstances in
which a divalent moiety is required and is stated as being “aryl,” those skilled in the art will
understand that the term “aryl” refers to the corresponding divalent moiety, arylene.) All atoms
are understood to have their normal number of valences for bond formayion (i.e., 4 for carbon,
3 for N, 2 for O, and 2, 4, or 6 for S, depending on the oxidation state of the S). On occasion a
moiety may be defined, for example, as (A),-B-, wherein a is 0 or 1. In such instances, when a
is 0 the moiety is B- and when a is 1 the moiety is A-B-, Also, a number of moieties disclosed
herein exist in multiple tautomeric forms, all of which are intended to be encompassed by any
given tautomeric structure.
[0018]  The term “hydrocarbyl” as employed herein refers to a straight, branched, or cyclic
alkyl, alkenyl, or alkynyl, each as defined herein, A “Cy” hydrocarbyl is used to refer to a
covalent bond. Thus, “Cy-C3-hydrocarby!” includes a covalent bond, methyl, ethyl, ethenyl,
ethynyl, propyl, propenyl, propynyl, and cyclopropyl.
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[001¥]  ‘The term “alkyl” as employed herein refers to straight and branched chain aliphatic
groups having from 1 to 12 carbon atoms, preferably 1-8 carbon atoms, and more preferably 1-
6 carbon atoms, which is optionally substituted with one, two or three substituents. Preferred
alkyl groups include, without limitation, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, and hexyl. A “Cy” alky] (as in “Cy-Cs.alkyl™) is a covalent Bond (like
“Cy¢” hydrocarbyl).

[0020] The term “alkenyl” as employed herein means an ur_lsaturated straight or branched
chain aliphatic group with one or more carbon-carbon double bonds, having from 2 to 12
carbon atoms, preferably 2-8 carbon atoms, and more preferably 2-6 carbon atoms, which is
optionally substituted with one, two or three substituents, Preferred alkenyl groups include,
without limitation, ethenyl, propenyl, butenyl, pentenyl, and hexenyl.

[0021]  The term “alkynyl” as employed herein means an unsaturated straight or branched
chain aliphatic group with one or more carbon-carbon triple bonds, having from 2 to 12 carbon
atoms, preferably 2-8 carbon atoms, and more preferably 2-6 carbon atoms, which is optionally
substituted with one, two or three substituents. Preferred alkynyl groups include, without
limitation, ethynyl, propynyl, butynyl, pentynyl, and hexynyl.

[0022] An “alkylene,” “alkenylene,” or “alkynylene” group is an alkyl, alkenyl, or alkynyl
group, as defined hereinabove, that is positioned between and serves to connect two other
chemical groups. Preferred alkylene groups include, without limitation, methylene, ethylene,
propylene, and butylene. Preferred alkenylene groups include, without limitation, ethenylene,
propenylene, and butenylene. Preferred alkynylene groups include, without limitation,
ethynylene, propynylene, and butynylene.

[0023] The term “carbocycle” as employed herein is intended to mean an optionally
substituted cycloalky! or aryl moiety. The term “carbocycle” also includes a cycloalkenyl
moiety having at least one carbon-carbon double bond.

[0024]  The term "cycloalkyl" as employed herein includes saturated and partially
unsaturated cyclic hydrocarbon groups having 3 to 12 carbons, preferably 3 to 8 carbons, and
more preferably 3 to 6 carbons, wherein the cycloalkyl group additionally is optionally
substituted. Preferred cycloalkyl groups include, without limitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl.

[0025]  The term “heteroalkyl” as employed herein refers to an alkyl group, as defined
hereinabove, wherein one or more carbon atoms in the chain are replaced by a heteroatom
selected from the group consisting of O, S, NH, N-alkyl, SO, SO, SO,NH, or NHSQ,.
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[0026]  An "aryl" group is a C4~C)4 aromatic moiety comprising one to three aromatic rings,

which is optionally substituted. Preferably, the aryl group is a C¢-Cyp aryl group, Preferred aryl
groups include, without limitation, phenyl, naphthyl, anthracenyl, and fluorenyl. An "aralkyl"
or "arylalkyl" group comprises an aryl group covalently linked to an alkyl group, either of
which may independently be optionally substituted or unsubstituted. Preferably, the aralky!
group is (C1-Ce)alk(Cs-Cio)aryl, including, without limitation, benzyl, phenethyl, and
naphthylmethyl. A “lower arylalkyl” refers to an arylalkyl where the "alkyl" portion of the
group has one to six carbons

[0027] A "heterocyclyl” or "heterocyclic" group is a ring structure having from about 3 to
about 12 atoms, wherein one or more atoms are selected from the group consisting of N, O, S,
80, and SO3. The heterocyclic group is optionally substituted on carbon at one or more
positions. The heterocyclic group is also independently optionally substituted on nitrogen with
alkyl, aryl, aralkyl, alkylcarbonyl, alkylsulfonyl, arylcarbonyl, arylsulfonyl, alkoxycarbonyl, or
aralkoxycarbonyl. Preferred heterocyclic groups include, without limitation, epoxy, aziridinyl,
tetrahydrofuranyl, pyrrolidinyl, piperidinyl, piperazinyl, thiazolidinyl, oxazolidinyl,
oxazolidinonyl, and morpholino. In certain preferred embodiments, the heterocyclic group is
fused to an aryl, heteroaryl, or cycloalkyl group. Examples of such fused heterocyles include,
without limitation, tetrahydroquinoline and dihydrobenzofuran. Specifically excluded from the
scope of this term are compounds where an annular O or S atom is adjacent to another O or S
atom.

[0028]  Asused herein, the term "heteroaryl” refers to groups having 5 to 14 ring atoms,
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 n-electrons shared in a cyclic array; and
having, in addition to carbon atoms, from one to three heteroatoms per ring selected from the
group consisting of N, O, and S. The term *heteroaryl" is also meant to encompass monocyclic
and bicyclic groups. For example, a heteroaryl group may be pyrimidinyl, pyridinyl,
benzimidazolyl, thienyl, benzothiazolyl, benzofuranyl and indolinyl. A "heteroaralkyl" or
"heteroarylalkyl” group comprises a heteroaryl group covalently linked to an alkyl group,
either of which is independently optionally substituted or unsubstituted. Preferred heteroalkyl
groups comprise a C1-Cs alkyl group and a heteroaryl group having 5, 6, 9, or 10 ring atoms.
Specifically excluded from the scope of this term are compounds having adjacent annular O
and/or S atoms. Examples of preferred heteroaralkyl groups include pyridylmethyl,
pyridylethyl, pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl, imidazolylethyl,
thiazolylmethyl, and thiazolylethyl. Specifically excluded from the scope of this term are
compounds having adjacent annular O and/or S atoms.
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[0029]  For simplicity, reference to a “Cy-Cy” heterocyclyl or heteroaryl means a
heterocyclyl or heteroaryl having from “n’” to “m” annular atoms, where “n” and “m” are
integers. Thus, for example, a Cs-Ce-heterocyclyl is a 5- or 6- membered ring having at least
one heteroatom, and includes pyrrolidinyl (Cs) and piperidinyl (Cs); Cs-hetoaryl includes, for
example, pyridyl and pyrimidyl.

[0030]  An “arylene,” “heteroarylene,” or “heterocyclylene” group is an aryl, heteroaryl, or
heterocyclyl group, as defined hereinabove, that is positioned between and serves to connect
two other chemical groups.

[0031]  The term “azolyl” as employed herein is intended to mean a five-membered
saturated or unsaturated heterocyclic group containing two or more hetero-atoms, as ring
atoms, selected from the group consisting of nitrogen, sulfur and oxygen, wherein at least one
of the hetero-atoms is a nitrogen atom. An azolyl group as used in the present invention may
be optionally substituted. Preferred azolyl groups include, but are not limited to, obtionally
substituted imidazolyl, oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,3,4-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,4-oxadiazolyl, and 1,3,4-oxadiazolyl.

[0032] A heteroalicyclic group refers specifically to a non-aromatic heterocyclyl radical. A
heteroalicyclic may contain unsaturation, but is not aromatic.

[0033] A heterocyclylalkyl group refers to a residue in which a heterocyclyl is attached to a
parent structure via one of an alkylene, alkylidene, or alkylidyne radical. Examples include (4-
methylpiperazin-1-yl) methyl, (morpholin-4-yl) methyl, (pyridine-4-yl) methyl,2- (oxazolin-2-
yl) ethyl,4- (4-methylpiperazin-1-yl)-2-butenyl, and the like. Both the heterocyclyl and the
corresponding alkylene, alkylidene, or alkylidyne radical portion of a heterocyclylalkyl group
may be optionally substituted. A “lower heterocyclylalkyl" refers to a heterocyclylalkyl where
the "alkyl" portion of the group has one to six carbons.

[0034] A heteroalicyclylalkyl group refers specifically to a heterocyclylalkyl where the
heterocyclyl portion of the group is non-aromatic.

[0035]  Preferred heterocyclyls and heteroaryls include, but are not limited to, acridinyl,
azocinyl, benzimidazolyl, benzofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl,
benztriazolyl, pyridotriazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl,
4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-
1,5,2-dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran, furanyl, furazanyl, imidazolidinyl,
imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,
isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isocquinolinyl,

isothiazolyl, isoxazolyl, methylenedioxyphenyl, morpholinyl, naphthyridinyl,
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octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl,
pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,3,4-triazolyl, and xanthenyl,
[0036] As employed herein, when a moiety (e.g., cycloalkyl, hydrocarbyl, aryl, heteroaryl,
heterocyclic, urea, etc.) is described as “optionally substituted” it is meant that the group
optionally has from one to four, preferably from one to three, more preferably one or two, non-
hydrogen substituents. Suitable substituents include, without limitation, halo, hydroxy, oxo
(e.g., an annular -CH- substituted with oxo is ~C(Q)-) nitro, halohydrocarbyl, hydrocarbyl, aryl,
aralkyl, alkoxy, aryloxy, amino, acylamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl, acyl,
carboxy, hydroxyalkyl, alkanesulfonyl, arenesulfonyl, alkanesulfonamido, arenesulfonamido,
aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and ureido groups. Preferred substituents,
which are themselves not further substituted (unless expressly stated otherwise) are:
(a) halo, hydroxy, cyano, oxo, carboxy, formyl, nitro, amino, amidino, guanidino,
(b)  C;-Cs alkyl or alkenyl or arylalkyl imino, carbamoyl, azido, carboxamido,
mercapto, hydroxy, hydroxyalkyl, alkylaryl, arylalkyl, C-Cs alkyl, C,-Cs alkenyl,
C1-Cs alkoxy, Ci-Cs alkoxycarbonyl, aryloxycarbonyl, C;-Cs acyl, C,-Cs
acylamino, C;-Cs alkylthio, arylalkylthio, arylthio, C-Cs alkylsulfinyl,
arylalkylsulfinyl, arylsulfinyl, C;-Cs alkylsulfonyl, arylalkylsulfonyl, arylsulfonyl,
Co-Cs Nalkyl carbamoyl, C;-Cys N,N-dialkylcarbamoyl, C3-C; cycloalkyl, aroyl,
aryloxy, arylalkyl ether, aryl, aryl fused to a cycloalkyl or heterocycle or another
aryl ring, Cs-C heterocycle, Cs-Cy4 heteroaryl, or any of these rings fused or spiro-
fused to a cycloalkyl, heterocyclyl, or aryl, wherein each of the foregoing is further
optionally substituted with one more moieties listed in (a), above; and
© «(CH,)«NR*'R*, wherein s is from 0 (in which case the nitrogen is directly bonded
to the moiety that is substituted) to 6, and R* and R* are each independently
hydrogen, cyano, oxo, carboxamido, amidino, C;-Cs hydroxyalkyl, C;-C; alkylaryl,



aryl-C,-C; alkyl, C,-Cs alkyl, C,-Cs alkenyl, C;-Cs alkoxy, C,-Cg alkoxycarbonyl,
aryloxycarbonyl, aryl-C;-Cs alkoxycarbonyl, C;-Cs acyl, C;-Cg alkylsulfonyl,
arylalkylsulfonyl, arylsulfonyl, aroyl, aryl, cycloalkyl, heterocyclyl, or heteroaryl,
wherein each of the foregoing is further optionally substituted with one more moieties
listed in (a), above; or
R* and R*' taken together with the N to which they are attached form a heterocyclyl or
heteroaryl, each of which is optionally substituted with from 1 to 3 substituents from
(a), above.
[0037] Especially preferred substituents on alkyl groups include halogen and hydroxy.
[0038] Especially preferred substituents on ring groups, such as aryl, heteroaryl, cycloalkyl
and heterocyclyl, include halogen, alkoxy and alkyl.
[0039] A “halohydrocarbyl” as employed herein is a hydrocarbyl moiety, in which from one to
all hydrogens have been replaced with one or more halo.
[0040] The term "halogen” or "halo” as employed herein refers to chlorine, bromine, fluorine,
or iodine. As herein employed, the term "acyl" refers to an alkylcarbonyl or arylcarbonyl
substituent. The term "acylamino" refers to an amide group attached at the nitrogen atom (i.e., R-
CO-NH-). The term "carbamoyl" refers to an amide group attached at the carbonyl carbon atom
(i.e., NH,-CO-). The nitrogen atom of an acylamino or carbamoyl substituent is additionaily
substituted. The term "sulfonamido” refers to a sulfonamide substituent attached by either the
sulfur or the nitrogen atom. The term "amino” is meant to include NH;, alkylamino, arylamino, and
cyclic amino groups. The term "ureido" as employed herein refers to a substituted or unsubstituted
urea moiety.
[0041) The term “radical” as employed herein means a chemical moiety comprising one or
more unpaired electrons.
[0042] A moiety that is substituted is one in which one or more hydrogens have been
independently replaced with another chemical substituent. As a non-limiting example, substituted
phenyls include 2-flurophenyl, 3,4-dichlorophenyl, 3-chloro-4-flucro-phenyl, 2-fluoro-3-
propylphenyl. As another non-limiting example, substituted n-octyls include 2,4-dimethyl-5-ethyl-
octyl and 3-cyclopentyl-octyl. Included within this definition are methylenes (-CH,-) substituted
with oxygen to form carbonyl -CO-).
[0043] An “unsubstituted” moiety as defined above (e.g., unsubstituted cycloalkyl,
unsubstituted heteroaryl, etc.) means that moiety as defined above that does not have any of the

optional substituents for which the definition of the moiety (above) otherwise provides. Thus,



WO 2008/041053 PCT/IB2006/004306

for example, while an “aryl” includes phenyl and phenyl substituted with a halo, “unsubstituted
aryl” does not include phenyl substituted with a halo.

‘ [0044] A saturated or unsaturated three- to eight-membered carbocyclic ring is preferably a
four- to seven-membered, more preferably five- or six-membered, saturated or unsaturated
carbocyclic ring. Examples of saturated or unsaturated three- to eight-membered carbocyclic
rings include phenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.
[0045] A saturated or unsaturated three- to eight-membered heterocyclic ting contains at
least one heteroatom selected from oxygen, nitrogen, and sulfur atoms. The saturated or
unsaturated three- to eight-membered heterocyclic ring preferably contains one or two
heteroatoms with the remaining ring-constituting atoms being carbon atoms. The saturated or
unsaturated three- to eight-membered heterocyclic ring is preferably a saturated or unsaturated
four- to seven-membered heterocyclic ring, more preferably a saturated or unsaturated five- or
six-membered heterocyclic ring. Examples of saturated or unsaturated three- to eight-
membered heterocyclic groups include thienyl, pyridyl, 1,2,3-triazolyl, imidazolyl, isoxazolyl,
pyrazolyl, piperazinyl, piperazino, piperidyl, piperidino, morpholinyl, morpholino,
homopiperazinyl, homopiperazino, thiomorpholinyl, thiomorpholino, tetrahydropyrrolyl, and
azepanyl.

[0046] A saturated or unsaturated carboxylic and heterocyclic group may condense with
another saturated or heterocyclic group to form a bicyclic group, preferably a saturated or
unsaturated nine- to twelve-membered bicyclic carbocyclic or heterocyclic group. Bicyclic
groups include naphthyl, quinolyl, 1,2,3,4-tetrahydroquinolyl, 1,4-benzoxanyl, indanyl,
indolyl, and 1,2,3,4-tetrahydronaphthyl,

[0047] When a carbocyclic or heterocyclic group is substituted by two Cy¢ alky! groups,
the two alkyl groups may combine together to form an alkylene chain, preferably a C;.3
alkylene chain. Carbocyclic or heterocyclic groups having this crosslinked structure include
bicyclo[2.2.2]octanyl and norbornanyl.

[0048] The term "therapeutically effective amount” as employed herein is an amount of a
compound of the invention, that when administered to a patient, ameliorates a symptom of a
disease. The amount of a compound of the invention which constitutes a "therapeutically
effective amount" will vary depending on the compound, the disease state and its severity, the
age of the patient to be treated, and the like. The therapeutically effective amount can be
determined routinely by one of oi'dinary skill in the art.

[0049] The term “patient” as employed herein for the purposes of the present invention

includes humans and other animals, particularly mammals, and other organisms. Thus the

10
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compounds, compositions and methads of the present invention are applicable to both human
therapy and veterinary applications, In a preferred embodiment the patient is a mammal, and in
a most preferred embodiment the patient is human.

[0050]  The terms “treating" or "treatment” as used herein covers the treatment of a disease-
state in a mammal, which disease-state is characterized by abnormal cellular proliferation, and
invasion and includes at least one of: (i) preventing the disease-state from occurring in a
mammal, in particular, when such mammal is predisposed to the disease-state but has not yet
been diagnosed as having it; (ii) inhibiting the disease-state, i.e., arresting its development; and
(iii) relieving the discase-state, i.e., causing regression of the disease-state. In a preferred
embodiment of the present invention the mammal is a human. As is known in the art,
adjustments for systemic versus localized delivery, age, body weight, general health, sex, diet,
time of administration, drug interaction and the severity of the condition may be necessary, and
will be ascertainable with routine experimentation by one of ordinary skill in the art,

[0051]  Throughout the specification, preferred embodiments of one or more chemical
substituents are identified. Also preferred are combinations of preferred embodiments. For
example, paragraph [0053] describes preferred embodiments of R in the compounds of the
present invention and paragraph [0114] describes preferred embodiments of G in the
compounds of the present invention, Thus, also contemplated as within the scope of the
invention are compounds in which R is as described in paragraph [0053] and G is as described
in paragraph [0114]. Furthermore, compounds excluded from any one particular genus of
compounds {e.g., through a proviso clause) are intended to be excluded from the scope of the
invention entirely, including from other disclosed genera, unless expressly stated to the
contrary.

Compounds
[0052] In the first and second aspects, the invention comprises compounds of formula (A)
and formula (B), that are inhibitors of VEGF receptor signaling and HGF receptor signaling:

P s
Z—Ar Z—Ar

A1f\ 2 A3f\ 2
D D
_<\A3 \N)IA A —<>\1 \N B

and pharmaceutically acceptable salts and complexes thereof, wherein,

D is selected from the group consisting of R”, R and R*', wherein

R’ is selected from the group consisting of -H, halogen, nitro, azido, C;-Cs alkyl, C3-C1o
cycloalkyl, -C(O)NR¥R¥, -Y-NR“R®, -NRC(=0)R®, -SO,R*, -SO,NR"R®, -

11
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NR“SO;R“, -NRWSOZNRMR"“, ~C(=N-OR42)R43, -C(=NR42)R43, -NR37C(=NR42)R43, -
C(=NRNR¥R®, -NRYC(=NR)NRVR®, C(O)R®, -COR®, -C(O)(heterocyclyl), -
C(O)(Cs-Cio aryl), -C(O)(heteroaryl), -Y-(Cg-Cyo aryl), -Y-(heteroaryl), -Y-(5-10
membered heterocyclyl), -NR*R®, -NR®SO,R®, -NR®C(O)R®, -OC(O)R®, -
NR¥C(0)OR®, -OC(O)NR®R®,-OR®, -SR*, -S(O)R®, -SO,R®, -SO;R, -
SO,NR™R®, .SO,NR*R*, -COR®, -CO;R®, -CONR®*R®, -(C;-C)fluoroalkyl, -(C;-
Cy)fluoroalkoxy, -(CZ’Z"),CN, wherein n is an integer ranging from 0 to 6, and the
aforementioned R groups other than -H and halogen are optionally substituted by 1 to 5
R® orR’isa moiety selected from the group consisting of -(CZ3 Zhg-aryl, (CZ* 729
heterocycle, (C2-Ce)alkynyl, -(CZ*Z*),~(C3-Ce)cycloalkyl, -(CZ*Z*)e(Cs-
Ce)cycloalkenyl, (C2-Ce) alkenyl and (C;-Ce)alkyl, wherein said moiety is optionally
substituted with 1 to 3 independently selected Y groups, where a is 0,1, 2, or 3, and
wherein when a is 2 or 3, the CZ°Z* units may be the same or different; wherein

each R® and R® is independently selected from the group consisting of hydrogen and a moiety
selected from the group consisting of -(CZ°Z°%),-(C3-Cg)cycloalkyl, -(CZ>Z),-(Cs-
Ce)cycloalkenyl, -(CZ°Z8),-aryl, {(CZ5Z%),-heterocycle, (C2-Ce)alkenyl, and (C;~
Ce)alkyl, wherein said moiety is optionally substituted with 1 to 3 independently selected
Y3 groups, where u is 0,1, 2, or 3, and wherein when u is 2 or 3, the CZ°ZS units may be
the same or different, or

R% and R® taken together with adjacent atoms form a heterocycle;

each Z°, 2%, 75 and Z% is independently selected from the group consisting of H, F and (C-
Ce)alkyl, or

each Z* and Z*, or Z° and Z¢ are selected together to form a carbocycle, or

two Z* groups on adjacent carbon atoms are selected together to optionally form a carbocycle;

each Y2 and Y is independently selected from the group consisting of halogen, cyano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino, azido, -C(O)Z7, -OC(O)NH,, -OC(0O)
NHZ, -OC(0)NZ'Z}, -NHC(0)Z’, -NHC(O)NH,, -NHC(O)NHZ’, -NHC(O)NZ'Z?, -
C(O)OH, -C(0)0Z, -C(O)NHy, -C(O)NHZ',-C(O)NZ'Z®, -P(0)3Hz, -P(0):(Z")2 -
S(O):H, -8(0)Z7, -S(0)2Z", -S(0%Z’, -Z7, -0Z’, -OH, -NHz, -NHZ", -NZ'Z}, -
C(=NH)NH,-C(=NOH)NHy,, -N-morpholino, (C2-Cg)alkenyl, (C2-C¢)alkynyl, (Ci-
Cs)haloalkyl, (C,-Ce)haloalkenyl, (C2-Ce)haloalkynyl, (Ci-Cs)haloalkoxy, -
(CZ°2'*NH,, (CZ°Z'")\NHZ?, (CZ°Z'%)NZ"Z}, -X%(CZ°Z'%)~(C3-Cs)cycloalkyl, -
X8(CZ°Z'%~(Cs-Cg)cycloalkenyl, -X§(CZ°Z'%)-aryl and -X%(CZ°Z'®)-heterocycle,
wherein

12
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ris 1;2, 3 ot &,

X8 is selected from the group consisting of O, S, NH, -C(0O)-, -C(O)NH-, -C(0)O-, -S(0)-, -
$(0)2- and -5(0)s-;

Z’ and Z° are independently selected from the group consisting of an alkyl of 1 to 12 carbon
atoms, an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of 5 to 8 carbon atoms, an aryl of 6 to
14 carbon atoms, a heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to 15 carbon atoms,
and a heteroaralkyl of 5 to 14 ring atoms, or

2" and Z® together may optionally form a heterocycle;

7° and 2% are independently selected from the group consisting of H, F, a (C;-Cy2)alkyl, a (Ce-
Cis)aryl, a (Cs-Cya)heteroaryl, a (C;-C,s)aralkyl and a (Cs-Ci4)heteroaralkyl, or

Z’ and Z" are taken together form a carbocycle, or

two Z° groups on adjacent carbon atoms are taken together to form a carbocycle; or

any two Y2 or Y? groups attached to adjacent carbon atoms may be taken together to be -
O[C(Z*)(Z')],0 or -O[C(Z°X(Z%)} 41, or

any two YiorY? groups attached to the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and wherein

any of the above-mentioned substituents comprising a CHj (methyl), CH, (methylene), or CH
(methine) group which is not attached to a halogen, SO or SO, grouporto aN, O or S
atom optionally bears on said group a substituent selected from hydroxy, halogen, (C,-~
C)alkyl, (Ci-Cs)alkoxy and an -N[(C;-Cs)alkyl}[(C:-Ca)alkyl];

R! is -C=CH or -C=C-(CR¥R*),-R*;

each R* is independently selected from the group consisting of H, a (C1-Cq)alkyl and a (Cs-
Cs)cycloalkyl;

R% is selected from the group consisting of heterocyclyl, -N(R47)-C(O)-N(R47)(R4B), -N(R‘”)-
C(S)-NR)R*®), -NR*)-C(0)-OR*, -NR*")-C(0)-(CHz)»-R*, -N(R*")-SO,R", -
(CH2)NRR®, «(CH,),;OR*, -(CH,), SR, -(CH2):S(O)R?, -(CH2),S(O)%R¥, -
OC(O)R¥, -OC(O)OR®, -C(O)NR*'R*, heteroaryl optionally substituted with one or
more substituents selected from the group consisting of halo, ~CF3, (C,-Ce)alkoxy, -NO,,
(C-Ce)alkyl, -CN, -8O,R™ and -(CH,),NR*R"", and aryl optionally substituted with one
or more substituents selected from the group consisting of halo, -CF3, (C;-Ce)alkoxy, -
NO;, (C;-Ce)alkyl, -CN, -SO,R*® and -(CH,).NR*R*!;

R*” and R* are independently selected from the group consisting of H, (C,-Ce)alkyl, (Cs-
Cs)cycloalkyl, heterocyclyl, -(CH2),NR**R*!, -(CH,),OR*, -(CH,),C(O)R¥, -C(O).R?, -
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(CH2),SR™,; {(CHo)rS(O)R™, ~(CH2)»S(0):R¥, «(CH,),R*, -(CH,),CN, aryl optionally
substituted with one or more substituents selected from the group consisting of halo, -
CF3, (Cy-Co)alkoxy, -NO,, (Ci-Ce)alkyl, -CN, -(CH,);OR*, -(CH;);heterocyclyl, -
(CHp)qheteroaryl, -SO2R* and -(CH2);NR**R®!, and heteroary] optionally substituted
with one or more substituents selected from the group consisting of halo, -CF3, (C;-
Ce)alkoxy, -NO,, (C;-Cg)alkyl, -CN, -(CH3);OR", -(CH,)heterocycly], -
(CHz)aheteroaryl, -SO;R* and «(CH,)NR* R, or

RY and R®, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring;

R is selected from the group consisting of (C;-Cg)alkyl, (C3-Cs)cycloalkyl, heterocyclyl(C-
Ce)alkylene, aryl(Ci-Ce)alkylene wherein the aryl is optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C;-Cs)alkoxy, ~-NO,,
(C1-Co)alkyl, -CN, -SO,R® and -(CH),NR**R*!, heteroaryl(C,-Cs)alkylene wherein the
heteroaryl is optionally substituted with one or more substituents selected from the group
consisting of halo, -CF3, (C1-Cs)alkoxy, -NO2, (C;-Cg)alkyl, -CN, -SO,R* and -
(CH2).NR**R*, aryl optionally substituted with one or more substituents selected from
the group consisting of halo, -CFs, (C;-Cg)alkoxy, -NO,, (C,-Cg)alkyl, -CN, -SO,R*® and
-(CH2),NR*®R*', and heteroary] optionally substituted with one or more substituents
selected from the group consisting of halo, -CF;, (C;-Cg)alkoxy, -NO,, (C;-Ce)alkyl, -
CN, -SO,R™ and -(CH,),NR*R’";

R*® and R*! are independently selected from the group consisting of H, (C;-Cg)alkyl, (C3-
Cg)cycloalkyl and -C(O)R®, or

R*® and R”', together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring; and

R? is the group defined by -(Z")-(Z' 2 m-(Z")m1, Wherein

Z'! is heterocyclyl, when m and m1 are 0, or heterocyclylene, when either m or m1 are 1,

Z'?is selected from the group consisting of OC(0), OC(S) and C(O);

Z" is selected from the group consisting of heterocycly], aralkyl, N(H)R?, (C,-Cs)alkyl, -
OR™, halo, S(O)R*, (C,-Cs)hydroxyalkyl and (C;-Cs)haloalkyl;

misQorI;

mlisQorl;

R* is selected from the group consisting of H, -(CH2),S(0)R*, C)-Cs) alkyl- NR**R® (C;-
Cs)alkyl, -(CH2);OR®, -C(O)R** and -C(O)OR™,

qis0,1,2,30r4;
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each R¥ is independently (C,-Cs)alkyl;

R* is (C,-Ca)alkyl or N(H)R®;

R is selected from the group consisting of NHy, (C;-Ca)alkyl and OR*;

A' is selected from the group consisting of -CHz-~, -O-, -S-, -N(H)-, -N(C,-Cs alkyl)-, -N-(Y-
aryl)-, -N-OMe, -NCH;0Me and N-Bn;

Y is a bond or -(C(R'")(H))-, wherein t is an integer from 1 to 6; and

R!! at each occurrence is independently selected from the group consisting of H and C-Cg
alkyl, wherein the C;-Cs alkyl is optionally substituted;

A? is selected from the group consisting of N and CR, wherein R. is selected from the grbup
consisting of -H, halogen, -CN, C;-Cs alkyl, C,-Cs alkeny], and C2-Cs alkynyl, wherein
the C-Cs alkyl, C2-C¢ alkenyl, and C,-Cs alkynyl are optionally substituted;

A® is selected from the group consisting of C-D and N;

Ar is a group of the formula C,

N
N
(RY)q
Cc

wherein,

A% A% ASand A7 are independently selected from the group consisting of N and -CHj-~, with
the proviso that no more than two of A%, A%, ASand A’ can be N;

R? at each occurrence is independently selected from the group consisting of -H, halogen,
trihalomethyl, -CN, -NO3, -NHj, -OR?, -NR®R*, -S(0)52R?, -S(0),NR’R?, -C(0)OR?, -
C(O)NR’R?, -N(R*)SO:R?, -NRHC(O)R?, N(R*CO,R?, -C(O)R?, C;-C4 alkoxy, C-Cs
alkylthio, ~-O(CHy)paryl, -O(CHz)sheteroaryl, -(CHz)o.s(aryl), -(CHa)o.stheteroaryl), C1-Ce
alkyl, C2-Cs alkenyl, C;-Cs alkynyl, -CHz(CHz)p4-T°, wherein T? is selected from the
group consisting of -OH, -OMe, -OEt, -NH,, -NHMe, -NMe, -NHEt and -NEt;, and
wherein the aryl, heteroaryl, C,-Cg alkyl, C»-C¢ alkenyl, and C5-Cg alkynyl are optionally
substituted; and

q is an integer from 0 to 4;

G is a group B-L-T, wherein
B is selected from the group consisting of absent, -N(R")-, -N(SO:R"?)-, -0-, -8(0)o.

and -C(=0)-;
L is selected from the group consisting of absent, -C(=S)N(R")-, -C(=NR')NR")-, -
SON(RP)-, -80;-, -C(ZO)NR)-, -NR?)-, -C(=0)C.2alkyl-NR"?)-, -NR*)C,.
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28lkyl-C(=0)-, -C(=0)Cy.,alkyl-C(=O)N(R?)-, -Co.4alkylene, -C(=0)Cy.alkyl-
C(=0)OR’-, -C(=NR")-Cy.,alkyl-C(=0)-, -C(=0)-, -C(=0)Co.jalkyl-C(=0)- and an
optionally substituted four to six-membered heterocyclyl containing between one and
three annular heteroatoms including at least one nitrogen; and

T is selected from the group consisting of ~H, -R®, -Coalkyl, -Co4alkyl-Q, -O-Cyyalkyl-
Q, -Coualkyl-0-Q, -N(R")Coalkyl-Q, -S0,Cosalkyl-Q, ~C(=0)Coualkyl-Q, -Co.
salkyl-NR'*)Q and -C(=0)N(R"*)-Co.alkyl-Q, wherein each Coalkyl is optionally
substituted;

R' s selected from the group consisting of -H, -CN, -NO;, -NHz, -OR?, -NR’R?, -S(0)o2R?, -
S(0):NR’R?, -C(O)OR?, -C(O)NR’R?, -N(R)SO,R?, -N(R*)C(O)R?, NR*COR?, -
C(O)R?, -C(0)SR?, C1-C4 alkoxy, C,-C, alkylthio, -O(CHy)naryl, -O(CHp)sheteroaryl, -
(CHz)o.s(aryl), -(CHz)o-s(heteroaryl), Cy-Cs alkyl, C;-Cs alkenyl, C,-Cs alkynyl, -
CH3(CHz)o4-T>, an optionally substituted C, alkylcarbonyl, and a saturated or
unsaturated three- to seven-membered carboxyclic or heterocyclic group, wherein T is
selected from the group consisting of -OH, -OMe, -OEt, -NH;, -NHMe, -NMe,, -NHEt
and -NEt,, and wherein the aryl, heteroaryl, C;-Cs alkyl, C,-Cs alkeny!, and C;-Cq
alkynyl are optionally substituted;

two R, together with the atom or atoms to which they are attached, can combine to form a
heteroalicyclic optionally substituted with between one and four of R®, wherein the
heteroalicyclic can have up to four annular heteroatoms, and the heteroalicyclic can have
an aryl or heteroaryl fused thereto, in which case the aryl or heteroaryl is optionally
substituted with an additional one to four of R%;

R'*is selected from the group -H, -NO,, -NHa, -N(R*)R*, CN, -OR?, an optionally substituted
(C-Ce)alkyl, an optionally substituted heteroalicyclylalkyl, an optionally substituted
aryl, an optionally substituted arylalkyl and an optijonally substituted heteroalicyclic,

each R? is independently selected from the group consisting of -H and R

R? is selected from the group consisting of a (C;-Ce)alkyl, an aryl, a lower arylalky), a
heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or

R? and R*, taken together with a common nitrogen to which they are attached, form an
optionally substituted five- to seven-membered heterocyclyl, the optionally substituted
five- to seven-membered heterocyclyl optionally containing at least one additional
annular heteroatom selected from the group consisting of N, O, S and P;

R% is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NQ,, -NH,, -
OR?, NR’R’, -§(0)p2R?, -SO;NR’R?, -CO.R?, -C(O)NR’R?, -N(R*)SO,R?, -
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“NERHCO)R?, -NRHCO,R?, -C(O)R?, an optionally substituted (C;-Cg)alkyl, an,
optionally substituted aryl, an optionally substituted heteroarylalkyl and an sptioriatly
substituted arylalkyl; - '

two R, when attached to a non-aromatic carbon, can be oxo;

Q is a five- to ten-membered ring system, optionally substituted with between zero and four of '
R,

R% is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH,, -
OR’?, -OCFs, -NR’R?, -S(0)2R?, -S(0);NR’R?, -C(0)OR?, -C(O)NR’R’, -NR*)SO,R’, -
NER)CO)R?, -NR)C(0)OR?, -C(O)R?, -C(0)SR?, C,-C; alkoxy, C;-C, alkylthio, -
O(CHa)naryl, -O(CHa)pheteroaryl, -(CHz)p.s(aryl), -(CHa)o-s(heteroaryl), C-Cgq alkyl, C,-
C¢ alkenyl, C»-C¢ alkynyl, -CH2(CH2)04-T2, an optionally substituted C,.4 alkylcarbonyl,
C).4 alkoxy, an amino optionally substituted by Cy.4 alkyl, wherein the C,4 alkyl may be
optionally substituted by C,.4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T” is selected from the group
consisting of -OH, -OMe, -OEt, -NH,, -NHMe, -NMe,, -NHEt and -NEt,, and wherein
the aryl, heteroaryl, C;-Cs¢ alkyl, C,-C¢ alkenyl, and C»-Cs alkyny! are optionally
substituted;

each R*® is independently selected from halo, cyano, nitro, trifluoromethoxy, trifluoromethyl,
azido, -C(O)R*, -C(O)OR™, -OC(O)R¥, -OC(0)OR™, -NR*C(O)R¥, -C(O)NR**RY, -
NR*R¥, -OR*", -SO,NR¥R?, C,-C; alkyl, -(CH,);,O(CH2iNR*®RY, -
(CH2),O(CH,):0RY", -(CH,),OR?, -S(0)(C-Cs alkyl), -(CH2)n(C-C1o aryl), ~(CHz)n(5-
10 membered heterocyclyl); -C(O)(CH;)n(C¢-Cro aryl), -(CH2),O(CH3);(Cs-Cyo aryl), -
(CH2)nO(CHz);(5-10 membered heterocyclyl), -C(O)(CHz)n(5-10 membered
heterocyclyl), -(CH2)NR**(CH,)NR R, -(CH,)NR*CH,C(O)NR*R**, -
(CH)NR*(CH2:NRYC(0)RY, -(CH ) NR¥(CH;),O(CH,)0RY, -
(CH)NR™(CH,);iS(0);(C1-Cs alkyl), (CHNR?(CH,)oR, -SO»(CH;)a(Cs-C19 aryl), -
SO2(CHy)x(5-10 membered heterocyelyl), -(CH,).NR*R*®, -NR¥SO,NR*R**, SO,R*,
C,-Cs alkenyl, C3-Cjo cycloalkyl and C;-Cg alkylamino, wherein j is an integer ranging
from 0 to 2, n is an integer ranging from 0 to 6, 1 is an integer ranging from 2 to 6, the -
(CH,);- and -(CH,),- moieties of the foregoing R*® groups optionally include a carbon-
carbon double or triple bond where n is an integer between 2 and 6, and the alkyl, aryl
and heterocyclyl moieties of the foregoing R*® groups are optionally substituted by one
or more substituents independently selected from halo, cyano, nitro, trifluoromethyl,
azido, -OH, -C(O)R*®, -C(O)OR"®, -OC(O)R*, -OC(0)OR™, -NR¥*C(O)R¥, -
C(O)NR**R¥, -(CH,),NR¥*R*, C;-C alkyl, C3-Cy cycloalkyl, -(CHz)n(Cg-C1o aryl), -
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(CH2)y(5-10 membered heterocyclyl), -(CH,),0(CH;),0R*, and -(CH,);OR?’, wherein n
is an integer ranging from 0 to 6 and i is an integer ranging from 2 to 6;

each R* and R* is independently selected from the group consisting of H, -OH, C,-Cs alkyl,
Cs3-Cyp cycloalkyl, -(CH2)n(Cs-Cyp aryl), -(CHz)(5-10 membered heterocyclyl), -
(CH2);0(CH,),0RY, ~(CH2),CN(CH,);OR*, (CH,),CN(CH,),R*, and ~(CH,),ORY’,
wherein n is an integer ranging from 0 to 6 and i is an integer ranging from 2 to 6, and
the alkyl, aryl and heterocycly! moieties of the foregoing R3® and R* groups are
optionally substituted by one or more substituents independently selected from -OH,
halo, cyano, nitro, trifluoromethyl, azido, -C(O)R*, -C(O)OR*, -CO(O)R, -
OC(0)OR™, -NR*’C(O)R¥, -C(O)NR¥R*, -NR¥R*!, -C;-C; alkyl, -(CHy)a(Cs-Cio
aryl), -(CH2)x(5 to 10 membered heterocyclyl), -(CHz),O(CH2),0R”, and -(CH,),OR”,
wherein n is an integer ranging from 0 to 6 and i is an integer ranging from 2 to 6, with
the proviso that when R and R* are both attached to the same nitrogen, then R* and
R* are not both bonded to the nitrogen directly through an oxygen;

each R is independently selected from H, C,-C; alkyl, -(CH)y(Ce-Cio aryl), C3-Cio
cycloalkyl, and -(CH>),(5-10 membered heterocyclyl), wherein n is an integer ranging
from 0 to 6;

each R¥ and R is independently selected from H, OR*, C,-C alkyl and C3-C cycloalkyl;

each R*> and R¥ is independently selected from the group consisting of H, C,-Cs alkyl, -Y-(Cs-
Cio cycloalkyl), -Y~(C¢-Cyp aryl), -Y-(Cg-Cyp heteroaryl), -Y-(5-10 membered
heterocyclyl), -Y-O-Y'-OR??, -Y’-CO»-RY, and -Y-OR®’, wherein, Y is a bond or is -
(CR>)(H))n, wherein n is an integer ranging from 1 t0 6, Y' is (C(R”)(H))n, and the
alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl moieties of the foregoing R*? and R®
groups are optionally substituted by | or more substituents independently selected from
RY; or

R*? and R* taken together with the nitrogen to which they are attached form a Cs-Cy
azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring, wherein said Cs-Co
azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring are optionally substituted by
1 to 5 R* substituents, with the proviso that R* andR* are not both bonded to the
nitrogen directly through an oxygen;

each R* is independently selected from the group consisting of halo, cyano, nitro,
trifluoromethoxy, trifluoromethyl, azido, -C(O)R*, -C(O)OR*, -OC(O)R™, -
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OC(0)ORY, -NR*C(0)R, -C(O)NR¥R®, -NR¥R¥, -ORY, -SO,NR*R*, -SO,R*, -
NR¥SORY, -NR¥SO,NRYR™, C1-Cs alkyl, C,-Cs alkenyl, C;-Cs alkynyl, C3-Cio
cycloalkyl, -C;~Cs alkylamino, -(CHz);0(CH){NR**R*, -(CH,),O(CH,);OR, -
(CH2).0RY, -8(0)(Cy-Cs alkyl), (CHz)y(Cs-Co aryl), <(CHz)n(5-10 membered
heterocyclyl), -C(O)(CHz)u(Ce-Cio aryl), -(CHz)sO(CH,)j(Cs-Cio aryl), -(CH2),O(CH2)i(5
to ld membered heterocyclyl), ~C(O)(CHy),(5 to 10 membered heterocyclyl), -
(CH2)NR¥(CH;)NR*R*, (CH2);NR¥CH,C(O)NR*R”, -
(CH2)NR*(CH,)NR¥C(O)R®, (CH,);NR*(CH,),O(CH,);OR", -
(CHz)NR*(CH,)iS(0);(C1-Cs alkyl), (CHz)NR*(CH,),R*®, -805(CH;),(C5-C1o aryl),
and -SO2(CH2),(5 to 10 membered heterocyclyl) wherein, j is an integer from 0 to 2, n is
an integer from 0 to 6 and i is an integer ranging from 2 to 6, the -(CH2);- and -(CH3)n1-
moieties of the foregoing R* groups optionally include a carbon-carbon double or iriple
bond wherein n is an integer from 2 to 6, and the alkyl, aryl and heterocyclyl moieties of
the foregoing R* groups are optionaily substituted by 1 or more substituents
independently selected from the group consisting of halo, cyano, nitro, trifluoromethyl,
azido, -OH, -C(O)R¥, -C(0)OR™, -OC(O)R*, -OC(0)OR*,-NR*C(O)R¥, -
C(O)NR*R¥, (CH),NR*R*, -SO,R%, -SO,NR*R¥, C;-C; alkyl, C-Cyo cycloalkyl, -
(CH3)u(Cs-C10 aryl), -(CHa)a(5 to 10 membered heterocyclyl), (CHz),O(CH,)ORY and -
(CH2):OR", wherein n is an integer from 0 to 6 and i is an integer from 2 to 6; and

Z is selected from the group consisting of -O-, -S- and -NR’-, wherein R is selected from the
group consisting of H, an optionally substituted (Cy-Cs)acyl and C;-Cs alkyl-O-C(O),
wherein C,-Cs alkyl is optionally substituted;

with the proviso that

when G is NR"3(C=Z,)NR"C(0O)(C(X)(X"))-Q, wherein Z, is O, S or NH, X and X'
independently represent H, C;-Cg alkyl, halo, cyano or nitro, wherein the C-Cs alkyl is
optionally substituted, or X and X' taken together with the atom to which they are
attached, form a C3-C; cylcoalkyl, Q is selected from the group consisting of cycloalkyl,
heterocyclyl, aryl and heteroaryl, wherein each of said cycloalkyl, heterocyclyl, aryl and
heteroaryl is optionally substituted with 1 to 3 R, Ar is phenyl optionally substituted
with 1 to 4 moieties independently selected from the group consisting of hydrogen, halo,
trihalomethyl, -CN, -NO, -NH,, -OR?, -NR’R*, -C(O)OR?, -C(O)R?, C;-C,alkoxy, C;-
Cs alkylthio, C,-Cg alkyl, C5-Ce alkenyl or C,-Cs alkynyl, wherein C-Ce alkyl, C2-C
alkenyl and C,-C¢ alkynyl are optionally substituted, and Z is O, S or NH, then D is not
R’,R' or RY;
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when D is selected from the group consisting of -H, halogen, nitro, azido, -NR®R®, -
NR*SO,R®, -NR*C(O)R®", -OC(O)R®®, -NR®C(0)OR®, -OC(O)NR®R®" -OR®, -SR®, -
S(O)R®, -SO.R®, -SO:R™, -SO,NR¥R®, -COR®, -CO,R™, -CONR®R®, -(C-
Ca)fluoroalkyl, -(C,-Cy)fluoroalkoxy, -(CZ*Z*),CN, and a moiety selected from the group
consisting of -(CZ’ZY,-aryl, -(CZ*Z",-heterocycle, (C-Ce)alkynyl, (CZ>Z*),-(Cs-
Cg)eycloalkyl, -(CZ*ZM,-(Cs-Co)eycloalkenyl, (Ca-Cg) alkenyl and (C,-Cg)alkyl, wherein
said moietyis optionally substituted with 1 to 3 independently selected Y? groups, where a
is 0,1, 2, or 3, and wherein when a is 2 or 3, the CZ’Z" units may be the same or different,
A'is-S-, A’ is -N- or -CR-, wherein R is H, F, Cl, CF3, CHs, OCH; or OCF3, A is -CH-,
Z is -O- or -S-, A® and A’ are -CHa-, then B-L-T is not -X>-C(0)-NH-R**, wherein X* is O
or CR*R?, each of R*® and R?” is independently selected from the group consisting of H,
halogen, or a moiety, selected from the group consisting of (C,-C¢)alkoxy, (C,-
Ce)alkylamine and (C,-Cg)alkyl, wherein any number of the hydrogen atoms on the (C,-
Cg)alkyoxy and (C;-Cg)alkyl groups may be optionally replaced with F, or R** and R?"
together can be oxo or a moiety, selected from the group consisting of (C3-Cg)cycloalkyl, 3
to 6 membered heterocycloalkyl and =CH-(C,-Cs)alkyl, R* is H or a moiety, selected from
the group consisting of (CZ'Z),CN, -(CZ'Z%)s-(C3-Cg)cycloalkyl, -(CZ'Z2)-(Cs-
Cs)cycloalkenyl, (Ca-Cealkenyl, (Ca-Cg)alkynyl, -(CZ[ZZ)S-al’yl, -(CZIZZ)S-heterocycle and
(C,-Cg)alkyl, wherein the moiety is optionally substituted with | to 3 independently
selected Y2 groups, where s is 0, 1, 2 or 3, and wherein when s is 2 or 3, the CZ'Z? units
may be the same or different, and wherein Z' and Z? are each independently selected from
the group consisting of H, F, and (C,-Cg)alkyl or each Z! and 7Z? are selected together to
form a carbocycle or two Z' or Z? groups on adjacent carbon atoms are selected together to
optionally form a carbocycle;

when D is selected from the group consisting of H, C;-Cg alkyl, C3-Cg cycloalkyl, -
C(O)NR¥R®, -C(0)(Cs-C) aryl), ~(CH3)n(Ce-Cio aryl), (CHz)a(5 to 10 membered
heterocyelyl), -(CHz),NR*R*, -SO,NR¥R* and -CO,R*?, wherein n is an integer from 0
to 6, and wherein said C,-Cg alkyl, -C(O)(Cs-Cg aryl), -(CHz)a(Cg-Cig aryl), -(CHz)n(5 to
10 membered heterocyclyl) moieties are unsubstituted or substituted by one or more
substituents selected from st, with the proviso that R* is not -(CH2)3_5NR36R39, -

NR*’SO,NR*R¥, SO,R*, or C;-Cg alkenyl, A' is -S-, A? is -N- or -CH-, A is -CH-, and

Z is -O-, -8- or -NH-, then Ar-G is not unsubstituted C¢ aryl or 6-membered heterocyclyl
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group or Cg aryl or 6-membered heterocyclyl group substituted with 1 to 5 substituents
selected from R, with the proviso that R*® is not -(CHz)3.sNR*R*, -NR¥SO,NR*R*,
SO,R%, or C,-C; alkenyl;

when D is selected from the group consisting of imidazolyl, oxazolyl, oxadiazolyl, isoxazolyl,
thiazolyl and thiadiazolyl, wherein said imidazolyl, oxazolyl, oxadiazolyl, isoxazolyl,
thiazolyl and thiadiazolyl are optionally substituted by 1 to 5 substituents selected from
R, with the proviso that R* is not nitro, azido, -C(O)OR*’, -OC(O)R™, -OC(O)OR®, -
C(O)(CHp)n(Cs-Cyp aryl), -(CH,)nO(CH,);(Ce-Cio aryl), Ca-Cio cycloalkyl or C;-Cs
alkylamino, R* and R* are not -OH, C3-Cs cycloalky}, -(CH,),CN(CH2),OR* or -
(CH2):CN(CHz)R”, R* and R*' are not -OR or C3-Co cycloalkyl, and R¥ is not C3-Cjo
cycloalkyl, A' is -S-, A% is N, CH or C-CN, A? is -CH-, and Z is -NH-, then Ar-G is not
unsubstituted 6-membered heterocyclyl or 6-membered heterocyclyl optionally
substituted by 1t0 5 substituents selected from R*, with the proviso that R* is not nitro,
azido, -C(O)ORY, -OC(O)R™, -OC(O)OR™, -C(0)(CH2)a(Cs-C10 aryl), -
(CH2):0(CH2){(Cs-Cy aryl), C3-Cyo cycloalkyl or C-Cs alkylamino, R* and R* are not -
OH, C3-Cs cycloalkyl, -(CHz)sCN(CH,),OR* or -(CH,),CN(CH2)R*’, R* and R*' are
not -OR* or C3-Cyo cycloalkyl, and R* is not C3-Cyo cycloalkyl;

when D is selected from the group consisting of H, C;-Cs alkyl, -C(O)NR™R*, -C(0)(Cs-C1o
aryl), -(CHz)»(Cs-Cyo aryl), and -(CHz)u(5 to 10 membered heterocyclyl), wherein said
groups, other than H, are unsubstituted or substituted by one to five substituents selected
from R, with the proviso that R*® is not -(CH); sNR*R*, -NR*’SO,NR*R¥, SO,R*,
C2-Cq alkenyl, C3-Cjo cycloalkyl or C;-Ce alkylamino, R* and R* are not -OH, C3-Cjo
cycloalkyl, -(CH2)yCN(CH2):0R?” or (CH2)yCN(CH,),R*’, R*” and R* are not OR*® or
C3-Cio cycloalkyl and R* is not C5-Cyp cycloalkyl, A' is -S- when A* is -CH-or A' is -
CH- when A? is -S-, A? is -N- or -CH-, and Z is -NH- or N-(C;-Cs alkyl), then Ar-G is
not unsubstituted Cg aryl or 6-membered heterocyclyl or Cs aryl or 6-membered
heterocycly! substituted with 1 to 5 substituents selected from the group R*, with the
proviso that R* is not -(CH,); sNR*R*, -NR7SO,NR*R*, SO,R*, C,-C; alkenyl, Cs-
C)o cycloalkyl or C;-Cs alkylamino, R* and R* are not -OH, C3-Co cycloalkyl, -
(CH2):.CN(CH2);0R* or -(CH2),CN(CH,),R*’, R and R* are not OR* or C;-Cyo
cycloalkyl and R is not C3-Cyo cycloalkyl;

when D is selected from the group consisting of -C(O)NR*ZR®, -(CH,),NR*R*, -
NR42C(=O)R43, -SOzR42, -SO:NR42R43, -NR37SOZR42, -NR37SOZNR42R43, -C(=N-
OR42)R43, -C(=NR42)R43, -NR37C(=NR42)R43, -C(=NR42)NR37R43, _
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NRYCENRPNRIRS, -C(Q)R“2 and -CO,R*, wherein the alkyl, aryl and heterocyclyl
moieties of the foregoing R*? and R® groups are optionally substituted with 1 to 3
substituents independently selected from the group R*, with the proviso that R* is not
nitro, azido, -C(O)OR™, -OC(O)R*’, OC(0)OR™, C3-Cy¢ cycloalkyl or C;-Cs
alkylamine, A' is -S-, A% is N, CH or C(CN), A% is CH, and Z is NH or N-(C;-Cy)alkyl,
then Ar-G is not 6-membered heterocyclyl, wherein the 6-membered heterocyclyl is
optionally substituted by 1 to 5 substitutents from the group R*, with the proviso that R**
is not nitro, azido, -C(O)OR™, -OC(0)R™, OC(O)OR*, C3-C) cycloalkyl or C;-Ce
alkylamine;

when D is -C=CH or -C=C-(CR*R*),-R%, A! is -S- and A® is -CH- or A! is -CH- and A is -
S-, A%is N, and Z is NH or N-(C;-Ce)alkyl, then Ar-G is not selected from the group
consisting of aryl optionally substituted with one or more substituents selected from the
group consisting of halo, alkynyl, -CF3, -(CH;),OR”, -(CH2)sSR”, -NO,, C;-Cs alkyl, -
CN, -SO;R*, -(CHy)aaryl and -(CH2),NR*R”!, and heteroaryl optionally substituted with
one or more substituents selected from the group consisting of halo, alkynyl, -CF3, -
(CH2),0RY, {(CH,),SR¥, -NO,, C;-Calkyl, -CN, -SO,R”, -(CHy),aryl and -
(CHZ),,NRSORS', wherein R is selected from the group consisting of H, C-C; alkyl, -
(CHa)NRRY!, -(CHy)pheterocyelyl, -(CH;)qaryl in which aryl is optionally substituted
with one or more substitutents selected from the group consisting of halo, -CF3, Ci-
Csalkoxy, -NO,, C,-Cgalkyl, -CN, -SO;R*?, and -(CH;),NR*R?!, arylC,-Cealkenylene in
which aryl is optionally substituted with one or more substituents selected from the group
consisting of halo, -CF3, C;-Cgalkoxy, -NO,, Ci-Csalkyl, -CN, -SO;R*’, and -
(CH,).NR*R?', heteroarylC,-Csalkenylene in which heteroaryl is optionally substituted
with one or more substituents selected from the group consisting of halo, -CF3, C-
Csalkoxy, -NO,, C1-Csalkyl, -CN, -SO;R™, and -(CH2):.NR**R?", and -(CH;),heteroaryl
in which heteroary! is optionally substituted with one or more substituents selected from
the group consisting of halo, -CFs, C,-Cealkoxy, -NO,, Ci-Calkyl, -CN, -SO;R*, and -
(CH,),NR*R*'; and

when D is the group defined by «(Z'")-(Z'3)q~(Z"*)m1, A’ is -S- and A* is CH, or A' is CH and
A%is S, AZis N, and Z is NH, N-(C;-Csalkyl) or N-C(O)R*, then Ar-G is not the group
defined by -(Q")-(Q%)0.1-(Q*)o.1, wherein Q' is arylene, heteroarylene, aryl or aralkyl, Q°
is O, S(O), or S, and Q? is aralkyl, heteroary, or aryl.

[0053] In a preferred embodiment of the compounds according to the present invention, D

is defined by the group R’, wherein R’ is selected from the group consisting of -H, halogen, C;-

22



WO 2008/041053 PCT/1B2006/004306

Cs alkyl, C3-Cyo cycloalkyl, <C(O)NR*R®, -C(O)(Cs-Cp aryl), -C(O)(heterocyclyl), -
C(O)(heteroaryl), -Y-(Cs-C)o aryl), -Y-(5-10 membered heterocyclyl), -Y-(heteroaryl), -S-aryl,
-8~C;-Cs alkyl, -SO-C;-Cs alkyl, -80,-C-Cg alkyl, -Y-NR*R¥, -SO;NR*R* and -C(O)OR®,
wherein the aforementioned R’ groups other than -H and halogen are optionally substituted by
1to 5 R*®.

[0054]  Ina preferred embodiment of the compounds according to the present invention, D
is defined by the group R7, wherein R is selected from the group consisting of -H, -
C(O)NR™R®, -Y-(5 to 10 membered heterocyclyl), -Y-(Cs-Cio aryl), -Y -(heteroaryl), -Y-
NR?R*, SO,NR42R* and C(O)OR‘”, wherein the aforementioned R’ groups other than -H are
optionally substituted by 1 to 5 R*,

[0055] In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of -(CHy),(5 to 10 membered heterocyclyl), -
C(O)NR¥R®, -SO,NR?R* and -CO,R*, wherein said R’ group -(CH2)q(5 to 10 membered
heterocyclyl) is unsubstituted or substituted by one or more R*® groups.

[0056]  In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of -(CH,),(5 to 10 membered heterocyclyl), and -
C(O)NR*R®,

[0057]  Ina preferred embodiment of the compounds according to the preéent invention, R’
is -C(O)NR*R®, wherein R* and R® are independently selected from H, (C,-Ce)alkyl, (Cs-
Cio)eycloalkyl, -(CH2),(C3-Cio cycloalkyl), -(CH,)n(Cs-Cip aryl), -(CH2)n(5 10 10 membered
heterocyclyl), -(CH2):0(CH2)ORY, -(CH,),OR?’, wherein n is an integer from 0 to 6, i is an
integer from 2 to 6, and the alkyl, aryl and heterocyclyl moieties of said R* and R® groups are
unsubstituted or substituted with one or more substituents independently selected from R*, or
R* and R* are taken together with the nitrogen to which they are attached to form a Cs-Cy
azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring, wherein said Cs-Cs azabicyclic,
aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
isoquinolinyl, or dihydroisoquinolinyl ring are unsubstituted or substituted with 1to 5 R®
substituents, where R*? and R* are not both bonded to the nitrogen directly through an oxygen.
[0058]  In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR¥R®, wherein R* and R are taken together with the nitrogen to which they are
attached to form a Cs-Cy azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidiny),
piperazinyl, morpholinyl, thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring, wherein

said Cs-Cs azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
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morpholinyl, thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring are unsubstituted or
substituted with 1 to 5 R* substituents.

[0059] In a preferred embodiment of the compounds according to the present invention, R’
is ~C(O)NR¥R®, wherein R*? and R* are taken together with the nitrogen to which they are
attached to form a pyrrolidinyl, piperidinyl, pipetazinyl, morpholinyl, thiomorpholinyl,
isoquinolinyl, or dihydroisoquinolinyl ring, wherein said pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, isoquinolinyl, or dihydroisoquinolinyl ring are unsubstituted or
substituted with 1 to 5 R* substituents.

[0060] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*’R*, wherein R* and R** are taken together with the nitrogen to which they are
attached to form a pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomorpholiny] ring,
wherein said pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, or thiomorpholinyl rings are
unsubstituted or substituted with 1 to 5 R*® substituents.

[0061] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*R*, wherein R* and R* are taken together with the nitrogen to which they are
attached to form a pyrrolidiny! or piperidinyl ring, wherein said pyrrolidinyl or piperidiny! ring
are unsubstituted or substituted with 1 to 5 R substituents.

[0062] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*?R®, wherein R* and R* are taken together with the nitrogen to which they are
attached to form a pyrrolidinyl ring, wherein said pyrrolidinyl is unsubstituted or substituted
with 1 to § R*® substituents.

[0063] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*’R®, wherein R* and R* are taken together with the nitrogen to which they are
attached to form a pyrrolidin-1-yl ring, wherein said pyrrolidin-1-yl is unsubstituted or
substituted by 1 to 5 R* substituents.

[0064] In a preferred embodiment of the compounds according to the present invention, R’
is -(CH2)n(5 to 10 membered heterocyclyl) group, wherein said -(CHz),(S to 10 membered
heterocyclyl) group is unsubstituted or substituted by 1 to 5 R*® groups.

[0065] In a preferred embodiment of the compounds according to the present invention, R’
is ~(CH2)n(5-8 membered heterocyclyl) group, said -(CH>),(5-8 membered heterocyclyl) group
is unsubstituted or substituted by 1 to 5 R* groups.

[0066]  In a preferred embodiment of the compounds according to the present invention, R’
is -(CH3)n(5 or 6 membered heterocyclyl) group, said -(CHz),(5 or 6 membered heterocyclyl)
group is unsubstituted or substituted by 1 to 5 R*® groups.
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[0067] In a preferred embodiment of the compounds according to the present invention, R’
is ~(CHz)a(5 membered heterocyclyl) group, said -(CH;),(5 membered heterocycly!) group is
unsubstituted or substituted by | to 5 R*® groups.

[0068] In a preferred embodiment of the compounds according to the present invention, R’
is ~(CHz),thiazolyl, wherein n is an integer from 0 to 6, said -(CH;)qthiazolyl is unsubstituted
or substituted by 1 to 5 R* groups.

[0069] In a preferred embodiment of the compounds according to the present invention, R’
is a thiazolyl, said thiazolyl is unsubstituted or substituted by 1 to 5 R*® groups.

[0070] In a preferred embodiment of the compounds according to the present invention, R’
is an imidazolyl, said imidazoly is unsubstituted or substituted by 1 to 5 R*® groups.

[0071]  Ina preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of imidazolyl, oxazolyl, oxadiazolyl, isoxazolyl, thiazoly!
and thiadiazolyl, wherein the imidazolyl, oxazolyl, oxadiazolyl, isoxazolyl, thiazolyl and
thiadiazolyl, each of which is optionally substituted by 1 to 5 R*® groups.

[0072] Ina preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of halo, -CO,H, -CONH; and -CSNH,.

[0073]  In a preferred embodiment of the compounds according to the present invention, R’
is a heteroaryl group optionally substituted by one or more moiety selected from the group
consisting of halo, cyano, nitro, trifluoromethoxy, trofluoromethyl, azido, -C(O)R4°, -
C(O)OR™, -OC(0)R™, -OC(O)ORY, -NR*C(O)R¥, -C(O)NR¥R¥, -NR*¥R*, -ORY, -
SO,NR*R¥, (C}-Cs)alkyl, (C3-Cio)eyeloalkyl, -(CHz),O(CHz)NR*R*, -(CH2),O(CH),ORY,
-(CH2),OR?Y, -§(0);(C)-Cs alkyl), (CH2)y(Cs-Cio aryl), ~(CHz)q(5 to 10 membered
heterocyclyl), -C(O)(CHz2)n(Ces-C1o aryl), -(CH2),O(CHz);(Cs-Co aryl), ~(CHz);O(CHo)(5 to 10
membered heterocyclyl), -C(O)(CHz)n(5 to 10 membered heterocyclyl),-
(CH2);NR*(CH2),NR*R*, -(CH2);NR**CH,C(O)NR*R¥,-(CH,);NR*(CH2)NR’C(O)R¥,
(CH2;NR**(CH2):O(CH),OR”, -(CH2)NR(CH,);S(0)(C1-Cs alkyl), -(CHz)NR”, -
(CH3)aR?, -SO,(CH,)i(C-Cyo aryl), and -SO,(CHz)n(5 to 10 membered heterocyclyl), wherein
j is an integer from 0 Yo 2, n js an integer from 0 to 6, i is an integer from 2 to 6, the -(CH2);-
and -(CH2),~ moieties of the said substituent groups optionally include a carbon-carbon double
or triple bond where n is an integer between 2 and 6, and the alkyl, aryl and heterocyclyl
moieties of the substituent groups are unsubstituted or substituted with one or more
substituents independently selected from halo, cyano, nitro, trifluoromethyl, azido, -OH, -
C(O)R*, -C(O)OR™, -OC(0)R*, -OC(O)YOR™, -NR**C(0)R**, -C(O)NR*R’, -
(CH).NR*RY, (C)-Ce)alkyl, (C3-Cyo)cycloalkyl, -(CHz2)o(Cs-Cyo aryl), (CHz)u(5 to 10
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membered heterocyclyl), -(CH;),O(CH,){0R”, and -(CH2);OR®, wherein n is an integer from
0 to 6 and i is an integer from 2 to 6, and wherein R* and R* are independently selected from
the group consisting of H, -OH, (Cy-Ce)alkyl, (C3-Cyo)cycloalkyl, -(CHz)o(Cs-Cio aryl), -
(CHz)o(5 to 10 membered heterocyclyl), ~(CH,),0(CH,)'ORY and -(CH;),OR’’, wherein n is
an integer from 0 to 6 and i is an integer from 2 to 6, and the alkyl, aryl and heterocyclyl
moieties of the R* and R* groups are unsubstituted or substituted with one or more
substituents independently selected from hydroxy, halo, cyano, nitro, trifluoromethyl, azido, -
C(O)RY, -C(0)ORY, -CO(O)R™, -OC(0)OR*, -NR*'C(O)R*!, -C(O)NR¥R*, -NR*'R, (C;-
Ce)alkyl, -(CH2)n(Cs-Cio aryl), -(CHz)a(5 to 10 membered heterocyclyl), -(CHz)nO(CHz)iOR”,
and -(CH,),OR”", wherein n is an integer from 0 to 6 and i is an integer from 2 to 6, where
when R* and R* are both attached to the same nitrogen, then R* and R* are not both bonded
to the nitrogen directly through an oxygen.

[0074]  In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of H, -(C;-Cs)alky), -C(O)NR**RY, -C(O)(Cs-C1o aryl), -
(CH,)y(Cs-Cyo aryl) and -(CH;)n(5 to 10 membered heterocyclyl), wherein the R’ groups other
than H are optionally substituted by 1 to 5 R*® groups. Preferably R” is (CH,)a(Cs-Cip aryl)
and -(CHy)y(5 to 10 membered heterocyclyl), optionally substituted by 1 to 5 R* groups, more
preferably phenyl or pyridyl, optionally substituted by 1 to 5 R* groups.

[0075] In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of H, -(C-Cg)alkyl, -C(O)NR**R*, -C(0)(C¢-Cyo aryl), -
(CH3)n(Cs-Cyp aryl) and -(CHz),(5 to 10 membered heterocyclyl), wherein the R’ groups other
than H are optionally substituted by fet-butyl-dimethyl-silanyl and 1 to 3 R*® groups.

[0076]  In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of -C(O)NRR®, (CH,),NR*’R¥, -NR*’C(=O)R*, -
SO;R™, -SONRZR®, -NR7SO,R*, -NRSO;NRPRY, -C(=N-OR*)R, -C(=NR)RY, -
NRYC(E=NR)R®, -C(=NR)NRY'R?, -NRYC(=NR)NR¥R®, -C(O)R", -CO;R®, wherein
each R* and R® is independently selected from the group consisting of H, (C1-Cs)alkyl, -
(CH,)n(C3-Cio)eycloalkyl), (CH2)n(Cs-Cio aryl), -(CHy)n(5 to 10 membered heterocyclyl), -
(CH,);0(CH,)iORY, -(CH2),OR?’, wherein n is an integer from 0 to 6 and 1 is an integer from
2 to 6, and the alkyl, aryl and heterocyclyl moieties of the foregoing R* and R*? groups are
optionally substituted by 1 to 3 substituents independently from R*®, or R*? and R** are taken
together with the nitrogen to which they are attached to form a Cs-Cy azabicyclic, aziridinyl,
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, isoquinolinyl,
or dihydroisoquinolinyl ring, wherein said Cs-Cy azabicyclic, aziridinyl, azetidinyl,
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pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, isoquinolinyl, or
dihydroisoquinolinyl ring are unsubstituted or substituted with 1 to 5 R*® substituents, with the
proviso that R* and R* are not both bonded to the nitrogen directly through an oxygen.
[0077]  Ina preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of -C(O)NR*R*, -SO,R*, -SO;NR*’R*’, -C(=N-
OR*)R*and -C(ENR)RY, -

[0078] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*R*, wherein each R*? and R® is independently selected from the group consisting
of H, (C;-Ce)alkyl, -(CH,);ORY, wherein n is an integer from 0 to 6 and the alkyl moiety of the
foregoing R* and R¥ groups are optionally substituted by 1 to 3 substituents independently
from halo, cyano, trifluoromethyl, -C(O)R*, -NR¥C(O)RY, -C(O)NR'RY, -NR*RY, (C,-
Cs)alkyl, -(CH2)n(Cg-Cjo aryl), (CHz2)u(5 to 10 membered heterocyclyl), -(CH2),O(CH2):O0R*
and -(CH;),OR37, wherein n is an integer from 0 to 6 and i is an integer from 2 to 6, or R* and
R* are taken together with the nitrogen to which they are attached to form a Cs-Cs azabicyclic,
aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
isoquinolinyl, or dihydroisoquinolinyl ring, wherein said Cs-Cy azabicyclic, aziridinyl,
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, isoquinoliny],
or dihydroisoquinolinyl ring are unsubstituted or substituted with 1 to 5 R*® substituents, with
the proviso that R** and R*? are not both bonded to the nitrogen directly through an oxygen.
[0079] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR*R*, wherein R¥ and R* are taken together with the nitrogen to which they are
attached to form a Cs-Co azabicyclic, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl or morpholiny! ring, wherein said Cs-Cy azabicyclic, aziridinyl, azetidinyl,
pyrrolidiny!, piperidinyl, piperazinyl or morpholinyl ring are unsubstituted or substituted with
1 to 5 R*® substituents.

[0080]  In a preferred embodiment of the compounds according to the present invention, R’
is <C(O)NR*R*, wherein R* and R* are taken together with the nitrogen to which they are
attached to form a Cs-Cy azabicyclic, aziridinyl, azetidinyl or pyrrolidinyl ring, wherein said
C5-Cy azabicyclic, aziridinyl, azetidinyl or pyrrolidiny] ring are unsubstituted or substituted
with 1 to 5 R*® substituents.

[0081] In a preferred embodiment of the compounds according to the present invention, R’
is -C(O)NR**R®, wherein R* and R* are taken together with the nitrogen to which they are
attached to form a C;-Cy azabicyclic, azetidiny! or pyrrolidinyl ring, wherein said Cs-Co
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azabicyclic, azetidinyl or pyrrolidiny! ring are unsubstituted or substituted with 1 to 5 R*

substituents.

[0082] In a preferred embodiment of the compounds according to the present invention, R’

is -C(O)NR*R*, wherein R* and R* are taken together with the nitrogen to which they are

attached to form a Cs-Cy azabicyclic ring, wherein said Cs-Cy azabicyclic ring is unsubstituted

or substituted with 1 to 5 R® substituents.

[0083] In a preferred embodiment of the compounds according to the present invention, R’

is ~C(O)NR¥R*®, wherein R*? and R® are taken together with the nitrogen to which they are

attached to form a azetidiny] ring, wherein said azetidinyl ring is unsubstituted or substituted

with 1 to 5 R*® substituents.

[0084] In a preferred embodiment of the compounds according to the present invention, R’

is -C(O)NR*R*, wherein R* and R¥ are taken together with the nitrogen to which they are

attached to form a pymolidinyl ring, wherein said pyrrolidinyl ring is unsubstituted or

substituted with 1 to 5 R*® substituents.

[0085] In a preferred embodiment of the compounds according to the present invention, R’

is selected from the group consisting of -H, halogen, nitro, azido, -NR®R®, -NR®SO,R®, -

NR®C(O)R®, -OC(O)R®, -NR*C(0)OR®, -OC(O)NR%*R® -OR®, -SR®, -S(O)R®, -SO,R®, -

SO;R®, -SO.NR®R®, -COR®, -COR®, -CONR*R®, -(C,-Cy)fluoroalkyl, -(C;-

Cs)fluoroalkoxy, (CZ*Z*),CN, and a moiety selected from the group consisting of -(CZ*Z*),-

aryl, (CZ>Z"),-heterocycle, (C2-Ce)alkynyl, (CZ2Z*")s~(Cs-Cs)cycloalkyl, -(CZ3Z*),(Cs-

Cs)cycloatkenyl, (C2-Ce) alkenyl and (C'-Calkyl, wherein said moiety is optionally

substituted with 1 to 3 independently selected Y groups, where a is 0,1, 2, or 3, and wherein

when a is 2 or 3, the CZ>Z* units may be the same or different; wherein

each R® and R® is independently selected from the group consisting of hydrogen and a moiety
selected from the group consisting of -(CZSZG)U-(Cg-Ce)cycloalkyl, -(CZSZ(’).,-(Cs-
Ce)cycloalkenyl, -(CZ°Z°),-aryl, (CZ°Z%),-heteracycle, (C2-Cs)alkenyl, and (C;-
C¢)alkyl, wherein said moiety is optionally substituted with 1 to 3 independently
selected Y? groups, where u is 0,1, 2, or 3, and wherein when u is 2 or 3, the cz°z¢
units may be the same or different, or

R® and R®® taken together with adjacent atoms form aatoms form a heterocycle;

each 7%, 7%, Z° and Z° is independently selected from the group consisting of H, F and (C)-
Ce)alkyl, or

each 73 and Z*, or Z° and Z° are selected together to form a carbocycle, or

two Z* groups on adjacent carbon atoms are selected together to optionally form a carbocycle;
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each Y and Y is independently selected from the group consisting of halogen, ¢yano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino, azido, -C(0)Z’, -OC(O)NH,, -OC(0)
NHZ', -OC(O)NZ"Z®, -NHC(0)Z’, -NHC(O)NH,, -NHC(O)NHZ’, -NHC(O)NZ'Z8, -
C(O)OH, -C(0)0Z’, -C(O)NH;, ~C(O)NHZ’ ,-C(O)NZ’Z?, -P(0)3Hz, -P(0)s(Z")2, -
S(O):H, -8(0)Z’, -S(0).Z", -S(0):Z’, -Z', -OZ’, -OH, -NH,, -NHZ', -NZ'Z®, -
C(=NH)NH_,-C(=NOH)NH,, -N-morpholino, (C,-Cs)alkenyl, (Co-Cs)alkynyl, (C;-
Ce)haloalkyl, (Co-Ce)haloalkenyl, (C2-Ce)haloalkynyl, (C;-Ce)haloalkoxy, -
(CZ°Z'%)NH,, (CZ°Z')NHZ’, -(CZ°Z')NZ'Z8, -X5(CZ°Z'*)~(C3-Cs)eycloalkyl, -
X5(CZ’2"%)(Cs-Cy)cycloalkenyl, -XS(CZ°Z'%)-aryl and ~X3(CZ°Z'®)-heterocycle,
wherein

risl, 2,3 or4;

X5 is selected from the group consisting of O, S, NH, -C(Q)-, -C(O)NH-, -C(0)0O-, -§(0)-, -
S(0)z- and -S(0)-;

Z" and 2 are independently selected from the group consisting of an alkyt of 1 to 12 carbon
atoms, an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of 5 to 8 carbon atoms, an ary] of 6 to
14 carbon atoms, a heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to 15 carbon
atoms, and a heteroaralkyl of 5 to 14 ring atoms, or

Z" and Z® together may optionally form a heterocycle;

Z° and Z'° are independently selected from the group consisting of H, F, a (Cy-Cy)alkyl, a (Ce-
Ciparyl, a (Cs-Cia)heteroaryl, a (C7-Cys)aralkyl and a (Cs-Ci4)heteroaralkyl, or

7° and Z" are taken together form a carbocyqle, or

two Z° groups on adjacent carbon atoms are taken together to form a carbocycle; or

any two Y? or Y? groups attached to adjacent carbon atoms may be taken together to be -
O[CEZ)Z')}O or -O[CZNZ")]ww1, Of

any two Y? or Y groups attached to the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and wherein

any of the above-mentioned substituents comprising a CHs (methyl), CHz (methylene), or CH
(methine) group which is not attached to a halogen, SO or SO, grouporto aN, O or S
atom optionally bears on said group a substituent selected from hydroxy, halogen, (C;-
Ca)alkyl, (Ci-Cs)alkoxy and an -N[(Ci-Ca)alkyl][(C;-Ca)alkyl].

[0086]  In a preferred embodiment of the compounds according to the present invention R’

is selected from the group consisting of -H, -Y-(aryl), -Y-(heteroaryl) and C(O)-heterocyclyl,

each of which, except for -H, is optionally substituted with 1 to 5 R*®.
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{0087}  In a preferred embodiment of the compounds according to the present invention, R’

is selected from the group consisting of
O] ] O Dt | O+ | D
] 0D O O] O | O

' o ,
S ’ N ’ (o] ] S !
NN N~ X P
Lt | Lt b ) O | O | O
N ~ . ~ " =
U 0+ | O+ | 5 | D [ 0

r 4 ] N ’ N ’
N Wai > 3- 4. 4
Ny 3' (8 §, LN>‘§' QN%I QNEI |;/N'§'
N
G N’\__
N-':/Niand l|\l§/N§,

wherein the members of said group are optionally substituted by 1 to 3 R™.
[0088]  In a preferred embodiment of the compounds according to the present invention, R’
is selected from the group consisting of
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wherein the members of said group are optionally substituted with 1 to 3 R*.

[0089]  In a preferred embodiment of the compounds according to the present invention, R’

is selected from the group consisting of
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[0090]  Ina preferred embodiment of the compounds according to the present invention, R’

is selected from the group consisting of phenyl and pryidyl, which are optionally substituted by
110 SR*,

[0091]  In apreferred embodiment of the compounds according to the present invention, D
is defined by the group R!, wherein R' is -C=CH or -C=C-(CR*R*),-R*; wherein
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each R% is independently selected from the group consisting of H, a (C1-Ce)alkyl and a (C3-
Cs)cycloalkyl;

R* is selected from the group consisting of heterocyelyl, -NR)-C(0)-NR*)R®), NR)-
CENR)R®), -NR*)-C(0)-OR*, NR)-C(O)-CHz)R®, -N(R")-SOR, -
(CH2):NRR®, -(CH;),OR*, -(CHz)»SR™, -(CH,),S(O)R®, -(CH,),S(O):R™, -
OC(O)R¥, -OC(O)OR™, -C(O)NR*'R*¢, heteroary! optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C;-Ce)alkoxy, -
NO;, (Cy-Cs)alkyl, -CN, -SO,R* and -(CH,),NR*R®', and aryl optionally substituted
with one or more substituents selected from the group consisting of halo, -CF;, (C;-
Cs)alkoxy, -NOy, (C;-Ce)alkyl, -CN, -SO;R*™ and -(CH,),NR*’R®;

R*7 and R* are independently selected from the group consisting of H, (C-Ce)alkyl, (C;-
Cg)cycloalkyl, heterocyelyl, -(CHz).NRR®, (CH,),OR’®, (CH;),C(O)R?, -C(O).R*,
~-(CHR)uSR®, «(CH,S(O)R™, -(CH2)1S(0):R*, «(CH2):R*, (CH,),CN, aryl optionally
substituted with one or more substituents selected from the group consisting of halo, -
CF;, (C(-Cg)alkoxy, -NO2, (C-Cg)alkyl, -CN, ~(CH,),OR*, -(CH,)heterocyclyl, -
(CHjy),heteroaryl, -SO,R*® and -(CHz)nNRSORS ! and heteroaryl optionally substituted
with one or more substituents selected from the group consisting of halo, ~CF3, (C-
Cs)alkoxy, -NO,, (Ci-Ce)alkyl, -CN, -(CH3),OR*, -(CH,),heterocyclyl, -
(CHa)qheteroaryl, -SO,R*® and -(CH,).NR*R’!, or

R* and R*, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring;

R* is selected from the group consisting of (C1-Ce)alkyl, (C3-Cs)cycloalkyl, heterocyclyl(C;-
Ce)alkylene, aryl(C,-Cg)alkylene wherein the aryl is optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C-Ce)alkoxy, -
NO;, (C,-Ce)alkyl, -CN, -SO,R* and -(CHz),NR*'R*!, heteroaryl(C,-Cs)alkylene
wherein the heteroaryl is optionally substituted with one or more substituents selected
from the group consisting of halo, -CF3, (C,-Ce)alkoxy, -NO3, (C,-Ce)alkyl, -CN, -
SO,R* and -(CHz)nNRSDR”, aryl optionally substituted with one or more substituents
selected from the group consisting of halo, -CF3, (C,-Cg)alkoxy, -NOa, (C,-Ce)alkyl, -
CN, -SO;R* and -(CH,),.NR*R"!, and heteroaryl optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C-Ce)alkoxy, -
NO,, (C1-Cs)alkyl, -CN, -SO,R® and -(CH,),NR*R’';

R* and R®' are independently selected from the group consisting of H, (C;-Cé)alkyl, (C3-
Cg)cycloalkyl and -C(O)R*, or
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R¥and R, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring,

{0092]  In a preferred embodiment of the compounds according to the present invention,

R* is selected from the group consisting of -N(R*")-C(0)-NR*HR™®), -NR*)-C(0)-(CH),~
R* and -(CH,):.NRR*; wherein

R¥ and R are independently selected from the group consisting of H, (C1-Ce)alkyl, (Cs-
Cs)cycloalkyl, heterocyclyl, -(CH2).NR¥R®!, -(CH,),OR?", -(CH2):S(0):R* and -
(CHp):CN, or R and R®, together with the atom to which they are attached, form a 3-8
membered carbo- or hetero-cyclic ring; and

R* and R®! are independently selected from the group consisting of H and (C;-Cs)alkyl, or R*
and R*, together with the atom to which they are attached, form a 3-8 membered carbo-
or hetero-cyclic ring.

J0093] In a preferred embodiment of the compounds according to the present invention, R!

is selected from the group consisting of
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[0094] In apreferred embodiment of the compounds according to the present invention, D

is defined by the group R?, wherein R? is defined by -(Z'")~(Z')m-(Z"*)m1, Wherein

ZWis heterocyclyl, when m and m1 are 0, or heterocyclylene, when either m or ml are 1;

Z'? is selected from the group consisting of OC(0), OC(S) and C(O);

Z" is selected from the group consisting of heterocyclyl, aralkyl, N(EDR, (C,~Cz)alkyl, -
OR™, halo, S(0):R’, (C;~Cs)hydroxyalky! and (C,-Cs)haloalky};

misOorl;

mlisOorl;

R*? is selected from the group consisting of H, -(CHy)¢S(0)R*, -(C1-Cs) alkyl- NR*R%, (C;-
Cs)alkyl, (CH;);OR®, -C(O)R* and -C(O)OR*;

qis0,1,2,30r4;

each R™ is independently (C,-Cs)alkyl;

R* is (C,-Cs)alkyl or N(H)R*; and

R*® is selected from the group consisting of NHj, (C;-Cs)alkyl and OR™,

[0095]  In a preferred embodiment of the compounds according to the present invention, AL

is a heterocyclyl and m and m1 are each 0.

[0096]  In a preferred embodiment of the compounds according to the present invention, Z''

is a heterocyclyl and m is 0 and n is 0, where the heterocyclyl group is selected from the group

consisting of
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Qj{, H@j{, ﬁql HO\{;} Er!l/:, and

[0097]  In apreferred embodiment of the compounds according to the present invention, Z'*
is heterocyclylene, Z'? is OC(Q), m is I, m1 is 1 and Z'? is heteracyclyl.

[0098] In a preferred embodiment of the compounds according to the present invention, Z!!

is
¥ Y
e
Z'2is OC(Q), and

ZRis

0
N or
Z" is N(H)R®, wherein R* is (Cy-Ca)alkyL.
[0099]  In apreferred embodiment of the compounds according to the present invention Z'!
is heterocyclylene, Z'? is C(O) and mis 1, m1 is 1 and Z'? is (C;-Cs)haloalkyl.

[0100] In a preferred embodiment of the compounds according to the present invention, z"

¢ o,
<L
2'%is C(0), and

2" is (C,-Cs)haloalkyl, preferably -CFs,

[0101]  In a preferred embodiment of the compounds according to the present invention, Z''

1S

?

is heterocyclylene, m is 0, m1 is 1 and Z" is heterocyclyl.
[0102]  In apreferred embodiment of the compounds according to the present invention, Z'!

is

o

NNy ,of

2" is (C,-Cs)alkyl, or
Z%is -0H, or
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Z1 is -OR™, wherein R* is (C,-Cy)alkyl, preferably -CH; or

Z" is halo, preferably -F, or

Z is (C)-Cs)hydroxyalkyl, preferably -CH;OH.

[0103] In a preferred embodiment of the compounds according to the present invention,
R is selected from the group consisting of

\n o™
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[0104] In a preferred embodiment of the compounds according to the present invention
wherein D is defined by the group R?', the heterocyclic or heterocyclyl group is optionally
substituted with a substituent selected from the group consisting of (C,-Cg)alkyl, (C;-
Ce)alkoxy, (Ci-Cealkylsufanyl, (C,-Ce)alkylsulfenyl, (C;-Cg)alkylsulfonyl, oxo, hydroxyl,
mercapto, amino optionally substituted by alkyl, carboxy, carbamoyl optionally substituted
by alkyl, alkylcarboxyamide, carboxyamide, aminosulfonyl optionally substituted by alkyl,
ureido, aryluréa, arylthiourea, alkylurea, cycloalkylurea, sulfonylurea, nitro, cyano, halo,
aryl, aralkyl, heteroaryl and (C;-Cg)perfluoroalkyl. Such a ring may be optionally fused to
one or more other “heterocyclic” nng or cycloalkyl ring. Preferred examples of
“heterocyclic” moieties include, but are not limited to, tetrahydrofuranyl, pyranyl, 1,4-
dioxaneyl, 1,3-dioxanyl, piperidinyl, piperazinyl, 2,4-piperazinedionyl, pyrrolidinyl,
pyrrolidinon-2-yl, pyrrolidinon-3-yl, pyrrolidinon-4-yl, pyrrolidinon-5-yl, imidazolidinyl,
pyrazolidinyl, morpholinyl, thiomorpholinyl, tetrahydrothiopyranyl, tetrahydrothiophenyl,
and the like

[0105] In a preferred embodiment of the compounds according to the present invention
wherein D is defined by the group R*, the heterocyclylene group is optionally substituted
with substituents selected from the group consisting of (C,-Cg)alkyl, (C,-Cg)alkoxy, (C;-
Cglalkylsufanyl, (C;-Cg)alkylsulfenyl, (C,-Cg)alkylsulfonyl, oxo, hydroxyl, mercapto, amino
optionally substituted by alkyl, carboxy, carbamoyl optionally substituted by alkyl,
alkylcarbox yamide, carboxyamide, aminosulfonyl optionally substituted by alkyl, ureido,
arylurea, arylthiourea, alkylurea, cycloalkylurea, sulfonylurea, nitro, cyano, halo and (C-
Ce)perfluoroalkyl, multiple degrees of substitution being allowed. Such a nng may be
optionally fused to one or more benzene rings or to one or more of another “heterocyclic”
rings or cycloalkyl rings. Preferred examples of “heterocyclylene” include, but are not
limited to, tetrahydrofuran-2,5-diyl, morpholine-2,3-diyl, pyran-2,4-diyl, |,4-dioxane-2,3-
diyl, 1,3-dioxane-2,4-diyl, piperidine-2,4-diyl, piperidine-1,4-diyl, pyrrolidine-1,3-diyl,
pyrrolidinon-2,3-diyl, pyrrolidinon-2,4-diyl, pyrrolidinon-2,5-diyl, pyrrolidinon-3,4-diyl,
pyrrolidinon-3,5-diyl, pyrrolidinon-4,5-diyl, morpholine-2,4-diyl, and the like.

[0106] In a preferred embodiment of the present invention, D is selected from the group

consisting of
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[0107]  In a preferred embodiment of the compounds according to the present invention, Z
is selected from the group consisting of -O-, -S-, -S(O)p2 and -NR-, wherein R? is selected

from the group consisting of H, an optionally substituted (C,-Cs)acyl and C;-Cs alkyl-O-C(O),
wherein C,-Cg alkyl is optionally substituted.

[0108]  In a preferred embodiment of the compounds according to the present invention, Z

is -O-,

[0109]  Tn a preferred embodiment of the compounds according to the present invention, Ar

is a group of the formula C,

wherein,

A 4-.Aﬁw/
PN

R%)q

A%, A®, A® and A’ are independently selected from the group consisting of N and -CH;-, with
the proviso that no more than two of A%, A%, A% and A” can be N;
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R? at each occurrence is independently selected from the group consisting of -H, halogen,
trihalomethyl, -CN, -NO,, -NH,, -OR?, -NR’R", -5(0).5R?, -S(0):NR’R?, -C(O)OR?, -
CONR'R?, NR)SOR?, NR)C(O)R?, -NR*CO:R?, -C(O)R®, C,-Cs alkoxy, C1-Cs
alkylthio, -O(CHyp)naryl, -O(CHy)qheteroaryl, -(CHz)gs(aryl), -(CHa)o.s(heteroaryl), Cy-Cs
alkyl, Co-C¢ alkenyl, C,-Cs alkynyl, -CHz(CHa)o4-T?, wherein T2 is selected from the
group consisting of -OH, -OMe, -OFEt, -NH,, -NHMe, -NMe,, -NHEt and -NEt,, and

wherein the aryl, heteroaryl, C;-Cs alkyl, Cz-Cs alkenyl, and C;-Cs alkyny] are optionally
substituted; and

R? selected from the group consisting of -H and R*;

R* is selected from the group consisting of a (Cy-Cg)alkyl, an aryl, a lower arylalkyl, a

heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or

R* and R, taken together with a common nitrogen to which they are attached, form an

optionally substituted five- to seven-membered heterocyclyl, which optionally contains at
least one additional annular hteroatom selected from the group consisting of N, O, S and
P; and

q is an integer from 0 to 4.

[0110]  In a preferred embodiment of the compounds according to the present invention, Ar

is selected from the group consisting of phenyl, pyrazine, pyridazine, pryimidine and pyridine,

wherein each of said phenyl, pyrazine, pyridazine, pryimidine and pyridine are optionally

substituted with between zero and four R,

[0111] In a preferred embodiment of the compounds according to the present invention, Ar

is phenyl, optionally substituted with between zero and four R

[0112] In a preferred embodiment of the compounds according to the present invention, Ar

is phenyl, substituted with between zero and four halo.

[0113]  In a preferred embodiment of the compounds according to the present invention, G

is a group B-L-T, wherein

B is selected from the group consisting of absent, -N(R'?)-, -N(SO,R'®)-, -O-, -§(O)o.» and -
C(=0)

L is selected from the group consisting of absent, -C(=S)NR?)-, -CENR")NR)-, -
SONRY)-, -80;-, -C(=O)NR®)-, -NR')-, ~C(=0)C}.2alky-NR®)-, -NR'*)C,.
Lalkyl-C(=0)-, ~C(=0)Coalkyl-C(=0)N(R*)-, -Cy.qalkylene, -C(=0)Cy.ialkyl-
C(=0)OR>., -C(=NR")-Cg.alkyl-C(=0)-, -C(=0)-, -C(=0)Co-1alkyl-C(=0)- and an
optionally substituted four to six-membered heterocyclyl containing between one and

three annular heteroatoms including at least one nitrogen, wherein an alkyl of the
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aforementioned L groups is optionally independently substituted with one or two of H,
(Ci-Ce)alkyl, halo, cyano or nitro, wherein the (C;-Cg)alkyl is optionally substituted;
and

T is selected from the group consisting of -H, -R", -Cg_alkyl, -Co4alkyl-Q, -O-Coalkyl-Q, -

Coalkyl-0-Q, -NR"’)Co.alkyl-Q, -S0,Calkyl-Q, -C(=0)Coalkyl-Q, -Coalkyl-
NR)Q and -C(=0)N(R'*)-Co.alkyl-Q, wherein each Coalkyl is optionally
substituted;

R" is selected from the group consisting of -H,-CN, -NO,, -NHj, -OR?, -NR’R*, -S(0)..R>, -
S(O)NR’R?, -C(O)OR?, -C(O)NR’R?, -N(R})SO:R?, -NR*)C(O)R?, -N(R*)CO,R?, -
C(O)R’, -C(0)SR?, C1-C alkoxy, Ci~C4 alkylthio, -O(CHz)aaryl, -O(CH)qheteroaryl, -
(CHa)p.s(aryl), -(CHz)p-s(heteroaryl), C-Cs alkyl, C,-Cs alkenyl, C>-Cs alkynyl, -
CH2(CH;)o.4-T?, an optionally substituted C 4 alkylcarbonyl, and a saturated or
unsaturated three- to seven-membered carboxyclic or heterocyclic group, wherein T2 is
selected from the group consisting of -OH, -OMe, -OEt, -NH>, -NHMe, -NMe;,, -NHEt
and -NEt,, and wherein the aryl, heteroaryl, C;-Cs alkyl, C;-Cs alkenyl, and C5-Cs
alkynyl are optionally substituted;

two R™, together with the atom or atoms to which they are attached, can combine to form a

heteroalicyclic optionally substituted with between one and four of R®, wherein the
heteroalicyclic can have up to four annular heteroatoms, and the heteroalicyclic can
have an aryl or heteroary! fused thereto, in which case the aryl or heteroaryl is
optionally substituted with an additional one to four of R®’;

R is selected from the group -H, -NOy, -NH;, -NR*)RY, -CN, -OR?, an optionally substituted

' (C,-Cs)alkyl, an optionally substituted heteroalicyclylalkyl, an optionally substituted
aryl, an optionally substituted arylalkyl and an optionally substituted heteroalicyclic,

each R is independently selected from the group consisting of -H and R*;

R* is selected from the group consisting of a (C-Ce)alkyl, an aryl, a lower arylalkyl, a

heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or
R® and R*, taken together with a common nitrogen to which they are attached, form an
optionally substituted five- to seven-membered heterocyclyl, the optionally substituted
five- to seven-membered heterocyclyl optionally containing at least one additional
annular heteroatom selected from the group consisting of N, O, S and P;

R js selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH,, -
OR?, -NR’R*, -§(0),.2R?, -SONR’R?, -COzR?, -C(O)NR’R?, -N(R*)SO.R?, -
NR*)C(O)R?, -N(R*CO;R?, -C(O)R?, an optionally substituted (C;-Cg)alkyl, an



optionally substituted aryl, an optionally substituted heteroarylalkyl and an optionally
substituted arylalkyl;
two R®, when attached to a non-aromatic carbon, can be 0xo;
Q is a five- to ten-membered ring system, optionally substituted with between zero and four of
R*; and
R? is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH;, -
OR?, -OCF3, -NR?R*, -8(0).2R?, -S(0),NR’R?, -C(O)OR?, -C(O)NR3R3, NR)SO,R?,
NR*C(O)R?, -NR)C(O)OR?, -C(O)R?, -C(0)SR?, C,-C,4 alkoxy, Ci-Cy alkylthio, -
O(CHy)paryl, -O(CHy)yheteroaryl, -(CHa)o-s(aryl), -(CHy)o-sCheteroaryl), C;-Cg alkyl, C,-
Cs¢ alkenyl, C;-Cy¢ alkynyl, -CHZ(CHZ)(H-TZ, an optionally substituted C4 alkylcarbonyl,
C1.4 alkoxy, an amino optionally substituted by C,.4 alkyl, wherein the C,.4 alkyl may be

optionally substituted by C,.4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T? is selected from the group
consisting of -OH, -OMe, -QFEt, -NH,, -NHMe, -NMe;,, -NHEt and -NEt,, and wherein
the aryl, heteroaryl, C,-Cs alkyl, C;-Cs alkenyl, and C;-C¢ alkynyl are optionally
substituted.

[0114] In a preferred embodiment of the compounds according to the present invention, G

is selected from the group consisting of

F R1? R™1
R‘3 R13 ! ! 0-3 ;
E/N\“/N Q )12
N N O N.__N
ﬁ‘l Y \ﬁ/ \ L.11/ j]/ ~—~Q
RM > RM H) 0 >
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wherein R, RY, Q and R? are as defined above;

any methylene group is independently optionally substituted with R?®, wherein

R® is selected from the group consisting of halogen, trihalomethyl, -CN, -NO,, -NH>, OR’, -
NR’R?, -8(0)92R?, -SO;NRR?, -CO;R?, -C(OINR’R?, -NRHSO,R?, -NR*)C(O)R?, -
N(RJ)C02R3, -C(O)Rj, an optionally substituted aryl, an optionally substituted arylalkyl,
an optionally substituted heteroarylalkyl, and an optionally substituted (C,-Cg)alkyl,

two R, together with the carbon or carbons to which they are attached, can combine to form a
three- to seven-membered alicyclic or heteroalicyclic, and

two RZS, on a single carbon can be oxo;

R? is selected from the group consisting of a C;4 alkyl on which one or more hydrogen atoms
are optionally substituted by -R**, -T1-R", or NR'"*R", a -NR'*)(R'?) moicty and a
saturated or unsaturated three- to eight-membered carbocyclic or heterocyclic group
which is optionally substituted by a C.¢ alkyl, a C.¢ alkoxy, a halogen atom, nitro, a
trifluoromethyl, a Ci.¢ alkoxy carbonyl, cyano, a cyano Ci alkyl, a C; alkylthio, a
phenoxy, an acetyl, or a saturated or unsaturated five- or six-membered heterocyclyl ring
wherein, when the three- to eight-membered carbocyclic or heterocyclic group is
substituted by two Cy.4 alkyl groups, the two alkyl groups may combine together to form
an alkylene chain, or the three- to eight-membered carbocyclic or heterocyclic group may
be a bicyclic group condensed with another saturated or unsaturated three- to eight-
membered carbocyclic or heterocyclic group,

wherein

T! is selected from the group consisting of -O-, -8- and -NH-;

R represents a saturated or unsaturated three- to eight-membered carbocyclic or heterocyclic
group;

R R, and R, which may be the same or different, represent a C, alkyl or a saturated or
unsaturated three- to eight-membered carbocyclic or heterocyclic group; wherein the
three- to eight-membered carbocyclic or heterocyclic group represented by R%, R', RS,
and R is optionally substituted by a Cy.¢ alkyl, a C,.6 alkoxy, a halogen atom, nitro, a
trifluoromethyl, a Ci.¢ alkoxy carbonyl, a cyano, a cyano C,.¢ alkyl, a Cy.¢ alkylthio, a
phenoxy, an acetyl, or a saturated or unsaturated five- or six-membered heterocyclyl ring;

and wherein when the three- to eight-membered carbocyclic or heterocyclic group is
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substituted by two Cy.¢ alkyl groups, the two alkyl groups may combine together to form
an alkylene chain; and wherein the three- to eight-membered carbocyclic or heterocyclic
group may be a bicyclic group condensed with another saturated or unsaturated three- to
eight-membered carbocyclic or heterocyclic group; and

R'*and R', which may be the same or different, represent (1) a hydrogen atom, (2) a C,.¢ alkyl
which is optionally substituted by a C, alkoxy, a C,.6 alkylthio, or a saturated or
unsaturated three- to eight-membered carbocyclic or heterocyclic group in which the
three- to eight-membered carbocyclic or heterocyclic group is optionally substituted by a
Ci.s alkyl, a Cy¢ alkoxy, a halogen atom, nitro, a trifluoromethyl, a C, alkoxy carbonyl,
cyano, a cyano C,.¢ alkyl, a Cy.6 alkylthio, a phenoxy, an acetyl, or a saturated or
unsaturated five- or six-membered heterocyclyl ring and wherein when the three- to
eight-membered carbocyclic or heterocyclic group is substituted by two Cy alkyl
groups, the two alkyl groups may combine together to form an alkylene chain, or the
three- to eight-membered carbocyclic or heterocyclic group may be a bicyclic group
condensed with another saturated or unsaturated three- to eight-membered carbocyclic or
heterocyclic group, or (3) a saturated or unsaturated three- to eight-membered
carbocyclic or heterocyclic group which is optionally substituted by a C16 alkyl, a Cy6
alkoxy, a halogen atom, nitro, a trifluoromethyl, a C,.¢ alkoxy carbonyl, cyano, a cyano
C.¢ alkyl, a Cs alkylthio, a phenoxy, an acetyl, or a saturated or unsaturated five- or six-
membered heterocyclyl ring and in which, when the three to eight-membered carbocyclic
or heterocyclic group is substituted by two Cy.s alkyl groups, the two alkyl groups may
combine together to form an alkylene chain, or the three- to eight-membered carbocyclic
or heterocyclic group may be a bicyclic group condensed with another saturated or
unsaturated three- to eight-membered carbocyclic or heterocyclic group;

X and X' are each independently selected from the group consisting of -H, halogen, cyano,
nitro, C,-Cs alkyl, or

X and X' together with the atom to which they are attached form a Cs-C, cycloalkyl;

E is selected from the group consisting of -O-, -N(R")-, -CH,- and -S(O)o.2-; '

M is selected from the group consisting of -O-, NR"®)-, -CHz- and -CEOINRPY;

M! represents -CR%)(R")-, wherein

R% and R* are independently selected from the group consisting of a hydrogen atom, a Ci4
alkyl, a C14 alkoxy and -N(R'?), wherein

R2isa hydrogen atom or a C,4 alkyl; and

each V is independently selected from the group consisting of =N- and =C(H)-.
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[0115]  In a preferred embodiment of the compounds according to the present invention, G
is selected from the group consisting of
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[0116] In a preferred embodiment of the compounds according to the present invention, the

optionally substituted alkyl group represented by R’ preferably represents -(CHz)p-R%, -
(CH)p-T-R", or (CHz)p-NR'“R'” wherein p is an integer of 1 to 6 and R*, R'*, R', and R"’

are as defined above.

[0117]  In apreferred embodiment of the compounds according to the present invention in -

N(R'®XR'®) represented by R®, preferably, R'® represents a hydrogen atom or C; alkyl, and

R" represents C. alkyl which is optionally substituted by an optionally substituted saturated

or unsaturated five- or six-membered carbocyclic or heterocyclic group; or an optionally

substituted saturated or unsaturated five- or six-membered carbocyclic or heterocyclic group.

[0118] 1n a preferred embodiment of the compounds according to the present invention,

preferred examples of R include, but are not limited to, benzyl, fluorobenzyl, difluorobenzyl,

chlorobenzyl, methylbenzyl, methoxybenzyl, aniline, fluoroanilino, difluoreanilino,

chloroanilino, methylanilino, methoxyanilino, naphthyl, thienyl-2-yl-methyl, and thienyl-3-yl-

methyl.
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[0119]  Ina preferred embodiment of the compounds according to the present invention,
examples of R'” include phenyl, fluorophenyl, difluorophenyl, chlorophenyl, methylphenyl,
methoxyphenyl, pyridy}, isoxazolyl and quinolyl,

[0120]  Ina preferred embodiment of the compounds according to the present invention, G
is selected from the group consisting of:
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OR?® , \

wherein each methylene in any of the above formulae, other than those in a depicted ring, is

independently optionally substituted with R%;

R% is selected from the group consisting of halogen, trihalomethyl, -CN, -NO,, -NHa, -ORJ, -
NRIRY, -8(0)02R?, -SONRPR?, -CO:R?, -C(OINR’R?, -NR)S0,R?, -NR)C(O)R?, -
NR*CO,R?, -C(O)R?, an optionally substituted aryl, an optionally substituted arylalkyl,
an optionally substituted heteroarylalkyl, and an optionally substituted (C;-Cg)alkyl,

two R*, together with the carbon or carbons to which they are attached, can combine to form a
three- to seven-membered alicyclic or heteroalicyclic;

R’ is -H or an optionally substituted (Ci-Cg)alkyl,

R is an azolyl, wherein one or more hydrogen atoms are optionally substituted by a moiety
selected from the group consisting of a halogen, Ci4 alkyl, C;4 alkoxy, C,4 alkylthio,
trihalomethyl, nitro, amino optionally independently substituted by one or two of Cj.4
alkyl, a C;4 alkoxycarbonyl C,4 alkyl, a C14 alkylcarbony! and a Cs.s5 cyclic alkyl;

X and X' are independently selected from the group consisting of -H, halogen, cyano, nitro, C)-
Cs alkyl, or

X and X" taken together with the atom to which they are attached, form a C;3-Cy cycloalkyl;

E is selected from the group consisting of -O-, -N(R'?)-, -CHa- and -S(0)¢.,-.

[0121])  In a preferred embodiment of the compounds according to the present invention, a

methylene group between two carbonyl groups is mono- or di-substituted with either an

optionally substituted (C;-Cg)alkyl or an optionally substituted spirocycle.

[0122] In a preferred embodiment of the compounds according to the present invention,

RY is selected from the group consisting of

R23 R23 F Aa R22
\(S/Rzz WRzz Wj /

\S z

N—AB AS-N R# and

H 3
i A® g2z |

\« T

NN
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wherein A% is selected from the group consisting of —-0-, -S- and -NH-; and

R* and R* are independently selected from the group consisting of -H, halogen, C,.4 alkyl, Cy.
4 alkoxy, C)4 alkylthio, trihalomethyl, nitro, amino optionally independently substituted
by one or two of Cy4 alkyl, a Ci.4 alkoxycarbonyl C,.4 alkyl, a C,4 alkylcarbony! and a
Ci.5 cyclic alkyl.

[0123]  In a preferred embodiment of the compounds according to the present invention,

R'"%is an optionally substituted azolyl selected from the group consisting of imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,3,4-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,4-oxadiazolyl, and 1,3,4-oxadiazolyl.

[0124) In a preferred embodiment of the compounds according to the present invention, Q

is selected from the group consisting of
2 A(RP)0,
_(RZO) A
E’@:\J 04, and ( &\—N/)

wherein P! is a five- to seven-membered ring, including the two shared carbon atoms of the

_./(RZO)D_4

A\ 7

? P

aromatic ring to which P! is fused, and wherein P' optionally contains between one and three
heteroatoms.
[0125] In a preferred embodiment of the compounds according to the present invention, Q
is selected from the group consisting of phenyl, napthyl, 1,2, 3,4-tetrahydronaphthyl, indanyl,
benzodioxanyl, benzofuranyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroisoquinolyl,
pyrrolyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl,tetrahydropyridinyl,
“pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolinyl, oxazolidinyl, triazolyl,
isoxazolyl, isoxazolidinyl, thiazolyl, thiazolinyl, thiazolidinyl, isothiazolyl, isothiazolidinyl,
indolyl, isoindolyl, indolinyl, isoindolinyl, octahydroindolyl, octahydroisoindolyl, quinolyl,
isoquinolyl, benzimidazolyl, thiadiazolyl, benzopyranyl, benzothiazolyl, benzoxazolyl, furyl,
thienyl, benzothieliyl, and oxadiazolyl; each optionally substituted with between one and four
of R?°, wherein
each R is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NHz,
-OR’, -OCF;, -NR'RY, -8(0)2R?, -S(0):NR’R?, -C(0)OR?, -C(0)NR’R’, -N(R*)SO;R’,
NRHC(O)R?, -NRHC(0)OR?, -C(OR?, -C(0)SR?, C;-C;4 alkoxy, Cy-C4 alkylthio, -
O(CHy)aryl, -O(CHa)pheteroaryl, -(CHz)os(aryl), -(CHs)e-s(heteroaryl), C;-Cg alkyl, C,-
Cs alkenyl, C;-Cg alkynyl, -CHz(CH2)0.4-T2, an optionally substituted C;4 alkylcarbonyl,
C1.4 alkoxy, an amino optionally substituted by C;4 alkyl, wherein the C;.4 alkyl may be
optionally substituted by Ci.4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T is selected from the group

consisting of -OH, -OMe, -
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OEt, -NH,, -NHMe, -NMe,, -NHEt and -NEt,, and wherein the aryl, heteroaryl, C;-Cs
alkyl, C»-Cs alkenyl, and C-Cs alkynyl are optionally substituted.
[0126]  In apreferred embodiment of the compounds according to the present invention, the
compounds are represented by the formulas A-1 and B-1;

LA A
2 RZO
R 20

R
R2

(@)
g
D—<>\3 \Nﬁ A_1
2
I Tl)QX;erG Re?
J@VR
See
<L ¥ B-1

and pharmaceutically acceptable salts and complexes thereof, wherein

D is selected from the group consisting of R’, R' and R*, wherein

R’ is selected from the group consisting of -H, halogen, nitro, azido, C;-Cs alkyl, Cs-Cyo
cycloalkyl, -C(O)NRR®, -Y-NR*R*, -NR¥C(=0)R**, -SO,R*, -SO,;NR*R*, -
NR37SOzR42, -NR37SOZNR42R43, -C(=N-OR42)R43, -C(=N'R42)R43, -NR37C(=NR42)R43, _
C(ENRPNRYR®, -NRYC(=NR*)NRTR*, -C(O)R*, -CO,R*, -C(O)(heterocyclyl), -
C(OXCs-C\g aryl), -C(O)(heteroaryl), -Y-(Cq-Cyg aryl), -Y -(heteroaryl), -Y-(5-10
membered heterocyclyl), NR®R®, -NR*SO,R®, NR®C(O)R®’, -OC(O)R®, -
NR®C(O)OR®, -OC(O)NR®R®-OR®, -SR®, -S(O)R®, -SO,R®, -SO;R®, -
SO.NRER®, -SO,NR*?R*, -COR®, -CO,R®, -CONR®R®, -(C,-C4)fluoroalkyl, -(C,-
Ca)fluoroalkoxy, -(CZ3Z*),CN, wherein n is an integer ranging from 0 to 6, and the
aforementioned R’ groups other than -H and halogen are optionally substituted by 1 to 5
R*, or R is a moiety selected from the group consisting of (CZ*Zs)s-aryl, (CZ*Z*),-
heterocycle, (Ca-Cs)alkynyl, -(CZ3Z*),-(C3-Cs)eyeloatkyl, -(CZ°Z*).-(Cs-
Ce)eycloalkenyl, (C2-Cg) alkenyl and (C‘-C6)alkyl, wherein said moiety is optionally
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substituted with 1 to 3 independently selected Y2 groups, where a is 0,1, 2, or 3, and
wherein when a is 2 or 3, the C2*Z* units may be the same or different; wherein

each R% and R® is independently selected from the group consisting of hydrogen and a moiety
selected from the group consisting of -(CZ°Z°),~(C3-Cs)cycloalkyl, -(CZ°Z),-(Cs-
Ca)cyclpalkenyl, -(CZszﬁ)u-aryl, «(Cz? ZG)u-heterocycle, (C-Ce)alkenyl, and (C;-
Ce)alkyl, wherein said moiety is optionally substituted with 1 to 3 independently selected
Y* groups, where u is 0,1, 2, or 3, and wherein when u is 2 or 3, the CZ°ZS units may be
the same or different, or

R and R® taken together with adjacent atoms form a heterocycle;

each Z*, Z*, Z° and Z° is independently selected from the group consisting of H, F and (C,-
Ce)alkyl, or

each Z* and Z°, or Z° and Z° are selected together to form a carbocycle, or

two Z3 groups on adjacent carbon atoms are selected together to optionally form a carbocycle;

each Y2 and Y’ is independently selected from the group consisting of halogen, cyano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino, azido, -C(0)Z’, -OC(O)NH, -OC(O)
NHZ’, -OC(O)NZ’ZE, -NHC(0)Z’, -NHC(O)NH,, -NHC(O)NHZ’, -NHC(O)NZ'Z?, -
C(O)OH, -C(0)0Z’, -C(0)NH,, -C(O)NHZ',-C(O)NZ'Z?, -P(O)sHy, -P(O)(Z")z, -
S(O):H, -S(0)Z7, -S(0),Z", -S(0):27, -Z7, -0Z’, -OH, -NH,, -NHZ, -NZ"Z?, -
C(=NH)NH,,-C(=NOH)NH,, -N-morpholino, (C;-Cs)alkenyl, (C;-Cg)alkynyl, (C,-
Ce)haloalkyl, (C2-Ce)haloglkenyl, (C,-Ce)haloalkynyl, (C;-Ce)haloalkoxy, -
(CZ°Z')NH,, -(CZ°Z')NHZ3, -(CZ°Z')NZ'Z8, -X8(CZ°Z%),-(C3-Cs)cycloalkyl, -
X(CZ°Z'%-(Cs-Cs)eycloalkenyl, -X8(CZ°Z'%)-aryl and -X8(CZ°Z'%)-heterocycle,
wherein

risl,2,3or4;

X6 is selected from the group consisting of O, S, NH, -C(O)-, -C(O)NH-, -C(0)O-, -S(O)-, -
S(O),- and -S(0)s-;

Z" and Z® are independently selected from the group consisting of an alkyl of 1 to 12 carbon
atoms, an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of § to 8 carbon atoms, an aryl of 6 to
14 carbon atoms, a heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to 15 carbon atoms,
and a heteroaralkyl of 5 to 14 ring atoms, or

Z" and Z® together may optionally form a heterocycle;

Z° and Z'° are independently selected from the group consisting of H, F, a (C;-C2)alkyl, a (Cs-
Cia)aryl, a (Cs-Cs)heteroaryl, a (C;-Cis)aralky] and a (Cs-Ci4)heteroaralkyl, or
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27 and Z" are taken together form a carbocycle, or

two Z° groups on adjacent carbon atoms are taken together to form a carbocycle; or

any two Y2orY? groups attached to adjacent carbon atoms may be taken together to be -
O[C(Z*(Z'%]:0 or -O[C(Z°)Z'%)}1, or

any two Y? or Y° groups attached to the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and wherein

any of the above-mentioned substituents comprising a CH; (methyl), CH; (methylene), or CH
(methine) group which is not attached to a halogen, SO or SO; grouporto aN, O or S
atom optionally bears on said group a substituent selected from hydroxy, halogen, (C)-
Ca)alkyl, (C;-Cq)alkoxy and an -N[(C;-Cy)alkyl][(C-Ca)alkyl];

R' is -C=CH or -C=C-(CR*R*),-R*;

each R* is independently selected from the group consisting of H, a (C;-Ce)alkyl and a (Cs-
Cs)cycloalkyl;

R* is selected from the group consisting of heterocyclyl, -N(R")—C(O)—N(R“)(R“), -N(R'”)—
C(S)-NR)R™), -NR")-C(0)-OR*, -N(R")-C(0)-(CH2)»-R*, -NR*)-SO,R?, -
(CH3),NR'R*, {(CH,),0R*, -(CH,)sSR*, (CH,),S(O)R*, (CH,),S(O);R®, -
OC(O)R*, -OC(0)OR*, -C(O)NR*'R*, heteroary] optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C|-Cs)alkoxy, -NO3,
(C)-Co)alkyl, -CN, -SO,R* and (CH;),NR*’R’', and aryl optionally substituted with one
or more substituents selected from the group consisting of halo, -CF3, (C;-Cealkoxy, -
NO,, (Ci-Cs)alkyl, -CN, -SO;R* and -(CH,),NR*R*;

R*" and R* are independently selected from the group consisting of H, (C;-Ce)alkyl, (C3-
Cy)cycloalkyl, heterocyclyl, (CHz)NR**R®!, -(CH2),OR™, -(CH,),C(O)R*, -C(O).R®, -
(CH2)sSR*, -(CH2),S(O)R*, -(CH2)sS(0)2R*, -(CH2):R¥, -(CH,).CN, aryl optionally
substituted with one or more substituents selected from the group consisting of halo, -
CF;, (Ci-Cs)alkoxy, -NO,, (C1-Cg)alkyl, -CN, -(CHz)nOR49, ~(CHj)pheterocyclyl, -
(CHa)sheteroaryl, -SO,R¥ and -(CH2),NR™R®, and heteroaryl optionally substituted
with one or more substituents selected from the group consisting of halo, -CF3, (C;-
Ce)alkoxy, -NO,, (Ci-Ce)alkyl, -CN, -(CHz)nOR‘w, -(CHp)sheterocyclyl, -
(CHp)sheteroaryl, -SO.R™ and -(CH,)NR¥R™, or

R*” and R*, together with the atom to which they are attached, form a 3-8 membered carbo- or
heterocyclic ring;

R* is selected from the group consisting of (C;-Ce)alkyl, (C3-Cg)cycloalkyl, heterocyclyl(C,-

Cs)alkylene, aryl(Cy-Cg)alkylene wherein the aryl is optionally substituted with one or
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more substituents selected from the group consisting of halo, -CF3, (C1-Ce)alkoxy, -NO,,
(Ci-Cealkyl, -CN, -SO,R* and -(CH,),NR™ R, heteroaryl(C;-Cs)alkylene wherein the
heteroaryl is optionally substituted with one or more substituents selected from the group
consisting of halo, -CF3, (Cy-Cg)alkoxy, -NO,, (C;-Ce)alkyl, -CN, -SO,R* and -
(CH,),NR*R!, aryl optionally substituted with one or more substituents selected from
the group consisting of halo, -CF3, (C1-Ce)alkoxy, -NO3, (C;-Cs)alkyl, -CN, -SO,R*® and
~(CH2),NR™R?", and heteroaryl optionally substituted with one or more substituents
selected from the group consisting of halo, -CF3, (C;-Ce)alkoxy, -NO2, (C1-Ce)alkyl, -
CN, -SO;R* and -(CH,).NR*R?';

R and R are independently selected from the group consisting of H, (Ci-Ce)alkyl, (Cs-
Cg)cycloalkyl and -C(O)R®, or

R*® and R”', together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring; and

R? is the group defined by -(Z'")(Z'?)m~(Z"*)ms, wWherein

zMis heterocyclyl, when m and m1 are 0, or heterocyclylene, when either m or m1 are 1;

Z'? is selected from the group consisting of OC(0), OC(S) and C(O);

Z'3 is selected from the group consisting of heterocyclyl, aralkyl, N(H)R*, (C;-Cs)alkyl, -
OR?, halo, S(O);R*, (C,-C3)hydroxyalkyl and (C,-Cs)haloalkyl;

misQOorl;

mlisOorl;

R is selected from the group consisting of H, -(CHz)qS(0)2R*, -(C1-Cs) alkyl- NR¥R® (C)-
C3)alkyl, -(CH,);OR%, -C(O)R** and -C(O)OR™;

qis0,1,2,3or4;

each R* is independently (C|-Cs)alkyl;

R* is (C)-Cs)alkyl or N(H)R;

R’ is selected from the group consisting of NH;, (C1-Cs)alkyl and OR%;

A' is selected from the group consisting of -CHy-, -O-, -S-, -N(H)-, -N(C;-Cs alkyl)-, -N-(Y-~
aryl)-, -N-OMe, -NCH,OMe and N-Bn;

Y is a bond or -(C(R'")(H)),-, wherein t is an integer from 1 to 6; and

R'! at each occurrence is independently selected from the group consisting of H and C;-Cs
alkyl, wherein the C;-Cs alkyl is optionally substituted;

A? is selected from the group consisting of N and CR, wherein R is selected from the group
consisting of -H, halogen, -CN, C,-C alkyl, C,-Cs alkenyl, and C,-Cg alkynyl, wherein
the C)-Cs alkyl, C2-Cs alkenyl, and C,-Cs alkynyl are optionally substituted;
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A® is selected from the group consisting of C-D and N;

R? at each occurrence is independently selected from the group consisting of -H, halogen,
trihalomethyl, -CN, -NO;, NI, -OR?, -NR’R?, -S(0)s2R?, -S(0):NR’R?, -C(0)OR?, -
C(O)NR’R’, -NRHSO,R?, -NRHC(OIR?, NR>CO2R?, -C(O)R?, C}-Cy4 alkoxy, C;-Cy
alkylthio, -O(CHy)naryl, ~-O(CHy)pheteroaryl, -(CH3)p.s(aryl), -(CHz)o-s(heteroaryl), C;1-Cg
alkyl, C;-C¢ alkenyl, C;-Cg alkynyl, -CHz(CH2)0.4-T2, wherein T? is selected from the
group consisting of -OH, -OMe, -OFEt, -NIH,, -NHMe, -NMe,, -NHEt and -NEt;, and
wherein the aryl, heteroaryl, C;-Cg alkyl, C,-Cs alkenyl, and C;-Cg alkynyl are optionally
substituted; and

each R’ is independently selected from the group consisting of -H and R

R* is selected from the group consisting of a (C;-Ce)alkyl, an aryl, a lower arylalkyl, a
heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or

R? and R, taken together with a common nitro gen to which they are attached, form an
optionally substituted five- to seven-membered heterocyclyl, which optionally contains at
least one additional annular hteroatom selected from the group consisting of N, O, S and
P; |

X and X' are each independently selected from the group consisting of -H, halogen, cyano,
nitro, C;-Cg alkyl, or

X and X! taken together with the atom to which they are attached, form a C;-Cy cycloélkyl;

bis0,1,2,30r4;

R is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH,, -
OR?, -OCF3, -NRRY, -8(0)0.2R?, -S(0),NR’R?, -C(0)OR?, -C(O)NR’R?, -N(R)SO,R?, -
NRHC(OIR?, -NRHC(0)OR?, -C(O)R?, -C(0)SR?, C;-Cy alkoxy, C;-Cy alkylthio, -
O(CHj)paryl, -O(CHz)sheteroaryl, -(CHa)os(aryl), -(CHa)o.s(heteroaryl), C1-Cg alkyl, C;-
Cg alkenyl, C,-Cs alkynyl, -CHa(CHy)o4-T2, an optionally substituted Cy.4 alkylcarbonyl,
C\4 alkoxy, an amino optionally substituted by C;.4 alkyl, wherein the Cy4 alkyl may be
optionally substituted by C;.4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T? is selected from the group
consisting of -OH, -OMe, -OEt, -NH,, -NHMe, -NMe,, -NHEt and -NEt,, and wherein
the aryl, heteroaryl, C;-Cg alkyl, C,-C¢ alkenyl, and C,-Cg¢ alkynyl are optionally
substituted;

[0127] In another preferred embodiment of the compounds according to the present

invention, D is defined by the group R, wherein R is selected from the group consisting of -H,

halogen, C;-Cg alkyl, ~-C(O)NR¥R*®, -C(0)(Cs-Co aryl), -C(O)(heterocyclyl), -

C(O)(heteroaryl), -Y-(C¢-C)o aryl), -Y-(5-10 membered heterocyclyl), -Y-(heteroaryl), -S-aryl,
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-8-C|-Cs alkyl, -8O-C)-Cs alkyl, -S0,-C;-Cs alkyl, -Y-NR*?R*, -SO,NR*R*® and -COR®,
wherein the aforementioned R’ groups other than -H and halogen are optionally substituted by
1to 5 R*.

[0128] In another preferred embodiment of the compounds according to the present
invention, D is defined by the group R’, wherein R’ is selected from the group consisting of -H,
-C(O)NR*R*, -Y~(Cs-Cy aryl), -Y-(heteroaryl), -C(O)(heterocyclyl) and -Y-NR*R®,
wherein the aforementioned R” groups other than -H are optionally substituted by 1to 5 R%,
[0129]  In another preferred embodiment of the compounds according to the present
invention, D is defined by the group R”, wherein R7 is selected from the group consisting of -H,
-C(O)NR¥R™, -Y-(C4-Cyo aryl), -Y-(heteroaryl), -C(O)(heterocyclyl) and -Y-NR*R®,
wherein the aforementioned R” groups other than -H are optionally substituted by 1 to 5 R*.
[0130]  In another preferred embodiment of the compounds according to the present
invention, D is defined by the group R’, wherein R is selected from the group consisting of -H,
-Y~(Ce-Cp aryl), - Y-(heteroaryl) and -C(O)(heterocyclyl), wherein the aforementioned R’
groups other than -H are optionally substituted by 1 to 5 R,

[0131]  Preferred compounds according to formulas A-1 and B-1 have groups as defined in
the preferred embodiments of the present invention.

[0132]  In preferred embodiment of the compounds according to the present invention, the
compounds are represented by the formulas A-2 and B-2:

2
R2 R 0 X X1 —R"’ 0
J@( e

ﬁ‘ A-2
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and pharmaceutically acceptable salts and complexes thereof, wherein

D is selected from the group consisting of R, R! and R, wherein

R’ is selected from the group consisting of -H, halogen, nitro, azido, C{-Cs alkyl, C5-Cio
cycloalkyl, -C(O)NR“R®, -Y-NR*R*, -NR*C(=0)R*, -SO,R*2, -SO,NR*R*, -
NR¥SO,R", -NR¥SO,NRR*, -C(=N-OR™)R¥, -C(=NR)R®, -NR'C(=NR)R®, -
CENRPNRIR®, -NRYC(=NRNRYRY, -C(0)R®, -CO,R?, -C(O)(heterocyclyl), -
C(O)(Cs-C) aryl), -C(O)(heteroaryl), -Y-(Cs-Cyp aryl), -Y-(heteroaryl), -Y-(5-10
membered heterocyclyl), -NR®R®, -NR*SO,R®, -NR*C(O)R®, -OC(O)R, -
NR*C(O)OR®, -OC(O)NR**R®*-OR%, -SR®, -S(O)R®, -SO,R®, -SO;R®, -
SO,NR®R®, -SO,NRR®, -COR®, -CO,R®, -CONR*R®, -(C;-Cy)fluoroalkyl, -(C;-
Cs)fluoroalkoxy, -(CZ°Z*,CN, wherein n is an integer ranging from 0 to 6, and the
aforementioned R’ groups other than -H and halogen are optionally substituted by 1 to 5
R*, or R” is a moiety selected from the group consisting of ~(CZ*Zy)-aryl, -(CZ*Z*),-
heterocycle, (C2-Ce)alkynyl, (CZ>Z*),(C3-Ce)cycloalkyl, -(CZ*Z*),-(Cs-
Cs)cycloalkenyl, (C»-Cs) alkenyl and (C'-C%alkyl, wherein said moiety is optionally
substituted with 1 to 3 independently selected Y? groups, where a is 0,1, 2, or 3, and
wherein when a is 2 or 3, the CZ*Z* units may be the same or different; wherein

each R® and R is independently selected from the group consisting of hydrogen and a moiety
selected from the group consisitn of (CZ>Z%),~(C3-Cs)cycloalkyl, -(CZ*Z),~(Cs-
Cs)cycloalkenyl, -(CZ°Z%),-aryl, -(CZ*Z),-heterocycle, (C2-C)alkenyl, and (C;-
Cs)alkyl, wherein said moiety is optionally substituted with 1 to 3 independently selected
Y? groups, where u is 0,1, 2, or 3, and wherein when u is 2 or 3, the CZ°Z8 units may be
the same or different, or

R% and R taken together with adjacent atoms form a heterocycle;

each Z3, Z*, 2° and Z° is independently selected from the group consisting of H, F and (C;-
Ce)alkyl, or

each Z% and Z*, or Z° and Z° are selected together to form a carbocycle, or

two Z> groups on adjacent carbon atoms are selected together to optionally form a carbocycle;

each Y? and Y? is independently selected from the group consisting of halogen, cyano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino, azido, -C(0)Z’, <OC(O)NH,, -OC(0)
NHZ', -OC(O)NZ'Z}, -NHC(0)Z’, -NHC(O)NH,, -NHC(O)NHZ’, -NHC(O)NZ'Z?, -
C(O)OH, -C(0)0Z’, -C(O)NH,, -C(O)NHZ',-C(O)NZ"Z, -P(0):Hz, -P(O):(Z"),, -
S(O):H, -S(0)Z’, -S(0),Z’, -S(0):Z7, -Z’, -0Z", -OH, -NHj, -NHZ’, -NZ"Z8, -
C(=NH)NH,,-C(=NOH)NH,, -N-morpholino, (C,-C¢)alkenyl, (C2-Ce)alkynyl, (C;-

67



WO 2008/041053 PCT/1B2006/004306

Ce)haloalkyl, (C;-Ce)haloalkenyl, (C,-Ce)haloalkynyl, (C,-Cg)haloalkoxy, -
(CZ’Z'")NH,, (CZ°Z'NNHZ?, -(CZ°Z')NZ'28, -X8(CZ°Z!*)~(Cx-Ci)cycloalkyl, -
X8(CZ°Z'%)-(Cs-Cy)cycloalkenyl, -X(CZ°Z'%Y-aryl and -X3(CZ°Z!%)-heterocycle,
wherein

risl, 2,3 or4;

X¢ is selected from the group consisting of O, S, NH, -C(0)-, -C(O)NH-, -C(0)0-, -5(0)-, -
S(O)2- and -S(0)s~;

Z" and Z® are independently selected from the group consisting of an alkyl of 1 to 12 carbon
atoms, an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of 5 to 8 carbon atoms, an aryl of 6 to
14 carbon atoms, a heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to 15 carbon atoms,
and a heteroaralkyl of 5 to 14 ring atoms, or

Z" and Z® together may optionally form a heterocycle;

Z’ and Z'° are independently selected from the group consisting of H, F, a (C;-Cy)alkyl, a (Cs-
Ci4)aryl, a (Cs-Cyg)heteroaryl, a (C7-C)s)aralkyl and a (Cs-C4)heteroaralkyl, or

Z° and Z'° are taken together form a carbocycle, or

two Z° groups on adjacent carbon atoms are taken together to form a carbocycle; or

any two Y? or Y* groups attached to adjacent carbon atoms may be taken together to be -
O[C(Z’XZ")]0 or -O[CZ)Z" )], or

any two YZ or Y? groups attached to the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and wherein

any of the above-mentioned substituents comprising a CH3 (methyl), CH; (methylene), or CH
(methine) group which is not attached to a halogen, SO or SO; grouportoaN,Oor S
atom optionally bears on said group a substituent selected from hydroxy, halogen, (C,-
Cyalkyl, (C;-Cs)alkoxy and an -N[(C;-C4)alkyl][(C;-Cs)alkyl];

R' is -C=CH or -C=C-(CR“R*),-R*;

each R* is independently selected from the group consisting of H, a (Ci-Cs)alkyl and a (Cs-
Cs)cycloalkyl;

R* is selected from the group consisting of heterocyclyl, -NR*)-C(0)-NR*)R*), -NR*")-
C(S)-NR)R™), -NR*)-C(0)-0R*, NR)-C(0)-(CH)+-R*, -NR*")-SORY, -
(CH;),NR'R*, (CH2),0R*, -(CH2),8R*, CH,):S(O)R”, -(CH2}:S(O)2R", -
OC(O)R¥, -OC(0)OR?, -C(O)NR*’R*®, heteroary] optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C,-Cs)alkoxy, -NOz,
(C1-Cs)alkyl, -CN, -SO,R* and -(CH2),NR*R’', and aryl optionally substituted with one

68



WO 2008/041053 PCT/IB2006/004306

or more substituents selected from the group consisting of halo, ~CF3, (Ci-Cg)alkoxy, -
NO,, (C;-Cg)alkyl, -CN, -SO,R® and -(CH;),NR*R*";

R* and R* are independently selected from the group consisting of H, (C;-Cg)alkyl, (Cs-
Cs)eycloalkyl, heterocycelyl, -(CH,),NR™R?!, -(CH2).OR*, -(CH,),C(O)R*, -C(0);R*, -
(CH2)nSR?, -(CH2).S(O)R®, -(CH2)yS(O)R*, -(CH2):R*, -(CHo),CN, aryl optionally
substituted with one or more substituents selected from the group consisting of halo, -
CF3, (C)-Cg)alkoxy, -NQ;, (Ci-Cg)alkyl, -CN, -(CH,),OR®, -(CHz)gheterocyclyl, -
(CHz)heteroaryl, -SO,R* and -(CH2),NR*R?', and heteroary! optionally substituted
with one or more substituents selected from the group consisting of halo, -CFs, (C;-
Celalkoxy, -NO,, (C-Cg)alkyl, -CN, -(CHz)nOR49, -(CHp)pheterocyclyl, -
(CHy)qheteroaryl, -SO;R*™ and -(CH,),NR**R*, or

R* and R*, together with the atom to which they are attached, form a 3-8 membered carbo- or
heterocyclic ring;

R* is selected from the group consisting of (C;-Cg)alkyl, (C3-Cs)eycloalkyl, heterocyclyl(C;-
Ce)alkylene, aryl(C,-Cs)alkylene wherein the aryl is optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C;-Cg)alkoxy, -NO;,
(C)-Ce)alkyl, -CN, -SO,R* and -(CH,),NR*’R*, heteroaryl(C,-Ce)alkylene wherein the
heteroary! is optionally substituted with one or more substituents selected from the group
consisting of halo, -CFs, (C,-Ce)alkoxy, -NO,, (C;-C)alkyl, -CN, -SO,R*® and -
(CH3).NR*R?, aryl optionally substituted with one or more substituents selected from
the group consisting of halo, -CF3, (C;-Ce)alkoxy, -NO,, (Ci-Ce)alkyl, -CN, -SO.R* and
~(CH2),NR™R?, and heteroaryl optionally substituted with one or more substituents
selected from the group consisting of halo, -CFs, (C|-Cg)alkoxy, -NO;, (Ci-Ce)alkyl, -
CN, -SO;R* and -(CH,),NR*R"!;

R* and R*! are independently selected from the group consisting of H, (Cy-Cs)alkyl, (Cs-
Cs)cycloalkyl and -C(O)R®, or

R*® and R®!, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring; and

R? is the group defined by (Z'")-(Z'?)a-(Z"*)rm1, wherein

YARRT heterocyclyl, when m and m1 are 0, or heterocyclylene, when either m or m1 are 1;

Z'% s selected from the group consisting of OC(0), OC(S) and C(O);

Z' is selected from the group consisting of heterocyclyl, aralkyl, NH)R?, (C;-Cs)alkyl, -
OR™, halo, S(O):R*, (C,-C3)hydroxyalkyl and (C;-Cs)haloalkyl;

misOorl;
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mlisOorl;

R*? is selected from the group consisting of H, ~(CH,),S(0)2R*, -(C;-Cs) alkyl- NR®R® (C;-
Cs)alkyl, -(CHz){OR*, -C(O)R** and -C(O)OR™,

qis0,1,2,30r4;

each R™ is independently (C;-Ca)alkyl;

R is (C-Cs)alky! or N(H)R**;

R* is selected from the group consisting of NH,, (C;-Cs)alkyl and OR%;

A is selected from the group consisting of -CHa-, ~O-, -8-, -N(H)-, -N(C;-Cs alkyl)-, ~-N-(Y-
aryl)-, -N-OMe, -NCH,OMe and N-Bn;

Y isabond or -(C(R”)(H))l-, wherein t is an integer from 1 to 6; and

R'! at each occurrence is independently selected from the group consisting of H and C,-Cs
alkyl, wherein the C,-Cs alkyl is optionally substituted;

A? is selected from the group consisting of N and CR, wherein R is selected from the group
consisting of -H, halogen, -CN, C;-Cs alkyl, C2-C¢ alkenyl, and C,-Cs alkynyl, wherein
the C;-Cs alkyl, C,-C; alkeny), and C,-Cs alkynyl are optionally substituted;

A? is selected from the group consisting of C-D and N;;

R? at each occurrence is independently selected from the group consisting of -H, halogen,
trihalomethyl, -CN, -NO,, -NHj, -OR?, -NRR?, -$(0)p2R?, -S(0),NR’R?, -C(0)OR?, -
C(ONR’R?, NR>SO:R?, -NR)C(O)R?, -NR*CO,R?, -C(O)R?, C;-C; alkoxy, C,-C4
alkylthio, -O(CH2)naryl, -O(CHy)sheteroaryl, ~(CHa)o.s(aryl), -(CHz)o-s(heteroaryl), C;-Cs
alkyl, C,-Cs alkenyl, C,-Cs alkynyl, -CH;(CHz)M-Tz, wherein T is selected from the
group consisting of -OH, -OMe, -OEt, -NH,, -NHMe, -NMe;, -NHEt and -NEt,, and
wherein the aryl, heteroaryl, C,-Cg alkyl, C>-Cs alkenyl, and C,-Cs alkynyl are optionally
substituted; and

R selected from the group consisting of -H and R*;

R* is selected from the group consisting of a (C;-Ce)alkyl, an aryl, a lower arylalkyl, a
heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or

R? and R*, taken together with a common nitrogen to which they are attached, form an

optionally substituted five- to seven-membered heterocyclyl, which optionally contains at least

one additional annular hteroatom selected from the group consisting of N, O, S and P;

X and X' are each independently selected from the group consisting of -H, halogen, cyano,

nitro, C-Cs alkyl, or

X and X! taken together with the atom to which they are attached form a C3-C; cycloalkyl;
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R% is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH,, -
OR?, -OCF3, -NR’R*, -§(0)g2R?, -S(0)2NR’R?, -C(0)OR?, -C(O)NR’R?, -N(R*)SO,R?, -
NR})C(O)R?, -NR)C(0)OR?, -C(O)R?, -C(O)SR?, C;-C;4 alkoxy, C;-Cy alkylthio, -
O(CHz)paryl, -O(CHa)pheteroaryl, -(CHa)o-s(aryl), -(CHa)o-s(heteroaryl), C;-Cy alkyl, Ca-
Cs alkenyl, C,-Cg alkynyl, -CHz(CH2)0.4-T2, an optionally substituted C;_4 alkylcarbonyl,
C14 alkoxy, an amino optionally substituted by C;4 alkyl, wherein the C,.4 alkyl may be
optionally substituted by C;.4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T2 is selected from the group
consisting of -OH, -OMe, -OEt, -NH,, -NIHHMe, -NMe,, -NHEt and -NEt;, and wherein
the aryl, heteroaryl, C;-Cs alkyl, C>-C¢ alkenyl, and C3-Cs alkynyl are optionally
substituted.

[0134] In another preferred embodiment of the compounds according to the present

invention, D is defined by the group R7, wherein R is selected from the group consisting of -H,

-C(O)NR*R*, -Y-(Cs-Cyg aryl), -Y-(heteroaryl) and - Y-NR*R*}, wherein the aforementioned

R’ groups other than -H are optionally substituted by 1 to 5 R*®.

[0135] Preferred compounds according to formulas A-2 and B-2 have groups as defined in

the preferred embodiments of the present invention.

[0136] In another preferred embodiment of the compounds according to the present

invention, the compounds are represented by the formulas A-3 and B-3:

Rz R x x!
N
RS &
0 R?
0 R?
Al R?
D—4, r
A3 \N
Rz R x x
RZ N ])4
jo 22
0 R?
A3 ~ AZ R2
D— [ B-3
Sy

and pharmaceutically acceptable salts and complexes thereof, wherein

D is selected from the group consisting of R”, R! and R?!, wherein
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" R"is selected from the group consisting of -H, halogen, nitro, azido, C;-C alkyl, C5-C;o
cycloalkyl, -C(O)NR*R®, -Y-NR*?R*, -NR*“’C(=0)R®, -5O,R?, -SO;NR*R™, -
NR37SOZR42, -NR37502NR42R43, -C(=N-OR42)R43, -C(=NR42)R43, -NR37C(=NR42)R43, -
C(ENRPINRTRY, NRTC(=NRA)NRTR®, -C(O)R®, -CO2RY, -C(O)(heterocyclyl), -
C(O)(Cs-Cyy aryl), -C(O)(heteroaryl), -Y-(Ce-Cio aryl), -Y-(heteroaryl), -Y-(5-10
membered heterocyclyl), -NR®R®, -NR®*SO,R®, -NR®C(O)R®, -OC(O)R®, -
NR*C(0O)OR®, -OC(O)NR®R®,-OR®, -SR®, -S(0)R®, -SO,R®, -SO;R*®, -
SO.NR*R®, -SO;NR¥R¥, -COR®, -CO.R®, -CONR®R®, -(C;-C4)fluoroalkyl, -(C)-
Ca4)fluoroalkoxy, -(CZ3Z4)aCN, wherein n is an integer ranging from 0 to 6, and the
aforementioned R’ groups other than -H and halogen are optionally substituted by 1 to 5
R*, or R” is moiety selected from the group consisting of (CZ*Zs)-aryl, -(CZ*Z*),-
heterocycle, (C2-Cs)alkynyl, -(CZ*Z*)-(C3-Ce)cycloalkyl, (CZ>Z*)e-(Cs-
Ce)cycloalkenyl, (C-Cg) alkenyl and (C'-Cﬁ)alkyl, wherein said moiety is optionally
substituted with 1 to 3 independently selected Y groups, where a is 0,1, 2, or 3, and
wherein when a is 2 or 3, the CZ*Z* units may be the same or different; wherein

each R® and R is independently selected from the group consisting of hydrogen and a moiety
selected from the group consisting of -(CZ°Z°),~(C3-Cs)cycloalkyl, (CZ°Z%),~(Cs-
Cs)cycloalkenyl, (CZ°Z8),-aryl, (CZ°Z°),-heterocycle, (Co-Cs)alkenyl, and (C;-
Cg)alkyl, wherein said moiety is optionally substituted with 1 to 3 independently selected
Vel groups, where u is 0,1, 2, or 3, and wherein when u is 2 or 3, the CZ°Z° units may be
the same or different, or

R® and R® taken together with adjacent atoms form a heterocycle;

each Z3, Z*, Z° and Z° is independently selected from the group consisting of H, F and (C;-
Ce)alkyl, or

each Z> and Z*, or Z° and Z8 are selected together to form a carbocycle, or

two Z* groups on adjacent carbon atoms are selected together to optionally form a carbocycle;

each Y2 and Y? is independently selected from the group consisting of halogen, cyano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino, azido, -C(0)Z’, -OC(O)NH;, -OC(O)
NHZ', -OC(O)NZ'Z8, -NHC(0)Z’, -NHC(O)NH, -NHC(O)NHZ’, -NHC(O)NZ'Z?, -
C(O)OH, -C(0)0Z’, -C(O)NH,, -C(O)NHZ',-C(O)NZ"Z8, -P(0)sHy, -P(0)s(Z))2, -
S(0)sH, -S(0)Z’, -S(0)Z’, -S(0):Z", -Z7, -0Z’, -OH, -NH,, -NHZ', NZ'Z}, -
C(=NH)NH,,-C(=NOH)NH, -N-morpholino, (C,-C¢)alkenyl, (C2-C¢)alkynyl, (Cs-
Cs)haloalkyl, (C2-Ce)haloatkenyl, (C2-Ce)haloalkynyl, (C;-Cg)haloalkoxy, -
(CZ°Z'%)\NH,, -(CZ°Z')NHZ?3, (CZ°Z*)NZ'Z}, -X8(CZ°Z!%)~(C3-Cy)cycloalkyl, -
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K8(CZZ"™)(Cs-Ca)cycloalkenyl, -X8(CZ°Z)-ary] and -X5(CZ°Z!%)-heterocycle,
wherein

ris1,2,3or4;

XS is selected from the group consisting of O, S, NH, -C(0)-, -C(O)NH-, -C(0)O-, -S(0)-, -
8(0)2- and -5(0);3-;

Z’ and 78 are independently selected from the group consisting of an alkyl of 1 to 12 carbon
atoms, an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of 5 to 8 carbon atoms, an aryl of 6 to

14 carbon atoms, a heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to 15 carbon atoms,
and a heteroaralkyl of 5 to 14 ring atoms, or

Z’ and Z® together may optionaily form a heterocycle;

Z’ and Z"° are independently selected from the group consisting of H, F, a (C;-Cyz)atkyl, a (Cs-
Ciq)aryl, a (Cs-Ciq)heteroaryl, a (C;-Cys)aralkyl and a (Cs-Ci4)heteroaralkyl, or

Z’ and Z'"° are taken together form a carbocycle, or

two Z° groups on adjacent carbon atoms are taken together to form a carbocycle; or

any two Y or Y* groups attached to adjacent carbon atoms may be taken together to be -
O[C(Z*)(Z')]0 or -O[CZ°YZ Y1, or

any two YorY? groups attached to the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and wherein

any of the above-mentioned substituents comprising a CHj (methyl), CH, (methylene), or CH
(methine) group which is not attached to a halogen, SO or SO group orto aN, O or S
atom optionally bears on said group a substituent selected from hydroxy, halogen, (C;-
Cyalkyl, (C,-Cq)alkoxy and an -N[(C;-Cq)alkyl][(Ci-Cy)alkyl];

R' is -C=CH or -C=C-(CR*R*),-R*;

each R* is independently selected from the group consisting of H, a (C;-Ce)alkyl and a (C3-
Cs)cycloalkyl;

R is selected from the group consisting of heterocyclyl, -NR*")-C(0)-NR*)(R*), -NR*)-
CS-NRMR™), NR)-C(0)-OR®, NR")-C(O}-(CH2)aR", -NRY)-SORY, -
(CH2):NRY'R*®, -(CH),OR*, -(CH2)aSR®, -(CH2)aS(O)R*, -(CH;),S(0)2R?, -
OC(O)R%, -OC(0)OR*, -C(O)NR*’R*, heteroaryl optionally substituted with one or
more substituents selected from the group consisting of halo, -CF3, (C-Ce)alkoxy, -NO,,
(Ci-Ce)alkyl, -CN, -SO,R* and (CH,),NR™R?', and aryl optionally substituted with one
or more substituents selected from the group consisting of halo, -CF3, (C;-Cs)alkoxy, -
NO, (Ci-Cy)alkyl, -CN, -SO,R* and ~(CH;),NR*R*";
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R* and R* are independently selected from the group consisting of H, (C;-Ce)alkyl, (C-
Cs)cycloalkyl, heterocyclyl, -(CHz),NR*°R, -(CH,),OR*, -(CH,),C(O)R*, -C(O).R™, -
(CH2):SR®, (CH,),S(O)R™, -(CH)»S(0);R*®, -(CH2)sR*®, (CHo),CN, aryl optionally
substituted with one or more substituents selected from the group consisting of halo, -
CF;3, (C)-Ce)alkoxy, -NO,, (C)-Cs)alkyl, CN, (CH;),OR"®, -(CH)sheterocyclyl, -
(CHy)gheteroaryl, -SO;R* and -(CHp),NR¥R*, and heteroaryl optionally substituted
with one or more substituents selected from the group consisting of halo, -CF3, (C;~
Ce)alkoxy, ~NO, (C;-Ce)alkyl, -CN, -(CH3):OR*, -(CHy)sheterocyclyl, -
(CHy)sheteroaryl, -SO,R* and -(CH,),NR®R%!, or

R*” and R, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring;

R* is selected from the group consisting of (C1-Cs)alkyl, (Cs-Cg)cycloalkyl, heterocyclyl(Ci-
Ce)alkylene, aryl(C,-Ce)alkylene wherein the aryl is optionally substituted with one or
more substituents selected from the group consisting of halo, -CF;, (C1-Cg)alkoxy, -NO>,
(C1-Cg)alkyl, -CN, -SO,R* and -(CH2),NR*R?', heteroaryl(C;-Ce)alkylene wherein the
heteroaryl is optionally substituted with one or more substituents selected from the group
consisting of halo, -CF;, (C-Cg)alkoxy, -NO,, (C;-Cs)alkyl, -CN, -SO,R® and -
(CH,):NR*°R®!, aryl optionally substituted with one or more substituents selected from
the group consisting of halo, -CFs, (C;-Ce)alkoxy, -NO,, (C;-Ce)alkyl, -CN, -SO,R*® and
-(CH,),NR**R®!, and heteroaryl optionally substituted with one or more substituents
selected from the group consisting of halo, -CF3, (Ci-Ce)alkoxy, -NO3, (C,-Ce)alkyl, -
CN, -SO,R* and -(CH,),NR*R*;

R*® and R*' are independently selected from the group consisting of H, (C,-Cs)alkyl, (Cs-
Cs)cycloalkyl and -C(O)R", or

R* and R®, together with the atom to which they are attached, form a 3-8 membered carbo- or
hetero-cyclic ring; and

R?! is the group defined by ~(Z')-(Z")u~(Z"*)m1, Wherein

Z' is heterocyclyl, when m and m1 are 0, or heterocyclylene, when either m or m1 are 1;

Z'?is selected from the group consisting of OC(Q), OC(S) and C(O);

Z'3 is selected from the group consisting of heterocyclyl, aralkyl, N(H)R*, (C;-Ca)alkyl, -
OR™, halo, S(0),R*, (C;~C3)hydroxyalkyl and (Ci-C3)haloalkyl;

misOorl;

mlisOorl;
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"R s selected from the group consisting of H, -(CHz),S(0)R*, -(C,-Cs) alkyl- NR¥R® (C;-
Cs)alkyl, -(CH;),OR®, -C(O)R** and -C(O)OR*;

qis0,1,2,30r4;

each R* is independently (C 1-Ca)alkyl;

R is (C)-Cs)alkyl or N(H)R®,

R is selected from the group consisting of NHj, (C-Cs)alky! and OR*%;

Al is selected from the group consisting of -CHy-, -O-, -S-, -N(H)-, -N(C,-Cs alkyl)-, ~N-(Y~
aryl)-, -N-OMe, -NCH,OMe and N-Bn;

Y is a bond or -(C(R"")(H));-, wherein t is an integer from 1 to 6; and

R'! at each occurrence is independently selected from the group consisting of H and C,-Cg
alkyl, wherein the C;-Cg alky! is optionally substituted;

A s selected from the group consisting of N and CR, wherein R is selected from the group
consisting of -H, halogen, -CN, C;-Cg alkyl, C;-Cs alkenyl, and C,-Cs alkynyl, wherein
the C-Cs alkyl, C,-Cs alkenyl, and C;-Cg atkynyl are optionally substituted;

A’ is selected from the group consisting of C-D and N;

R? at each occurrence is independently selected from the group consisting of -H, halogen,
trihalomethyl, -CN, -NO,, -NH;, -OR?, -NR®R?, -8(0)0.2R>, -S(0);NR’R?, -C(O)OR?, -
C(O)NRR?, -NR*)SOR?, -N(R)C(O)R?, -NR>CO,R?, -C(O)R’, C;-C; alkoxy, C;-Cs
alkylthio, -O(CHa),aryl, -O(CHz),heteroaryl, ~(CHa)o.s(aryl), -(CHz)o.s(heteroaryl), Cy-Cs
alkyl, Cy-Cs alkenyl, C2-Cs alkynyl, -CH2(CHy)o4-T?, wherein T? is selected from the
group consisting of -OH, -OMe, -OEt, -NH;, -NHMe, -NMe,, -NHEt and -NEt;, and
wherein the aryl, heteroaryl, C;-Cs alkyl, C;-Cg alkenyl, and C,-Cs alkynyl are optionally
substituted; and

R? selected from the group consisting of -H and RY;

R* is selected from the group consisting of a (C;-Cs)alkyl, an aryl, a lower arylalkyl, a
heterocyclyl and a lower heterocyclylalkyl, each of which is optionally substituted, or

R® and R*, taken together with a common nitrogen to which they are attached, form an
optionally substituted five- to seven-membered heterocyclyl, which optionally contains at
least one additional annular hteroatom selected from the group consisting of N, O, S and
P;

X and X' are each independently selected from the group consisting of -H, halogen, cyano,
nitro, C;-Cs alkyl, or

X and X! taken together with the atom to which they are attached, form a C3-Cy cycloalkyl;

dis0,1,20r3;



eis0, 1,2 or3;

fisOQorl; ' _

R% is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NHa, -
OR?, -OCF;, -NR’RY, -S(0)0.2R?, -S(0),NR’R?, -C(0)OR?, -C(O)NR’R?, N(R*)SO,R?, -
NR3C(O)R?, NRHC(OYOR?, -C(O)R?, -C(0)SR?, C;-C4 alkoxy, C;-Cq alkylthio, -
O(CH3y)paryl, -O(CHy) heteroaryl, -(CHa)os(aryl), -(CHa)p.s(heteroaryl), C;-Cg alkyl, C,-
C¢ alkenyl, C,-Cs alkynyl, -CHZ(CH2)0.4-T2, an optionally substituted C;.4 alkylcarbonyl,
C1.4 alkoxy, an amino optionally substituted by C;4 alkyl, wherein the Cy4 alkyl may be
optionally substituted by C,4 alkoxy and a saturated or unsaturated three- to seven-
membered carboxyclic or heterocyclic group, wherein T is selected from the group
consisting of -OH, -OMe, -OEt, -NH,;, -NIHMe, -NMe,, -NHEt and -NEt,, and wherein
the aryl, heteroaryl, C,-Cg alkyl, C,-C¢ alkenyl, and C,;-Cs alkynyl are optionally
substituted;

[0137] In another preferred embodiment of the compounds according to the present

invention, D is defined by the group R, wherein R” is selected from the group consisting of -H,

halogen, C;-Cs alkyl, -C(O)NR*R*?, -C(0)(C4-Co aryl), -C(O)(heterocyclyl), -

C(O)(heteroaryl), -Y-(Cs-Cg aryl), -Y-(5-10 membered heterocyclyl), -Y-(heteroaryl), -S-aryl,

-S-C;-Cs alkyl, -SO-C,-Cs alkyl, ~S0,-C,-Cs alkyl, -Y-NR*R*, -S0,NR**R* and -CO,R®,

wherein the aforementioned R’ groups other than -H and halogen are optionally substituted by

1to5R%,

[0138] Preferred compounds according to formulas A-3 and B-3 have groups as defined in

the preferred embodiments of the present invention.

[0139] In the third aspect, the invention provides a composition comprising a compound

according to the present invention together with a pharmaceutically acceptable excipient. Ina

preferred embodiment of this aspect, the composition further comprises an additional
therapeutic agent.

[0140]  The fourth aspect of the invention provides a method of inhibiting VEGF receptor

signaling and HGF receptor signaling, the method comprising contacting the receptor with a

compound according to the present invention, or with a composition according to the present

invention. Inhibition of VEGF and HGF activity can be in a cell or a multicellular organism. If
in a multicellular organism, the method according to this aspect of the invention comprises
administering to the organism a compound according to the present invention, or a composition

according to the present invention. Preferably the organismm is a mammal, more preferably a

human.
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[0140]  Examples of kinases that are inhibited by the compounds and compositions
described herein and against which the methods described herein are useful include, but are not
limited to, c-Met and KDR.

[0141] Depending on the particular condition, or disease, to be treated, additional
therapeutic agents, which could be normally administered to treat that condition, may also be
present in the compositions of this invention. In other words, compounds of this invention can
be administered as the sole pharmaceutical agent or in combination with one or more other
additional therapeutic (pharmaceutical) agents where the combination causes no unacceptable
adverse effects. This may be of particular relevance for the treatment of hyper-proliferative
diseases such as cancer. In this instance, the compound of this invention can be combined with
known cytotoxic agents, signal transduction inhibitors, or with other anti-cancer agents, as well
as with admixtures and combinations thereof. As used herein, additional therapeutic agents
that are normally administered to treat a particular disease, or condition, are known as
“appropriate for the disease, or condition, being treated”. As used herein, “additional
therapeutic agents” is meant to include chemotherapeutic agents and other anti-proliferative
agents.

[0142] For example, chemotherapeutic agents or other anti-proliferative agents may be
combined with the compounds of this invention to treat proliferative disease or cancer.
Examples of chemotherapeutic agents or other anti-proliferative agents include HDAC
inhibitors including, but are not limited to, SAHA, MS-275, MG0103, and those described in
WO 2006/010264, WO 03/024448, WO 2004/069823, US 2006/0058298, US 2005/0288282,
WO 00/71703, WO 01/38322, WO 01/70675, WO 03/006652, WO 2004/035525, WO
2005/030705, WO 2005/092899, and demethylating agents including, but not limited to, 5-aza-
dC, Vidaza and Decitabine and those described in US 6,268137, US 5,578,716, US 5,919,772,
US 6,054,439, US 6,184,211, US 6,020,318, US 6,066,625, US 6,506,735, US 6,221,849, US
6,953,783, US 11/393,380 and PCT/US2006/001791.

[0143] In another embodiment of the present invention, for example, chemotherapeutic
agents or other anti-proliferative agents may be combined with the compounds of this
invention to treat proliferative diseases and cancer. Examples of known chemotherapeutic
agents include, but are not limited to, for example, other therapies or anticancer agents that
may be used in combination with the inventive anticancer agents of the present invention and
include surgery, radiotherapy (in but a few examples, gamma-radiation, neutron beam
radiotherapy, electron beam radiotherapy, proton therapy, brachytherapy, and systemic

radioactive isotopes, to name a few), endocrine therapy, taxanes (taxol, taxotere etc), platinum
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" derivatives, biologic response modifiers (interferons, interleukins, and tumor necrosis factor
(TNF), TRALIL receptor targeting agents, to name a few), hyperthermia and cryotherapy, agents
to attenuate any adverse effects (e.g., antiemetics), and other approved chemotherapeutic drugs,
including, but not limited to, alkylating drugs (mechlorethamine, chlorambucil,
Cyclophosphamide, Melphalan, Ifosfamide), antimetabolites (Methotrexate, Pemetrexed etc),
purine antagonists and pyrimidine antagonists (6-Mercaptopurine, S-Fluorouracil, Cytarabile,
Gemcitabine), spindle poisons (Vinblastine, Vincristine, Vinorelbine, Paclitaxel),
podophyllotoxins (Etoposide, Irinotecan, Topotecan), antibiotics (Doxorubicin, Bleomyein,
Mitomycin), nitrosoureas (Carmustine, Lomustine), inorganic ions (Cisplatin, Carboplatin),
Cell cycle inhibitors (KSP mitotic kinesin inhibitors, CENP-E and CDK inhibitors), enzymes
(Asparaginase), and hormones (Tamoxifen, Leuprolide, Flutamide, and Megestrol),
Gleevec(TM), adriamycin, dexamethasone, and cyclophosphamide. Antiangiogenic agents
(Avastin and others). Kinase inhibitors (imatinib (Gleevec), Sutent, Nexavar, Erbitux,
Herceptin, Tarceva, Iressa and others). Agents inhibiting or activating cancer pathways such as
the mTOR, HIF (hypoxia induced factor) pathways and others. For a more comprehensive
discussion of updated cancer therapies see, http://www.nci.nih.gov/, a list of the FDA approved
oncology drugs at http://www.fda.gov/cder/cancer/druglistframe.htm, and The Merck Manual,
Eighteenth Ed. 2006, the entire contents of which are hereby incorporated by reference.

[0144] In another embodiment, the compounds of the present invention can be combined
with cytotoxic anti-cancer agents. Examples of such agents can be found in the 13th Edition of
the Merck Index (2001) These agents include, by no way of limitation, asparaginase,
bleomycin, carboplatin, carmustine, chlorambucil, cisplatin, colaspase, cyclophosphamide,
cytarabine, dacarbazine, dactinomycin, daunorubicin, doxorubicin (adriamycine), epirubicin,
etoposide, 5-fluorouracil, hexamethylmelamine, hydroxyurea, ifosfamide, irinotecan,
leucovorin, lomustine, mechlorethamine, 6-mercaptopurine, mesna, methotrexate, mitomycin
C, mitoxantrone, prednisolone, prednisone, procarbazine, raloxifen, streptozocin, tamoxifen,
thioguanine, topotecan, vinblastine, vincristine, and vindesine.

[0145] Other cytotoxic drugs suitable for use with the compounds of the invention
include, but are not limited to, those compounds acknowledged to be used in the treatment of
neoplastic diseases, such as those for example in Goodman and Gilman's The Pharmacological
Basis of Therapeutics (Ninth Edition, 1996, McGraw-Hill). These agents include, by no way of
limitation, aminoglutethimide, L-asparaginase, azathioprine, 5-azacytidine cladribine, busulfan,
diethylstilbestrol, 2', 2'-difluorodeoxycytidine, docetaxel, erythrohydroxynonyladenine, ethinyl
estradiol, S-fluorodeoxyuridine, 5-fluorodeoxyuridine monophosphate, fludarabine phosphate,

78



WO 2008/041053 PCT/IB2006/004306

fluoxymesterone, flutamide, hydroxyprogesterone caproate, idarubicin, interferon,
medroxyprogesterone acetate, megestrol acetate, melphalan, mitotane, paclitaxel, pentostatin,
N-phosphonoacetyl-L-aspartate (PALA), plicamycin, semustine, teniposide, testosterone
propionate, thiotepa, trimethylmelamine, uridine, and vinorelbine.

[0146]  Other cytotoxic anti-cancer agents suitable for use in combination with the
compounds of the invention also include newly discovered cytotoxic principles such as
oxaliplatin, gemcitabine, capecitabine, epothilone and its natural or synthetic derivatives,
temozolomide (Quinn et al., J. Clin. Oncology 2003, 21(4), 646-651), tositumomab (Bexxar),
trabedectin (Vidal et al., Proceedings of the American Society for Clinical Oncology 2004, 23,
abstract 3181), and the inhibitors of the kinesin spindle protein Eg5 (Wood et al., Curr. Opin.
Pharmacol. 2001, 1, 370-377).

[0147]  In another embodiment, the compounds of the present invention can be combined
with other signal transduction inhibitors, Of particular interest are signal transduction inhibitors
which target the EGFR family, such as EGFR, HER-2, and HER-4 (Raymond et al., Drugs
2000, 60 (Suppl.1), 15-23; Harari et al., Oncogene 2000, 19 (53), 6102-6114), and their
respective ligands. Examples of such agents include, by no way of limitation, antibody
therapies such as Herceptin (trastuzumab), Erbitux (cetuximab), and pertuzumab. Examples of
such therapies also include, by no way of limitation, small-molecule kinase inhibitors such as
ZD-1839/Iressa (Baselga et al., Drugs 2000, 60 (Suppl. 1), 33-40), OSI-774/Tarceva (Pollack
et al. ], Pharm. Exp. Ther. 1999, 291(2), 739-748), CI-1033 (Bridges, Curr. Med. Chem. 1999,
6, 825-843), GW-2016 (Lackey et al., 92nd AACR Meeting, New Orleans, Mar. 24-28, 2001,
abstract 4582), CP-724,714 (Jani et al., Proceedings of the American Society for Clinical
Oncology 2004, 23, abstract 3122), HKI-272 (Rabindran et al., Cancer Res, 2004, 64, 3958-
3965), and EKB-569 (Greenberger et al., 11th NCI-EORTC-AACR Symposium on New Drugs
in Cancer Therapy, Amsterdam, November 7-10, 2000, abstract 388).

[0148] In another embodiment, the compounds of the present invention can be combined
with other signal transduction inhibitors targeting receptor kinases of the split-kinase domain
families (VEGFR, FGFR, PDGFR, flt-3, c-kit, c-fms, and the like), and their respective
ligands. These agents include, by no way of limitation, antibodies such as Avastin
(bevacizumab). These agents also include, by no way of limitation, small-molecule inhibitors
such as STI1-571/Gleevec (Zvelebil, Curr. Opin. Oncol., Endocr, Metab. Invest. Drugs 2000,
2(1), 74-82), PTK-787 (Wood et al., Cancer Res. 2000, 60(8), 2178-2189), SU-11248 (Demetri
et al., Proceedings of the American Society for Clinical Oncology 2004, 23, abstract 3001),
ZD-6474 (Hennequin et al., 92nd AACR Meeting, New Orleans, Mar. 24-28, 2001, abstract
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3152), AG-13736 (Herbst et al,, Clin. Cancer Res. 2003, 9, 16 (suppl 1), abstract C253), KRN-
951 (Taguchi et al., 95<th > AACR Meeting, Orlando, Fla, 2004, abstract 2575), CP-547,632
(Beebe et al., Cancer Res. 2003, 63, 7301-7309), CP-673,451 (Roberts et al., Proceedings of
the American Association of Cancer Research 2004, 45, abstract 3989), CHIR-258 (Lee et al.,
Proceedings of the American Association of Cancer Research 2004, 43, abstract 2130), MLN-
518 (Shen et al., Blood 2003, 102, 11, abstract 476), and AZD-2171 (Hennequin et al.,
Proceedings of the American Association of Cancer Research 2004, 45, abstract 4539).

[0149] In another embodiment, the compounds of the present invention can be
combined with inhibitors of the Ra/MEK/ERK transduction pathway (Avruch et al., Recent
Prog. Horm. Res. 2001, 56, 127-155), or the PKB (akt) pathway (Lawlor et al., J. Cell Sci.
2001, 114, 2903-2910). These include, by no way of limitation, PD-325901 (Sebolt-Leopold et
al., Proceedings of the American Association of Cancer Research 2004, 435, abstract 4003), and
ARRY-142886 (Wallace et al., Proceedings of the American Association of Cancer Research
2004, 45, abstract 3891).

[0150] In another embodiment, the compounds of the present invention can be
combined with inhibitors of histone deacetylase. Examples of such agents include, by no way
of limitation, suberoylanilide hydroxamic acid (SAHA), LAQ-824 (Oftmann et al., Proceedings
of the American Society for Clinical Oncology 2004, 23, abstract 3024), LBH-589 (Beck et al.,
Proceedings of the American Society for Clinical Oncology 2004, 23, abstract 3025), MS-275
(Ryan et al., Proceedings of the American Association of Cancer Research 2004, 45, abstract
2452), FR-901228 (Piekarz et al., Proceedings of the American Society for Clinical Oncology
2004, 23, abstract 3028) and MGCD0103 (US 6,897,220).

[0151] In another embodiment, the compounds of the present invention can be
combined with other anti-cancer agents such as proteasome inhibitors, and m-TOR inhibitors.
These include, by no way of limitation, bortezomib (Mackay et al., Proceedings of the
American Society for Clinical Oncology 2004, 23, Abstract 3109), and CCI-779 (Wu et al,,
Proceedings of the American Association of Cancer Research 2004, 45, abstract 3849). The
compounds of the present invention can be combined with other anti-cancer agents such as
topoisomerase inhibitors, including but not limited to camptothecin.

[0152]  Those additional agents may be administered separately from the compound-
contianing composition, as part of a multiple dosage regimen. Alternatively, those agents may
be part of a single dosage form, mixed together with the compound of this invention in a single

composition. If administered as part of a multiple dosage regimen, the two active agents may
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be submitted simultaneously, sequentially or within a period of time from one another which
would result in the desired activity of the agents.

[0153] The amount of both the compound and the additional therapeutic agent (in those
compositions which comprise an additional therapeutic agent as described above) that may be
combined with the carrier materials to produce a single dosage form will vary depending upon
the host treated and the particular mode of administration.

[0154] In those compositions which comprise an additional therapeutic agent, that
additional therapeutic agent and the compound of this invention may act synergistically.

[0155]  The data presented herein demonstrate the inhibitory effects of the VEGF and HGF
inhibitors of the invention, These data lead one to reasonably expect that the compounds of the
invention are useful not only for inhibition of VEGF receptor signaling and HGF receptor
signaling, but also as therapeutic agents for the treatment of proliferative diseases, including
cancer and tumor growth,

[0156] Preferred compounds according to the invention include those described in the
examples below, Compounds were named using Chemdraw Ultra version 6.0.2 or version
8.0.3, which are available through Cambridgesoft.com, 100 Cambridge Park Drive,
Cambridge, MA 02140, Namepro version 5.09, which is available from ACD labs, 90 Adelaide
Street West, Toronto, Ontario, M5H, 3V9, Canada, or were derived therefrom.

Synthetic Schemes and Experimental Procedures
[0157] The compounds of the invention can be prepared according to the reaction schemes
or the examples illustrated below utilizing methods known to one of ordinary skill in the art.
These schemes serve to exemplify some procedures that can be used to make the compounds of
the invention. One skilled in the art will recognize that other general synthetic procedures may
be used. The compounds of the invention can be prepared from starting components that are
commercially available. Any kind of substitutions can be made to the starting components to
obtain the compounds of the invention according to procedures that are well known to those
skilled in the art,
[0158]  Thieno[3,2-b]pyridine based compounds of formula A-1 may be prepared according
to a general procedure shown in the scheme A, via an amide coupling reaction between N-
aryl(heteroaryl)-malonamic acids [3-0xo0-3-(arylamino)- or 3-oxo-3-(heteroarylamino)-

propanoic acids] (I) and thieno[3,2-b]pyridine derivatives bearing an amino-group (II).
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Scheme A
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@ = carbocyclyl, heterocyclyl, aryl, heteroaryl (optionally substituted)

[0159] Acids I typically could be prepared according to the scheme B by reacting the
amines IV either with 3-chloro-3-oxopropanoate (V) via the intermediate amino esters VI
which have to be hydrolized (two-step procedure), or with 2,2-dimethyl-[1,3]dioxane-4,6-dione
(Meldrum’s acid) (VII) in the presence of TMSCI, to form the desired acid I in one step.

Scheme B
CIWoMe
0 0 . NaOH, THF, H,0,
R it
\" y
. N\n/\n,OMe
DCM O O
Vi
NHR' R' R?
DCM, TMSC! Ny HYOH
0]
v 0.0 !
Me Me

» Vit
@ = carbagyclyl, heterocyclyl, aryl, heteroaryl (optionally substituted)

[0160]  Thieno[3,2-b]pyridine derivatives bearing an amino-group (II) could be prepared in
different ways depending on the nature of the substituent R on the thiophene ring of the
thienopyridine bicyclic ring system. For example, when R is an amide moiety synthetic

sequence shown in the Scheme C, can be employed.
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Scheme C
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[0161]  Thus, thienof3,2-b]pyridine-7-ol (VIII) reacting with POCl; is converted to the
chloride XI. Treatment of this material with a strong base such as »-BuLi followed by the
addition of carbon dioxide affords the carboxylate X which is used without purification in the
next step, providing the acyl chloride XTI upon its reaction with oxalyl chloride. The acyl
chloride XI is used for the next step without further purification as well: upon its reaction with
different primary or secondary amines the compound X1 is converted to a variety of primary
and secondary amides XTI which can further be derivatized via a substitution of the chlorine
atom of the pyridine ring, Thus, XII reacting with 2-fluoro-4-nitrophenol in a high boiling
paint solvent, such as diphenyl ether in the presence of a base such as potassium carbonate,
produced the nitro derivatives XX which are then reduced to the amines 11 upon ireatment
with a mixture NiCl,/NaBH;. The amines II (could be used for the next step without further
purification) upon treatment with N-aryl(heteroaryl)-malonamic acids (I) afford malonamides
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IO bearing the amido-substituents on the thiophene ring such as the ones shown in the scheme
C.

Scheme D
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@&l{ = carbocyclyl, heterocyclyl, aryl, heteroaryl (optionally substituted)
[0162] Thieno[3,2-b]pyridine based malonamides of formula A-1 bearing heteroaryl
substituents instead of the amido moieties may be prepared using procedures illustrated in the
Scheme D, Thus, treatment of the chloride IX with a strong base such as #n-BuLi followed by
an addition tributyltin chloride affords the tributylstannyl derivative XIV. This material
reacting with different heteroaryl bromides in the presence of a Pd-catalyst (Stille coupling
reaction) produces heteroaryl-substituted thienopyridines XII (R = heteroaryl) which can
further be derivatized via a substitution of the chlorine atom of the pyridine ring of the
thienopyridine ring system.
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Scheme E
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[0163] Thus, XIV reacting with 2-fluoro-4-nitrophenol in a high boiling point solvent, such
as dipheny! ether in the presence of a base such as potassium carbonate, produced the nitro
derivatives XIII which are then reduced to the amines II upon treatment with iron in an acidic
medjum. The amines II (could be used for the next step without further purification) upon
treatment with N-aryl(heteroaryl)-malonamic acids (I) afford malonamides III bearing
heteroaryl substituents on the thiophene ring such as the ones shown in the Scheme D,

[0164] Thieno[3,2-b]pyridine based malonamides of formula A-1 bearing aryl substituents
on the thiophene ring, particularly aryl substituents with basic moieties, may be prepared using
procedures illustrated in the Scheme E. Thus, treatment of the chloride IX with a strong base
such as n-BuLi followed by bromination (for instance, with elemental bromine) affords the
bromide X'V. This material reacting with 2-fluoro-4-nitrophenol in a high boiling point solvent,

such as diphenyl ether in the presence of a base such as potassium carbonate, produced the



nitro derivative XVI which underwent a reaction with 4-(hydroxymethyl)phenylboronic acid in
the presence of a base and a Pd-catalyst (Suzuki coupling reaction) to provide aryl-substituted
derivative XVII with a free hydroxyl group. The hydroxyl group was replaced by a halogen
(for example, chloride using the thionyl chloride) to form the compound XVIII which upon
treatment with secondary and primary amines was converted into a variety of aryl-substituted
compounds XII (R = substituted aryl). The nitro group of these basic entities was reduced with
NaBH4/NiCl; to form the amines I1. These intermediates (could be used for the next step
without further purification) upon treatment with N-aryl(heteroaryl)-malonamic acids (1) afford
malonamides I bearing aryl substituents with basic moieties, attached to the thiophene ring

such as the ones shown in the Scheme E.

Scheme F
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{0165) Thieno[3,2-b]pyridine based compounds of formula XIX may be prepared
according to a general procedure shown in the scheme F, via an amide coupling reaction
between 2-oxo-1-aryl{heteroaryl)pyrrolidine-3-carboxylic acids (XX) and thieno[3,2-
b]pyridine derivatives bearing an amino-group (II). Acids XX could be prepared following the
literature procedure [S. Danishefsky, R.K.Singh. JACS, 1975, 97, 3239-3241] or purchased if
commercially available.

Scheme G
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[0166]  Thieno[3,2-b]pyridine based compounds of formula XXI could be prepared via a

condensation reaction (scheme G) between amines Il and 2-oxo-3-aryl(heteroaryl)- 1-carbonyl
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cliloridesdt a general Tormula™XXII, Acyl chlorides XX1I could be prepared following the
literature procedure (Chem. Abstr.; 88; 6873 and P. Mayer, et al.; J. Med. Chem.; 2000, 43,
3653-3664) while the reaction could be carried out in aprotic solvents such as DCM, CHCl,,
toluene, ethylene glycol dimethyl ether, MeCN, DMF, DMSO, THF, dioxane and like, in the

presence of organic bases such as DIPEA, Et;N, DBU, DMAP, N-methylmorpholine, N-
methylpiperidine, and like.

Scheme H
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[0167]  4,4,4-Trifluoro-N-aryl(heteroaryl)-3-(amino)butanamides of the general formula
XXIII may be obtained via a short reaction sequence starting from the amines II. Amines II
upon treatment with trifluoroacetaldehyde ethyl hemiacetal under acidic conditions (e.g. in the
presence of 4-toluenesulfonic acid) in polar solvents such as ethanol are transformed into N-(1-
ethoxy-2,2,2-trifluoroethyl)amines of the general structure XXIV. Compounds XXIV reacting
with malonates under basic conditions form 2-(2,2,2-trifluoro-1-(amino)ethyl)malonates such
as XXV. The amino di-esters XXV undergo alkaline hydrolysis to form the intermediate
malonic acids (not shown in the scheme A), which are further decarboxylated, to afford 4,4,4-
trifluoro~3-(amino)butanoic acids XXVI. Acids XXVI are coupled to different primary or

secondary amines using standard techniques, to produce title compounds XXIII.
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[0168]  4,4,4-Trifluoro-N-3-(cyclylamino)butanamides of the general formula XXVII may
be obtained via a similar short reaction sequence as in Scheme I using the same sets of
thienopyridine derivatives II and amines Ar-NH>. Amines Ar-NH; upon treatment with
trifluoroacetaldehyde ethyl hemiacetal under acidic conditions (e.g. in the presence of 4-
toluenesulfonic acid) in polar solvents such as ethanol are tarnsformed into N-(1-ethoxy-2,2,2-
trifluoroethyl)arylamines of the general structure XXVIII. Compounds XXVIII reacting with
malonates under basic conditions form diethyl 2+(2,2,2-rifluoro-1-
(cyclylamino)ethyl)ymalonates such as XXIX, The amino di-esters XXIX undergo alkaline
hydrolysis to form the intermediate malonic acids {not shown in the scheme I), which are
further decarboxylated, to afford 4,4,4-trifluoro-3-(cyclylamino)butanoic acids XXX. Acids
XXX are coupled to various amines of the general structure I, using standard techniques, to
produce title compounds XXVII.
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Particular examples
Scheme |

c OMe @NHZ i ome NaOH. THF, H;0, H o
¥ oY —— Oy

DCMm, 0°C o 0

F NO,

NO;

ot FOCI ¢ HO ; 0 Fe, conc.HC
Qo gy i oY e
—_— Y, —_—
\N Y/ \N \N /

PhaO/K,CO4
180°C

N~ N

FUNHz @(ﬂmou FU 1@5 @

1 O
) NS
T DMF, HOB!, EOC, E.I//H*
N N
4 o R=H: 5a; Example 1
Example 1

N'-(3-Fluoro-4-(thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-phenylmalonamide (5a)
Step 1. 3-Oxo-3-(phenylamino)propanoic acid (1) (two-step procedure)
[0169]  To asolution of methyl 3-chloro-3-oxopropanoate (2.0 g, 14.7 mmol) in dry DCM
(100 ml) was added aniline (2.68 g, 3.6 mmol) and the reaction mixture was stirred at 0°C for 1
hr, evaporated then dissolved in EtOA¢, washed with dilute HCI, NaHCOQ3, and brine, The
organic phase was collected, dried over sodium sulfate, filtered and the solvent was evaporated
to afford methyl 3-ox0-3-(phenylamino)propanoate as a brown oil which was used without
further purification (2.8g, 100%, crude). To a solution of this material (2.8 g, 14.5 mmol) in
THF (40 m1) and water (20 ml) was added NaOH (1.16 g, 29 mmol) and the reaction mixture
was stirred overnight, evaporated (to remove the THF) and then extracted with Et;0. The
aqueous phase was acidified to pH 1 and extracted with EtOAc. The extract was dried over
NazSQq, filtered and evaporated to afford the title compound 1 as a brown solid, which was
used without further purification (2.0 g, 77% yield). MS (m/z): 18.0 (100%) (M+H), 202.0
(44%) (M+Na).
Step 2. 7-Chlorothieno[3,2-b]pyridine (2)
[0170] A stirred suspension of thieno[3,2-b]pyridin-7-01 (5.0 g, 33.1 mmol) in POCl;5(15
mL) was heated at 105°C in an oil bath for 4 hrs. The resultant solution was cooled to room
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temperature and the YOCl; was removed under reduced pressure. The residue was cooled in an
ice/water bath and cold water was added. The mixture was made basic with concentrated
NH4OH solution and extracted with EtQAc. The organic extract was dried over anhydrous
sodium sulfate and concentrated to produce oil, which was purified by column chromatography
(eluent EtOAc-hexane, 1:4) to afford the title compound as a brown solid (4.5 g, 72% yield).
'H NMR (400 MHz, CDCls) § (ppm): 8.60 (d, J= 4.9 Hz, 1H), 7.80 (d, J=5.5 Hz, 1H), 7.60
(d,J=5.5Hz, 1H), 7.30 (d, /= 4.9 Hz, 1H).

Step 3. 7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridine (3)

[0171] A mixture of 2 (500 mg, 2.95 mmol), potassiym carbonate (1.62g, 11.8 mmol) and
2-fluoro-4-nitrophenol (603 mg, 3.85 mmol) were heated to 170°C in diphenyl ether (10 ml)
for 5 hrs, The mixture was cooled to room temperature, diluted with EtOAc and washed with
water. The organic phase was collected, dried over anhydrous sodium sulfate and the solvents
were removed under reduced pressure. The residue was purified by column chromatography,
eluent gradient EtOAc-hexane (9:1) to EtOAc, to afford the title compound 3 (660 mg, 76%
yield), "H NMR (400 MHz, CDCl;) & (ppm) 8.60 (d, J = 5.54 Hz, 1H), 8.14 (m, 3H), 7.80 (d, J
= 5.47 Hz, 1H), 7.61 (d, /= 5.48 Hz, 1H), 7.36 (t, /= 7.63 Hz), 6.65 (m, 1H).

Step 4. N'-(3-Fluoro-4-(thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-phenylmalonamide (5a)
[0172])  To a solution of 3 (660 mg, 2.27 mmol) in MeOH (10 ml) was added conc, HC] (1
ml) and Fe (1.91g, 34.8 mmol), and the reaction mixture was stirred at 0°C for 3 hrs,
neutralized with aqueous NaHCO; solution and extracted with EtOAc, producing 3-fluoro4-
(thieno[3,2-b]pyridin-7-yloxy)-phenylamine (4) as a dark oil (500 mg, 83%), which was used
directly in the next step. To a solution of the amine 4 (200 mg, 0.69 mmol) in DMF (10 ml)
was added 3-0xo-3~(phenylamino)propanoic acid (1, 155 mg, 0.89 mmol), HOBT (121 meg,
0.89 mmol) and EDC (198 mg, 1.035 mmol). The reaction mixture was stirred at room
temperature overnight, evaporated to dryness and the residue was dissolved in EtOAc and
washed with water. The organic phase was dried over sodium sulfate, filtered and evaporated
under reduced pressure. The residue was purified by column chromatography (eluent
EtOAc:hexane 3:1) to afford the title compound Sa (30 mg, 10% yield) as a white solid (after
trituration with Et,0). "H NMR (400 MHz, DMSO-ds) 5 (ppm) :10.5 (s, 1H), 10.2 (s, 1H), 8.49
(d, /J=5.48 Hz, 1H), 8.14 (d, J= 5,48 Hz, 1H), 7.85 (dd, /= 2.35 and 13.01 Hz, 1H), 7.59 (m,
3H), 7.42 (m, 2H), 7.30 (dt,/ = 1.96 and 7.43 Hz, 2H), 7.05 (t, /= 7.24 Hz, 1H), 6.65(d, J=
5.28 Hz, 1H), 3.51 (s, 2H).
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Scheme 2
OWO
NH;
Me Me @, W ]/\l l,OH
@ DCM, TMSC|
, cl ‘)"'Br

s S LBUL m
N = UaS—Q\

N fi. BuzSnCl N* P(PPha)aftoluene

2 J !

(o]

HO Felconc HCIIMeOH 5N
I E NS ®
PhzO N N

1

Me
8 9

N OH F. n “
o' ot

s
DMF,BOP,DIPEA  R—( ]|

o

5b; Example 2

Example 2

‘Hfj—~

N'-(3-Fluoro-4-(2-(1-methyl-] H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N’-

phenylmalonamide (Sb)
Step 1. 3-Oxo-3-(phenylamino)propanoic acid (1) (one-step procedure)

[0173] To a solution of aniline (13 mL, 143 mmol) in DCM (290 mL) was added TMSCI
(18.2 mL, 143 mmol) at room temperature and the reaction mixture was stirred for 1 hour.
[Rigo, B.; Fasseur, D.; Cauliez, P. and Couturier, D.Tetrahedron Lent.; 30; 23; 1989; 3073-
3076.]. 2,2-Dimethyl-1,3-dioxane-4,6-dione (20.6 g, 143 mmol) was added and combined

reaction mixture was stirred overnight at room temperature, poured into saturated NaHCO;

solution and extracted with EtOAc. The aqueous phase was collected, acidified with conc. HC]
to pH~3 by addition of 2N HC] and extracted with DCM. The organic phase was dried over
anhydrous Na;SQ;, filtered and concentrated under reduced pressure affording 3-oxo-3-
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(phenylamino)propanoic acid (1, 16.82 g, 65% yield) as a white solid. MS (m/z): 180.0 (25%)
(M+H), 202.0 (100%) (M+Na).

Step 2: 7-Chloro-2-(tributylstannyl)thieno[3,2-b]pyridine (6)

[0174] To a solution of 7-chlorothiene[3,2-b]pyridine 2 (9.82 g, 57.89 mmol) in THF (290 mL)
BuLi (2.5 N, 25 mL) was added at -78°C and the mixture stirred for 20 min at the same
temperature. Tributyltin chloride (63.68 mmol, 17.3 mL) was added dropwise and the mixture
stirred for 2 h at -78°C. The homogeneous mixture thus obtained was poured in water (200 mL)
and extracted with EtOAc (2x200 mL). The organic phase was collected, dried over anhydrous
Na;SO, and concentrated under reduced pressure. The residue was purified by flash
chromatography (eluent EtOAc/Hex 1:4) to afford 7-chloro-2-(tributylstannyl)thieno[3,2-
blpyridine (6, 24.79 g, 93% yield) as a syrup. MS (m/z): cluster of signals centered around 460.1
(M+1).

Step 3: 7-Chloro-2-(1-methyl- 1 H-imidazol-2-yl)thieno[3,2-b]pyridine (7)

[0175] To a solution of the tin derivative 6 (24.79 g, 54.05 mmol) and 2-bromo-1-methyl- 1 H-

imidazole (10.4 g, 64.86 mmol) [McCallum, P. W.; Weavers, R. T.: Grimmet, M. R.: Blackman,
A. G.; Aust. J. Chem.; 52; 3 :1999; 159-166.] in toluene (180 mL) Pd[PPhs]s (5 g, 4.32 mmol) was

added and the mixture was refluxed under nitrogen for 2 days, cooled to room temperature. A
precipitate was formed which was collected by filtration, washed with Et;O and dried, to afford the
title compound 7 as a grey solid (12.72 g, 94% yield). MS (m/z): 250.0 (M+H).

Step 4: 7-(2-Fluoro-4-nitrophenoxy)-2-( 1 -methyl- 7 F/-imidazol-2-yl)thieno[ 3,2-5]pyridine (8)
[0176] A mixture of 7-chloro-2-(1-methyl-1/-imidazol-2-yl)thieno[3,2-b]pyridine (7) (1.0 g, 4
mmol), 2-fluoro-4-nitrophenol (0.942 g, 6 mmol) and K,CO; (1.1 g, 8 mmol) in PhyO (20 mL) was
stirred at 200°C for 24h. The cooled reaction mixture was diluted with DCM (200 mL) and
extracted with |M HCI (200 mL). The aqueous phase was filtered through paper filter, basified
(pH~10) with conc. NH4OH to produce a cloudy mixture that was extracted with DCM. The
organic phase was dried over anhydrous Na,SO,4 and concentrated under pressure to give title
compound 8 as an orange solid (0.667 g, 45% yield). MS (m/z): 371.0 (M+H).

Step 5: 3-Fluoro-4-(2-(1-methyl- 1 H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy) benzenamine (9)
[0177] To a solution of the nitro compound 8 (1.50 g, 4.05 mmol) and NiCl,-6H,0 (2.02 g,
8.52 mmol) in MeOH/THF (45 mL/68 mL) at 0°C was added NaBH,4 (0.618 g, 16.3 mmol) portion
wise (1.50 g, 4.05 mmol) with vigorous stirring. The reaction mixture was stirred for 30 minutes at

0°C and concentrated under reduced pressure. The resultant black residue was suspended in 1M
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HCI (10 mL) and the mixture was basified (pH~11) with conc. NH4OH. The cloudy suspension
was filtered; the solid residue was separated, washed with water and dried under reduced
pressure to afford the title compound 9 as a brown solid (0.73g, 52% yield), which was used in
the next step without further purification. MS (m/z): 341.1 (M+H).

Step 6: N ~(3-Fluoro-4-(2-(1-methyl-1H-~imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N°-phenylmalonamide (5b)

[0178] To a solution of the amine 9 (80 mg, 0.235 mmol), 3-0x0-3-
(phenylamino)propanoic acid (1) (42 mg, 0.235 mmol) and BOP (114.6 mg, 0.259 mmol) in
DMF (2.4 mL), DIPEA (0.164 mL, 0.941 mmol) was added and the mixture was stirred at
room temperature for 2 h. The reaction mixture was partitioned between EtOAc and water,
Organic phase was collected, washed with H,O and brine, dried over anhydrous Na,SO4 and
concentrated. The residue was purified by flash chromatography (EtOAc/MeOH 95:5)
followed by crystallization (MeOH) to afford the title compound 5b (11 mg, 9% yield). 'H
NMR (DMSO-ds) & (ppm): 10.55 (s, 1H), 10.19 (s, 1H), 8.5 (d, I = 5.4 Hz, 1H), 7.86 (m, 2H),
7.59 (m, 2H), 7.49 (t, ] = 8.8 Hz, 1H), 7.41 (m, 2H), 7.30 (m, 2H), 7.05 (m, 2H), 6.69 (d, J =
5.4 Hz, 1H), 3.99 (s, 3H), 3.52 (s, 2H). MS (m/z): 502.2 (M+H).
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Example 3
N’-{3-Fluoro-4-[2<(1 -methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy]-phenyl}-N°-
phenylmalonamide (5¢)

Step1: 7-Chloro-2~(1-methyl- / H-imidazol-4-yl)thieno[3,2-b]pyridine (10)
[0179] Following the procedure described for compound 7 (example 2, step 3) but
substituting 2-bromo-1-methyl-1 H-imidazole for 4-bromo-1-methyl-1H-imidazole [a) Begtrup,
M.; Larsen, P.; Acta Chem. Scand. 44, 10, 1990; 1050-1057. b) Begtrup, M.; Bull. Soc, Chim.
Belg.: 97: 8-9; 1988; 573-398. c) Begtrup, M.: Larsen, P.; Chem. Pharm. Bull, 42. 9: 1994;
1784-1790.], title compound 10 was obtained as an off-white solid (29% yield). MS (m/z):
250.1 (M+H).
Step 2: 7-(2-Fluoro-4-nitrophenoxy)-2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridine (11)
[0180]  Following the procedure described for the nitro compound 8 (example 2, step 4) but
substituting compound 7 for the compound 10, title compound 11 was obtained as a red solid
(46% yield). MS (m/z): 371.1 (M+H).
Step 3: 3-Fluoro-4-(2-(1-methyl-/ H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy) benzenamine
(12)
[0181]  Following the procedure described for the amine 9 (example 2, step 5) but

substituting nitro-compound 8 for compound 11, title compound 12 was obtained as a red solid
(82% yield). MS (m/z); 341.1 (M+H).

Step 4: N'-(3-fluoro-4-(2-( 1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N’-phenylmalonamide (5¢)

[0182]  Following the procedure described for compound 5a (example 1, step 5) but
substituting amine 9 for compound 12, title compound 5c was obtained as a white solid (78%
yield). MS (m/z): 502.0 (M+H).
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N'-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno[3,2-5]pyridin-7-yloxy)-3-fluorophenyl)-N°-
phenylmalonamide (5d)
Step 1: 7-Chloro-2-(1-ethyl-/ H-imidazol-4-yl)thieno[3,2-b]pyridine (13)
[0183]  Following the procedure described for compound 7 (example 2, step 3) but
substituting 2-bromo-1-methyl-/F-imidazole for 4-bromo-1-ethyl-1H-imodazole [a) Begtrup,
M.: Larsen, P.; Acta Chem. Scand. 44, 10: 1990; 1050-1057. b) Begtrup, M.; Bull. Soc. Chim.

1784-1790.], title compound 13 was obtained as a yellow solid (30% yield). MS (m/z); 263.9
(M+H).

Step 2: 2-(1-Ethyl-/ H-imidazol-4-y1)-7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b] pyridine (14)
[0184]  Following the procedure described for 8 (example 2, step 4) but substituting
compound 7 for compound 10, title compound 14 was obtained as a yellow solid (76% yield).
MS (m/z): 384.9 (M+H).
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Step 3: 4-(2-(1-Ethyl-] H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-flucrobenzenamine
(15)

[0185]  Following the procedure described for compound 9 (example 2, step 5) but
substituting nitro compound 8 for the compound 14, title compound 15 was obtained as a
yellow solid (86% yield). MS (m/z): 402.1 (M+H).

Step 4. N'-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-
phenylmalonamide (5d)

[0186]  Following the procedure described for compound 5a (example 1, step 5) but
substituting amine 9 for compound 15, title compound 5d was obtained in 57% yield. MS
(m/z): 516.0 (M+H).

Scheme 5

N

o /[ Y cl
S g8r” N

B Me N AT

BugSn—4 Il I WA ) —
N P(PPhy)¢toluene "r!v‘ N
e

F. NO; F NH;
F oy B
HO-@—NO, o
Nm Fe, cong. HCI/MeOH q%
| —
PO KCOs N N N Ly 7

e Me
17 18

H
N o F N R
oY SR gas
1
S x
DMF, EDC, HOBT R A | P
50: Example 5

Z F

z=-

N

N
b:R=’{[\>
S

Me
Example §
N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[ 3,2-b] pyridin-7-yloxy)phenyl)-N°-
phenylmalonamide (5¢)
Stepl: 7-Chloro-2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridine (16)
[0187]  Nitrogen was bubbled through a mixture of the tin derivative 6 (7.19 g, 15.7 mmol)
and 5-bromo-1-methyl-1H-imidazole (2.02 g, 12.5 mmol) [a) Begtrup, M.; Larsen, P.; Acta
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Chem. Scand. 44, 10; 1990; 1050-1057. b) Begtrup, M.; Bull. Soc. Chim. Belg.: 97; 8-9; 1988;
573-598. c) Begtrup, M. Larsen, P.; Chem. Pharm. Bull. 42, 9;1994; 1784-1790.] in toluene
(20 mL) for 5 minutes. Bd(PPh3)4 (1.50 g, 1.30 mmol) was added and nitrogen was bubbled for
additional 5 minutes. Finally, the mixture was refluxed under nitrogen overnight, the resultant
yellow suspension was concentrated under reduced pressure and then purified with flash
chromatography (eluent EtOAc/MeOH 90:10), to afford title compound 16 as a yellow solid
(2.48 g, 79% yield). MS (m/z): 250,0(M-+H).

Step 2: 7-(2-Fluoro-4-nitrophenoxy)-2-(1-methyl- 1 H-imidazol-5-y1)thienof3,2-b]pyridine (17)
[0188] A mixture of the compound 16 (1.52 g, 6.09 mmol), 2-fluoro-4-nitrophenol (3.87 g,
24.6 mmol) and K,CO; (4.31 g, 31.2 mmol) in Ph,0O (20 mL) was heated at 190°C overnight.
DCM (250 mL) was added to the resultant dark-brown mixture, which was then extracted with
aqueous 1M HCI. The aqueous layer was collected, washed with DCM and basified with
NH4OH. The resultant cloudy mixture was extracted with DCM. The organic phase was

combined, filtered; the filtrate was washed with water, dried over anhydrous Na;SO;4 and
concentrated under reduced pressure. The resultant yellow solid was purified by flash
chromatography, eluent EtOAc/MeOH (80:20) to afford title compound 17 as a yellow solid
(0.96 g, 43% yield). MS (m/z): 371.0 (M+H).

Step 3: 3-Fluoro-4-(2-(1-methyl-1 H-imidazol-5-yl)thieno[3,2-h]pyridin-7-yloxy)benzenamine
(18)

[0189]  To a stirring mixture of the nitro compound 17 (0.96 g, 2.59 mmo]) and NiCl,-6H,O
(1.24 g, 5.22 mmol) in MeOH/THF (26 mL/39 mL) at 0°C, NaBH, (0.341 g, 9.01 mmol) was
added portion wise. The reaction mixture was stirred for 15 minutes, quenched with 1M HCl
(10 mL) and concentrated under reduced pressure to form a green residue, which was then
dissolved in 1M HCI (250 mL) and basified with NH,OH. The cloudy suspension was
extracted with EtQAc, the organic layer was collected, filtered, washed with water and then
dried over anhydrous Na;SO,. Evaporation of this solution afforded title compound 18 as
brown solid (0.46 g, 52% yield), which was used in the next step without additional
purification. MS (m/z): 341.1 (M+H),

Step 4. N'-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-5-y)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N3-phenylmalonamide (Se)

[0190]  Following the procedure described for compound 5b (example 2, step 6) but

substituting amine 9 for compound 18, title compound Se was obtained in 5% yield. MS (m/z):
502.0 (M+H).
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Example 6
N'-(3-Fluoro-4-(2-(pyrrolidine-1 -carbonyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-
phenylmalonamide (5f)

Steps 1-3: (7-Chlorothieno[3,2-b]pyridin-2-yl)(pyrrolidin-1-yl)methanone (21)

[0191] To a stirred solution of 2 (11.91 g, 70.22 mmol) in dry THF (200 mL) at

-78°C was added n-BuLi (33,70 mL, 84.26 mmol, 2.5 M solution in hexanes) and the resultant
suspension was stirred for 1 h. Solid carbon dioxide (excess) was added and the mixture was
allowed to warm to room temperature over a period of 1 hour, The solvent was removed under
reduced pressure and the resultant lithium carboxylate 19 was used without further purification
{16.43 g, quantitative). To a stirred suspension of 19 (15.41 g, 70.22 mmol) in dry DCM (150
mL) was added (COCI), (12.25 mL, 140.44 mmol) and dry DMF (5 drops). The reaction
mixture was heated to reflux for 3 hrs. The solvents were evaporated to produce 20, which was
used directly in the next step. Acyl chloride 20 (8.14 g, 35.11 mmol) was suspended in dry
DCM (300 mL) at 0°C, pyrrolidine (3.22 mL, 38.62 mmol) was added and the reaction mixture
was stirred overnight. The solvent was removed under reduced pressure and the residue was
dissolved in EtQAc and washed with water, The organic phase was collected and dried over
anhydrous sodium sulfate, then filtered and concentrated under reduced pressure to produce a
residue, which was purified by column chromatography (eluent MeOH-CH,Cl,, 2:98, 5:95) to
afford the title compound 21 as a brown solid (16.07 g, 86% yield). MS (m/z); 267.1 (M+H),
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Step 4: (7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)(pyrrolidin-1-yl) methanone
(22)

[0192] A mixture of 21 (2.4 g, 8.89 mmol), K,CO; (4.97 g, 35.96 mmol) and 2-fluoro-4-
nitrophenol (1.55 g, 9.89 mmol) were heated at 150°C in diphenyl ether (40 mL) for 2 days.
The mixture was purified by column chromatography (eluents EtOAc-hexane 5:95, 2:8, then
MeOH-EtOAc 2:98, 5:95) to give the title compound 22 as a yellow solid (3.23 g, 93% yield).
MS (m/z): 388.2 (M+H).

Step 4: (7-(4-Amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)(pyrrolidin~1-yl)methanone
(23)

[0193]  To asolution 0f 22 (3.23 g, 8.33 mmol) and NiCl,.6HO (3.96 g, 16.66 mmol) in
MeOH/THF (100/100 mL) was added NaBH, (1.24 g, 33.32 mmol). The reaction mixture was
stirred for 1 hr, concentrated to dryness and the resultant solid was dissolved in 10% HCI. The
aqueous solution was then made basic with concentrated NH,OH solution and extracted with
EtOAc. The organic phase was collected, dried over anhydrous sodium sulfate and
concentrated under reduced pressure to afford 23 as a black solid (2.72 g, 91% yield). MS
(m/z); 358.2 (M+H).

Step 5: N'-(3-Fluoro-4-(2-(pyrrolidine-1-carbonyl)thieno| 3,2-b]pyridin-7-yloxy)phenyl)-N°-
phenylmalonamide (5f)

[0194] To asolution of 23 (100 mg, 0.28 mmol), HOBT (49 mg, 0.36 mmol) and EDC (80
mg, 0.41 mmol) in DMF (5 mL) was added 3-oxo-3-(phenylamino)propanoic acid (1) (65 mg,
0.36 mmol). The reaction mixture was stirred for 1 day and was diluted with EtOAc. The
resultant solution was washed with water and brine, dried over anhydrous sodium sulfate and
concentrated to provide a residue, which was purified by column chromatography (eluents
MeOH-CH,Cla, 2:98, 5:95) to produce a solid material, which after trituration with
EtOAc/hexane afforded 5f as a white solid (74 mg, 51% yield). MS (m/z): 519.2 (M+H).
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Example 7
(R)-N'-(4-(2-(3-(Dimethylamino)pyrrolidine- 1 -carbonyl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N*-phenylmalonamide (5g)
Steps 1-3: (R)~(7-Chlorothieno[3,2-b]pyridin-2-yl)(3-(dimethylamino)pyrrolidin-1-
yl)methanone (24)
[0195]  Following the procedures described above for the compound 21 (example 51, steps
1-3) but substituting pyrrolidine in the step 3 for (R)-N, N-dimethylpyrrolidin-3-amine, title
compound 24 was obtained as a white solid (58% yield). MS (m/z): 310.0 (M+H).

Step 4: (R)-(3-(Dimethylamino)pyrrolidin-1-yl)(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-
b]pyridin-2-yl)methanone (25)

[0196] A mixture of the amide 24 (1.44g, 4.65mmol), 2-fluoro-4-nitrophenol (2.21 g, 14.1
mmol) and K;COj3 (2.56 g, 18.5 mmol) in Ph20 (5.0 mL) was heated at 190°C for 3 hrs. CHCl;
(100 mL) was added to the resultant dark brown mixture and then the mixture was extracted
with IM HCI. The aqueous phase was washed with CHCI; and basified with NHLOH (pH 11).
The resultant cloudy mixture was extracted with CHCI; and the organic phase was collected,
washed with water, dried over anhydrous Na;SO; then concentrated under reduced pressure.

The remaining yellow solid material was purified by flash chromatography, eluent
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CHCI1y/MeOH (95:5, then 80:20) to afford title compound 25 as a white solid (1.41 g, 3.28
mmol, 71% yield). MS (m/z): 431.0 (M+H).

Step 5: (R)-(7-(4-Amino-2-fluorophenoxy)thieno[3,2-b1pyridin-2-y [)(3-(dimethylamino)
pyrrolidin-1-yl)methanone (26)

[0197] To a solution of the nitro compound 25 (708 mg, 1.64mmol) in AcOH (16mL) at
90°C, was added iron powder (928mg, 16.6mmol) and the reaction mixture was stirred
vigorously for 20 min. The grey suspension was dissolved in 1N HCI (50 mL) and washed with
CHCI; (50 mL). The aqueous phase was basified with NH4OH to pH~10, extracted with
CHCl3. The organic phase was collected, dried over anhydrous Na;SO4 and concentrated under
reduced pressure to give the title compound 26 (506mg, 77%) as a white solid. MS (m/z):
401.1(M+H).

Step 6. (R)-N'-(4~(2-(3-(Dimethylamino)pyrrolidine-1-carbonyl)thieno[3,2-b] pyridin-7-yloxy)-
3-fluorophenyl)-N-phenylmalonamide (5g)

[0198]
but replacing the amine 9 with the compound 26, title compound 5g was obtained in 38% yield.
MS (m/z): 562.0 (M+H),

Following the procedure described above for the compound 5a (step 5, example 1)

PCT/IB2006/004306

Table 1

Qﬂj WNO

Sc-f: Examples 3-7

Cpd

Ex.

Name

Characterization

5¢

N-(3-Flnoro-4-(2-(1-
methyl-1H-imidazol-
4-yl)thieno[3,2-
b]pyridin-7-
yloxy)phenyl)-3-oxo-
3-phenylpropanamide

TH NMR (DMSO-ds) & (ppm): 10.78(s, 1H), 10.31(s,
1H), 8.64(d. 1H), 8.23(broad, s, 1H), 8.20(s, 1H),
7.93(dd, 1H), 7.92(s, 1H) 7.61-7.48(m, 4H), 7.30(¢,
2H), 7.05(t, 1H), 6.95(d, 1H), 3.78(s, 3H), 3.55(s,
2H). MS (m/z): 501.1(M+H).

5d

N'-(4-(2(1-Ethyl-1H-
imidazol-4-
yhthieno|3,2-
b}pyridin-7-yloxy)-3-
fluorophenyl)-N"-
phenylmalonamide

TH NMR (DMSO-ds) & (ppm): 10.82(s, TH), 10.34(s,
1H), 8.67(d. 1H), 8.38(broad, s, 1H), 8.34(dd, 1H),
7.96(s, 1H), 7.93(dd, 1H), 7.62-7.51(m, 4H), 7.30(,
2H), 7.05(t, 1H), 6.98(d, 1H), 6.96(d, 1H), 4.13(q,
2H), 3.54(s, 2H), 1.43(t, 3H). MS (m/z):
516.0(M+H).
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Cpd |Ex. R Name T Characterization
5¢ | 5 N N'-(3-Fluoro-4-(2-(1- |"H NMR (DMSO-dg) 6 (ppm): 10.52(s, 1H), 10.16s,
S N) methyl-1 H-imidazol~ |1H), 8.45(d, 1H), 7.92(broad, s, 1H), 7.27(dd, 1H),
te  |2¥Dihienof3,2- 7.74(s, 1H), 7.56(s, 1H), 7.54(s, 1H), 7.41(m, 3H),
€ |p]pyridin-7- 7.26(t, 2H), 7.00(t, 1H), 6.59(d, 1H), 3.84(s, 3H),
yloxy)phenyl)-N°-  |3.46(s, 2H). MS (m/z): 502.4(M+H).
(pyridine-3-
yDmalonamide
5t [ 6 0 N'-(3-Fluoro-4-2- ['H NMR (DMSO-dg) & (ppm): 10.65(s, 1H), 10.25(s,
M |(pyrrolidine-1- 1H), 8.61(d, § = 5.6 Hz, 1H), 8.03(s, 1H), 7.92-
@ carbonyl)thieno[3,2- |7.86(m, J = 13.2 Hz, 1H), 7.60(d, J = 8.4 Hz, 2H),
blpyridin-7- 7.50(t, J = 8.4 Hz, 1H), 7.47-7.20(m, 1H), 7.30(t, J =
yloxy)phenyl)-N*- 8.0 Hz, 2H), 7.04(t, J = 72 Hz, 1H), 6.83(d, ] = 5.6
phenylmalonamide  [Hz, 1H), 3.54(t, J = 64 Hz, 2H), 3.53(s, 2H),
1.97(quin, J = 6.4 Hz, 2H), 1.89(quin, ] = 6.4 Hz,
: 2H). MS (m/z): (M+1) 519.2 (100%).
S5¢ | 7 Qo .[(R)-N'-@-(2-(3- "H NMR (DMSO-d) 8 (ppm): 10.57(s, 1H), 10.20(s,
NH Dimethylamino)pyrrol |1H), 8.57(dd, 1H), 8.06(d, 1H), 7.87(dd, 1H), 7.60(m,
,Q idine-1- 2H), 7.49(t, 1H.), 7.42(dd, 1H), 7.31(m, 2H)),
Me N carbonyl)thieno[3,2- |7.05(m, 1H), 6.76(d, 1H), 4.02(m, 1H), 3.91-3.76(m,
blpyridin-7-yloxy)-3- |1H), 3.64(m, 1H), 3.50(s, 2H), 3.47(m, 1H), 2.82(m,
fluorophenyl)-N’- 1H), 2.23(s, 3H), 2.21(s, 3H), 2.10(m, 1H), 1.80(m,
phenylmalonamide  |1H). MS (m/z): 562.1(M+H).
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Example 8
N -(3-Fluoro-4-(2-(1-methyl-lH—imidazol-2-yl)thieno[3,2-b]pyridin-?-yony)phenyl)-bf-(2-
methoxyphenyl)malonamide (28a)

Step 1: 3-(2-Methoxyphenylamino)-3-oxopropanoic acid (27)
[0199]  To asolution of 2-methoxybenzeneamine (1.1 g, 8.93mmol) in DCM (90 mL) was
added TMSCI (1.1mL, 8.93mmol) at room temperature [Rigo, B.; Fasseur, D.; Cauliez, P. and
Couturier, D.Tetrahedron Lett.; 30; 23; 1989; 3073-3076.]. The reaction mixture was stirred
for 30 mins before the addition of 2,2-dimethyl-1,3-dioxane-4,6-dione (1.29g, 8.93mmol) and
then stirring was continued mixture for additional 2 hours. Water (1mL) was added, and the
reaction mixture was concentrated under reduced pressure. The residue was poured into
saturated NaHCOs solution, and extracted with EtOAc. The aqueous phase was collected,
acidified with conc. HCI to pH~4, extracted with EtOAc, the extract was dried over anhydrous
Na,;S0; and concentrated. The residue was purified by flash chromatography (eluent
CHCI13/MeOH/AcOH 9:1:0.1) to afford the compound 27 (0.56g, 30% yield) as a white solid.
"H NMR (DMSO-ds) & (ppm): 12.62(bs, 1H), 9.52(s, 1H), 8.02(dd, 1H), 7.03(m, 2H), 6.88(m,
1H), 3.82(s, 3H), 3.46(s, 2H). MS (m/z): 210.1 (M+H).
Step 2: N'-(3-Fluoro-4-(2-(1 -methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N’-(2-methoxyphenyl)malonamide (28a)
[0200]  To asolution of the acid (27) (75 mg, 0.36 mmol) and HOBt (54 mg, 0.40 mmol) in
DMF (6 mL), was added amine 9 (135 mg, 0.40 mmol). After stirring for 5 min, EDC (84mg,
0.42mmol) was added and the reaction mixture was stirred for additional 4 hrs at room
temperature, The reaction mixture was poured into NaHCOs solution, extracted with EtOAc;
the organic phase was collected, dried over anhydrous Na;SO4 and concentrated. The residue
was purified by preparative HPLC (Aquasil C-18 column, gradient MeOH/water from 60:40 to
95:5) to afford 28a (105 mg, 55% yield) as a white solid. 'H NMR (DMSO-ds)  (ppm):
10.80(s, 1H), 9.62(s, 1H), 8.66(d. 1H), 8.33(s, 1H), 8.04(d, 1H), 7.90(d, 1H), 7.82(s, 1H),
7.68(s, 1H), 7.54-7.49(m, 2H), 7.06(m, 2H), 6.89(m, 2H), 4.03(s, 3H), 3.84(s, 3H), 3.66(s, 2H).
MS (m/z); 532.0 (M+H).
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Example 9
N'-(4-2-(1-Ethyl-1 H—imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-ﬂuorophenyl)-Na-(Z-
methoxyphenyl)malonamide (28b)
H OMe
Y
O
!
“Et

F §
Q!
(o)

S, N
7 N\

N

[0201]  Following the procedure described above for the compound 28a (example 8, step 2)
but replacing amine 9 for amine 15, title compound 28b was obtained in 69% yield. '"H NMR
(DMSO-ds) & (ppm): 10.78(s, 1H), 9.62(s, 1H), 8.66(d. 1H), 8.37 (broad, 5, 1H), 8.33(s, 1H),
8.05(dd, 1H), 7.94(s, 1H), 7.92(dd, 1H), 7.55(t, 1H), 7.47(dd, 1H), 7.07(m, 2H), 6.96(d, 1 H),
6.89(m, 1H), 4.13(g, 2H), 3.84(s, 2H), 1.42(t, 3H). MS (m/z); 546.0 (M+H),

Example 10

N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>~(2-
methoxyphenyl)malonamide (28¢)

Xy
(o)
S
A/

M

H OMe
“wﬁr”@
O O
/N
/N,‘J
e

=

[0262]  Following the procedure described above for the compound 28a (example 8, step 2)
but replacing amine 9 for amine 18, title compound 28¢ was obtained in 24% yield. "H NMR
(DMSO-dg) & (ppm): 10.58(s, 1H), 9.62(s, LH), 8.49(d, 1H), 8.05(dd, 1H), 7.85(m, 2H), 7.77(s,
1H), 7.48(t, 1H), 7.41(n, 2H), 7.05(m, 2H), 6.90(m, 2H) 6.63(dd, 1H), 3.88(s, 3H), 3.84(s,
3H), 3.63(s, 2H). MS (m/z): 531.8 (M+H).
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Example 11
N'-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-yl)thieno[ 3 ,2-b]pyridin-7-yloxy)phenyl)-A’-(2-
fluorophenyl)malonamide (30a)
Step 1: 3-(2-Fluorophenylamino)-3-oxopropanoic acid (29)
[0203] To a suspension of 2-fluorobenzeneamine (1 mL, 7.80 nmmol) in DCM (78 mL) was
added TMSCI (0.99 ml., 7.80 mmol) at RT [Rigo, B.; Fasseur, D.; Cauliez, P. and Couturier,
D.Tetrahedron Lett.; 30; 23; 1989; 3073-3076.]. The reaction mixture was stirred for 30 min then
2,2-dimethyl-1,3-dioxane-4,6-dione (1.12 g, 7.80 mmol) was added and the combimed mixture was
stirred overmight. The solvent was removed under reduced pressure and the residue was dissolved in
NaHCO; solution, which was washed with EtOAc. The organic pliase was discarded and the aqueous
phase was acidified with conc. HC] to pH~3, extracted with EtQAc; extract was dried (anhydrous
Nap80,) and concentrated. The residue was purnified by flash chromatography (eluent
CHCl;/MeOH/AcOH 8:1:0.1) to afford the acid 29 (0.4 g, 26% yield) as a white solid. 'H NMR
(DMSQO-d) & (ppm): 12.67(s, broad, 1H), 9.95(s, 1H), 7.95(m, 1H), 7.25(m, 1H), 7.12(m, 1H),
3.43(s, 2H). MS (m/z): 198.0 (M+H). _
Step 2: N*-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy) phenyl)-A*-(2-
fluoroxyphenyl)malonamide (30a)
[0204] Starting from the amine 9 and following the procedure described above for the
compound 28a (example 8, step 2) but substituting acid 27 for the acid 29, title compound 30a
105



was obtained as a white solid in 5% yield. "H NMR (DMSO-ds) & (ppm): 10.56(s, 1H),
10.04(s, 1H), 8.50(d. 1H), 7099-7.95(m, 1H), 7.88(s, 1H), 7.86(dd, 1H), 7.50(t, 2H)
7.42(dd, 1H), 7.40(s, 1H), 7.29-7.24(m, 1H), 7.17-7.14(m, 1H), 7.03 (s, 1H), 6.69(d. 1H),
4.00(s, 3H), 3.64(s, 2H). MS (m/z): 520.1 (M+H).

Example 12
N'-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N°-
(2-fluorophenyl) malonamide (30b)

hege "G
S

| N / \ jN‘"Et
[0205] Following the procedure described above for the compound 30a (example 12,
step 2) but substituting amine 9 for the amine 15, title compound 30b was obtained in
42% yield. '"H NMR (DMSO-dg) 6 (ppm): 10.55(s, 1H), 10.05(s, 1H), 8.41(d. 1H),
7.97(m, 1H), 7.95(s, 1H), 7.85(dd, 1H), 7.77(d, 11), 7.65(s, 1H), 7.45(dd, 1H), 7.41(dd,
1H), 7.26(m, 1H), 7.16(m, 1H), 6.57(d, 1H), 4.03(g, 2H), 3.60(s, 21), 1.38(t, 3H). MS

(m/z): 534.0 (M+H).
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Example 13
N'-(3-Fluoro-4-(2-(1-methyl- 1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl) -N-
methyl-A-phenylmalonamide (32)

peR U

Step 1: 3-(Methyl(phenyl)amino)-3-oxopropanoic acid (31)

[0206] A solution of methyl 3-chloro-3-oxopropanoate (1 mL, 9.32 mmol) and N-methy]
aniline (1.01 mL, 9.32 mmol) in DCM (18.6 mL) was stirred overnight at room temperature.
The solvent was removed under reduced pressure and the residue (N-methyl-N-phenyl-
malonamic acid methy! ester, 2.55 g) was dissolved in THF (9 mL). A solution of LiOH x H,0O
(0.782 g, 18.64 mmol) in water (9 mL) was added and the mixture stirred for 1 h at room
temperature. The THF was removed under reduced pressure and the remaining aqueous
solution was acidified with 1N HCI (until pH~3) then extracted with EtOAc. The organic phase
was concentrated under reduced pressure to afford the acid 31 (1.67 g, 93% yield) as a brown
foam. MS (m/z): 194.0 (M+H).

Step 2: N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N*-methyl-N’-phenylmalonamide (32)

[0207]  To asolution of the amine 9 (80 mg, 0.235 mmol), acid 31 (47 mg, 0.235 mmmol),
and BOP (114.6 mg, 0.254 mmol) in DMF (2.4 mL), DIPEA (0.164 mL, 0.941 mmol) was
added and the mixture was stirred for 2 h at room temperature. The reaction mixture was
diluted with EtOAc (100 mL), water (50 mL) was added and the mixture filtered through paper
filter, The organic phase was separated, washed with water (50 mL), brine (20 mL), dried
(anhydrous Na;SOs) and concentrated under reduced pressure. The residue was purified by
flash chromatography (eluent EtOAc/MeOH 10:1) to afford the title compound 32 (36.2 mg,
30% yield) as a creamy solid. 'H NMR (DMSO-ds) & (ppm): 10.29 (s, 1H), 8.49 (d, T = 5.5 Hz,
1H), 7.87 (s, 1H), 7.77 (d, = 12,7 Hz, 1H), 7.46-7.30 (m, 8H), 7.03 (s, 1H), 6.66 (d, I = 5.5
Hz, 1H), 3.98 (s, 3H), 3.22 (s, 2H), 2.52 (3H, s). MS (m/z): 516.3 (M+H).
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HOBt, EDC

Example 14
N -{3-Fluoro-4-[2-(1-methy]-1H-imidazol-2-y1)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-N°-
pyridin-4-yl-malonamide (34)

Step 1: Lithium 3-ox0-3-(pyridin-4-ylamino)propanoate (33)
[0208] A mixture of 3-chloro-3-oxopropanoate (1 mL, 9.32 mmol), pyridin-4-amine (0.88
g, 9.32 mmol), and Et;N (1.3 mL, 9.32 mmol) in DCM (18.6 mL) was stirred for 2h at room
temperature. The mixture was concentrated and the residue was purified by flash
chromatography (eluent EtOAc/MeOH, 19/1) to produce methyl 3-oxo-3-(pyridin-4-
ylamino)propanoate (507.7 mg). Part of this material (207 mg) was re dissolved in THF (1
mL); treated with LiOH x HyO (90 mg, 2.14 mmol) in H,0 (1 mL) for 1 h at room temperature.
The THF was removed under reduced pressure and the residue was lyophilized to afford the
title compound 33 (containing 1 equivalent LiCl) (243.1 mg, 100% yield) as a white solid,
which was used in the next step without further purification. MS (m/z): 181.0 (M+H).
Step 2: N’-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-y)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N’-(pyridin-4-yl)malonamide (34)
[0209]  Thetitle compound was obtained starting from the amine 9 according to the
procedure described for Sb (example 2, step 6) but substituting acid 27 for the salt 33 (57 mg,
0.251 mmol). After purification (preparative HPLC, C-18 column, MeOH 60% to MeOH 95%
in water) title compound 34 was obtained as a white fluffy solid in 23% yield, 'H NMR
(DMSO-ds) & (ppm): 10.68 (s, 2H), 8.45 (d, J = 5.5 Hz, 1H), 8.42 (d, J = 5.9 Hz, 1H), 8.31 (bs,
1H), 7.86 (m, 2H), 7.56 (m, 2H), 7.49 (t, J = 8.8 Hz, 1H), 7.42 (m, 2H), 7.03 (d, J =1 Hz, 1H),
6.69 (d, J = 5.5 Hz, 1H), 3.99 (s, 3H), 3.57 (s, 2H), 2.52 (2H, 5). MS (m/z): 503.3 (M+H).
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36: Example 15

Example 15
N’-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N"-
(pyrrolidin-3-yl)malonamide (36)

Step 1: terr-Butyl 3-(3-chloro-3-oxopropanamido)pyrrolidine-1-carboxylate (35)
[0210] A mixture of 3-chloro-3-oxopropanoate (0.235 mL, 2.2 mmol), fert-butyl 3-
aminopyrrolidine-1-carboxylate (410 mg, 2.2 mmol), DCM (4.4 mL) and DIPEA (0.766 mL,
4.4 mmol) was stirred for 2h at room temperature. The reaction mixture was concentrated
under reduced pressure and the residue was re-dissolved in THF (2.2 mL), treated with LiOH x
H20 (0.185 g, 4.4 mmol) in water (2.2 mL) for 2 h at room temperature and concentrated under
reduced pressure to remove the THF. The remaining aqueous solution was extracted with
EtOAc, acidified with 2N HCI (until pH~3), extracted again with EtOAc. The combined
organic extracts were dried over anhydrous Na;SOy, filtered and concentrated under reduced
pressure to afford the title compound 35 (286 mg, 48% yield) as a light brown foam which was
used in the next step without further purification. MS (m/z): 273.1 (M+H).
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Step 2: N'-(3-F1u0r0-4-(2-(1-methyl-1H-imidazol-2-y])thieno[3 ,2-b]pyridin-7-yloxy)phenyl)-
N-(pyrrolidin-3-yl)malonamide (36)

[0211]  To asolution of the amine 9 (80 mg, 0.235 mmol), acid 35 (64 mg, 0.235 mmol)
and BOP (114.6 mg, 0.254 mmol) in DMF (2.4 mL) was added DIPEA (0.164 mL, 0.941
mmol) and the mixture stirred 2 h at room temperature. EtOAc (100 mL) and water (50 mL)
were added and the mixture was filtered through a paper filter. The organic phase was
collected, washed with water (50 mL), brine (20 mL), dried over anhydrous Na;SOs, filtered
and concentrated under reduced pressure. The residue was purified by flash chromatography
(eluent EtOAc/MeOH 7:1) giving tert-butyl 3-(3-(3-fluoro-4-(2-(1-methyl-1H-imidazol-2-
yl)thieno[3,2-b]pyridin-7-yloxy)phenylamino)-3-oxopropanamido)pyrrolidine-1-carboxylate
(35a, 29.7 mg, 21% yield) as a glassy solid. MS (m/z): 595.1 (M+H). This material was
dissolved in a solution of TFA (0.5 mL) and DCM (0.5 mL) and stirred for 1h at room
temperature. The reaction mixture was concentrated under reduced pressure, water was added
1o the residue and the mixture was lyophilized. The resultant solid was purified by preparative
HPLC (Aquasil C-18 column, gradient: MeOH 60% to MeOH 95% in water) to afford the title
compound 36 as tris-trifluoroacetate salt (13.9 mg, 35%), creamy fluffy solid. "H NMR
(DMSO-dg) 8 (ppm): 10.51 (s, 1H), 8.81 (bs, 1H), 8.72 (bs, 1H), 8.57 (d, J = 5.4 Hz, 1H), 8.47
(d, J=6.3 Hz, 1H), 7.86 (m, 1H), 7.58 (s, 1H), 7.50 (t, I =9.0 Hz, 1H), 7.40 (m, 1H), 7.31 (s,
1H), 6.76 (d, ] = 5.4 Hz, 1H), 4.29 (m, 1H), 3.82 (5, 3H), 3.40 (m, 1H), 3.36-3.20 (m, 4H), 2.99
(m, 1H), 2.16 (m, 1H), 1.85 (m, 1H). MS (m/z): 495.2 (M+H).
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Example 16
N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-
methyl-N’-phenylmalonamide (38)
Step 1: 2-Methyl-3-oxo-3-(phenylamino)propanoic acid (37)
[0212] Following the procedure described above for compound 1 (example 2, step 1,
scheme 2) title compound 37 was obtained as a white solid (58% yield). "H NMR (DMSO-ds)
& (ppm): 12.61(s, 1H), 10.12(s, 1H), 7.56(m, 2H), 7.29(m, 2H), 7.02(m, 1H), 4.47(q, 1H),
1.31(d, 3H). MS (m/z): 194.1(M+H),
Step2: N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-
methyl-N-phenylmalonamide (38)
[0213] Starting from the amine 9 and following the procedure described above for
compound 28a (example 8, step 2) but substituting acid 27 for the acid 37, title compound 38
was obtained as a white solid (20% yield). '"H NMR (ds-DMSO) & (ppm): 10.99(s, 1H),
10.51(s, 1H), 8.64(d. 1H), 8.25(s, 1H), 7.94(s, 1H), 7.80(s, 1H), 7.65(d, 2H) 7.57-7.48(m, 2H),
7.28(t, 2H), 7.03(t, 1H), 6.88(d, 1H), 4.08(s, 3H), 1.18(s, 3H). MS (m/z): 516.1 (M+H).
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Example 17

N’-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[ 3,2-b]pyridin-7-yloxy)phenyl)-2-methyl-N°-

(pyndin-3-yl)malonamide (40)
Step 1: 3-Oxo-3-(pyridine-3-ylamino)propanoic acid (39)
[0214] To a suspension of pyridine-3-amine (1 g, 10.6 mmol) in DCM (100 mL) was added
TMSCI (1.3 mL, 10.6 mmol) at room temperature. The reaction mixture was stirred for 30 min.
2,2-Dimethyl-1,3-dioxane-4,6-dione (1.44 g, 10.6 mmol) was added and the combined mixture
stirred overnight and concentrated under reduced pressure. The residue was dissolved in dilute
NalHCO; solution and washed with EtOAc. The aqueous phase was collected and acidified with
conc. HCI to pH~3 and extracted with EtOAc. The extract was dried over anhydrous Na;SO,,
filtered and concentrated. The remaining solid was purified by flash chromatography (eluent
CHCly/MeOH/AcOH 8:1:0.1) to afford the title compound 39 as a white solid (0.5 g, 26% yield).
'H NMR (DMSO0-dg) & (ppm): 12.04(bs, 1H), 9.67(s, 1H), 8.18(d, 1H), 8.01(d, 1H), 7.29(m, 11,
2.97(s, 2H). MS (m/z): 181.1 (M+H).

Step2: N'-(3-Fluoro-4-(2-(1-methyl- 1 H-imidazol-2-yl)thieno[ 3,2-b]pyridin-7-ylox y)phenyl)-N-
(pyridine-3-yl)malonamide (40)

[0215] To a solution of the acid 39 (58 mg, 0.32 mmol) and HOBt (47 mg, 0.35 mmol) in
DMEF (5 mL), was added amine 9 (108 mg, 0.32 mmol). After stirming for 5Smin, EDC (75 mg, 0.39
mmol) was added and the reaction mixture was stirred overnight at room temperature then poured
into dilute NaHCOQOs solution and extracted with EtOAc. The extract was dried over anhydrous
Na;SOq, filtered and concentrated. The residue was purified by preparative HPLC (Aquasil C-18,
gradient: MeOH in water 60% to 95%) to afford the title compound 40 as a white solid. (20 mg,
12%) 'H NMR (DMSO-dg) & (ppm): 10.65(s, 1H), 10.50(s, 1 H), 8.73(d, 1H), 8.50(d, 1H), 8.26
(dd, 1H), 8.05(m, 1H), 7.88(s, 1H), 7.87(dd, 1H), 7.48(t, 1H), 7.41(m, 2H), 7.35(m, 1H), 6.69(d,
[H), 3.99(s, 3H), 3.56(s, 2H). MS (m/z): 503.1 (M+H).

Example 18
N-{3-Fluoro-4-[2-(3-methyl-3H-imidazol-4-yl)-thieno[ 3,2-b]pyridin-7-yloxy]-phenyl } -N'-pyridin-
3-yl-malonamide (41)

[0216] Following the procedure described above for the compound 40 (example 17, step 2,
scheme 14) but substituting the amine 9 for the amine 12, title compound 41 was obtained in 33%

yield (scheme 14) '"H NMR (DMSO-d6) & (ppm): 10.58(s, 1H), 10.44(s, 1H), 8.74(d, 1H),
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8.49(d, 1H), 8.27(dd, 1H), 8.05(m, 1H), 7.86(m, 2H), 7.77(s, 1H), 7.48(t, 1H), 7.42(m, 2H),
7.35(a, 1H), 6.63(d, 1H), 3.88(s, 3H), 3.54(s, 2H). MS (m/z): 502.7 (M+H).
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Example 19
N'<(3-Fluoro-4-(2-(1 -methy-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)pheny!)-N°-
(piperidin-4-yl)malonamide (43)

Stepl: 3-(1-(tert-Butoxycarbonyl)piperidin-4-ylamino)-3-oxopropanoic acid (42)
[0217]  The mixture of tert-butyl 4-aminopiperidine-1-carboxylate hydrochloride (512 mg,
2.16 mmol), methyl 3-chloro-3-oxopropanoate (232 pL, 2,16 mmol), and DIPEA (828 pL,
4,75mmol) in DCM (20 m1) was stirred at room temperature overnight. The solvent was
removed under reduced pressure and the residue was purified by flash chromatography (eluent
EtOAc) to afford tert-butyl 4-(3-methoxy-3-oxopropanamido) piperidine-1-carboxylate as a
white solid (500 mg, 78%). MS (m/z); 301.1 (M+H). This material (500 mg, 1.67 mmol) was
dissolved in MeOH/THF/H20 (2 mL/2 mL/1 mL), and LiOH x H,O (280 mg, 6.75 mmol) was
added to the solution. The reaction mixture was stirred for 2 hrs, the solvent was removed
under reduced pressure and the residue was purified by flash chromatography (eluent
CH;ClI/MeOH/AcOH) to afford the title compound 42 (300 mg, 63% yield) as yellowish syrup.
MS (m/z): 287.1 (M+H).
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Step 2: N!-(3-Fluoro-4-(2-(1 -methy-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N°-(piperidin-4-yl)malonamide (43)

[0218] To a solution of acid 42 (76 mg, 0.266 mmol) and HOBt (40 mg, 0.30 mmol) was
added amine 9 (100 mg, 0.29 mmol) and the mixture was stirred at room temperature for 5
min. EDC (62mg, 0.32mmol) was added and combined mixture was stirred for additional 48
hours. Additional 42 (38 mg, 0,133 mmol) and EDC (31mg, 0.16mmol) were added and the
reaction mixture was stirred for a further 24 hours. Again additional 42 (38 mg, 0.133 mmol)
and EDC (31 mg, 0.16 mmol) were added and the reaction mixture was stirred for 24 hours
more then partitioned between EtOAc and NaHCQ; solution. The organic phase was washed
with brine, dried over anhydrous Na;SOathen filtered and concentrated. The residue was
purified by preparative HPLC to afford tert-butyl 4-(3-(3-fluoro-4-(2-(1-methyl-1H-imidazol-
2-yDhthieno[3,2-b]pyridin-7-yloxy)phenylamino)-3-oxopropanamido)piperidine-1-carboxylate
42a (20 mg, 13% yield) as a white solid. This material was dissolved in a solution of
TFA/DCM (1 mL/2 mL), stirred for 20min and concentrated. The residue was purified by
preparative HPLC (column Aquasil C-18, gradient, MeOH 60% to MeOH 95% in water) to
afford the title compound 43 as a tris-triflucroacetate salt (31 mg, 99%), white solid. "H NMR
(DMSO-dg) & (ppm): 10,49(s, 1H), 8.55(d, 1H), 8.49(bs, 1H), 8.27(d, 1H), 8.00(s, 1H),
7.86(dd, 1H), 7.55(s, 1H), 7.49(, 1H), 7.39(dd, 2H), 7.26(s, 1H), 6.74(d, 2H), 4.00(s, 2H),
3.83(m, 1H), 3.24(m, 2H), 3.00(m, 2H), 1.92(m, 2H), 1.56(m, 2H) . MS (m/z): 509.1 (M+H).
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Example 20
N-{3-Fluoro-4-[2~(1-methyl-1 H-imidazol-2-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-
malonamic acid piperidin-4-yl ester (45)

Step 1: 3-(1-(ter+-Butoxycarbony)piperidin-4-yloxy-3-oxopropanoic acid (44)
[0219] A mixture of tert-butyl 4-hydroxypiperidine-1-carboxylate (1 g, 4.97 mmol) and
2,2-dimethyl-1,3~-dioxane-4,6-dione (0.72 g, 4.97 mmol) in toluene was refluxed overnight
[Ryu, Y.; Scott, A. 1. Tetrahedron Lett.; 44; 40; 2003; 7494-7502]. The solvent was removed
under reduced pressure and the residue was partitioned between EtOAc and NaHCOj; solution.
Aqueous phase was collected, acidified with 2N HCl and extracted with EtOAc. The extract
was concentrated to afford the title compound 44 (0.816 g, 57% yield) as colorless syrup. MS
(m/z): 288.1 (M+H).
Step 2: N-{3-Fluoro-4-[2-(1-methyl-1H-imidazol-2-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-
malonamic acid piperidin-4-yl ester (45)

[0220]  To a solution of amine 9 (355 mg, 1.05 mmol), acid 44 (300 mg, 1.05 mmol) and
BOP (464 mg, 1.05 mmol) in DMF (10 mL), DIPEA (0.22 mL, 1.26 mmol) was added and the
mixture stirred at room temperature for 2 hours, partitioned between EtOAc and water. Organic
phase was collected, washed with brine; dried over anhydrous anhydrous Na;SO, filtered and
concentrated. The residue was purified by flash chromatography (eluent EtOAc/MeOH)
followed by crystallization from MeOH, to produce a solid material which was dissolved in
DCM (1mL) and TFA (ImL), stirred for 30 min and concentrated to give the target compound
45 as a tris-trifluoroacetate salt (30 mg, 5% yield). "H NMR (DMSO-ds) 8 (ppm): 10.61(s, 1H),
8.57(d. 1H), 8.47(bs, 1H), 8.42(bs, 1H), 8.02(s, 1H), 8.02(m, 3H), 7.83(dd, 1H), 7.57(s, 2H),
7.51(t, 1H), 7.38(dd, 2H), 7.29(s, 1H), 6.75(d, 1 H), 5.0(m, 4¥1), 4.02(s, 1H), 3.56(s, 2H),
3.15(m, 3H), 1.98(m, 2H), 1.80(m, 2H). MS (m/z): 510.0 (M+H).
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N-{3-Fluoro-4-[2-(1-methyl-1 H-imidazol-2-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-
malonamic acid phenyl ester (47)
Step 1: 3-Oxo-3-(phenylamino)propanoic acid (46)
[0221] A solution of 2,2-dimethyl-1,3-dioxane-4,6-dione (5 g, 34.69 mmol) and phenol
(3.26 g, 34.69 mmol) in toluene (69 mL) [Ryu, Y.; Scott, A. I.: Tetrahedron Lett.; 44: 40;
2003; 7494-7502], was refluxed for 5 hours, cooled to room temperature, and extracted with

saturated NaHCO; solution, the aqueous extract was washed with toluene and acidified with
cone. HCI (pH ~3). The acidic solution was extracted with DCM and the organic phase was
collected, dried over anhydrous Na;SOy, filtered and concentrated under reduced pressure to
afford title compound 46 (3.88 g, 21.55 mmol, 62%) as a white solid. MS: 181.1 (M+H).

Step 2: N-{3-Fluoro-4-{2-(1-methyl-1H-imidazol-2-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-
malonamic acid phenyl ester (47)

[0222] To a solution of the acid 46 (63.5 mg, 0.353mmol) in DCM (3.5 mL) containing a
drop of DMF was added oxalyl chloride (0.032 mL, 0.37 mmol) at 0°C. The mixture was
stirred 1 h at room temperature and concentrated. The residue was dissolved in DCM (0.7 mL)
and added to a solution of the amine 9 (100 mg, 0.294 mmol) in a mixture of DMF (0.5 mL)
and DCM (2.5 mL). The reaction mixture was stirred for 2 hours at room temperature and the
DCM was removed under reduced pressure. The residue was diluted with EtOAc and washed
with water. The organic phase was dried over anhydrous Na;SOj, filtered and concentrated

under reduced pressure. The residue was purified by preparative HPLC (Aquasil C-18 column,
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gradient, MeOH 60% to MeOH 95% in water) to afford 47 (4.8 mg, 3.2% yield) as a white
fluffy solid. '"H NMR (DMSO-ds) & (ppm): 10.70 (s, 2H), 8.5 (4, J = 5.4 Hz, 1H), 7.86 (m, 2H),
7.5 (t, J = 8.8 Hz, 1H), 7.46-7.41 (m, 4H), 7.28 (m, 2H), 7.16 (m, 2H), 7.04 (s, 1H), 6.69 (d, ] =
5.4 Hz, 1H), 3.99 (s, 3H), 3.81 (s, 2H). MS (m/z): 503.3 (M+H).
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Example 22
N'-(3-Fluoro-4-(2-(4-(pyrrolidin-1-ylmethyl)phenyl)-thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-
(2-methoxyphenyl)malonamide (48)

Step 1. 2-Bromo-7-chloro-thieno[3,2-b]pyridine (49)

[0223] To a stirred solution of 2 (10.12 g, 5.59 mmol) in dry THF (200 ml) at -78°C was
added n-BuLi (24 ml, 76.7 mmol, 2.5 M solution in hexanes) and the resultant suspension was
stirred for 15 minutes. Bromine (18.9 g, 120 mmol) was added slowly and the reaction mixture
was stirred for additional 30 minutes, quenched with water and diluted with EtQOAc. The

organic phase was separated and dried over anhydrous sodium sulfate, filtered and

117



WO 2008/041053 PCT/1B2006/004306

concentrated under reduced pressure. Purification by column chromatography (eluent
EtOAc/Hexane 9:1) afforded title compound 49 (10.5 g, 71% yield) as a yellow solid. '"H NMR
(CDCls) & (ppm): 8.62 (d, J=5.09 Hz, 1H), 7.92 (s, 1H), 7.59 (d, J = 5.09 Hz, 1H).

Step 2. 2-Bromo-7-(2-fluoro-4-nitro-phenoxy)-thieno[3,2-b]pyridine (50)

[0224] A mixture of 49 (5.1 g, 20.5 mmol), potassium carbonate (5.65 g, 4 mmol) and 2-
fluoro-4-nitrophenol (4.82 g, 30.7 mmol) was heated at 190°C in Ph,O (25 ml) for 3 hrs. After
cooling to room temperature it was diluted with DCM and filtered. The filtrate was
concentrated and the residue was purified by column chromatography (eluent ¢thyl
acetate/hexane 3:1) to afford title compound 50 as a yellow solid (5.4 g, 71% yield). "H NMR
(DMSO-ds) 8 (ppm): 8.55 (d,.J=5.28 Hz, 1H), 8.46 (dd, J=2.5 and 10.4 Hz, 1H), 8.19 (d, /=
8.8 Hz, 1H), 7.87 (s, 1H), 7.72 (t, /= 8.4 Hz), 6.99 (d, J = 5.47 Hz, 1H).

Step 3. (4-(7-(2-Fluoro-4-nitrophenoxy)thieno[ 3,2-b]pyridin-2-yl)phenyl)methanol (51)
[0225] To a solution of 50 (1.0 g, 2.71 mmol) in dry DME (20 ml) was added 4-
(hydroxymethyl)phenylboronic acid (823 mg, 5.4 mmol), NaHCQ; (682 mg, 8.13 mmol), CsF
(820 mg, 5.4 mmol) and water (10 ml), and the reaction mixture was refluxed under nitrogen
for 2 hrs. After cooling to room temperature the solvent was removed under reduced pressure,
the residue was dissolved in EtOAc and the resultant solution was washed with water, dried
over anhydrous sodium sulfate and filtered. The filtrate was evaporated and the resultant solid
was triturated with Et,O to afford the title compound 51 as a white solid (880 mg, 82% yield).
MS (m/z): 397.1 (M+H).

Step 4. 2-(4-(Chloromethyl)phenyl)-7-(2-fluoro4-nitrophenoxy)thieno[3,2-b]pyridine (52)
[0226] The alcohol 51 (880 mg, 2.22 mmol) was suspended in SOCI (10 ml) and the |
reaction mixture was refluxed for 1 hour, cooled and carefully poured onto ice/water mixture,
A precipitate formed, which was collected by filtration and washed with additional cold water.
The material was dried under reduced pressure and used directly in the next step (crude
product, >100% yield). MS (m/z): 415.1(M+H)

Step 5. 7-(2-Fluoro-4-nitrophenoxy)-2-(4-(pyrrolidin-1-ylmethyl)phenyl)thieno[3,2-b]pyridine
(53)

[0227]  To a suspension of 52 (444 mg, 0.98 mmol, crude material from the previous step)
in iPrOH (10 ml) was added pyrrolidine (210 mg, 2.96 mmol) and the reaction mixture was
refluxed for 4 hrs. The solvent was removed under reduced pressure and the residue was
dissolved in EtOAc. The solution was washed with water and the organic layer was collected,

dried over anhydrous sodium sulfate and filtered. The filtrate was evaporated and the resultant
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oil was purified by column chromatography (eluents EtOAc to 30% MeOH in EtOAg), to
afford title compound 53 (200 mg, 45% yield) as an orange solid. MS (m/z): 450.2 (M+H).
Step 6. 3-Fluoro-4-[2-(4-pyrrolidin-1-ylmethyl-phenyl)-thieno[3,2-b]pyridin-7-yloxy]-
phenylamine (54)

[0228]  To asolution of the nitro compound 53 (256 mg, 0.57 mmol) in a mixture of MeOH
(12 mL) and THF (4 mL) at 0°C was added NiCl,.6H,O (279 mg, 1.14 mmol), followed by
portion wise addition of NaBH; (87 mg, 2.27 mmol). The reaction mixture turned black after
15min, and was filtered through a celite pad; the filtrate concentrated under reduced pressure.
The residue was suspended in 2N HCI and the solids were removed by filteration, The filtrate
was basified with NHsOH to pH~10 then extracted with EtOAc. The organic phase was
concentrated to afford the title compound 54 (260 mg, crude, >100% yield, HPLC pure) as
yellowish foam, MS (m/z): 420.1 (M+H).

Step 7. N'-(3-Fluoro-4-(2-(4-(pyrrolidin-1-ylmethyl)phenyl)-thieno[3,2-b]pyridin-7-
yloxy)pheny1)-N’-(2-methoxyphenyl)malonamide (48)

[0229] To a solution of amine S4 (260 mg, 0.57 mmol, crude) in DMF (6 mL), were added
acid 27 (108 mg, 0.52 mmol) and HOBt (77 mg, 0.57 mmol), After stirring for 5 min, EDC
(120 mg, 0.63 mmol) was added, and the reaction mixture was stirred at room temperature for
additional 4 hours and concentrated under reduced pressure. The residue was purified by
preparative HPLC (column Aquasil C-18, gradient, MeOH 60% to MeOH 95% in water) to
afford title compound 48 (160 mg, 46% yield) as a white solid. "H NMR (DMSQ-ds) 5 (ppm):
10.87(bs, 1H), 10.75(s, 1H), 9.62(s, 1H), 8.60(d. 1H), 8.17(s, 1H), 8.02(m, 3H), 7.89(d, 1H),
7.74(d, 2H), 7.51(m, 1H), 7.05(m, 2H), 6.90(t, 1H), 6.79(d, 1H), 4.39(d, 1H), 6.57(d, 1H),
3.84(s, 2H), 3.69(s, 2H), 3.35(m, 2H), 3.06(m, 3H), 2.00(m, 2H), 1.87(m, 2H). MS (n/z):
610.0 (M+H).

Example 23
N'(4-(2-(1-Ethyl-5-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-
N’-phenylmalonamide (55)
Scheme 19

56 55: Example 23
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[0230]  To a solution of the amine 56 (WO 2006010264) (189 mg, 0.513 mmol) in DMF
(10 ml) was added the acid 1 (184 mg, 2 eq, 1.03 mmol), HOBT (139 mg, 2 eq, 1.03 mmol)
and EDC (197 mg, 2 eq, 1.03 mmol). The reaction mixture was stirred at room temperature
overnight, concentrated to dryness and partitioned between EtOAc/MeOH and water, The
organic phase was collected, dried over sodiumn sulfate and filtered. The solvent was removed
under reduced pressure and the crude product was purified by column chromatography (10%
MeOH in Et;O to 20% MeOH in Et;0) to afford title compound 55 (80 mg, 29% yield) as a
yellow fluffy solid. '"H NMR (400 MHz, ds DMSO) § (ppm) 10.55 (s, 1H), 10.20 (s, 1H), 8.41
(d, J=5.48 Hz, 1H), 7.85 (dd, /= 2.44 and 13.11 Hz, 1H), 7.72 (s, 1H), 7.59 (d, /=8.61 Hz,
2H), 7.51 (s, 1H), 7.42 (m, 4H), 7.30 (dt,/=2,15 and 6.65 Hz, 1H), 7.07 (dt, J= 1.17 and 2.35
Hz, 1H), 6.57 (dd, /= 0.78 and 5.52 Hz, 1H), 4.02 (q, J = 7.24 Hz, 2H), 3.50 (s, 2H), 3.31 (s,
3H), 1.31 (1, J=7.24 Hz, 3H). MS (mv/z): 530,0 (M+H).

Example 24
N’-Cyclohexyl-N°-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)malonamide (57)
Scheme 20

NHz
OMe O/ LiOH, THF H0,

H
ci OMe N OH
Y Cr W — . Cr —
6 0 DOMIEtN m
&8
H
| W F N N
N XTIy O
16 0
s,
HOB, EDC l\/ p N‘WN
~ 7

57: Example 24

Z

-4
7

Step 1: 3-(Cyclohexylamino)-3-oxopropanoic acid (58)

[0231]  To asolution of methyl 3-chloro-3-oxopropanoate (2.2 g, 16.1 mmol) in dry DCM
(30 ml) at 0°C was added cyclohexylamine (4.0 g, 40.3 mmol). The reaction mixture was
stirred for 1 hr at room temperature. The reaction mixture was washed with diluted HC],
saturated NaHCOj3 then brine well, The organic phase was collected, dried over anhydrous
sodium sulfate then filtered and concentrated. The resultant crude amide was used directly in
the next step with no additional purification (3.2 g, 100%). To a solution of this material (500
mg, 2.51 mmol) in THF/water (1:1, 20 ml) was added NaOH (200 mg, 5.02 mmol) and the
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mixture was stirred for 3 hrs at room temperature. The mixture was extracted with Et,O then
the aqueous phase was acidified to pH 1 and extracted with EtOAc. The organic phase was
collected, dried over anhydrous sodium sulfate then filtered and concentrated to afford the title
compound 58 as a beige solid (450 mg, 97% yield). MS (m/z): 186.2 (M+H).

Step 2: N'-Cyclohexyl-N’~(4-(2-(1-ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)malonamide (57)

[0232] The title compound was obtained starting from the amine 15 (117 mg, 0.33 mmol)
according to the procedure described for 55 but substituting acid 1 for the acid 58 (122 mg,
0.66 mmol). After purification by column chromatography (EtOAc to 10% MeOH in EtOAc)
the title compound 57 was obtained as a pink solid (7 mg, 5% yield). 'H NMR (DMSO-d) &
(ppm): 10.45 (s, 1H), 8.40 (d, J= 5.48 Hz, 1H), 8.00 (d, /= 7.63 Hz, 1H), 7.94 (s, 1H), 7.84
(dd, J=2.35and 13.11 Hz, 1H), 7.71 (s, 1H), 7.65 (s, 1H), 7.39 (m, 2H), 6.54 (dd, J=10.78 and
5.48 Hz, 1H), 4.01 (q, J= 7.24 Hz, 2H), 3.52 (m, 1H), 3.23 (s, 2H), 1.65 (m, 4H), 1.51 (m,
1H), 1.39 (t, J = 7.24 Hz, 3H), 1.16 (m, 4H). MS (m/z): 522.1 (M+H).
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Example 25
(8)-N-(4-(2-(4((3-(Dimethylamino)pyrrolidin-1-yl)methyl)phenyl)thieno[3,2-b]pyridin-7-
yloxy)-3-ﬂuorophenyl)-N’-phenylmalonamide (59)
Step 1: (S)-l-(4-(7-(2-F]uoro-4-nitrophenoxy)thieno[3,2-b]pyridin—2-y|)benzyl)—N,N-
dimethylpyrrolidin-3-amine (60)
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[0233]  To a suspension of 52 (1.0 g, 2.41 mmol) in DME (~ 20 ml) was added (S)-N,N-
dimethylpyrrolidin-3-amine (413 mg, 3.62 mmol) and TEA (486 mg, 2 eq, 4.82 mmol) and the
reaction mixture was heated to reflux for an hour. The reaction mixture was cooled to RT,
filtered then concentrated. The mixture was partitioned between EtOAc/H,0 and the biphasic
system was filtered and the resultant yellow solid was collected was collected by filtration to
afford title compound 60 (450 mg, 38% yield). The organic phase was separated from the
biphasic system; it was then dried over Na,SO,, filtered and concentrated. The residue was
purified by column chromatography (9:1 EtOAc:MeOH + 1% conc NH4OH solution) to afford
an additional amount of 60 (82 mg, 7% yield). MS (m/z): 493 (M+H),

Step 2: (S)—N| -(4-(2-(4-((3-(Dimethylamino)pyrrolidin-1-yl)methyl)phenyl)thieno[3,2-
bipyridin-7-yloxy)-3-fluorophenyl)-N’-phenylmalonamide (59)

[0234] To a suspension of the 60 (200 mg, 0.41 mmol) in MeOH (~ 5 ml) and water (~2
ml) was added ammonium chloride (18 mg, 0.84 eq, 0.34 mmol) and Fe (207 mg, 9 ¢q, 3.69
mmol) and the reaction mixture was heated to reflux for 2 hours. The reaction mixture was
cooled to RT, filtered through celite then concentrated. The mixture was partitioned between
DCM/H;0 and the DCM was collected, dried over Na,SO,, filtered and concentrated to afford
the amine 61, which was used directly in the next step (189 mg, 100%).

[0235] To a solution of the acid 1 (148 mg, 2 eq, 0.826 mmol) in dry DCM (7 ml), at 0°C,
was added, BOPCI (210 mg, 2 eq, 0.826 mmol) and the reaction mixture was stirred for 10
minutes. A solution of the amine 61 (189 mg, 0.409 mmol) and iPr;NEt (316 mg, 6 eq, 2.45
mmol) in dry DCM (~7 ml) was then added and the reaction mixture was stirred at RT for 2
hrs. The reaction mixture was concentrated to dryness and partitioned between EtOAc and satd
NaHCO; soln, the organic phase was washed twice with satd NaHCOs3 soln then collected,
dried over sodium sulfate and filtered. The solvent was removed under reduced pressure and
the crude was purified by column chromatography (2:8 MeOH/EtOAc +1% NH;OH soln) to
afford the desired product 59 as an off white solid (54 mg, 21% yield)."H NMR (DMSO-ds) &
(ppm): 10.73 (s, LH), (s, 1H), 10.33 (s, 1H), 8.48 (d, J=5.48 Hz, 1H), 8.20(s, 1H), 8.02 (s,
1H), 7.87 (dd, J=2.15 and 13.1 Hz, 1H), 7.82 (d, J = 8.21 Hz, 2H), 7.50 (m, 4H), 7.30 (t, /=
8.41 Hz, 2H), 7.03 (1, J = 7.43 Hz, 1H), 6.61 (dd, J=0.78 and 5.48 Hz, 1H), 3.60 (m, 10H),
2.64 (m, 2H), 2.51 (m, 2H), 2.42 (m, 2H), 2.32 (m, 1H), 1.87 (m, 1H), 1.61 (m, 1H). MS (m/z):
624.0 (M+H). (formate)
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N ~(3-fluoro-4-(2-(pyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-phenylmalonamide
(62)

Step 1: 7-(2-Fluoro-4-nitrophenoxy)-2-(pyridin-4-yl)thieno[3,2-b] pyridine (63)

[0236] A mixture of the nitro compound 50 (890 mg, 2.41 mmol), pyridin-4-ylboronic acid
(593 mg, 2 eq, 4.82 mmol), CsF (1.1 g, 3 eq, 7.23 mmol) and Pd(PPhsy)4 (278 mg, 0.1 eq, 0.241
mmol) were suspended in DME (30 ml) and NaHCO; (607 mg, 3 eq, 7.23 mmol), dissolved in
the minimum amount of water, was added. The mixture was de-aerated by bubbling N; through
the solution for 10 min, heated to reflux for 4 hrs and concentrated to dryness. The formed
residue was dissolved in DCM and washed with water. The DCM was collected, dried over
sodium sulfate, filtered and the DCM was removed by evaporation. The resultant solid was
triturated with Et,0 to afford the title compound 63 (660 mg, 75% yield), which was used
without further purification. MS (m/z): 368.0 (M+H).

Step 2: N-(3-Fluoro-4-(2-(pyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-
phenylmalonamide (64)

[0237]  To a suspension of the 63 (660 mg, 1,80 mmol) in MeOH (15 ml) and water (3 ml)
was added ammonium chloride (81 mg, 0.84 eq, 1.51 mmol) and Fe (907 mg, 9 eq, 16.2
mmol) and the reaction mixture was heated to reflux for 2 hours. The reaction mixture was
cooled to RT, filtered through celite then concentrated, The mixture was partitioned between
DCM/H;0 and the DCM was collected, dried over NazSO,, filtered and concentrated to
produce the amine 64 which was used directly in the next step (607 mg, 100%). To a solution

123



WO 2008/041053 PCT/IB2006/004306

of the amine 64 (607 mg, 1.80 mmol) in dry DMF (~ 7 ml) was added the acid 1 (644 mg, 2 eq,
3.6 mmal), HOBT (365 mg, 1.5 eq, 2.7 mmot) and EDC (690 mg, 2 eq, 3.6 mmol) and the
reaction mixture was stirred at RT overnight. The reaction mixture was concentrated to dryness
and partitioned between EtOAc and water, the organic phase was collected, dried over sodium
sulfate and filtered. The solvent was removed under reduced pressure and the crude was
purified by column chromatography (EtOAc) to afford title compound 62 as a white solid (150
mg, 17% yield). 'H NMR (DMSO-ds) 5 (ppm): 10.57 (s, 1H), 10.20 (s, 1H), 8.70 (m, 2H), 8.55
(d, J=5.28 Hz, 1H), 8.37 (s, 1H), 7.89 (m, 3H), 7.60 (m, 2H), 7.58 (m, 2H), 7.30 (dt, /= 1.96
and 7.43 Hz, 2H), 7.07 (m, 1H), 6.70 (dd, J = 0.78 and 5.28 Hz, 1H), 3.51 (s, 2H). MS (m/z):
499.1 (M+H).
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Example 27
N -(3-Fluoro-4-(2-(3-morpholinoprop-]-ynyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide (65)
[0238] To a solution of the amine 66 (WO 2006010264) (1.39 g, 3.62 mmol) in DMF (15
m!) was added the acid 27 (1.52 g, 2 eq, 7.25 mmol), HOBT (587 mg, 1.2 eq, 4.34 mmol) and
EDC (691 mg, 2 eq, 7.25 mmol). The reaction mixture was stirred at RT overnight. The
reaction mixture was concentrated to dryness and partitioned between EtOAc and water, the

organic phase was collected, dried over sodium sulfate and filtered. The solvent was removed
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under reduced pressure and the crude was purified by column chromatography (EtOAc to 10%
MeOH in EtOAc) to afford 65 (700 mg, 34% yield) as a white solid. '"H NMR (DMSO-dg) &
(ppm): 10.58 (s, 1H), 9.62 (s, 1H), 8.53 (d, J = 5.48 Hz, 1H), 8.04 (dd, J = 1.17 and 8.80 Hz,
1H), 7.85 (dd, J=2.35and 12.91 Hz, 1H), 7.78 (s, 1H), 7.42 (m, 2H), 7.06 (m, 2H), 6.89 (m,
1H), 6.72 (d, J=5.28 Hz, 1H), 3.83 (s, 3H), 2,60 (m, 8H), 2.48 (m, 4H). MS (m/z): 575.1
(M+H).

Example 28
N'-(3-Fluoro-4-(2-(3-morpholinoprop-1-ynyljthieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-(2-
fluorophenyl)malonamide (67)

[0239]  To a solution of the amine 66 (WO 2006010264) (928 mg, 2.42 mmol) in DMF (10
ml) was added the acid 29 (953 mg, 2 eq, 4.84 mmol), HOBT (360 mg, 1.1 eq, 2.66 mmol) and
EDC (924 mg, 2 eq, 4.84 mmol). The reaction mixture was stirred for 72 hrs. The reaction
mixture was concentrated to dryness and partitioned between EtOAc and water, the organic
phase was collected, dried over sodium sulfate and filtered. The solvent was removed under
reduced pressure and the crude was purified by column chromatography (EtOAc to 10%
MeOH in EtOAC) to afford 67 (600 mg, 44% yield) as a yellow solid. 'H NMR (DMSO-d)
(ppm): 10.58 (s, 1H), 9.62 (s, 1H), 8.53 (d, J = 5.48 Hz, 1H), 8.04 (dd, /= 1.17 and 8.80 Hz,
1H), 7.85 (dd, J=2.35 and 12.91 Hz, 1H), 7.78 (s, 1H), 7.42 (m, 2H), 7.06 (m, 2H), 6.89 (m,
1H), 6.72 (d, J=5.28 Hz, 1H), 3.83 (s, 3H), 2.60 (m, 8H), 2.48 (m, 4H). MS (m/z): 575.1
(M+H).
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Example 29

N-(4-(2-(3-(dinethylamino)prop-1-ynyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
methoxyphenyl)malonamide (68)

Step 1: 3-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-N,N-dimethylprop-2-yn-1-amine
(69)
[0240] To a solution of bromide 50 (3.0 g, 8.13 mmol) in THF (40 ml) was added 4-(prop-2-
ynyl) dimethylamine (2.70 g,,32.5 mmol) [H-W. Tsou, et. al. J. Med. Chem., 2001, 44, 2719-
2734], triethylamine (2.05 g, 2.5 eq, 20.3 mmol), Cul (154 mg, 0.1 eq, 0.813 mmol) and
Pd(PPh3),Cly (319 mg, 0.056 eq, 0.046 mmol). The reaction mixture was degassed with nitrogen
and refluxed for 2 hrs, cooled to room temperature and adsorbed onto silica. Purification by
column chromatography (eluent EtOAc to 20% MeOH in EtOAc) afforded 69 as a yellow solid
(2.5 g, 83% yield). "TH NMR (DMSO-d) & (ppm): 8.65 (m, 1H), 8.48 (dd, J=2.74 and 10.56 Hz,
1H), 8.22 (m, 1H), 7.85 (s, 1H), 7.75 (m, 1H), 6.98 (d, /= 5.28 Hz, 1H), 3.59 (s, 2H), 2.26 (s, 6H).
Step 2: N'-(4-(2-(3-(dimethylamino)prop-1-ynyl)thieno[3,2-]pyridin-7-yloxy)-3-fluorophenyl)-
N-(2-fluorophenyl)malonamide (68)
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[0241]  To a suspension of 69 (1.0 g, 2.93 mmol) in EtOH (15 ml) and water (3 ml) was
added ammonium chloride (132 mg, 0.84 eq, 2.46 mmol) and Fe (1.48 g, 9 eq, 26.4 mmol) and
the reaction mixture was heated to reflux for 2 hours. The reaction mixture was cooled to RT,
filtered through celite then concentrated. The mixture was partitioned between DCM/H20 and
the DCM was collected, dried over Na,SOs, filtered and concentrated to afford amine 70 which
was used directly in the next step (900 mg, 90% yield). To a solution of the amine 70 (900 mg,
2.63 mmol) was added the acid 27 (1.10 g, 2 eq, 5.27 mmol), HOBT (533 mg, 1.5 eq, 3.95
mmol) and EDC (1.01 g, 2 eq, 5.27 mmol). The reaction mixture was stirred at RT overnight.
The DMF was removed by evaporation and the mixture was partitioned between water and
EtOAc. The organic phase was collected, dried over anhydrous sodium sulfate and
concentrated. Purification by column chromatography (EtOAc to 20% MeOH in EtOAc)
afforded the desired product 68 as a white solid (734 mg, 52% yield). 'H NMR (DMSO-dg) 5
(ppm): 10,58 (s, 1H), 9.62 (s, 1H), 8.53 (d, J=5.48 Hz, 1H), 8.04 (dd, J= 1.37 and 8.90 Hz,
1H), 7.85 (dd, J=2.35 and 12.91 Hz, 1H), 7.77 (m, 1H), 7.42 (m, 2H), 7.05 (m, 2H), 6,91 (m,
1H), 6.70 (d, J=5.48 Hz, 1H), 3.84 (s, 3H), 3.62 (s, 2H), 3.57 (s, 2H), 2.24 (s, 6H). MS (m/z):
521.1 (M+H).

Example 30

N'-(4-(2-(3-(dimethylamino)prop-1-ynyl)thieno[3,2-b]pyridin-7-yloxy)-3 -fluorophenyl)-N-(2-

fluorophenyl)malonamide (71)
[0242] The title compound was obtained starting from the amine 70 (1.19 g, 3.49 mmol)
according to the procedure described for 68 but substituting acid 27 for the acid 29 (1.37 g, 2
eq, 6.97 mmol). After purification by column chromatography (EtOAc to 20% MeOH in
EtOAc) the title compound 71 (760 mg, 42% yield) was obtained as a white solid. 'HNMR
(DMSO-dg) & (ppm) 10.57 (s, 1H), 10.04 (s, 1H), 8.53 (d, J = 5.28 Hz, 1H), 7.97 (m, 1H), 7.85
(dd, J=2.35 and 12.91 He, 1H), 7.78 (m, 1H), 7.25 (m, 1H), 7.15 (m, 2H), 6.70 (d, J=5.28
Hz, 1H), 3.60 (s, 2H), 3.57 (s, 2H), 2.48 (s, 6H). MS (m/z): 521.1 (M+H).
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N-Methyl-2-(4-methylpiperazin-1-yl)-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzyl)ethanamine (75)

Step 1: 2-((4-Bromobenzyl)(methyl)amino)ethanol (72)
[0243]  To a solution of 1-bromo-4-(bromomethyl)benzene (5.0 g, 20.0 mmot) in DME (30
ml) was added the alcohol (3.76 g, 2.5 eq, 50,0 mmol) and the reaction mixture was heated to
40°C for an hour. The reaction mixture was cooled to RT and concentrated. The crude was
dissolved in EtOAc, washed with water and the organic phase was collected, dried over
Na2S04, filtered and concentrated. Purification by column chromatography (EtOAc) afforded
72 as a yellow oil (4.88 g, 100% yield). MS (m/z): 245/247 (M+H).
Step 2: N-(4-Bromobenzyl)-2-chloro-N-methylethanamine (73)
[0244]  To asolution of 72 (2.9 g, 11.9 mmol) in toluene (20 ml) at RT was added SOCI,
(2.83 g, 2 eq, 23.8 mmol) and the mixture was heated to 60°C for 3 hrs. The solvent was
removed and the crude was dissolved in EtOAc then partitioned between water and satd
NaHCO; soln. The organic phase was collected, dried over Na;SQ,, filtered and concentrated.
The crude was purified by column chromatography (20% EtOAc in hexane) to afford 73 as a
brown oil (2.9 g, 93% yield). "H NMR (DMSO-de) § (ppm): 7.45 (m, 2H), 7.21 (m, 2H), 3.57
(t, /= 6.85 Hz, 2H), 3.52 (s, 2H), 2.74 (t, /= 6.85 Hz, 2H), 2.26 (s, 3H).
Step 3: N-(4-Bromobenzyl)-N-methyl-2-(4-methylpiperazin-1-yl)ethanamine (74)
[0245] To a solution of 73 (3.5 g, 13.3 mmol) in DME (20 ml) was added N-
methylpiperazine (3.33 g, 2.5 eq, 33.3 mmol) and tetrabutylammonium bromide (cat), The

reaction mixture was heated to reflux for 3 hrs, then cooled to RT and concentrated. The crude
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was dissolved in EtOAc, washed well with water and the organic phase was collected, dried
over Na;8O, and filtered then concentrated, Purification by column chromatography (20%
MeOH in EtOAc + 1% TEA) afforded 74 as colorless oil (3.0 g, 69% yield). MS (m/z):
326.0/328.0 (M+H).

Step 4: N-Methyl-2-(4-methylpiperazin-1-yl)-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDbenzyl)ethanamine (75)

[0246] To a solution of 74 (600 mg, 1.84 mmol) in toluene (20 ml) was added boron
reagent (700 mg, 1.5 eq, 2,76 mmol), Pd(PPh;), (214 mg, 0.1 eq, 0.184 mmol) and KOAc (541
mg, 3 eq, 5.52 mmol). The reaction mixture was degassed with N and heated to reflux for 3
hrs under N». The mixture was cooled to RT, diluted with EtQOAc and water then the organic
phase was collected, dried over Na,SO,, filtered and concentrated to afford the title compound

75 as black oil which was used crude in the next step (686 mg, 100% yield). MS (m/z): 374.2
(M+H).

Table 2
Aryl boronates 76-77 prepared according to the scheme 25
Bromide
Cpd Aryl boronate Chemical name Cha;:;t(emnlz;tmn l;?fﬁ:;‘n“:::
aryl boronates
> N N N-trimethyl-N°-(4- o
0.0 (4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-
7 t? yl)benzyl)ethane-1,2- 319.2 (M+H)
I » .
N diamine ar
|

N-Methyl-2-(4-

o0 methylpiperazin-1-yl)-N- B

" (3-(4,4,5,5-tetramethyl- 374.2 (M+H)
| 1,3,2-dioxaborolan-2- Br
N~ N/\

LA yl)benzyl)ethanamine

129



WO 2008/041053 PCT/IB2006/004306
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Example 31

N'-(3-Fluoro-4-(2-(4-((methyl(2-(4-methylpiperazin-1-yl)ethyl)amino)methyl)phe-
ny])thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3 -phenylmalonamide (78)

Step 1. N-(4-(7-(2-ﬂuoro-4-nitrophenoxy)thicno[3,2-b]pyridin-2-yl)bcnzy])-N-methyI-2-(4-
methylpiperazin-1-yl)ethanamine (79)
[0247] To a mixture of the nitro compound 50 (440 mg, 1.19 mmol) in DME (20 ml) was
added the boronate 75 (667 mg, 1.5 eq, 1.79 mmol), CsF (542 mg, 3 eq, 3.57 mmol) and
Pd(PPhs)s (139 mg, 0.1 eq, 0.19 mmol) were suspended in DME (30 ml) and NaHCO; (100
mg, 3 eq, 3.57 mmol), dissolved in the minimum amount of water, was added. The mixture was
de-aerated by bubbling N through the solution for 10 min, heated to reflux for 4 hrs, The
mixture was cooled to room temperature, diluted with EtOAc and water then the organic phase
was collected, dried over sodium sulfate and filtered. The solvent was removed and the residue
was purified by column chromatography (20% MeOH in EtOAc + 1% TEA) to afford title
compound 79 as brown oil (248 mg, 39% yield). MS (m/z): 536.1 (M+H).
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Steps 2-3. N -(3-Fluoro-4-(2-(4-((methyl(2-(4-methylpiperazin-| -
yDethyl)amino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-phenylmalonamide
(78)

[0248]  To asolution of 79 (200 mg, 0.37 mmol) in MeOH (10 mL) at 0°C was added NiCl,
x 6H20 (176 mg, 2 ¢q, 0.74 mmol) and NaBH, (55 mg, 4 eq, 1.48 mmol). The reaction mixture
was allowed to stir for 1 hr, concentrated to dryness and the resultant solid was dissolved in 2
M HCI. This solution was then made basic with concentrated aqueous ammonium hydroxide
and extracted with DCM. The DCM extract was dried over anhydrous sodium sulfate, filtered
and evaporated to give the amine 80 (188 mg, 100% yield), which was used without
characterization and further purification.

[0249]  To asolution of the acid 1 (165 mg, 2 eq, 0.92 mmol) in dry DCM (~5 ml), at 0°C,
was added, BOPCI (234 mg, 2 eq, 0.92 mmol) and the reaction mixture was stirred for 10
minutes. A solution of 80 (232 mg, 0.46 mmol) and /Pr,NEt (356 mg, 6 eq, 2.76 mmol) in dry
DCM (~7 ml) was then added and the reaction mixture was stirred at RT for 2 hrs. The reaction
mixture was concentrated to dryness and partitioned between EtOAc and satd NaHCO; soln,
the organic phase was washed twice with saturated NaHCO; then collected, dried over sodium
sulfate and filtered. The solvent was removed under reduced pressure and the crude was
purified by column chromatography (1:1 MeOH/EtOAc +1% TEA) to afford title compound
78 as beige solid (36 mg, 12% yield). 'H NMR (DMSO-ds) 5(ppm); 10.59 (s, 1H), 10.23 (s,
1H), 8.50 (d, J = 5.5 Hz, 1H), 8.04 (s, 1H), 7.89 (dd, J =2.4 and 13.0 Hz, 1H), 7.85 (d, J= 8.4
Hz,2H), 7.61 (dd, J = 1.1 and 8.7 Hz, 2H), 7.51 (t, J = 8.9 Hz, 1H), 7.47-7.43 (m, 3H), 7.35-
7.31 (m, 2H), 7.07 (1, ] =1.2 and 7.3 Hz, 1H), 6.64 (dd, J =1.0 and 5.5 Hz, 1H), 3.53 (s, 2H),
3.52 (s, 2H), 2.46-2.29 (m, 12H), 2.16 (s, 3H), 2.13 (s, 3H).

Example 32
N'-(3-Fluoro-4-(2-(4-((methyl(2-(4-methylpiperazin-1-
yl)ethyl)amino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)—N’-methyl-N’-
phenylmalonamide (81)

[0250] The title compound was obtained starting from the amine 80 (232 mg, 0.46 mmol)
according to the procedure described for 78 (example 31) but substituting acid 1 for the acid 31
(178 mg, 2 eq, 0.92 mmol). After purification by column chromatography (40% MeOH in

EtOAc + 1% NH4OH soln) the title compound 81 (26 mg, 8% yield) was obtained as a white
solid
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[0251]  Compounds 82 (example 33) and 83 (example 34) were synthesized similarly to the
compound 78 according to the scheme 26, starting from boronates 76 and 77, respectively).

Table 3

hllle
TrE0
S N

N 82: Example 33
83: Example 34
Ex. | Cpd Y4 Chemical name Characterization
wf THNMR (DMSO0-dg) & (ppm): 10,33 (s,
N'-(4~(2-(4-(((3- 1H), 8.47 (4, /= 5.48 Hz, 1H), 823 (s,
(dimethylamino)propyl) | 1), 8.02 (s, 1H), 7.78 (m, 4H), 7.30 (m,
(methylamino)methyl) | 111), 6.60 (d, J= 5.48 Hz, 1H), 3.49 (s,
3 | 8 N— phenyl)thieno[3,2- 3H), 3.19 (m, 5H), 2.21 (m, SH), 2.10 (s,
g]pynd;:ﬂ-ly;o >3- | 3H), 1.63 (m, 2H). MS (m/z): 640.2
uorophenyl)-N - +-H). (formate
methyl-N- (MHH). ( )
/N— phenylmalonamide
THNMR (DMSO-dg) & (ppm): 10.32 (s,
. (a. | 1H), 8.48 (d,/=5.48 Hz, 1H), 8.20 (s,
& zn;fmﬂ;’&'_ " @G- | 1), 8.02 ¢, 1H), 7.76 (m, 3H), 7.35 (m,
ety loiorazined.- 11H), 6.60 (d, J = 548 Hz, 1H), 3.55 (s,
N e myyf)gnino)methyl) 2H), 2.47 (s, 3H), 2.37 (m, 11H), 2.17 (s,
34 5 S Shenylythieno3,2- ?gnmzag (s, 3H). MS (n/z): 681.1 (M+H).
blpyridin-7-
(_ N yloxy)pheny!)-V-
_) methyl-»-
phenylmalonamide
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Scheme 27
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Example 35

2-((4~(7-(2-Fluoro-4-(3-oxo-3-(phenylamino)propanamido)phenoxy)thieno[3,2-b]pyridin-2-

yl)benzyl)(methyl)amino)-N,V,N-trimethylethanaminium chloride (84)

Step 1: 2-((4-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-

yl)benzyl)(methyl)amino)ethanol (85)

[0252]  To asuspension 0f 52 (1.2 g, 2.89 mmol) in DME (30 ml) was added 2-

(methylamino)ethanol (2.17 g, 10 eq, 28.9 mmol) and the reaction mixture was stirred at RT

for 2 hrs. The reaction mixture was concentrated then partitioned between EtOAc/H20 and the

EtOAc was collected, dried over NaSQy, filtered and concentrated. The crude mixture was

purified by column chromatography (8:2 EtOAc:MeOH) to afford title compound 85 (813 mg,

45% yield), "H NMR (DMSO-ds) & (ppm): 8.57 (d, J = 5.48 Hz, 1H), 8.48 (m, 1H), 8.21(m,

1H), 8.08 (s, 1H), 7.83 (d, /= 8.02 Hz, 1H), 7.71 (t, /= 8.61 Hz, 2H), 7.43 (d, J=8.22 Hz,

2H), 6.91 (d, J = 5.48 Hz, 1H), 4.41 (t,J=5.48 Hz, 1H), 3.53 (m, 4H), 2.42 (t, J = 6.46 Hz,

2H), 2.15 (s, 3H).

Step 2: 2-Chloro-N-(4-(7-(2-fluoro-4-nitrophenoxy)thieno[ 3,2-b]pyridin-2-yl)benzyl)-N-

methylethanamine (86)

[0253]  To asolution of 89 (500 mg, 1.1 mmol) in toluene/dichloromethane (1:1, 30 ml)

was added SOCI; (262 mg, 2 eq, 2.29 mmol). The reaction mixture was heated to 70°C for 2
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hrs then concentrated to dryness and the title compound 86 was used directly in the next step
with no additional purification (519 mg, 100% yield). "H NMR (DMSO0-ds) 6 (ppm): 8.57 (d,J
= 5.48 Hz, 1H), 8.47 (m, 1H), 8.21(m, 1H), 8.06 (s, 1H), 7.84 (d, /= 8.22 Hz, 1H), 7.71 (m,
1H), 7.43 (d, J=8.02 Hz, 2H), 6.91 (d, J= 5.48 Hz, 1H), 3.70 (t, J = 6.65 Hz, 2H), 3.58 (s,
1H), 2.69 (m, 2H), 2.19 (s, 3H).

Steps 3- 4: N’-(4-(2-(4-(((2-Ch10r0ethy])(methyI)amino)methyl)phenyI)thieno[3,2-b]pyridin-7-
yloxy)-3-fluorophenyl)-N’-phenylmalonamide (88)

[0254]  To asolution of 86 (375 mg, 0.79 mmol) in MeOH (15 ml) was added SnCl, x
2H,0 (891 mg, 5, eq, 3.95 mmol) and the reaction mixture was heated to reflux for 3 hours.
The mixture was cooled to RT and poured onto ice/water then basified to pH 9. The mixture
was filtered and the aqueous solution was extracted with EtOAc¢ and the EtOAc was washed
with brine solution. The organic phase was collected, dried over Na2S04, filtered and
concentrated and the 4-(2-(4-(((2-chloroethyl)(methyl)amino)methyl)phe-nyl)thieno[3,2-
blpyridin-7-yloxy)-3-fluorobenzenamine (87) (348 mg, 100% yield) was used immediately in
the next step with no additional purification.

[0255) To a solution of the acid 1 (142 mg, 2 eq, 1.58 mmol) in dry DCM (10 ml), at 0°C,
was added, BOPC] (502 mg, 2 eq, 0.826 mmol) and the reaction mixture was stirred for 10
minutes. A solution of the amine 87 (348 mg, 0.79 mmol) and iPr,NEt (610 mg, 6 eq, 4.72
mmol) in dry DCM (7 ml) was then added and the reaction mixture was stirred at RT
overnight. The reaction mixture was concentrated to dryness and partitioned between EtOAc
and satd NaHCO; soln, the organic phase was washed twice with saturated NaHCO; then
collected, dried over sodium sulfate and filtered. The solvent was removed under reduced
pressure and the crude was purified by column chromatography (EtOAc) to afford the desired
product 88 as an off-white solid (102 mg, 21% yield), '"H NMR (DMSO-ds) & (ppm): 10.58 (s,
1H), 10.22 (s, 1H), 8.48 (d, /=5.28 Hz, 1H), 8.03 (s, 1H), 7.85 (m, 3H), 7.59 (m, 2H), 7.43
(m, 4H), 7.32 (m, 2H), 7.05 (t, J= 7.43 Hz, 1H), 6.61 (m, 1H), 3.70 (t, /= 6.65 Hz, 2H), 3.59
(s, 2H), 3.50 (s, 2H), 2.69 (m, 2H), 2.20 (s, 3H).

Step 5: 2+((4~(7-(2-Fluoro-4-(3-0x0-3-(phenylamino)propanamido)phenoxy)thieno[3,2~
blpyridin-2-yl)benzyl)(methyl)amino)-N,N,N-trimethylethanaminium chloride (84)

[0256]  To a solution of 88 (80 mg, 0.133 mmol) in DME (1 mL) was added NMes (15.7
mg, 2 eq, 0.27 mmol) and the reaction mixture was heated to 100°C in a sealed tube for an
hour. The mixture was cooled to RT and concentrated. Purification (Gilson, 45 mins, 40%
MeOH in water to 80% MeOH in water) afforded title compound 84 (20 mg, 9% yield).'"H
NMR (DMSO0-ds) 8 (ppm): 10.85 (s, 1H), 10.41 (s, 1H), 8.47 (m, 2H), 8.05 (s, 1H), 7.85 (m,

134



WO 2008/041053 PCT/IB2006/004306

3H), 7.59 (m, 2H), 7.42 (m, 5H), 7.32 (m, 2H), 7.05 (t, J = 7.43 Hz, 1H), 6.63 (d, J= 5.67,
1H), 3.60 (s, 2H), 3.51 (m, 2H), 3.1 (s, 9H), 2.81 (m, 2H), 2.20 (5, 3H). MS (m/z) 626.1
(M+H).
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Example 35a
N'-(3-Fluoro-4-(2-(1-(2-methoxyethyl)- 1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N’-phenylmalonamide (91)
and
Example 36
N'-(3-Fluoro-4-(2<(1 -(2-hydroxyethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N-phenylmalonamide (89)
Step 1: N'-(3-Fluoro-4-(2-(1-(2-methoxyethyl)-1 H-imidazol-4-yl)thieno[3,2-5]pyridin-7-
yloxy)phenyl)-N-phenylmalonamide (91)
[0257)  To asolution of 3-fluoro-4-(2-(1-(2-methoxyethyl)-1H-imidazol-4-yl)thieno[3,2-
blpyridin-7-yloxy)benzenamine (90) (WO 2006010264) (135 mg, 0.35 mmol) in dry DMF (7
ml) was added the acid (192 mg, 4.5 eq, 1.56 mmol), HOBT (72 mg, 1.5 eq, (.63 mmol) and
EDC (306 mg, 4.5 eq, 1.56 mmol) and the reaction mixture was stirred at RT overnight. The
reaction mixture was concentrated to dryness and partitioned between EtOAc and sat NaHCO;
soln, the organic phase was collected, dried over anhydrous sodium suifate and filtered. The
solvent was removed under reduced pressure and the crude was purified by column
chromatography (EtOAc to 15% MeOH in EtOAc) to afford title compound 91 (150 mg, 58%
yield). MS (m/z): 546.1 (M+H),



Step 2: N'-(3-Fluoro-4-(2-(1-(2-hydroxyethyl)- | H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N-phenylmalonamide (89)

[0258] To a solution of 91 (85 mg, 0.156 mmol) in dry DCM (2 mL) was added, at -78°C,
BBr; (0.6 mL, 4 eq, 0.62 mmol, IM soln in DCM) and the reaction mixture was slowly warmed
to 0°C and allowed to stir at 0°C for 30 mins. The reaction mixture was quenched with MeOH
and the solvents were removed under reduced pressure. Purification by column chromatography

(Gilson, 25% MeOH in water to 75% MeOH in water) afforded title compound 89 (26 mg, 27%
yield). MS (m/z): 532.1 (M+H).
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Example 37

N'-(3-Fluoro-4-(2-(1-(methoxymethyl)- | /-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)phenyl)-
N’-(2-methoxyphenyl)malonamide (92)
Step 1: 7-(2-Fluoro-4-nitrophenoxy)-2-( | -(methoxymethyl)- 1 H-imidazol-4-yl)thieno[3,2-
blpyridine (94)
[0259] To a solution of 7-(2-fluoro-4-nitrophenoxy)-2-(1 H-imidazol-4-yl)thieno[3,2-
blpyridine (93) (WO 2006010264) (300 mg, 0.84 mmol) in dry DMF (3 ml) at 0°C was added
NaH (40 mg, 60 % dispersion in oil, 1.0 mmol). The mixture was allowed to warm to room
temperature over 0.5 h then re-cooled to 0°C. MOMCI (74 mg, 1.1 eq, 0.92 mmol) was added
and mixture was allowed to warm to room temperature over 20 hours, concentrated and
partitioned between EtOAc and water. The EtOAc phase was dried over anhydrous sodium
sulfate, filtered, concentrated and purified by column chromatography (100 % hexane to 100%
acetone) to afford the title compound 94 (126 mg, 36% yield). MS (m/z): 401.0 (M+H).
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Step 2: 3-fluoro-4-(2~(1-(methoxymethy!)-1 H-imidazol-4-yl)thieno] 3,2-b}pyridin-7-
yloxy)aniline (95)

[0260]  To a suspension of 94 (132 mg, 0.33 mmol) in EtOH (7 ml) and water (3 ml) was
added ammonium chloride (16 mg, 0.9 eq, 0.3 mmol) and Fe (157 mg, 8.5 g, 0.28 mmol) and
the reaction mixture was heated to reflux for 2 hours, The reaction mixture was cooled to RT,
filtered through celite then concentrated. The mixture was partitioned between DCM/water and
the DCM was collected, dried over anhydrous sodium suifate, filtered and concentrated. Crude
95 was used directly in the next step (122 mg, 100% yield). MS (m/z): 371.1 (M+H),

Step 3: N'-(3-Fluoro-4-(2-(1-(methoxymethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N? ~(2-methoxyphenyl)malonamide (92)

[0261]  To a solution of 95 (136 mg, 0.37 mmol) in dry DMF (7 ml) was added the acid 27
(300 mg, 3.0 eq, 1.1 mmol), HOBT (74 mg, 1.5 eq, 0.55 mmol) and EDC (210 mg, 3.0 eq, 1.1
mmol) and the reaction mixture was stirred at RT overnight. The reaction mixture was
concentrated to dryness and partitioned between EtOAc and sat NaHCO; soln, the organic
phase was collected, dried over anhydrous sodium sulfate and filtered. The solvent was
removed under reduced pressure and the crude was triturated with Et;0 to afford title
compound 92 (150 mg, 72% yield). 'H NMR (DMSO-dg) 8 (ppm): 10.57 (s, 1H), 9.62 (s, 1H),
8.43 (d, J=5.48 Hz, 1H), 8.06 (m, 2H), 7.93 (m, 1H), 7.85 (m, 1H), 7.76 (s, 1H), 7.45 (m, 2H),
7.05 (m, 2H), 6.90 (m, 1H), 6.58 (m, 1H), 5.35 (s, 2H), 3.84 (m, 3H), 3.63 (s, 2H), 3.25 (s,
3H). MS (m/z): 562.1 (M+H).
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Example 38

N'-(3-Fluoro-4-(2~(1-(2-(methylamino)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b1pyridin-7-
yloxy)phenyl)-N°-(2-methoxyphenyl)malonamide (96)

Step 1: rert-Butyl 2-hydroxyethyl(methyl)carbamate (97) (J. Med. Chem., 1999, 42, 11, 2008)
[0262]  To a solution of 2-(methylamino)ethanol (5.0 g, 67 mmol) in THF (50 ml) at RT
was added Boc,0 (15.7 g, 72 mmol) and the reaction mixture was stirred at RT for 4 hours.
The reaction mixture was concentrated to dryness and the title compound 97 was used directly
in the next step with no additional purification (11.74 g, 100% yield). MS (m/z): 1762 (M+H),
Step 2: terr-Butyl 2-iodoethyl(methyl)carbamate (98) (J. Med. Chem., 1999, 42, 11, 2008)
[0263]  To a solution of 97 (520 mg, 3.0 mmol) in THF (50 mL) was added PPh; (1.25 g,
1.6 eq, 4.75 mmol), imidazole (306 mg, 1.5 eq, 4.5 mmol) and iodine (571 mg, 1.5 eq, 4.5
mmol). The reaction mixture was stirred at RT for an hour and the solvent was removed. The
crude was dissolved in EtOAc, washed with satd NaHCOs soln and the organic phase was
collected, dried over anhydrous sodium sulfate and filtered. Purification by column
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chromatography (hexane to 20% EtOAc in hexane) afforded title compound 98 (500 mg, 39%
yield). MS (m/z): 308.1 (M+Na).

Step 3: tert-Butyl 2-(4-(7-2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-1H-imidazol-1-
yDethyl(methyl)carbamate (99)

[0264]  To asolution of 7-(2-fluoro-4-nitrophenoxy)-2-( 1 H-imidazol-4-yl)thieno[3,2-
b]pyridine (93) (WO 2006010264) (150 mg, 0.42 mmol) in dry DMF (2 ml) at 0°C was added
NaH (34 mg, 60 % dispersion in oil, 2 eq, 0.84 mmol). The mixture was allowed to warm to
room temperature over 0.5 h then re-cooled to 0°C. Compound 98 (132 mg, 1.1 eq, 0.46 mmol)
was added and mixture was allowed to stir at RT overnight, then concentrated and partitioned
between EtOAc and water. The EtOAc phase was dried over anhydrous sodium sulfate,
filtered, concentrated and purified by column chromatography (100 % hexane to 100%
acetone) to afford the title compound 99 (30 mg, 14% yield). MS (m/z): 514.0 (M+H).

Step 4: tert-Butyl 2-(4-(7-(4-amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)-1H-imidazol-
1-yl)ethyl(methyl)carbamate (100)

[0265]  To a suspension of 99 (30 mg, 0.058 mmol) in EtOH (1.6 ml) and water (0.6 ml)
was added ammonium chloride (3 mg, 0.9 eq, 0.053 mmol) and Fe (28 mg, 8.5 eq, 0.49 mmol)
and the reaction mixture was heated to reflux for 45 min. The reaction mixture was cooled to
RT, filtered through celite then concentrated to afford title compound 100 (30 mg, 100%
yield). MS (m/z): 484.1 (M+H),

Step 5: tert-Butyl 2-(4-(7-(2-fluoro-4-(3-(2-methoxyphenylamino)-3-
oxopropanamido)phenoxy)thieno[3,2-b]pyridin-2-yl)-1 H-imidazol-1-
yDethyl(methyl)carbamate (101)

[0266]  To a solution of 100 (145 mg, 0.30 mmol) in dry DMF (7 ml) was added the acid
(125 mg, 2.0 eq, 0.6 mmol), HOBT (45 mg, 1.5 eg, 0.33 mmol) and EDC (115 mg, 2.0 eq, 0.6
mmol) and the reaction mixture was stirred at RT overnight. The reaction mixture was
concentrated to dryness and partitioned between EtOAc and sat NaHCOj; soln, the organic
phase was collected, dried over sodium sulfate and filtered. The solvent was removed under
reduced pressure and the crude was purified by column chromatography (70% acetone in
hexane) afforded title compound 101 (48 mg, 24% yield). MS (m/z): 675.1 (M+H).

[0267] Step 6: N'-(3-Fluoro-4-(2-(1-(2-(methylamino)ethyl)- 1 H-imidazol-4-yl)thieno[3,2-
b)pyridin-7-yloxy)phenyl)-N-(2-methoxyphenyl)malonamide (96)

[0268]  To asolution 0f 101 (31 mg, 0.046 mmol) in toluene (1 ml) was added TFA

(excess) and the reaction mixture was stirred at RT for an hour. The solvents were removed
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and the title compound 96 (47 mg, 100% yield) was obtained after trituration of the resultant
solid. MS (m/z): 575.1 (M+H),

Scheme 31
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Example 39

N'-(4-2-(1 H-Imidazol-4-y1)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N’-(2-
methoxyphenyl)malonamide (102)

Steps 1-2: N'-(3-Fluoro-4-(2-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-4-
yl)thieno[3 ,2-b]pyridin-7-y]oxy)phenyl)-N3-(2-methoxyphenyl)malonamide (105)
[0269] To a solution of 7-(2-fluoro-4-nitrophenoxy)-2-(1-((2-
(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridine (103) (WO
2006010264) (400 mg, 0.82 mmol) in MeOH (10 mL) at 0°C was added NiCl, x 6H,0 (650
mg, 2.5 eq, 2.73 mmol) and NaBH, (165 mg, 4 eq, 4.4 mmol). The reaction mixture was
allowed to stir for 1 hr, concentrated to dryness and the resultant solid was dissolved in 2 M
HCI. This solution was then made basic with concentrated aqueous ammonium hydroxide and
extracted with DCM. The DCM extract was dried over anhydrous sodium sulfate, filtered and
evaporated to give 3-fluoro-4-(2-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-4-
yl)thieno[3,2-b]pyridin-7-yloxy)benzenamine (104) (350 mg, 100% yield).
[0270] To a solution of the acid 27 (59 mg, 2 eq, 0.28 mmol) and HOBT (19 mg, 1 eq, 0.14
mmol) in DMF (3 ml) was added amine 104 (64 mg, 0.14 mmol) and the reaction mixture was
stitred for 10 mins, EDC (54 mg, 2 eq, 0.28 mmol) was added and the reaction mixture was
stirred at RT overnight. The solvents were removed and the residue was partitioned between

EtOAc and water. The organic phase was collected, dried over anhydrous sodium sulfate,
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filtered and concentrated. Purification by column chromatography (20% acetone in hexane to
100% acetone) afforded title compound 105 (53 mg, 58% yield). MS (m/z): 648.2 (M+H).
Step 3: M-(4-(2-(1H-Imidazol—4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-ﬂuorophenyl)-N’-(Z-
methoxyphenyl)malonamide (102) '
[0271] A solution of 105 (42 mg, 0.0648 mmol) in TFA (1 ml) was stirred at RT for 30
mins. The TFA was removed by evaporation and then 4N HC! in dioxane (0.5 ml) was added
and the mixture was concentrated to dryness. The residual solid was triturated with diethyl
ether to afford title compound 102 (38 mg, 100% yield). MS (m/z): 518.1 (M+H).

Scheme 32
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Example 40

N'-(4-(2-(1-Ethyl-2-methyl- 1 H-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)-3-flucrophenyl)-
N’-(2-methoxyphenyl)malonamide (106)

Step 1: 7-Chloro-2-(1-ethyl-2-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridine (107)

[0272] n-Butyllithium was added to a solution at -78°C of 7-chloro-2-(1-ethyl-1H-

imidazol-4-yl)thieno[3,2-b]pyridine (13, scheme 4) in tetrahydrofuran and stirred for about 15

minutes. Methyl iodide was added slowly and the reaction mixture was stirred at -78°C until

completion of the reaction. The mixture was quenched with water then allowed to warm to

Toom temperature. The aqueous solution was extracted three times with ethyl acetate. The
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combined organic extracts were washed with water and brine, then dried over anhydrous
MgSOsy, filtered and evaporated. The crude product was purified by flash chromatography
(eluent: 100% DCM to 2% MeOH / 98% DCM) to afford the title compound 107 (as a mixture
with about 15% of the starting material 13) as a yellow solid (190 mg, 80% yield). MS (m/z):
278.0 (M+H).

Step 2: 2-(1-Ethyl-2-methyl-1H-imidazol-4-y1)-7-(2-fluoro-4-nitrophenoxy )thieno[3,2-
b]pyridine (108)

[0273]  Starting from the chloride 107 and 2-fluoro-4-nitrophenol and following the same
procedure as described above for the synthesis of compound 14 (scheme 4) title compound 108
was obtained in 31% yield. MS (m/z): 399.0 (M-+H).

Step 3: 4-(2-(1-Ethyl-2-methyl-1 H-imidazol-4-y)thieno[3,2-b]pyridin-7-yloxy)-3-flucroaniline
(109)

[0274]  Starting from the nitro compound 108 and following the same procedure as
described above for the synthesis of compound 23 (scheme 6), title compound 109 was
obtained in 16% yield MS (m/z): 369.0 (M+H).

Step 4: N'-(4-(2-(1-Ethyl-2-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluoropheny1)-N?-(2-methoxyphenyl)malonamide (106)

[0275]  Starting from the amine 109 and the acid 27 and following the same procedure as
described for the synthesis of compound 5d (scheme 4) title compound 106 was obtained in
9% yield. 'H NMR (DMSO-dg) . 8 (ppm): 10.60 (s, 1H), 9.64 (s, 1H), 8.42 (d, I = 5.5 Hz, 1H),
8.07 (dd, J = 1.2 and 8.0 Hz, 1H), 7.87 (dd, J =2.3 and 13.1 Hz, 1H), 7.84 (s, 1H), 7.62 (s,
1H), 7.50-7.41 (m, 2H), 7.09-7.05 (m, 2H), 6.94-6.90 (m, 1H), 6.57 (d, J = 5.1 Hz, 1H), 3.96
(g, § =7.2 Hz, 2H), 3.86 (s, 3H), 3.64 (s, 2H), 2.35 (s, 3H), 1.34 (1, I = 7.2 Hz, 3H). MS (m/z):
560.0 (M+H).
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Scheme 33
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Example 41
N'-(4-(2-(2-((Dimethylamino)methyl)-1 -ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)-3-fluorophenyl)-N-(2-methoxyphenyl)malonamide (110)
Step 1: 4-(7-Chlorothieno[3,2-b]pyridin-2-yl)-1-ethyl-1 H-imidazole-2~carbaldehyde (111)
[0276] To a solution of 7-chloro-2-(1-ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridine (13,
scheme 4) (1.50g, 5.69 mmol) in tetrahydrofuran at -78°C (1.3 mL) was added »n-Butyllithium
(3.4 mL, 8.53 mmol) and the reaction mixture was stirred for about 15 minutes.
Dimethylformamide (0.66 mL, 8.53 mmol) was added slowly and the reaction mixture was
stirred at -78°C until completion of the reaction, The mixture was warmed to room
temperature and quenched with water. The precipitate was removed by filteration, washed
with water and dried well. The crude product was purified by trituration with dichloromethane,
filtered, washed with additional dichloromethane and dried to afford the title compound 111 as
a yellow solid (682 mg, 41% yield). MS (n/z): 291.9 (M+H).
Step 2: 1-(4-(7-Chlorothieno[3,2-b]pyridin-2-yl)-1-ethyl-1 H-imidazol-2-yl)-N,N-
dimethylmethanamine (112)
[0277] A mixture of the aldehyde 111 (344 mg, 1.18 mmol) and dimethylamine (0.7 mL,
1.41 mmol) in methanol (24 mLY) and acetic acid (few drops) were stirred at RT overnight.
Sodium cyanoborohydride (237 mg, 3.77 mmol) was added and the reaction mixture was
allowed to stir at room temperature until completion of the reaction. The solvents were

evaporated and water was added to the residue and the mixture was extracted with ethyl
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acetate. The combined organic layers were washed with brine, dried over anhydrous MgSOs,
filtered and evaporated. The crude product was purified by flash chromatography (eluent:
2.5% MeOH / 97.5% DCM to 10% MeOH / 90% DCM) to afford title compound 112 as a
yellow solid (129 mg, 34% yield). MS (m/z): 321.1 (M+H).

Step 3: 1-(1-Ethyl-4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-1 H-imidazol-2-
yI)-N,N-dimethylmethanamine (113)

[0278] Starting from the chloride 112 and 2-fluoro-4-nitrophenol and following the same
procedure as described above for the synthesis of compound 14 (scheme 4), title compound
113 was obtained as yellow solid in 48% yield. MS (m/z): 442,1 (M+H).

Step 4: 4-(2-(2-((Dimethylamino)methyl)-1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)-3-fluoroaniline (114)

[0279] Starting from the nitro compound 113 and following the same procedure as
described above for the synthesis of compound 23 (scheme 6) title compound 114 was obtained
as a dark-yellow solid in 78% yield. MS (m/z); 412.2 (M+H).

Step 5: N'-(4-(2-(2-((Dimethylamino)methyl)-1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-
7-yloxy)-3-ﬂuorophenyl)-N’-(2-methoxyphenyl)malonamide (110)

[0280] Starting from the amine 114 and the acid 27 and following the same procedure as
described for the synthesis of compound §d (scheme 4) title compound 110 was obtained as a
white solid in 22% yield. 'H NMR (DMSO-dg). 8 (ppm): 10.59 (s, 1H), 9.64 (s, 1H), 8.43 (d, J
=355 Hz, 1H), 8.07 (dd, J= 1.4 and 7.4 Hz, 1H), 7.95 (s, 1H), 7.87 (dd, ] =2.2 and 12.9 Hz,
1H), 7.65 (s, 1H), 7.50-7.41 (m, 2H), 7.11-7.05 (m, 2H), 6.94-6.90 (m 1H), 6.57 (d, J=4.7 Hz,
1H), 4.08 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.64 (s, 2H), 3.50 (s, 2H), 2.17 (s, 6H), 1.38 (1,
3H). MS (m/z); 603.2 (M+H),
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Scheme 34
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N'<(3-Fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2-
hydroxyphenyl)malonamide (115)

[0281] To a solution of compound 28¢ (example 10, scheme 8) (115 mg, 0.21 mmol) in
DCM (10 mL) at -40°C was added BBr3 (1.0M, 0.86 mL, 0.86 mmol). The reaction mixture
was allowed to stir for 1 hr then diluted with MeOH (2mL) and water (1mL) and concentrated.
The residue was purified by preparative HPLC (Thermo C-18 column, gradient MeOH/water
from 95:5 to 60:40) to afford title compound 115 (30 mg, 27% yield) as a white solid. "H NMR
(DMSO-ds). & (ppmy): 10.57(s, 1H), 9.88(s, 1H), 9.59(s, 1H), 8.49(d, J = 5.4 Hz,1H), 7.92(dd, J
= 8.0 Hz, J = 1.5 Hz, 1H), 7.86(dd, J = 12,7 Hz, J = 2.1Hz, 1H), 7.85(s, 1H), 7.76(s, 1H),
7.48(t, J = 8.8 Hz, 1H), 7.42(dd, ] =9.0 Hz, ] = 1.7 Hz, 1H), 7.40(s, 1H), 6.93-6.84(m, 2H),

6.75(t, Y = 8.0 Hz, 1H), 6.63(d, J = 5.5 Hz, 1H), 3.88(s, 3H), 3.61(s, 2H). MS (m/z): 518.1
(M+H).

Example 43
N'-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3 -fluorophenyl)-N>-(2-
hydroxyphenyl)malonamide (116)
[0282]  Starting from the compound 28c (example 10, scheme 8) and following the same
procedure as described above for the synthesis of compound 115, title compound 116 was
obtained as light-beige solid in 23% yield. '"H NMR (DMSO-de). 8 (ppm): 10.59(s, 1H), 9.90(s,
1H), 9.62(s, 1H), 8.43(d, J = 5.6 Hz, 1H), 7.96(d, ] = 1.2 Hz, 1H), 7.94(dd, Y= 1.6 and 8.0 Hz,
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1H), 7.87(dd, ] =2.0 and 12,8 Hz, 'lH), 7.79(d, 1= 1.2 Hz, 1H), 7.67(s, 1H), 7.49(t, J = 8.8 Hz,
1H), 7.45-7.40(m, 1H), 7.96-7.90(m, 1H), 6.87(dd, J = 1.2 and 8.0 Hz, 1H), 6.80-6.75(m, 1H),
6.58(d, J = 5.6 Hz, 1H), 4.06(q, J = 7.2 Hz, 2H), 3.63(s, 2H), 1.40(t, J = 7.2 Hz, 3H). MS (m/z):
532.1 (M+H).
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Example 44
N'-(4-(2-(1-Ethyl-1H-imidazol-5-yl)thieno [3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
fluorophenyl)malonamide (117)

Step 1: 7-Chloro-2-(1-ethyl-1H-imidazol-5-yl)thieno[3,2-b]pyridine (118)

[0283]  To a solution of chloride 2 (scheme 1) (4.77 g, 28.12 mmol) in THF (120 mL) at -
78°C was slowly added n-BuLi (2.5M in hexane, 14.06 mL, 35.15 mmol). The reaction mixture
was stirred for one hour at -78°C followed by the slow addition of ZnCl, (0.5M in THF, 70.3
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mL, 35.15 mmol). After a few minutes, the reaction mixture was allowed to warm to room
temperature and stirred for one hour.

[0284] To a solution of 1-ethyl-5-iodo-1H-imidazole (2.04 g, 8.65 mmol) (Zer. Letr. 2004,
45, 5529) in THF (5 mL) was added Pd(PPhs), (0.81 g, 0.70 mmol) and the reaction mixture

was heated to reflux for 1.5 hours, cooled to room temperature then diluted with agueous
ammonium hydroxide. The solution was extracted with EtOAc and the extmbt was washed
with water and brine then dried over anhydrous magnesium sulfate, filtered and evaporated
under reduced pressure. The residue was purified by flash chromatography (eluents DCM, then
DCM-MeOH, 97:3, 95:5, 9:1) to afford title compound 118 (4 g, 54% yield) as a yellow solid.
MS (m/z): 264.1 (M+H).

Step 2. 2-(1-Ethyl-1H-imidazol-5-yl)-7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridine (119)
[0285] To a solution 0f 118 (4 g, 15.16 mmol) in Ph;O (60 ml) was added 2-fluoro~4-
nitrophenol (4.76 g, 30.33 mmol) and potassium carbonate (8.38 g, 60.66 mmol). The reaction
mixture was heated to 195°C for 18 hrs the cooled to room temperature. The residue was
purified by column chromatography (eluents EtOAc/Hex (9/1 to 5/5) then MeOH/CH,Cl,
(98/2)), to afford title compound 119 (3.05 g, 52% yield) as a yellow solid, MS (m/z): 385.0
(M+H). .

Step 3. 4-(2-(1-Ethyl-1 H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoroaniline (120)
[0286]  To a solution of the nitro compound 119 (3.05 g, 7.93 mmol) in MeOH/THF (50
ml/50 mL) was added NiCl; x 6H2O (3.77 g, 15.86 mmol) and NaBH; (1.18 g, 31.73 mmol).
The reaction mixture was allowed to stir for 1 hr, concentrated to dryness and the resultant
solid was dissolved in 2 M HCI. The acidic solution was then made basic with aqueous
ammonium hydroxide solution and extracted with EtOAc. The organic extract was dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was purified by flash
chromatography (eluents DCM-MeOH, 98:2, 95:5, 9:1) to afford title compound 120 (2.00g,
71% yield) as a yellow solid. MS (w/z): 355.1 (M+H).

Step 4. N'-(4-(2-(1-Ethyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N*-
(2-fluorophenyl)malonamide (117)

[0287] To a solution of the amino compound 120 (400 mg, 1.08 mmol) in DMF (10 mL),
3-(2-fluorophenylamino)-3-oxopropanoic acid (444 mg, 2.25 mmol), EDC (519 mg, 2.70
mmol) was added HOBT (364 mg, 2.70 mmol). The reaction mixture was allowed to stir for 1
hr. The solution was extracted with EtOAc and the extract was washed with water, aqueous
ammonium chloride and brine then dried over anhydrous magnesium sulfate, filtered and

evaporated under reduced pressure. The residue was purified by flash chromatography (cluents
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DCM-MeOH, 98:2, 95:5) to afford title compound 117 (348 mg, 58% yield) as a white solid.
'H NMR (DMSO-ds). & ppm: 10.58(s, 1H), 10.06(s,1H), 8.52(d, J = 5.6 Hz, 1H), 8.10-7.76(m,
1H), 7.94(d, J = 1.2 Hz, 1H), 7.88(dd, J = 2.4 and 13.2 Hz, 1H), 7.74(s, 1H)), 7.51(t, ) = 8.8
Hz, 1H), 7.43(dd, J = 1.6 and 8.8 Hz, 1H), 7.39(d, J = 1.2 Hz, 1H), 7.32-7.25(m, 1H), 7.21-
7.14(m, 2H), 6.66(d, J = 5.6 Hz, 1H), 4.29(q, J = 7.2 Hz, 2H), 3.62(s, 2H), 1.34(t, J=7.2 Hz,
3H), MS (m/z): 534.1 (MH+H).

Example 45
N'-(4-(2-(1-Ethyl-1H-imidazol-5-yl)thieno[3,2-5]pyridin-7-yloxy)-3-fluorophenyl)-N*-(2-
methoxyphenyl)malonamide (121)

[0288] Title compound 121 (scheme 35) was obtained similarly to the compoun d 117
(éxample 44, scheme 35) starting from the amine 120 and replacing the acid 29 with the acid
27. 1H NMR (DMSO-dg). § (ppm): 10.59 (s, 1H), 9.63 (s, 1H), 8.52 (d, ) = 5.6 Hz, 1H), 8.07
(d, J=17.6 Hz, 1H), 7.94 (d, ] = 1.2 Hz, 1H), 7.88 (dd, ] = 2.4 and 13.2 Hz, 1H), 7.74(s, 1H),
7.51(t, J = 8.8 Hz, 1H), 7.43 (dd, J = 1.6 and 8.8 Hz, 1H), 7.40 (d, J = 1.2 Hz, 1H), 7.12-7.4
(m, 2H), 6.96-6.88 (m, 1H), 6.66 (d, J = 5.6 Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H),
3.64 (s, 2H), 1.34 (t, J = 7.2 Hz, 3H).
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Scheme 36
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Example 46
N'-(3-Fluoro-4-(2-(1-isopropyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-2-
fluorophenyl)malonamide (122)

Step 1: 7-Chloro-2-(1-isopropyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridine (123)

[0289]  To a solution of chloride 2 (scheme 1) (2.93 g, 17.31 mmol) in THF (120 mL) at -
78°C was slowly added #-BulLi (2.5M in hexane, 8.66 mL, 21.64 mmol). The reaction mixture
was stirred for one hour at -78°C followed by the slow addition of ZnCl, (1M in THF, 21.6
mL, 21.64 mmol). After a few minutes the reaction mixture was allowed to warm to room
temperature and stirred for one hour.

[0290]  To a solution of 4-iodo-1-isopropyl-1H-imidazole (2.04 g, 8.65 mmol) [Tet. Lett.
2004, 45.5529] in THF (5 mL) was added Pd(PP3)4 (0.500 g, 0.43 mmol) and the reaction
mixture which was heated to reflux for S hour then cooled to room temperature, diluted with

aqueous ammonium hydroxide. The solution was extracted with EtOAc and the extract was
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washed with water and brine, dried over anhydrous magnesium sulfate, filtered and evaporated
under reduced pressure. The residue was purified by flash chromatography (eluents DCM, then
DCM-MeOH, 97:3, 95:5, 9:1) 1o afford title compound 123 (1.16 g, 24% yield) as a yellow
solid. MS (m/z): 278.0 (M+H).

Step 2: 7-(2-Fluoro-4-nitrophenoxy)-2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-b]pyridine
(124)

[0291]  To asolution 0of 123 (1.16 g, 4.18 mmol) in Ph,O (20 ml) was added 2-fluoro-4-
nitrophenol (1.31 g, 8.37 mmol) and potassium carbonate (2.31 g, 16.72 mmol). The reaction
mixture was heated to 195°C for 18 hrs then cooled to room temperature. The residue was
purified by column chromatography, eluents EtOAc/Hex (9/1 to 5/5), then MeOH/CH,Cl,
(98/2), to afford title compound 124 (1.47 g, 88% yield) as a yellow solid. MS (m/z): 399.0
(M+H).

Step 3: 3-Fluoro-4-(2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-5]pyridin-7-yloxy)aniline
(125)

[0292] To a solution of the nitro compound 124 (1.47 g, 3.68 mmol) in MeOH/THF (50
mi/50 mL) was added NiCL, x 6H,0 (1.75 g, 7.37 mmol) and NaBH, (550 mg, 14.75 mmol),
The reaction mixture was allowed to stir for 1 hr then concentrated to dryness and the resultant
solid was dissolved in 2 M HC]. The acidic solution was then made basic with aqueous
ammonium hydroxide solution and extracted with EtOAc. The organic extract was dried over
anhydrous sodium sulfate, filtered and evaporated The residue was purified by flash
chromatography (eluents DCM-MeOH], 98:2, 95:5, 9:1) to afford title compound 125 (3.31 g,
88% yield) as a pink solid. MS (m/z): 368.1 (M+H).

Step 4: N'-(3-Fluoro-4-(2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N -2-fluorophenyl)malonamide (122)

[0293]  To a solution of the amino compound 125 (400 mg, 1.08 mmol) in DMF (20 mL),
3-(2-fluorophenylamino)-3-oxopropanoic acid (427 mg, 2.17 mmol), EDC (352 mg, 2.60
mmol) was added HOBT (499 mg, 2.60 mmol). The reaction mixture was allowed to stir for 1
hr. The solution was extracted with EtOAc and the extract was washed with water, aqueous
ammonium chloride and brine then dried over anhydrous magnesium sulfate, filtered and
evaporated under reduced pressure. The residue was purified by flash chromatography (eluents
DCM-MeOH, 98:2, 95:5) to afford title compound 122 (384 mg, 65% yield) as a yellow solid.
"H NMR (DMSO-ds). & ppm: 10.57(s, 1H), 10.06(s, 1H), 8.43(d, J = 5.6 Hz, 1H), 8.04(dd, J =
1.6 and 7.2 Hz, 1H), 8.04-7.96(m, 1H), 7.87(dd, J =2.4 and 12.8 Hz, 1H), 7.84(d, J = 1.2 Hz,
1H), 7.67(s, 1H), 7.49(t, J = 8.8 Hz, 1H), 7.42(dd, J = 1.6 and 8.8 Hz, 1H), 7.32-7.25(m, 1H),
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7.22-7.13(m, 2H), 6.58(d, J = 5.6 Hz, 1H), 4.48(quin, ] = 6.4 Hz, 1H), 3.63(s, 2H),1.46(d, J =
6.8 Hz, 6H). 3.62(s, 2H), 1.34(t, J = 7.2 Hz, 3H). MS (m/z): 548.1 (M+1).

Example 47

N'-(3-Fluoro~4-(2-(1-isopropyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2-

methoxyphenyl)malonamide (126)
10294]  Title compound 126 (scheme 36) was obtained similarly to the compound 122
(example 45, scheme 36) starting from the amine 125 and replacing the acid 29 with the acid
27. 1H NMR (DMSO-dg). 8 (ppm): 10.58(s, 1H), 9.64(s, 1H), 8.43(d, J = 5.6 Hz, 1H), 8.07(dd,
J=1.6 and 7.2 Hz, 1H), 8.05(d, ] = 1.2 Hz, 1H), 7.87(dd, J = 2.4 and 12.8 Hz, 1H), 7.84(d,J =
1.2 Hz, 1H), 7.67(s, 1H), 7.49(t, ] = 8.8 Hz, 1H), 7.43(dd, ] = 1.6 and 8.8 Hz, 1H), 7.12-
7.04(m, 2H), 6.92(ddd, J =2.4, 7.2 and 8.8 Hz, 1H), 6.58(d, J = 5.6 Hz, 1H), 4.48(quin, ] = 6.4
Hz, 1H), 3.86(s, 3H), 3.64(s, 2H),1.46(d, J = 6.8 Hz, 6H). MS (m/z): 559.2 (M+H).
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Example 48
N'-(3-Fluoro-4-(2-(1 -isopropyl-1H-imidazol—4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-
(thiazol-2-yl)malonamide (127)

Step 1: 3-Ox0-3-(thiazol-2-ylamino)propanoic acid (129)
[0295] To a solution of 2-aminothiazole (2.0 g, 19.97 mmol) in dry DCM (30 ml) at 0°C
was added TEA (4.03 g, 2 eq, 39.94 mmol) and methyl 3-chloro-3-oxopropanoate (3.0 g, 1.1
€q, 21.97 mmol). The reaction mixture was stirred for 1 hr at room temperature. The reaction
mixture was concentrated to dryness, dissolved in EtOAc and washed well with water. The

organic phase was collected, dried over anhydrous sodium sulfate then filtered and
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concentrated. The resultant solid was triturated with Et,O and used directly in the next
step with no additional purification (1.1 g, 30% yield). To a solution of the ester 128 (500
mg, 2.49 mmol) in THF/water (1:1, 20 ml) was added LiOH x H,O (209 mg, 2 eq, 4.98
mmol) and the mixture stirred for 2 hrs at room temperature. The mixture was neutralized
with | M HCI solution and adsorbed onto silica gel. Purification by column
chromatography (60% EtOAc in hexanes) afforded the acid 129 as a white solid (320 mg,
69% yield). MS (m/z): 187.2 (M+H).

Step 2: N'-(3-Fluoro-4-(2-(1-isopropyl- 1 H-imidazol-4-yl)thieno[3,2-5]pyridin-7-
yloxy)phenyl)-N-(thiazol-2-yl)malonamide (127)

[0296] The title compound was obtained starting from the amine 125 (100 mg, 0.27
mmol) (scheme 36) according to the procedure described for 55 (example 23, scheme 19)
but substituting acid 1 for the acid 129 (101 mg, 2 eq, .53 mmol). After purification by
column chromatography (10% MeOH/EtOAc) the title compound 127 was obtained as a
white solid (7 mg, 5% yield). "H NMR (DMSO-dg) & (ppm): 12.32 (s, 1H), 10.60 (s, 1H),
8.41 (d, J=5.48 Hz, 1H), 8.03 (s, LH), 7.82 (n, 2H), 7.65 (s, 1H), 7.44 (m, 3H), 7.22 (d,
J=3.52 Hz, 1H), 6.55 (d, /= 5.48 Hz, 1H), 4.46 (m, 1H), 3.63 (s, 2H), 1.45 (d, /=6.65
Hz, 6H). MS (m/z): 536.9 (M+H).
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“Scheme 38
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Example 49
N'-(3-Fluoro-4-(2-(1-propyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(2-
fluorophenyl)malonamide (130)

Step 1. 7-Chloro-2-(1-propyl-1H-imidazol4-yl)thieno[3,2-b]pyridine (131)
[0297] To a solution of chloride 2 (scheme 1) (4.38 g, 25.84 mmol) in THF (120 mL) at -
78°C was slowly added #-BuLi (2.5M in hexane, 12.9 mL, 32.31 mmol). The reaction mixture
was stirred for one hour at -78°C followed by the slow addition of ZnCl, (0.5M in THF, 64.6
mL, 32.31 mmol). After a few minutes the reaction mixture was allowed to warm to room
temperature and stirred for one hour.
[0298]  To a solution of 4-iodo-1-propyl-1H-imidazole (3.05 g, 12.92 mmol) [Tet. Lett.
2004, 45. 5529] in THF (5 mL) was added Pd(PPhs)s (0.74 g, 0.64 mmol) and the reaction
mixture which was heated to reflux for 2.5 hours, cooled to room temperature then diluted with
aqueous ammonium hydroxide. The solution was extracted with EtOAc, the extract was
washed with water and brine then dried over anhydrous magnesium sulfate, filtered and
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evaporated under reduced pressure. The residue was purified by flash chromatography (eluents
DCM, then DCM-MeOH, 97:3, 95:5) to afford title compound 131 (3.37 g, 47% yield) as a
yellow solid. MS (m/z): 278.0 (M+H).

Step 2. 7-(2-Fluoro-4-nitrophenoxy)-2-(1-propyl-1 H-imidazol-4-yl)thieno[3,2-5]pyridine_(132)
[0299]  Toasolution of 131 (3.37 g, 12.13 mmol) in Ph,O (40 ml) was added 2-fluoro-4-
nitrophenol (3.81 g, 24.26 mmol) and potassium carbonate (6.70 g, 48.52 mmol). The reaction
mixture was heated to 195°C for 20 hrs then cooled to room temperature, The residue was
purified by column chromatography, eluents EtOAc/Hex (9/1 to 5/5), then MeOH/DCM (98/2),
to afford title compound 132 (4.13 g, 85% yield) as a yellow solid. MS (m/z): 399.0 (M+H).
Step 3. 3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)aniline (133)
[0300]  Toasolution of the nitro compound 132 (4.13 g, 10.36 mmol) in MeOH/THF (100
ml/100 mL) was added NiCl; x 6H20 (4.92 g, 20.73 mmol) and NaBH; (1.54 mg, 41.44
mmol). The reaction mixture was allowed to stir for 1 hr, concentrated to dryness and the
resultant solid was dissolved in 2 M HCl, The acidic solution was then made basic with
aqueous ammonium hydroxide solution and extracted with EtOAc. The organic extract was
dried over anhydrous sodium sulfate, filtered and evaporated The residue was purified by flash
chromatography (eluents DCM-MeOH, 98:2, 95:5) to afford title compound 133 (3.31 g, 86%
yield) as a pink solid. MS (m/z): 368.1 (M+H).

Step 4. N'-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy) phenyl)-
N?-(2-fluorophenyl)malonamide (130)

[0301]  Toasolution of the amino compound 133 (400 mg, 1.08 mmol) in DMF (20 mL),
3-(2-fluorophenylamino)-3-oxopropanoic acid (29) (427 mg, 2.17 mmol), EDC (352 mg, 2.60
mmol) was added HOBT (499 mg, 2.60 mmol), The reaction mixture was allowed to stir for 1
hr. The solution was extracted with EtOAc and the extract was washed with water, aqueous
ammonium chloride and brine then dried over anhydrous magnesium sulfate, filtered and
evaporated under reduced pressure, The residue was purified by flash chromatography (eluents
DCM-MeQOH, 98:2, 95:5) to afford title compound 130 (215 mg, 36% yield) as a yellow solid.
'H NMR (DMSO-ds). & (ppm): 10.56(s, 1H), 10.06(s, 1H), 8.43(d, J = 5.6 Hz, 1H), 8.10-
7.96(m, 1H), 7.94(d, J = 1.2 Hz, 1H), 7.87(dd, = 1.6 and 12.8 Hz, 1H), 7.77(d, J = 1.2 Hz,
1H), 7.68(s, 1H), 7.49(t, J = 8.8 Hz, 1H), 7.42(dd, J = 2.0 and 8.8 Hz, 1H), 7.32-7.25(m, 1H),
7.22-7.14(m, 2H), 6.58(d, J = 5.6 Hz, 1H), 3.98(t, J = 7.2 Hz, 2H), 3.62(s, 2H), 1.78(sex, J =
7.2 Hz, 2H), 0.87(t, J = 7.2 Hz, 3H). MS (m/z): 548.1 (M + H).
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Example 50

N'-(3-fluoro-4-(2-(1-propyl- 1 H-imidazol-4-yl)thieno[3,2-b] pyridin-7-yloxy)phenyl)-N>-(2-

methoxyphenyl)malonamide (134)

[0302]  Title compound 134 (scheme 38) was obtained similarly to the compoun d 130
(example 49, scheme 38) starting from the amine 133 and replacing the acid 29 with the acid
27. IH NMR (DMSO-dg). 3 (ppm): 10.58(s, 1H), 9.64(s, 1H), 8.43(d, J = 5.6 Hz, 1H), 8.07(dd,
J=1.2 and 8.8 Hz, 1H), 7.94(d, = 1.2 Hz, 1H), 7.87(dd, J = 1.6 and 12.8 Hz, 1H), 7.77(d, T =
1.2 Hz, 1H), 7.68(s, 1H), 7.49(t, J = 8.8 Hz, 1H), 7.43(dd, J =2.0 and 8.8 Hz, 1H), 7.11-
7.04(m, 2H), 6.92(ddd,J = 2.4, 6.4 and 8.0 Hz, 1H), 6.58(d, J] = 5.6 Hz, 1H), 3.98(t,J = 7.2 Hz,
2H), 3.86(s, 3H), 3.64(s, 2H), 1.78(sex, J = 7.2 Hz, 2H), 0.87(t, = 7.2 Hz, 3H). MS (m/z):
559.2 (M+H).

Scheme 39
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Example 51
N‘-(3-Fluoro-4-(2-(pyrrolidine-1-carbonyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-Na-(2-
methoxyphenyl)malonamide (135)

[0303]  Starting from (7-(4-amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)(pyrrolidin-1-

yDmethanone (23, scheme 6) and the acid 27, and following the same procedure as described
above for the synthesis of compound 130 (scheme 38, example 49) title compound 135 was
obtained as white solid in 51% yield. "H NMR (DMSQ-ds). § (ppm): 10.65(s, 1H), 10.25(s,
1H), 8.61(d, J = 5.6 Hz, 1H), 8.03(s, | H), 7.92-7.86(m, J = 13.2 Hz, 1H), 7.60(d, J = 8.4 Hz,
2H), 7.50(t, J = 8.4 Hz, 1H), 7.47-7.20(m, 1H), 7.30(t, ] = 8.0 Hz, 2H), 7.04(t, ] = 7.2 Hz, 1H),
6.83(d, J = 5.6 Hz, 1H), 3.54(t, J = 6.4 Hz, 2H), 3.53(s, 2H), 1.97(quin, J = 6.4 Hz, 2H),
1.89(quin, J = 6.4 Hz, 2H). MS (m/z): 549.2 (M+H).
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" Scheme 40
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Example 52
N -(3-Fluoro-4-(2-(3-methoxy-4-(2-morpholinoethoxy)phenyl)thieno| 3,2-b]pyridin-7-
yloxy)phenyl)-N?-(2-methoxyphenethyl)oxalamide (136)
Step 1: 4-(7~(2-Fluoro-4-nitrophenoxy)thieno[3,2-5]pyridin-2-yl)-2-methoxyphenol (137)
[0304] Starting from the nitro compound 50 and 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenol, and following the same procedure as described for the synthesis of
compound 63 (scheme 22) title compound 137 was obtained as light-brown solid in 72% yield.
MS (in/z): 413.1 (M+H).
Step 2: 4-(2-(4-(7-(2-Fluoro~4-nitrophenoxy)thieno[3,2-b}pyridin-2-y1)-2-
methoxyphenoxy)ethyl) morpholine (138)
[0305] DEAD (0.96 mL, 6.07 mmol) was added to a solution of the compound 137 (1.78 g,
4.33 mmol), 2-morpholinoethanol (0.74 mL, 6.07 mmol) and triphenylphosphine (1.59 g, 6.07
mmol) in THF (43 mL). The reaction mixture was stirred at room temperature until

completion of the reaction. The mixture was quenched with a saturated aqueous solution of
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ammonium chloride then extracted three times with ethy] acetate and 3 times with
dichloromethane (with a bit of methanol inside). The combined organic layers were washed
with water and brine, dried over anhydrous MgSO,, filtered and evaporated. The residue was
triturated with diethy! ether, filtered and dried on a vacoum pump to afford title compound 138
as a yellow-brown solid (1.80g, 79% yield). MS (m/z): 526.2 (M-+H).

Step 3: 3-Fluoro-4-(2-(3-methoxy-4-(2-morpholinoethoxy)phenyl)thieno[3,2-b]pyridin-7-
yloxy)aniline (139)

[0306]  Starting from the nitro compound 138 and following the same procedure as
described for the synthesis of the amine 23 (scheme 6) title compound 139 was obtained as
yellow solid, in 99% yield (crude product). MS (m/z): 496.3 (M-+H).

Step 4: Ethyl 2-(3-Fluoro-4-(2-(3-methoxy-4-(2-morpholinoethoxy)phenyl)thieno[3,2-
blpyridin-7-yloxy)phenylamino)-2-oxoacetate (140)

[0307]  Ethyl chlorooxoacetate (0.11 mL, 0.95 mmol) was added to a solution of the amine
139 (313 mg, 0.63 mmo!) and triethylamine (0.18 mL, 1.26 mmol) in dichloromethane (16
mL). The reaction mixture was stirred at room temperature until completion of the reaction.
The mixture was quenched with a saturated aqueous solution of ammonium chloride and
extracted three times with ethyl acetate. The combined organic layers were washed with brine,
dried over anhydrous MgSQ,, filtered and evaporated. The crude product was purified by flash
chromatography (eluent: 5% MeOH/95% DCM to 7% MeOH / 93% DCM) to afford title
compound 140 as a yellow solid (178 mg, 47% yield). MS (m/z): 596.1 (M+H).

[0308] Step 5: N*-(3-Fluoro-4-(2-(3-methoxy-4-(2-morpholinoethoxy)phenyl)thieno[ 3,2-
b]pyridin-7-yloxy)phenyl)-N?-(2-methoxyphenethyl)oxalamide (136)

[0309]  Amino ester 140 (80 mg, 0.13 mmol) and 2-(2-methoxyphenyl)ethanamine (0.2 mL,
1.34 mmol) were mixed together and stirred at room temperature until completion of the
reaction. The mixture was quenched with a saturated aqueous solution of ammonium chloride
and extracted three times with dichloromethane. The combined organic layers were washed
with brine, dried over anhydrous MgSOQy, filtered and evaporated. The crude product was
purified by flash chromatography (eluent: 3% MeOH / 97% DCM to 5% MeOH / 95% DCM).
This solid product was then triturated with ethy! acetate to afford pure title compound 136 as a
white solid (52 mg, 57% yield). 'H NMR (DMSO-de) 8 (ppm): 11.03 (s, 1H), 9.04 (1, = 5.9
Hz, 1H), 8.48 (d, J = 5.5 Hz, 1H), 8.05-8.01 (m, 2H), 7.82 (d, ] = 9.0 Hz, 1H), 7.53 (, J = 9.1
Hz, 1H), 7.47 (d, Y = 2.2 Hz, 1H), 7.38 (dd, y =2.2 and 8.2 Hz, 1H), 7.21 (td, J= 1.8 and 7.8
Hz, 1H), 7.14 (dd, Y= 1.8 and 7.4 Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H), 6.97 (d, J = 7.4 Hz, 1H),
6.88 (td, J = 1.0 and 7.3 Hz, 1H), 6.60 (d, = 5.5 Hz, 1H), 4.14 (t, ] = 6.0 Hz, 2H), 3.89 (s,
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3H), 3.80 (s, 3H), 3.59-3.57 (m, 4H), 3.46-3.41 (m, 2H), 2.83 (t, I = 7.0 Hz, 2H), 2.73-2.70 (m,
2H), one peak (4H) did not show, it was probably under H,O or DMSO. MS (m/z): 701.1
(M+H).
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Example 53
N'-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N*-(2-
methoxyphenethyl)oxalamide (141)

Step 1. Ethyl 2-(3-fluoro-4-(2-(1-ethyl- 1 H-imidazol-4-yl)thieno[ 3,2-5]pyridin-7-
yloxy)phenylamino)-2-oxoacetate (142)
[0310] Starting from the amine 15 (scheme 4) and following the same procedure as
described for the synthesis of compound 140 (scheme 40), title compound 142 was obtained as
white solid in 14% yield. MS (m/z): 455.1 (M+H).
Step 2: N'-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-6]pyridin-7-yloxy)-3-fluorophenyl)-N*-
(2-methoxyphenethyl)oxalamide (141)
0311} Starting from the amino ester 142 and following the same procedure as described
for the synthesis of compound 136 (example 52, scheme 40), title compound 141 was obtained
as white solid in 90% yield. "H NMR (DMSO-d¢) 8 (ppm): 11.04(s, 1H), 9.06(t, J = 6.4 Hz,
1H), 8.43(d, J = 5.6 Hz, 1H), 8.02(dd, ] =2.4 and 12.8 Hz, 1H), 7.97(d, J = 1.2 Hz, 1H), 7.84-
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7.78(m, 1H), 7.79(d, T = 1.2 Hz, 1H), 7.67(s, 1H), 7.52(t, J = 5.2 Hz, 1H), 7.20(td, ] = 1.6 and
8.0 Hz, 1H), 7.14(dd, T = 1.6 and 7.2 Hz, 1H), 6.96(d, J = 8.0 Hz, 1H), 6.87(t, ] = 7.2 Hz,
1H),6.58(d, J = 5.6 Hz, 1H), 4.06(q, ] = 7.2 Hz, 2H), 3.79(s, 3H), 3.42(q, ] = 7.2 Hz, 2H),
2.82(1,J = 7.2 Hz, 2H), 1.40(7.2 Hz, 3H). MS (m/z): 560.2 (M+H).

Example 54
N'-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenethyl)oxalamide (143)

[0312]  Title compound 143 was obtained similarly to the compound 141 (example 53)
according to the scheme 41. 'H NMR (DMSO-dg) 5 (ppm): 11.04(s, 1H), 9.16(t, J = 6.0 Hz,
1H), 8.43(d, J = 5.6 Hz, 1H), 8.02(dd, ] =2.4 and 12.8 Hz, 1H), 7.96(d, ] = 1.2 Hz, 1H), 7.84-
7.79(m, 1H), 7.79(d, J = 1.2 Hz, 1H), 7.68(s, 1H), 7.52(t, ] = 8.8 Hz, 1H), 7.34-7.24(m, 2H),
7.19-7.11(m, 2H), 6.58(d, J = 5.6 Hz, 1H), 4.06(q, J = 7.2 Hz, 2H), 3.46(q, J = 7.2 Hz, 2H),
2.88(t, J = 7.2 Hz, 2H), 1.40(t, I = 7.2 Hz, 3H).

Scheme 42
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Example 55
N -(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2-
methoxyphenethyl)oxalamide (144)

Step 1. Ethy] 2-(3-fluoro-4~(2-(1-methyl-1 H~imidazol-4-yl)thieno[ 3,2-b]pyridin-7-
yloxy)phenylamino)-2-oxoacetate (145)
[0313] Starting from the amine 12 (scheme 3) and following the same procedure as
described for the synthesis of compound 140 (scheme 40), title compound 145 was obtained as
a white solid in 14% yield. MS (m/z): 441.1 (M+H).
Step 2. N ~(3-Fluoro-4-(2-(3-methoxy-4-(2-morpholinoethoxy)phenyl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N*-(2-methoxyphenethyl)oxalamide (144)
[0314]  Starting from the amino ester 145 and following the same procedure as described
for the synthesis of compound 136 (example 52, scheme 40), title compound 144 was obtained
as white solid in 33% yield. "H NMR (DMSO-ds) 8 (ppm): 11.03(s, 1H), 9.04(t, J = 5.6 Hz,
1H), 8.43(d, J = 5.6 Hz, 1H), 8.02(dd, J = 2.4 and 12.8 Hz, 1H), 7.86(s, 1H), 7.84-7.78(m, 1H),
7.72(s, 1H), 7.68(s, 1H), 7.51(t, ] = 8.8 Hz, 1H), 7.20(td, J = 1.6 and 7.6 Hz, 1H), 7.14(dd, J =
1.6 and 7.6 Hz, 1H), 6.96(d, J = 7.6 Hz, 1H), 6.87(t, J = 7.6 Hz, 1H), 6.58(d, J = 5.6 Hz, 1H),
3.799s, 3H), 3.72(s, 3H), 3.43(q, J = 6.8 Hz, 2H), 2.82(t, J = 6.8 Hz, 2H). MS (m/z): 546.2
(M+H).
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Example 56

N'-(4-(2-(3-((Dimethylamino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-
N-(2-methoxyphenyl)malonamide (146)

Step 1: (3-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)pheny)methanol (147)
[0315]  Starting from the nitro compound 50 and 3-(hydroxymethyl)phenylboronic acid,
and following the same procedure as described for the synthesis of compound 63 (scheme 22)
title compound 147 was obtained as beige-brown solid in 71% yield. MS (m/z): 397.0 (M+H).
[0316]  Step 2: 2-(3-(Chloromethyl)phenyl)-7-(2-fluoro-4-nitrophenoxy)thieno(3,2-
b]pyridine (148)
[0317]  The hydroxy-compound 147 (685 mg, 1.73 mmol) was suspended in thionyl
chloride (8.6 mL) and the reaction mixture was refluxed for about one hour, The mixture was
cooled to RT then poured into an ice/water mixture. The resultant solid was collected by
filtration, washed with water and well dried to afford title compound 148 as a yellow solid (730
mg, 93% yield). MS (m/z): 415.0 (M-+H).
Step 3: 1-(3-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)phenyl)-N,N-
dimethylmethanamine (149)
[0318]  To asuspension of the chloride 148 (3.8 g, 8.42 mmol) in dimethylformamide (42
mL) was added dimethylamine (8.4 mL, 16.84 mmol) and the reaction mixture was heated to
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60°C. After few hours the reaction was complete and the dimethylformamide was evaporated.
The residue was triturated with ethyl acetate, collected by filtration, washed with ethyl acetate
and dried to afford title compound 149 as a yellow solid (1.71g, 48% yield). MS (m/z): 424.0
(M+H).

Step 4: 4-(2-(3-((Dimethylamino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoroaniline
(150)

[0319] Starting from the compound 149 and following the same procedure as described
above for the synthesis of compound 23 (scheme 6), title compound 150 was obtained in 44%
yield MS (m/z): 394.0 (M+H).

Step 5: N'-(4-(2-(3-((Dimethylamino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-
ﬂuorophcnyl)-N3-(2-methoxyphenyl)malonamide (146)

[0320] To a solution of the amine 150 (334 mg, 0.85 mmol), 3-(2-methoxyphenylamino)-3-
oxopropanoic acid (27) (355 mg, 1.70 mmol), 1-hydroxybenzotriazole (275 mg, 2.04 mmol) in
dimethylformamide (8.5 mL) was added N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (391 mg, 2.04 mmol) and the reaction mixture was stirred at room temperature
until completion of the reaction. The dimethylformamide was evaporated and the residue was
quenched with a saturated solution of sodium bicarbonate. The aqueous layer was extracted
three times with ethyl acetate. The combined organic layers were washed with water and
brine, dried over anhydrous MgSO,, filtered and evaporated to afford title compound 146 as a
white solid (180 mg, 36% yield). "H NMR (DMSO-ds) 5 (ppm): 10.59 (s, 1H), 9.64 (s, 1H),
8.52-8.50 (m, 1H), 8.08-8.06 (m, 2H), 7.88 (d, J = 12,9 Hz, 1H), 7.78 (m, 2H), 7.51-7.38 (m,
4H), 7.07 (s, 2H), 6.92 (m, 1H), 6.65 (m, 1H), 3.86 (s, 3H), 3.65 (s, 2H), 3.48 (s, 2H), 2.18 (s,
6H). MS (m/z): 585.2 (M-+H).

[0321] Compounds 151 (example 57), 152 (example 58), 153 (example 59), 154 (example
60) and 155 (example 61), prepared according to the scheme 43.

Table 4
Compd | Example Structure Characterization
151 57 W n Mo [ THNMR (DMSO-dg) 6 (ppm): 10.61 (s, 1H),

Njﬂ"é 9.64 (3, 1H), 8.51 (d, J=5.1 Hz, 1H), 8.08-8.06

™\ o o (m, 2H), 7.89 (d, J=13.1 Hz, 1H), 7.81 (s, 2H),

oM ! 7.54-7.40 (m, 4H), 7.07 (s, 2H), 6.92 (m, 1H),

T 6.66 (m, 1H), 3.86 (s, 3H), 3.65-3.56 (m SH),
N 2.40 (s, 4H).

151: Example 57
N'-(3-ﬂuoro-4-(2-(3-
(morpholinomethyl)phenyl)thienof3,2+
blpyridin-7-yloxy)pheny!)-N-(2-
methoxyphenyl)malonamide
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152 58 n i F 1 THNMR (DMSO-d) & (ppm): 10.58 (s, 1H),
/@r Y @ 10.06 (s, 1H), 8.51 (d, J=5.5 Hz, 1H), 8.06 (s,
™\ 0 0 1H), 8.01-7.90 (m, 1H), 7.87 (d, I=2.2 Hz,
N s ! 1H), 7.81-7.79 (m, 2H), 7.53-7.40 (m, 4H),
S [ 7.31-7.26 (m, 1H), 7.02-7.15 (m, 2H), 6.65 (d,
N J=5.3 Hz, 1H), 3.63-3.56 (m, 8H), 2.40 (s,
4H).
452: Example 88
N-(3-fluoro-4-(2-(3-
(morpholinemethyl)phenyl)thieno[3,2-
blpyridin-7-yloxy)phenyl)-V*-(2-
fluorophenyl)malonamide
153 59 H b F 'HNMR (DMSO-ds) & (ppm): 10.59 (s, 1H),
NW 10.07 (s, 1H), 8.51 (d, J=5.5 Hz, 1H), 8.06 (s,
Q L) 1H), 8.01-7.97 (m, 1H), 7.89 (dd, J=12.9/2.3
MexN f Hz, 1H), 7.81-7.79 (m, 2H), 7.53-7.38 (m,
S » 4H), 7.31-7.20 (m, 1H), 7.19-7.15 (m, 2H),
N7 6.65 (d, J=5.5 Hz, 1H), 3.63 (5, 2H), 3.49 (s,
2H), 2.19 (s, 6H).
163: Example 68
N-(@4-(2-(3-
((dimethylamino)methy!)phenyl)thieno[3,2-
Slpyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)malonamide
154 60 i i 'HNMR (DMSO-ds) 8 (ppm): 10.63 (s, 1H),
N Yr ‘@ 1026 (s, TH), 8.50 (d, J=5.5 Hz, 1H), 8.04 (s,
<‘:§ ,@ 0o o 1H), 7.90 (dd, J=13.0/2.3 Hz, 1H), 7.85 (d,
N s A F J=9.1 Hz, 2H), 7.62 (d, J=7.4 Hz, 2H), 7.53-
g 7.42 (m, 3H), 7.33 (t, J=8.0 Hz, 2H), 7.09-
N 7.05 (m, 2H), 6.64 (d, J=4.9 Hz, 1H), 3.53 (s,
2H), 3.51 (s, 2H), 2.38-2.17 (m, 8H), 2,15 (s,
164; Example 60 3H).
N -(3-fluoro-4-(2-(4-((4-methylpiperazin- |-
yl)methyl)phenylz)thieno[3,2-b]pyridinv7-
yloxy)phenyl)-N -phenylmalonamide
155 61

R
o s|\£;fnﬂ©

N

156: Example 61
N'v(3-fluoro-4-(2-(4-((4-methypiperazin-1-
yl)methyl)phenyl)thieno[3,2-5Ipyridin-7-
yloxy)pheny)-N’-methyl-N-
phenylmalonamide

'H NMR (DMSO-dg) 8 (ppm); 10.32 (s, 1H),
8,50 (d, J=5.5 Hz, 1H), 8.04 (s, 1H), 7.86-7.79
(m, 3H), 7.50-7.13 (m, SH), 6.62 (d, J=5.5 Hz,
1H), 3.51 (s, 2H), 3.23-3.21 (m, 5H), 2.49-
2.20 (m, 8H), 2.15 (s, 3H).
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Example 62

N'-(4~(2~(1-ethyl-1H-imidazol-4-y1)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N*-(4-
methoxyphenyl)malonamide (156)

Step 1: 3-(4-Methoxyphenylamino)-3-oxopropanoic acid (157)
[0322] Starting from 4-methoxyaniline and following the procedure described above for
the synthesis of compound 27 (example 8, scheme 8), title compound 157 was obtained in 56%
yield. MS (m/z): 210.0 (M+H).
Step 2: N’ -(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)-3-fluoro phenyl)-N°-
(4-methoxyphenyl)malonamide (156)
[0323] Starting from the amine 15 (scheme 4) and following the procedure described above
for the synthesis of compound 28a (example 8, step 2, scheme 8) title compound 156 was
obtained in 42% yield. "H NMR (DMSO-ds) 8 (ppm): 10.54(s, 1H), 10.07(s, 1H), 8.40(d. J =
5.3 Hz, 1H), 7.94(d, ] = 1.2Hz, 1H), 7.64(dd, Y=2.4 and 13.1 Hz, 1H), 7.77(d, J = 1.2 Hz, 1H),
7.65(s, 1H), 7.51-7.49(m, 2H), 7.46(d, J = 8.8 Hz, 1H), 7.41(dd, J= 1.0 and 9.0 Hz, 1H), 6.89-
6.87(m, 2H), 6.56(d, ] = 5.5 Hz, 1H), 4.05(q, 2H), 3.70(s, 3H), 3.45(s, 2H), 1.42(t, 3H). MS
(m/z): 546.0 (M+H).
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N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-
phenylcyclopropane-1,1-dicarboxamide (162a)
Step 1: 1-(Phenylcarbamoyl)cyclopropanecarboxylic acid (161)
[0324] To a solution of di-acid 159 (2.5g, 19.2mimol) in THF (500 mL), was added Et;N (1.40 mL,
19.2 mmol) dropwise under nitrogen and the mixture was stirred for 30min at 0°C before the addition
of thionyl chloride (2.68 mL, 19.2 mmol). The reaction mixture was stirred for an additional 30 mins at
0°C [to generate in situ the acyl chloride 160], followed by the addition of a solution of aniline (2.22
mL, 21.2 mmol) in THF (25mL). The reaction mixture was stirred for 4 hrs at 0°C then diluted with
EtOAc and extracted three times with 2N NaOH solution. The aqueous phase was titrated with 2N HCI
solution to PH~1-2, and then extracted with EtOAc. The organic phase was dried with Na;SO, and
concentrated under vacuum to give the title compound (161) (2.86 g, 72% yield) as a white solid. MS
(mv/z): 206.0 (M+H).

Step 2: N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-
phenylcyclopropane-1,1-dicarboxamide (158)

[0325] Starting from the amine 15 and the acid 161, and following the procedure described
above for the synthesis of the compound 28a (example 8, step 2, scheme 8) title compound 158

was obtained in 65% yield. 'H NMR (DMSO-dg) & (ppm): 10.35(s, 1H), 9.99(s, 1H), 8.42(d, J
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=5.5 Hz, 1H), 7.94(d, ] = 1.2 Hz, 1H), 7.88(dd, J= 2.1 and 14.1 Hz, 1H), 7.77(d, ] = 1.2 Hz,
1H), 7.66(s, 1H), 7.61(dd, J=2.2 and 8.8 Hz, 2H), 7.49(dd, J = 1.9 and 8.8 Hz, 2H), 7.45(t,

1H, J = 8.8 Hz), 7.31-7.26(m, 2H), 7.05(t, 1H, J = 6.1 Hz), 6.52(d, ] = 5.4 Hz, 1H), 4.04(q,
2H), 1.40(s, 4H), 1.38(t, 3H). MS (m/z): 542.1 (M+H).
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Example 64
NJ-(3-Flu0r0-4-(2-(1-(2-(pyrrolidin-l-yl)ethyl)-1H-imidazol-4-y1)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N3-methyl-N3-phenylmalonamide (162)

Step 1: 1-(2-Todoethyl)pyrrolidine x HI (164)
[0326] A suspension of triphenylphosphine (4.46 g, 17.7 mmol), imidazole (1.2 g, 17.7
mmol) and iodine (4.50 g, 17.7 mmol) in THF (90mL) was stirred for 5 min before 2-
(pyrrolidin-1-yl)ethanol (163) (2 mL, 17.7 mmol) was added dropwise. The reaction mixture
was stirred for 4 hr. The resultant precipitate was collected by filtration , washed several time
with EtOAc, and dried overnight to produce the title compound 164 (4.85 g, 76%) as a white
solid. MS (m/z): 226.0 (M-+H).
Step 2: 2,4,5-Triiodo-1-(2-(pyrrolidin-1-yl)ethyl)-1 H-imidazole (166)
[0327)  To a solution of 2,4,5-triiodo-1H-imidazole (165) (4.08 g, 9.1 mmol) in DMF
(28mL) at 0°C , was added NaH (1.46 g, 36.4 mmol) portionwise over 30 mins. Then 1-(2-
iodoethyl)pyrrolidine x HI 164 (4.85 g, 13.65 mmol) was added at 0°C, and the reaction
mixture was allowed to warm to room temperature over a period of 4 hrs, EtOAc (50 mL) was
added and the mixture was washed with NaHCO; aqueous solution. The organic phase was
separated and extracted with citric acid solution (3%), the acidic aqueous extract was basified
with 2N NaOH solution to pH~10, the resultant solid was collected by filtration to give the
title compound 166 (1.75 g, 35%) as a light brown solid. MS (m/z): 543.5 (M+H).
Step 3: 4-Iodo-1-(2-(pyrrolidin-1-yl)ethyl)-1H-imidazole (167)
[0328]  To a solution of 2,4,5-triiodo-1-(2-(pyrrolidin-1-yl)ethyl)-1 H-imidazole (166) (1.75
g, 3.22 mmol) in THF (32mL) at -78°C was added tBuLi (7.57 mL, 12.88 mmol) dropwise
over a period of an hour. The reaction mixture was poured into water, extracted with EtOAc,
and the organic extract was separated, dried over Na;SQO4, and concentrated in vacuo to give
the title compound 167 (0.9 g, 96% vield) as a dark yellow syrup. 'HNMR (DMSO-dg)
S (ppm): 7.59(s, 1H), 7.36(s, 1H), 4.02(m, 2H), 2.78(m, 2H), 2.42(m, 4H), 1.63(m, 4H). MS
(m/z): 292.1 (M+H).
Step 4: 7-Chloro-2-(1-(2~(pyrrolidin-1-yl)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridine (168)
[6329]  Following the procedure described above for the synthesis of compound 123
(scheme 36) but replacing 4-iodo-1-isopropyl-1H-imidazole with the compound 167 title
compound 168 was obtained in 47% yield as a yellow solid. MS (mv/z); 333.0 (M+H).
Step 5: 7-(2-Fluoro-4-nitrophenoxy)-2-(1-(2-(pyrrolidin-1-yl)ethyl)-1H-imidazol-4-
yDthieno[3,2-b]pyridine (169)
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[0330]  Starting from the compound 168 and following the procedure described above for
the synthesis of compound 124 (scheme 36), title compound 169 was obtained in 61% yield as
a yellow solid. MS (m/z): 454.0 (M+H).

Step 6: 3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1 H-imidazot-4-yl)thieno[ 3,2-b]pyridin-7-
yloxy)aniline (170)

[0331)  Toa solution of nitro compound 169 (400 mg, 0.88 mmol) in EtOF/H;O (8 mL/4
mL) at 100°C (bath) was added iron powder (420 mg, 7.48 mmol) and NH,4Cl (41 mg, 0.76
mmol) and the reaction mixture was stirred vigorously at reflux temperature for an hour. The
mixture was cooled to room temperature and filtered through a Celite pad..The filtrate was
collected and concentrated to give the title compound 170 (4.20 mg, 88% purity) as a yellow
solid. MS (m/z): 424.0 (M+H).

Step 7: N'~(3-fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-
7-yloxy)phenyl)-N-methyl-N’-phenylmalonamide (162)

[0332] Following the procedure described above for the compound 28a (example 8, step
2), but replacing amine 9 for amine 1790, title compound 162 was obtained in 47% yield. 'H
NMR (DMSO-dg) 8 (ppm): 10.29(s, 1H), 8.42(d, J = 5.5 Hz, 1H), 7.94(s,1H), 7.77(m, 2H),
7.66(s, 1H), 7.46(m, 3H), 7.39(m, 3H), 7.30(m, 1H), 6.56(d, J = 5.5 Hz, 1H), 4.11(t, 2H),
3.19(m, 4H), 3.14(s, 3H), 2.77(t, 2H), 1.65(s, 4H). MS (m/2): 599.0 (M+H). ‘
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Example 65
N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
methoxyphenyl)cyclopropane-1,1-dicarboxamide (171)

Step 1: 1-(2-Methoxyphenylcarbamoyl)cyclopropanecarboxylic acid (172)
[0333]  Following the procedure described above for the synthesis of compound 161
(Scheme 45), but replacing aniline for 2-methoxyaniline, title compound 172 was obtained in
44% yield. M/S (m/z): 236.0 (M+H).
Step 2: N-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-
(2-methoxyphenyl)cyclopropane-1,1-dicarboxamide (171)
[0334] Starting from the amine 15 and following the procedure described above for the
synthesis of compound 28a (example 8, step 2, scheme 8), but replacing acid 27 for the acid
172, title compound 171 was obtained in 33% yield. "H NMR (DMSO-ds) § (ppm): 10.29(s,
1H), 10.11(s, 1H), 8.42(d, ] =5.5 Hz, 1H), 8.04(d, 1H, ] = 7.2 Hz), 7.94(s,1H), 7.82(d, ] = 12.5
Hz, 1H), 7.77(s, 1H), 7.66(s, 1H), 7.50(m, 2H), 7.05(m, 2H), 6.90(t, 1H), 6.56(d, J = 5.5 Hz,
1H), 4.04(q, 2H), 3.81(s, 3H), 1.59(s, 2H), 1.55(s, 2H), 1.38(t, 3H). MS (m/z): 572.0 (M+H).
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Example 66
N-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)- 1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N-(2-methoxyphenyl)cyclopropane-1,1-dicarboxamide (173)
[0335] Following the procedure described above for the compound 28a (example 8, step 2,
scheme B8), but replacing amine 9 for amine 65 and acid 27 for the acid 172, title compound 173
was obtained in 11% yield. "H NMR (DMSO-ds) 5 (ppm): 10.29(s, 1H), 10.12(s, 1H), 8.42(d, J =
5.5 Hz, 1H), 8.12(s, 1H), 8.02(d, J = 7.6 Hz,1H), 7.92(s, 1H), 7.82(d, J = 13.7 Hz, 1H), 7.77(s,
1H), 7.66(s, 1H), 7.50(m, 2H), 7.05(m, 2H), 6.90(m, 1H), 6.56(d, J = 5.5 Hz, 1H), 4.13(t, 2H),
3.81(s, 3H), 2.84(s, 2H), 2.53(s, 2H), 2.47(s, 2H), 1.67(m, 4H), 1.59(m, 2H), 1.55(m, 2H). MS
(m/2); 641.0 (M+H).
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Example 67
N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-y1)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(4-
methoxyphenyl)cyclopropane-1,1-dicarboxamide (174)
Step 1: 1-(2-Methoxyphenylcarbamoyl)cyclopropanecarboxylic acid (175)
[0336] Following the procedure described above for compound 161 (scheme 45), but replacing
aniline for 4-methoxyaniline, title compound 175 was obtained in 68% yield. M/S (m/z): 236.0
(M+H).
Step 2: N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy) phenyl)-N-(4-
methoxyphenyl)cyclopropane-1,1-dicarboxamide (174)
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[0337] Following the procedure described above for the compound 5S¢ (scheme 3), but
replacing aminé acid 1 for the acid 175, title compound 174 was obtained in 44% yield. TH NMR
(DMSO-ds) 8(ppm): 10.44(s, 1H), 9.78(s, 1H), 8.42(d, J = 5.5 Hz, 1H), 7.87(dd, J=1.2 and 7.4
Hz, 1H), 7.84(s,1H), 7.70(s, 1H), 7.66(s, 1H), 7.49(m, 3H), 7.42(t, J = 9.0 Hz, 1H), 6.87(m, 2H),
6.53(d, J = 5.5 Hz, 1H), 3.71(s, 3H), 1.44(t, 3H). MS (m/z); 558.0 (M+H).
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Example 68
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2-
fluorophenyl)cyclopropane-1,1-dicarboxamide (176)
Step 1: 1-(2-Fluorophenylcarbamoyl)cyclopropanecarboxylic acid (68)
[0338] Following the procedure described above for compound 161 (scheme 45), but replacing
aniline for 2-flouroaniline, title compound 177 was obtained in 57% yield. M/S (m/z): 224.0
(M+H).
Step 2: N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(4-
methoxyphenyl)cyclopropane-1,1-dicarboxamide (176)
[0339] Starting from the amine 12, following the procedure described above for the synthesis

of compound 5S¢ (scheme 3), but replacing acid 1 for the acid 177, title compound 176 was
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obtained in 30% yield. "H NMR (DMSO-dg) 5(ppm): 10.34(s, LH), 10.26(s, 1H), 8.42(d, ] = 5.5
Hz, 1H), 7.86-7.82(m, 3H), 7.70(s, 1H), 7.66(s, 1H), 7.51-7.43(m, 2H), 7.28-7.23(m, 1H), 7.18-
7.15(m, 2H), 6.55(d, J = 5.5 Hz, 1H), 3.71(s, 3H), 1.60-1.53(m, 4H). MS (m/z): 546.1 (M+H).

Example 69
N-(4-(2-(1-ethyl-1 H-imidazol-4-yl )thieno[3,2-5]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)cyclopropane-1,1-dicarboxamide (178)

[0340) Starting from the amine 15, following the procedure described above for the synthesis
of compound 54 (scheme 4) but replacing acid 1 for the acid 177, title compound 178 was
obtained in 13% yield. '"H NMR (DMSO-dg) & (ppm): 10.34(s, 1H), 10.26(s, 1H), 8.42(d, ] =35.5
Hz, 1H), 7.95(s, 1H), 7.86-7.83(m, 2H), 7.77(d, 1H, J = 1.2 Hz), 7.66(s, 1H), 7.51-7.43(m, 2H),
7.28-7.23(m, 1H), 7.17-7.15(m, 2H), 6.54(d, J = 5.5 Hz, 1H), 4.04(q, 2H), 1.60-1.53(m, 4H),
1.38(t, 3H). MS (m/z): 560.2 (M+H).

Example 70
N-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1 H-imidazol-4-y1)thieno[3,2-5]pyridin-7-
yloxy)phenyl)-N-(2-fluorophenyl)cyclopropane-1,1-dicarboxamide (179)

[0341]  Starting from the amine 170 (scheme 46), following the procedure described above for
the compound 28a (example 8, step 2), but replacing acid 27 for the acid 177, title compound 179
was obtained in 11% yield. "H NMR (DMSO-ds) & (ppm): 10.28(s, 1H), 10.26(s, 1H), 8.42(d, J =
5.5 Hz, 1H), 7.92(d, J = 1.1 Hz, 1H), 7.86(d, J = 1.9Hz, 1H), 7.83-7.7%(m, 1H), 7.76(d, 1H,J = 1.4
Hz), 7.66(s, 1H), 7.49(dd, J=2.1 and 9.0 Hz, 1H),7.45(t, J = 8.6 Hz, 1H), 7.28-7.23(m, 1H),
7.17-7.14(m, 2H), 6.54(d, 1H, J = 5.5 Hz), 4.12(q, 2H), 2.76(t, 2H), 2.45(m, 2H), 1.67-1.64(m,
4H), 1.60-1.53(m, 4H). MS (m/z): 629.1 (M+H).
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Scheme 50
F
: “NH H
HO\lz rOH $0Cl, Hojy rm 2 HO rN\©\
0 © ELN, THF 0 0 THE o 0 F
159 160 181
DO iyt
2
) : UYL
HOL A N
N N 181 xS, N
PV, \1 P \\,L
N Me j-PryNEt HATU N "Me
DMF
12 180; Example 71
Example 71

N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide (180)

Step 1: 1-(4-Fluorophenylcarbamoyl)cyclopropanecarboxylic acid (181)
[0342] Following the procedure described above for the compound 161 (scheme 45), but
replacing aniline for 4-fluoroaniline, title compound 181 was obtained in 57% yield. MS (m/z):
224.0 (M+H).
[0343] Step 2: N-(3-Fluoro-4-(2~(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (180)
[0344] Starting from the amine 12 (scheme 3) and following the procedure described above for
the compound 5S¢ (example 3, scheme 3), but replacing acid 1 for the acid 181, title compound 180
was obtained in 24% yield. "H NMR (DMSO-de) & (ppm): 10.39(s, 1H), 10.01(s, 1H), 8.42(d, J =
5.5 Hz, 1H), 7.87(dd, J=14.2 and 2.4 Hz, 1H), 7.85(d, 1H, J = 1.2 Hz), 7.70(d, 1H, J = 1.1 Hz),
7.66(s, 1H), 7.64-7.61(m, 2H), 7.50(dd, J= 2.0 and 8.8 Hz, 1H), 7.43(t, 1H, J = 8.8 Hz), 7.16-
7.11(m, 2H), 6.55(d, 1H, J= 5.5 Hz), 3.71(s, 3H), 1.44(m, 4H). MS (m/z): 546.0 (M+H).
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Example 72
N-(3-Fluoro-4-(2-(4-((methyl(2-(4-methylpiperazin-1-yl)ethyl)amino)methyl)phenyl)thieno[3,2-
b)pyridin-7-yloxy)phenyl}-N-(4-fluorophenyl}cyclopropane-1,1-dicarboxamide (182)

[0345] To a solution of the amine compound 80 (189 mg, 0.374 mmol) (scheme 26) in DMF
(~7 ml} was added the acid 181 (125 mg, 1.5 eq, 5.61 mmol), iPraNEt (16 mg, 3.5 eq, 1.31 mmol)
and HATU (426 mg, 3 eq, 1.12 mmol). The reaction mixture was stirred at RT for 24 hrs. The
reaction mixture was concentrated 1o dryness and partitioned between satd NaHCO; solution and
Et1OAc. The EtOAc was washed twice with satd NaHCO; solution before being dried over
anhydrous Na,SO, and filtered. The solvent was removed under reduced pressure and the crude
mixture was purified initially by column chromatography (25% MeOH/EtOAc + 1% NIH,OH
solution) and then using the Gilson (30% MeOH/H,0 to 80 % MeOH/H,O over 45 mins) to afford
title compound 182 as a white solid (64 mg, 24% yield). "H NMR (DMSO-dg) & (ppm): 8.48 (d, J
=548 Hz, 1H), 8.02 (s, 1H), 7.90 (dd, /= 1.77 and 12.91 Hz, 1H), 7.82 (d. /= 8.22 Hz, 2H), 7.62
(m, 2H), 7.42 (m, 4H), 7.13 (t, J = 8.99 Hz, 2H), 6.58 (d, /= 5.48 Hz, 1H), 3.51 (s, 1H), 2.40 (m,
12H), 2.14 (s, 3H), 2.10 (s, 3H), 1.44 (m, 4H). MS (m/z): 711.1 (M+H). (formate sait)

174 EV 488514057 US
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N-@4-2-(1 -(2-(Diethylamino)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
ﬂuorophenyl)-N3-methyl-N3-pheny1malonamid (183)
Stepl: N,N-Diethyl-2-iodoethanamine (184)
[0346] Following the procedure described above for the synthesis of compound 164 (scheme
46), title compound 184 was obtained in 42% yield. MS (m/z): 228.0 (M+H).
Step 2: N,N-Diethyl-2-(2,4,5-triiodo-1H-imidazol-1-yl)ethanamine (185)
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[0347] Following the procedure described above for the synthesis of compound 166 (scheme
46), title compound 185 was obtained in 62% yield, MS (m/z): 546.0 (M+H).

Step 3: N,N-Diethyl-2-(4-iodo-1 H-imidazol-1-yl)ethanamine (186)

[0348]  Following the procedure described above for the synthesis of compound 167 (scheme
46), title compound 186 was obtained in 97% yield. MS (w/z): 294.0 (M+H).

Step 4: 2-(4-(7-Chlorothieno|3,2-b]pyridin-2-yl)-1 H-imidazol-1-y1)-N,N-diethylethanamine (187)
[0349]  Following the procedure described above for the synthesis of compound 168 (scheme
46), title compound 187 was obtained in 78% yield. MS (nv/z): 335.0 (M+H).

Step 5: N,N-Diethyl-2-(4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-y1)-1 H-imidazol-1-
yl)ethanamine (188)

[0350]  Following the procedure described above for the synthesis of compound 169 (scheme
46), title compound 188 was obtained in 10% yield. MS (mvz): 456.0 (M+H).

Step 6: 4-(2-(1-(2«(Diethylamino)ethyl)- 1 H-imidazol-4-yl)thienof3,2-b]pyridin-7-yloxy)-3-
fluoroaniline (189) :

[0351] Following the procedure described above for the synthesis of compound 170 (scheme
46), title compound 189 was obtained in 83% yield. MS (m/z): 426.0 (M+H).

Step 7: N'-(4-(2~(1 -(2-(diethylamine)ethyl)- 1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N’-methyl-N’-phenylmalonamid (183)

[0352]  Following the procedure described above for the synthesis of compound 163 (scheme
46), title compound 183 was obtained in 38% yield. 'H NMR (DMSO-ds) § (ppm): 10.34(s, 1H),
8.40(d, J = 5.3 Hz, 2H), 7.91(s, 1H), 7.79(m, 2H), 7.63(s, 1H), 7.46-7.28(m, 7H), 6.54(d, J =5.5
Hz, 1H), 4.03(t, 2H), 3.20-3.19(m, 5H), 2.70(, 2H), 2.44(q, 4H), 0.89(t, 6H),.MS (m/z): 601.0
QM+H).
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Example 74

N!'-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno[3,2 -b]pyridin-7-yloxy)-3 -ﬂuorophenyl)-Na -(2-
(trifluoromethyl)phenyl)malonamide (190)

Step 1: 3-Oxo0-3-(2-(trifluoromethyl)phenylamino)propanoic acid (191)
[0353] Following the procedure described above for the synthesis of compound 27 (scheme 8)
but replacing 2-methoxybenzenamine with 2-(trifluoromethyl)benzenamine title compound 191
was obtained in 6 % yield, MS (m/z): 248.0 (M+H).
Step 2: N’-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoro phenyl)-A*-(4-
methoxyphenyl)malonamide (190)
[0354] Starting from the amine 15 and following the procedure described above for the
synthesis of compound 28a (example 8, step 2, scheme 8) but replacing acid 27 with the acid 191
title compound 190 was obtained in 27% yield. TH NMR (DMSO-dg) 8 (ppmy): 10.57(s, 1H),
10.56(s, 1H), 8.40(d, J = 5.3 Hz, 1H), 8.10(s, 1H), 7.94(d, J =1.2 Hz, 1H), 7.85(dd, J=2.2 and
13.0 Hz, 1H), 7.77(s, 1H), 7.76(d, J = 8.6 Hz, 1H), 7.65(s, 1H), 7.56(t, J = 7.8 Hz, 1H), 7.44(t, 1H,
J=8.6 Hz), 7.41-7.40(m, 2H), 6.56(d, 1H), 4.03(q, 2H), 3.54(s, 1H), 1.33(t, 3H). MS (m/z):
583.1.0 (M+H).
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Example 75

N-(4-(2( 1-(2-(Dimethylamino)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N’-(2-(trifluoro methyl)phenyl) malonamide (190)

Step 1: 2-Iodo-N,N-dimethylethanamine (192)
[0355] Following the procedure described above for the synthesis of compound 164 (scheme
46), title compound 192 was obtained in 61% yield. MS (m/z): 200.0 (M+H).
Step 2: N,N-Dimethyl-2-(2,4,5-triiodo-1H-imidazol-1-yl)ethanamine (193)
[0356] Following the procedure described above for the synthesis of compound 166 (scheme
46), title compound 193 was obtained in 27% yield. MS (m/z): 518.0 (M+H).
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Step 3: 2-(4-iodo-1H-imidazol-1-yl)-N,N-dimethylethanamine (194)

[0357] Following the procedure described above for the compound 167 (scheme 46), title
compound 194 was obtained in 97% yield. MS (m/z): 266.0 (M+H).

Step 4: 2-(4-(7-Chlorothieno[3,2-b]pyridin-2-yl)-1 H-imidazol-1-yl)-N,N-dimethylethanamine
(195)

[0358]  Following the procedure described above for the compound 168 (scheme 46), title
compound 195 was obtained in 41% yield. MS (m/z): 307.0 (M+H).

Step 5: 2-(4-(7-(2-Fluoro-4-nitrophenoxy)thienof3,2-b]pyridin-2-yl)-1 H-imidazol-1-yI)-N,N-
dimethylethanamine (196)

[0359]  Following the procedure described above for the compound 168 (scheme 46), title
compound 196 was obtained in 36% yield. MS (m/z): 428.0 (M+H).

Step 6: 4-(2-(1-(2-(Dimethylamino)ethyl)-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluoroaniline (197)

[0360] Following the procedure described above for the compound 170 (scheme 46), title
compound 197 was obtained in 93% yield. MS (w/z): 398.0 (M+H).

Step 7: N'-(4-(2-(1-(2-(Dimethylamino)ethyl)-1 H-imidazol-4-yl)thieno[3,2-4]pyridin-7-yloxy)-3-
fluorophenyl)-N-(2-fluorophenyl)malonamide (191)

[0361]  Following the procedure described above for the compound 163 (scheme 46), title
compound 191 was obtained in 55% yield. 'H NMR (DMSO0-ds) 8 (ppm): 10.61(s, 1H), 10.07(s,
1H), 8.40(d, J = 5.5Hz, 1H), 8.38(s, 1H), 7.99-7.93(m, 1H), 7.90(d, J = 1.0 Hz, 1H), 7.85(dd, I =
2.1 and 13.1 Hz, 1H), 7.75(d, ] = 1.0 Hz, 1H), 7.64(s, 1H), 7.47(t, 1H, J = 8.8 Hz), 7.40(dd, J= 2.1
and 8.8 Hz, 1H), 7.29-7.23(m,1H), 7.18-7.12(m, 2H), 6.55(d, J = 5.5 Hz, 1H), 4.09(t, ] = 6.2 Hz,
2H), 3.61(s, 2H), 2.59(t, ] = 6.2 Hz, 2H), 2.17(s, 6H) . MS (m/z): 577.1 (M+HD).
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Scheme 55
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Example 76
N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
ﬂuorophenyl)—N—methylcyclopropane;1 ,1-dicarboxamide (198)

Step 1: 1-((4-Fluorophenyl methyl)carbamoyl)cyclopropanecarboxylic acid (199)
[0362] Following the procedure described above for the synthesis of compound 161 (scheme
45), but replacing aniline for 4-fluoro-N-methylaniline, title compound 199 was obtained in 66%
yield. M/S (m/z): 238.0 (M+H).
Step 2: N-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)-N-methylcyclopropane-1,1-dicarboxamide (198)
[0363] Following the procedure described above for the synthesis of compound 5d (example
4, scheme 4) title compound 198 was obtained in 15% yield. "HNMR (CD3OD) & (ppm): 8.40(d, J
= 8.6Hz, 1H), 7.79(dd, 2H), 7.65(s, 1H), 7.46-7.38(m, 1H), 7.31-7.27(m, 3H), 7.20-7.16(m, 1H),
7.06(t, I= 8.6 Hz, 1H), 6.55(d, J = 5.7 Hz, 1H), 4.12(q, 2H), 3.32(s, 3H, N-Me), 1.50(m, 5H),
1.33(s, 2H). MS (mv/z): 574.1 (M+H).
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Example 77
N'-Ethyl-N°-(4-(2-(1-ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N'-
phenylmalonamide (200)

Step 1: 3-(Ethyl(phenyl)amino)-3-oxopropanoic acid (201)

[0364] Following the procedure described above for the compound 31 (scheme 10), title
compound 201 was obtained in 81% yield. MS (m/z): 208.0 (M+H).

Step 2: N'-Ethyl-N*-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N'-phenylmalonamide (200)

[0365] Following the procedure described above for the compound 5d (example 4, scheme 4),
title compound 200 was obtained in 49% yield. 'H NMR (DMSO-dg) & (ppm): 10.24(s, 1H),
8.40(d, J = 5.5 Hz, 1H), 7.94(d, J = 1.2 Hz, 1H), 7.77(d, J = 1.2 Hz, 1H), 7.76(dd, J=2.3 and 2.9
Hz, 1H), 7.65(s, 1H), 7.49-7.27(m, 8H), 6.54(d, J = 5.3 Hz, 1H), 4.04(q, 2H), 3.67(q, 2H), 3.14(s,
2H), 1.38(t, 3H), 1.01(t, 3H) MS (w/z): 544.1 (M+H).
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Scheme 57
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Example 78
N '-(4-(2—(1 -Ethyl-1H-imidazol-4-yl)thieno[3,2-5]pyridin-7-yloxy)- 3-ﬂuorophenyl)-N3 -isopropyl-
N-phenylmalonamide (202)

Step 1: 3-(Isopropyl(phenyl)amino)-3-oxopropanoic acid (203)

[0366]  Following the procedure described above for the compound 31 (scheme 10), title
compound 203 was obtained in 49% yield. MS (m/z): 222.0 (M+H).

Step 2: M-(4-(2-(1 -Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N°-
isopropyl-N’-phenylmalonamide (202)

[0367] Following the procedure described above for the compound 5d (example 4, scheme 4),
title compound 202 was obtained in 28% yield. '"HNMR (DMSO-dg) & (ppm): 10.19(s, 1H),
8.40(d, ] = 5.5 Hz, 1H), 7.94(d, J = 1.3 Hz, 1H), 7.77-7.73(m, 2H), 7.65(s, 1H), 7.49-7.3%(m, 4H),
7.28-7.24(m, 3H), 6.54(dd, J= 0.6 and 5.3 Hz, 1H), 4.82(m, 1H), 4.04(q, 1H), 3.02(s, 2H), 1.38(t,
3H), 0.99¢s, 3H), 0.98(s, 3H). MS (m/z): 558.0 (M+H).
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Example 79
N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-2-oxo-1-
phenylpyrrolidine-3-carboxamide (204)

[0368] Following the procedure described above for the synthesis of compound 5d (scheme 4),
but replacing acid 1 with the acid 205, title compound 204 was obtained in 40% yield. "HNMR
(DMSO-dg) 6 (ppm): 10.72(s, 1H), 8.49(d, J = 5.7 Hz, 1H), 8.06(d, J = 1.0 Hz, 1H), 7.96-7.90(m,
2H), 7.72(s, 1H), 7.67-7.65(m, 2H), 7.53-7.49(m, 2H), 7.41-7.37(m, 2H), 7.16(t, ] = 7.2 Hz, 1H),
6.70(d, J = 5.5 Hz, 1H), 4.06(q, 2H), 3.93(m, 2H), 3.77(t, ] = 8.2 Hz, 1H), 4.42(m, 2H), 1.40(t,
3H). MS (m/z): 542.0 (M+H).
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Example 80
N-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-3-(indolin-1-
yl)-3-oxopropanamide (206)

Step 1: 3-(Indolin-1-yl)-3-oxopropanoic acid (207)
[0369]  Following the procedure described above for the compound 31 (scheme 10), title
compound 207 was obtained in 75% yield. MS (m/z): 206.0 (M+H).
Step 2: N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-3-
(indolin-1-yl)-3-oxopropanamide (206)
[0370]  Following the procedure described above for the compound 5d (scheme 4), title
compound 206 was obtained in 40% yield. "H NMR (DMSO-dg) & (ppm): 10.56(s, 1H), 8.42(d, J
= 5.5 Hz, 1H), 8.06(d, J = 8.0Hz, 1H), 7.95(s, ] = 1.2 Hz, 1H), 7.87(dd, J=2.2 and 13.1 Hz, 1H),
7.78(d, ] = 1.2 Hz, 1H), 7.67(s, 1H), 7.47(t, J = 8.8 Hz, 1H), 7.40(dd, J= 1.5 and 8.0 Hz, 1H),
7.25(d, J =7.7 Hz, 1H), 7.16(t, J = 7.5 Hz, 1H), 7.02(t, } = 7.3 Hz, 1H), 6.57(d, J = 5.3 Hz, 1H),
4.16(s, 2H), 4.06(q, 2H), 3.69(s, 2H), 3.32-3.15(m, 2H), 1.39(t, 3H). MS (w/z): 542.1 (M+H).

Example 81
3-(2H-Benzo[b][1,4]oxazin-4(3 H)-yl)-N-(4-(2-(1-ethyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)-3-fluorophenyl)-3-oxopropanamide (208)
Step 1: 3-(2H-Benzo[b][1,4]oxazin-4(3 H)-yl)-3-oxopropanoic acid (209)
[0371] Following the procedure described above for the compound 31 (scheme 10), title
compound 209 was obtained in 75% yield. MS (m/z): 222.0 (M+H).
[0372]  Step 2: 3-(2H-Benzo[b][1,4]oxazin-4(3 H)-yl)-N-(4-(2-(1 -ethyl-1 H-imidazol-4-
yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-3-oxopropanamide (208)
[0373] Following the procedure described above for the compound 5d (scheme 4), title
compound 208 was obtained in 40% yield. "H NMR (DMSO-dg) & (ppm): 10.55(s, 1H), 8.44(d, J
= 5.5 He, 1H), 7.98(s, 1H), 7.83(s, 1H), 7.82(bs, 1H), 7.68(s, 1H), 7.46(t, 1H), 7.38(bs, 1H),
7.06(bs, 1H), 6.89(m, 2H), 6.60(d, J = 5.5 Hz, 1H), 4.32(t, 2H), 4.05(q, 2H), 3.91(t, 2H), 3.81(s,
2H), 1.39(t, 3H). MS (m/z): 558.1 (M+H).

Scheme 59
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Example 82

N-(4-(2-(1-Ethyl-1 H-imidazol-4-yl)thieno|3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-2-oxo-3-
phenylimidazolidine-1-carboxamide(210)

[0374] To a solution of 1-phenylimidazolidin-2-one (211) (100 mg, 0.62 mmol) [P. Mayer, P.
Brunel, C. Chaplain, C. Piedecoq, F. Calmel, P. Schambel, P. Chopin, T. Wurch, P. J. Pauwels, M.
Marien, J.-L. Vidalue, T. Imbert J. Med. Chem. 2000, 43, 3653-3664; W. Su, Y. Zhang J, Chem.
Res. Synop. 2000, 9, 440441] in THF (6 mL) was added triphosgene (189 mg, 0.62 mmol) and the
solution was stirred for 3 hrs at 60°C. The reaction mixture was cooled to RT before the addition
of aniline 15 (229 mg, 0.65 mmol) and DIPEA (648 uL, 3.72 mmol) and stirring was continued for
an hour. The reaction mixture was concentrated and partitioned between EtOAc and water. A
precipitate was formed which was collected by filtration. The organic layer was separated, dried
and concentrated. The residue was combined with the collected precipitate, dry loaded to a column
and eluted with EtOAc¢/MeOH (9:1), to produce title compound 210 (150 mg, 43% yield) as an
off-white solid. "H NMR (DMSO-ds) 5 (ppm): 10.57(s, 1H), 8.42(d, J = 5.5 Hz, 1H), 7.95(d, J =
1.1 Hz, 1H), 7.83(dd, J=2.5 and 13.3 Hz, 2H), 7.77(d, J = 1.2 Hz, 1H), 7.66(s, 1H), 7.61(dd, J=
1.0 and 8.8 Hz, 1H), 7.49-7.41(m, 4H), 7.16(t, ] = 7.2 Hz, 1H), 6.57(d, J = 5.5 Hz, 1H), 4.03(q,
2H), 4.04-3.92(m, 4H), 1.38(t, 3H). MS (m/z): 543.0 (M+H).
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Compounds 211-219 (examples 83-91) prepared according to the scheme 59

Compd

Example

Structure Characterization
211 83 ; R\ 'H NMR (DMSO-ds) 8 (ppm): 10.55(s, 1H),
, U Y 8.43(d, J = 5.3 Hz, 1H), 7.95(d, J = 1.2 Hz,
o o 0 . 1H), 7.83(dd, J= 2.3and 12.9 Hz, 1H), 7.77(d,
s J =12 Hz, 1H), 7.67(s, 1H),7.65-7.62(m, 2H),
m 7.47(t, J = 8.8 Hz, 1H), 7.42(dd, J = 2.2 and
N? N, 90 Hz, 1H), 7.29-7.25(m, 2H), 6.57(d, J =
& 5.5 Hz, 1H), 4.05(q, 2H), 3.95(m, 4H), 1.39(t,
N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2- 3H). MS (m/z): 5612 (M*H)
b]pyridin-7-yloxy)-3-fluorophenyl)-3-(4-
fluorophenyl)-2-oxoimidazolidine-1-
carboxamide
212 84 "H NMR (DMSO-dg) & (ppm): 10.51 (5, 1H),
F " @ 8.44 (d, J=5.1 Hz, 1H), 7.97 (s, 1H), 7.85 (d, J
U ) I = 12.5 Hz, 1H), 7.79 (s, 1H), 7.68 (s, 1H),
o 7.61 (d, J = 11,7 Hz, 1H), 7.47-7.41 (m, 4H),
M 702 (t, J = 7.7 Hz, 1H), 6.59 (d, J = 5.1 Hz,
L 27— 1H), 4.06 (q, J = 7.0 Hz, 2H), 3.97 (s, 4H),
N Bt 140 (t, J = 7.1 Hz, 3H). MS (w/2): 561.2
M+H).
N-(4-(2-(1-Ethyl- 1 H-imidazol-4-yDthieno[ 3,2~
blpyridin-7-yloxy)-3-fluorophenyl)-3-(2-
fluorophenyl)-2-oxoimidazolidine-1-
carboxamide
213 8s 'H NMR (DMSO-ds) 8 (ppm): 10.58(s, 1H),
Wl’ T @ 8.44(d, J = 5.6 Hz, 1H), 7.96(s, 1H), 7.85-
7.77(m, 1H), 7.79(s, 1H), 7.67(s, 1H), 7.46(t,
0 J=9.2 Hz, 1H), 7.42-7.36(m, 3H), 7.16(d, J =
EIS)—O 8.4 Hz, 1H), 7.02(t, J = 8.0 Hz, 1H), 6.58(d, J
| e~ = 5.6 Hz, 1H), 4.08(q, J = 4.8 Hz, 2H), 3.98(t,
Et J = 8.8 Hz, 2H), 3.84(s, 3H), 3.81(t, J = 8.8
N-(4-(2-(1-Ethyl-1H-imidazol-4-yljthieno[3,2- | Hz 2H), 1.40(t, J = 4.8 Hz, 3H).
blpyridin-7-yloxy)-3-fluorophenyl)-3-(2-
methoxyphenyl)-2-oxoimidazolidine-1~
carboxamide
214 86

N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-
blpyridin-7-yloxy)-3-fluorophenyl)-3-(2-
fluorophenyl)-2-oxoimidazolidine-1-
carboxamide

"H NMR (DMSO-dg) 8 (ppm): 10.51 (s, 1H),
8.44 (d,J = 5.1 Hz, 1H), 7.97 (s, 1H), 7.85 (4,
J =125 Hz, 1H), 7.79 (s, 1H), 7.68 (s, 1H),
7.61 (d, J = 11.7 Hz, 1H), 747-7.41 (m, 4H),
702 (t, J = 7.7 Hz, 1H), 6.59 (d, J = 5.1 Hz,
1H), 4.06 (q, J = 7.0 Hz, 2H), 3.97 (s, 4H),
140 (t, J = 7.1 Hz, 3H). MS (/z): 561.2
(M+H).
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215 87 . B 'H NMR (DMSO-dg) 5 (ppm): 10.55(s, 1H),
U Yor O 8.43(d, J = 5.3 Hz, 1H), 7.91(d, J = 1.2 Hz,
0 0o E 1H), 7.83(dd, J = 2.3 and 12.9 Hz, 1H),
oS N 777, § = 1.2 Hz, 1H), 7.67(s, 1H),7.65-
L I )Y 7.62(m, 2H), 7.47(t, J = 8.6 Hz, 1H), 7.42(dd,
N N\/\NMez ¥ =2.2 and 9.0 Hz, 1H), ), 7.30-7.25(m, 2H),
6.57(d, J = 5.5 Hz, 1H), 4.12(t, 2H), 3.95(m,
N-(4-2-(1-2~(dimethylamizo)ethyl)-1H- g(})g'z%i&i(}nl])’ 2H), 2.19(, 6H). MS (m/z):
imidazol-4-yDthieno[ 3,2-b]pyridin-7-yloxy)-3- *
fluorophenyl)-3-(4-fluorophenyl)-2-
oxoimidazolidine- 1-carboxamide
216 88 ; H NF‘\N 'H NMR (DMSO-d,) § (ppm): 10.52(s, 1H),
U Yr \@ 8.37(d, J = 5.5 Hz, 1H), 7.86(d, J = 1.2 Hz,
o o o0 1H), 7.79(dd, J = 2.4 and 12.9 Hz, 1H), 7.60-
s 7.56(m, 3H), 7.44-7.34(m, 4H), 7.11(1, J = 8.4
(5 \N\j Hz, 1H), 6.52(dd, J = 0.6 and 5,5 Hz, 1H),
NG N~ 4.05(t, 1H),3.91-3.88(m, 4H), 2.54(t, 2H),
e2 2.12(s, 3H). MS (m/z): 586.1 (M+H)
N-(4-(2-(1-(2«(Dimethylamino)ethyl)-1H-
imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-2-oxo-3-phenylimidazolidine-1-
carboxamide
217 89 . o\ 'H NMR (DMSO-dg) & (ppm): 10.57(s, 1H),
U Y \@ 8.51(d, J = 5.3 Hz, 1H), 8.12(s, 1H), 8.04(s,
Y 1H), 7.86-7.82(m, 3H), 7.63-7.60(m, 2H),
q 7.51-7.39(m, 6H), 7.16(tt, = 1.4 and 7.3 Hz,
1) 1H), 6.62(dd, J = 0.8 and 5.3 Hz, 1H), 3.96-
N ) Ve 3.92(m, 4H), 3.61(s, 2H), 2.69(bs, 4H),
N N— 2.60(m, 4H), 2.57(m, 4H), 2.39(s, 3H), 2.20(s,
3H). MS (m/z): 694.1 (M+H)
N-(3-Fluoro-4-(2-(4-((methyl(2-(4-
methylpiperazin- 1-yl)ethyl)amino)methyl)
phenyl) thieno[3,2-b] pyridin-7-yloxy)phenyl)-
2-oxo0-3-phenylimidazolidine-1-carboxamide
218 90 F N N/“\N 'H NMR (DMSO-ds) 8 (ppm): 10.52 (s, 1H),
:@/ Yr \© 8.51 (d, J = 5.48 Hz, 1H), 7.88 (s, 1H), 7.80
o 0 0 (d, J=13.1 Hz, 1H), 7.62 (4, J = 5.8 Hz, 1H),
s N 7.43 (m, SH), 7.16 (t, J = 528 Hz, 1H), 7.03
W 7 G, 1H), 6.71 (4, J = 5.48 Hz, 1H), 3.95 (m,
N® N TH). MS (m/z): 529.1 (M+H),
Me
N-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-2-
yDthieno[3,2-b]pyridin-7-yloxy)pheny!)-2-oxo-
3-phenylimidazolidine-1-carboxamide
219 91
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N-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-2-
yDthieno[3,2-b]pyridin-7-yloxy)phenyl)-3-(4-
fluorophenyl)-2-oxoimidazolidine-1-
carboxamide

zZ

"H NMR (DMSO-dg) 5 (ppm): 10.56 (s, LH),
8.52 (d, J= 5.48 Hz, 1H) 7.89 (dd, J=2.3 and
13.1 Hz, 1H), 7.64 (m, 3H), 7.50 (m, 2H),
7.30 (m, 2H), 7.04 (s, 1H), 6.70 (d, J = 5.28
Hz, 1H), 3.99 (s, 3H), 395 (m, 4H). MS
(m/z): 547.2 (M+H),

187




WO 2008/041053 PCT/IB2006/004306

[0375] Compounds 211-214 were synthesized starting from the amine 15 (scheme 4),
compounds 215-216 were prepared starting from the amine 197 (scheme 54), compound 217 was

obtained starting from the amine 80 (scheme 26), while compounds 218-219 were derived starting
from the amine 9 (scheme 2).

Scheme 60

BoeN N ocN
"\_ome  DIPEA \ome
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IGR NN SE
o 0 .
TFADCM
I 8 x 2TFA
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N HN
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220: Example 92

Example 92

N-(3-Fluoro-4-(2-(4-((2-methoxyethylamino)methyl)phenyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-

3-(4-fluorophenyl)-2-oxoimidazolidine-1-carboxamide (220)
Step 1: tert-Butyl 4-(7-(2-fluoro-4-(3-(4-fluorophenyl)-2-oxoimidazolidine-1-
carboxamido)phenoxy)thieno[3,2-b1pyridin-2-yl)benzyl(2-methoxyethyl)carbamate (223)
[0376]  Starting from the amine 221 [prepared according to the scheme 26, using arylboronate
76 as an intermediate {Table 2)] and 3-(4-fluorophenyl)-2-oxoimidazolidine-1-carbonyl chloride
(222), and following the procedure described above for the synthesis of compound 210 (example
82, scheme 59), title compound 223 was obtained in 40% yield. MS (m/z): 730.3 (M+H).
[0377] Step 2: N-(3-Fluoro-4-(2-(4~((2-methoxyethylamino)methyl)phenyl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-3-(4-fluorophenyl)-2-oxoimidazolidine-1-carboxamide (220)
[0378] A solution 0f223 (60 mg, 0.082 mmol) and TFA (1ml) in toluene (2 mL) was stirred
30 min at room temperature. The reaction mixture was concentrated under reduced pressure. The
residue was triturated with diethyl ether, the solid was collected and dried to give the title
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compound 220 (70 mg, 99.5%) as an off-white solid. "HNMR (DMSO-dg) & (ppm): 10.55(s, 1H),
8.95(s, broad, 2H), 8.52(d, J = 5.5 Hz, 1H), 8.13(s, 1H), 7.97(d, J = 8.4 Hz, 2H), 7.84(dd, J = 2.5
and 13.1 Hz, 1H), 7.65-7.61(m, 4H), 7.49(t, J = 8.8 Hz, 1H), 7.44(dd, ] = 2.4 and 8.8 Hz, 1H),
7.30-7.25(m, 2H), 6.65(d, J = 5.5 Hz, 1H), 4.21(t, 1H), 3.93(m, 4H), 3.57(t, 2H), 3.30(s, 3H),
3.11(m, 2H). MS (m/z): 630.3 (M+H),

Scheme 61
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Example 93

N'-(3-Fluoro-4-(2-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N>-(2-methoxyphenyl)malonamide (224)

Step 1: 4-(2-Bromothieno[3,2-b]pyridin-7-yloxy)-3-fluorobenzenamine (225)

[0379] To a mixture of compound 50 (1.0 g, 2.96 mmol) and NH4Cl (46 mg, 0.86 mmol) in

EtOH (29 mL) / water (15 mL) at 100 °C, Fe (1.4 g, 25.15 mmol) was added in one portion and the

mixture was refluxed with vigorous stirring for 40 min. The mixture was filtered through Celite®,

the Celite® washed with EtOH and the combined filtrate concentrated under reduced pressure.

The residue was suspended in EtOAc, washed with water; the organic phase was dried over
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anhydrous Na,;SO4 and evaporated affording title compound 225 (916.15 mg, 91% yield). MS
(m/z): 338.9 (96 %), 340.9 (100%).

Step 2: tert-Butyl 4-(2-bromothieno|3,2-b]pyridin-7-yloxy)-3-fluorophenylcarbamate (226)

[0380] A solution of the aniline 225 (300 mg, 0.887 mmol) and BocON (194 mg, 0.887 mmol)
in MeCN (1.8 mL) was stirred overnight at room temperature. The crude mixture was concentrated
under reduced pressure affording title compound 226 (380 mg, 98% yield) that was used in the
next step without further purification. MS (m/z): 439.1 (96 %), 441.1 (100%).

Step 3: tert-Butyl 3-fluoro-4-(2-(1-methyl-1,2,5,6-tetrahydropyridin-3-y|)thieno[3,2-b]pyridin-7-
yloxy)phenylcarbamate (229) (two-step procedure)

[0381] To a mixture of 5-bromo-1-methyl-1,2,3,6-tetrahydropyridine 227 (Drinkuth, S;
Gruetsch, S; Peter, K: Christl, M. Fur. J. Org. Chem: 14; 2001; 2665-2670) (1.0 g, 5.71 mmol),
bis(pinacolato)diboron (8.66 mmol, 2.18 g) and AcOK (1.7 g, 17.3 mmol) in toluene (11.4 mL),
Pd(PPhs)4 (0.171 mmol, 198 mg) was added in one portion and the mixture was heated to reflux

under N3 for 2h, The suspension was concentrated under reduced pressure, giving crude 228 that
was re-dissolved in DME (29 ml.) and kept under nitrogen. tert-Butyl 4-(2-bromothieno|3,2-
b]pyridin-7-yloxy)-3-fluorophenylcarbamate 226 (380 mg, 0.87 mmol), CsF (2.64 mmol, 401 mg),
NaHCO; (2.64 mmol, 222 mg), and water (1 m1.) were added to an aliquot of the DME solution of
228 (4 ml., 1.22 mmol) and the mixture refluxed overnight under nitrogen. The crude was diluted
with EtOAc and extracted with IN HCI. The aqueous phase was extracted with DCM, basified to
pH~11 by addition of IN NaOH solution, extracted with EtOAc. The extract was dried over
anhydrous Na;SO4 and concentrated under reduced pressure giving crude 229 (105 mg, 26% yield)
that was used in the next step without further purification. MS (m/z): 456.1 (100%).

Step 4: 3-Fluoro-4-(2-(1-methyl-1,2,5 6-tetrahydropyridin-3-yl)thieno[3,2-b]pyridin-7-
yloxy)aniline (230)

[0382] TFA (1 mL.) was added to tert-butyl 3-fluoro-4-(2-(1-methy!-1,2,3,6-tetrahydropyridin-
4-yDthieno[3,2-b]pyridin-7-yloxy)phenylcarbamate (229) (105 mg, 0.23 mmol) and the mixture
was stirred for 1 h at room temperature. The solution was concentrated under reduced pressure, the
residue co-distilled with MeCN, redissolved in MeOH and purified by preparative HPLC (gradient
40% to 95 % MeOH in water, 45 min) giving 230 (50 mg, 0.1 mmol, 48% yield) as a white solid.
MS (m/z): (M+1) 356.1 (100%).

Step 5: N'-(3-Fluoro-4-(2-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N’~(2-methoxyphenyl)malonamide (224)
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[0383] A solution of 3-fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno([3,2-
blpyridin-7-yloxy)aniline (230) (50 mg, 0.110 mmol), 3-(2-methoxyphenylamino)-3-oxopropanoic
acid 27 (34 mg, 0.165 mmol) (scheme 8), EDC (25 mg, 0.165 mmol) and HOBt (22 mg, 0.165
mmol) in DMF (1.1 mL) was stirred overnight at room temperature. More 27 (34 mg, 0.165 mmol)
and EDC (25 mg, 0.165 mmol) were added and the mixture stirred for a further 6 h. The mixture
was diluted with EtOAc, extracted with water, dried over anhydrous Na;SOy4, and concentrated
under reduced pressure. The residue was re-dissolved in MeOH and purified by preparative HPLC
(gradient 40% to 95 % MeOH in water, 45 min) followed by flash chromatography
(MeOH/CHCI3/NH4CI 1:9:0.1) giving title compound 224 (19 mg, 0,056 mmol, 51% yield) as a
white solid. "H NMR (400 MHz, DMSO-dg) & (ppm): 10.61(s, 1H), 9.64(s, 1H), 8.45(d, J=5.5Hz,
1H), 8.07(dd, J=8.8Hz, J=1.4Hz, 1H), 7.86(dd, J=2.3Hz, J=13.1Hz, 1H), 7.49-7.41(m, 3H), 7.11-
7.05(m,2H), 6.92(m,1H), 6.61(dd, J=0.8Hz, J=5.5Hz, 1H), 6.43(m, 1H), 3.86(s, 3H), 3.64(s, 2H),
3.33(m, 2H), 2.52-2.50(m, 2H), 2.49(m, 2H), 2.36-2.33(m, SH). MS (m/z): 547.42 (100% yield).

Scheme 62
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Example 94
(Z)—N'—(4-(2—(4-(Dimethylamino)but-1-enyl)thieno[3,2-b]pyridin-7-yloxy)-3—ﬂuorophenyl)-N3-
methyl-N-phenylmalonamide (231)

Step 1: 7-Chlorothienol[3,2-b]pyridine-2-carbaldehyde (232)

[0384] To a solution of 7-chlorothieno[3,2-b]pyridine (2) (2 g, 11.83 mmol) in THF (40 mL)
n-BuLi (2.5M in hexanes, 5.7 mL, 14.2 mmol) was added dropwise at ~78 °C and the reaction
mixture stirred 1 h. DMF (2.7 mL, 35.5 mmol) was added and stirring continued 1 h more, The
reaction mixture was poured into water, exiracted with EtOAc, the combined organics dried over
anhydrous Na;SOy, and concentrated under reduced pressure. The residue was triturated with ether
and filtered affording title compound 232 (2 g, 10.12 mmol, 86% yield). MS (m/z): 197.9 (36%),
(M + MeOH +1) 230.0 (100%).

Step 2: 7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridine-2-carbaldehyde (233)

[0385] A mixture of aldeﬁyde 232 (500 mg, 2.53 mmol), 2-fluoro-4-nitrophenoi (595 mg, 3.79
mmol), K>CO; (700 mg, 5.06 mmol) and PhyO (3.4 mL) was stirred in a sealed tube for 12 h at
170 °C. The mixture was suspended in a water / EtOAc mixture, sonicated a few minutes and
filtered, the solid residue was washed successively with water, EtOAc¢ and ether, giving crude 233
(500 mg, 1.17 mmol, 46% yield) that was used in the next step without further purification. MS
(m/z): (M+1) 319.0 (14%), M + MeOH + 1) 351.0 (100%).

Step 3: 4-(7-(2-Fluoro-4-nitrophenoxy)thieno[ 3,2-b]pyridin-2-y1)-N,N-dimethylbut-3-en-1-amine
(234)

[0386] To a solution of (2-(dimethylamino)ethyl)triphenylphosphonium bromide (680 mg,
1.54 mmol) in THF (7.7 mL) was added n-BulLi (2.5M in hexanes, 0.65 ml., 1.62 mmol) dropwise
at 0 °C, the resulting mixture was warmed to room temperature and stirred for 30 min. 7-(2-fluoro-
4-nitrophenoxy)thieno[3,2-b]pyridine-2-carbaldehyde 233 (500 mg, 1.17 mmol) was added in one
portion and the mixture was stirred for 2 h. The mixture was poured into water, extracted with
EtOAc; the organic phase was extracted with 3% citric acid, the combined aqueous phase was
basified to pH~11 by the addition of 1IN NaOH. It was then extracted with EtOAc, dried over
anhydrous Na;SO, and concentrated under reduced pressure affording title compound 234 (360
mg, 0.929 mmol, 78% yield) as a crude mixture that was used in the next step without further
purification. MS (/z): (M+1) 388.1 (100%).

Step 4: (Z)-4-(2-(4-(Dimethylamino)but-1-enyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoroaniline
(235) '
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[0387]  To a mixture of 4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-N,N-
dimethylbut-3-en-1-amine (234) (171 mg, 0.44 mmol) and NH4CI (20 mg, 0.37 mmol) in EtOH
(4.4 mL) / water (2.2 mL) at 100 °C, Fe (209 mg, 3.75 mmol) was added in one portion and the
mixture was heated to reflux with vigorous stirring for 40 min. The mixture was filtered through
Celite®, the Celite® washed with EtOH and the combined organic solutions concentrated under
reduced pressure. The residue was dissolved in MeOH and purified by preparative HPLC (gradient
40% to 95 % MeOH in water, 45 min) giving title compound 235 as a yellow solid (122.8 mg, 0.3
mmol, 69% yield). MS (m/z): (M+1) 358.1 (100%).

Step 3: (Z)-Nl—(4-(2-(4-(Dimethy1amino)but-l-enyl)thieno[3 ,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N>-methyl-N* -phenylmalonamide (231)

[0388] A solution of (Z)-4-(2-(4-(dimethylamino)but-1-enyl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluoroaniline (235) (69.1 mg, 0.193 mmol), 3-(methyl(phenyl)amino)-3-oxopropanoic acid 31 (46
mg, 0.26 mmol) (scheme 10), and EDC (45 mg, 0.24 mmol) in DMF (2.8 mL) was stirred
overnight at room temperature, More 31 (45 mg, 0.26 mmo}) and EDC (45 mg, 0.24 mmol) were
added and the mixture stirred 6 h more. The mixture was diluted with EtOAc, washed with water,
dried over anhydrous Na;SO,, and concentrated under reduced pressure. The residue was
redissolved in MeOH and purified twice by preparative HPLC (gradient 40% to 95 % MeOH in
water, 45 min) giving title compound 231 (35 mg, 0.066 mmol, 34% yield) as a white solid. 'H
NMR (400 MHz, DMSO-dg) 8 (ppm): 10.32 (s, 1H), 8.48 (d, J=5.5Hz, 1H), 7.80 (d, J=12.7Hz,
1H), 7.54 (s, 1H), 7.5-7.3 (m, 7H), 6.78 (d, J=12.2Hz, 1H), 6.62 (d, J=5.5Hz, 1H), 5.92 (tt,
J=7.2Hz, J=4.5Hz, 11.7Hz, 1H), 3.21 (s, 5H), 2.59 (m, 2H), 2.42 (dd, 6.8Hz, 7.4Hz, 2H), 2.16 (s,
6H). MS (m/z): M+1) 533.1 (100 %).
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Scheme 63
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Example 95

N'-(4-(2-(2,2-Dimethylhydrazinecarbonyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
methoxyphenyl)malonamide (236)

Step 1: 7-Chloro-N',N'-dimethylthieno[3,2-b]pyridine-2-carbohydrazide (237)
[0389]  To a suspension of 7-chlorothieno[3,2-b]pyridine-2-carbonyl chloride 20 (1g, 4.33
mmol) (scheme 6) in DCM (22 mL), 1,1-dimethylhydrazine (0.33 mL, 4.33 mmol) was added in
one portion and the mixture was stirred for 5 h. More 1,1-dimethylhydrazine (0.33 mL, 4.33
mmol) was added and the mixture was stirred overnight at room temperature. The crude was
diluted with EtOAc, extracted with 1N HC], the aqueous solution basified to pH~11 by addition of
1IN NaOH, extracted with EtOAc, the organic phase dried over anhydrous Na;SO4 and
concentrated under reduced pressure affording 237 (798 mg, 3.13 mmol, 72%) as a crude mixture
that was used in the next step without further purification. MS (m/z): (M+1) 255.9 (100%), 257.9
(39%).
Step 2: 7-(2-Fluoro-4-nitrophenoxy)-N', N'-dimethylthieno[3,2-b]pyridine-2-carbohydrazide (238)
[0390] A mixture of 7-chloro-N',N'-dimethylthieno[3,2-b]pyridine-2-carbohydrazide (237)
(798 mg, 3.13 mmol), 2-fluoro-4-nitrophenol (740 mg, 4.70 mmol), K,CO3 (830 mg, 6.26 mmol)
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and PhyO (4.2 mL) was stirred in a sealed tube for 12 h at 170 °C. The mixture was diluted with
DCM, extracted with water, the organic phase dried with anhydrous Na;SO; and concentrated. The
residue was purified by flash chromatography (EtOAc/hexanes 1:1) giving 238 (772.5 mg, 2.05
mmol, 66% yield) as a brown foam. MS (m/z): (M+1) 377.0 (100%).

Step 3: 7-(4-Amino-2-fluorophenoxy)-N',N'-dimethylthieno[3,2-b]pyridine-2-carbohydrazide
(239)

[0391]  To a mixture of 7-(2-fluoro-4-nitrophenoxy)-N",N'-dimethylthieno[3,2-bjpyridine-2-
carbohydrazide 238 (772 mg, 2,05 mmol) and NH4Cl (93 mg, 1.74 mmol) in EtOH (20.5 mL) /
water (10.3 mL) at 100 °C, Fe (973 mg, 17.73 mmol) was added in one portion and the mixture
was heated to reflux with vigorous stirring 40 min. The mixture was filtered through Celite®, the
Celite® washed with EtOH and the combined organic solutions concentrated under reduced
pressure. The residue was purified by flash chromatography (MeOH/DCM 1:9) giving 239 (605
mg, 1.75 mumol, 85%). MS (m/z): (M+1) 347.0 (100%).

Step 4: N! -(4-(2-(2,2-Dimethylhydrazinecarbonyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-
~ N°-(2-methoxyphenyl)malonamide (236)

[0392] A solution of 7-(4-amino-2-fluorophenoxy)-N,N'-dimethylthieno[3,2-b]pyridine-2-
carbohydrazide 239 (200 mg, 0.578 mmol), 3-(2-methoxyphenylamino)-3-oxopropanoic acid 27
(195 mg, 0.693 mmol), and EDC (230 mg, 0.693 mmol) in DMF (8.3 mL) was stirred overnight at
room temperature. More 27 (195 mg, 0.693 mmol) and EDC (230 mg, 0.693 mmol) were added
and the mixture stirred 6 h more. The crude was diluted with EtOAc, extracted with water, over
with anhydrous Na;SOs, and concentrated under reduced pressure. The residue was re dissolved in
MeOH and purified twice by flash chromatography (DCM/MeOH 9:1) affording 236 (207 mg,
0.385 mmol, 67% yield) as a white solid. '"H NMR (400 MHz, DMSO-ds) 8 (ppm): 10.60(s, 1H),
9.94(s, 0.5H), 9.63(s, 1H), 9.49(s, 0.5H), 8.57(dd, J=5.5Hz, J=7.2Hz, 1H), 8.26(m, 1H), 8.07(d,
J=1.4Hz,1H), 7.88(d, J=12.9Hz, 1H), 7.54-7.43(m, 2H), 7.07(m, 2H), 6.91(m, 1H), 6.73(m, 1H),
3.86(s, 3H), 3.65(s, 2H), 2.63(s, 3H), 2.61(s, 3H). MS (m/z): (M+1) 538.0 (100 %).

Example 96
N'-(4-(2-(2,2-Dimethylhydrazinecarbonyl)thieno[3 ,2-b]pyridin—7-yloxy)-3-ﬂuorophenyl)—N3-
methyl-N3-phenylmalonamide (240)

[0393] Following the procedure described above for compound 236 (example 93, scheme 63)
but replacing acid 27 with 3-(methyl(phenyl)amino)-3-oxopropanoic acid (31), title compound 240
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was obtained in 44% yield. "H NMR (400 MHz, DMSO-dg) § (ppm): 10.36(s, 1H), 10.08(br,
0.3H), 9.52(s, 0.7H), 8.58(dd, J=5,5Hz, J=8.4Hz, 1H), 8.20(m,1H), 7.79(m, 1H), 7.49-7.30(m,

TH), 6.75(d, J=5.5Hz, 1H), 3.21(s, 2H), 3.2(s, 3H), 2.64(s, 3H) 2.59(s, 3H). MS (m/z): (M+1)
522.1 (100 %).

Scheme 64
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Example 97
N!-(3-Fluoro-4-(2-(1,2,2-trimethylhydrazinecarbonyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(2-
methoxyphenyl)malonamide (241)

Step 1: 7-Chloro-N,N',N'-trimethylthieno[3,2-b]pyridine-2-carbohydrazide (242)

[0394] To a solution of 7-chloro-N',N'-dimethylthieno[3,2-b]pyridine-2-carbohydrazide 237
(scheme 63) (357.9 mg, 1.4 mmol) in THF (14 mL) / DMF (9 mL),at 0 °C, NaH (60% in mineral
oil, 112 mg, 2.8 mmol) was added in one portion and the mixture was stirred for 1 h. Mel (0.118
mL, 2.8 mmol) was added and the mixture was warmed to room temperature and stirred for 1 h.
The suspension was poured into water and extracted with EtOAc. The organic phase was extracted
with 0.1N HCI, the aqueous phase basified to pH ~ 11 by addition of 1 N NaOH and extracted
with EtOAc. The organic phase was dried over anhydrous Na;SO4 and concentrated under reduced
pressure affording 242 (111.2 mg, 0.41 mmol, 29%) as a yellow solid. MS (m/z): (M+1) 269.9
(100%), 271.0 (38%).

Step 2: 7-(2-Fluoro-4-nitrophenoxy)-N,NV',N'-trimethylthieno[3,2-bpyridine-2-carbohydrazide
(243)
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[0395] Following the procedure described above for compound 238 (step 2, example 95,
scheme 63) but replacing chloride 237 with compound 242, title compound 243 was obtained in
66% yield. MS (m/z): (M+1) 391.1 (100%).

Step 3: 7-(4-Amino-2-fluorophenoxy)-N,N',N'-trimethylthieno[3,2-b]pyridine-2-carbohydrazide
(244)

[0396]  Following the procedure described above for compound 239 (step 3, example 95,
scheme 63) but replacing 238 with compound 243, title compound 244 was obtained in 33% yield.
MS (m/z): (M+1) 361.1 (100%).

Step 4: N'-(3-fluoro-4-(2-(1,2,2-trimethylhydrazinecarbonyl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N3—(2-methoxyphenyl)malonamide (241)

[0397] Following the procedure described above for compound 236 (step 4, example 95,
scheme 63) but replacing amine 239 with 7-(4-amino-2-fluorophenoxy)-N,N',N'-
trimethylthieno[3,2-b]pyridine-2-carbohydrazide (244), title compound 241 was obtained in 43%
yield. "H NMR (400 MHz, DMSO-d¢) 6 (ppm): 10.45(s, 1H), 8.45(d, J=5.4Hz, 1H), 7.79(d,
J=13.3Hz, 1H), 7.67(s, 1H), 7.62-7.31(m, 7H), 6.62(d, J=5.4Hz, 1H), 3.40(s, 9H), 3.23(s, 2H),
3.21(s, 3H). MS (m/z): (M+1) 536.2 (100 %).

Scheme 65
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SERS
3-((2-Fluorophenyl)(methyl)amino)-3-oxopropanoic acid (245)

[0398]  To a solution of methyl 3-chloro-3-oxopropanoate (1.75 mL, 15.99 mmol) in dry DCM

(32 ml) was added 2-fluoro-N-methylaniline (2 g, 15.99 mmol) and the reaction mixture was

HO\HXH,OH

O O  socl, TEA

stirred at 0°C for 1 h, evaporated then redissolved in EtOAc, washed with dilute NaHCOs, and
brine. The organic phase was dried over sodium sulfate, and concentrated under reduced pressure

to afford methyl 3-((2-fluorophenyl)(methyl)amino)-3-oxopropanoate as yellow oil which was
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used without further purification (3.3 g, 16 mmol, 97%, crude). To a solution of this material (3.3
g, 16 mmol) in THF (16 ml) and water (16 ml) was added LiOH'H,0 (1.35g, 31.5 mmol) and the
reaction mixture was stirred overnight, evaporated (to remove the THF) and then extracted with
EtOAc. The aqueous phase was acidified to pH~1 by addition of 1N HCI and extracted with
EtOAc. The solution was dried over Na,SQy, filtered and concentrated under reduced pressure to
afford the title compound 245 as a brown solid, which was used without further purification (2.75
g, 13.03 mmol, 81% yield). MS (m/z): (M+1) 218.0 (88%), 2M+Li) 429.0 (100%).

1-(Methyl(phenyl)carbamoyl)cyclopropanecarboxylic acid (246)

[0399]  To a solution of cyclopropane-1,1-dicarboxylic acid (1.5 g, 11.53 mmol) in THF (24
mL) TEA (1.6 mL, 11.53 mmol) was added dropwise and under stirring thionyl chloride (0.83 mL,
11.53 mmol) and the mixture stirred 30 min at room temperature. A solution of N-methylaniline
(1.3 mL, 11.53 mmol) in THF (14 mL) was added dropwise at 0 *C and the mixture was stirred for
2 h. The mixture was diluted with EtOAc, extracted with 2N NaOH, acidified to pH~2 by addition
of 2N HCI and extracted with EtOA«c, dried over anhydrous Na;SO4 and concentrated under

reduced pressure affording 246 (1.24 g, 5.66 mmol, 49%) as a white solid. MS (m/z): (M+1) 220.0
(100%).

Table 6
Compounds 247-252 (examples 98-103) prepared starting from the amine 12 and acids 27, 29,
161, 31, 245 and 246, according to the scheme 3

N\",R
o/q ] (o}
FN S ' X F
NN o

Cpd | Ex. R Name Characterization
247 | 98 H e [N'-(3-fluoro-4-(2-(1-methyl- ['H NMR (400 MHz, DMSO-d;) § (ppm): 10.57(s, 1H),
X\n’ 1H-imidazol-4-y]) thieno[3,2- 19.63(s, 1H), 8.40(d, J=5.5Hz, 1H), 8.08(dd, J=8.9Hz,
o b]pyridin-?-yloxy)phenyl)-N’- J=14Hz, 1H), 7.96(d, J=1.2Hz, 1H), 7.85(dd, J=12.9Hz,

(2-methoxyphenyl)malonamide |J=2.4Hz, 1H), 7.68(s, 1H), 7.51-7.41(m, 2H), 7.09-7.05(m,
2H), 6.94-6.90(m, 2H), 6.59(d, J=5.5Hz, 1H), 3.86(s, 3H),
3.73(s, 3H), 3.65(s, 2H). MS (n/z): (M+1) 532.0 (100 %

248 | 99 H F[N-(3-fluoro-4-(2-(1-methyl- |'H NMR (400 MHz, DMSO-d;) & (ppm): 10.57(s, 1H),

1H-imidazol-4-yl)thieno[3,2-  110.06(s, 1H), 8.43(d, J=5.5Hz, 1H), 7.99(m, 1H), 7.87(dd,
blpyridin-7-yloxy)pheny)-N’- [J=12.9Hz, J=2.3Hz, 1H), 7.86(d, }=1.2Hz, 1H), 7.70(d,
(2-fluorophenyDmalonamide  |3=0.9Hz, 1H), 7.68(s, 1H), 7.51-741(m, 2H), 7.28(m, 1

3
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Cpd | Ex, R Name Characterization
7.20-7.15(m, 2H), 6.59(dd, J=5.3Hz, 1=0.6Hz, 1H), 3.72(s,
3H), 3.63(s, 2H). MS (in/z): (M+1) 520.1 (100 %)
249 100 %n N-(3-fluoro-4-(2-(T-methyl-1H-['H NMR (400 MHz, DMSO-dg)  (ppm): 10.39(s, 1H),
@ imidazol-4-yl)thieno[3,2- 10.02(s, 1H), 8.44(d, J=5.4Hz, 1H), 8.24(s, lH), 7.92-
o b]pyridin-7-yloxy)phenyl)-N- |7.87(m, 2H), 7.7(d, J=15Hz, 2H), 7.63(d, }=7.8Hz, 2H),
phenylcyclopropane-1,1- 7.53-7.43(m, 2H), 7.31(dd, J=7.6Hz, J=8.2Hz, 2H), 7.07(t,
dicarboxamide )=7.3Hz, 1H), 6.56(d, J=5.4Hz, 1H), 3.72(s, 3H), 1.48(s,
4H). MS (m/z): (M+1) 528.0 (100 %)
250 1101 'L N ~(3-fluoro-4-(2-(1-methyl-  ["H NMR (400 MHz, DMSO-d;) § (ppm): 10.29(s, 1H),
e @ 1H-imidazol-4-yl)thieno[3, 2- [843(d, ] = 5.5 Hz, 1H), 7.87(d, J=1.2Hz, 1H), 7.79(,
° b]pyndm-7-yloxy)pheuy1) N I=13.1, 1H), 7.72(d, J=0.7Hz, 1H), 7.68(s, 1H), 7.50-
methyl-N*-phenylmalonamide |7.30(m, 7H), 6.57(d, J = 5.5 Hz, 1H), 3.72(s, 3H), 3.22(s,
2H), 3.21(s, 3H). MS (m/z); (M+1) 516.1 (100%)
251 102 I N’~(3-ﬂuoro—4-(2 -(1-methyl- ['H NMR (400 MHz, DMSO-ds) § (ppm): 10.31 (s, 1H),
Xﬁr N\é 1H-imidazol-4-yl)thieno[3,2- 8.52 (d, J=5.2Hz, 1H), 7.9 (s, 1H), 7.77 (d, J=14.4Hz, 1H),
o] b]pyndm-7-yloxy)phenyl)-N3 7.75-7.30 (m, 7H), 7.05 (s, 1H), 6.68 (d, 5.2Hz, 1H), 3.99
(2-fluorophenyl)-N°- (s, 3H), 3.2 (m, 5H). MS (w/z): M+1) 534.0 (100 %)
methylmalonamide
252 | 103 | F |N-(3-fluoro-4-(2-(1-methyl-1H-|"H NMR (400 MHz, DMSO-ds) 6 (ppmy): 9.92 (s, 1H), 8,45
%ﬁ‘x@ imidazol-4-yl)thieno[3,2- (d, J=5.5Hz, 1H), 7.87 (s, 1H), 7.76-7.68 (m, 2H), 7.38-7.14
o bipyridin-7-yloxy)pheny!)-N- |(m, 8H), 6.55 (d, J=5.5Hz, 1H), 3.72 (s, 3H), 3.26 (s, 3H),
methyl-N-phenylcyclopropane- |1.44 (m, 2H), 1.24 (m, 1H). MS (m/z): (M+1) 542.0 (100
|1,1-dicarboxamide %)

Table 7
Compounds 253-255 (examples 104-106) prepared starting from the amines 15 and 197 (scheme
54) and acids 31 and 27 according to the schemes 4 and 54

Cpd | Ex. Sctructure Characterization
253 (104 Me "H NMR (400 MHz, DMSO-d5) 6 (ppm): 10.30 (s,
RWN 1H), 8.42 (d, J=5.5Hz, 1H), 7.96 (d, J=1Hz, 1H),
&,Q/ & 8 @ 7.79 (4, J=1Hz, 1H), 7.77 (s, H), 7.67 (s, 1H),
0 7,50-7.30 (m, 7H), 6.57 (d, J=5.5Hz, 1H), 4.06 (q,
AN J=7.3Hz, 2H), 3.22 (s, 2H), 3.21 (s, 3H), 1.40 (t,
| /ad® J=7.3Hz, 3H). MS (m/z): (M+1) 530.0 (100 %)
N'-(4-(2-(1- Ethyl 1H-umdazol—4-yl)thleno[3 2-
b]pyridin-7-yloxy)-3-fluorophenyl)-N*-methyl-N’-
phenylmalonamide
254 [ 105 TH NMR (400 MHz, DMSO-d;) & (ppm): 10.30(s,

Me
SORSNS
o 0O O

S NMBz
Qe e
\N _|

N

N°-methyl-N-phenylmalonamide

N'-(4-(2-(1-(2-(dimethyl amino)ethyl)-1H-imida zol-
4-3yl)thjeno[3 ,2-b]pyridin-7-yloxy)-3-flucrophenyl)-

1H), 8.42(d, J = 5.5 Hz, 1H), 7.92(d, ) = 1.2 Hz,
1H), 7.87(d, T = 1.2 Hz, 1H), 7.80(s, 1H), 7.77(d,
J=12Hz, 1H), 7.50-7.30(m, 7H), 6.57(d, J = 5.5
Hz, 1H), 4.11(t, J=6.3Hz, 2H), 3.22(s, 2H), 3.21(s,
3H), 2.61(t, J=6.3Hz, 2H), 2.18(s, 6H). MS (w/z):
(M+1) 573.2 (100 %)
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Cpd | Ex, Sctructure Characterization ]

255 | 106 . i u OMe H NMR (400 MHz, DMSQO-ds) & (ppm): 10.61(s,

]@f Y 1H), 9.65(s, 1H), 8.43(d, J=5.5Hz, 1H), 8.07(dd,

o 0 o =14Hz, J=9Hz, 1H), 7.92(d, J=1.2Hz, 1H),

J NMe 7.86(dd, J=12.9Hz, J=2.3Hz, 1H), 7.77(d, J=1.1Hz,

% N 1H), 7.67(s, 1H), 7.51-7.41(m, 2H), 7.09-7.01(m,

SN = 2H), 6.94-6.89(m,1H),6.58(dd, J=5.5Hz, 0.6Hz,

N'-(4-(2~(1-(2-(dimethylamino)ethyl)- 1 H-imidazol- |1H), 4.11(t, J=6.3Hz, 2H), 3.86(s, 3H), 3.65(s, 2H),

4-3yl)thieno[3,2-b]pyridin-7-yloxy)-3-ﬂuorophenyl)- 2.61(t, I=6.3Hz, 2H), 2.19(s, 6H). MS (w/z); (M+1)
N°-(2-methoxyphenyl) malopamide 598.1 (100%)
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Example 107
N'-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[ 3,2-b]pyridin-7-yloxy)phenyl)-
N*-methyl-N’-phenylmalonamide (256)

Step 1: 1-Methyl-1,2,3,6-tetrahydropyridin-4-yl trifluoromethanesulfonate (257)
[0400] LDA (1.5N in THF, 8.1 mL, 12.17 mmol) was added to a solution of 1-
methylpiperidin-4-one (1.4 mL, 12.17 mmol) in THF (16 mL) at ~78 °C, the mixture was allowed

to warm to room temperature and stirred for 30 min. The solution was cooled once more to —78 °C
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and PhNTT1; (5 g, 18.12 mmol) was added in one portion, the solution warmed to room temperature
and stirred for 3 h. The reaction mixture was poured into water, extracted with ether, the organic
phase dried over anhydrous Na,SO, and concentrated under reduced pressure. The residue was
purified by flash chromatography (EtOAc/Hexanes 1:5) affording 257 (2.38 g, 9.7 mmol, 80%) as
orange oil. MS (m/z): (M+1) 245.9 (100% yield).

Step 2: 7-(2-Fluoro-4-nitrophenoxy)-2-(1-methyl-1,2,3 6-tetrahydropyridin-4-yl)thieno[3,2-
b]pyridine (259)

[0401] To a mixture of 1-methyl-1,2,3,6-tetrahydropyridin-4-yl trifluoromethanesulfonate 257
(450 mg, 1.84 mmol), bis(pinacolato)diboron (477 mg, 2.02 mmol) and K;CO3 (541 mg, 5.52
mmol) in DME (3.7 mg), Pd(PPh3)4 (106 mg, 0.092 mmol) was added in one portion and the
system was heated to reflux for 2 h under N,. The reaction mixture was cooled down and filtered.
To the filtrate containing the intermediate 258 were added bromide 50 (435 mg, 1.84 mmol), CsF
(838 mg, 5.52 mmol), NaHCO; (463 mg, 5.52 mmol) and water (0.8 mL), and the mixture was
heated to reflux for 2 h more. The reaction mixture was diluted with water and extracted with
DCM,; the organic phase was extracted with IN HCI, the aqueous phase basified to pH~11 by
addition of 2N aqueous NaOH, extracted with DCM, dried over anhydrous Na;SO, and
concentrated under reduced pressure affording 259 (279 mg, 0.72 mmol, 39% yield) as a brown
solid. MS (m/z): (M+1) 385.9 (100%).

Step 3: 3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-
yloxy)aniline (260)

[0402] To a mixture of 4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-1-methyl-
1,2,3,6-tetrahydropyridine 259 (279 mg, 0.72 mmol) and NH4ClI (33 mg, 0.612 mmol) in EtOH
(7.2 mL) / water (3.6 mL) at 100 °C Fe (342 mg, 6.2 mmol) was added in one portion and the
mixture heated to reflux with vigorous stirring for 40 min. The mixture was filtered through
Celite®, the Celite® washed with EtOH and the combined organic solutions concentrated under
reduced pressure. The residue was dissolved in MeOH and purified by flash chromatography
(DCM/MeOH 5:1) giving 260 (171.3 mg, 0.48 mmol, 67% yield) as a yellow solid. MS (m/z):
(M+1) 356.0 (100%).

Step 4: N'-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yDythieno[3,2-b]pyridin-7-
yloxy)pheny])-N3-methyl-N3-phenylmalonamide (256)

[0403] Following the procedure described above for the compound 5c¢ (scheme 3) but

replacing acid 1 with the acid 31 and amine 12 with amine 260; the title compound 256 was
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obtained in 44% yield. "H NMR (400 Mz, DMSO-ds) 8 (ppm): 10.31(s, 1H), 8.44(d, J=5.48Hz,
1H), 7.79(d, 12.72Hz, 1H), 7.5-7.3 (m, 8H), 6.59(d, J=5.48Hz, 1H), 6.38(t, ]=3.52Hz, 1H), 3.22(s,
2H), 3.21(s, 3H), 3.08(m,2H), 2.61(m, 4H), 2.30(s, 3H). MS (m/z): (M+1) 531.0 (100 %).

Table 8

Compounds 261-263 (examples 108-110) prepared starting from the amine 260 (scheme 66) and
acids 161, 203 and 212 according to the schemes 45, 57 and 59

Compd | Example Sctructure Characterization
261 108 H H "H NMR (400 MHz, DMSO-d;) & (ppm): 10.19(s,
F N\IXWN 1H), 8.41(d, 1H, J=5.5Hz), 7.74(dd, 1H, J1=2.2Hz,
j@/ O 0O @ 12=13.1Hz),7.46-7.37(m, 5H), 7.28-7.24(m, 3H),
@ 6.56(d, 1H, J=5.5Hz), 6.35(s, br, 1H), 4.82(m, 1H),
NS g 3.03(s, 2H), 3.01(s, 2H), 2,58(s, 4H), 2.27(s, 3H),
7 N-Me 0.99(s, 3H), 0.98(s, 3H). MS(m/2): 543.0 (M+H)
N-(3-Fiuoro-4-(2-(1-methy!-1,2,3,6-
tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N-phenylcyclopropane-1,1-
dicarboxamide
262 109 . >~ 'H NMR (400 MHz, DMSO-d;) 8 (ppm): 10.15(s,
F. N N 1H), 8.41(d, 1H, J=5.5Hz), 7.74(dd, 1H, J,=2.2Hz,
:@’ m © 1,=13.1Hz),7.46-7.37(m, 5H), 7.28-7.24(m, 3H),
0o 6.56(d, 1H, J=5.5Hz), 6.35(s, br, 1H), 4.82(m, 1H),
S 3.03(s, 2H), 3.01(s, 2H), 2,58(s, 4H), 2.27(s, 3H),
(L 7 N-me 0.99(s, 3H), 0.98(s, 3H) MS (m/2): 559.1 (M+H).
N'-(3-Fluoro-4-(2-(1-methyl-1,2,3,6- -
tetrahydropyridin-4-yl)thieno[3,2-b] pyridin-7-
yloxy)phenyl)-N’-isopropyl-N°>-
phenylmalonamide
263 110 H "H NMR (400 MHz, DMSO-d;) & (ppm): 10.57(s,

r S
N

N-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-
tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-2-o0xo-3-phenylimidazoiidine-1-
carboxamide

1H), 8.44(d, 1H, J=5.5Hz), 7.84(dd, 1H, ],=2.2Hz,
1,=13.3Hz), 7.62(d, 1H, J=7.8Hz), 7.49(s, 1H),
7.46-7.40(m, 4H), 7.17(t, 1H, J=7.2Hz), 6.60(d, 1H,
J=5.3Hz), 6.37¢t, IH, J=3.8Hz), 3.95(m, 4H),
3.05(m, 2H), 2.59(s, 4H), 2.28(s, 3H). MS (m/z):
544.1 (M+H)
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Scheme 67
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Example 111

N-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-

3-(4-fluorophenyl)-2-oxoimidazolidine- 1 -carboxamide (264)
Step 1: rert-Butyl 4-(trifluoromethylsulfonyloxy)-5,6-dihydropyridine-1(2 H)-carboxylate (265)
[0404] LDA (1.5 N in THF, 7.2 mL, 10.68 mmol) was added to a solution of tert-butyl 4-
oxopiperidine-1-carboxylate (1.94 mL, 9.74 mmol) in THF (13 mL) at -78 °C, the mixture was
warmed to room temperature and stirred for 30 min. The solution was cooled to —78 °C and 1,1,1-
trifluoro-N-(pyridin-2-yl)-N-(trifluoromethylsulfony!) methanesulfonamide (4.0 g, 11.2 mmol)
was added in one portion, the solution was warmed to room temperature and stirred for 1 h. The
mixture was diluted with EtOAc, washed with 1N HCI, water, brine and concentrated under

reduced pressure to a minimum volume, and filtered. The filtrate was collected, further
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concentrated and the residue was distilled under reduced pressure affording 265 (2.80 g, 8.17
mmol, 86% yield) as brown liquid. MS (m/z): (M — Boc +1) 232.1 (26%).
Step 2: tert-Butyl 4-(7-(2-fluoro-4-nitrophenoxy)thieno[ 3,2-bpyridin-2-yl)-5,6-dihydropyridine-

1(2H)-carboxylate (267)

[0405] Following the procedure described above for coinpound 259 (scheme 66) but replacing
compound 257 with tert-butyl 4-(trifluoromethylsulfonyloxy)-5,6-dihydropyridine- 1(2H)-
carboxylate (265); the title compound 267 was obtained in 56% yield. MS (m/z): (M+1) 472.5
(25%).

Step 3: 7-(2-Fluoro-4-nitrophenoxy)-2-(1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridine (268)
[0406] To a solution of tert-butyl 4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-
5,6-dihydropyridine-1(2H)-carboxylate 267 (1 g, 2.13 mmol) in DCM (4.3 mL) TFA (4.3 mL) was
added and the reaction mixture was stirred for 2 h at room temperature. The solvent was removed
under reduced pressure, the residue was suspended in aqueous sodium bicarbonate, the mixture
extracted with DCM, EtOAc and DCM; the combined organic phases were filtered and the
recovered solids dried. The organic phase was dried over anhydrous Na;SQy, concentrated under
reduced pressure and the residue was combined with the solid material obtained earlier to provide
268 (806 mg, 2.12 mmol, 100% yield) as a yellow solid. MS (m/z): (M+1) 372.1 (100%).

Step 4. 1-(4-(7-(2-Fluoro-4-nitrophenoxy) thieno[3,2-b]pyridin-2-yl)-5,6-dihydropyridin-1(2H)-
ylethanone (269)

[0407] To a suspension of 4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-1,2,3,6-
tetrahydropyridine 268 (400 mg, 1.08 mmol) and DIPEA (0.207 mL, 1.19 mmol) in DCM was
added acetyl chloride (0.15 mL, 2.16 mmol) at room temperature and the mixture (that turned
homogeneous soon after) was stitred for | h. The crude mixture was concentrated under reduced
pressure and the residue purified by flash chromatography (5% MeOH to 10% MeOH in DCM)
affording 269 (358.2 mg, 0.87 mmol, 80% yield) as a white solid. MS (m/z): (M+1) 414.4 (100%).
Step 5: 1-(4-(7-(4-Amino-2-fluorophenox y)thieno[3,2-b]pyridin-2-yl)-5,6-dihydropyridin- 1 (2H)-
yl)ethanone (270)

[0408] To a mixture of 1-(4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-5,6-
dihydropyridin-1(2H)-yl)ethanone (269) (358.2 mg, 0.87 mmol) and NH4Cl (39.4 mg, 0.74 mmol)
in EtOH (8.7 mL) / water (4.3 mL) at 100 °C was added Fe (411.3 mg, 7.36 mmol) in one portion
and the mixture heated to reflux with vigorous stirring for 40 min. The mixture was filtered

through Celite®, the Celite® washed with EtOH and the combined organic solutions concentrated
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under reduced pressure. The residue was dissolved in DCM, exiracted with water, dried aver
anhydrous Na,SO; and concentrated under reduced pressure affording 270 (256.5 mg, 0.67 mmol,
77% yield) as a white solid. MS (m/z): (M+1) 384.2 (100%).

Step 6: N-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-3-(4-fluorophenyl)-2-oxoimidazolidine-1-carboxamide (264)

[0409] Triphosgene (209.2, 0.47 mmol) was added to a solution of 1-(4-
fluorophenyl)imidazolidin-2-one (209.2 mg, 0.71 mmol) in THF (4.7 mL) and the mixture was
heated to reflux for 6 h. 1-(4-(7-(4-Amino-2-fluorophenoxy)thieno[3,2-b}pyridin-2-yl)-5,6-
dihydropyridin-1(2H)-yl)ethanone 270 (120.0 mg, 0.31 mmol) and DIPEA (0.1 mL, 0.5 mmol)
were added and the mixture was stirred for 1 h at room temperature. The reaction mixture was
transferred to a silica gel flash chromatography column and eluted with 3% MeOH in DCM
affording 264 (97.6 mg, 0.16 mmol, 52% yield) as a white solid, "H NMR (400 MHz, DMSO-dg) 3
(ppm):10.55(s, 1H), 8.47(d, 5.5Hz, 1H), 7.84(dd, J=2.4Hz, 13.1Hz, 1H), 7.71-7.63(m, 2H),
7.54(m, 1H), 7.48-7.42(m, 2H), 7.31-7.27(m, 2H), 6.63(m,1H), 6.42(m, 1H), 4.21(br, 1H), 4.15(br,
1H), 3.96-3.93(m, 4H), 3.71-3.65(m, 2H), 2.70(br, 1H), 2.59(br, 1H), 2.09(s, 1.5H), 2.05(s, 1.5H).
MS (m/z): (M+1) 590.2 (100 %).

Scheme 68
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Example 112
N'-(3-Fluoro-4-(2-(3-hydroxyazetidine-1 -carbonyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>~(2-
methoxyphenyl)malonamide (271)
Step 1: (3-(tert-Butyldimethylsilyloxy)azetidin-1-y1)(7-(2-fluoro-4-nitrophenoxy)thienof3,2-
blpyridin-2-yl)methanone (273)
[0410] A mixture of (3-(tert-butyldimethylsilyloxy)azetidin-1-y1)(7-chlorothieno[3,2-
b]pyridin-2-yl)methanone 272 (749.7 mg, 1.96 mmol) (WO 2006/010264), 2-fluoro-4-nitrophenol
(461 mg, 2.94 mmol), K2CO; (518 mg, 3.92 mmol) and Ph,O (2.6 mL) was stirred in a sealed tube
for 1.5 h at 170 °C. The mixture was diluted with DCM, exiracted with water, the organic phase
dried over anhydrous Na,SO,4 and concentrated. The residue was purified by flash chromatography
(eluted successively with: EtOAc/hexanes 1:1, EtOAc, EtOAc/MeOH 4:1) affording 273 (336 mg,
0.67 mmol, 34% yield). MS (m/z): (M+1) 504.1 (100%).
Step 2: (7-(4-amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)(3-(tert-
butyldimethylsilyloxy)azetidin-1-yl)methanone (274)
[0411] To a solution of (3-(tert-butyldimethylsilyloxy)azetidin-1-yl)(7-(2-fluoro-4-
nitrophenoxy)thieno[3,2-b]pyridin-2-yl)methanone 273 (336 mg, 0.67 mmol) and NiCl,.6H,0O
(318 g, 1.34 mmol) in MeOH/THF (4.7mL/4.7 mL) was added NaBH, (101 g, 2.68 mmol) at 0 °C
and the mixture stirred for 1 hr. The reaction mixture was added to an EDTA.4Na (1.1g/100 mL)
solution and extracted with EtOAc. The aqueous layer was filtered and extracted again with
EtOAc. The combined organic phase was dried over anhydrous Na;SO, and concentrated under
reduced pressure. The residue was purified by flash chromatography (pure EtOAc) giving 274 as
creamy foam (145.2 mg, 46% yield). MS (m/z): (M+1) 474.1 (100%).
Step 3: N'-(4-(2-(3-(tert-Butyldimethylsilyloxy)azetidine- 1-carbonyl)thieno[3,2-b]pyridin-7-
yloxy)-3-fluorophenyl)-N>-(2-methoxyphenyl)malonamide (275)
[0412] A mixture of (7-(4-amino-2-fluorophenoxy)thieno(3,2-b]pyridin-2-yl)(3-(tert-
butyldimethylsilyloxy)azetidin-1-yl)methanone 274 (145.2 mg, 0.31 mmol), 27 (77 mg, 0.367
mmol), and EDC (70.3 mg, 0.367 mmol) in DMF (4.4 mL) was stirred overnight at room
temperature. The crude mixture was diluted with EtOAc, extracted with water, dried over

anhydrous Na,SO, and concentrated under reduced pressure affording crude 275 (178.4 mg, 0.269

mmol, 87% yield) that was used in the next step without further purification. MS (m/z): (M+1)
665.1 (100%).
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Step 4: N'-(3-Fluoro-4-(2-(3-hydroxyazetidine-1-carbonyl)thieno[3,2-blpyridin-7-yloxy)phenyl)-
N -(2-methoxyphenyl)malonamide x HCI (271)
[0413]  To a suspension of N'-(4-(2-(3-(tert-butyldimethylsilyloxy)azetidine-1-carbonyl)thieno
[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N3-(2-methoxyphenyl) malonamide 275 (179mg, 0.268
mmol) in MeOH (18 mL) HCI (IN in dioxane, 0.54 mL, 0.54 mmol) was added dropwise and the
mixture was stirred for 15 min at room temperature. The solvent was removed under reduced
pressure, MeOH was added to the residue and concentrated, the residue was suspended in water
and lyophilized affording 271 (104.6 mg, 0.18 mmol, 67% yield) as a white solid. "H NMR (400
MHz, DMSO-ds) & (ppm): 10.68(s, 1H), 9.64(s, 1H), 8.64(d, J=5.5Hz, 1H), 8.06(dd, J=1.9Hz,
=9Hz, 1H), 7.94(s, 1H), 7.89(dd, J=12.9Hz, J=2.4Hz, 1H), 7.51(t, J=8.8Hz, 1 H), 7.46(dd,
J=1.6Hz, J=8.8Hz, 1H), 7.11-7.04(m, 2H), 6.92(m, 1H), 6.84(dd, J=5.5Hz, J=1HZ, 1H), 6.90(m,
1H), 4.59(m, 1H), 4.36-4.31(m, 2H), 3.88-3.84(m, 4H), 3.67(s, 2H). MS (m/z): (M+1) 551.0
(100%).

Scheme 69
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N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-oxo-3-
(piperidin-1-yl)imidazolidine-1-carboxamide (276)
Step 1: 1-(Piperidin-1-yl)imidazolidin-2-one (278)
[0414] To a solution of piperidin-1-amine (5 mL, 46.32 mmol) in THF (46 mL) 1-chloro-2-
isocyanatoethane (4.35 mL, 50.95 mmol) was added dropwise at 0 °C; after the addition was
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completed the mixture was stirred for 1 h at 0 °C. The reaction was quenched with water, the
mixture was extracted with DCM and the organic phase was concentrated under reduced pressure
to produce the chloride 277 (not isolated). This material was dissolved in THF (93 mL), NaH
(60% in mineral oil, 3.7 g, 93 mmol) was added at 0 °C and the mixture stirred overnight. The
solution quenched with water, extracted with DCM, dried over anhydrous Na;SQ, and
concentrated under reduced pressure. The residue was triturated with hexanes and filtered
affording 278 (7.2 g, 43 mmol, 92% yield) as a white solid. MS (m/z): (M+1) 191.9 (100%).

Step 2: N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-bpyridin-7-yloxy) phenyl)-2-
0x0-3-(piperidin-1-yl)imidazolidine-1-carboxamide (276)

[0415]  Triphosgene (107 mg, 0.36 mmol) was added to a solution of 1-(piperidin-1-
ylimidazolidin-2-one (278) (120 mg, 0.71 mmol) in THF (7.1 mL) and the mixture was refluxed 6
h the solution was cooled down. 3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-
7-yloxy)aniline (12) (150.0 mg, 0.44 mmol) and DIPEA (0.186 mL, 1.07 mmol) were added and
the mixture stirred 1 h at room temperature. The reaction mixture was filtered, the solution
transferred to a flash chromatography column and eluted with 2% to 5% MeOH in DCM affording
title compound 276 (176.4 mg, 0.33 mmol, 75% yield) as a creamy solid. 'H NMR (400 MHz,
DMSO-dg) 3 (ppm): 10.57(s, 1H), 8.4(d, J=5.4Hz, 1H), 7.86(s, 1H), 7.79(dd, J=2Hz, J=12.9Hz,
1H), 7.72(s, 1H), 7.68(s, 1H), 7.46(t, J=8.9Hz, 1H), 7.36(m, 1H), 6.58(d, 5.4Hz, 1H), 3.76(dd,
J=1.7THz, J=8.2Hz, 2H), 3.73(s, 3H), 3.54(dd, J=8.2Hz, J=7.7Hz, 2H), 2.9-2.87(m, 4H), 1.59(m,
4H), 1.35 (m, 2H). MS (in/z): (M+1) 536.2 (100 %)

Example 114
3-Cyclohexyl-N-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b}pyridin-7-yloxy)phenyl)-
2-oxoimidazolidine-1-carboxamide (279)

Step 1: 1-(Piperidin-1-yl)imidazolidin-2-one (281)

[0416]  Following the procedure described above for compound 278 (scheme 69) but replacing
piperidin-1-amine with cyclohexylamine, the title compound 281 was obtained in 23% yield (via
the intermediate 280). MS (nv/z): (M+1) 169.2 (56%), (2M+23) 359.3 (100%).

Step 2: 3-Cyclohexyl-N-(3-fluoro-4-(2-(1-methyl- 1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-2-oxoimidazolidine-1-carboxamide (279)

{0417]  Following the procedure described above for the compound 276 (example 113) but
replacing 1-(piperidin-1-yl)imidazolidin-2-one (278) by 1-cyclohexylimidazolidin-2-one (281), the
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title compound 279 was obtained in 68 % yield. "H NMR (400 MHz, DMSO-d;) & (ppm): 10.69 (s,
1H), 8.44 (dd, J=5.5Hz, 1H), 7.86 (s, 1H), 7.79 (dd, J=2.5Hz, J=13Hz, 1H), 7.72(s, 1H), 7.68(s,
1H), 7.46(t, J=8.9Hz, 1H), 7.35(d, J=5.5Hz, 1H), 6.58(d, J=5.5Hz, 1H), 3.8(dd, J=7.6Hz, J=8.0Hz,
2H), 3.73(s, 3H), 3.7-3.6(m, 1H), 3.44(dd, J=7.2Hz, J=8.0Hz, 2H), 1.79-1.60(m, 5H), 1.47-1.41(m,
2H), 1.36-1.29(m, 2H), 1.7(m, 1H). MS (m/z): (M-+1) 535.2.

Scheme 70
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N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-oxo-3-
phenylimidazolidine-1-carbothioamide (282)

[0418] Thiophosgene (0.052 mL, 0.68 mmol) was added fo a solution of 1-
phenylimidazolidin-2-one (100 mg, 0.62 mmol) in THF (6.2 mL) and the mixture was heated at 50
°C over night. The amine 12 (150.0 mg, 0.44 mmol) and DIPEA (0.115 mL, 0.66 mmol) were
added and the mixture was stirred for 1 h at room temperature, The mixture was diluted with
DCM, the solution was extracted with 3% citric acid solution, dried (Na;SQ;) and concentrated
under reduced pressure. The residue was purified by flash chromatography (MeOH/DCM) 1:9
affording 282 (143 mg, 0.269 mmol, 61% yield) as a brown solid. "H NMR (400 MHz, DMSO-ds)
8 (ppm): 12.37 (s, 1H), 8.47 (d, J=5.4Hz, 1H), 8.06 (dd, J=2Hz, J=11.3Hz, 1H), 7.87 (d, J=1Hz,
1H), 7.71 (m, 2H), 7.63 (m, 2H), 7.54 (m, 2H), 7.45 (m, 2H),7.21 (dd, J=7.2Hz, J=7.4Hz, 1H),
6.61 (d, 5.4Hz, 1H), 4.24 (dd, J=7.9Hz, J=6.5Hz, 2H) 3.98 (dd, J=7.9Hz, J=6.5Hz, 2H), 3.72 (s,
3H). MS (m/z): (M+1) 545.1 (100 %).
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Example 116
N-(3-Fluoro-4-(2-(1-methyl- 1 H-imidazol-2-yl)thieno[ 3,2-b]pyridin-7-yloxy)phenyl)-3-(4-
fluorophenyl)-2-oxoimidazolidine-1-carboxamide (283)

F. \ N[—\N
YT
0 s 0 F
N S N
N
BV ®
\
283: Example 118
[0419] Title compound 283 was obtained similarly to the compound 282 (example 115)
according to the Scheme 69, starting from 1-(4-fluorophenyl)imidazolidin-2-one and amine 9
(Scheme 2). "H NMR (400 MHz, DMSO-ds) § (ppm) 12.34 (s, 1H), 8.55 (d, J=5.48 Hz, 1H),
8.05 (d, J=13.1 Hz, 1H), 7.91 (s, 1H), 7.64 (m, 2H), 7.54 (m, 2H), 7.42 (s, IH), 7.30 (1, /= 8.80
Hz, 2H), 7.05 (s, 1H), 6.71 (d, J=5.28 Hz, 1H), 4.23 (t, /= 7.43 Hz, 2H), 3.98 (m, 5H). MS
(m/z): 563.2 (M+H).
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Example 117
N'-(3-Fluoro-4-(2-(2-oxopyrrolidin-1 -yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(2-
methoxyphenyl)malonamide (284)
Step 1: 1-(7-(4-Amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)pyrrolidin-2-one (285)
[0420] A mixture of the amine 225 (200 mg, 0.59 mmol) (scheme 61), trans-N' N2-
dimethylcyclohexane-1,2-diamine (17 mg, 0.118 mmol), pyrrolidin-2-one (0.054 mL, 0.71 mmol),
Cul (22 mg, 0.118 mmol) and K3P04 (250 mg, 1.18 mmol) in dioxane (0.6 mL) was stirred under
nitrogen at 70 °C over night. The crude mixture was purified by flash chromatography
(MeOH/DCM 1:19) affording title compound 285 (83.7 mg, 0.243 mmol, 41% yield) as an orange
solid. MS (w/z): (M+1) 344.0 (100%).
Step 2: N'~(3-Fluoro-4-(2-(2-oxopyrrolidin-1-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide (284)
[0421] A solution of the amino lactam 285 (80,7 mg, 0.243 mmol), 3-(2-
methoxyphenylamino)-3-oxopropanoic acid 27 (76.1 mg, 0.365 mmol), EDC (70 mg, 0.365
mmol) and HOBt (56 mg, 0.365 mmol) in DMF (2.4 mL) was stirred overnight at room
temperature. More 27 (76.1 mg, 0.365 mmol) and EDC (70 mg, 0.365 mmol) were added and the
mixture was stirred 6 h more. The mixture was diluted with EtOAc, extracted with water, dried
over anhydrous Na;SO;, and concentrated under reduced pressure. The residue was crystallized
from MeCN affording title compound 284 (24 mg, 0.044 mmol, 18% yield). 'H NMR (400 MHz,
DMSO0-ds) 8 (ppm): 10.73(s, 1H), 9.63(s, 1H), 8.64(d, J=6.5Hz, 1H), 8.06(dd, J=10Hz, J=1.5Hz,
1H), 7.92(dd, J=13.1Hz, J=2.3Hz, 1H), 7.59-7.48(m, 2H), 7.12-7,05(m, 3H), 6.94-6.90(m, 2H),
4.07(dd, J=7.0Hz, J=7.4Hz, 2H), 3.86(s, 3H), 3.67(s, 2H), 2.69(dd, J=7.8Hz, J=8.2Hz, 2H),
2.24(m, 2H). MS (m/z): (M+1) 535.1 (100 %).
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Scheme 72
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Example 118
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-blpyridin-7-yloxy)phenyl)-3-phenyl-2-
thioxoimidazolidine-1-carboxamide (286)

[0422] To a mixture of 12 (150 mg, 0.44 mmol) and DIPEA (0.084 mL, 0.48 mmol) in THF
(4.5mL) 4-mﬁ'ophcnyl carbamate (97 mg, 0.48 mmol) was added and the mixture stirred 30 min
at room temperature. Thereafter N'-phenylethane-1,2-diamine (0.086 mL, 0.66 mmol) was added
and the mixture was stirred for 1 h more, to form the intermediate 287 (not isolated).
Thiophosgene (0.05 mL, 0.66 mmol) and DIPEA (0.232 mL, 1.38 mmol) were added and the
mixture was stirred overnight at room temperature, More thiophosgene (0.05 mL, 0.66 mmol) was
added and the mixture was heated to reflux for 3 h more. The mixture was diluted with DCM,
extracted with water, dried over anhydrous Na,SQ; and concentrated under reduced pressure, The
residue was purified by flash chromatography (5% MeOH in DCM) followed by trituration of the
resulting solid with MeOH affording title compound 286 (61mg, 0.11 mmol, 25%) as a cream
solid. "H NMR (400 MHz, DMSO-ds) 8 (ppm): 12.56(s, 1H), 8.45(d, J=5.5Hz, 1H), 7.87(d,
J=1.2Hz, 1H), 7.82(dd, J=2.5Hz, J=12.7Hz, 1H), 7.73(d, J=0.8Hz, 1H), 7.67(s, 1H), 7.52-7.48(m,
5H), 7.42-7.35(m, 2H), 6.31(dd, J=5.5Hz, J=0.8Hz, 1H), 4.27-4.22(m, 2H), 4.13-4.09(m, 2H),
3.73(s, 3H). MS (m/z): (M+1) 545.2 (100 ).
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Table 9
Compounds 288-290 (examples 119-121) prepared starting from the amine 197 (scheme 54) and
acids 1,161 and 177
Cpd Ex Sctructure Characterization
288 | 119 E H ] "H NMR (400 MHz, DMSO-d;) & (ppm): 10.57 (s,
U Y \@ iH), 10.22 (s, 1H), 8.43 (d, J = 5.6 Hz, 1H), 7.92 (d,
0 0 J = 1.2 Hz, 1H), 7.88 (dd, J = 124, 2.4 Hz, 1H),
NM 7.77 (d, J = 1.2 Hz, 1H), 7.66 (s, 1H), 7.61 (dd, ] =
a S, e 8.8, 1.2 Hz, 2H), 7.49 (t, ] = 8.8 Hz, 1H), 7.43 (dd, J
W~/ e = 8.8, 2.4 Hz, 1H), 7.33 (t, J = 8.0 Hz, 2H), 7.07 (¢,
N-(4-2-(1-2-(Dimethylamino)ethyl)- 1 = 7-6 Hz, 1H), 6.58 (4, J=5.6 Hz, 1H), 4.11 (¢, I =
mﬁoli_ﬁl)ﬁentf[3,§_ﬁ“;§ﬁn_¥, -1H- {6 4 ¥iz, 219, 3.52 (s, 2H1), 2.61 (. 1 = 6.4 Hz, 2H),
yloxy)-3-fluorophenyl)-N°- 2.19 (s, 6H).
phenylmalonamide
289 | 120 . H o TH NMR (400 MHz, DMSO-dj) & (ppm): 10.37 (s,
3 1H), 10.00 (s, 1H), 8.43 (d, ] = 5.2 Hz, 1H), 7.94-
o 0 O 7.87 (d, 2H), 7.77 (d, J = 1.2 Hz, 1H), 7.66 (5, 1H),
N 7.63 (4, J = 8.4 Hz, 2H), 7.51 (dd, ] = 9.2, 2.0 Hz,
WNN 2 1H), 745 (t, = 8.8 Hz, 1H), 7.31 (t, ] = 8.0 Hz,
So~? W 2H), 7.07 (t, J = 7.6 Hz, 1H), 6.55 (d, J = 5.6 Hz,
. 1H), 4.11 (t, J = 6.4 Hz, 2H), 2.61 (1, J= 6.4 Hz,
N-(4-(2-(1-(2-(dimethylamino)ethyl)- 1 H-
imidazol-4-yl)thieno[3,2-b]pyridin-7- | 2X0» 219 (5, 6H), 1.48 (5, 4H).
yloxy)-3-fluorophenyl)-N-
phenylcyclopropane-1, 1-dicarboxamide
200 | 121 " i F TH NMR (400 MHz, DMSO-d;) & (ppm): 10.37 (bs,
F: WIXI’ 1H), 10.30 (bs, 1H), 8.44 (d, J = 5.6 Hz, 1H), 7.92
U o O (d, J = 1.0 Hz, 1H), 7.90-7.80 (m, 2H), 7.77 (d, J =
0 1.0 Hz, 1H), 7.67 (s, 1H), 7.52 (dd, J = 8.8, 2.0 Hz,
& J N~ Me 1H), 7.47 (t, J = 8.8 Hz, 1H), 7.31-7.23 (m, 1H),
Sy I/ = 7.23-7.15 (m, 2H), 6.56 (d, I = 5.6 Hz, 1H), 4.11 (¢,
N-(4~(2-(1-(2- (Dimethylamino)ethyl)- 1H- é;) 64 20 2;,61;)(‘* J =64 Hz, 2H), 2.19 (s,
imidazol-4-yl)thieno[3,2-blpyridin-7- » 1.63-1.52 (m, 41).
yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)cyclopropane-1,1-
dicarboxamide
Scheme 73
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4-Jodo-1-(3-(pyrrolidin-1-yl)propyl)-1 H-imidazole (293)
Step 1. 1-(3-Chloropropyl)-4-iodo-1H-imidazole (292)
[0423]  To a stirred solution of 4-iodo-1H-imidazole (291, 2 g, 10.3 mmol) [a) Y. He et al.. Tet.
Lett. 45, 2004, 5529-5532. b) Panosyan, F.B., Still, LW.J.. Can. J. Chem. 79,2001, 1110-1114.] in
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dry tetrahydrofuran (40 mL) at 0°C under nitrogen was added sodium hydride (60% in oil, 0.91 g,
22,7 mmol). The mixture was stirred for 20 min. at 0°C, 1-bromo-3-chloropropane (1.2 mL, 12.4
mmol) was added and stirring was continued for 24 h at room temperature. Water was added and
the aqueous solution was extracted twice with ethyl acetate. The combined organic layers were
dried over anhydrous sodium sulfate and the solvent was removed under reduced pressure. The
residue was purified by column chromatography on silica gel (eluent ethyl acetate-
dichloromethane, 4:96) to afford 292 (1.35 g, 5.0 mmol, 49% yield) as a light yellow oil. 'HNMR
(400 MHz, DMSO-d¢) 8 ppm: 7.63 (d, J=1.2 Hz, 1H), 742 (d, ] = 1.2 Hz, 1H), 4.08 (t, ] = 6.8
Hz, 2H), 3.55 (d, J = 6.8 Hz, 2H), 2.16 (q, J = 6.8 Hz, 2H). MS (m/z): 271.0 (M+H, 100%), 273.0
(M+H, 32%).

Step 2. 4-Iodo-1-(3-(pyrrolidin- 1-yl)propyl)-1H-imidazole (293)

[0424] A solution of the chloride 292 (1.2 g, 4.44 mmol) and pyrrolidine (1.1 mL, 13.3 mmol)
in dry DMSO (2 mL) was heated at 60°C under nitrogen for 3 h. The reaction mixture was cooled,
diluted with water and the aqueous phase was extracted twice with ethyl acetate. The combined
organic layers were dried over anhydrous sodium sulfate and the solvent was removed under
reduced pressure. The residue was purified by column chromatography on silica gel (eluent
methanol-dichloromethane, 5:95 to 20:80) to afford 293 (1.06 g, 3.47 mmol, 78% yield) as a
colorless oil, "TH NMR (400 MHz, DMSO-dg) 6 ppm: 7.59 (d, J = 1.2 Hz, 1H), 7.39 (d, ] = 1.2 Hz,
1H), 3.98 (t, J = 7.2 Hz, 2H), 2.45-2.33 (m, 4H), 2.29 (t, J = 7.2 Hz, 2H), 1.84 (q, J =7.2 Hz, 2H),
1.72-1.62 (m, 4H). MS (m/z): 305.9 (M+H).

[0425] Imidazole 293 was used for the synthesis of compounds 294-299 (examples 122-127),
Table 10.
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Scheme 74
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1-(4-Methyl-1,2,3,4-tetrahydroquinoxaline-1-carbonyl)cyclopropanecarboxylic acid (311)
[0426]  To a solution of cyclopropane-1,1-dicarboxylic acid (1 g, 7.69 mmol) in dry
tetrahydrofuran (20 mL) at 0°C under nitrogen, was added triethylamine (1.07 mL, 7.69 mmol)
and the mixture was stirred for 30 min. Thionyl chloride (0.56 mL, 7.69 mmol) was added, stirring
was continued at 0°C for 30 min., 1-methyl-1,2,3,4-tetrahydroquinoxaline (310) (1.2 g, 8.46
mmol)[Smith R.F. etal., J. Org. Chem., 24.1959.205 ] was added and the reaction mixture was
allowed to warm to room temperature. After stirring for 1 h, ethyl acetate was added and the
resulting mixture was extracted twice with a 1N NaOH solution. The combined aqueous layers
were acidified to pH 4-5 by addition of a 3N HCI solution and extracted 4 times with ethyl acetate.
The combined organic layers were dried over anhydrous sodium sulfate and the solvent was
removed under reduced pressure. The residue was purified by Biotage (Si 12M, gradient: MeOH
in dichloromethane 0% to 10%) to afford title compound 311 (638 mg, 32% yield). MS (m/z):
259.0 (M-H).

3-(4-Methyl-3,4-dihydroquinoxalin-1(2H)-yl)-3-oxopropanoic acid (312)
[0427)  To a solution of methyl 3-chloro-3-oxopropanoate (1 g, 7.32 mmol) and 1-methyl-
1,2,3,4~tetrahydroquinoxaline (310) (1.09 g g, 7.32 mmol) [Smith R.F. et al., J. Org. Chem., 24,
1959. 205] in dry dichloromethane (40 mL) at 0°C under nitrogen was slowly added N, -
diisopropylethylamine (2.55 mL, 14.6 mmol). The reaction mixture was slowly warmed to room

temperature (over 45 min). A saturated aqueous solution of sodium bicarbonate was added and the
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aqueous solution was extracted with dichloromethane. The organic layer was dried over anhydrous
sodium sulfate and the solvent was removed under reduced pressure. The residue was purified by
column chromatography on silica gel (eluent ethyl acetate-hexane 1:1) to afford an off-white solid
(1.82 g). This solid was dissolved in tetrahydrofuran (40 mL) and water (20 mL), lithium
hydroxide monohydrate (615 mg, 14.7 mmol) and the reaction mixture was stirred 16 h at room
temperature. The solution was acidified to pH 4 with a 1H HCl solution and extracted 4 times with
ethyl acetate. The combined organic layers were dried over anhydrous sodium sulfate and the
solvent was removed under reduced pressure. The residue was purified by Biotage (Si 25M,
gradient: MeOH in dichloromethane 0% to 10%) and trituration in a mixture of ethyl ether-hexane
to afford title compound 312 (1.27 g, 74%) as a white solid. MS (m/z): 235.1 (M~+H),

3-Methyl-2-0xo0-1-phenylpyrrolidine-3-carboxylic acid (313)
[0428] To a stirred solution of 1-phenyl-2-oxo-3-pyrrolidinecarboxylic acid (205) (200 mg,
0.975 mmol) in dry tetrahydrofuran (5 mL) at -78°C was added LDA (1.5M solution in
cyclohexane, 1.63 mL, 2.44 mmol) and the mixture was stirred for 40 min. lodomethane (152 pL,
2.44 mmol) was added and the reaction mixture was allowed to warm to room temperature and
stirring was continued for 16 h, Water and ethyl acetate were added. The aqueous layer was
collected, acidified to pH 4 with a 1IN HCI solution and extracted twice with ethyl acetate. The
combined organic layers were dried over anhydrous sodium sulfate and the solvent was removed
under reduced pressure. The residue was purified by column chromatography on silica gel (eluent
methanol-dichloromethane 2:98) to afford title compound 313 (170 mg, 80% yield) as a yellow
solid. "H NMR (400 MHz, DMSO-dj) & (ppm): 7.67 (dd, J = 8.8, 1.2 Hz, 2H), 7.39 (dd, J = 8.8,
7.2 Hz, 2H), 7.16 (i, J = 7.2, 1.2 Hz, 1H), 3.92-3.80 (m, 2H), 2.54-2.46 (m, 1H), 2.08-1.98 (m,
1H), 1.34 (s, 3H).

Table 12
Compounds 314-316 (examples 138-140) prepared according to the scheme 3 starting from the
amine 12 and acids 311-313 '

Cpd | Ex Structure Characterization
314 | 138 "H NMR (400 MHz, DMSO0-d;) 5 (ppm): 9.94

N/
Hﬁr (s, 1H), 8.43 (d, J = 5.6 Hz, 1H), 7.85 (d, J =
]g I 12 Hz, 1H), 7.70 (d, J = 0.8 Hz, 1H), 7.66 s,
R

F’
0 1H), 7.29 {t, J = 8.8 Hz, 1H), 7.28-6.86 (m,

NS
,L/)_Q\I; 72 Hz, 1H), 643 (d, J = 5.6 Hz, 1H), 6.46-

3H), 6.87 (td, J = 8.0, 1.6 Hz, 1H), 6.48 (t, J =
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Cpd | Ex | Structure Characierization
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4- 6.37 (m, 1H), 3.83-3.75 (m, 2H), 3.70 (s, 3H),
yhthieno[3,2-b]pyridin-7-yloxy)phenyl)-1-4-  13.46 (t, J = 5.2 Hz, 2H), 2.57 (bs, 3H), 1.56-
methyl-1,2,3,4-tetrahydroquinoxaline-1- 1.50 (m, 2H), 1.43-1.37 (m, 2H).
carbonyl)cyclopropanecarboxamide
315 | 139 o N~ |H NMR (400 MHz, DMSO-d)) 8 (ppm):
F Ny~ 10.47 (bs, 1H), 8.43 (d, J = 5.6 Hz, 1H), 7.87
U ! (@ J = 1.2 Hz, 1H), 7.86-7.77 (m, 1H), 7.72 (s,
0 1H), 7.68 (s, 1H), 7.46 (t, J = 8.8 Hz, 1H),
AN SeS 7.42-720 (m, 2H), 7.12-6.96 (m, 1H), 6.73 (d,
F VS P J = 7.6 Hz, 1H), 6.65-6.56 (m, 1H), 6.57 (d, J
= . y Do = 4. y e 3
N-(3-fluoro-4-(2-(1-methyl-F-imidazol-d- |- ariizy 110 38 (o = 48 Ha 2D, 373
: . 1 (s, 3H), 3.43-3.33 (m, 2H), 2.92 (s, 3H).
yDthienof3,2-b]pyridin-7-yloxy)phenyl)-3-(4- (m/z): 557.0 (M+H)
methyl-3,4-dihydroquinoxalin-1(2H)-yl)-3- ’ )
oxopropanamide
316 | 140 d N "H NMR (400 MHz, DMSO-dy) § (ppm): 9.95
F @ (s, 1H), 8.43 (d, J = 5.6 Hz, 1H), 793 (dd, J =
U o 0 13.2, 2.0 Hz, 1H), 7.87 (d, J = 0.8 Hz, 1H),
Q 7.74-1.70 (m, 3H), 7.69 (s, 1H), 7.61-7.57 (m,
s S S 1H), 7.47 (t, J = 8.8 Hz, 1H), 7.42 (t, J = 8.0
NN Hz, 2H), 7.19 (t, } = 8.0 Hz, 1H), 6.58 (d, J =
N-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-4- 5.6 Hz, 1H), 3.95-3.83 (m, 2H), 3.72 (5, 3H),
yl)thieno[3,2-5]pyridin-7-yloxy)phenyl)-3-methyl- 2.78-2.70 (m, 1H), 2.12-2.04 (m, 1H), 1.59 (s,
2-oxo-1-phenylpyrrolidine-3-carboxamide 3H).
Scheme 75
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Example 141
4,4,4-Trifluoro-3-(3-fluoro-4-(2-(1-methyl- 1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenylamino)-N-phenylbutanamide (317)

Step 1. N-(1-Ethoxy-2,2 2-trifluoroethyl)-3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-
b]pyridin-7-yloxy)benzenamine (318)

[0429] A mixture of 12 (Scheme 3) (500 mg, 1.47 mmol), trifluoroacetaldehyde ethyl
hemiacetal (0.35 mL, 2.94 mmol) and 4-toluenesulfonic acid monohydrate (280 mg, 1.47 mmol) in
ethanol (25 mL) was heated to reflux for 48 h. The reaction mixture was concentrated and the
residue was purified by column chromatography on silica gel (¢luent methanol-dichloromethane
5:95 to 8:92) to afford title compound 318 (470 mg, 1.01 mmol, 68% yield). *H NMR (400 MHz,
DMSO-de) & ppm: 8.42 (d, J =5.5 Hz, 1H), 7.85 (d, J = 1.2 Hz, 1H), 7.72 (d, ] = 0.8 Hz, 1H), 7.67
(s, 1H), 7.29 (t, ] = 9.2 Hz, 1H), 7.08-7.02 (m, 2H), 3.86 (dd, J =9.2, 2.0 Hz, 1H), 6.52 (4, ] =5.5
Hz, 1H), 5.68 (qd, J = 10.4, 5.2 Hz, 1H), 3.72 (s, 3H), 3.76-3.59 (m, 2H), 1.15 (t, J = 7.0 Hz, 3H).
LRMS (M+1) 467.0 (100%).

Step 2. Diethyl 2-(2,2,2-triftuoro-1-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-
b]pyridin-7-yloxy)phenylamino)ethyl)malonate (319)

[0430] To a solution of 318 (470 mg, 1.01 mmol) and diethyl malonate (0.17 mL, 1,11 mmol)
in anhydrous tetrahydrofuran (10 mL) under nitrogen was added sodium hydride (60% in oil, 89
mg, 2.22 mmol). The mixture was heated to reflux for 2 h, cooled, diluted with EtOAc and water
and acidified to pH 3 using a 1N HCI solution. The organic layer was separated and the aqueous
layer extracted twice with EtOAc. The extracts were combined, dried over sodium sulfate and the
solvents were removed under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent MeOH-dichloromethane, gradient 0:100 to 20:80) to afford
319 (490 mg, 0.84 mmol, 84% yield). 'H NMR (400 MHz, DMSO-ds) & ppm: 8.42 (d, J = 5.2 Hz,
1H), 7.85 (s, 1H), 7.72 (s, 1H), 7.67 (s, 1H), 7.24 (t,] = 9.2 Hz, 1H), 6.98 (dd, J = 13.6, 2.8 Hz,
1H), 6.72 (dd, J=9.2, 2.8 Hz, 1H), 6.62 (d, J = 10.0 Hz, 1H), 6.46 (d, J = 5.2 Hz, 1H), 5.05-4.95
(m, 1H), 4.23-4.07 (m, 4H), 3.91 (d, J = 9.2 Hz, 1H), 3.72 (s, 3H), 1.18.(t, ] = 7.0 Hz, 3H), 1.11 (1,
J=7.0 Hz, 3H). LRMS (M+1) 581.0 (100%).

Step 3. 4,4,4-Trifluoro-3-(3-fluoro-4-(2-(1-methyl- 1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenylamino)butanoic acid (320)
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[0431] A solution of 319 (490 mg, 0.84 mmol) and sodium hydroxide (338 mg, 8.44 mmol) in
water (0.7 mL) and ethanol (3.4 mL) was stirred at room temperature for 48 h. The solvents were
removed under reduced pressure and the residue was dissolved in water (20 m1). The solution was
neutralized to pH 4 with a 3N HCI solution and the solid thus formed was filtered off, rinsed with
water and dried. The solid was suspended in dry toluene (20 mL), heated to reflux for 1 h under
continuous stirring, and the solvent was removed under reduced pressure, The residue was purified
by column chromatography on silica gel (eluent MeOH-dichloromethane, gradient 10:90 to
50:50) and the resulting solid was triturated in a mixture of dichloromethane, eth)"l acetate and
hexane, isolated by filtration, and dried under high vacuum to afford title compound 320 (150 mg,
0.31 mmol, 37% yield). LRMS (M+1) 480.9 (100%).

Step 4. 4,4,4-Trifluoro-3-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenylamino)-N-phenylbutanamide (317)

[0432] To a stirred solution of 320 (150 mg, 0.31 mmol), aniline (43 pL, 0.47 mmol) and N,
N-diisopropylethylamine (0.19 mL, 1.09 mmol) in dry N, N-dimethylformamide (4 mL) at room
temperature was added HATU reagent (356 mg, 0.94 mmol). The mixture was stirred at room
temperature for 16 h. A saturated aqueous solution of sodium bicarbonate was added and the
aqueous solution was extracted twice with EtOAc, dried over anhydrous sodium sulfate and the
solvent was removed under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent MeOH-dichloromethane, gradient 3:97 to 8:92) to afford the
title compound 317 (111 mg, 0.20 mmol, 64% yield) as a white solid. *H NMR (400 MHz,
DMSO-dg) 8 ppm: 10.11 (s, 1H), 8.39 (d, J = 5.6 Hz, 1H), 7.85 (d, ] = 1.2 Hz, 1H), 7.72 (d, = 0.8
Hz, 1H), 7.66 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.30 (t, J = 8.0 Hz, 2H), 7.21 (t, ] = 8.8 Hz, 1H),
7.05 (t,J=7.2 Hz, 1H), 6.86 (dd, J = 13.6, 2.4 Hz, 1H), 6.67 (dd, J = 8.8,2.0 Hz, 1H), 6.57 (d,J =
8.8 Hz, 1H), 6.44 (d, ] = 5.6 Hz, 1H), 4.86-4.53 (m, 1H), 3.72 (s, 3H), 2.92 (dd, J = 15.6, 3.2 Hz,
1H), 2.76 (dd, J = 15.6, 9.6 Hz, 1H). LRMS (M+1) 5§56.0 (100%).
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Compounds 321-323 (examples 142-144) prepared according to the scheme 75

Cpd

Ex.

Structure

Characterization

321

142

N R
LT,
e
M’N/ A v

(=]
4,4,4-Trifluoro-3-(3-flucro-4-(2-(\-methyl- L H-
imidazol-4-yl)thieno[3,2-4]pyridin-7-
yloxy)phenylamino)-N-(4-
fluorophenyl)butanamide

"H NMR (400 MHz, DMSO-ds) & ppm;
10.18 (s, 1H), 8.39 (d, J = 5.2 Hz, 1H),
7.85(d,J=12Hz 1H), 7.72(d, I = 1.2
Hz, 1H), 7.66 (s, 1H), 7.61-7.55 (m, 2H),
721 (t, J = 8.8 Hz, 1H), 7.18-7.11 (m, 2H),
6.85 (dd, J = 13.2, 2.4 Hz, 1H), 6.67 (dd, J
= 8.8, 2.4 Hz, 1H), 6.57 (d, J = 92 Hz,
1H), 6.44 (d, J = 5.2 Hz, 1H), 4.85-4.73
(m, 1H), 3.72 (s, 3H), 2.91 (dd, J = 15.6,
4.0 Hz, 1H), 2.74 (dd, J = 15.6, 9.6 Hz,
1H). MS (w/z); 574.2 (M+H),

| 322

143

pe ALy

We
4,4 ,4-trifluoro-3-(3-fluoro-4-(2-(1-methyl-1H-
imidazol-4-yl)thieno[3,2-41pyridin-7-
yloxy)phenylamino)-N-(2-
methoxyphenylbutanamide

'H NMR (400 MHz, DMSO-ds) & ppm:
9.38 (s, 1H), 8.39 (d, ] = 5.6 Hz, 1H), 7.90
(dd, J = 8.4, 1.6 Hz, 1H), 785 (d, T = 1.2
Hz, 1H), 7.72 (d, J = 0.8 Hz, 1H), 7.66 (s,
1H), 7.21 (t, J = 9.2 Hz, 1H), 7.11-7.01 (m,
2H), 6.91-6.82 (m, 2H), 6.67 (dd, J = 8.6,
2.6 Hz, 1H), 6.56 (d, J = 8.8 Hz, 1H), 6.42
(d, T ~ 5.6 Hz, 1H), 4.854.74 (m, 1H),
3.82 (s, 3H), 3.72 (s, 3H), 2.89 (d, J = 6.8
Hz, 2H). MS (w/z): 586.3 (M+H).

323

144

N N

Mé
4,4,4-Trifluoro-N-(4-fluorophenyl)-3-(4-(2-(1-
methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin~7-
yloxy)phenylamino)butanamide

'H NMR (400 MHz, DMSO-dg) § ppm:
10.17 (s, 1H), 8.48 (d, T = 6,0 Hz, 1H),
7.97 (s, 1H), 7.83 (s, 1H), 7.70 (s, 1H),
7.58 (dd, J = 9.2, 4.8 Hz, 2H), 7.14 (1, J =
92 Hz, 2H), 7.0% (d, J = 9.2 Hz, 2H), 6.88
(d, 7 = 9.2 Hz, 2H), 6.59 (d, ] = 6.0 Hz,
1H), 6.32 (d, J = 9.2 He, 1H), 4.80-4.67
(m, 1H), 3.74 (s, 3H), 2.91 (dd, J = 15.6,
4.0 Hz, 1H), 2,75 (dd, J = 15.6, 9.2 Hz,
1H). MS (m/z): 556.2 (M+H).
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Scheme 76
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Example 145

4,4,4-Trifluoro-N-(3-fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-3-(phenylamino)butanamide (324)

Step 1. N-(1-Ethoxy-2,2,2-trifluoroethyl)benzenamine (325)
[0433] A solution of aniline (2 mL, 21.9 mmol), trifluoroacetaldehyde ethyl hemiacetal (2.6
mL, 21.9 mmol) and p-toluenesulfonic acid monohydrate (220 mg, 1.16 munol) in ethanol (25 mL)
was heated to reflux for 3 h under continuous stirring. The reaction mixture was cooled, the
solvent was removed under reduced pressure and the residue was dissolved in EtOAc. The organic
layer was washed with a saturated aqueous solution of sodium bicarbonate, dried over anhydrous
sodium sulfate and the solvent was removed under reduced pressure to afford title compound 32§
(4.16 g, crude) as a yellow oil which was used directly for the next step.
Step 2. Diethyl 2-(2,2,2-trifluoro-1-(phenylamino)ethyl)malonate (326)
[0434] A solution of diethyl malonate (1.98 mL, 13.0 mmol) in anhydrous tetrahydrofuran (10
mL) was added dropwise, over 20 min, into a dispersion of sodium hydride (60% in oil, 0.52 g,
13.0 mmol) in dry tetrahydrofuran (30 mL) at 0 °C, after which compound 325 (2.6 g, 11.9 mmol)
was added and the mixture was stirred vigorously at reflux for 16 h. The reaction mixture was
cooled, acidified to pH 3 using a 1N HCI solution. The aqueous layer was extracted twice with
EtOAc. The extracts were combined, dried over sodium sulfate and the solvents were removed

under reduced pressure. The residue was purified by column chromatography on silica gel (eluent

226



WO 2008/0410353 PCT/IB2006/004306

dichloromethane-hexane, 0:100 to 60:40) to afford title compound 326 (2.16 g, 6.48 mmol, 54%
yield) as a colorless oil. 'H NMR (400 MHz, CDCl3) § ppm: 7.21-7.16 (m, 2H), 6.81-6.76 (m, 1H),
6.75-6.71 (m, 2H), 5.06 (d, J = 10.4 Hz, 1H), 4.83-4.73 (m, 1H), 4.25 (q, ] =7.2 Hz, 2H), 4.18-
4.05 (m, 2H), 3.85 (d, J = 4.4 Hz, 1H), 1.28 (1, ] = 7.2 He, 3H), 1.13 (t, J = 7.2 Hz, 3H). LRMS
(M+1) 334.1 (100%).

Step 3. 4,4,4-Trifluoro-3-(phenylamino)butanoic acid (327)

[0435] A solution of compound 326 (2.16 g, 6.48 mmol) and sodium hydroxide (2.60 g, 64.8
mmol) in water (5.2 mL) and ethanol (26 mL) was stirred at room temperature for 24 h, The
solvents were removed under reduced pressure leaving a white solid which was triturated in ether,
isolated by filtration, rinsed with ether and dried under high vacuum. The white solid was
dissolved in water (12 mL), and the solution was neutralized to pH 4 with a 3N HC! solution,
extracted twice with EtOAc, the combined organic layers were dried over sodium sulfate and the
solvent removed under reduced pressure. The solid was dissolved in dry toluene (20 mL), heated
to reflux for 1 h with continuous stirring, and the solvent was removed under reduced pressure.
The residue was purified by column chromatography on silica gel (eluent EtOAc-hexane, gradient
0:100 to 40:60) to afford title compound 327 (204 mg, 0.87 mmol, 13% yield) as a beige solid. 'H
NMR (400 MHz, CDCl;) 8 ppm: 7.24-7.18 (m, 2H), 6.82 (tt, J = 7.2, 1.0 Hz, 1H), 6.75-6.71 (m,
2H), 4.55-4.45 (m, 1H), 2.89 (dd, I = 16.0, 4.4 Hz, 1H), 2.67 (dd, J = 16.0, 8.8 Hz, 1H). LRMS
(M-1) 231.9 (100%).

Step 4. 4,4,4-Trifluoro-N-(3-fluoro-4~(2-(1-methyl-1 A-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-3-(phenylamino)butanamide (324)

[0436] To a stirred solution of compound 12 (scheme 3) (100 mg, 0.29 mmol), compound 327
(103 mg, 0.44 mmol) and N,N-diisopropylethylamine (0.18 mL, 1.03 mmol) in dry N,N-
dimethyHormamide (3 mL) at 0 °C was added HATU reagent (335 mg, 0.88 mmol). The mixture
was stirred at room temperature for 16 h. A saturated aqueous solution of sodium bicarbonate was
added and the aqueous solution was extracted twice with EtOAc, dried over anhydrous sodium
sulfate and the solvent was removed under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent MeQH-dichloromethane, gradient 0:100 to 15:85). The
resulting solid was triturated in methanol, filtered off and dried under reduced pressure to afford
title compound 324 (81 mg, 0.15 mmol, 50% yield) as a white solid. 'H NMR (400 MHz, DMSO-
ds) 8 ppm: 10.50 (s, 1H), 8.41 (d,J = 5.6 Hz, 1H), 7.86 (d, J = 1.2 He, 1H), 7.81 (dd,J=13.2,2.0
Hz, 1H), 7.72 (s, 1H), 7.67 (s, 1H), 7.45 (t, ] = 8.8 Hz, 1H), 7.37 (dd, J = 8.8, 1.6 Hz, 1H), 7.10

227



WO 2008/041053

PCT/IB2006/004306

(dd, J=8.4, 7.2 Hz, 2H), 6.75 (d, ] = 8.0 Hz, 2H), 6.61 (t, T = 7.2 Hz, 1H), 6.55 (4, J = 5.6 Hz,
1H), 6.13 (d, J =9.2 Hz, 1H), 4.75-4.65 (m, 1H), 3.72 (s, 3H), 2.94 (dd, ] = 15.6, 3.6 Hz, 1H), 2.78
(dd, J =159, 9.6 Hz, 1H). LRMS (M+1) 556.0 (100%).

i n
8 N
AT TEC
0 CR
N S~y F
NS L
N-(4+2-(1-Ethyl-1H-imidazol-4-yDthieno[3,2-

blpyridin-7-yloxy)-3-fluorophenyl)-4,4,4-trifluoro~
3-(phenylamino)butanamide

Table 14
Compounds 328-329 (examples 146~147) prepared according to the scheme 76

Cpd | Ex. Structure Characterization
328 | 146 n };} H NMR (400 MHz, DMSO-ds) 8ppm: 10.47
Y'Y \@ (s, 1H), 8.41 (d, J=5.5bHz, 1H), 7.96 (s, 1H),
O CFs ¢ [7.827.78 (m, 2H), 7.67 (d, J=0.4 Hz, 1H),
=N Sy F 7.45 (t, J=8.9 Hz, 1H), 7.37 (dd, ]=9.9/2.2 Hz,
\/Nr /v ® 1H), 6.95 (t, J=8.8 Hz, 2H), 6.77-6.74 (m,
L . 2H), 6.55 (4, I=5.3 Hz, 1H), 6.06 (d, J=8.8
N-(4~(2-(1-Ethyl- 1H-imidazol-4-ylthienof3,2- H};) 1H), 4,3 (m, 1H), 4.051{(?;, J=’7.2(giz, 2H),
b]pynd1n-7-yIoxy)—3:ﬂuoropheny-l)-4,4,4-tnﬂuoro- 2.93 (dd, 1=15.7/3.8 Hz, ]H), 2.76 (dd.,
3-(4-ﬂuorophenyla!mno)butanamde 7=15.8/9.4 HZ, lH), 1.40 (t, =12 HZ, 3H)

LRMS 5882 (M+H). ~
329 | 147 "H NMR (400 MHz, DMSO-dg) fppm: 10.50

(s, 1H), 8.41 (d, J=5.5 Hz, 1H), 7.96 (d, I=1.2
Hz, 1H), 7.82-7.78 (m, 2H), 7.66 (s, 1H), 7.45
(t, J=8.8 Hz, 1H), 7.37 (dd, J=9.0/1.4 Hz, 1H),
7.1 (dd, J=8.4/7.4 Hz, 2H), 6.75 (d, I~7.8
Hz, 2H) 6.61 (t, J=7.3 Hz, 1H), 6.55 (4, J=5.5
Hz, 1H), 6.12 (4, 1~9.2 Hz, 1H), 4.70 (m, 1H),
4.06 (quad., J=7.2 Hz, 2H), 2.94 (dd,
1=15.6/3.9 Hz, 1H), 2.78 (dd, 1=15.9/9.3 Hz,
1H) 1.40 (t, 1=7.3 Hz, 3H).
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Scheme 77
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330: Example 148

Example 148
N -(4-(2-(3,4-Bis(3-(dimethylamino)propoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N’-(2-methoxyphenyl)malonamide (330)
Step 1. 2-(3,4-Dimethoxyphenyl)-7+2-fluoro-4-nitrophenoxy)thieno|3,2-b]pyridine (331)
[0437] To a stirred solution of 50 (400 mg, 1.08 mmol) in DME (20 ml) was added 3,4-
dimethoxyphenylboronic acid (394 mg, 2.17 mmol), NaHCQ; (273 mg, 3.25 mmol), CsF (494 mg,
3.25 mmol), Pd(PPhs)s (125 mg, 0.11 mmol) and water (10 ml). The reaction mixture was
degassed for 15 min with a nitrogen stream, and was heated to reflux for 2.5 hrs under nitrogen.
After cooling to room temperature the reaction mixture was diluted with AcOEt and successively
washed with water, sat. NH4Cl, brine, dried over anhydrous MgSOy, filtered, and concentrated.
The crude product was purified by flash column chromatography (eluents AcOEt/CH,Cl,: 5/95 to

229



WO 2008/041053 PCT/IB2006/004306

30/70) and triturated in AcOEt/hexanes to afford title compound 331 (273 mg, 59% yield) as a
yellow solid. MS (m/z): 427.1 (M+H)".

Step 2. 4-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)benzene-1,2-diol (332)

[0438]  To astirred solution of 331 (172 mg, 0.40 mmol) in anhydrous dichloromethane (20
ml) at —78°C was slowly added BBr; (~ 4 mL, 1.0 M in CH,CL,). The temperature was allowed to
warm to room temperature over 1.5 hrs, and the reaction mixture was stirred overnight. After
cooling to 0°C, MeOH and 1 N NaOH (few mL) were added, respectively. The reaction mixture
was stirred for 1 h, concentrated, diluted with MeOH and-water, shaken for 30 min, isolated by
filtration, and rinsed with MeOH, The mother liquid was concentrated, dissolved in a minimum of
MeOH, and diluted with a small amount of water. The pH of the solution was adjusted to 4 with
IN NaOH in order to get a pale brown suspension. After shaking for 15 min, the suspension was
filtered off, rinsed with water, air-dried, and dried under high vacuum to afford the title compound
332 (154 mg, 96% yield) as a yellow-green solid. MS (m/z): 399.0 (M+H)".

Step 3. 2-(3,4-Bis(3-chloropropoxy)phenyl)-7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridine
(333)

[0439] To a stirred solution of 332 (140 mg, 0.35 mmol) in anhydrous DMF (5 ml) were added
1-bromo-3-chloropropane (553 mg, 3.51 mmol) and cesium carbonate (573 mg, 1.76 mmol),
respectively. The reaction mixture was stirred for 2 hrs at room temperature, diluted with AcOEt,
and successively washed with water, sat. ammonium chloride, water, and concentrated, The crude
material was adsorbed on silica gel and purified by flash column chromatography (eluents
AcOEt/CH,Cl,: 10/90 to 20/80) to afford title compound 333 (120 mg, 62% yield) as a yellow
solid. MS (m/z): 551.0 and 553.0 (M+H)™.

Step 4. 4-(2-(3,4-Bis(3-chloropropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoroaniline (334)
[0440] To a stirred suspension of nitro compound 333 (32 mg, 0.57 mmol) in a mixture of
MeOH (2 mL) and water (1 mL) were added iron powder (16 mg, 0.29 mmol) and NH4Cl (2.8 mg,
0.05 mmol). The reaction mixture was heated to reflux for 2.5 hrs, cooled to room temperature,
diluted with ethyl acetate, filtered, and rinsed with AcQEt. The filtrate was successively washed
with sat. ammonium chloride, saz, NaHCOs3, water, dried over anhydrous MgSQy, filtered, and
concentrated to afford title compound 334 (25 mg, 83% yield) as a pale yellow solid. MS (m/z):
521.0 and 523.0 (M+H)".

Step 5. N'-(4-(2-(3,4-Bis(3-chloropropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-
N*-(2-methoxyphenyl)malonamide (335)
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[0"4:1'2n The title compound 335 was obtained from 334 as an off-white solid following the
same procedure as in example 22, step 7 (scheme 18).

Step 6. N'-(4-2-3 »4-Bis(3-(dimethylamino)propoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N*-(2-methoxyphenyl)malonamide (330)

[0442] A stirred solution of 335 (crude material) and a large excess of dimethylamine (2.3 mL,
2M in THF) in anhydrous DMSO (2 mL) was stirred at 60°C for 5 hrs. The mixture was cooled to
room temperature, and then concentrated and directly purified twice by preparative HPLC
(Thermo, Aquasil Cy3, 250x21.2 mm, 5 pm; eluent MeOH/H;0 [both containing 0.05% HCO,H],
linear gradient 40/60—80/20 over 30 min), to afford title compound 330 (14.4 mg, 41% yield over
2 steps) as a pale yellow sticky film. 'H NMR (400 MHz, MeOH-d3) 8 (ppm) : 9.00-8.20 (m, 2H),
8.11 (dd, /= 8.0, 1.6 Hz, 1H), 7.87 (dd, J= 12.5, 2.3 Hz, 1H), 7.70 (bs ,1H), 7.45-7.38 (m, 3H),
7.35 (t,J= 8.7 Hz, 1H), 7.15-7.06 (m, 2H), 7.03 (dd, J= 8.2, 1.2 Hz, 1H), 6.93 (td, J=7.7, 1.2 Hz,
1H), 6.61 (bd, J=4.5 Hz, 1H), 4.23 (t, J= 5.9 Hz, 2H), 4.18 (t,/= 5.8 Hz, 2H), 3.91 (s, 3H), 3.32-
3.20 (m, 4H), 2.86 and 2.85 (2 s, 2x6H), 2.31-2.20 (m, 4H), one CH, is missing. MS (m/z): 730.4
M+H)*.

Scheme 78
F. NO,
10
2B%UNHOH o, PdzdoaL HN Fed
D/ |n water NO, KaPO4 =N S~ NH4CI
|//
sealed flask  H.N toluene . MeOH/H0
150°C 2 sealed fiask M€ N reflux
337 110°C 338
HO R H
Py e ol e~ N XK
1 S T T TT T
HN 181 HN °© 0 F
=N S~ HATU reagent
339 gen =N Sz
)< L DIPEA Co— L]
Me” N N

DMF Me” SN
336: Example 149

Example 149
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-ylamino)phenyl)-N-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide (336)
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Step 1. 2-Fluoro-4-nitroaniline (337)

[0443] A stirred solution of 3,4-difluoronitrobenzene (2.00 g, 12.57 mmol) in ammonium
hydroxide (20 ml, 28% in water) was heated at 150°C in a sealed flask for 3.5 hrs. The mixture
was cooled to room temperature, and the resulting suspension was diluted in water, shaken for 15
min, the solid was isolated by filtration, rinsed with water, air-dried, and dried under high vacuum
to afford title compound 337 (1.76 g, 90% yield) as a yellow crystalline solid. MS (m/z): 157.0
(M+H)" and 179.0 (M+Na)",

Step 2. N-(2-Fluoro-4-nitrophenyl)-2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-amine
(338)

[0444] A stirred suspension of 10 (500 mg, 2.00 mmol), 337 (406 mg, 2.60 mmol), Pdx(dba);
(73 mg, 0.08 mmol), (2-biphenyl)dicyclohexylphosphine (56 mg, 0.16 mmol), and K3PO, (638
mg, 3.00 mmol) in toluene (20 ml) was degased for 15 min with nitrogen at room temperature, and
then heated in a sealed flask at 110°C for 22 hrs (J. P. Wolfe, H. Tomori, J. P. Sadighi, J. Yin, S.
L. Buchwald J. Org. Chem. 2000, 65, 1158-1174). After cooling to room temperature the reaction
mixture was filtered, rinsed with toluene, concentrated and adsorbed on silica gel. The crude
product was purified by flash column chromatography (eluents MeOH/CH,Cl,: 2/98 to 10/90) and
precipitated in AcOEt/hexanes to afford title compound 338 (370 mg, 50% yield) as a yellow-
orange solid. 'HNMR (400 MHz, DMSO-d5) & (ppm) : 9.57 (bs, 1H), 8.45 (d, J=5.1 Hz, 1H}),
8.22 (dd, J=11.3, 2.5 Hz, 1H), 8.06 (dd, J= 8.9, 2.3 Hz, 1H), 7.83 (d,/= 1.2 Hz, 1H), 7.70 (d, J=
1.2 Hz, 1H), 7.63 (s ,1H), 7.24 (t,J= 8.7 Hz, 1H), 6.94 (bd, J=4.7 Hz, 1H), 3.71 (s, 3H). MS
(m/z): 370.0 (M+H)".

Step 3. 2-Fluoro-N1-(2-(1-methyl-1H-imidazol-4-y1)thieno[3,2-b]pyridin-7-yD)benzene-1,4-
diamine (339)

[0445] To a stirred suspension of nitro compound 338 (370 mg, 1.00 mmol) in a mixture of
MeOH (20 mL) and water (10 mL) were added iron powder (280 mg, 5.01 mmeol) and NH,CI (107
mg, 2.00 mmol). The reaction mixture heated to reflux for 2 hrs, cooled down to roorn
temperature, filtered through Celite, and rinsed with methanol. The filtrate was concentrated,
diluted a bit with methanol, precipitated with AcOEt/hexanes to afford title compound 339 (463
mg, quantitative yield, ammonium salt) as a yellow solid. MS (m/z): 340.0 (M+H)",

Step 4. N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-7-ylamino) phenyl)-N-
{4-fluorophenyl)cyclopropane-1,1-dicarboxamide (336)
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[0446]  To astirred solution of 339 (80 mg, 0.24 mmol) and 1-(4-fluorophenylcarbamoyl)
cyclopropanecarboxylic acid (181, 111 mg, 0.50 mmol) in anhydrous DMF were added DIPEA
(123 uL, 0.71 mmol) and HATU reagent (256 mg, 0.67 mmol). The reaction mixture was stirred
at room temperature overnight under nitrogen, diluted with AcOEt, and successively washed with
sat. NaHCOs3, water, sat. NH4Cl, water and brine, and concentrated. The crude material was first
purified by flash column chromatography (eluents 2% of NH4OH in methanol/CH,Cl;: 10/90) and
precipitated in AcOEt (with traces of acetone)/hexanes to afford title compound 336 (75 mg, 58%
yield) as a white solid. 'HNMR (400 MHz, DMSO0-dg) 8 (ppm) : 10.32 (s, 1H), 10.04 (s, 1H),
8.65 (bs, 1H), 8.18 (d, J= 5.5 Hz, 1H), 7.78 (dd, J=12.9, 2.2 Hz, 1H), 7.77 (d, /= 1.8 Hz, 1H),
7.68 (d, J= 1.2 Hz, 1H), 7.68-7.60 (m, 2H), 7.50 (s, 1H), 7.44 (dd, /= 8.4, 1.8 Hz, 1H), 7.30 (t, J=
8.9 Hz, 1H), 7.15 (t, J=9.0 Hz, 2H), 6.36 (dd, J= 5.5, 1.6 Hz, 1H), 3.70 (s, 3H), 1.47 (s, 4H). MS
(m/z): 545.0 (M+H)"™,

Table 15
Compounds 340-342 (examples 150-152) prepared according to the scheme 78

Cpd | Ex. Structure Characterization
340 | 150 K n% H 'H NMR (400 MHz, DMSO-d;) & (ppm) :
]@’ r \© 1028 (s, 1H), 10.02 (s, 1H), 8.58 (s, 1H),
HN o o 8.23 (bs, 1H), 8.17 (d, J= 5.5 Hz, 1H), 7.77
NS (dd, J=13.0, 2.2 Hz, 1H), 7.76 (4, J= 1.2
e SN Hz, 1H), 7.67 (d, J= 1.2 Hz, 1H), 7.63 (d, J

e = =
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-4- HZ,AI,E%)H)’;,;?-?I.(ZS% 1(1:‘), ;ﬁ; %’f(t, sh
yl)thieno[3,2-b]pyridin-7-).'lmnino)p!%enyl)-N- Yiz, IH): 6.35 (dd, J= ’5_5, 1’.6 Hz, 1H), 3.70
phenylcyclopropane-1,1-dicarboxamide (s, 3H), 148 (s, 4H). MS (w/z): 527.0
(M+H)".
341 | 151 i N@ '"H NMR (400 MHz, DMSO-d;) 8 (ppm) :
F:@f 10.63 (s, 1H), 8.62 (s, 1H), 8.18 (bs, 1H),
N o © 779 (&d, J= 12.9, 22 Hz, 1H), 7.77 (s, 1H),
s 7.72-7.65 (m, 3H), 7.50 (bs, 1H), 7.41 (t, J=
@—@f] 7.9 Hz, 3H), 7.35 (t, J= 8.7 Hz, 1H), 7.18 (t,
e’ N J=1.3 Hz, 1H), 637 (d, J = 4.7 Hz, 1H),
N-(3-Fluoro-4-(2-(1-methyl- 1 H-imidazol-4- 4,00-3.88 (m, 2H), 3.79 (t, J = 8.6 Hz, 1H),
yDthieno[3,2-b]pyridin-7-ylamino)phenyl)-2-0x0-1-|3,71 (s, 3H), 2.50-2.32 (m, 2H). MS (m/z):
phenylpyrrolidine-3-carboxamide 527.0 (M+HY",

32| 152 \ "H NMR (400 MHz, DMSO-d;) & (ppm):
F RTNW 10.55 (s, 1H), 8.67 (bs, 1H), 8.19(d, ] = 5.2
U 0 O Hz, 1H), 7.86 (s, 1H), 7.79-7.69 (m, 2H),
HN 7.64 (d, 1 = 8.0 Hz, 2H), 7.50 (s, 1H), 7.44 (t,
@m J = 8.0 Hz, 2H), 7.38-7.30 (m, 2H), 7.18 (t, ]
N NN =17.6 Hz, 1H), 6.38 (d, J = 5.2 Hz, 1H), 4.30-
O* N 14,06 (bs, 2H), 4.04-3.90 (m, 4H), 3.40-2.30
L (m, 6H), 1.88-1.62 (m, 4H). MS (m/z): 611.3
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Cpd | Ex. Structure Characterization
N-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-lH- (M+H).

imidazol-4-yl)thieno[3,2-b]pyridin-7-

ylamino)phenyl)-2-oxo-3-phenylimidazolidine-1-

carboxamide
Scheme 79
FD,NOz
7 NHMe ©
F’N S~ MeNH,,HCI N S A Cs,C0y
N N\ | ~ p
Me” N PrOH N N\ N DMF
sealed flask Me 85°C
10 130°C 344
F NO. H H
b e
Me.
N 1) Feo. NHgC‘, MeoHleo, reflux Ma\Nj©/ 0 lo} \©
=N S~
H
S 4 T = o
e N X
o161O Me” N

345 .

HATU reagent, DIPEA, DMF 343: Example 163
Example 153

N-(3-Fluoro-4-(methyl(2-(1-methyl- 1 A-imidazol-4-yl)thieno[3,2-b]pyridin-7-yl)amino)phenyl)-N-
phenylcyclopropane-1,1-dicarboxamide (343)

Step 1. N-Methyl-2-(1-methyl-1H4-imidazol-4-yl)thieno[3,2-b]pyridin-7-amine (344)

[0447] A stirred suspension of 10 (500 mg, 2 mmol) and methylamine hydrochloride (15 g,

. 222 mmol) in isopropanol (50 ml) was heated at 130°C in a sealed flask for four days, then cooled

to room temperature. The reaction mixture was poured in water, and the pH was adjusted to ~ 10

with 1IN NaOH. After extraction of the aqueous phase with AcOEt, the combined organic layer

was concentrated and directly purified by flash column chromatography (eluents 2% of NH4OH in

methanol/CH,Cl,: 10/90 to 40/60) to afford title compound 344 (487 mg, 99% yield, hydrate

form) as a beige solid. MS (m/z): 245.0 (M+H)".

Step 2. N~(2-Fluoro-4-nitrophenyl)-N-methyl-2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-b]pyridin-

7-amine (345)

[0448) A stirred suspension of 344 (500 mg, ~2 mmol), 3,4-difluoronitrobenzene (795 mg, 5

mmol) and cesium carbonate (1.63 g, 5 mmol) in anhydrous DMF (50 ml) was heated at 85°C

under nitrogen for 7 h. The temperature was allowed to cool down to room temperature. The
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reaction mixture was poured into water, and extracted with dichloromethane. The combined
organic phase was concentrated and directly purified twice by flash column chromatography
(eluents 2% of NH4OH in methanol/CH,Cl: 5/95 to 10/90) to afford title compound 345 (144 mg,
19% yield) as a sticky yellow solid, MS (m/z): 384.0 (M-+H)".

Step 3. N-(3-Fluoro-4-(methyl(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-5]pyridin-7-
yl)amino)phenyl)-N-phenylcyclopropane-1,1-dicarboxamide (343)

[0449]  The title compound 343 (formate salt) was obtained in two steps from 345 as an off-
white solid following the same procedure as in example 336, step 3 and 4 (scheme 78), but using
in the last step acid 161 instead of 181. 'H NMR (400 MHz, DMSO-ds) & (ppm): 10.36 (s, 1H),
10.02 (s, 1H), 8.44-8.14 (m, 2H), 7.78 (dd, J=13.2, 2.1 Hz, 1H), 7.66 (d, /= 1.2 Hz, 1H), 7.63 (d,
J=17.6 Hz, 2H), 7.58 (d,/=0.8, 1H), 7.47 (dd, /= 8.7, 2.1 Hz, 1H), 7.43 (s, 1H), 7.35 (t,/=8.9
Hz, 1H), 7.31 (1, J= 8.0 Hz, 2H), 7.07 (t, /= 7.3 Hz, 1H), 6.77 (bd, J= 5.3 Hz, 1H), 3.65 (s, 3H),
3.33 (s, 3H), 1.54-1.44 (m, 4H). MS (m/z): 541.0 M+H)"™.

Table 16
Compounds 344-347 (examples 154-155 prepared according to the scheme 79

Cpd | Ex. Structure Characterization
346 | 154 . Y @ H NMR (400 MHz, DMSO-ds) 3 (ppm) :
FU 10.71 (s, 1H), 835 (d, J= 5.5 Hz, 1H),
Me- o © 7.79 (dd, J= 129, 2.0 Hz, 1H), 7.71-7.65
s (m, 3H), 7.59 (bd, J= 1.2 Hz, 1H), 7.46-
<L | 7.37 (m, 5H), 7.18 (t, J= 7.3 Hz, 1H), 6.78
me N SN (d, J = 5.7 Hz, 1H), 4.00-3.88 (m, 2H),

N-(3-Fluoro-4-(methyl(2-(1-methyl-1H-imidazol-4-  [3.81 (t, J= 8.6 Hz, 1H), 3.65 (s, 3H), 3.35
yDthienof3,2-b]pyridin-7-yl)amino)phenyl)-2-oxo-1- {(s, 3H), 2.50-2.30 (m, 2H). MS (m/z):

phenylpyrrolidine-3-carboxamide 541.0 QM+H)", (solvate with methanol).
347 | 155 T H\'X’rﬁ . 'H NMR (400 MHz, DMSO-d;) &
j@( ‘@ (ppm) : 10.38 (s, 1H), 9.98 (s, 1H), 8.41
Me-, 0 o @,J=5.5 Hz, 1H), 7.76 (dd, J= 13.1, 2.3
P Hz, 1H), 7.75 (d, J = 5.7 Hz, 1H), 7.62
8 e | (bd, J= 7.6 Hz, 2H), 7.45 (dd, J=8.8,2.2
N

) e Hz, 1H), 7.38 (i, J= 8.9 Hz, 1H), 7.35-
N-(3-l?luoro-4-(methy1(thleno[3,2-b]pyndm-7- 7.27 (m, 3H),7.07(t, J=7.3Hz, 1 H), 6.81
yl)amino)phenyl)-N-phenylcyclopropane-1,1- (d, J= 5.5 Hz, 1H), 3.35 (5, 3H), 1.48 (bs,

dicarboxamide 4H). MS (m/z): 461 (M+H)".
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Example 156
N-(3-Fluoro-4-(2-(1-methyl- | H-iinidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-oxo-1-
(pyridin-3-yl)pyrrolidine-3-carboxamide (348)

Step 1. 1-(Pyridin-3-yl)pyrrolidin-2-one (349)
[0450] In a sealed flask, a stirred mixture of Cul (37 mg, ~ 0.2 mmol) and potassium carbonate
(2.70 g, 19.5 mmol) was degassed for |5 min. N,N’-dimethylethylenediamine (146 pL, ~1.0
mmol), 3-iodopyridine (2.00 g, 9.8 mmol), 2-pyrrolidinone (~ | g, 11.7 mmol) and |,4-dioxane
(10 mL) were added, respectively (A. Klapars, J. C. Antilla, X. Huang. S. L. Buchwald J. 4m.
Chem. Soc. 2001, 123, 7727-7729). The flow of nitrogen was removed, and the reaction mixture

was then heated at 125°C for 18 h. After cooling to room temperature the reaction mixture was
filtered, rinsed with ethyl acetate, and concentrated. The crude product was purified by flash
column chromatography (eluents MeOH/CH,Cl,: 2/98 to 5/95) to afford title compound 349 (1.49
g, 94% vield) as a yellow oily liquid. MS (m/z): 163.1 (M+H)™.

Step 2. Methyl 2-ox0-1-(pyridin-3-yl)pyrrolidine-3-carboxylate (350)

[0451] To a stirred solution of 349 (1.48 g, 9.1 mmol) in anhydrous THF (25 ml) at -78°C
under nitrogen was slowly added a solution of LDA (mono THF, 13.4 mL, 20.1 mmol, [.5 M in
cyclohexane). After 45 min, methyl chloroformate (776 uL, 10.0 mmol) was added. The mixture
was warmed to room temperature over 2 h, and then stirred overnight. Then, the reaction mixture
was quenched by addition of saf. ammonium chloride and extracted with AcOEt. After separation,

the organic layer was successively washed with sar. NHaCl, water, and brine. The aqueous phase
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was extracted twice with AcOEt, The combined organic layers were dried over anhydrous
magnesijum sulfate, filtered, and concentrated. The crude product was purified by flash column
chromatography (eluents MeOH/CH,Cly: 2/98 to 5/95) to afford title compound 350 (520 mg,
26% yield) as a pale yellow sticky solid. *H NMR (400 MHz, DMSO-ds) 5 (ppm): 8.86 (d, J=2.5
Hz, 1H), 8.38 (dd, J=4.7, 1.4 Hz, 1H), 8.12-8.06 (m, 1H), 7.44 (dd, J= 8.4, 4.7 Hz, 1H), 3.99-
3,84 (m, 2H), 3.81 (t, J= 8.8 Hz, 1H), 3.70 (s, 3H), 2.48-2.29 (m, 2H). MS (m/z): 221.0 (M+H)".
Step 3. 2-Oxo-1-(pyridin-3-yl)pyrrolidine-3-carboxylic acid (351)

[0452] To a stirred solution of 350 (514 mg, 2.33 mmol) in THF (20 ml) under nitrogen was
added a solution of LiOH.H,0 (147 mg, 3.50 mmol) in water (5 mL). The reaction mixture was
stirred overnight, concentrated, diluted with a small amount of water, filtered, neutralized with 1N
HCI (pH ~ 5-6), and extracted twice with dichloromethane. The aqueous phase was concentrated,
and the residue was triturated in methanol (with traces of acetone). After filtration, the mother
liquid was concentrated and dried under high vacuum to afford title compound 351 (493 mg,
quantitative yield, contaminated with salts) as a pale yellow sticky solid. MS (m/z): 207.1
(M+H)*.

Step 4. N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy) phenyl)-2-
oxo0-1-(pyridin-3-yl)pyrrolidine-3-carboxamide (348)

[0453] The title compound 348 (example 31) was obtained via coupling reaction of the acid
351 and the amine 12 as a beige solid, following the same procedure as described above for the
synthesis of compound 336 (example 149, scheme 78); purified using Biotage System (Si 12M,
gradient MeOH/dichloromethane: 0/100 to 20/80) followed by trituration with dichloromethane.
"H NMR (400 MHz, DMSO-ds) 8 (ppm) : 10.73 (s, 1H), 8.91 (d, J =2.8 Hz, 1H), 8.43 (d,J= 5.6
Hz, 1H), 8.39 (dd, J= 4.4, 1.6 Hz, 1H), 8.13 (qd, J = 8.4, 1.6 Hz, 1H), 7.94-7.88 (m, 1H), 7.87 (d,
J=1.0 Hz, 1H), 7.72 (d,J= 1.0 Hz, 1H), 7.69 (s, 1H), 7.53-7.43 (m, 3H), 6.60 (d, J= 5.6 Hz, 1H),
4,04-3.92 (m, 2H), 3.82 (t,J = 8.8 Hz, 1H), 3.73 (s, 3H), 2.55-2.36 (m, 2H). MS (m/z): 529.0
M+H)",
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Table 17
Compounds 352-360 (examples 157-165)
Cpd | Ex. Structure Characterization
352 | 157 [ "H NMR (400 MHz, DMSO-d;) & (ppm) :
Fj@’“ﬁf"‘\\ﬁ\@\’: 10.56 (s, 1H), 8.44 (d, J= 5.5 Hz, 1H), 7.90-
o o 7.80 (m, 2H), 7.76-7.60 (m, 4H), 7.53-7.40
(m, 2H), 7.29 (t, J= 8.8 Hz, 2H), 6.59 (d, J=
r p \ - 3 5.3 Hz, 1H), 4.00-3.92 (m, 4H), 3.73 (s, 3H).
Me” N MS (m/z): 547.0 (M+H)™.
N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-
yDthieno[3,2-b]pyridin-7-yloxy)phenyl)-3-(4-
fluorophenyl)-2-oxoimidazolidine-1-carboxamide
353 | 158 i ™y _@ TH NMR (400 MHz, DMSO-d;) & (ppm) :
Fj@z RN 10.59 (s, 1H), 8.55 (d, J = 5.5 Hz, 1H), 8.39
e 6 O (t, J= 1.7 Hz, 1H), 8.24 (s, 1H), 8.19-8.14
(m, 1H), 8.05-8.00 (m, 1H), 7.87 (dd, J =
¢ 12.9, 2.3 Hz, 1H), 7.69 (t, /= 7.8 Hz, 1H),
N 7.66-7.61 (m, 2H), 7.52 (t, J = 8.6 Hz, 1H),
N-(4~(2-(3-acetylphenyl)thieno[ 3,2-b] pyridin-7- 7.49-7.40 (m, 3H), 7.18 (1, J= 7.4 Hz, 1H),
yloxy)-3-flucrophenyl)-2-oxo-3- 6.68 (dd, J= 5.5, 0.8 Hz, 1H), 4.02-3.91 (m,
phenylimidazolidine-1-carboxamide 4m), 2 69 (s, 3H). MS (m/z): 567.2
(M+H)".
354 | 159 § ™H NMR (400 MHz, DMSO-d), 3, ppm:
N\n/\l’ é 10.58(s, 1H), 9.63(s, 1H), 8.92(s, 2H),
8.48(d, T = 5.6 Hz, 1H), 8.09-8.05(m, 1H),
F 8.00(s, 1H), 7.87(dd, J = 2.0 and 12.8 Hz,
_{‘ S 1H), 7.49¢t, J = 8.8 Hz, 1H), 7.46-7.41(m,
aLUAn 1H), 7.11-7.04(m, 2H), 6.92(td, J = 2.0, 5.6
and 8:0 Hz, 1H), 6.60(d, J = 5.6 Hz, 1H),
N'-(3-Fluoro-4-(2-(2-morpholinopyrimidin-5- 3.86(s, 3H), 3.83-3.78(m, 4H), 3.72-3.66(m,
ylthieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2- 4H), 3.64(s, 2H). LRMS 615.1 (M+H),
methoxyphenyl)malonamide
355 | 160 'H NMR (400 MHz, DMSO-ds), fppm :
T\n’ \é 10.59(s, 1H), 9.64(s, 1H), 8.47(d, ] = 5.6 Hz,
1H), 8.10-8.05(m, 1H), 7.93(s, 1H), 7.90-
7.79(m, 3H), 7.54-7.3%(m, 2H), 7.13-
M 7.06(m, 4H), 6.96-6.88(m, 1H), 6.61(d, ] =
5.6 Hz, 1H), 4,17(t, ] = 5.6 Hz, 2H), 3.86(s,
N’-(3 Fluoro-4-(2-(4-(2- 3H), 3.64(s, 2H), 3.59(t, ] = 4.8 Hz, 4H),
morpholmoetho;(lgf)phenyl)ﬂueno[3 ,2-blpyridin-7-  |2,73(t, J = 5.6 Hz, 2H), 2.54-2.47(m,
yloxy) phenyl)}-N"-(2-methoxyphenyl)malonamide  |4H), LRMS 516.2 (M+H).
356 | 161 TH NMR (400 MHz, DMSO-d;) $ppm:
11.58(s, 1H), 10.45(s, 1H), 8.43(d, J = 5.6
° ° Hz, 1H), 7.96(d, J = 12 Hz, 1H), 7.87(dd, J
= 2.4 and 12.8 Hz, 1H), 7.79(d, ] = 1.2 Hz,
VN}—& 1H), 7.67(s, 1H), 7.62(td, J=2.4 and 11.6
N 1H), 7.48(t, J = 8.8 Hz, 1H), 7.45-
Nl-(4:-('2 -(1-Ethyl- 1 H-imidazol-4-yDthieno|3,2- %8(2? 3H), %94—6.87(111, H.II-I)? 6.58(d, J =
b]pyndm-7-yloxy)-3-ﬂ}lorophenyl)-N3-(3- 5.6 Hz, lH), 4_05((]’ J=72Hz, 2H), 3, 53(5’
fluorophenyl)malonamide H), 1.40(t, J = 7.2 Hz, 3H).
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Cpd | Ex Structure Characterization
357 [ 162 i i TH NMR (400 MHz, DMSO-dy) fppm:
70(\'(‘; 10.57(s, 1H), 10.21(s, 1H), 8.43(d, J = 5.6

\/N N/
N1-(4-(2-(1-Ethyl- 1H-imidazol-4-yl)thieno[3,2-
b]pyridin-7-yloxy)-3-fluorophenyl)-N3-(3~
methoxyphenyl)malonamide

Hz, 1H), 7.96(d, J = 1.2 Hz, 1H), 7.88(dd, ]
=2.4 and 13.2 Hz, 1H), 7.79(d, ] = 1.2 Hz,
1H), 7.67(s, 1H), 7.48(t, J = 8.8 Hz, 1H),
7.43(dd, J = 1.6 and 8.8 Hz, 1H), 7.32(t, J =
2.4 bz, 1H), 7.22(t, ) = 8.0 Hz, 1H), 7.16-
7.12(m, 1H), 6.65(ddd, J = 1.6,2.4 and 8.4
Hz, 1H), 6.58(d, J = 5.6 Hz, 1H), 4.06(g, J =
7.2 Hz, 2H), 3.73(s, 3H), 3.51(s, 2H), 1.40t,
Y =17.2 Hz, 3H).
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N 1-(4-(2-(1-Ethyl- |H-imidazol4-yl)thieno[3,2-
b]pyridin-7-yloxy)-3-fluorophenyl)-N3-(4-
fluorophenyl)malonamide

TH NMR (400 MHz, DMSO-d;) fppm:
10.57(s, 1H), 10.29(s, 1H), 8.43(d, J = 5.6
Hz, 1H), 7.96(d, J = 1.2 Hz, 1H), 7.87(dd, J
= 1.6 and 12.8 Hz, 1H), 7.79(d, J = 1.2 Hz,
1H), 7.67(s, LH), 7.68-7.60(m, 3H), 7.48(t, J
= 8.8 Hz, 1H), 7.43(dd, J=2.0and 9.2 Hz,
1H), 7.20-7.14(m, H), 6.58(d, I = 5.6 Hz,
1H), 4.06(q, J = 7.2 Hz, 2H), 3.50(s, 2H),
1.40(t, ] = 7.2 Hz, 3H).
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N1-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-
yD)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-~(4-
fluorophenyl)malonamide

1H NMR (400 MHz, DMSO-d6) pppm:
10.55(s, 1H), 10.26(s, 1H), 841(d, J =5.5
Hz,1H), 7.92(d, J = 1.1 Hz, 1H), 7.87(dd ] =
11.9 Hz, J = 2.4 Hz, 1H), 7.75(d, ) = 1.3 Hz,
1H), 7.66(s, 1H); 7.63-7.60(m, 2H), 7.46(t,
J=8.6Hz, 1H), 7.41(dd, ) =92 Hz, J=2.2
Hz, 1H), 7.15(t, J = 9.0 Hz, 2H), 6.56(dd, J =
5.3 Hz, ] = 0.8 Hz, 1H); 3.97(; J= 7.1 Hz,
2H), 3.49(s, 2H), 1.76(q, J = 7.0 Hz, 2H),
0.85(t, = 7.4 Hz, 3H).
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N1-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-
yDthienof3,2-b]pyridin-7-yloxy)phenyl)-N3-(3-
fluorophenyl)malonamide

TH NMR (400 Mz, DMSO-d6) pppm:
10.56(s, 1H), 10.43(s, 1H), 8.41(d, ] = 5.5
Hz, 1H), 7.92(d, ) = 1.2 Hz, 1H), 7.85(dd,) =
13.1 Hz, J =2.5 Hz, 1H), 7.75(d, } = 1.2 Hz,
1H), 7.66(s, 1H), 7.60(dt, ] = 9.6 Hz, J =2.2
Hz, 1H), 7.49-7.27(m, 4H), 6.89(id, J = 7.6
Hz,) = 2.5 Hz, 1H), 6.57(d, ] = 5.5 Hz, 1H),
3.97(t, ) = 7.1 Hz, 2H), 3.51(s, 2H), 1.76(m,

) =7.3 Hz, 2H), 0.85(t, J = 7.3 Hz, 3H).
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Example 166
N'-(3-Fluoro-4-(2-(3-(3 -guanidinopropoxy)phenyD)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide (361)

Step 1: 2-(3-(3-Chloropropoxy)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (363)
[0454]  To 3-bromophenol (2.23 g, 12.9 mmol) in DMF (100 mL) was added, in small
portions, sodium hydride (60 % dispersion, 0.54 g, 13 mmol) over 30 min. 1-Bromo-3-
chloropropane (2.1 g, 13 mmol) was then added dropwise and the mixture was stirred at r.t. for 24
h. It was then partitioned between ether and water, the organic phase was washed with water and
brine, dried (anhydrous MgSO4) and concentrated to afford 1-bromo-3-(3-chloropropoxy)benzene
(362,2.95 g, 91 % yield) (used as is with no additional purification).
[0455]  Ether 362 (2.95 g, 11.8 mmol), bis(pinacolato)diboron (4.00 g, 15.8 mmol), potassium
acetate (1.20 g, 12.2 mmol) and tetrakis(triphenylphosphine)palladium (0.37 g, 0.32 mmol) were
suspended in toluene (100 mL) and heated under reflux for 10 h. The mixture was then cooled and
the toluene was removed under reduced pressure. The residue was partitioned between water and
dichloromethane, the organic phase was dried (Na,SQ,), filtered, concentrated and purified by
flash chromatography (eluent 25 % dichloromethane/hexanes) to afford title compound 363 (1.00
g, 29 % yield). 'H NMR (400 MHz, DMSO-ds) & (ppm): 7.29 (t, J=7.8, 1H); 7.23 (dt, J=7.2, 1.0,
1H); 7.15 (d, J=2.5, 1H); 7.06 (ddd, J= 8.0, 2.7, 1.4, 1H); 4.06 (t, J=6.1, 2H); 3.78 (t, J=6.7, 2H),
2.14 (quint, J=6.3, 2H); 1.27 (s, 12H). LRMS (M+H): 297.1.
Step 2: 2-(3-(3-Chloropropoxy)phenyl)-7-(2-fluoro-4-nitrophenoxy)thieno[ 3,2-b]pyridine (364)
[0456] Bromothienopyridine 50 (0.88 g, 2.38 mmol), boronate 363 (1.00 g, 3.40 mmol), and
tetrakis(triphenylphosphine)palladium (0.10 g, 0.086 mmol) were dissolved in dry DME (100
mL). Cesium fluoride (1.26 g, 8.3 mmol) and sodium bicarbonate (0.70 g, 8.3 mmol) were
dissolved in water (5 ml each) and added to the reaction mixture, which was then heated to reflux
for 4 h, cooled, and concentrated. The residue was partitioned between ethyl acetate and water,
washed with brine, dried (anhydrous MgSQ,), filtered, and concentrated. The residue was purified
by flash chromatography (eluent 75% dichloromethane/hexanes) to afford 364 (0.85 g, 78 %
yield). "H NMR (400 MHz, CDCL) & (ppm): 8.60 (d, J=6.3, 1H); 8.27-8.24 (m, 2H); 8.18 (s, 1H);
7.58-7.54 (m, 1H); 7.45-7.36 (m, 2H); 7.31 (1, J=2.0, 1H); 7.07-7.04 (m, 1H); 6.78 (d, J=6.1, 1H);
4.21 (t,J=5.9, 2H); 3.79 (t, J=6.3, 2H); 2.29 (quint, J=6.1, 2H). LRMS (M+H): 459.1.
Step 3: 4~(2-(3-(3-Chloropropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorobenzenamine
(365)
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[0457] To the nitro compound 364 (0.84 g, 1.8 mmol) and nickel chloride hexahydrate (0.87 g,
3.7 mmol) in 9:1 MeOH/THF was added sodium borohydride (0.30 g, 7.9 mmol) in small
portions. The resulting mixture was stirred at r.t. for 1 h, then filtered through celite and
concentrated. The residue was partitioned between water and dichloromethane, the organic phase
was collected, washed with brine, dried (anhydrous MgSO,), filtered, and concentrated. The
residue was purified by flash chromatography (eluent 90 % ethyl acetate/hexanes) to afford 365
(0.43 g, 54 % yield). LRMS (M+H): 429.1.

Step 4: N -(4-(2-(3-(3-Chloropropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-
(2-methoxyphenyl)malonamide (366)

[0458]  To a solution of aniline 365 (0.42 g, 0.98 mmol) in DMF (20 mL) was added acid 103
(0.42 g, 2.0 mmol), HOBt (0.050 g, 0.38 mmol), and EDC x HCI (0.54 g, 2.8 mmol) and the
mixture was stirred at r.t. for 24 h. It was then partitioned between ethyl acetate and water. The
organic phase was collected, washed with water, NaHCOj (aq), brine, dried (anhydrous MgSQOq),
filtered, and concentrated. The residue was triturated with ether to yield 366 (0.60 g, 98 % yield).
'H NMR (400 MHz, DMSO-d5) 8 (ppm): 10.58 (s, 1H); 9.62 (s, 1H); 8.50 (d, J=5.3, 1H); 8.11 (s,
1H); 8.06 (d, J=8.8, 1H); 7.86 (dd, J=12.9, 2.4, 1H); 7.49-7.39 (m, 5H), 7.09-7.03 (m, 3H); 6.92-
6.88 (m, 1H); 6.63 (d, J=5.3, 1H); 4.20 (t, J=6.1, 2H); 3.85 (s, 3H); 3.82 (t, J=6.7, 2H); 2.20 (quint,
J=6.3, 2H). LRMS (M+H): 620.1.

Step 5: N1-(4-(2-(3-(3-Aminopropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N3-
(2-methoxyphenyl)malonamide (367)

[0459] To a solution of 366 (0.19 g, 0.31 mmol) in DMF (5 mL) was added sodium azide
(0.050 g, 0.77 mmol) and the reaction mixture was heated to 100 °C for 1 h. The mixture was then
cooled, partitioned between ethyl acetate and water, the organic phase was collected, washed with
water, brine, dried (anhydrous MgSOQ,), filtered, and concentrated. The residue was filtered
through a short plug of silice, eluting with ethyl acetate, and the eluate was concentrated. The
residue was dissolved in 1:1 ethyl acetate/methanol (30 mL) mixture; to this solution was added
palladium (10 % on carbon), and the suspension was stirred under an atmosphere of hydrogen for
3 h. It was then filtered through celite and concentrated. The residue was purified by flash
chromatography (eluent 95:3:2 chloroform/methanol/NH4OH) to afford 367 (0.097 g, 52 % yield):
LRMS (M+H): 601.2,

Step 6: N1-(3-Fluoro-4-(2-(3-(3-guanidinopropoxy)phenyl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-
N3-(2-methoxyphenyl)malonamide (361)
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[0460]  Amine 367 (0.095 g, 0.16 mmo}), pyrazole-1-carboxamidine (60 mg, 0.41 mmol), and
Hunigs base (0.07 g, 0.5 mmol) were stirred in dry DMF (10 mL) for 48 h at r.t. The mixture was
then partitioned between ethyl acetate and water. The aqueous phase was collected and treated
with brine; a precipitate was formed which was isolated by suction filtration. The resulting solid
was re-dissolved in 1:1 dichloromethane/methanol, filtered, and the filtrate was concentrated to
afford 361 as a solid (90 mg, 87 % yield). "H NMR (400 MHz, DMSO-ds) 8 (ppm): 10.71 (brs,
1H); 9.63 (br s, 1H); 8.49 (d, J=5.5, 1H); 8.10 (s, 1H); 8.05 (d, J=8.4, 1H); 7.93-7.70 (m, 2H);
7.51-7.40 (m, 5H); 7.08-7.02 (m, 3H); 6.92-6.88 (m, 1H); 6.63 (d, J=5.5, 1H); 4.13 (t, J=5.9, 2H);
3.84 (s, 3H); 3.64 (s, 2H); 1.95 (quint, J=6.3, 2H). [A triplet corresponding to 3H is hidden by the
residial DMSQ peak] . LRMS (M+H): 643.0,
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Example 167
N'-(4-(2-(3-(3-(Ethylsulfinyl)propoxy)phenyl)thieno[3,2-b] pyridin-7-yloxy)-3-fluorophenyl)-N>-
(2-methoxyphenyl)malonamide (368)

[0461]  To chloride 366 (0.048 g, 0.077 mmol) in dry DMF (10 mL) was added sodium
ethanethiolate (100 mg, 1.19 mmol) and the mixture was heated to 50 °C, for 18 h, It was cooled,
partitioned between ethyl acetate and water, washed with brine, dried (MgS0a), filtered, run
through a short plug of silica gel, and concentrated. The residue was suspended in 1:1 ethyl
acetate/methanol (50 mL) and sodium periodate (0.060 g, 0.28 mmol) in water (5 mL) was added.
The reaction mixture was stirred for 6 h, concentrated and the residue was partitioned between

ethyl acetate and water. The organic phase was collected, washed with brine, dried (anhydrous
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MgSQy), filtered, and concentrated. Reverse phase HPLC (Aquasil C-18 column, 60 — 95 %
MeOH/H;0 + HCO:H, 30 min. linear gradient elution) of the residue followed by lyophilization
afforded 368 (0.015 g, 29 % yield). "H NMR (400 MHz, DMSO-ds) & (ppm): 10.71 (s, 1H); 9.66
(s, 1H); 8.51 (d, J=5.5, 1H); 8.12 (s, 1H); 8.07 (d, J=8.8, 1H); 7.89 (dd, J=12.9, 2.2, 1H); 7.53-7.41
(m, 5H); 7.09-7.03 (m, 3H); 6.94-6.90 (m, 1H); 6.64 (dd, J=5.5, 0.5, 1H); 4.22 (t, J=6.3, 2H); 3.86
(s, 3H); 3.65 (s, 2H); 2.93-2.65 (m, 4H); 2.13 (quint, J=8.0, 2H); 1.29 (t, ]=7.4, 3H). LCMS:
(M+H) 662.0.
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Example 168
N-(3-Fluoro-4-(2-(1-methyl-1 A-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-(4-
fluorophenylthio)acetamide

[0462]  To aniline 9 (0.10 g, 0.30 mmol) in dry DMF (20 mL) was added (p-
fluorophenylthio)acetic acid (0.11 g, 0.56 mmol), and EDCx HCl (0.13 g, 0.68 mmol) and the
mixture was stirred at r.t. for 24 h. It was then partitioned between ethyl acetate and water. The
organic phase was collected, washed with water, NaHCOj3 (., brine, dried (anhydrous MgS0,),
filtered and concentrated. Silica gel chromatography (eluent ethyl acetate -> 5% methanol/ethyl
acetate) of the residue provided 369 (0.070 g, 46 % yield). 'H NMR (400 MHz, DMSO-d;) &
(ppm): 10.55 (s, 1H); 8.50 (d, J=5.5, 1H); 7.88 (s, 1H); 7.80 (dd, J=13.1, 2.5, 1H); 7.50-7.45 (m,
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3H); 7.41-7.38 (m, 2H); 7.22-7.17 (m, 2H); 7.03 (d, J=1.2, 1H); 6.67 (d, J=4.7, 1H); 3.98 (s, 3H);
3.84 (s, 2H). LCMS: (M+H) 508.9.

Example 170
N-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-2-(4-
fluorophenylsulfonyl)acetamide (370)

[0463] To a solution of amide 369 (0.067 g, 0.13 mmol) in dichloromethane (50 mL) at 0 °C
was added m-CPBA (0.040 g, 0.24 mmol) and the mixture was left at -10 °C for 24 h. It was then
washed with water, NaHCOj3 (gg), brine, dried (anhydrous MgSOy), filtered, and concentrated.
Silica gel chromatography (eluent 5 % methanol/ethyl acetate) of the residue provided 370 (0.012
g, 18 % yield). "H NMR (400 MHz, CD;0D) & (ppm): 8.52 (d, J=5.7, 1H); 8.04-8.00 (m, 2H);
7.86 (s, 1H); 7.77 (dd, J=12.5, 2.4, 1H); 7.42-7.32 (m, 5H); 7.20 (d, J=1.4, 1H); 6.70 (dd, J=5.7,
1.2, 1H); 4.35 (s, 2H); 4.04 (s, 3H). LCMS: (M+H) 541.1.
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Example 171

2-(4-(7-(2-Fluoro-4-(3-oxo-3~(phenylamino)propanamido)phenoxy)thieno[3,2-b]pyridin-2-yl)- 1 H-
imidazol-1-yl)acetic acid (371)
Step 1: Ethyl 2-(4-iodo-1 H-imidazol-1-yl)acetate (372)
[0464]  To a solution of 4-iodoimidazole (1.93 g, 9.95 mmol) in dry THF (50 mL) at 0 °C was
added sodium hydride (60 % dispersion, 0.43 g, 10.8 mmol) and the mixture was stirred for 20
min. Ethyl bromoacetate (1.1 mL, 1.7 g, 10 mmol) was added by syringe and the cloudy mixture
was stirred for 15 min. It was then partitioned between ethyl acetate and water. The organic phase
was collected, washed with brine, dried (anhydrous MgSQy), filtered, and concentrated. Silica gel
chromatography (50% -> 75% ethyl acetate/hexanes) of the residue provided 372 (1.88 g, 67 %
yield). "H NMR (400 MHz, DMSO-d¢) & (ppm): 7.57 (d, J=1.4, 1H); 7.32 (d, J=1.4, 1H); 4.93 (s,
2H), 4.13 (q, J=8.0, 2H); 1.20 (t, J=7.2, 3H). LRMS (M+H): 281.0.
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Step 2: Ethyl 2-(4-(7-chlorothieno[3,2-b]pyridin-2-y1)- 1 H-imidazol-1-yl)acetate (373)

[0465]  To a solution of 7-chlorothienopyridine (2.23 g, 13.1 mmol) in dry THF (50 mL) at -78
°C under N; was added n-butyllithium (2.5 M in hexanes, 5.6 mL, 14 mmol), dropwise, with
stirring. The resulting suspension was stirred for 30 min at -78 °C , then ZaCl; (0.5M in THF, 30
mL, 15 mmol) was added and the mixture was allowed to warm to 0°C. Imidazole 372 (3.20 g,
11.4 mmol) and tetrakis(triphenylphosphine)palladium (0.40 g, 0.35 mmol) in THF (50 mL) were
then added to the aryllithium suspension, and the mixture was heated under reflux for 2 h, then
cooled and concentrated. The residue was partitioned between ethyl acetate and water. The
organic phase was collected, filtered, dried (anhydrous MgSQy), filtered again and concentrated.
The resulting solid was triturated (1:1 ethyl acetate/hexanes) to afford 373 (1.62 g, 44 % yield). H
NMR (400 MHz, DMSO-dy) & (ppm): 8.55 (d, J=5.1, 1H); 7.91 (d, J=1.2, 1H); 7.78 (d, J=1.2, 1H);
7.77 (s, 1H); 7.45 (d, J=5.2, 1H); 5.05 (s, 2H); 4.17 (q, J=7.2, 2H); 1.23 (t, J=7.0, 3H). LRMS
(M+H): 322.0 '

Step 3: Ethyl 2-(4-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)-1H-imidazol-1-
yDacetate (374)

[0466] A suspension of 373 (1.05 g, 3.26 mmol), 2-fluoro-4-nitrophenol (1.10 g, 7.00 mmol),
and K,COs (2.0 g, 15 mmol) in diphenyl ether (10 mL) was heated with stirring to 185 °C for 3 h.
The mixture was cooled, diluted with dichioromethane, filtered, and the filtrate was concentrated.
Silica gel chromatography (75% ethyl acetate/hexanes) of the residue provided 374 (0.98 g, 68 %
yield). '"HNMR (400 MHz, CD;0D) & (ppm): 8.52 (d, J=5.3, H); 8.46 (dd, J=10.4, 2.5, 1H);
8.20-8.17 (m, 1H); 7.89 (d, J=1.2, 1H), 7.77-7.74 (m, 1H); 7.75 (s, 1H); 7.69 (t, J=8.2, 1H); 6.86
(d, J=5.3, 1H); 5.04 (s, 2H); 4.17 (g, J=7.2, 2H); 1.22 (t, J=7.2, 3H). LRMS (M+H): 442.9.

Step 4: Ethyl 2-(4-(7-(4-amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)-1H-imidazol-1-
ylacetate (375)

[0467]  To a solution of thienopyridine 374 (0.25 g, 0.56 mmol) and nickel chloride
hexahydrate (0.26 g, 1.1 mmol) in absolute EtOH (50 mL) was added sodium borohydride (0.085
g, 2.2 mmol) in small portions. The resulting mixture was stirred at r.t. for 1 h, then filtered
through celite, run through a short plug of silica, eluting with 1:1 ethyl acetate/ethanol, and
concentrated, affording title compound 375 (0.21 g, 91 % yield). LRMS (M+H): 413.1.

Steps 5-6: 2-(4-(7-(2-Fluoro-4-(3-0x0-3-(phenylamino)propanamido)phenoxy)thieno(3,2-
b]pyridin-2-yl)-1H-imidazol-1-yl)acetic acid (371)
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[0468] To a solution of acid 1 (0.080 g, 0.44 mmol) in dichloromethane (10 mL) was added
BOP-C1(0.10 g, 0.39 g) in dichloromethane (10 mL) and the mixture was stirred at r.t. for 30 min.
Then aniline 375 (0.11 g, 0.27 mmol) and DIPEA (0.20 mL, 0.15 g, 1.1 mmol) in dichloromethane
(10 mL) were added, and the mixture was stirred at r.t. for 72 h. It was then washed with water, 1
M NaHCOs3 (ag), brine, dried (anhydrous MgSOy), filtered, and concentrated. Silica gel
chromatography (5 % methanol/ethyl acetate) of the residue afforded title compound 376 (0.065 g,
43 %), contaminated with some starting aniline 375. To impure amide 376 (0.050 g, 0.87 mmol)
in 40 % aqueous methanol (25 mL) was added NaOH (3M aqueous, 1 mL, 3 mmol) and the
mixture was stirred at r.t. for 1 h. It was then partially concentrated, and the residue purified by
reverse phase HPLC (Aquasil C-18 column, 40 — 95 % MeOH/H,0 + HCO,H, 30 min. linear
gradient elution) and lyophilization. Trituration of the resulting solid (ethy] acetate) afforded acid
371 (0.021 g, 44 % yield). "H NMR (400 MHz, DMSO-de)  (ppm): 11.00 (s, 1H); 10.61 (s, 1H);
8.33-8.31 (m, 3H); 7.87 (d, }=14.5, 1H); 7.78 (d, J=1.0, 1H); 7.63-7.60 (m, 4H); 7.32-7.27 (m,
4H); 7.04 (1, J=17.2, 1H); 6.40 (d, J=5.1, 1H); 4.38 (s, 2H); 3.51 (s, 2H, overlapping water

peak). LRMS (M+H): 545.9.

Scheme 85
F 4 ¥
TG
o O
NN
o PN S CF
/U\/N 7N | a ) it
HO' N HATU; DNF; r.t; 72 h
371: Example 171 2% F N ﬂ
ICRSNe
o o 0
N S
[o] F l
/
S an Sy
377: Example 172
Example 172

N'-(3-Fluoro-4-(2-(1-(2-0x0-2-(3-(pyrrolidin-1-yl)propylamino)ethy!)-1 H-imidazol-4-
yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-phenylmalonamide
[0469]  To a solution of acid 371 (0.016 g, 0.029 mmol) in dry DMF (5 mL) was added HATU
(0.040 g, 0.11 mmol) and the mixture was stirred at r.t. for 10 min. 1-(3-Aminopropyl)pyrrolidine
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(0.2 mL, 0.2 g, 2 mmol) was added and the resulting mixture was stirred at r.t. for 72 h and
purified by reverse phase HPLC (Aquasil C-18 column, 45 — 90 % MeOH/H,0 + HCO,H, 30 min.
linear gradient elution) and lyophilization. Trituration of the resulting solid with diethyl ether
afforded title compound 372 (0.006 g, 32 % yield). 'H NMR (400 MHz, CD30D) & (ppm): 8.40
(d, J=5.7, 1H); 7.87 (dd, J=12.5, 2.4, 1H); 7.80 (s, 1H); 7.75 (s, 1H); 7.67 (s, 1H); 7.60-7.56 (m,
2H); 7.43-7.30 (m, 4H); 7.14-7.09 (m, 1H); 6.59 (d, J=5.5, 1H); 4.85 (s, 2H); 3.59 (5, 0.5H
[exchanging with D7]), 3.35-3.30 (m, 2H); 3.08 (br s, 4H); 2.97 (t, J=8.0, 2H); 1.98 (br s, 4H);
1.89 (quint, J=7.8, 2H). LRMS: (M+H) 656.0.

Scheme 86
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378: Example 173

Example 173

N'-(4-(2-(6-(3-(Dimethylamino)propoxy)pyridin-3-yl)thieno[3 ,2-b]pyridin-7-yloxy)-3-

fluoropheny1)-N3-(2-methoxyphenyl)malonamide (378)

Step 1: 3-(5—(7-(2-Fluor0-4-ni11'ophenoxy)thieno[3,2-b]pyridin—2-yl)pyridin—2—yloxy)—N,N -
dimethylpropan-1-amine (379)

[0470]

Bromothienopyridine 50 (1.22 g, 3.30 mmol), N, N-dimethyl-3-(5-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)pyridin-2-yloxy)propan-1-amine (1.15 g, 3.76 mmol), and

249



WO 2008/041053 PCT/IB2006/004306

tetrakis(triphenylphosphine)palladium (0.14 g, 0.12 mmol) were dissolved in dry DME (100 mL).
Cesium fluoride (1.51 g, 10.0 mmol) and sodium bicarbonate (0.81 g, 9.6 mmol) were dissolved in
water (5 ml each) and added to the reaction mixture, which was degassed with a stream of N, then
heated to reflux for 4 h, cooled, and concentrated. The residue was partitioned between ethyl
acetate and water. The organic phase was collected, washed with brine, dried (anhydrous MgS0.),
filtered, and concentrated. The resulting orange solid was triturated with ether to provide 379
(1.12 g, 75 % yield). LRMS (M+H): 469.2.

Step 2: 4-(2-(6-(3-(Dimethylamino)propoxy)pyridin-3-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorobenzenamine (380)

[0471] To thienopyridine 379 (1.11 g, 2.37 mmol) and nickel chloride hexahydrate (1.11 g,
4.68 mmol) in 9:1 MeOH/THF (50 mL) was added sodium borohydride (0.45 g, 11.9 mmol) in
small portions. The resulting mixture was stirred at r.t. for 1 h, then filtered through celite and
concentrated. The residue was partitioned between water and dichloromethane, the organic phase
was washed with brine, dried (anhydrous MgSOy), filtered, and concentrated. Flash
chromatography (90:9:1 chloroform/methanol/NH,OH) afforded 380 (0.32 g, 31 % yield). 'H
NMR (400 MHz, CD3;0D) § (ppm): 8.43 (d, J=2.5, 1H); 8.33 (d, J=5.7, 1H); 7.93 (dd, J=8.8, 2.5,
1H); 7.59 (s, 1H); 7.00 (t, J=8.8, 1H); 6.77 (d, J=8.6, 1H); 6.57 (dd, J=12.5, 2.6, 1H); 6.53-6.49
(m, 2H); 4.29 (t, J=6.3, 2H); 2.48-2.43 (m, 2H); 2.24 (s, 6H); 1.95-1.90 (m, 2H). LRMS (M+H):
439.1.

Step 3: N'-(4-(2-(6-(3-(Dimethylamino)propoxy)pyridin-3-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-A°-(2-methoxyphenyl)malonamide (378)

[0472]  To a solution of aniline 380 (0.31 g, 0.71 mmol) and DIPEA (0.7 ml, 0.4 g, 3 mmol) in
dry DMF (5 mL) was added acid 27 (0.30 g, 1.4 mmot), HOBt (0.040 g, 0.30 mmol), and EDC x
HCI (0.40 g, 2.1 mmol) and the mixture was stirred at r.t. for 18 h. Additional EDCx HCI (0.050
g, 0.26 mmol) was added, and the mixture was stirred for a further 6 h. It was then partitioned
between ethyl acetate and water. The organic phase was collected, washed with water, dried
(anhydrous MgSOy), filtered, and concentrated. Flash chromatography (chloroform/NH4OH) of
the residue followed by re-crystallization (90% ethy] acetate/methanol) provided 378 (0.15 g, 32
% yield) as a colorless solid. '"H NMR (400 MHz, DMSO-ds) & (ppm): 10.58 (br s, 1H); 9.63 (br
s, 1H); 8.68 (dd, J=2.7, 0.8, 1H); 8.48 (d, J=5.5, 1H); 8.20 (dd, J=8.6, 2.7, 1H); 8.05 (d, J=7.6,
1H); 8.03 (s, 1H); 7.86 (dd, J=13.1, 2.3, 1H); 7.49 (t, J=8.8, 1H); 7.42 (dd, J=8.8, 14, 1H); 7.09-
7.03 (m, 2H); 6.94 (dd, J=8.8, 0.7, 1H); 6.92-6.88 (m, 1H); 6.61 (dd, J=5.5, 1.0, 1H); 4.33 (t,
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J=6.7, 2H); 3.85 (s, 3H); 3.63 (s, 2H); 2.33 (t, J=7.2, 2H); 2.13 (s, 6H); 1.84 (quint, J=7.2,
2H). LRMS (M+H): 630.2.

Table 18
Compounds 381-395 (examples 174-188)
Cpd| Ex Structure Characterization
381 | 174 / THNMR (400 MHz, d; DMSO) 5 (ppm)
i i 10.69 (s, 1H), 10.54 (s, 1H), 8.48 (d, J
D’ Y = 5.48 Hz, 1H), 8.24 (s, 1H), 8.02 (s,
é 0 0o 1), 7.85 (m, 34, 7.59 (m, 1H), 7.34
(m, 6H), 6.86 (m, 1H), 6.61 (d, J= 4.89
\ | Hz, 1H), 3.52 (s, 2H), 2.43 (m, 13H),
2.14 (s, 3H), 2.12 (s, 3H), MS (m/z):
N1-(3-Fluoro-4-(2- (4-((methyl 2-(4-
methylpiperazin-1- ( 685.1 (M+H). (formate)
ylethyl)amino)methyljphenyl)thieno[3,2-
b]pyridin-7-yloxy)pheny!)-N3-(3-
fluorophenyl)malonamide
382 | 175 <—~ 'H NMR (400 MHz, DMSO-d;) &
(ppm): 10.59(s, 1H); 10.29 (s, 2H); 8.48
v Fj@’nﬁl/\n’ HQ (s, J=5.5, 1H); 8.15 (s, 1H); 8.03 (s,
o ° 0 F|1H); 7.87 (dd, J=13.1, 2.4, 1H); 7.83 (4,
-N Sy J=8.4, 2H); 7.64-7.59 (m, 2H); 7.49 (t,
\ |N, 1=8.8, 1H); 7.44-7.40 (m, 3H); 7.17-
N1-(3-Fluoro-4-(2-(4-((methyl(-d- 5153 (5, 21 949 Dy 345 (o
methylpiperazin-1- . 4H); ~2.5-225 (br s, 8 H), 2.15 (s,
ylethyl)amino)methyl)phenyl)thieno[3,2- 6H). LRMS (M-+H): 685.1
b]pyridin-7-yloxy)phenyl)-N3-(4- ’ T
fluorophenyl)malonamide
383 | 176 N 'H NMR (400 MHz, DMSO-d;) &
(5 o b Yq\" (ppm); 10.73 (s, 1H); 8.48 (4, J=5.5,
N :@’ ‘@ 1H); 8.20 (s, 1H); 8.02 (s, 1H); 7.93-
o ¢ 0 7.89 (m, 1H); 7.83 (d, J=8.2, 2H); 7.67-
~N 7.64 (m, 2H); 7.52-7.46 (m, 2H); 7.43-
Q lN, 7.36 (m, 4H); 7.16 (t, J=7.2, 1H); 6.63
Nomobad G (4TSS
methylpiperazin- 1- . 225 (m, 14 H); 2.14 (s, 3H); 212 (s,
yDethyl)amino)methyl)phenyl)thieno[3,2- 3H). LCMS: (M+H) 693.1
blpyridin-7-yloxy)phenyl)-2-ox0-1- ) ) o
phenylpyrrolidine-3-carboxamide
384 | 177 (_N/ vo 'H NMR (400 MHz, DMSO-d;) &
) (ppm): 10.32 (s, 1H); 8.47 (d, J=5.5,
- FI)’HTY N‘@ 1H); 8.22 (s, 1H); 8.02 (s, 1H); 7.83 (d.
o ©c 0 F (3=8.2, 2H); 7.78 (dd, J=13.1, 2.4, 1H);
—N N 7.46-7.40 (m, SH), 7.30-7.25 (m, 3H);
N |N/ 6.60 (d, J=5.1, 1H); 3.52 (s, 2H); 3.21
N1-(3-Fluoro-4-(2-(4-((methyl(2-(4- (152’}1%-}[2)’13'(137 3(:{), o (3530}‘12)21?11%
methylpiperazin-1- (M+I’,1)"6992’ TR
yl)ethyl)amino)methyl)phenyl)thienof3,2- B
b]pyridin-7-yloxy)phenyl)-N3-(4-fluorophenyl)-
L N3-methylmalonamide
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385 | 178 N Y?N ‘H NMR (400 MHz, DMSO-d;) &
\ FD’ O (ppm): 1070 (s, 1H); 8.49 (d, J=5.3,
C} © © 1H); 8.12 (s, 1H); 8.03 (s, 1H); 7.93-
N SN\ 7.89 (m, 1H); 7.84 (d, J=8.2, 2H); 7.68-
\ 'N/ 7.65 (m, 2H); 7.52-7.48 (m, 2H); 7.43-
N-(3-Fluoro-4-(2-(4-((4-methylpiperazin-1- 1.3 (f" 4H); 7‘18j7'14 (m, 1H); 6'63,
DenethyDphenDthienol3 2. 1erdi 7. (dd, J=5.5, 1.0, 1H); 3.95-3.89 (m, 2H);
yl) 1yx)p1 ylthieno[3,2-b]pyridin-7 3.78 (t, 3=0.0, 1H); 3.52 (s, 2H); 2.52-
Vioxy)phenyly2-oxo-1-phenylpyrrolidine-3- ;34 (m, 10H1); 2.25 (5, 3H). LRMS:
(M-+H) 636.1.
386 | 179 \ 'H NMR (400 MHz, DMSO-d5) &
\ FD’HT"T"O (ppm): 10.57 (s, 1H); 8.49 (d, J=5.5,
C§ 6 o 1H); 8.02 (s, 1H), 7.87-7.82 (m, 3H);
"v@—{‘fﬁ 7.62 (d, I=7.6, 2H); 7.51-7.40 (m, 6H),
A 7.16 (t, J=74, 1H); 6.62 (d, J=5.5, 1H);
N-(3-Fluoro-4-(2-(4-((4-methylpiperazin-1- ~ [>-98-3.92 (m, 4H); 3.49 (s, 2H); 2.45-
yl)methy])phenyl)thieno[3,2-b]gyridin-7- 220 (m, 8H); 2.13 (s, 3H).LCMS:
yloxy)phenyl)-2-oxo-3-phenylimidazolidine-1-  |(M+H) 637.1.
carboxamide
387 | 180 I "H NMR (400 MHz, DMSO-d;) 8
/@n‘g"‘g’"@ (ppm): 1060 (s, 1H); 8.48 (d, J=5.1,
e S 1H); 7.88 (s, 1H); 7.73 (d, 1=8.4, 2H);
N Sy 7.63-7.60 (m, 4H); 7.44-7.40 (m, 3H);
[w 7.17 (t, 1=6.9, 1H); 7.05 (s, 1H); 6.80
N-(4-(2-(1-Methyl- 1H-imidazol-2-yl)thieno[3,2- |(& 3=5:1, 1H); 3.98 (s, 3H); 3.97-3.93
b]pyridin-7-ylthio)phenyl)-2-oxo-3- (m, 4H). LRMS (M+H): 527.0.
phenylimidazolidine-1-carboxamide
388 | 181 Y @ "H NMR (400 MHz, DMSO-d;) 8
F:@/"TN\( (ppm): 10.59 (s, 1H); 8.53 (d, J=5.3,
o o 0 1H); 7.85 (dd, J=12.9, 2.1, 1H); 7.83 (s,
N s A 1H); 7.63 (d, J=7.8, 2H); 7.52-7.40 (m,
[ I 5H); 7.17 (t, J=7.4, 1H); 7.07 (s, 1H);

N N 6.70 (d, I=5.5, 1H); 4.37 (q, ]=7.2, 2H);
N-(4-(2-(1-Ethyl-1H-imidazol-2-yl)thieno[3,2-  |3.97-3.93 (m, 4H); 1.42 (1, }=7.2,
b]pyridin-7-yloxy)-3-fluorophenyl)-2-oxo-3- 3H). LRMS (M+H): 543.2.
phenylimidazolidine-1-carboxamide

389 | 182 'H NMR 6 (400 MHz, CD,0D): 8.42
UN%NQ (bs, 2H), 7.83 (dd, I=2.3, 12.7 H, 1H),
° F o [7.79(s, 1H),7.76 (d, ] = 3.5 Hz, 2 H),
Srs 7.55 (m, 2 H), 7.46 (d, ] = 8.2 Hz, 2 H),
A7 7.41 (m, 1H),7.32 (dd, ] =8.6, 8.8 Hz,
(f:} 1'H), 7.05 (m, 2 H), 6.59 (d, 1 = 5.3 Hz,
1 H), 3.65 (s, 2 H), 3.14 (bs, 4 H), 2.66-
N-(3-Fluoro-4-(2-(4-((4-methylpiperazin-1- 2.80 (bs, 7 H), 1.63 (s, 4 H)
ylmethyl)phenyl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-N-(4-fluorophenyl)cyclopropane-
1,1-dicarboxamide
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390 | 183 E H H 'HNMR & (ppm, CDsOD): 10.57 (s, 1
:@’ Y @ H), 10.20 (s, 1 H), 8.48 (d, I = 5.5 Hz, 1
o o H), 8.02 (s, 1 H), 7.82-7.89 (m, 3 H),
/_Q_@\\% 7.59 (dd, J = 8.6, 8.8 Hz, 2 H), 7.49 (dd,
N WAL J=8.8, 9.0 Hz, 1 H), 7.41-7.44 (m, 3
(5 N H), 7.29-7.33 (m, 2 H), 7.03-7.07 (m, 1
HN . H), 6.61-6.62 (m, 1 H), 3.50 (s, 2 H),
N1-(3-Fluoro-4-(2-(4-(piperazin-1- 348 (s, 2 H), 2.73 (m, 4 H), 2.33 (m, 4
ylmethylphenylthieno(3,2-b]pyridin-7- H).
yloxy)phenyl)-N3-phenylmalonamide
391 | 184 nmxn/g '"HNMR § (400 MHz, CD,0D): 10.37
Fj@’ ‘@ (s, 1 H), 9.98 (s, 1 H), 849 (d, 1=5.5
© ©° Hz, 1 H), 8.01 (s, 1 H), 7.89 (dd, J =
@—@5% 2.2,13.2 Hz, 1H),7.82 (d, J=8.2 Hz, 2
N P H), 7.60-7.62 (m, 2 H), 7.43-7.52 (m,
(__) N 2H), 7.41 {d, J = 8.2 Hz, 2H), 7.21-7.32
N {m, 2 H), 7.03-7.07 (m, 1 H), 6.58-6.60
N-(3-Fluoro-4-(2-(4-({(4-methylpiperazin-1- (m, 1 H), 3.48 (s, 2 H), 2.22-2.42 (bs, 6
yl)methyl)phenyl)thieno[3,2-b]pyridin-7- H),2.13 (s, 3 H), 1.46 (25, 4 H).
yloxy)phenyl}-N-phenylcyclopropane-1,1-
dicarboxamide
392 | 185 . H H '"H NMR & (400 MHz, CD30D): 8.59
@’ TY O (s, 1 H), ), 8.45 (bs, 1 H), ): 7.80-7.87
(m, 4 H), 7.58-7.61 (m, 2 H), 7.51 (bd,
/_M)N I=28.2Hz, 2 H), 7.30-7.41 (m, 4H),
(—} N 7.10-7.14 (m ,1 H), 3.68 (s, 2 H), 3.16
) (bs, 4 H), 2.66-2.80 (bs, 7 H).
N1-(3-Fluoro-4-(6-(4-((4-methylpiperazin-1-
yDmethyl)phenyl)thieno[3,2-d]pyrimidin-4-
yloxy)phenyl)-N3-phenylmalonamide
393 | 186 . H (\NO 'HNMR & (400 MHz, DMSO-d6):
j@’ s \g 10.53 (s, 1 H), 8.43 (d, J= 5.5 Hz, 1 H),
e 798 (s, 1 H), 7.77-7.84 (m, 3 H), 7.57
/—Q—CL;T (d, J=8.6 Hz, 2 H), 7.34 -7.48 (m, 6
NSy H),7.12(dd, J=72, 74 Hz, 1), 6.58
{:} (d, J=5.3 Hz, 1 H), 6.36 (m, 1 H), 3.85
Ma-HN—Qo -3.96 (m, 4 H), 3.47 (5, 2 H), 3.21 (bs, 4
4-(4-(7-QFluoro-4-(2-0x0-3- g), 2.48 (d, J=4.3 Hz, 3 H), 2.27 (bs, 4
phenylimidazolidine-1- ).
carboxamido)phenoxy)thicno[3,2-b]pyridin-2-
yDbenzyl}-N-methylpiperazine-1-carboxamide
394 | 187 'HNMR 8 (400 MHz, DMSO-d6):

r/\
F NTNWEJN_-@
0

Sr?
L]
() ”
H|
N-(3-Fluoro-4-(2-(4-(piperazin-1-

ylmethyl)phenyl)thieno[3,2-b]pyridin-7-
yloxy)phenyl)-2-oxo-3-phenylimidazolidine-1-

carboxamide

10.58 (s, 1 H), 8.51 (d, T = 5.5 Hz, 1 H),
8.03 (s, 1 H), 7.83-7.88 (m, 3 H), 7.13
(d, J = 8.2 Hz, 2 H), 7.41-7.52 (m, 6 H),
7.17(dd,J=7.2, 7.4 Hz, 1 H), 6.64 (4,
J=5.5Hz, 1 H), 3.90 - 4.02 (m, 4 H),
347 (s, 2 H), 2.68 (m, 4 H), 2.30 (bs,
4H).
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395 | 188 e 'THNMR & (400 MHz, DMSO-d6):
F:@zNTNj( 10.60 (s, 1 H), 8.58 (dd, J=1.8, 5.5 Hz,
c 0 1 H), 8.09, 8.03 (25, 1 H), 7.85 (dd, T =
o s 2.3, 13.0 Hz, 1 1), 7.62 (m, 2 H), 7.45
S
e (m, 4 H),7.16 (m, 1 H), 6.76 (4,7 5.5
N N Hz, 1 H), 3.40 - 4,10 (m, 6 H), 3.20 -
Q 3.40 (a signal corresponding to 2H is
AN hidden by a residual signal of water),
{S)-N-(4-(2-(3-(Dimethylamino)pyrrolidine-1- 2.55 (m, 1 H), 2.00 - 2.40 (m, 7 H),
carbonyl)thicno[3,2-b]pyridin-7-yloxy)-3- 1.53 -1.58 (m, 1 H).
fluorophenyl)-2-0x0-3-phenylimidazolidine-1-
carboxamide
395a | 188a 'H NMR (400 MHz, MeOH-d4) §
W \@ {(ppm): 8.44 (d, 1H, J=5.5 Hz), 7.79 (dd,
CO;E1 1H, J=2.2 iz, J=12.2 Hz), 7.53 (d, 21,
1=8.6 Hz), 7.45 (m, 1H), 7.2-7.4 (m,
I N \ [ P 4H), 7.14 (s, 1H), 7.09 (t, 1H, =74
© N Hz), 4.21 (q, 2H, J=7.0 Hz), 3.86 (s,
Ethyl 2-(2-(7-(2-fluoro-4-(3-ox0-3- 2H), 349 (s, 2H), 128 (1, 3H,
{phenylamino)propanamido)phenoxy)thieno[3,2- J=7.0Hz). MS (m/z); (M+1) 575.0 (100
b]pyridin-2-yl)oxazol-4-yl)acetate %)
MG 89174
—
Scheme 87
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3-Fluoro-4-(2-(5-((4-methylpiperazin-1-yl)methyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-
yloxy)aniline (396)
and

4-(2-(5-((Dimethylamino)methyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluoroaniline (397)
Step 1: 7-(2-Fluoro-4-nitrophenoxy)-2-iodothieno[3,2-b]pyridine (399)
[0473] A mixture of the chloride 398 (Ragan J. A. ef al, Organic Process Research and
Development 2003, 7, 676-683) (7.0 g, 23.7 mmol), 2-fluoro-4-nitrophenol (11.15 g, 3 eq, 71.1
mmol), K,COs (13.08 g, 4 eq, 94.8 mmol) in Ph;O (30 ml) was heated to 200 °C for 3 h. The
reaction mixture was cooled to room temperature and diluted with DCM, filtered and
concentrated. The resulting solid was triturated with diethyl ether, to afford 399 (7.3 g, 74% yield),
which was used directly in the next step with no additional purification. MS (m/z): 417.0 (M+H).
Step 2: 6-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)nicotinaldehyde (400)
[0474] A solution 0f399 (1 g, 2.40 mmol) and 6-bromonicotinaldehyde (450 mg, 2.40 mmol)
in 1,4-dioxane (10 mL) was treated sequentially with bis-trimethyl tin (500 pL, 787 mg, 2.40
mmol) and PA(PPh;)4 (270 mg, 0.24 mmol). The reaction mixture was then heated to reflux under
nitrogen overnight, cooled, and concentrated. The crude product was purified by flash
chromatography using the gradient 5%-10% MeOH in DCM and subsequent trituration by MeOH,
providing pure 400 (494 mg, 52% yield). "H NMR (400 MHz, DMSO-ds) & (ppm): 10.11 (s, 1H),
9.10 (m, 1H), 8.65 (d, 1H, J=5.2 Hz), 8.62 (s, 1H), 8.51 (d, 1H, J=8.8 Hz), 8.48 (dd, 1H, J=2.8 Hz,
J=10.4 Hz), 8.38 (dd, 1H, J=2.1 Hz, J=8.2 Hz), 8.20 (m, 1H), 7.73 (1, 1H, J=9.0 Hz), 7.01 (d, 1H,
J=5.5 Hz). MS (w/z): (M+1) 395.9.
Step 3: 7-(2-Fluoro-4-nitrophenoxy)-2-(5-((4-methylpiperazin-1-yl)methyl)pyridin-2-
yDthieno[3,2-b]pyridine (401)
[0475] A mixture of 400 (451 mg, 1.14 mmol) and 1-methylpiperazine (152 pL, 137 mg, 1.37
mmol) in DCM (7 mL) was stirred at room temperature for 10 min, It was then treated with
NaBH(OACc); (340 mg, 1.60 mmol) and stirred at room temperature overnight. The reaction
mixture was diluted with DCM (20 mL) and washed with saturated NaHCOs solution (20 mL).
The organic phase was collected, dried over anhydrous NazSQs, filtered and concentrated. The
residue was purified by flash chromatography using the gradient 30-50% MeOH (with 2% Et;N)
in EtOAc to afford 401 (308 mg, 52% yield). MS (m/z): (M+1) 480.0 (100%).
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Step 3: 3-Fluoro-4-(2-(5-((4-methylpiperazin-1-yl)methyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-
yloxy)aniline (396)

[0476]  To a solution of 401 (306 mg, 0.64 mmol) and NH,Cl1 (30 mg, 0.54 mmol) in 2:1
EtOH/water (10.5 mL) was added iron powder (304 mg, 5.43 mmol) and the suspension was
heated to reflux for 1 hour. The reaction mixture was filtered through celite and concentrated to
provide title compound 396, that was used without further purification (343 mg, 100% yield). MS
(m/z): (M+1) 450.0 (100%). '

Step 4: 1-(6-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-y1)pyridin-3-y1)-N, N-
dimethylmethanamine (402)

[0477] ~ A mixture of 400 (360 mg, 0.91 mmol) and dimethylamine (2M THF solution, 550 pL,
1.09 mmol) in DCM (10 mL) was stirred at room temperature for 10 min. It was then treated with
NaBH(OAc);3 (270 mg, 1.27 mmol) and stirred at room temperature overnight. The reaction
mixture was diluted with DCM (30 mL) and washed with saturated NaHCOj solution (30 mL),
dried over anhydrous Na;SQy, filtered and concentrated. The residue was purified by flash
chromatography using the gradient 10-30% MeOH in DCM as an eluent, to provide title
compound 402 (321 mg, 83% yield). MS (n/z): (M+1) 425.1 (100%).

Step 5: 4-(2-(5-((Dimethylamino)methyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluoroaniline (397)

[0478] To a solution of 402 (308 mg, 0.72 mmol) and NH4ClI (33 mg, 061 mmol) in 2:1
EtOH/water (9 mL) was added iron powder (345 mg, 6.17 mmol) and the suspension was heated
to reflux for 1 hour. The reaction mixture was filtered through celite and concentrated to provide
title compound 397 (350 mg, quantitative yield), that was used without further purification. MS
(m/z); (M+1) 395.1 (100%).

Scheme 88
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7-(4-Amino-2-fluorophenoxy)-N-(3-methoxyphenyl)thieno[3,2-b]pyridin-2-amine (404)
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Step 1: 7-(2-Fluoro-4-nitrophenoxy)-N-(3-methoxyphenyl)thieno[3,2-b]pyridin-2-amine (403)

A solution of 399 (scheme 87) (700 mg, 1.68 mmol), Cs,CO;3 (1.12 g, 3.43 mmol), 3-
methoxyaniline (190 pL, 206 mg, 1.68 mmol), Pd(OAc), (70mg, 0.17 mmol) and Xantphos (1.43
g, 2.52 mmol) (J. Org. Chem., 1999, 64, 6019-6022) in dioxane (15 mL) was heated to reflux for
5 hrs. The reaction mixture was cooled, concentrated and the residue was purified by flash
chromatography using 80% EtOAc in hexanes as the eluent, to afford 403 (408 mg, 59% yield).
MS (m/z): (M+1) 412.0 (100%).
Step 2: 7-(4-Amino-2-fluorophenoxy)-N-(3-methoxyphenyl)thieno[3,2-b]pyridin-2-amine (404)
To a solution of 403 (408 mg, 0.99 mmol) and NH4Cl (45 mg, 084 mmol) in 2:1
EtOH/water (15 mL) was added iron powder (472 mg, 8.43 mmol) and the suspension was heated
to reflux for 1 hour. The reaction mixture was filtered through celite and concentrated to provide
404 (278 mg, 74% yield), that was used without further purification. MS (m/z): (M+1) 382.0

[0479]

[0480]

(100%).
Table 19
Compounds 405-410 (examples 189-192) prepared from the amines 396, 397 and 404
Cpd Ex |Structure Characterization
THNMR § (400 MHz, DMSO-d6): 10.72
N‘n’ ;Nj@ G, 1H), 8.52 (br.s., 1H), 8.50 (4, 1H, I=5.5
o o Hz), 8.32 (s, 1H), 8.23 (d, 1H, J=8.3 Hz),
M F 7.92 (4, 1H, J=11.6 Hz), 7.83 (dd, 1H,
B WP ¥=2.0 iz, J=8.0 Hz), 7.65 (d, 1H, I=7.6
405 | 189 e I} Hz), 7.50 (m, 2H), 7.39 (t, 2H, J=7.4 Hz),
N 7.16 (1, 1H, J=7.4 Hz), 6.68 (d, 1H, J=5.0
N-(3-Fluoro-4-(2-(5-((4-methylpiperazin-1- Hz), 3.91 (m, 2H), 3.77 (t, 1H, J=8.4 Hz),
yDmethyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-  13.52 (s, 2H), 2.2-2.5 (m, 10H), 3.12 (s,
yloxy)phenyl)-2-oxo-1-phenylpyrrolidine-3- 3H) MS (m/z); (M+1) 637.1 (100%).
carboxamide
Ho A~ A 'HNMR § (400 MHz, CD30D): 8.51 (4,
Ji‘:lr ﬂ @ 1H, J=1.6 Hz), 8.39 (d, 1H, J=5.5 Hz),
L 7.95 (s, 1H), 7.91 (d, 1H, }=8.3 Hz), 7.8
a=eb (m, 2H), 7.55 (d, 2H, J=8.6 Hz), 7.2-7.4
406 | 190 (—_} N N (m, 4H), 7.09 (t, 1H, J=7.5 Hz), 6.51 (d,
) 1H, J=5.5 Hz), 3.56 (s, 2H), 2.3-2.7 (m,
N1-(3-Fluoro-4-(2-(5~((4-methylpiperazine-1-  (SFx 227 (5, 3H). MS (m/2): (M+1) 611.1
yDmethyDpyridin-2-yl)thieno[3,2-blpyridin-7- | (100%).
loxy)phenyl)-N3-phenylmalonamide
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T
Qn\g«“\g/”O 'HNMR § (400 MHz, DMS0-d6): 10.55
F
F
»

(s, 1H), 8.53 (m, 2H), 8.33 (s, 16, 8.24
IN\_¢
407 | 191 unm 7.65 (m, 2H), 7.46 (m, 2H), 7.28 (1, 2H,

(d, 1H, J=8.2 Hz), 7.84 (d, 2H, J=8.5 H2),
N J=8.7 H2), 6.69 (d, 1H, J=5.5 Hz), 3.95 (5,

N-(4-(2-(5-((Dimethylamino)methyl)pyridin-2-  |2H), [3.4 (4H)], 2.17 (5, 6H) MS (m/z):
yDthieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)- |(M+1) 601.3 (100%)
3-(4-fluorophenyl)-2-oxoimidazolidine- 1-
carboxamide
] i THNMR 5 (400 MHz, MeOH-d4): 8.15
Q TY 0 |ors.2m,7.19 46, 1, 724 Hz, -12.3
Hz), 7.55 (d, 2H, J=8.8 Hz), 72-7.4 (m,
=T F SH), 7.09 (t, 1H, J=7.4 Hz), 6.85 (m, 2H),
408 | 192 N 6.74 (s, 1H), 6.58 (dd, 1H, J=2.4 Hz, J=8,3
P Hz), 6.39 (d, 1H, J=5.7 Hz), 3.79 (s, 3H),
N1-(3-Fluoro-4-(2-(3- 3.53 (s, 2H). MS (m/2); (M+1) 543.0
methoxyphenylamino)thieno]3,2-bJpyridin-7- (100%).
yloxy)pheny!)-N3-phenylmalonamide
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Example 193

2~(7~(2-Fluoro-4-(3-0x0-3-(phenylamino)propanamido)phenoxy)thieno[3,2-b]pyridin-2-
yl)pyridine 1-oxide (409)
Steps 1: 3-Fluoro-4-(2-iodothieno{3,2-b]pyridin-7-yloxy)aniline (410)
[0481] To a solution 0of 399 (2 g, 4.81 mmol) and NH4Cl (220 mg, 4.08 mmol) in 2:1
EtOH/water (75 mL) was added iron powder (2.28 g, 40.8 mmol) and the suspension was heated
to reflux for 1 hour. The reaction mixture was filtered through celite and concentrated to afford
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410 (1.85 g, 100% yield), that was used without further purification MS. (m/z): (M+1) 386.8
(100%).

Steps 2: N'-(3-Fluoro-4-(2-iodothieno [3,2-b]pyridin-7-yloxy)phenyl)-N’-phenylmalonamide (411)
[0482] A solution of the acid 1 (465 mg, 2.59 mmol) and BOPCI (666 mg, 2.59 mmol) was
mixed in DCM (5 mL) at 0 °C and stirred at the same temperature for 15 min. The reaction
mixture was then treated with a solution of 410 (500 mg, 1.29 mmol) and iProNEt (1.3 mL, 1 g,
7.79 mmol) in DCM (5 mL) at 0°C and allowed to stir at room temperature for overnight. The
mixture was diluted in DCM (30 mL), washed with saturated NaHCOj3 solution (30 mL), dried
over anhydrous Na;SO,, filtered and concentrated. The residue was purified by flash
chromatography using the gradient 75-100% EtOAc in hexanes as an eluent, to provide 411 (382
mg, 54% yield). "H NMR 3§ (400 MHz, CD;0D): 8.33 (d, 5.7 Hz), 7.79 (dd, 1H, J=2.4 Hz, J=12.3
Hz), 7.54 (m, 5H), 7.2-7.4 (m, 4H), 7.09 (t, 1H, J=7.2 Hz), 6.50 (d, 1H, J=5.5 Hz), 3.51 (s, 2H),
7.75 (s, 1H). MS (m/z): (M+1) 547.9 (100%).

Steps 3: 2-(7-(2-Fluoro-4-(3-oxo0-3-(phenylamino)propanamido)phenoxy)thieno[3,2-b]pyridin-2-
yD)pyridine 1-oxide (409)

[0483] A solution of 411 (45 mg, 0.08 mmol), 4-bromopyridine N-oxide (250 mg, 1.43 mmol),
bistrimethyltin (26 pL, 40 mg, 0.12 mmol) and Pd(PPh3)4 (10mg, 0.01 mmol) in dioxane (1 mL)
was heated to reflux for 4 hrs. The reaction mixture was cooled, concentrated and the residue was
purified by flash chromatography using the gradient 5-10% MeOH in DCM as an eluent, to afford
409 (11 mg, 27% yield). ' HNMR & (400 MHz, CD3;0D): 8.71 (d, 1H, J=5.4 Hz), 8.6 (m, 3H),
8.04 (dd, 1H, J=2.5 Hz, J=12.3 Hz), 7.85 (t, 1H, J=8.4 Hz), 7.78 (m, 2H), 7.65 (m, 1H), 7.62 (m,
1H), 7.53 (m, 3H), 7.32 (t, 1H, J=7.4 Hz), 6.81 (d, 1H, J=5.5 Hz), 3.75 (s, 2H). MS (m/z): (M+1)
515.0 (100%).
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Example 194

N*-(3-Fluoro-4-(2-(1-(2-morpholinoethyl)-2-oxo-1,2-dihydropyrimidin-5-yl)thieno[3,2-b]pyridin-

7-yloxy)phenyl)-N-(2-methoxyphenyl)malonamide (412)
Step 1. 5-Bromo-1-(2-morpholinoethyl)pyrimidin-2(1H)-one (413)
|0484] To a solution of 5-bromo-2-hydroxypyrimidine (1.00 g, 5.75 mmol) in DMF (19 mL)
was added sodium iodide (1.29 g, 8.6 mmol), cesium carbonate (4.68 g, 14.4 mmol), 4-(2-
chloroethyl)morpholine hydrochloride (1.18 g, 6.32 mmol) and the reaction mixture was stirred at
60 °C for2.5 h. The solution was filtered, and the filtrate was concentrated. The residue was
purified by flash chromatography, eluting with gradient of methanol (5-15%) in dichloromethane
to give title compound 413 (1.29 g, 78% yield). MS (m/z): 288.1 (50%) (M+H), 290.0 (50%)
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(M+H). "THNMR (DMSO0-dg) & (ppm): 8.61 (d, J=3.3Hz, 1H), 8.46 (d, J=3.3Hz, 1H), 3.93 (t,
J=5.9Hz, 2H), 3.51 (t, }=4.5Hz, 4H), 2.57 (t, ]=6.1Hz, 2H), 2.45-2.39 (m, 4H).

Step 2: 5-(7-Chlorothieno[3,2-b]pyridin-2-y1)-1-(2-morpholinoethyl)pyrimidin-2(1 H)-one (414)
[0485]  To a solution of the tributyltin derivative 6 (1.88 g, 4.1 mmol) (scheme 2) in toluene
(39 mL.) was added 5-bromo-1-(2-morpholinoethyl)pyrimidin-2(1 H)-one (413, 1.29 g, 4.5
mmmol) and Pd(PPhs)4 (474 mg, 0.41 mmol). The reaction mixture was stirred at 100 °C for 16 h.
The mixture was filtered and the solvent was evaporated. The residue was triturated in hexanes,
then triturated in EtOAc to produce title compound 414 (236 mg, 15% yield). MS (m/z): 377.0
(M+H). "HNMR (DMS0-dg) 5 (ppm): 9.18 (d, J=3.5Hz, 1H), 8.76 (d, J=3.3Hz, 1H), 8.64 (d,
J=5.1Hz, 1H), 8.05 (s, 1H), 7.57 (d, J=5.1Hz, 1H), 4.06 (t, J=5.9Hz, 2H), 3.54 (t, J=4.5Hz, 4H),
2.64 (t, J=5.9Hz, 2H), 2.49-2.43 (m, 4H).

Step 3: 5-(7-(2-Fluoro-4-nitrophenoxy)thieno[ 3,2-b]pyridin-2-y1)-1-(2-
morpholinoethyl)pyrimidin-2(1/)-one (415)

[0486]  To a solution of the pyridone 414 (236 mg, 0.63 mmol) in Ph,O (1.3 mL) was added 2-
fluoro-4-nitrophenol (197 mg, 1.26 mmol) and K,CO;3 (173 mg, 1.26 mmol). The mixture was
stirred at 100 °C for 1 h, then at 180 °C for 2 h, cooled and evaporated under reduced pressure.
The residue was purified by flash chromatography with a gradient of methanol (2-10%) in
dichloromethane to give tifle compound 415 (81 mg, 26% yield). MS (m/z): 498.0 (M+H). H
NMR (DMSO-dg) 6 (ppm): 9.16 (d, J=3.3Hz, 1H), 8.66 (d, J=3.3Hz, 1H), 8.60 (d, J=5.3Hz, 1H),
8.47 (dd, J=10,2.5Hz, 1H), 8.19 (d, ]=8.8Hz, 1H), 8.02 (s, 1H), 7.69 (t, J=8.6Hz, 1H), 6.98 (d,
J=3.3Hz, 1H), 4.02 (t, J=5.5Hz, 2H), 3.58-3.43 (m, 4H), 2.59 (t, J=5.5Hz, 2H), 2.50-2.41 (m, 4H).
Step 4: 5-(7-(4-Amino-2-fluorophenoxy)thieno[3,2-b]pyridin-2-yl)-1-(2-
morpholinoethyl)pyrimidin-2(1 /)-one (416)

[0487] To a solution the compound 415 (81 mg, 0.16 mmol) in ethanol (1 mL) and water (0.5
mL) was added NH4C1 (9 mg, 0.16 mmol) and iron powder (73 mg, 1.30 mmol). The mixture was
stirred at 80°C for 45 min, filtered through celite, and the solvent was evaporated to give title
compound (416). MS (m/z): 468.1 (M+H).

Step 5: N'-(3-Fluoro-4-(2-(1-(2-morpholinoethyl)-2-oxo-1,2-dihydropyrimidin-5-yl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-N-(2-methoxyphenyl)malonamide (412)

[0488] To a solution of the amine 416 (0.16 mmol) in DMF (1 mL) was added acid 27 (38 mg,
0.18 mmol), HOBT (24 mg, 0.18 mmol) and EDC x HC1 (46 mg, 0.24 mmol). The mixture was
stirred at room temperature for 16 h. The solvent was evaporated, then the residue was purified by
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flash chromatography with gradient of methanol (0-5%) in dichloromethane, followed by
preparative HPLC purification with gradient of methanol (20-100%) in water to give title
compound 412 (14 mg, 13% yield). MS (m/z): 659.1 (M+H). '"H NMR (DMSO-d¢) 3 (ppm):
10.59 (s, 1H), 9.64 (s, 1H), 9.16 (d, J=3.3Hz, 1H), 8.69 (d, J=3.3Hz, 1H), 8.51 (d, J=5.5Hz, 1H),
8.07 (d, J=7.4Hz, 1H), 7.98 (s, 1H), 7.88 (dd, J=13,2.3Hz, 1H), 7.51 (t, J=9.0Hz, 1H), 743 (dd,
J=8.8,1.6Hz, 1H), 7.11-7.05 (m, 2H), 6.94-6.90 (m, 1H), 6.67 (d, J=4.7Hz, 1H), 4.05 (t, J=6.5Hz,
2H), 3.86 (s, 3H), 3.64 (s, 2H), 3.55-3.50 (m, 4H), 2.63 (t, J=5.5Hz, 2H), 2.46-2.42 (m, 4H).
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Example 195
N1~(4-(2-(1-(2-(Dimethylamino)ethyl)-6-oxo-1,6-dihydropyridin-3—yl)thieno[3,2-b]pyridin-7-
yloxy)-3-flucrophenyl)-N-(2-methoxyphenyl)malonamide (417)

Step 1. 7-Chloro-2-(6-methoxypyridin-3-yl)thieno[3,2-5]pyridine (418)

[0489] To a solution of tributyltin derivative 6 (2.00g, 4.36mmol) (scheme 91) in toluene (10
mL) was added Ph(PPhs)s (0.503 g, 0.436 mmol) followed by 5-bromo-2-methoxypyridine (0.62
mL, 4.8 mmol). Nitrogen gas was bubbled directly into the reaction mixture for 30 minutes before
it was heated to reflux for 16 h. The reaction mixture was then cooled to room temperature and
the yellow precipitate was collected by filtration and washed with hexanes. The material was then
further purified by flash chromatography (eluent 20 to 50% ethyl acetate in hexanes) to afford the
titled compound 418 as a fluffy white solid (0.752g, 62% yield). MS (m/z): 277.0 (M+H).

Step 2. 7-(2-Fluoro-4-nitrophenoxy)-2-(6-methox ypyridin-3-yl)thieno[3,2-5]pyridine (419)
[0490] A suspension of 418 (0.638 g, 2.31 mmol), 2-fluoro-4-nitrophenol (0.725 g, 4.61
mmol) and potassium carbonate (0.638 g, 4.61 mmol) in dipheny! ether (6mL) was heated to 170
°C for 8 h in a pressure tube. The resulting dark solution was cooled to room temperature, diluted
with CH,Cl; and then filtered. The filtrate was concentrated and the residue was purified by flash
chromatography (eluent 100% hexanes to 50/50 ethyl acetate/hexanes) to produce title compound
419 as a yellow solid (0.395g, 43% yield). MS (m/z): 398.0 (M+H).

Step 3. 5-(7-(2-Fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-yl)pyridin-2( | H)-one (420)

[0491] To a flask containing a suspension of 419 (0.299 g, 0.753mmol) in acetonitrile (8mL)
was added chlorotrimethylsilane (0.095 mL, 0.748 mmol) followed by sodium iodide (0.112 g,
0.748 mmol). The mixture was then heated to between 70 to 100°C over 24 hours. Over this time
four additional portions of chlorotrimethylsilane (0.095 mL each portion) and sodium iodide
(0.112 g each portion) were added. The reaction mixture was then cooled to room temperature and
the formed precipitate was collected by filtration, washed with NH4OH and water, and dried to
provide title compound 420 as a brown solid (0.283g, 98%). MS (m/z): 384.0(M+H), 406.0
(M+Na),

Step 4. 1-(2-(Dimethylamino)ethyl)-5-(7-(2-fluoro-4-nitrophenoxy)thieno[3,2-b]pyridin-2-
yl)pyridin-2(14)-one (421)

[0492] The pyridinone 420 (0.283g, 0.739mmol), 2-chloro-¥,N-dimethylethanamine (0.128 g,
0.887 mmol), cesium carbonate (0.547 g, 1.68 mmol) and sodium iodide (0.132 g, 0.88 mmol)
were heated in DMF (10mL) at 70 °C for 3 days. An additional portion of 2-chloro-N,N-
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dimethylethanamine (64 mg, 0.44 mmol) and cesium carbonate (0.289 g, 0.887 mmol) were
added. The reaction mixture was heated for additional 8 hours, cooled to room temperature and
evaporated under reduced pressure. The residue was partitioned between water (S0mL) and 5%
ethanol/dichloromethane. The organic phase was collected, dried over anhydrous Na,SO,, filtered
and concentrated. The residue was then purified by silica gel chromatography using a 25M
Biotage column and a gradient of 3 to 20% methanol in dichloromethane with 1% acetic acid, to
provide title compound 421 as a solid material (0.108 g, 32% yield). MS (m/z): 228.0 (IM42H}/2),
455.0(M+H), 477.0 (M+Na).

Step 5. 5-(7-(4-Amino-2-fluorophenoxy)thieno|3,2-b]pyridin-2-yl)-1-(2-
(dimethylamino)ethyl)pyridin-2(1 H)-one (422)

[0493]  To a solution of the nitro compound 421 (0.103 g, 0.227 mmol) in methanol (2 mL)
and THF (2 ml) at 0°C was added nickel chloride hexahydrate (0.162 g, 0.681 mmol) followed by
sodium borohydride (28 mg, 0.749 mmol). After one hour of stirring at 0°C another portion of
nickel chloride hexahydrate (0.108 g, 0.458 mmol) and sodium borohydride (19 mg, 0.50 mmol)
were added. The reaction mixture was then stirred at room temperature for 5 hours before it was
concentrated and treated with 1N HCl(aq) and dichloromethane. The mixture was stirred for 10
minutes and then basified to pH 10 by the addition of NH;OH. The basified solution was then
extracted with dichloromethane. The extract was dried over anhydrous Na;SQO;, filtered and
concentrated. The residue was purified by flash chromatography (eluent a gradient of 10 to 100%
methanol in ethyl acetate) to give the title compound 422 as yellow solid (26 mg, 27% yield). MS
(m/z): 425.0(M+H).

Step 6. N'-(4-(2~(1-(2-(Dimethylamino)ethyl)-6-oxo0-1,6-dihydropyridin-3-yl)thieno[3,2-
b]pyridin—7-yloxy)-3-ﬂuorophenyl)-N3 -(2-methoxyphenyl)malonamide (417)

[0494]  To a solution of compound 422 (25 mg, 0.059 mmol) in DMF (0.5mL) was added the
acid 27 (25mg, 0.12mmol), hydroxybenzotriazole (11 mg, 0.071 mmol), then EDC (23 mg, 0.12
mmol). The reaction mixture was stirred at room temperature for 6 hours before the addition of
saturated NaHCOs (8 mL). The mixture was then extracted with dichloromethane; the extract was
dried over anhydrous Na;SO,, filtered and concentrated. The residue was then purified by flash
chromatography (eluent a gradient of 0 to 20% methanol in dichloromethane) to give title
compound 417 as a white solid (19 mg, 53% yield). 1HNMR: (DMSO-dg) 8(ppm): 10.58 (s, 1H),
9.62 (s, 1H), 8.45 (d, I = 5.6Hz, 1H), 8.28 (d, J = 2.8Hz, 1H), 8.05 (d, J = 8.4Hz, 1H), 7.95 (dd, J =
2.8, 9.6Hz, 1H), 7.88-7.84 (m, 2H), 7.45 (t, ] = 8.8Hz, 1H), 7.43-7.40 (m, 1H), 7.07-7.03 (m, 2H),
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6.92-6.88 (m, 1H), 6.60 (d, J = 5.6Hz, 1H), 6.51 (d, J = 9.6Hz 1H), 4.05 (t, J = 6.0Hz, 2H), 3.84 (s,
3H), 3.62 (s, 2H), 2.53 (t, J = 6.4Hz, 2H), 2.47 (s, 6H). MS (m/z): 308.5 ((M+2H]/2), 616.1
(M+H).

[0495]  The following compounds and other compounds described herein, and the compounds
described in the assay examples below, are prepared essentially according to the procedures

outlined in the schemes, charts, examples and preparations set forth herein.

Table 20
Example | Compound No. Compound Name

: 5 N‘-(3-Fluoro-4-(_thieno[3,2-b]pyridin-7-yloxy)phenyl)-Na-
phenylmalonamide

5 5b N'-(3-Fluoro-4-(2-(1-methyl-7 H-imidazol-2-yl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-N-phenylmalonamide

3 s N'-{3-Fluoro-4-[2-(1-methyl-1 H-imidazol-4-yl)thieno[3,2-
b}pyridin-7-yloxy]-phenyl}-N°-phenylmalonamide

4 54 N'-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-
yloxy)-3-fluorophenyl)-N°-phenylmalonamide

5 5 N ~(3-fluoro-4-(2-(1-methyl-1H-imidazol-5-ylthieno[3,2-
blpyridin-7-yloxy)phenyl)-N>-phenylmalonamide

6 5 N'-(3-Fluoro-4-(2-(pyrrolidine-1-carbonyl)thieno[3,2-

blpyridin-7-yloxy)phenyl)-N’-phenylmalonamide
R)-N"-(4-(2~(3-(Dimethylamino)pyrrolidine-1-

7 5g carbonyl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-
N*-phenylmalonamide
N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-

8 28a b]pyridin-7-yloxy)phenyl)-N-(2-
methoxyphenyl)malonamide

9 28b N'-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-

yloxy)-3-fluorophenyl)-N>~(2-methoxyphenyl)malonamide
- NT-(3-fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-
10 28¢ blpyridin-7-yloxy)phenyl)-N*-(2-
methoxyphenyl)malonamide
N'-(3-fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-
11 30a b}pyridin-7-yloxy)phenyl)-N°-(2-
fluoroxyphenyl)malonamide
N'-(4-(2-(1-ethyl-1H-imidazol-4-yD)thieno[3,2-b]pyridin-7-
12 30b yloxy)-3-fluorophenyl)-N’-(2-fluorophenyl)-N>-(2-
fluorophenyl)malonamide
N'-(3-fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-
13 32 b]pyridin-7-yloxy)phenyl)-N-methyl-N’-
phenylmalonamide
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Example | Compound No. Compound Name

14 14 N-{3-Fluoro-4-[2-(1 -methyl-1H-imidazol-2-yl)-thieno[ 3,2-
b]pyridin-7-yloxy}-phenyl}-N'-pyridin-4-yl-malonamide

15 16 N'-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-N*-(pyrrolidin-3-yl)malonamide

16 18 N'-(3-Fluoro-4-(2-(1-methy-1 H-imidazol-2-yl)thieno[3,2-
blpyridin-7-yloxy)phenyl)-2-methyl-N°-phenylmalonamide

7 40 N'-(3-Fluoro-4-(2-(1-methyl-1 H-imidazol-2-yl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-2-methyl-N’-phenylmalonamide

18 41 N-{ 3-'Fluor0-4-[2-(3-methyl-BH-imidazo1-4-yl)-thien0[3,2-
b]pyridin-7-yloxy]-phenyl }-N'-pyridin-3-yl-malonamide

19 43 N'-(3-Fluoro-4-(2~(1-methy-1 H-imidazol-2-yl)thieno[3,2-
b]pyridin-7-yloxy)phenyl)-N-(piperidin-4-y)malonamide
N-{3-Fluoro-4-[2-(1-methyl-1H-imidazol-2-yl)-thieno[3,2-

20 45 b]pyridin-7-yloxy]-phenyl }-malonamic acid piperidin-4-yl
ester

21 47 N-{3-Fluoro-4-[2-(1-methyl-1H-imidazol-2-yl)-thieno[3,2-
blpyridin-7-yloxy]-phenyl}-malonamic acid pheny) ester
N'-(3-Fluoro-4-(2-(4-(pyrrolidin-1-ylmethyl)phenyl)-

22 48 thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-(2-

\ methoxyphenyl)malonamide

Pharmaceutical Compositions

[0496] In a third aspect, the invention provides pharmaceutical compositions comprising an
inhibitor of VEGF receptor signaling and HGF receptor signaling according to the invention and a
pharmaceutically acceptable carrier, excipient, or diluent. Compositions of the invention may be
formulated by any method well known in the art and may be prepared for administration by any
route, including, without limitation, parenteral, oral, sublingual, transdermal, topical, intranasal,
intratracheal, or intrarectal. In certain preferred embodiments, compositions of the invention are
administered intravenously in a hospital setting. In certain other preferred embodiments,
administration may preferably be by the oral route.

[0497]  The characteristics of the carrier will depend on the route of administration. As used
herein, the term "pharmaceutically acceptable” means a non-toxic material that is compatible with
a biological system such as a cell, cell culture, tissue, or organism, and that does not interfere with
the effectiveness of the biological activity of the active ingredient(s). Thus, compositions
according to the invention may contain, in addition to the inhibitor, diluents, fillers, salts, buffers,

stabilizers, solubilizers, and other materials well known in the art. The preparation of
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pharmaceutically acceptable formulations is described in, e.g., Remington's Pharmaceutical
Sciences, 18th Edition, ed. A. Gennaro, Mack Publishing Co., Easton, Pa., 1990.

[0498]  As used herein, the term pharmacentically acceptable salts refers to salts that retain the
desired biological activity of the above-identified compounds and exhibit minimal or no undesired
toxicological effects, Examples of such salts include, but are not limited to, salts formed with
inorganic acids (for example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
nitric acid, and the like), and salts formed with organic acids such as acetic acid, oxalic acid,
tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic acid, tannic acid, palmoic acid,
alginic acid, polyglutamic acid, naphthalenesulfonic acid, naphthalenedisulfonic acid,
methanesulfonic acid, p-toluenesulfonic acid and polygalacturonic acid. The compounds can also
be administered as pharmaceutically acceptable quaternary salts known by those skilled in the art,
which specifically include the quaternary ammonium salt of the formula --NR+Z--, wherein R is
hydrogen, alkyl, or benzyl, and Z is a counterion, including chloride, bromide, iodide, --O-alkyl,
toluenesulfonate, methylsulfonate, sulfonate, phosphate, or carboxylate (such as benzoate,
succinate, acetate, glycolate, maleate, malate, citrate, tartrate, ascorbate, benzoate, cinnamoate,
mandeloate, benzyloate, and diphenylacetate).

[0499]  The active compound is included in the pharmaceutically acceptable carrier or diluent
in an amount sufficient to deliver to a patient a therapeutically effective amount without causing
serious toxic effects in the patient treated. The effective dosage range of the pharmaceutically
acceptable derivatives can be calculated based on the weight of the parent compound to be
delivered. If the derivative exhibits activity in itself, the effective dosage can be estimated as

above using the weight of the derivative, or by other means known to those skilled in the art.
Inhibition of VEGF Receptor Signaling and HGF Receptor Signaling

[0500] In a fourth aspect, the invention provides a method of inhibiting VEGF receptor
signaling and HGF receptor signaling in a cell, comprising contacting a cell in which inhibition of
VEGF receptor signaling and HGF receptor signaling is desired with an inhibitor of VEGF
receptor signaling and HGF receptor signaling according to the invention. Because compounds of
the invention inhibit VEGF receptor signaling and HGF receptor signaling, they are useful
research tools for in vitro study of the role of VEGF receptor signaling and HGF receptor signaling

in biological processes.
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[0S501]  Preferably, the method according to the fourth aspect of the invention causes an
inhibition of cell proliferation of the contacted cells. The phrase "inhibiting cell proliferation" is
used to denote an ability of an inhibitor of VEGF receptor signaling and HGF receptor signaling to
retard the growth of cells contacted with the inhibitor as compared to cells not contacted. An
assessment of cell proliferation can be made by counting contacted and non-contacted cells using a
Coulter Cell Counter (Coulter, Miami, Fla.) or a hemacytometer. Where the cells are in a solid
growth (e.g., a solid tumor or organ), such an assessment of cell proliferation can be made by
measuring the growth with calipers and comparing the size of the growth of contacted cells with
non-contacted cells.

[0502] Preferably, growth of cells contacted with the inhibitor is retarded by at least 50% as
compared to growth of non-contacted cells. More preferably, cell proliferation is inhibited by
100% (i.e., the contacted cells do not increase in number). Most preferably, the phrase "inhibiting
cell proliferation" includes a reduction in the number or size of contacted cells, as compared to
non-contacted cells. Thus, an inhibitor of VEGF receptor signaling and HGF receptor signaling
according to the invention that inhibits cell proliferation in a contacted cell may induce the
contacted cell to undergo growth retardation, to undergo growth arrest, to undergo programmed
cell death (i.e., to apoptose), or to undergo necrotic cell death.

[0503] In some preferred embodiments, the contacted cell is a neoplastic cell. The term
"neoplastic cell" is used to denote a cell that shows aberrant cell growth. Preferably, the aberrant
cell growth of a neoplastic cell is increased cell growth. A neoplastic cell may be a hyperplastic
cell, a cell that shows a lack of contact inhibition of growth in vitro, a benign tumor cell that is
incapable of metastasis in vivo, or a cancer cell that is capable of metastasis in vivo and that may
recur after attempted removal, The term "tumorigenesis” is used to denote the induction of cell
proliferation that leads to the development of a neoplastic growth.

[0504] In some preferred embodiments, the contacted cell is in an animal. Thus, the invention
provides a method for treating a cell proliferative disease or condition in an animal, comprising
administering to an animal in need of such treatment a therapeutically effective amount of a VEGF
receptor signaling and HGF receptor signaling inhibitor of the invention, Preferably, the animal is
a mammal, more preferably a domesticated mammal. Most preferably, the animal is a hurnan.
[0505] The term "cell proliferative disease or condition" is meant to refer to any condition
characterized by aberrant cell growth, preferably abnormally increased cellular proliferation.

Examples of such cell proliferative diseases or conditions amenable to inhibition and treatment
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include, but are not limited to, cancer. Examples of particular types of cancer include, but are not
limited to, breat cancer, lung cancer, colon cancer, rectal cancer, bladder cancer, leukemia and
renal cancer. In particularly preferred embodiments, the invention provides a method for
inhibiting neoplastic cell proliferation in an animal comprising administering to an animal having
at least one neoplastic cell present in its body a therapeutically effective amount of a VEGF
receptor signaling and HGF receptor signaling inhibitor of the invention.

ASSAY EXAMPLES
Assay Example 1
Inhibition of ¢-met and VEGF Activity

[0506] The following protocols were used to assay the compounds of the invention.

In Vitro Receptor Tyrosine Kinase Assays (c-Met/HGF receptor and VEGF receptor KDR)
[0507)  These tests measure the ability of compounds to inhibit the enzymatic activity of
recombinant human ¢c-Met/HGF receptor and VEGF receptor enzymatic activity.

[0508] A 1.3-kb cDNA corresponding to the intracellular domain of c-Met or c-Met IC
(Genbank accession number NP000236-1 amino acid 1078 to 1337) was cloned into the
BamHI/Xhol sites of the pBlueBacHis2A vector (Invitrogen) for the production of a histidine-
tagged version of that enzyme. This constuct was used to generate recombinant baculovirus using
the Bac-N-Blue™ system according to the manufacturer’s instructions (Invitrogen).

[0509]  The c-Met IC protein was expressed in Hi-5 cells (Trichopiusia Ni) upon infection with
recombinant baculovirus construct. Briefly, Hi-5 cells grown in suspension and maintained in
serum-free medium (Sf900 I supplemented with gentamycin) at a cell density of about 2 X 108
cells/ml were infected with the above-mentioned viruses at a multiplicity of infection (MOI) of 0.2
during 72 hours at 27°C with agitation at 120 rpm on a rotary shaker. Infected cells were harvested
by centrifugation at 398g for 15 min. Cell pellets were frozen at -80°C until purification was
performed.

[0510]  All steps described in cell extraction and purification were performed at 4°C. Frozen
Hi-5 cell pellets infected with the C-Met IC recombinant baculovirus were thawed and genily
resuspended in Buffer A (20mM Tris pH 8.0, 10% glycerol, 1pg/mi pepstatin, 2pg/ml Aprotinin
and leupeptin, 50pg/ml PMSF, 50ug/mi TLCK and 10pM E64, 0.5mM DTT and 1mM

Levamisole) using 3 ml of buffer per gram of cells. The suspension was Dounce homogenized

269



WO 2008/041053 PCT/IB2006/004306

after which it was centrifuged at 22500g, 30 min., 4°C. The supernatant (cell extract) was used as
starting material for purification of c-Met IC,

[0511] The supernatant was loaded onto a QsepharoseFF column (Amersham Biosciences)
equilibrated with Buffer B (20mM Tris pH 8.0, 10% glycerol) supplemented with 0.05M NaCl.
Following a ten column volume (CV) wash with equilibration buffer, bound proteins were eluted
with a 5 CV salt linear gradient spanning from 0,05 to 1M NaCl in Buffer B. Typically, the
conductivity of selected fractions ranked between 6.5 and 37 mS/cm. This Qsepharose eluate had
an estimated NaCl concentration of 0.33M and was supplemented with a SM NaCl solution in
order to increase NaCl concentration at 0.5M and also with a SM Imidazole (pH 8.0) solution to
achieve a final imidazole concentration of 15mM. This material was loaded onto a HisTrap
affinity column (GE Healthcare) equilibrated with Buffer C (50mM NaPO, pH 8.0, 0.5M NaCl,
10% glycerol) supplemented with 15mM imidazole. After a 10 CV wash with equilibration buffer
and an 8 CV wash with buffer C + 40mM imidazole, bound proteins were eluted with an 8 CV
linear gradient (15 to 500mM) of imidazole in buffer C. C-Met IC enriched fractions from this
chromatography step were pooled based on SDS-PAGE analysis. This pool of enzyme underwent
buffer exchange using PD-10 column (GE Healthcare) against buffer D (25mM HEPES pH 7.5,
0.1M NaCl, 10% glycerol and 2mM B-mercaptoethanol) Final C-Met IC protein preparations
concentrations were about 0.5 mg/ml with purity approximating 80%. Purified c-Met IC protein
stocks were supplemented with BSA at 1 mg/ml, aliquoted and frozen at -80°C prior to use in
enzymatic assay.

[0512] In the case of VEGF receptor KDR a 1.6-kb cDNA corresponding to the catalytic
domain of VEGFR2 or KDR (Genbank accession number AF035121 amino acid 806 to 1356) was
cloned into the Pst I site of the pDEST20 Gateway vector (Invitrogen) for the production of a
GST-tagged version of that enzyme. This constuct was used to generate recombinant baculovirus
using the Bac-to-Bac™ system according to the manucfacturer’s instructions (Invitrogen).

[0513]  The GST-VEGFR2g6.1356 protein was expressed in Sf9 cells (Spodoptera frugiperda)
upon infection with recombinant baculovirus construct. Briefly, Sf9 cells grown in suspension and
maintained in serum-free medium (Sf900 II supplemented with gentamycin) at a cell density of
about 2 X 10° cells/m! were infected with the above-mentioned viruses at a multiplicity of
infection (MOI) of 0.1 during 72 hours at 27°C with agitation at 120 rpm on a rotary shaker,
Infected cells were harvested by centrifugation at 398g for 15 min. Cell pellets were frozen at -
80°C until purification was performed.
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[0514]  Ali steps described in cell extraction and purification were performed at 4°C. Frozen
S19 cell pellets infected with the GST-VEGFR244¢-1356 recombinant baculovirus were thawed and
gently resuspended in Buffer A (PBS pH 7.3 supplemented with 1pg/ml pepstatin, 2pg/ml
Aprotinin and leupeptin, SOpg/ml PMSF, 50pg/ml TLCK and 10pM E64 and 0.5mM DTT) using
3 ml of buffer per gram of cells. Suspension was Dounce homogenized and 1% Triton X-100 was
added to the homogenate after which it was centrifuged at 22500g, 30 min., 4°C. The supernatant
(cell extract) was used as starting material for purification of GST-VEGFR23¢6.1356.

[0515] The supernatant was loaded onto a GST-agarose column (Sigma) equilibrated with
PBS pH 7.3. Following a four column volume (CV) wash with PBS pH 7.3 + 1% Triton X-100
and 4 CV wash with buffer B (50mM Tris pH 8.0, 20% glycerol and 100mM NaCl), bound
proteins were step eluted with S CV of buffer B supplemented with 5SmM DTT and 15mM
glutathion.GST-VEGFR2gs.1356 enriched fractions from this chromatography step were pooled
based on U.V. trace i.e. fractions with high O.D.2g. Final GST-VEGFR2g0¢.1356 protein
preparations concentrations were about 0.7 mg/ml with purity approximating 70%. Purified GST-
VEGFR2306.1356 protein stocks were aliquoted and frozen at -80°C prior to use in enzymatic assay.
[0516] Inhibition of c-Met/HGF receptor and VEGFR/KDR was measured in a DELFIA™
assay (Perkin Elmer). The substrate poly(Glus,Tyr) was immobilized onto black high-binding
polystyrene 96-well plates. The coated plates were washed and stored at 4 °C. During the assay,
enzymes were pre-incubated with inhibitor and Mg-ATP on ice in polypropylene 96-well plates
for 4 minutes, and then transferred to the coated plates. The subsequent kinase reaction took place
at 30 °C for 10-30 minutes. ATP concentrations in the assay were 10 uM for C-Met (5X the K;;)
and 0.6 uM for VEGFR/KDR (2X the K,). Enzyme concentration was 25 nM (C-Met) or 5 nM
(VEGFR/KDR). After incubation, the kinase reactions were quenched with EDTA and the plates
were washed. Phosphorylated product was detected by incubation with Europium-labeled anti-
phosphotyrosine MoAb. After washing the plates, bound MoAb was detected by time-resolved
fluorescence in a Gemini SpectraMax reader (Molecular Devices). Compounds were evaluated
over a range of concentrations and ICs¢’s (concentration of compounds giving 50% inhibition of

enzymatic activity) were determined.

C-Met phosphorylation cell-based assay
[0517]  This test measures the ability of compounds to inhibit HGF stimulated auto-
phosphorylation of the c-Met/HGF receptor itself in a whole cell system,
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[0518] ©  MNNGHOS cell line expressing TPR-MET fusion protein were purchased from
ATCC. The TPR-MET is the product of a chromosomal translocation placing the TPR locus on
chromosome 1 upstream of the MET gene on chromosome 7 encoding for its cytoplasmic region
catalytic domain. Dimerization of the M; 65,000 TPR-Met oncoprotein through a leucine zipper
motif encoded by the TPR portion leads to constitutive activation of the met kinase. Constitutive
autophosphorylation occurs on residues Tyr361/365/366 of TPR-Met, These residues are
homologous to Tyr1230/1234/1235 of MET which become phosphorylated upon dimerization of
the receptor upon HGF binding,

[0519] Inhibitor of c-Met formulated as 30 mM stocks in DMSO. For MNNGHOS treatments,
cells, compounds were added to tissue culture media at indicated doses for 3 hours prior to cell
lysis. Cells were lysed in ice-cold lysis buffer containing 50 mM HEPES (pH 7.5), 150 mM NaCl,
1.5 mM MgCI2, 10 % glycerol, 1 % Triton X-100, 1 mM 4-(2-Aminoethyl)benzenesulfonyl
fluoride hydrochloride, 200 pM sodium orthovanadate, 1 mM sodium fluoride, 10 pg/ml of
leupeptin, 10 pg/ml of aprotinin/ml, 1 ug/ml of pepstatin and 50ug/ml Na-p-Tosyl-L-lysine
chloromethyl ketone hydrochloride. ‘

[0520] Lysate were separated on 5-20% PAGE-SDS and immunoblots were performed using
Immobilon P polyvinylidene difluoride membranes (Amersham) according to the manufacturer's
instructions for handling. The blots were washed in Tris-buffered saline with 0.1% Tween

20 detergent (TBST). Tyr361/365/366 of TPR-Met were detected with polyclonal rabbit
antibodies against tyrosine phosphorylated Met (Biosource International) and secondary antibodies
anti-rabbit -horseradish peroxidase (Sigma) by chemiluminescence assays (Amersham, ECL) were
performed according to the manufacturer's instructions and followed by film exposure. Signal was
quantitated by densitometry on Alpha-Imager. 1Csg values were defined as the dose required to
obtain 50% inhibition of the maximal HGF stimulated phosphorylated c-Met levels.
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Table 21
Biological profile of selected compounds
Example | Cpd [ ] [ ]
I I
[ ]

1 Sa - - .

2 5h [ ] || ||

3 5¢ [ [ ] [ |

4 5d [ ] [ ] | ]

5 Se [ [ ] [

6 5f [ | [ ] | ]

7 5g [ [ ] ||

8 28a [ | I |
9 28b | ] | ] ||
10 28¢ [ ] [ | |

1 30a [ ] [ ] | |
12 30b [ ] | | [ |

13 32 [ ] [ | | |

14 34 [ ] [ ] | |

16 38 | ] [ | ]

17 40 [ | [ | i

18 41 [ [ | [ |

21 47 [ [ ] | ]
22 48 [ | [ ] | |

In Vive Solid Tumor Disease Model

[0521]  This test measures the capacity of compounds to inhibit solid tumor growth.

[0522]  Tumor xenografts are established in the flank of female athymic CD1 mice (Charles
River Inc.), by subcutaneous injection of 1x10° U87, A431 or SKLMS cells/mouse. Once
established, tumors are then serially passaged s.c. in nude mice hosts. Tumor fragments from
these host animals are used in subsequent compound evaluation experiments. For compound
evaluation experiments female nude mice weighing approximately 20g are implanted s.c. by
surgical implantation with tumor fragments of ~30 mg from donor tumors. When the tumors are
approximately 100 mm? in size (~7-10 days following implantation), the animals are randomized
and separated into treatment and control groups. Each group contains 6-8 tumor-bearing mice,
each of which is ear-tagged and followed individually throughout the experiment.
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[0523]  Mice are weighed and tumor measurements are taken by calipers three times weekly,
starting on Day 1. These tumor measurements are converted to tumor volume by the well-known
formula (L+W/4)’ 4/3%. The experiment is terminated when the control tumors reach a size of
approximately 1500 mm’, In this model, the change in mean tumor volume for a compound
treated group / the change in mean tumor volume of the control group (non-treated or vehicle
treated) x 100 (AT / AC) is subtracted from 100 to give the percent tumor growth inhibition
(%TGI) for each test compound. In addition to tumor volumes, body weight of animals is
monitored twice weekly for up to 3 weeks.

[0524]  The activities of a number of compounds according to the invention measured by
various assays are displayed in Table 21 and Table 22, In these tables, "a" indicates inhibitory
activity at a concentration of less than 50 nanomolar; "b" indicates inhibitory activity at a
concentration = 50 but < 250 nanomolar, "c" indicates inhibitory activity at = 250 but < 500 and
"d" indicates inhibitory activity at a concentration of = 500 nanomolar; and "e" indicates no
activity as measured by that assay.

[0525)  HGF has well known acitivity in terms of inducing scattering and migration (wound
healing) (Wells et al., Cell Motil Cytoskeleton. 2005 Nov 62(3):180-94; Miura et al., Urology
2001 Dec 58(6):1064-9; Nishimura et al., Int J Urol. 1998 May 5(3):276-81; Wang et al., Mol
Cancer Ther. 2003 Nov;2(11):1085-92; and Christensen et al., Cancer Res. 2003 Nov
1;63(21):7345-55). Assays to evaluate inhibitor ability to block these HGF dependent activities
have been employed and follow the methods employed in Christensen et al. For Table 22, for
columns directed to A549 wound healing inhibition and DU145 scattering inhibition, ICso values
are in mM, with “A” indicating ICsq of less than 1 mM, “B” indicating ICsg of > 1 mM but <5
mM, “C” indicating ICsp of > 5 mM but < 10 mM, and “D” indicating ICs of = 10 mM.

[0526] In Table 23 "a" indicates % TGI in the range of 75-100; "b" indi;:ates % TGl in the
range of 50-74; "¢" indicates % TGI in the range of 25-49, and *“d” indicates % TGI in the range of
0-24, Regiment of administration was once daily.
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Tumor Growth Inhibition by selected Compounds

D:s/akge or Duration of Tumor Growth
Structure a/xg expariment Inhibition
(oncea type (days) (%)
daily) Y
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What is claimed is:

1. A compound of the formula A
G
/
Z—Ar
ZN'\

D_<\3\)

A

or a pharmaceutically acceptable salt, wherein,

D is R’, wherein

R’ is selected from the group consisting of

N
N N

O | O] O

I+
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N
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A 9 | At

R38

Al -

IS/\N/7_ ¢ /O\/\N N—i
(

wherein R’ is optionally substituted by 1 to 5 R*;
each R* is independently selected from halo, cyano, nitro, trifluoromethoxy, trifluoromethyl, azido, ,
-NR**C(0)R*, -C(O)NR¥*R™*, -NR*R*’, -OR¥', , C;-C; alkyl, -(CH,);O(CH,)NR*R*,

-(CH2)nO(CH2)OR®’, -(CH,),OR¥, , -(CHy)n(Cs-Cao aryl), -(CH2)NR*(CH2)NR*R¥,
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-(CH2)NR¥CH,C(O)NR*R*, -(CH2)NR*(CH2)NR* C(O)R™, -(CH2),NR**(CH,),O(CH,);0R*’,
-(CH,)NR*(CH2),R®, -(CH2),NR*R*, -, , wherein j is an integer ranging from 0 to 2, n is an
integer ranging from O to 6, i is an integer ranging from 2 to 6;

each R*® and R* is independently selected from the group consisting of H, -OH, C;-Cg alkyl, ,
-(CH,),O(CH,)OR¥, , and -(CH,),OR*’, wherein n is an integer ranging from 0 to 6 and i is an
integer ranging from 2 to 6; with the proviso that when R*® and R* are both attached to the
same nitrogen, then R*® and R* are not both bonded to the nitrogen directly through an
oxygen;

each R*” and R* is independently selected from H, OH, , and C;-Cg alkyl;

Alis -S-;

A?is C-R, wherein R is H;

A’is CH;

Ar is a group of the formula C,

wherein,

A%, A° A°and A’ are CH;

R? at each occurrence is independently selected from the group consisting of —H and halogen; and
g is an integer from O to 4;

G is selected from the group consisting of

R13 R13 R13X Xl R13 R13 e)
N A P2N_Q N N, Q N ,@\0'3
ARt de: TR S TAA Myt
O 0 X X O O , O R1 and
R13 R13
| |
N N, Q
0 Uss
o)

X and X* are each independently selected from the group consisting of -H, halogen, cyano, nitro,

C1-Ce alkyl, or
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X and X' taken together with the atom to which they are attached, form a Cs-C; cycloalkyl;

R is -H;

Q is selected from the group consisting of phenyl, pyrazolyl, , imidazolyl, tetrahydropyridinyl,
pyridinyl, oxazolyl, isoxazolyl, thiazolyl, each optionally substituted with one R?’; and

R% is selected from the group consisting of -H, halogen, trihalomethyl, -CN, -NO,, -NH,, -OH, , C;-C,
alkoxy, and , C;-Cg alkyl, ,

Zis -O-.

2. The compound according to claim 1, where G is selected from the group consisting of

R13 R13 R13 X Xl R13 R13 R13
| 0_2 | | | | |
N N_ _Q N Ny ,Q N N, Q
E4 S S0 o) < Yo ER s
O 0 X X7 O O , and ] .
3. The compound according to claim 1, selected from the group consisting of

N*-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N°-
/

phenylmalonamide,
By
/©/ o ON\©
N S~ F
L 1|
N

N
N-{3-Fluoro-4-[2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy]-phenyl}-N>-

phenylmalonamide,

LSS
JOReas
N2 SN
- N

N*-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-
phenylmalonamide,
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|4 S—~

H H
)
F
YN
~_ N

N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-

phenylmalonamide,

H H
RO
Isheas

(@]
S—~ F
NN
Lm

N
\ N

N*-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide,

H HO/
O O
/ (@]
S/F
L |
N N

N*-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-

methoxyphenyl)malonamide,
~
. H_T
IO NS
(@]
P Ny

N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-

methoxyphenyl)malonamide,
-
O/©/ o O
F
N\ 7
L
N N

\

N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-fluorophen

yl)malonamide

310




W

ﬁiw

N1—(4—(2—(1—ethyl—1H—imidazol—4—yl)thieno[3,2—b]pyridin—7—y|oxy)—3—f|uorophenyl)—N3—(2—fluorophenyl
)Jmalonamide

m
~_

N

N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-2-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-methyl-N>-ph

enylmalonamide,
S
O/©/ o O \©
/
S~ F
L
N

N

N-{3-Fluoro-4-[2-(1-methyl-1H-imidazol-2-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-N'-pyridin-4-

fongqe
yoeel

N1—(3—FIuoro—4—(2—(l—methy|—lH—|m|dazol—2—yl)th|eno[3,2—b]pyridin-7—y|oxy)phenyl)—Z—methyI—N3—

phenylmalonamide,
b
e

o O

/ o
=
(T
N N

N-{3-Fluoro-4-[2-(3-methyl-3H-imidazol-4-yl)-thieno[3,2-b]pyridin-7-yloxy]-phenyl}-N'-pyridin-3-
yl-malonamide,
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Ty

r/\\
N

N*-(4-(2-(1-Ethyl-5-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-

phenylmalonamide,
H H
/©/ o O N\©
o
= F

— S
r N\ s
~_ N

N*-Cyclohexyl-N3-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)

malonamide,
Q 29
|// \

~ N

N*-(3-fluoro-4-(2-(pyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N*-phenylmalonamide,
H H
YT
(@)
F
I\ SV
<)

N

N*-(3-Fluoro-4-(2-(1-(2-hydroxyethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-ph

enylmalonamide,
J@f L0
el
I~

HO N

N*-(3-Fluoro-4-(2-(1-(methoxymethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2
-methoxyphenyl)malonamide,
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JTTY
_ S— 2, F
o\/r/ U
e N

N*-(3-Fluoro-4-(2-(1-(2-(methylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N3-(2-methoxyphenyl)malonamide,

-
HWH L
/©/ O ON\©
(@)
ST
Van B
~ I~ N
N
H
N*-(4-(2-(1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-methoxyphenyl)
malonamide,
O/

H H
WN
ST
':
— /
Co— L |
N

N*-(4-(2-(1-ethyl-2-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-
(2-methoxyphenyl)malonamide,

YN S/F
e U
~_ N

N*-(4-(2-(2-((Dimethylamino)methyl)-1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N3-(2-methoxyphenyl)malonamide,

U0
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N*-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
hydroxyphenyl)malonamide,

N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
hydroxyphenyl)malonamide,

OH

T
0] (0]

(@]
_N S~ F
(f@@
~_ N

N*-(4-(2-(1-Ethyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
fluorophenyl)malonamide,

N*-(4-(2-(1-Ethyl-1H-imidazol-5-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
methoxyphenyl)malonamide,

N*-(3-Fluoro-4-(2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-fluorop
henyl)malonamide
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N*-(3-Fluoro-4-(2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide,

N*-(3-Fluoro-4-(2-(1-isopropyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(thiazol-2-

yl)malonamide,
N N
_N
ISR S b
F
|

N*-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(2-
fluorophenyl)malonamide,

N*-(3-fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
methoxyphenyl)malonamide,




N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
methoxyphenethyl)oxalamide,

\/N N

N1-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N3-(2-fluorophene
thyl)oxalamide,

\/N N

N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N2-(2-methoxyp
henethyl)oxalamide

N*-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(4-

methoxyphenyl)malonamide,
N N
ISR S0
@]
! |
|

@]
—N S
l/ 7

7 N\
\/N N

7

N-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-phenylcyclopro

pane-1,1-dicarboxamide,
H H
/©/ 0O O \©
F

\

\Z
20
7N\
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N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-
phenylcyclopropane-1,1-dicarboxamide,

T
JORS
N, S~ F
e
~_ N

N*-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)

phenyl)-N3-methyl-N3-phenylmalonamide,
P
ISReaE
Van U
N

N
I~
)

N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
methoxyphenyl)cyclopropane-1,1-dicarboxamide,

N-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N-(2-methoxyphenyl)cyclopropane-1,1-dicarboxamide,

(0]
=N S~~~
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<:/\l/\/ N

N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(4-
methoxyphenyl)cyclopropane-1,1-dicarboxamide,




N-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(2-
fluorophenyl)cyclopropane-1,1-dicarboxamide,
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N

N-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)cyclopropane-1,1-dicarboxamide,

N-(3-Fluoro-4-(2-(1-(2-(pyrrolidin-1-yl)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N-(2-fluorophenyl)cyclopropane-1,1-dicarboxamide,

N-(3-Fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide,

ok Yo,

N

N*-(4-(2-(1-(2-(Diethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N*-methyl-N>-phenylmalonamid,
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N*-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(2-
(trifluoromethyl)phenyl)malonamide,

F
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\/N \N

N*-(4-(2-(1-(2-(Dimethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N3-(2-fluorophenyl)malonamide,
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N-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N-(2-
fluorophenyl)-N-methylcyclopropane-1,1-dicarboxamide,

\/N N

N*-ethyl-N-(4-(2-(1-ethyl-1H-imidazol-4-yl)thieno[3, 2-b]pyridin-7-yloxy)-3-fluorophenyl)-N*-
phenylmalonamide,




N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-isopropyl-N3-p

henylmalonamide,
L
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N-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-3-(indolin-1-yl)-3-0
Xopropanamide,
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N*-(3-Fluoro-4-(2-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-
(2-methoxyphenyl)malonamide,
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N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-

methoxyphenyl)malonamide,
o
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N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-
fluorophenyl)malonamide,
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N-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-

phenylcyclopropane-1,1-dicarboxamide,
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Nl—(3—f|uor0—4—(2-(1—methyl-lH—|m|dazol—4-yl)thieno[3,2-b]pyridin-?—yloxy)phenyl)-N3—methyI—N3—ph

enylmalonamide,
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N*-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(2-

fluorophenyl)-N3-methylmalonamide,
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N-(3-fluoro-4-(2-(1-methyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N-methyl-N-

phenylcyclopropane-1,1-dicarboxamide,
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N1—(4—(2—(1—Ethyl—lH—imldazol—4—yl)th|eno[3,2—b]pyridin—?—yloxy)—3—f|uorophenyl)—N3—methyI—N3—

phenylmalonamide,
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N*-(4-(2-(1-(2-(dimethyl amino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N*-methyl-N*-phenylmalonamide,
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N*-(4-(2-(1-(2-(dimethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N3-(2-methoxyphenyl) malonamide,

N*-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-

methyl-N*-phenylmalonamide,
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N

N-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-

N-phenylcyclopropane-1,1-dicarboxamide,
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N*-(3-Fluoro-4-(2-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-

isopropyl-N3-phenylmalonamide,
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N*-(4-(2-(1-(2-(Dimethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N3-phenylmalonamide,
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N-(4-(2-(1-(2-(dimethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N-phenylcyclopropane-1,1-dicarboxamide,
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N-(4-(2-(1-(2-(Dimethylamino)ethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N-(2-fluorophenyl)cyclopropane-1,1-dicarboxamide,

N-(3-fluoro-4-(2-(1-(3-(pyrrolidin-1-yl)propyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N-(2-fluorophenyl)cyclopropane-1,1-dicarboxamide,
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N*-(3-fluoro-4-(2-(1-(3-(pyrrolidin-1-yl)propyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N3-methyl-N3-phenylmalonamide,
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N*-(4-(2-(1-(3-(Dimethylamino)propyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-
fluorophenyl)-N3-methyl-N3-phenylmalonamide,
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N*-(3-Fluoro-4-(2-(2-morpholinopyrimidin-5-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(2-

methoxyphenyl)malonamide,
D
T
=
<L)

N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(3-

fluorophenyl)malonamide,
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N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N3-(3-

methoxyphenyl)malonamide,
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N*-(4-(2-(1-Ethyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)-3-fluorophenyl)-N>-(4-

fluorophenyl)malonamide,
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N*-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N>-(4-
fluorophenyl)malonamide,

324




N*-(3-Fluoro-4-(2-(1-propyl-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-(3-
fluorophenyl)malonamide,

2-(4-(7-(2-Fluoro-4-(3-oxo0-3-(phenylamino)propanamido)phenoxy)thieno[3,2-b]pyridin-2-yl)-

1H-imidazol-1-yl)acetic acid,
: N N
JIORARs
=N S~~~
(0]
HO N

N*-(3-Fluoro-4-(2-(1-(2-oxo-2-(3-(pyrrolidin-1-yl)propylamino)ethyl)-1H-imidazol-4-
yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-phenylmalonamide,
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N1—(4—(2—(6—(3—(Dimethylamino)propoxy)pyridin—3—y|)thieno[3,2—b]pyridin—?—yloxy)—3—
fluorophenyl)-N3-(2-methoxyphenyl)malonamide,
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N*-(3-Fluoro-4-(2-(5-((4-methylpiperazin-1-yl)methyl)pyridin-2-yl)thieno[3,2-b]pyridin-7-yloxy)
phenyl)-N3-phenylmalonamide
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and

N*-(3-Fluoro-4-(2-(1-(2-methoxyethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridin-7-yloxy)phenyl)-N3-ph
enylmalonamide.

4, A pharmaceutical composition comprising a compound according to any one of claims 1 to 3

and a pharmaceutically acceptable carrier.

5. The composition according to claim 4, further comprising an additional therapeutic agent.

6. A receptor inhibiting amount of a compound according to any one of claims 1-3 for use in

the inhibition of VEGF receptor signaling and HGF receptor signaling in an animal.

7. A receptor inhibiting amount of a composition according to claim 4 or 5 for use in the

inhibition of VEGF receptor signaling and HGF receptor signaling in an animal.

8. An effective therapeutical amount of a compound according to any one of claims 1-3 for use

in the treatment of a cell proliferative disease in a patient.

9. An effective therapeutical amount of a composition according to claim 4 or 5 for use in the

treatment of a cell proliferative disease in a patient.
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10. A receptor inhibiting amount of a compound according to any one of claims 1-3 for use in

the inhibition of VEGF receptor signaling and HGF receptor signaling.

11. A receptor inhibiting amount of a composition according to claim 4 or 5 for use in the

inhibition of VEGF receptor signaling and HGF receptor signaling.

12. A receptor inhibiting amount of a compound according to any one of claims 1-3 for use in

the inhibition of VEGF receptor signaling and HGF receptor signaling in a cell.

13.  Areceptor inhibiting amount of a composition according to claim 4 or 5 for use in the inhibition

of VEGF receptor signaling and HGF receptor signaling in a cell.

14. An inhibiting amount of a compound according to any one of claims 1-3 for use in the

inhibition of proliferative activity of a cell.

15. An effective proliferative inhibiting amount of a composition according to claim 4 or 5 for use

in the inhibition of proliferative activity of a cell.
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