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BICYCLIC CARBOXAMIDE INHIBITORS OF KINASES

FIELD OF THE INVENTION
This invention pertains to compounds which inhibit the activity of anaphastic
lymphoma kinase (ALK), methods of making the compounds, compositions containing the

compounds, and methods of treatment using the compounds.

BACKGROUND OF THE INVENTION

Signaling through receptor tyrosine kinases (RTKs) regulates and fine-tunes many
processes including cell growth, proliferation, differentiation, and apoptosis. The improper
activation of RTKSs is involved in the pathogenesis, growth, and metastasis of many cancers.’
The receptor tyrosine kinase ALK (Anaplastic Lymphoma Kinase) is a member of the insulin
receptor superfamily that was initially identified from the t(2;5)(p23;q35) translocation in |
anaplastic large cell lymphoma (ALCL) (Fischer, P, et al. Blood, 72: 234-240. (1988)). The
protein product of this translocation is ALK fused to nucleophosmin (NPM) (Morris et al.,
1994). When fused to ALK, the dimerization domain of NPM results in constitutive
dimerization and activation of ALK (reviewed in Chiarle, R, Nature reviews, 8:11-23
(2008)). Once activated, ALK recruits several adaptor proteins and stimulates multiple
signaling pathways known to mediate tumor cell growth and survival including STAT3,
PLC-y, RAS-ERK1,2, and PI3K-AKT (Bai; RY ., et al. Molecular and cellular biology 18:
6951-6961 (1998); Bai, R.Y , et al. Blood 96:4319-4327 (2000); Chiarle, R., et al. Nature
medicine 11:623-629 (2005); Pulford, K., et al. Journal of cellular physiology 199:330-358
(2004)). The dysregulation of ALK is highly oncogenic, as it is sufficient to induce cell
transformation in a several immortalized cell lines (Bischof, D, et al. Molecular and cellular
biology 17:2312-2325 (1997); Fujimoto, J., et al. Proceedings of the National Academy of
Sciences of the United States of Arﬁerica 93: 4181-4186 (1996)) and to form tumors in
animal models (Chiarle, R., et al. Blood 101: 1919-1927 (2003); Kuefer, M.U., et al. Blood
90: 2901-2910 (‘1 997)). Moreover, NPM-ALK drives tumor formation, proliferation and
survival in ALCL (reviewed in ( Duyster, J., et al. Oncogene 20; 5623-5637 (2001)).

More recently, ALK translocations have been detected in ~5% of non-small cell lung
cancers (NSCLC). Similar to ALK translocations in ALCL, the fusion proteins in NSCLC
display constitutive ALK activity and drive tumor growth and survival (Soda et al., Nature
448: 561-566 (2007); Soda et al., Proceedings of the National Academy of Sciences of the
United States of America 105: 19893-19897 (2008)). NSCLC mmors harboring ALK

-1-
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translocations are mutually exclusive from K-Ras or EGFR aberrations and predominantly
occur in younger patients that are non-smokers (Rodig et al., Clin Cancer Res 15: 52 16-5223
(2009); Shaw et al., J Clin Oncol 27: 4247-4253 (2009); Wong et al., Cancer 115: 1723-1733
(2009)). In addition to chromosomal rearrangements, activating point mutations and
5 amplifications have been reported in a subset of sporadic and familial neuroblastomas, further
expanding the spectrum of tumors dependent on ALK activity (Chen et al., Nature 455: 971-
974 (2008); George et al., Nature 455: 975-978 (2008); Janoueix-Lerosey et al., Nature 455:
967-970 (2008); Mosse et al., Nature 455: 930-935 (2008)). Neuroblastomas with ALK
genetic aberrations also are dependent on ALK for proliferation and survival, and cells
10 expressing ALK containing activating mutations form tumors in animal models.

Inhibitors of RTKs have the potential to cause lethality in cancerous cells that are
reliant on deregulated RTK activity while sparing normal tissues. Thus, small molecule
inhibitors of ALK would be beneficial for therapeutic intervention in ALCL, NSCLC,

neuroblastoma, and other cancers that are dependent on ALK for growth and survival.

15
SUMMARY OF THE INVENTION
The present invention has numerous embodiments: One embodiment of this
invention, therefore, pertains to compounds that have formula (I) .
NHy N/Xi
/ ;
X5 X .
0 N
)\‘ (R"),
HN X' z
20 ' formula (T)

wherein X', X% X3, X% X°, R!, R%, R, A, B, Z, and n are as defined below and subsets

therein.
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Also provided are pharmaceutically acceptable compositions, comprising a
therapeutically effective amount of a compound of formula (I) and a pharmaceutically
acceptable salt in combination with a pharmaceutically suitable carrier.

One embodiment is directed to a method of treating cancer in a mammal comprising

5  administering thereto a therapeutically acceptable amount of a compound or pharmaceutically
acceptable salt of formula (I). Another embodiment pertains to a method of decreasing tumor
volume in a mammal comprising administering thereto a therapeutically acceptable amount

of a compound or pharmaceutically acceptable salt of formula (I).

10 DETAILED DESCRIPTION OF THE INVENTION
This detailed description is intended only to acquaint others skilled in the art with
Applicants’ invention, its principles, and its practical application so that others skilled in the
art may adapt and apply the invention in its numerous forms, as they may be best suited to the
requirements of a particular use. This description and its specific examples are intended for
15 purposes of illustration only. This invention, therefore, is not limited to the embodiments

described in this patent application, and may be variously modified.

Abbreviations and Dcfiniﬁons
Unless otherwise defined herein, scientific and technical terms used in connection

20 with the present invention shall have the meanings that are commonly understood by those of
ordinary skill in the art. The meaning and scope of the terms should be clear, however, in the
event of any latent ambiguity, definitions provided herein take precedent over any dictionary
or extrinsic definition. In this application, the use of "or" means "and/or" unless stated
otherwise. Furthermore, the use of the term "including", as well as other forms, such as

25  “includes" and "included", is not limiting. With reference to the use of the words "comprise"
or "comprises” or "comprising" in this patent application (including the claims), Applicants
note that unless the context requires otherwise, those words are used on the basis and clear
understanding that they are to be interpreted inclusively, rather than exclusively, and that
Applicants intend each of those words to be so interpreted in construing this patent

30  application, inclﬁding the claims below. For a variable that occurs more than one time in any
substituent or in the compound of the inventioﬁ or any other formulae herein, its definition on
each occurrence is independent of its definition at every other occurrence. Combinations of

substituents are permissible only if such combinations result in stable compounds. Stable
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compounds are compounds which can be isolated in a useful degree of purity from a reaction
mixture. |

It is meant to be understood that proper valences are maintained for all combinations
herein, that monovalent moieties having more than one atom are attached through their left
ends, and that divalent moieties are drawn from left to right.

As used in the specification and the. appended claims, unless specified to the contrary,
the following terms have the meaning indicated:

The term "alkyl" (alone or in combination with another term(s)) means a straight-or
branched-chain saturated hydrocarbyl substituent typically containing from 1 to about 10
carbon atoms; or in another embodiment, from 1 to about 8 carbon atoms; in another
embodiment, from 1 to about 6 carbon atoms; and in another embodiment, from 1 to about 4
carbon atoms. Examples of such substituents include methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyl, and hexyl and the like.

The term "alkenyl" (alone or in combination with another term(s)) means a straight-
or branched-chain hydrocarby! substituent containing one or more double bonds and typically

from 2 to about 10 carbon atoms; or in another embodiment, from 2 to about 8 carbon atoms;

" in another embodiment, from 2 to about 6 carbon atoms; and in another embodiment, from 2

to about 4 carbon atoms. Examples of such substituents include ethenyl (vinyl), 2-propeny]l,
3-propenyl, 1,4-pentadienyl, 1,4-butadienyl, 1-butenyl, 2-butenyl, and 3-buteny! and the like.

The term "alkynyl" (alone or in combination with another term(s)) means a straight-
or branched-chain hydrocarby] substituent containing one or more triple bonds and typically
from 2 to about 10 carbon atoms; or in another embodiment, from 2 to about 8 carbon atoms;
in another embodiment, from 2 to about 6 carbon atoms; and in another embodiment, from 2
to about 4 carbon atoms. Examples of such substituents include ethynyl, 2-propynyl, 3-
propynyl, 2-butynyl, and 3-butynyl and the like.

The term "carbocyclyl" (alone or in combination with another term(s)) means a
saturated cyclic (i.e., "cycloalkyl"), partially saturated cyclic (i.e., "cycloalkenyl"), or
completely unsaturated (i.e., "aryl") hydrocarby! substituent containing from 3 to 14 carbon
ring atoms '("ring atoms" are the atoms bound together to form the ring or rings of a cyclic
substituent). A carbocyclyl may be a single-ring (monocyclic) or polycyclic ring structure.

A carbocyclyl may be a single ring structure, which typically contains from 3 to 8 ring
atoms, more typically from 3 to 6 ring atoms, and even more typically 5 to 6 ring atoms.
Examples of such single-ring carbocyclyls include cyclopropyl (cyclopropanyl), cyclobutyl
(cyclobutanyl), cyclopentyl (cyclopentanyl), cyclopentenyl, cyclopentadienyl, cyclohexyl

4.
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(cyclohexanyl), cyclohexenyl, cyclohexadienyl, and phenyl. A carbocyclyl may alternatively
be polycyclic (i.e., may contain more than one ring). Examples of polycyclic carbocyclyls
include bridged, fused, and spirocyclic carbocyclyls. In a spirocyclic carbocyclyl, one atom
is common to two different rings. An example of a spirocyclic carbocyclyl is spiropentanyl.
In a bridged carbocyclyl, the rings share at least two common non-adjacent atoms. Examples
of bridgéd carbocyclyls include bicyclo[2.2.1]heptanyl, bicyclo[2.2.1]hept-2-enyl, anci
adamantanyl. In a fused-ring carbocyclyl system, two or more rings may be fused together,
such that two rings share one common bond. Examples of two- or three-fused ring
carbocyclyls include naphthalenyl, tetrahydronaphthalenyl (tetralinyl), indenyl, indanyl
(dihydroindenyl), anthracenyl, phenanthrenyl, and decalinyl.

The term "cycloalkyl" (alone or in combination with another term(s)) means a
saturated cyclic hydrocarbyl substituent containing from 3 to 14 carbon ring atoms. A
cycloalkyl may be a single carbon ring, which typically contains from 3 to 8 carbon ring
atoms and more typically from 3 to 6 ring atoms. Examples of single-ring cycloalkyls
include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. A cycloalkyl may alternatively
be polycyclic or contain more than one ring. Examples of polycyclic cycloalkyls include
bridged, fused, and spirocyclic carbocyclyls.

The term "aryl" (aloﬁe or in combination with another term(s)) means an aromatic
carbocyclyl containing from 6 to 14 carbon ring atoms. An aryl may be monocyclic or
polycyclic (i.e., may contain more than one ring). In the case of polycyclic aromatic rings,
only one ring the polyvcyclic system is required to be unsaturated while the remaining ring(s)
may be saturated, partially saturated or unsaturated. Examples of aryls include phenyl,
naphthalenyl, indenyl, ihdanyl, and tetrahydronapthyl. '

In some instances, the number of carbon atoms in a hydrocarbyl substituent (¢.g.,
alkyl, alkenyl, alkynyl, or cycloall\yl) is indicated by the prefix "C.-C,-", wherein x is the
minimum and y is the maximum number of carbon atoms in the substituent. Thus, for
example, "C;-Cg-alky!" refers to an alkyl substituent containing from 1 to 6 carbon atoms.
Ilustrating further, C5-Cg-cycloalkyl means a saturated hydrocarbyl ring containing from 3 to
8 carbon ring atoms.

The term "hydrogen" (alone or in combination with another term(s)) means a
hydrogen radical, and may be depicted as -H. »

The term "hydroxy" (alone or in combination with another term(s)) means -OH.

The term "carboxy" (alone or in combination with another term(s)) means -C(O)-OH.

The term "amino" (alone or in combination with another term(s)) means -NH,..

-5.
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The term "halogen” or "halo” (alone or in combination with another term(s)) means a
fluorine radical. (which may be depicted as -F), chlorine radical (which may be depicted as -
CI), bromine radical (which may be depicted as -Br), or iodine radical (which may be
depicted as -I). '

If a substituent is described as being "substituted", a non-hydrogen radical is in the
place of hydrogen radical on a carbon or nitrogen of the substituent. Thus, for example, a
substituted alkyl substituent is an alkyl substituent in which at least one non-hydrogen radical
is in the place of a hydrogen radical on the alkyl substituent. To illustrafe, monofluoroalkyl is
alkyl substituted with a fluoro radical, and difluoroalkyl is alky! substituted with two fluoro
radicals. It should be recognized that if there are more than one substitution on a substituent,
each non-hydrogen radical may be identical or different (unless otherwise stated).

If a substituent is described as being "optionally substituted", the substituent may be
either (1) not substituted or (2) substituted. If a substituent is described as being optionally
substituted with up to a particular number of non-hydrogen radicals, that substituent may be
either (1) not substituted; or (2) substituted by up to that particular number of non-hydrogen
radicals or by up to the maximum number of substitutable positions on the substituent,
whichever is less. Thus, for example, if a substituent is described as a heteroaryl optionally
substituted with up to 3 non-hydrogen radicals, then any heteroaryl with less than 3
substitutable positions would be optionally substituted by up to only as many non—hydrogen
radicals és the heteroaryl has substitutable positions. To illustrate, tetrazolyl (which has only
one substitutable position) would be optionally substituted with up to one non-hy droigen
radical. To illustrate further, if an amino nitrogen is described as being optionaliy substituted
with up to 2 non-hydrogen radicals, then a primary amino nitrogen will be optionally
substituted with up to 2 non-hydrogen radicals, whereas a secondary amino nitrogen will be
optionally substituted with up to only 1 non-hydrogen radical.

This patent application uses the terms "substituent” and "radical" interchangeably .

‘The prefix "halo” indicates that the substituent to which the prefix is attached is
substituted with one or more independently selected halogen radicals. For example, haloalkyl
means an alkyl substituent in which at least one hydrogen radical is replaced with a halogen
radical. Examples of haloalkyls include chloromethyl, 1-bromoethyl, fluoromethyl,
diﬂuorofnethyl, trifluoromethyl, and 1,1,1-trifluoroethyl. It should be recognized that if a
substituent is substituted by more than one halogen radical, those halogen radicals may be

identical or different (unless otherwise stated).
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The prefix "perhalo” indicates that every hydrogen radical on the substituent to which
the prefix is attached is replaced with independéntly selected halogen radicals, i.e., each
hydrogen radical on the substituent is replaced with a halogen radical. If all the halogen
radicals are identical, fhe preﬁk typically will identify the halogen radical. Thus, for
example, the term "perfluoro” means that every hydrogen radical on the substituent to which
the prefix is attached is substituted with a fluorine radical. To illustrate, the term
"perfluoroalkyl" means an alkyl substituent wherein a fluorine radical is in the place of each
hydrogen radical.

The term "carbonyl" (alone or in combination with another term(s)) means -C(O)-.

The term "aminocarbonyl" (alone or in combination with another term(s)) means -
C(O)-NH,.

The term "oxo" (alone or in combination with another term(s)) means (=0O).

The term "oxy" (alone or in combination with another term(s)) means an ether
substituent, and may be depicfed as -O-.

The term "alkylhydroxy" (alone or in combination with another term(s)) means ~
alkyl-OH. _

The term ”alkylarﬁino" (alone or in combination with another term(s)) means —alkyl-
NH,.

The term "alkyloxy" (alvone or in combination with another term(s)) mecans an

alkylether substituent, i.e., -O-alkyl. Examples of such a substituent include methoxy (-O-

CHs), ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy.

The term "alkylcarbonyl" (alone or in combination with another term(s)) means -
C(0)-alkyl.

The term "aminoalkylcarbonyl" (alone or in combination with another term(s)) means
-C(O)-alkyl-NH,.

The term "alkyloxycarbonyl" (alone or in combination with another term(s)) means -
C(0)-O-alkyl.

The term "carbocyclylcarbonyl" (alone or in combination with another term(s)) means
-C(O)-carbocyclyl. | '

Similarly, the term "heterocyclylcarbonyl” (alone or in combination with another
term(s)) means -C(O)-heterocyclyl.

The term "carbocyclylalkylcarbonyl" (alone or in combination with another term(s))

means -C(0O)-alkyl-carbocyclyl.

PCT/CN2012/000103
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Similarly, the term "heterocyclylalkylcarbonyl" (alone or in combination with another
term(s)) means -C(O)-alkyl-heterocyélyl.

The term ”carbocyclyloxycarbonyl" (aléne or in combination with another term(s))
means -C(0)-O-carbocyclyl.

The ternﬁ "carbocyclylalkyloxycarbonyl" (alone or in combination with another
term(s)) means -C(O)-O-alkyl-carbocyclyl.

‘ The term "thio" or "thia" (alone or in combination with another term(s)) means a
thiaether substituent, i.e., an ether substituent wherein a divalent sulfur atom is in the place of
the ether oxygen atom. Such a substituent may be depicted as -S-. This, for example, "alkyl-
thio-alky]l" means alkyl-S-alkyl (alkyl-sulfanyl-alkyl).

The term "thiol" or "sulfhydryl" (alone or in combination with another term(s)) means
a sulfhydryl substituent, and may be depicted as -SH. '

The term "(thiocarbony!)" (alone or in combination with another term(s)) means a carbonyl
wherein the oxygen atom has been replaced with a sulfur. Such a substituent may be
depicted as -C(S)-.

The term "sulfonyl" (alone or in combination with another term(s)) means -S(0),-.

The term "aminosulfonyl" (alone or in combination with another term(s)) means -
S(O),-NHs.

The term "sulfinyl" or "sulfoxidé" (alone or in combination with another term(s))
means -S(0O)-.

The term "heterocyclyl" (alone orv in combination with another term(s)) means a
saturated (i.e., "heterocycloalkyl"), parﬁally saturated (i.e., "heterocycloalkenyl"), or
completely unsaturated (i.e., "heteroaryl") ring structure containing a total of 3 to 14 ring
atoms. At least one of the ring atoms is a heteroatom (i.¢., oxygen, nitrogen, or sulfur), with
the remaining ring atoms being independently selected from the group consisting of carbon,
oxygen, nitrogen, and sulfur. A heterocyclyl may be a single-ring (monocyclic) or polycyclic
ring structure.

A heterocyclyl may be a single ring, which.typically contains from 3 to 7 ring atoms, more
typically from 3 to 6 ring atoms, and even more typically 5 to 6 ring atoms. Examples of
single-ring heterocyclyls include furanyl, dihydrofuranyl, tetrahydrofuranyl, thiophenyl
(thiofurany!), dihydrothiopheny), tetrahydrothiophenyl, pyrrolyl, pyrrolinyl, pyrrolidinyl,

imidazolyl, imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl,

tetrazolyl, oxazolyl, oxazolidinyl, isoxazolidinyl, isoxazolyl, thiazolyl, isothiazoly],

thiazolinyl, isothiazolinyl, thiazolidiny}, 1sothiazolidinyl, thiodiazolyl, oxadiazolyl (including

-8-
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1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl (furazanyl), or 1,3,4-oxadiazolyl),
oxatriazolyl (including 1,2,A3.,4-0xatriazolyl or 1,2,3,5-oxatriazolyl), dioxazoly! (including
1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-dioxazolyl, or 1,3,4-dioxazolyl), oxathiazolyl,
oxathiolyl, oxathiolanyl, pyranyl, dihydropyranyl, thiopyranyl, tetrahydrothiopyranyl,
pyridinyl (azinyl), piperidinyl, diazinyl (including pyridazinyl (1,2-diazinyl), pyrimidinyl
(1,3-diazinyl), or pyrazinyl (1,4-diazinyl)), piperazinyl, triaziny! (including 1,3,5-triazinyl,
1,2,4-triazinyl, and 1,2,3-triazinyl)), oxazinyl (including 1,2-oxazinyl, 1,3-oxazinyl, or 1,4-
oxazinyl)), oxathiazinyl (including 1,2,3-oxathiazinyl, 1,2,4-oxathiazinyl, 1,2,5-oxathiazinyl,
or 1,2,6-oxathiazinyl)), oxadiazinyl (including 1,2,3-oxadiazinyl, 1,2,4-oxadiazinyl, 1,4,2-
oxadiazinyl, or 1,3,5-oxadiazinyl)), morpholinyl; azepinyl, oxepinyl, thiepinyl, and
diazepinyl.

A heterocyclyl may alternatively be polycyclic (i.e., may contain more than one ring).
Examples of polycyclic heterocyclyis include bridged, fused, and spirocyclic heterocyclyls.
In a spirocyclic heterocyclyl, one atom is common to two different rings. In a bridged
heterocyclyl, the rings share at least two common non-adjacent atoms. In a fused-ring
heterocyclyl, two or more rings may be fused together, such that two rings share one common
bond. Examples of fused ring heterocyclyls containing two or three rings include indolizinyl,
pyranopyrrolyl, 4H-quinolizinyl, purinyl, naphthyridinyl, pyridopyridinyl (including
pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, or pyrido[4,3-b]-pyridinyl), and pteridinyl.
Other examples of fused-ring heterocyclyls include benzo-fused heterocyclyls, such as
indolyl, isoiﬁdolyl (isobenzazolyl, pseudoisoindolyl), indoleninyl (pseudoindolyl),
isoindazolyl (benzpyrazolyl), benzazinyl (including quinolinyl (1-benzazinyl) or
isoquinolinyl (2-benzazinyl)), phthalazinyl, quinoxalinyl, quinazolinyl, benzodiazinyl
(including cinnolinyl (1,2-benzodiazinyl) or quinazolinyl (1,3-benzodiazinyl)), benzopyranyl
(including chromany! or isochromanyl), benzoxaziny! (including 1,3,2-benzoxazinyl, 1,4,2-
benzoxazinyl, 2.3,1-benzoxazinyl, or 3,1 4-benzoxazinyl), and benzisoxazinyl (including 1,2-
benzisoxazinyl or 1,4-benzisoxazinyl).

The term "heterocycloalkyl” (alone or in combination with another term(s)) means a
saturated heterocyclyl.

The term "heteroaryl" (alone or in combination with another term(s)) means an
aromatic heterocyclyl containing from 5 to 14 ring atoms. A heteroaryl may be a single ring
or 2 or 3 fused rings. Examples of heteroary] substituents include 6-membered ring
substituents such as pyridyl, pyrazyl, pyrimidinyl, pyridazinyl, and 1,3,5-, 1,2,4- or 1,2,3-
triazinyl; 5-membered ring substituents such as imidazy|, furanyl, thiophenyl, pyrazolyl,
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oxazolyl, isoxazolyl, thiazolyl, 1,2,3-, 1,2,4-, 1,2,5-, or 1,3,4-oxadiazolyl and isothiazolyl; -
6/5-membered fused ring substituents such as benzothiofuranyl, benzisoxazolyl,
benzoxazolyl, purinyl, and anthranilyl; and 6/6-membered fused rings such as benzopyranyl,
quinolinyl, isoquinolinyl, cinnolinyl, quinazolinyl, and benzoxazinyl.

A prefix attached to a multi-component substituent only applies to the first
component. To illustrate, the term "alkylcycloalkyl" contains two components: alkyl and
cycloalkyl. Thus, the C;-Ce- prefix on C,-Cg-alkylcycloalkyl means that the alkyl component
of the alkylcycloalkyl contains from 1 to 6 carbon atoms; the C,-Cs-prefix does not describe
the cycloalkyl component. To illustrate further, the prefix "halo" on haloalkyloxyalkyl
indicates that only the alkyloxy éomponent of the alkyloxyalkyl substituent is substituted
with one or more halogen radicals. If halogen substitution may alternatively or additionally
occur on the alkyl component, the substituent would instead be described as "halogen-
substituted alkyloxyalkyl" rather than "haloalkyloxyalkyl." And finally, if the halogen
substitution may only occur on the alkyl component, the substituent would instead be
described as "alkyloxyhaloalkyl."

The terms "treat”, "treating” and "treatment” refer to a method of alleviating or
abrogating a disease and/or its attendant sy mptoms.

The terms "prevent”, “preventing” and. "prevention” refer to a method of preventing
the onset of a-disease and/or its attendant symptoms or barring a subject from acquiring a
disease. As used herein, "prevent”, "preventing” and "prevention" also include delaying the
onset of a disease and/or its attendant syniptoms and reducing a subject's risk of acquiring a
disease. '

The term "therapeutically effective amount” refers to that amount of the compound being
administered sufficient to prevent development of or alleviate to some extent one or more of
the symptoms of the condition or disorder being treated.

The term "modulate” refers to the ability of a compound to increase or decrease the
function, or activity, of a kinase. "Modulation", as used herein in its various forms, is
intended to encompass antagonism, agonism, partial antagonism and/or partial agonism of the
activity associated with kinase. Kinase inhibitors are compounds that, e.g., bind to, partially
or totally block stimulation, decrease, prevent, delay activation, inactivate, desensitize, or
down regulate signal transduction. Kinase activators are compounds that, e.g., bind to,

stimulate, increase, open, activate, facilitate, enhance activation, sensitize or up regulate

signal transduction.
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The term "composition" as used herein is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results,
directly or indirectly, from combination of the specified ingredients in the specified amounts.
By "pharmaceutically acceptable" it is meant the carrier, diluent or excipient must be

5 compatible with the other ingredients of the formulation and not deleterious to the recipient
thereof. _

The "subject” is defined herein to include animals such as mammals, including, but
not limited to, primates (e.g., humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats,

mice and the like. In preferred embodiments, the subject is a human.

10
Compounds
‘Embodiments of Formula (I)
In one embodiment, the present invention is directed, in part, to a class of compounds having
a structure of Formula |
15
NH, /N/X<
.
X5© X
N
0 O X
HN X! z
formula (I)
wherein
X*isN, X’ is C, X', X°, and X* are CH; or
20 X' and X*are N, X’ is C, and X’ and X*are CR'; or

X! and X? are N, X? and X° are C, and X*is CR'™: or
X' X? and X* are N, X*is C, and X is CR'™: or

X' X2 X3; and X* are N and X° is C; or

X' and X° are N, X?is C, and X3 and X* are CH;
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A is phenyl, naphthyl, indenyl, Cs.z éycloalkyl, 5-7 membered heterocycloalkyl, 5-7

membered heterocycloalkenyl, or 5-7 membered heteroaryl,

B is phenyl, pynidinyl, pyrimidinyl, pyrazinyl, pyridazinyl, or pyrazolinyl, wherein B
is optionally susbstituted with one, two, three, or four R? and is substituted with R3; or

B is 1,2,3 4-tetrahydroisoquinoline;
Z is a bond, C,¢ alkylene, or C,.¢ alkenylene;

R!, at each occurrence, is independently selected from the group consisting of halo,
CN, NO,, Cy¢-alkyl, C;.s-haloalkyl, aryl, Cs.¢ cycloalkyl, heteroaryl, heterocycloalkyl, OR’,
SR®, C(O)R?, C(O)NRR’, C(O)OR®, OC(O)R’, OC(O)NR®R’, NR°R”, NR°C(O)R’, S(O)R’,
S(O)NR®R’, S(O),R’, NR®S(O),R’, and S(O),NR°R’; wherein the Cs.; cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl‘are optionally substituted with 1, 2, or 3 substituents
independently selected from halo, C, 4 alkyl, C,.4 haloalkyl, CN, NO,, OR?, SR*, C(O)R”,
C(O)NR°R®, C(O)YOR?, OC(O)R?, OC(O)NR"R®, NR°R®, NR’C(O)R?, S(O)R", S(O)NR'R®,
S(O),R?, NR"S(0),R? and S(O),NR'R",

R?, at each occurrence, is independently selected from the group consisting of halo,
CN, OH, Cy 4 alkyl, C,.4-haloalkyl, C,.4 alkoxy, Ci.4 haloatkoxy, Cy.4-thioalkoxy, -S(O)C.4

alkyl; amino, C_4alkylamino, and C,_4 dialkylamino;

R? is selected from the group consisting of aryl, Cs.g cycloalkyl, heteroaryl,
heterocycloalkyl, aryl-C.s-alkyl-, Cs.5cycloalkyl-C;¢-alkyl-, heteroaryl-C.¢-alkyl-,
heterocycloalkyl-Cy.s-alkyl-, OR®, C(O)R®, -CH,C(O)R?, C(O)NR’R'’, C(O)OR*, OC(O)R”,
OC(O)NR’R', NR°R'°, NR’C(O)R?, S(O)R?, S(O)NR°R'®, S(0);R®, NR’S(0),R®, and
S(O)ZNR9R]°, wherein the Cs.scycloalkyl, aryl, heterocycloalkyl, and heterbaryl, alone or

part of another moiety, are optionally substituted with one, two, or three R
R*is H or Cy¢-alkyl;

Ré , R®, and R, at each occurrence, are independently selected from H, C, ¢ alkyl, C,.
6 haloaikyl, aryl, Cs5 cycloalkyl, heteroaryl, and heterocycloalkyl, wherein the aryl, Cs.¢
-12 -
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cycloalkyl, heteroaryl, and heterocycloalkyl moiety are optionally substituted with 1, 2, or 3
substituents independently selected from halo, CN, OH, C,.4 alkyl, Ci.4-haloalkyl, C;.4
alkoxy, C_4 haloalkoxy, amino, C,_4 alkylamino, C,_4 dialkylamino, C(O)OH, C(O)C,_4 alkyl,
C(O)NH_, C(O)NH(C, 4 alkyl), or C(O)N(C;.4 alkyl)z;

Rg, Rg, and Rm, at each occurrence, are indepen'demly selected from H, C ¢ alkyl, Cy.

¢ haloalkyl, heteroaryl-C) ¢-alkyl-, heterocycloalkyl-Cy.s-alkyl-, R">R"’N-C) s-alkyl-, aryl, C;.

s cycloalkyl, heteroaryl, and heterocycloalkyl, wherein the aryl, Cs 5 cycloalkyl, heteroaryl,
and heterocycloalkyl, alone or as part of another moiety, are optionally substituted with 1, 2,
or 3 substituents independently selected from halo, CN, OH, C;.4 alkyl, Cy.4-haloalkyl, Ci.4
alkoxy, C;.4 haloalkoxy, amino, C;_4 alkylamino, C,.4 dialkylamino, C(O)OH, C(0)C,.4 alkyl,
C(O)NH,, C(O)NH(C; 4 alkyl), or C(O)N(Cy.4 alkyl)2;

R'!, at each occurrence, is independently selected from the group consisting of halo,
Cy.4 alkyl, Cy_4 haloalkyl, amino-C;.s-alkyl-, C;.4 alkylamino-C,.4 alkyl-, C,.4 dialkylamino-
C1.4 alkyl-, hydroxy-C,.s-alkyl-, C,.4 alkyl-C,.salkoxy, aryl, Cs.¢ cycloalkyl, heteroaryl,
heterocycloalkyl, aryl-(C;.; alkyl)-, Cs 5 cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-,
heterocycloalkyl-(C,.; alkyl)-, CN, NO,, OR’, SRY, C(O)RY, C(O)NR°R', C(O)OR",
OC(O)RY, OC(O)NR'R', NR'R, NR°C(O)R?, S(O)R?, S(O)NR'R', S(0)R", NR*S(O);R", and
S(O)zNReRf, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as
part of another moiety, are optionally substituted with one, two or three substituents

independently selected from halo and C,.4 alkyl,

R'? and R", at each occurrence, are independently selected from the group consisting

of H, Cys alkyl, Cy.¢ haloalkyl, arvl, Cs3 cycloalkyl, heteroaryl, and heterocycloalkyl,
R is selected from the group consisting of H, C,_¢ alkyl, C,.s haloalkyl, -C /s
alkyl-heterocycloalkyl, -C(O)OC,.¢ alkyl, -C(O)OC,.¢ haloalkyl, -C(O)NHC,_¢ alkyl,

-C(O)NHC, ¢ haloalky],

R?, at each occurrence, is independently selected from the group consisting of H, Cy.

alkyl, C.¢ haloalkyl, aryl, C;scycloalkyl, heteroaryl, and heterocycloalkyl;
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R’ and R°, at each occurrence, are independently selected from the group consisting of

H, C,.6 alkyl, Cy.s haloalkyl, aryl, C5.3 cycloalkyl, heteroaryl, heterocycloalkyl,

RY, at each occurrence, is independently selected from the group consisting of H, Ci6

alkyl, C\_¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl,

R and R, at each occurrence, are independently selected from the group consisting of

H, Ci6 alkyl, C).¢ haloalkyl, aryl, Cs g cycloalkyl, heteroaryl, and heterocycloalkyl; and
nis0, 1,2, or3;
or a pharmaceutically acceptable salt or solvate thereof.

In one embodiment of formula (), X*is N, X’ is C, X', X?, and X*are CH. -

In one embodiment of formula (I), X! and X* are N, X’ is C, and X° and X* are CR'*.
In another embodiment of formula (1), X' and X?are N, X° is C, and X° and X* are CH.

In one embodiment of formula (T), X" and X? are N, X% and X’ are C, and X" is CR™.
In another embodiment of formula (I), X' and X are N, X? and X are C, and X* is CH.

In one embodiment of formula (1), X! X? and X* are N, X’ is C, and X*isCR". In
another embodiment of formula (1), Xl, X?, and X*aré N, X*is C, and X* is CH.

In another embodiment of formula (T), X' X3, X3, and X* are N and X’ isC.

Iﬁ another embodiment of formula (I), X' and X’ are N, X%is C, and X? and X* are
CH. |

In one embodiment of formula (I), Z is Cy. alkylene. In another embodiment, Z is
-CH,-, -CH,CH,-, -CH,CH,CH,-, or -CH,CH,CH,CH,-. In another embodiment, Z is
-CH(CH3)-, -CH,CH(CH3)-, -CH(CH3)CH,-, -CH(CH3)CH;CH,-, -CH,CH(CH3)CH>-,
-CH,CH,CH(CH;)-, -C(CH3);,-, -CH,C(CH;),~, -C(CH3),CH»-, -CH,CH,C(CHz3),-,
-CH,C(CHj3),CH,-, 6r -C(CH;);CHZCHz-. In énother embodiment, Z 1s -CH(CH,CH3)-,
-CH,CH(CH,CHj3)-, -CH(CH,CH3)CH,-, -CH(CH,CH3)CH,CH,-, -CH,CH(CH,CH;)CH-,
-CH,CH,CH(CH,CH3)-, -C(CH,CH3),-, -CH,C(CH;CHj3);-, -C(CHzCH3)2CH2-,
-CH,CH;C(CH,CHj3),-, -CH,C(CH,CH3).CH-, or -C(CH,CH3);CH,CH,-. In yet another
embodiment, Z is -CH;-, -CH,CH,-, -CH(CH5)-, or -C(CH3),-.

In another embodiment of formula (I), Z is C,.¢ alkenylene. In yet another
embodiment of formula (1), Z is -CH=CH-, -CH,CH,=CH-, -CH=CHCH,-,
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~CH2-CH=CH-CH2-, -CH=CH- CH,CH;-, or -CH,CH,-CH=CH-. In another embodiment Qf
formula (I), Z is -CH(=CHy)-, -CH,CH(=CH»)-, -CH(=CH3)CH,-, or -CH(=CHCHs)-. Inyet
another embodiment of formula (), Z is -CH=CH- or -CH(=CH)-.

In one embodiment 6f formula (1), Z 1s a bond.

In one embodiment of formula (I), A is phenyl, naphthyl, indeny! or Cs.3 cycloalkyl.
In yet another embodiment of formula (I), A is phenyl

In another embodiment of formula (I), A is a 5-7 membered heterocycloalky! or
heterocycloalkenyl. In another embodiment of formula (I), A is pyrrolidinyl, tetrhydrofuryl,
tetrahydrothienyl, imidazolidinyl, pyrazolidinyl, piperidinyl, tetrahydropyranyl, piperazinyl,
dioxanyl, morpholinyl, 2-oxopyrrolidinyl, 2,5-dioxopyrrolidinyl, 2-oxopiperidinyl, 4-
oxopiperidinyl, or 2,6-diox0piperid;'ny]. In yet another embodiment of formula (I), A is
dihydrofurany|, dihydrothiophenyl, pyrrolinyl, imidazolinyl, pyrazolinyl, thiazolinyl,
isothiazolinyl, dihydropyranyl, oxathiazinyl, oxadiazinyl, or oxazinyl.

In one embodiment of formula (I), A is a 5-7 membered heteroaryl. In another
embodiment, A is pyridyl, pyrazyl, pyridinyl, pyrimidinyl, pyridazmyl, 1,3,5-,1,2,4-0r 1,2 3-
triazinyl, imidazyl, furanyl, thiophenyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 1,23,
1,2,4-,1,2,5- or 1,3 4-oxadiazolyl, or isothiazolyl.

A is optionally substituted with -(R}),, whereinn is 0, 1, 2, or 3. In one embodiment,
R’ is selected from the group consisting of halo, CN, NO,, C,_¢-alkyl, C,.¢-haloalky], aryl, C.
scycloalkyl, heteroaryl, heterocycloalkyl, OR’, SR®, C(O)R’, C(O)NR’R’, C(O)OR’,
OC(O)R’, OC(O)NRR”, NR°R’, NR*C(O)R?, S(O)R’, S(O)NR®R’, S(0).R’, NR°S(0),R’,
and S(0);NR°R”; wherein the Cs.3 cycloalkyl, aryl, heterocycioalkyl, andAheteroaryl are
optionally substituted with 1, 2, or 3 substituents independently selected from halo, C,.4 alkyl,

- Ci.4 haloalkyl, CN, NOZ,V OR’, SR*, C(O)R", C(O)NR"R®, C(0)OR’, OC(O)R?, OC(O)NRR",

NR°R®, NR°C(O)R?, S(O)R?, S(O)NRR®, S(O),R*, NR*S(O);R?, and S(O),NRR’.

In another embodiment of formula (T), n is 0. |

In another embodiment of formula (I), n1s 1, 2, or 3, and R' is halo, OR?, C ¢ alkyl,
C,.6 haloalkyl, or CN, wherein R’ is defined above. In another embodiment, nis 1 or 2, R'is
OR®, wherein R® is H or Cys alkyl. In yet another embodiment of formula (I),nis 1, 2, or 3,
and R' is halo.

In one embodiment of formula (I), n is 1 or 2, and R' is C(O)NR°R’, C(O)OR’,
NRC(O)R®, NR®S(O);R’, or S(0);NR®R’, wherein R® and R’ is defined above. In yet
another embodiment, R' is NR6S(O)2R5 or S(O),NR®R’, R® is hydrogen or Cy.6 alkyl, and R’
and R’ are independently C,.¢ alkyl, C,¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, and
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heterocycloalkyl, wherein the aryl, Cs 5 cycloalkyl, heteroaryl, or heterocycloalkyl moiety is
optionally substituted with C,.4 alkyl.
In one embodiment of formula (I), B is phenyl, pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, or pyrazolinyl. In another embodiment of formula (I), B is phenyl.

5 In one embodiment of formula (I), B is
: R
| ’L N P o N N
/ ~ / yZ X P G
(R (Rg)m \l/ (Rz)m
R3 R3 R R?

3

wherein R? and R? are defined above and m is 0, 1, or 2. In another embodiment of formula
(1), m is 0. In yet another embodiment of formual (I), m is 1 and R? is selected from the
group consisting of halo, C1.4. alkyl, and C,_4alkoxy. In another embodiment of formula (1),

10 R’is selected from the group consisting of aryl, Cs 5 cycloalkyl, heteroaryl, heterocycloalkyl,
aryl-Cy ¢-alkyl-, C3.s cycloalkyl-Cy.s-alkyl-, heteroaryl-C,.¢-alkyl-, and heterocycloalkyl-Ci.¢-
alkyl-, wherein the Cs.g cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, alone or part of
another moiety, are optionally substituted with one, two, or three R”, wherein R'" is defined
above. In yet another embodiment of formula (I), R? is heterocycloalkyl, which is optionally

15 substituted with one R'', and R'" is selected from the group consisting of C; .4 alkyl, Cy.4
haloalkyl, amino-C, 4-alkyl-, C;.4 alkylamino-C,.4 alkyl-, C,4 c_lialkylamino-C1.4 alkyl-,
hydroxy-C;.s-alkyl-, C, 4 alkyl-C,.s alkoxy, aryl, Cs 5 cycloalkyl, heteroaryl, beterocyc]Oalkyl, '
aryl-(Cy; alkyl)-, Cs.5 cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-, heterocycloalkyl-(C;.»
alkyl)-, C(O)Rd, and S(O)ZRd wherein the aryl, Cs_g cycloalkyl, heteroaryl, and

20 heterocycloalkyl, alone or as part of another moiety, are optionally substituted with one, two
or three substituents independently selected from halo and C, .4 alkyl, and wherein R%is
defined above. ‘

In one embodiment of formula (), B is
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(R?)m
R B
| | Jow
SR S S
2
(Rz)m (Rz)m Y (R )m
R3 R3 R3 R3 .
misOorl;
R? is halo, C.4 alkyl, or Cy4alkoxy;
R’ is

;and

R'!is Cy.4 alkyl, Cy.4 haloalkyl, amino-C.s-alkyl-, C.4alkylamino-C.4 alkyl-, Ci4
dialkylamino-Ci.4 alkyl-, and hydroxy-Ci.s-alkyl-, Cy.4 alkyl-C,.4 alkoxy, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl, aryl-(C., alkyl)-, cycloalkyl-(C,.; alkyl)-, heteroaryl-(Ci.

10 alkyl)-, or heterocycloalkyl-(C,.; alkyl)-, wherein the aryl, cycloalkyl, heteroaryl, and
heterocycloalkyl, alone or as part of another moiety, are optionally substitated with 1, 2, or 3
substituents independently selected from halo and C,.4 alkyl.

In another embodiment, B is

15 misOorl;
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R? is halo, C,.4 alkyl, or C, 4 alkoxy;,
R’ is

and R" is Cy.4 alkyl.
Embodiments of Formula (IT)

In one embodiment, the present invention is directed, in part, to a class of compounds

having a structure of Formula (II),
NH, N

HN

g (RZ)m

R3

10 formula (IT)
wherein A, B, Z, R' R% R’ and n are as described in formula (I) and m is O; 1, or2.

In one embodiment of formula (IT), the C,.¢ alkylene is -CH,-, -CH,CHj-,
" .CH,CH,CHa-, or -CH,CH,CH,CHz-. In another embodiment, the C, .6 alkylene is
-CH(CHa3)-, -CH,CH(CH3)-, -CH(CH3)CH,-, -CH(CH3)CH,CH-, -CHZCH(CH3)CH2-

15 -CH,CH,CH(CHj3)-, -C(CHs);-, -CH,C(CHa),-, -C(CHz3),CH;-, -CH2CH2C(CH3)2-
-CH,C(CH3),CH;-, or -C(CH3),CH,CH;-. In another embodiment, the Cy_s alkylene is
CH(CH,CHj3)-, 'CHZCH(CHQCH:;)', -CH(CH,CH3)CH,-, -CH(CH,CH3)CH,CH,-,
-CH,CH(CH,CH;)CH,-, -CH,CH,CH(CH,CH3)-, -C(CH,CHj3),-, -CH,C(CH,CHa)s-,
-C(CH,CH3),CH,-, -CH,CH,C(CHCHj3)-, -CH,C(CH,CH3),CH>-, or ‘ _

20 -C(CH,CH;);CH,CH,-. In yet another embodiment, the C,.s alkylene is -CHz-, -CH,CH-,
-CH(CH3)-, or -C(CHaz)-.
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In one embodiment of formula (II), A is phenyl, naphthyl, or Cs 5 cycloalkyl. In
another embodiment of formula (II), A is phenyl.

In one embodiment of formula (IT), nis 0. In another embodiment of formula (II), n 1s
1,2, 0r3,and R' is halo, OR’, C1_6 alkyl, Cy.6 haloalkyl, or CN, wherein R’ is described in
formula (II). In another embodiment, nis 1 or 2, R' is OR®, wherein RisH or Cisalkyl. In
yet another embodiment of formula (II), nis 1, 2, or 3, and R'is halo. In yet another
embodiment, R' is NR®S(O),R’ or S(0);NR°R’, R® is hydrogen or C;.¢ alkyl, and R’and R’
are independently C,.¢ alkyl, Cy.¢ haloalkyl, aryl, C; 5 cycloalkyl, heteroaryl, and
heterocycloalkyl, wherein the aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C,.4 alkyl.

In one embodiment of formula (II), m is 0. In yet another embodiment of formula
(ID), m is 1 and R? is selected from the group consisting of halo, Cy.4 alkyl, and C;.4alkoxy. -
In another embodiment of formula (I1), R® is selected from the group consisting of aryl, C;
cycloalkyl, heteroaryl, heterocycloalkyl, aryl-Ci.¢-alkyl-, Cs.¢ cyqloalkyl-Cl_é-all\'yl-,
heteroaryl-C,_¢-alkyl-, and heterocycloalkyl-C;.¢-alkyl-, wherein the Cj.gcycloalkyl, aryl,
heterocycloalkyl, and heteroaryl, alone or part of another moiety, are optionally substituted
with one, two, or three R'!, wherein R'! is defined above. In yet another embodiment of
formula (II), R? heterocycloalkyl, which is optionally substituted with one R", and R''is
selected from the group consisting of C,_4 altkyl, C;.4-haloalkyl, amino-C, s-alkyl-, C;.4
alkylamino-C, 4 alkyl-, Ci4 dialkylamino;Cl.z; alkyl-, Hydroxy-C|.4—all<y]-, Ci.4 alkyl-Cy.4
alkoxy, aryl, C; gcycloalkyl, heteroaryl, heterocycloalkyl, aryl-(C,.; alkyl)-, Cs¢

~ cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-, heterocycloalkyl-(Cy ; alkyl)-, C(O)RY, and

S(O),R* wherein the aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,;.; alkyl, and wherein R is described in formula (I).

In another embodiment of formula (IT),
misOorl;, | |
R? is halo, Cy.4 alkyl, or Cy alkoxy;
R’ is
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and R" is Cy.4 alkyl.
In one embodiment, the present invention is directed, in part, to a class of compounds

having a structure of formula (Ila),

TR

\.

formula (ITa)
R3

wherein A, R' R% R, m and n are as described in formula (IT).
In one embodiment, the present invention is directed, in part, to a class of compounds

‘having a structure of formula (ITb),

TR,

=
X

N

formula (Hb)
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In one embodiment of formula (1Ib), nis 0. In another embodiment of formula (1Ib),
nis 1,2, or3, and R' is halo, OR®, C, alkyl, Cy.¢ haloalkyl, or CN, wherein R” is described
in formula (IIb). In another embodiment, nis 1 or 2, R' is OR’, wherein R’ is H or Cy.6 alkyl.

5 Inyet another embodiment of formula (1Ib), nis 1, 2, or 3, and R' is halo. In yet another
embodiment, R' is NR®S(O),R® or S(O),NR°R’, R® is hydrogen or C,. alkyl, and R*and R’
are independently C,.s alkyl, Cl.'.(, haloalkyl, aryl, Cs.; cycloalkyl, heteroaryl, or
heterocycloalkyl, wherein the aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with Cy.4 alkyl.

10 In one embodiment of formula (IIb), m is 0. In yet another embodiment of formula
(IIb), m is 1 and R? is selected from the group consisting of halo, C|_4 alkyl, and C, salkoxy.

In one embodiment of formula (IIb), R'" is selected from the group consisting of C.4
alkyl, Cy_4 haloalkyl, amino-C,_4-alkyl-, C;.4 alkylamino-C,.4 alkyl-, C, 4 dialkylamino-C, 4
alkyl-, hydroxy-Cy.s-alkyl-, Cy.4 alkyl-C).4 alkoxy, Cs.g cycloalkyl, heterocycloalkyl, aryl-(C;.

15 ;alkyl)-, Cs5 cycloalkyl-(Cy.; alkyl)-, heteroaryl-(C..; alkyl)-, and heterocycloalkyl-(Ci.»
alkyl)-, wherein the aryl, C;_s cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
anothervmoiety, are optionally substituted with one, two or three substituents independently
selected from halo and C, 4 alkyl. In one embodiment of formula (I1b), R is C,. alkyl.
Embodiments of Formula (I1T)

20 ,

In one embodiment, the present invention is directed, in part, to a class of compounds
having a structure of Formula (I1I),

R4

NH, N
v N '
OF .

R3

0

m

formula (I1T)
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wherein A, B, Z, R, R%, R*, R, m, and n are as described in formula (I).

In one embodiment of formula (III), the C.6 alkylene is -CH;-, -CH,CH>-,
-CH,CH,CH,-, or -CH,CH,CH;CH,-. In another embodiment, the C,.¢ alkylene is
-CH(CHj3)-, -CH,CH(CH3)-, -CH(CH3)CHz-, -CH(CH3)CH,CH,-, -CH,CH(CH;)CHo-,

5 -CH,CH,CH(CHs)-, -C(CHj3),-, -CH,C(CHj3)2-, -C(CH3)2CH3-, -CH,CH,C(CH3),-,
-CH,C(CH;),CHs-, or -C(CH3),CH,CH,-. In another embodiment, the C, ¢ alkylene is
CH(CH,CH3)-, -CH,CH(CH,CHj3)-, -CH(CH,CH;3)CH,-, -CH(CH,CH3)CH,CH-,
-CH,CH(CH,CH;)CH,-, -CH,CH,CH(CH,CH;)-, -C(CH,CHj3),-, -CH,C(CH,CH3).-,
-C(CH2CH3)2CH2-, -CH,CH,C(CH,CHj3),-, -CH,C(CH,CH3),CHy-, or

10 -C(CH,CHj3),CH,CH,-. Inyet another embodiment, the C,_ alkylene is -CH,-, -CH,CH>-,
-CH(CHs)-, or -C(CHs),-.

In one embodiment of formula (I111), A is phenyl, naphthyl, or Cs.5 cycloalkyl. In
another embodiment of formula (I11), A is phenyl.

In one embodiment of formula (II1), n is 0. In another embodiment of formula (11I), n

15 is1,2 or3 and R' is halo, OR®, C\¢ alkyl, C,.¢ haloalkyl, or CN, wherein R’ is described in
formula (III). In another embodiment, n is 1or 2, R'is OR® , wherein R’isHorCis alkyl.
In yet another embodiment of formula (III), nis 1, 2, or 3, and R' is halo. In yet another
embodiment, R’ is NR"’S(O)gR5 or S(O)ZNR6R7, R® is hydrogen or Cy.4 alkyl, and R’and R’
are 'mdependéntly C,.s alkyl, Cy.¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, and

20 heterocycloalkyl, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl moiety 1§
optionally substituted with C,.4 alkyl.

In one embodiment of formula (I11), m is 0. In yet another embodiment of formula
(1), mis 1 and R? is selected from the group consisting of halo, Cy.4 alkyl, and C;.4 alkoxy.
In another embodiment of formula (1II), R’is selected from the group consisting of aryl, Cs.s

25  cycloalkyl, heteroaryl, heterocycloalkyl, aryl-Ci.s-alkyl-, Cs g cycloalkyl-Cy.¢-alkyl-,
heteroaryl-C.¢-alkyl-, and heterocycloalkyl-C;.s-alkyl-, wherein the Cs.5 cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl, alone or part of another moiety, are optionally substituted
with one, two, or three R wherein R'' is defined above. In yet another embodiment of
formula (IIT), R? heterocycloalkyl, which is optionally substituted with one R'", and R"is

30  selected from the group consisting of Cy.4 alkyl, C)4 haloalkyl, amino-C;s-alkyl-, Cy.4
alkylamino-C,_4 alkyl-, C;.4 dialkylamino-Cy_4 alkyl-, hydroxy-Ci.4-alkyl-, C.4 alkyl-C 4
alkoxy, aryl, C;¢ cycloalkyl, heteroaryl, heterocycloalkyl, aryl-(C,.; alkyl)-, Cs¢ ‘
cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-, heterocycloalkyl-(C,.; alkyl)-, C(O)R?, and
S(0),R wherein the aryl, Cs.4 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
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another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C;.4 alkyl, and wherein R is described in formula (1).
In another embodiment of formula (I111),
misOorl;
5 Rlishalo, Ci4 alkyl, or C;_4 alkoxy;

R?is ,
. A~ R
'NH N/
\) Or \)
N N
}{ 3—{ -
and R' is C4 alkyl.

In one embodiment, the present invention is directed, in part, to a class of compounds

1

10 having a structure of formula (111a),
NH, N

AN
H&v Q)\ Z\" "

7

TR

X

formula (111a)
R3

wherein A, R', R?, R?, m and n are as described in formula (111).

In one embodiment, the present invention is directed, in part, to a class of compounds

15 having a structure of formula (I1Ib),
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Q)
\
-

HN N

R

=
X

.

N

formula (111b)

Hor RY

In one embodiment of formula (11Ib), n is 0. In another embodiment of formula (11Ib),
nis 1, 2, or 3, and R'is halo,'OR5, Ci.6 alkyl, C, haloalky!, or CN, wherein R’ is described
5 in formula (Il1b). in another embodiment, nis 1 or 2, R'is OR’, wherein R*is H or Cr.
alkyl. Inyet another embodiment of formula (I1Ib), nis 1, 2, or 3, and R'is halo‘. In yet
another embodiment, R’ is NR65(0)2R5 or S(O),NR°R’, R%is hydrogen or Cy6 alkyl, and R’
and R’ are independently C,.4 alkyl, Cy.¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, or
heterocycloalkyl, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
10 optionally substituted with C,.4 alkyl.
In one embodiment of formula (IITb), m is 0. In yet another embodiment of formula
(I1Ib), m is 1 and R? is selected from the grdup consisting of halo, C.4 alkyl, and C,.4 alkoxy‘
In one embodiment of formula (111b), R'' is selected from the group consisting of Cy.4
alkyl, C).4 haloalkyl, amino-C, 4-alkyl-, Ci.salkylamino-C;.4 alkyl-, C,.4 dialkylamino-C .4
15 alkyl-, hydroxjf—C1.4-ail(y]-, C.4 alkyl-Cy.4 alkoxy, Cs.s cycloalkyl, heterocycloalkyl, aryl-(Cl_
, alkyl)-, Cs.5 cycloalkyl-(C, ; alkyl)-, heteroaryl-(C,_; alkyl)-, and heterocycloalkyl-(C; »
alkyl)-, wherein the aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,_4 alkyl. In one embodiment of formula (1IIb), R"isCi4 alkyl.
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Embodiments of Formula (IV)

In one embodiment, the present invention is directed, in part, to a class of compounds

having a structure of Formula (IV),

NH, N@\

N
1O
(RMn
HN N z
a (R2)m
R3 _
5 formula (IV)

wherein A, B, Z, R', R%, R?, and n are as described in formula (1) andmis 0, 1, or 2.

In one embodiment of formula (IV), the C,¢ alkylene is -CH;-, -CH,CH>-,
-CH,CH,CH;-, or -CH,CH;CH;CH,-. In another embodiment, the C,.¢ alkylene is
-CH(CHj3)-, -CH,CH(CH3)-, -CH(CH;)CH,-, -CH(CH3)CH>CHz-, -CH,CH(CH;)CH,-,

10 -CH,CH,CH(CHj)-, -C(CH3)-, -CH2C(CHs),-, -C(CH3),CHz-, -CH,CH,C(CHs),-,
-CH,C(CH3),CH;-, or -C(CH3),CH,;CH>-. In anothér embodiment, the C,.¢ alkylene is
CH(CH,CHj3)-, -CH2CH(CH2CH§)-, -CH(CH,CH3)CH,-, -CVH(CH2CH3)CH2CH2-,
-CH,CH(CH,CH3)CH,-, -CHzCH2CH(CH2CH3)-, -C(CH,CH3),-, -CH,C(CH,CH3),-,
-C(CH,CH3),CH;-, -CH,CH,C(CH,CH3),~, -CH,C(CH2CH3).CH;-, or

15 -C(CH,CH;),CH,CH;-. In yet another embodiment, the Ci.6 alkylene is -CH;-, -CH,CH3-,
-CH(CH3)-, or -C(CH3)-.

In one embodiment of formqla (IV), A 1s phenyl, naphthyl, or Cs 5 cycloalkyl. In
another embodiment of formula (IV), A is phenyl.

In one embodiment of formula (IV), n is 0. In another embodiment of formula (1V), n

20 is 1,2, or 3, and R'is halo, OR?, C, alkyl, C, ¢ haloalkyl, or CN, wherein R’ is described in
formula (IV). In another embodiment, nis 1 or 2, R' is OR’, wherein R’ is H or C ¢ alkyl.
In yet another embodiment of formula (IV), nis 1, 2, or 3, and R'is halo. In yet another |
embodiment, R' is NR°S(O),R® or S(O);NR°R’, R® is hydrogen or C,.¢ alkyl, and R’ and R’
are independently C,. alkyl, Cy.¢ haloalkyl, aryl, Cs.s cycloalkyl, heteroaryl, and
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heterocycloalkyl, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C;.4 alkyl.

In one embodiment of formula (IV), m is 0. In yet another embodiment of formula
(IV), m is 1 and R? is selected from the group consisting of halo, C).4 alkyl, and C,.4 alkoxy.
In another embodiment of formula (IV), R* is selectéd from the group consisting of aryl, Cs5
cycloalkyl, heteroaryl, heterocycloalkyl, aryl-C; ¢-alkyl-, Cs4 cycloa]]\'yl-C»].s-alkyl-,
heteroaryl-C, s-alkyl-, and heterocycloalkyl-C; ¢-alkyl-, wherein the Cs s cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl, alone or part of another moiety, are optionally substituted
with one, two, or three R'', wherein R" is defined above. In yet another embodiment of
formula (IV), R? heterocycloalkyl, which is optionally substituted with one R'', and R'' is
selected from the group consisting of C; 4 alkyl, CM haloalkyl, amino-C, 4-alkyl-, C,.4
alkylamino-C,.4 alkyl-, C;.4 dialkylamino-C,_4 alkyl-, hydroxy-C,_s-alkyl-, Cy.4 alkyl-C,.4
alkoxy, aryl, Csscycloalkyl, heteroaryl, heterocycloalkyl, aryl-(C,.; alkyl)-, Cs.¢
cycloalkyl-(C,.; alkyl)-, heteroaryl-(Cy., alkyl)-, heterocycloalkyl-(C,.; alkyl)-, C(O)R?, and
S(O)zRCl wherein the aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,. alkyl, and wherein R? is described in formula (1).

In another embodiment of formula (IV),

misOQorl;

R? is halo, C.4 alkyl, or Cy.4 alkoxy;,

R’is
R
NH N/
' or
A 2"

and R is Cy4 alkyl.

In one embodiment, the present invention is directed, in part, to a class of compounds

1"

s

having a structure of formula (IVa),
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p=d

NH, N@\

HN N ‘
S TR
- formula (IVa)

R3

wherein A, R', R%, R®, m and n are as described in formula (V). v
In one embodiment, the present invention is directed, in part, to a class of compounds

5 having a structure of formula (1Vb),

G

=
X

formula (IVb)

P4

4

Hor RM

In one embodiment of formula (IVb), nis 0. In another embodiment of formula

(IVb), nis 1, 2, or 3, and R! is halo, OR®, Cy.¢ alkyl, Ci s haloalkyl, or CN, wherein R’ is
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described in formula IVb). In another embodiment, nis 1 or 2, R is‘ OR’, wherein R’ is H
or Ci6 alkyl. Inyet another embodiment of formula (IVb), n is 1,2, or 3, and R' is halo. In
yet another embodiment, R' is NR®S(O),R’ or S(O)ZNR6R7, RCis hydrogen or C,.s alkyl, and
R®and R’ are independently C,.¢ alkyl, Cy_¢ haloalkyl, aryl, Cs.s cycloalkyl, heteroaryl, or
5 heterocycloalkyl, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C; ., alkyl.
In one embodiment of formula IVb), m is 0. In yet another embodiment of formula
(IVb), mis | and R? is selected from the group consisting of halo, C;.4 ali\yl, and C, 4 alkoxy.
In one embodiment of formula (IVb), R'' is selected from the group consisting of C;.4
10 alkyl, Ci.4 haloalkyl, amino-C,.4-alkyl-, C;.4 alkylamino-C,.4 alkyl-, C).4 dialkylamino-C, 4
alkyl-, hydroxy-C;.4-alkyl-, C,.4 alkyl-C,.4 alkoxy, Cs ¢ cycloalkyl, heterocycloalkyl, aryl-(Ci.
2 alkyl)-, Cs.5 cycloalkyl-(C;.; alkyl)-, heteroaryl-(C,.; alkyl)-, and heterocycloalkyl-(C;.»
alkyl)-, wherein the aryl, Cs_s cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
15 selected from halo and C;.4 alkyl. In one embodiment of formula (IVB), R'" is C s alkyl.
Embodiments of Formula (V) -

In one embodiment, the present invention is directed, in part, to a class of compounds
having a structure of Formula (V),

o

N
O)\ (R"),
3 (RZ)m

R3
20 formula (V)

o}

wherein A, B, Z, R, R? R®, and n are as described in formula (I) and m is 0, 1, or 2.

In one embodiment of formula (V), the Cy.¢ alkylene is -CH;-, -CH,CHo-,
-CH,CH,CH>-, or -CH,CH,CH,CH,-. In another embodiment, the C, ¢ alkylene is
—CH(CH;)-, -CH,CH(CHj3)-, -CH(CH;5)CH,-, -CH(CH;)CH,CH,-, -CH,CH(CH;)CH -,
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-CH,CH,CH(CH3;)-, -C(CH3),-, -CH,C(CHs),~, -C(CH3),CH,-, -CH,CH,C(CHs).-,
-CH,C(CH;),CH;-, or -C(CH3);CH,CH,-. In another embodiment, the Cy.¢ alkylene is
CH(CH,CH3)-, -CH,CH(CH,CHj3)-, -CH(CH,CH3)CH,-, -CH(CH,CH;)CH,CH-,
-(3}12(3}1((iI{2(3}{§)(3Iiz-, -CH,CH,CH(CH,CHs)-, -(3((3I{2(3}{3)2-, -CH,C(CH,CH3);-,

5 -C(CH,CH;),CH,-, -CH,CH,C(CH2CHj3),-, -CH,C(CH2CH3)>CH>-, or
-C@HﬁHmcmcm;hMMammmemMMmmLmeﬁéﬂmhmﬁvahgCHﬁHm
-CH(CH3)-, or -C(CH3),-.

In one embodiment of formula (V), A is phenyl, naphthyl, or Cs5 cycloalkyl. In
another embodiment of formula (V), A is phenyl.

10 " In one embodiment of formula (V), n is 0. In another embodiment of formula (V), n
is 1,2, or 3, and R' is halo, ORS, Ci.¢ alkyl, C,6 haloalkyl, or CN, wherein R’ is described in
mmmMOUInmmmaemmﬁmmgnmlm2J€$ORinmmRﬁsHoﬂlbwhlln
yammmmemmwmwmoﬂmmMMNanL2mrlmﬂRﬂﬂwm.Myammma
embodiment, R' is NRés(O)zR5 or. S(O)gNR6R7, R® is hydrogen or C,.s alkyl, and R’and R’

15 are independently Cy_s alkyl, C;.¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, and
heterocycloalkyl, wherein the aryl, Cs g cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C,.4 alkyl.

In one embodiment of formula (V), mis 0. In yet another embodiment of formula
(V), mis 1 and R’ is selected from the group consisting of halo, C; 4 alkyl, and C,_salkoxy.

20 In another embodiment of formula (V), R’ is selected from the group consisting of aryl, Ci.s
cycloalkyl, heteroaryl, heterocycloalkyl, aryl-C;¢-alkyl-, Cs.z cycloalkyl-Ci.s-alkyl-,
hmmomyLCLyﬂkﬂgandhamoqwbamybcLyﬂkyLJmehmheC}RQWMamyLmyL'
heterocycloalkyl, and heteroaryl, alone or part of another moiety, are optionally substituted
with one, two, or three R”, wherein R'" is defined above. In yet another embodiment of

25.  formula (V), R? heterocycloalkyl, which is optionally substituted with one R" and R'is
selected from the group consisting of Cy.4 alkyl, C.4 haloalkyl, amino-C,.4-alkyl-; Cy.4
alkylamino-C, 4 alkyl-, C;.4 dialkylamino-C, 4 alkyl-, hydroxy-C,.4-alkyl-, C,.4 alkyl-C .4
alkoxy, aryl, Csgcycloalkyl, heterdaryl, heterocvcloalkyl, aryl-(C,.; alkyl)-, Cs5
cycloalkyl-(C, ., alkyl)-, heteroaryl-(C, ; alkyl)-, heterocycloalkyl-(C,., alkyl)-, C(O)RY, and

30 S(O).RY wherein the aryl, Csz cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,.4 alkyl, and wherein R? is described in formula (I). .

In another embodiment of formula (V),
misQorl;
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R? is halo, C,.4 alkyl, or C,_4alkoxy;

R®is
R
NH N/
\// . \/l
: N N .
%’ %
and R'! is Cy.4 alkyl.

5 In one embodiment, the present invention is directed, in part, to a class of compounds

"

>

having a structure of formula (Va),
NH, N—"N

@)

N
Q/l\ (RMn

=

0o

U
I (R
\

formula (Va)
R3 '

wherein A, R', R, R?, m and n are as described in formula (V).

10 In one embodiment, the present invention is directed, in part, to a class of compounds

having a structure of formula (Vb),
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NH, N/N>
| O | g |
TN
(RDn
\
HN N

/
TR,

X

formula (Vb)

N

H or R

In one embodiment of formula (Vb),nis 0. In anothér embodiment of formula (Vb),
nis 1,2, or 3, and R is halo, OR’, C, ¢ alkyl, C;.¢ haloalkyl, or CN, wherein R’ is described
in formula (Vb). In another embodiment, nis 1 or 2, R'is OR’, wherein R*isH or Cy.s alkyl.
In yet another embodiment of formula (Vb), nis 1, 2, or 3, and R'is halo. In yet another
embodiment, R' is NR®S(O),R’ or S(0);NR®R’, R® is hydrogen or C,.¢ alkyl, and R’ and R’
are independently C,.6 alkyl, Cy_¢ haloalkyl, aryl, Cs.¢ cycloalkyl, heteroaryl, or
hetérocycloalkyl, wherein the aryl, Cs 5 cycloalkjl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C,.4 alkyl. |

In one embodiment of formula (Vb), m is 0. In vet another embodiment of formula
(Vb), m is 1 and R? is selected from the group consisting of halo, Cy.4 alkyl, and C,.4 alkoxy.

In one embodiment of formula (Vb), R'!is selected from the group consisting of C1.4
alkyl, Cy_4 haloalkyl, amino-C; s-alkyl-, Cy_salkylamino-C,.4 alkyl-, C, 4 dialkylamino-C, .4
alkyl-, hydroxy-Cs-alkyl-, Ci.4 alkyl-C.salkoxy, Cs.s cycloalkyl, heterocycloalkyl, aryl-(C,.
2 alkyl)-, Ca5 cycloalkyl-(Cy ., alkyl)-, heteroaryl-(Ci., alkyl)-, and heterocycloalkyl-(Ci.,
alkyl)-, wherein the aryl, C; .5 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,_4 alkyl. In one embodiment of formula (Vb); R'"isCi4 alkyl.
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Embodiments of Formula (VI)

In one embodiment, the present invention is directed, in part, to a class of compounds
5  having a structure of Formula (VI), ‘
NH, N—"N

ﬁ (RZ)m

R3
formula (V1)
wherein A, B, Z, R', R% R®, and n are as described in formuta (I) and m is 0, 1, or 2.
In one embodiment of formula (VI), the C,.¢ alkylene is -CH;-, -CH,CHa-,
-CH,CH,CH,-, or -CH,CH,CH,CH,-. In another embodiment, the C,_¢ alkylenc is

10 -CH(CH3)-, -CH,CH(CHj3)-, -CH(CH3)CH>-, -CH(CH3)CH,CH,-, -CH,CH(CH3)CHo-,
-CH,CH,CH(CH3)-, -C(CHj3);-, -CH2C(CH3),-, -C(CH3),CH,-, -CH,CH,C(CHj3):-,
-CH,C(CH;),CH,~, or -C(CH;),CH,CH;-. In another embodiment, the C,_s alkylene is
CH(CH,CHj3)~, -CH,CH(CH,CHs)-, -CH(CH,CH3)CH,-~, -CH(CH,CH3)CH,CH>-,
-CH,CH(CH,CH5)CH,-, -CH,CH,CH(CH,CHj3)-, -C(CH,CH3),-, -CH,C(CH,CH3),-,

15  -C(CH,CH:),CHs-, -CH,CH,C(CH,CH3),-, -CH,C(CH,CH3),CHy-, or
-C(CH;CHjs),CH,CH,-. In yet another embodiment, the C,.¢ alkylene is -CHs-, -CH,CHs-,
-CH(CHj3)-, or -C(CH3),-.

v In one embodiment of formula (VI), A is phenyl, naphthyl, or Cs. cycloalkyl.. In
another embodiment of formula (VI), A is phenyl.

20 In one embodiment of formula (VI), nis 0. In another embodiment of formula (VI), n
is 1,2, or 3, and R'is halo, OR®, C\.¢ alkyl, C,.¢ haloalkyl, or CN, wherein R® is described in
formula (VI). In another embodiment, nis 1 or 2, R!is OR’, wherein R’ is H or C.¢ alkyl.
In yet another embodiment of formula (VI), nis 1, 2, or 3, and R' is halo. In yet another
embodiment, R' is NR®S(O),R’ or S(O),NR°R’, R® is hydrogen or C).¢ alkyl, and R*and R’
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20

25

are independently C,¢ alkyl, C, ¢ haloalkyl, aryl, Cs5 cycloalkyl, heteroaryl, and
heterocycloalkyl, wherein the aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C, .4 alkyl.
In one embodiment of formula (VI), m is 0. In yet another embodiment of formula

(VI), mis 1 and R’ is selected from the group consisting of halo, Ci.4 alkyl, and C.4 alkoxy.
In another embodiment of formula (VI), R? is selected from the group consisting of aryl, Cs¢
cycloalkyl, heteroaryl, heterocycloalkyl, aryl-C,.¢-alkyl-, Cs.; cycloalkyl-Cy¢-alkyl-,
heteroaryl-Cy ¢-alkyl-, and-heterocycloalkyl-C, s-alkyl-, wherein the Cs.gcycloalkyl, aryl,
heterocycloalkyl, and heteroaryl, alone or part of another moiety, are optionally substituted
with one, two, or three R, wherein R'" is defined above. In yet another embodiment of
formula (VI), R3 heterocycloalkyl, which is optionally substituted with one R", qnd R''is
selected from the group consisting of C-4 alkyl, C.4 haloalkyl, amino-C, 4-alkyl-, Ci4
alkylamino-C, 4 alkyl-, C, 4 dialkylamino-C,.4 alkyl-, hydroxy-C;.4-alkyl-, C,_4 alkyl-C, 4
alkoxy, aryl, Cs.g cycloalkyl, heteroaryl, heterocycloalkyl, aryl-(C. alkyl)-, Csz
cycloalkyl-(C).; alkyl)-, heteroaryl-(C,., alkyl)-, heterocycloalkyl-(C;.; alkyl)-, C(O)Rd; and
S(O),R® wherein the aryl, C;.5 cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and C,_4 alkyl, and wherein R? is described in formula (T).

In another embodiment of formula (VI), ‘
misOorl; ’
R? is halo, C‘1.4 alkyl, or C,.4 alkoxy;

PFOse

and R" is Cy.4 alkyl.

In one embodiment, the present invention is directed, in part, to a class of compounds

11

having a structure of formula (Vla),
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NH, N—N

/ I
S TRy
formula (Vla)
R3

wherein A, R', R%, R, m and n are as described in formula (VI).
‘ In one embodiment, the present invention is directed, in part, to a class of compounds
5 having a structure of formula (VIb),
NH,

N
TR

x

formula (VIb)
N

(J

N

Hor R

In one embodiment of formula (VIb), nis 0. In another embodiment of formula

(VIb),nis 1,2, or 3, and R' is halo, OR’, C, alkyl, C,.s haloalkyl, or CN, wherein R’ is
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described in formula (VIb). In another embodiment, nis 1 or 2, R!is OR®, wherein R’ is H
or Cy¢ alkyl. In yet another embodiment of formula (VIb), nis 1, 2, or 3, and R'ishalo. In
yet another embodiment, R'is NR‘SS(O)ZR5 or S(O)ZNR6R7, R is hydrogen or C, s alkyl, and
R’ and R’ are independently C,. alkyl, C,.¢ haloalkyl, aryl, Cs 5 cycloalkyl, heteroaryl, or
heterocycloalkyl, wherein the aryl, Cs g cycloalkyl, heteroaryl, and heterocycloalkyl moiety is
optionally substituted with C,.4 alkyl. |

In one embodiment of formula (VIb), m is 0. Inyet another embodiment of formula
(VIb), mis 1 and R? is selected from the group consisting of halo, C,_4 alkyl, and C,_4 alkoxy.

In one embodiment of formula (VIb), R is selected from the group consisting of Ci.4
alkyl, C,.4 haloalkyl, amino-C,.4-alkyl-, Ci.salkylamino-C,.4 alkyl-, C;.4 dialkylamino-Ci.4
alkyl-, hydroxy-C,4-alkyl-, C, 4 alkyl-C,.s alkoxy, Cs.z cycloalkyl, heterocycloalkyl, aryl-(C,.
2 alkyl)-, Cs 5 cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-, and heterocycloalkyl-(C).»
alkyD)-, wherein the aryl, Cs g cycloalkyl, heteroaryl, and heterocycloalkyl, alone or as part of
another moiety, are optionally substituted with one, two or three substituents independently
selected from halo and Cy.4 alkyl. In one embodiment of formula (VIb), R' is Cy.4 alkyl.

Specific embodiments contemplated as part of the invention include, but are not
limited to, compounds of formula (I), for example: |
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino }imidazo[ 1,2-
¢]pyrimidine-8-carboxamide; .

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-
ylyphenyllamino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1- |
ylphenyljamino}{1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide; '

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-y)phenyl]amino}[1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide; :

5-(2,6-dichlorobenzyl)-7-{[2-m¢th0‘xy -4-(piperazin-1 -yl)phen&l]amino etrazolo[1,5-
¢)pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-yl)phenylJamino}tetrazolo[1,5-
¢]pyrimidine-8-carboxamide; '

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}imidazo][1,2-
a]pyridine-8-carboxamide; ' |

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-yl)phenyljamino}imidazo[1,2-a]pyridine-
8-carboxamide; ‘
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4-(2,6-dichlorobenzyl)-6-{[2-methoxy-4-(piperazin-_1 <yDphenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide; _
5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-yl)phenyl]amino }imidazo[1,2-
c]pyrimidine-8-carboxamide; »
5-(2,6-dichlorobenzyl)-7-{| 2-methoxy-4-(morpholin-4-
ylcarbonyl)phenyljamino}imidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(piperidin-1-
yl)ethyl]carbamoyl}phenyl)amino] [1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(4-{[2-(dimethylamino)ethyl]carbamoyl}-2-
methoxyphenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide;

7-{[2-methoxy-4-(piperazin-1-yl)phenyllamino}-5-(pyrrolidin-1-yl)imidazo[1,2-

¢]pyrimidine-8-carboxamide;

5-(2,6~dichlorobenzyl)-7-{[2-(methylsulfinyl)-4-(piperazin-1-
yD)phenyl]amino}imidazo[1,2-c|pyrimidine-8-carboxamide;
 5-(2,6-dichlorobenzyl)-7-{[2,5-difluoro-4-(piperazin-1-
yl)phenyljamino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-{{2,6-difluoro-4-(piperazin-1-
yDphenyl]amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
7-{[2-methoxy-4-(pip¢erazin-1-yl)phenyljamino}-5-{{(1S)-1-
phenylethyl]amino}imidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-{[3-methyl-4-(piperazin-1-
yl)phenyl]amino}[1,2.4]triazolo[4,3-c]pyrimidine-8-carboxamide;
6-{[3-chloro-4-(piperazin-1-yl)phenyl]amino}-4-(2,6-dichlorobenzyl)-1H-
imidazo|4,5-c]pyridine-7-carboxamide;
5-(2-chlorobenzyl)-7-{|2-methoxy-4-(piperazin-1-yl)phenyl]amino}imidazo|1,2-
c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6¥{ [2,5-difluoro-4-(piperazin-1-yl)phenyl)amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-5-(piperazin-1-yl)imidazo[1,2-

c¢]pyrimidine-8-carboxamide;

7-{[2-methoxy-4-(piperazin-1-yl)phenyljamino }-5-(piperidin-4-ylamino)imidazo[1,2-

c]pyrimidine-8-carboxamide;

4-(2,6-dichlorobenzyl)-6-{|4-(piperazin-1-yl)-2-(trifluoromethyl)phenyl]amino }-1H-

imidazo[4,5-c]pyridine-7-carboxamide;
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5-(2,6-dichlorobenzyl)-7-({2-methoxy-4-[(4-methylpiperazin-1-
yl)carbonyl]phenyl}amino)imidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(4-methylpiperazin-1-
yD)ethyl]carbamoy1}phenyl)amino}imidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7—{[3 ,5-dichloro-4-(piperazin-1-
yl)phenyl]amino}{1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[2-methyl-4-(piperazin-1-yl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide; .
7-{[3-chloro-4-(piperazin-1-yl)phenyljamino}-5-(2,6-
dichlorobenzy)[1,2 4]triazolo[4,3-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-{[2-fluoro-4-(piperazin-1-
ylphenyl]amino}|1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[3-methyl-4-(piperazin-1-y)phenyl]amino}-1 H-
imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-({2-methoxy-4-[2-0xo0-2-(pyrrolidin-1-
yDethyl]phenyl}amino)-1H-imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzy1)-6-[(4-{[2-(dimethylamino)ethyl]carbamoyl}-2-
methoxyphenyl)amino]-1H-imidazo[4,5-c]pyridine-7-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy -4-{[2-(pyrrolidin-1-
yl)ethyl]carbamoyl}phenyl)aminojimidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{|2-(piperidin-1-
yD)ethyl]carbamoyl}phenyl)aminojimidazo[1,2-c[pyrimidine-8-carboxamide;
» 5-(2,6-dichlorobenzyl)-7-[(2-methoxy -4-{[3-(morpholin-4-
yDpropyl]carbamoy!}phenyl)aminolimidazo[1,2-c]pyrimidine-8-carboxamide;,
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-
ylcarbonyl)phenyl]amino}imidazo[1,2-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-({2-methoxy-4-[(4-methy Ipiperazin-1-
yl)carbonyl]phenyl}amino)-1H-imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[2-fluoro-4-(piperazin-1-yl)phenylJamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

5-[(2-chlorophenyl)amino]-7-{[2-methoxy-4-(piperazin-1-

- yDphenyljamino}imidazo[1,2-c]pyrimidine-8-carboxamide;

4.(2,6-dichlorobenzyl)-6-{[2-methoxy-4-(piperazin-1-ylcarbonyl)phenyllamino}-1H-

imidazo[4,5-c]pyridine-7-carboxamide;
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5-[(2,3-difluorophenyl)amino]-7-{|2-methoxy -4-(piperazin-1-
yDphenyl]amino }imidazo{1,2-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[3,5-dichloro-4-(piperazin-1-yl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide; ’ ;
5 4-(2,6-dichlorobenzy1)-6-{[3,5-difluoro-4-(piperazin-1-yphenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide; |
6-{[2-chloro-4-(piperazin-1-yl)phenyl)amino }-4-(2,6-dichlorobenzyl)-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[3-fluoro-2-methoxy -4-(piperazin- 1-yl)phenyllamino}-1H-
10 imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[4-(piperazin-1-y1)-3-(triflnoromethy)phenyljamino }-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[4-(piperazin-1-yl)-2-(trifluoromethoxy)phenyl]amino } -
1H-imidazo[4,5-c]pyridine-7-carboxamide; '
15 4-(2,6-dichlorobenzyl)-6-{[2-methoxy-5-(piperazin-1-yl)phenyljamino }-1H-
imidazo[4,5-c]pyridine-7-carboxamide, _
4-(2,6-dichlorobenzyl)-6-{[4-(hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)-2-
methoxybhenyl]amino}- 1H-imidazo[4,5-c]pyridine-7-carboxamide;
4-[(2-chlorophenyl)amino]-6-{[2-methoxy-4-(piperazin-1-
20 yDphenyllamino}pyrazolo[1,5-alpyrazine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[2,3-dimethyl-4-(piperazin-1-yl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6~{[2-methoxy-4-(pyrrolidin-1-ylmethyl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
25 7-{[2-bromo-4-(piperazin-1-yl)phenyljamino}-5-(2,6-
dichlorobenzyl)[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{ [2-ﬂuoro-5-rﬁethy1-4-(piperazin-1 -yl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide:
4—(2,6-dichlor(_)bénzy])-6-{ [3,5-diﬂuord-2-methoxy -4-(piperazin-1-yl)phenyl]amino}-
30 1H-imidazo[4,5-c]pyridine-7-carboxamide; .
4-(2,6-dichlorobenzyl)-6-[(6-methoxy-1 ,2,3,4-fetrahydroisoquinolin-7-yl)amino]— 1H-
imidazo[4,5-c]pyridine-7-carboxamide;
6-{[2-chloro-4-(piperidin-4-yl)pheny1]amino}-4-(2,6-dichlorovbenzy1)-l H-
imidazo[4,5-c]byridine-?-carboxamide;
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7-(2-chloro-4-(piperidin-4-yl)phenylamino)-5-(2-chlorobenzyl)-3-ethyl-
[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-3-
methyl[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-3-ethyl-7-{[2-methoxy-4-(piperazin-1-
yl)phenyljamino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-2-cthy I-7- {[2-methoxy-4-(piperazin-1-
yDphenyljamino }imidazo[1,2-c]pyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-7-{[2-chloro-4-(piperidin-4-yl)phenyl]amino } -2~
ethylimidazo[1,2-c]pyrimidine-8-carboxamide;,

5 -(2-chlordbenzy1)-7-{ [2-chloro-4-(piperidin-4-yl)phenyl]amino}[1,2,4]triazolo[4,3-
cjpyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-3-ethyl-7-{[2-methoxy-4-(piperazin-1-
yD)phenyl)amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

3 -(2,3-dichlorobenzyl)-7-{[2-methoxy-4-(piperidin-4-
yDphenyljamino}[] ,2,4]triazolo[4,3-c]pyrimidine-8-carboXamidé;

5-(2-fluorobenzyl)-7-{[2-methoxy -4-(piperidin-4-
yDphenyl]amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,3-difluorobenzyl)-7-{[2-methoxy-4-(piperidin-4-
yl)phenyl]amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

v5 «(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenylJamino}-2-
(morpholin-4-ylmethyl)imidazo[1,2-c]pyrimidine-8-carboxamide;

cthyl 8-carbamoyl-5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-
yDphenyl]amino }imidazo[1,2-c]pyrimidine-2-carboxylate; ‘

5-(2,6-dichlorobenzyl)-N~2~-ethyl-7-{[2-methoxy-4-(piperazin-1-
yDphenyl]amino}imidazo[1,2-c]pyrimidine-2,8-dicarboxamide; and

5-(2,6-dichlorobenzyl)-7-{[2-methoxy -47(piperazin- 1-yl)phenyl]amino}-N~2~-(2,2,2-

trifluoroethyl)imidazo[1,2-c]pyrimidine-2,8-dicarboxamide.

Compounds of this invention may contain asymmetrically substituted carbon atoms in
the R or S configuration, wherein the terms “R” and “S” are as defined in Pure Appl. Chem.
(1976) 45, 13-10. Compounds having asymmetrically substituted carbon atoms with equal
amounts of R and S configurations are racemic at those atoms. Atoms having excess of one

configuration over the other are assigned the configuration in excess, preferably an excess of
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about 85%-90%, more preferably an excess of about 95%-99%, and still more preferably an
excess greater than about 99%. Accordingly, this invention is meant to embrace racemic
mixtures and relative and absolute diastereoisomers of the compounds thereof.

Compounds of this invention may also contain carbon-carbon double bonds or
carbon-nitrogen double bonds in the E or Z configuration, wherein the term “E” represents
higher order substituents on opposite sides of the carbon-carbon or carbon-nitrogen double
bond and the term “Z” represents higher order substituents on the same side of the carbon-

carbon or carbon-nitrogen double bond as determined by the Cahn-Ingold-Prelog Priority

‘Rules. The compounds of this invention may also exist as a mixture of “E” and “Z” isomers.

Additional geometric isomers may exist in the present compounds. For example, the
invention contemplates the various geometric isomers and mixtures thereof resulting from the
disposition of substituents around a cycloalkyl group or a hetérocycle group. Substituents
around a cycloalkyl or a heterocycle are designated vas’ being of cis or trans configuration.

Compounds of this invention may also exist as tautomers or equilibrium mixtures
thereof wherein a proton of a compound shifts from one atom to another. Examples of
tautomers include, but are not limited to, keto-enol, phenol-keto, oxime-nitroso, nitro-aci,
imine-enamine and the like. Tautomeric forms are intended to be encompassed by the scope
of this invention, even though only one tautomeric form may be depicted.

This invention also is directed, in part, to all salts of the compounds of formula (I). A
salt of a compound may be advantageous due to one or more of the salt’s properties, such as,
for example, enhanced pharmaceutical stability in differing temperatures and humidities, or a
desirable solubility in water or other solvents. Where a salt is intended to be administered to
a patient (as opposed to, for example, being in use in an in vitro context), the salt preferably
is pharmaceutically acceptable and/or physiologically compatible. The term
"pharmaceutically acceptable" is used adjectivally in this patent application to mean that the
modified noun is appropriate for use as a pharmaceutical product or as a part of a
pharmaceutical product. Pharmaceutically acceptable salts include salts commonly used to
form alkali metal salts and to form addition salts of free acids or free bases. In general, these
salts typically may be prepared by conventional means by reacting, for cxample, the
appropriate acid or base with a compound of the invention.

Pharmaceutically acceptable acid addition salts of the compounds of formula (I) can
be prepared from an inorganic or organic acid. Examples of often suitable inorganic acids
include hydroéhloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric, and phosphoric
acid. Suitable organic acids generally include, for example, aliphatic, cycloaliphatic,
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aromatic, araliphatic, heterocyclic, carboxylic, and sulfonic classes of organic acids. Specific
examples of often suitable organic acids include acetate, trifluoroacetate, formate, propionate,
succinate, glycolate, gluconate, digluconate, lactate, malate, tartaric acid, citrate, as_corbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilic acid,
mesy late, stearate, salicylate, p-hydroxybenzoate, phenylacetate, mandelate, embonate
(pamoate), ethanesulfonate, benzenesulfonate, pantothenate, 2-hydroxyethanesulfonate,
sulfanilate, cyclohexylaminosulfonate, algenic acid, beta~hydroxybutyric acid, galactarate,
galacturonate, adipate, alginate, bisulfate, butyrate, camphorate, camphorsulfonate,
cyclopentanepropionate, dodecylsulfate, glycoheptanoate, glycerophosphate, heptanoate,
hexanoate, nicotinate, oxalate, palmoate, pecﬁnate, 2-naphthalesulfonate, 3-
phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and undecanoate.

Pharmaceutically acceptable base addition salts of the compounds of formula (T)
include, for example, metallic salts and organic salts. Preferred metallic sélts include alkali
metal (group la) salts, alkaline earth metal (group 1la) salts, and other physiologically
acceptable metal salts. Such salts may be made from aluminum, calcium, lithium,
magnesium, potassium, sodium, and zinc. Preferred organic salts can be made from amines,
such as tromethamine, diethylamine, N,N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine), and procaine. Basic
nitrogen-containing groups can be quaternized with agents such as lower alkyl (C,-Cs)
halides (e.g., methyl, ethyl, propyl, and butyl chlorides, bromides, and iodides), dialkyl
sulfates (e.g., dimethyl, diethyl, dibutyl, and diamy]l sulfates), long chain halides (e.g., decyl,
lauryl, myristyl, and stearyl chlorides, bromides, and iodides), arylalky! halides (e.g., benzyl
and phenethyl bromides), and others.

Compounds of formula () (and salts thereof) with any level of purity (including pure
and substantially pure) are within the scope of Applicants’ invention. The term “substantially
pure” in reference to a compound/salt/isomer, means that the preparation/composition
containing the compound/salt/isomer contains more than about 85_% by weight of the
compound/salt/isomer, preferably more than aboﬁt 90% by weight of the
compound/salt/isomer, preferably more than about 95% by weight of the
compound/salt/isomer, preferably more than about 97% by weight of the
compound/salt/isomer, and preferably more than about 99% by weight of the

compound/salt/isomer.

Preparation of Compounds
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Compounds of this invention may be made by synthetic chemical processes, examples
of which are shown herein. It is meant to be understood that the order of the steps in the
processes may be varied, that reagents, solvents and reaction conditions may be substituted
for those specifically mentioned, and that vulnerable moieties may be protected and
deprotected, as necessary.

Protecting groups for C(O)OH moieties include, but are not limited to, acetoxymethyl,
allyl, benzoylmethyl, benzyl, benzyloxymethyl, tert-butyl, tert-butyldiphenylsilyl,
diphenylmethyl, cyclobutyl, cyclohexyl. cyclopentyl, cyclopropyl, diphenylmethylsilyl, ethyl,
para-methoxybenzyl, methoxymethyl, methoxyethoxymethyl, methyl, methylthiomethyl,
naphthyl, para-nitrobenzﬂ, phenyl, n-propyl, 2,2 2-trichloroethyl, triethylsilyl, 2-‘
(trimethylsilyl)ethyl, 2-(trimethylsilyl)ethoxymethyl, triphenylmethyl and the like.

Protecting groups for C(O) and C(O)H moieties include, but are not limited to,
1,3-dioxylketal, diethylketal, dimethylketal, 1,3-dithianylketal, O-methyloxime,
O-phenyloxime and the like.

Protecting groups for NH moieties include, but are not limited to, acetyl, alanyl, benzoyl,
benzyl (phenylmethyl), benzylidene, benzyloxycarbony! (Cbz), tert-butoxycarbonyl (Boc),
3,4-dimethoxybenzyloxycarbonyl, diphenylmethyl, diphenylﬁhosphoryl, formyl,
methanesulfonyl, para-methoxybenzyloxycarbonyl, phenylacetyl, phthaloyl, succinyl,
trichloroethoxycarbonyl, triethylsilyl, trifluoroacetyl, trimethylsilyl, tripheny Imethyl,
triphenylsilyl, para-toluenesulfonyl and the like. | |

Protecting groups for OH and SH moieties include, but are not limited to, acetyl, allyl,
allyloxycarbonyl, benzyloxycarbonyl (Cbz), benzoyl, benzyl, tert-butyl,
tert-butyldimethylsilyl, tert-butyldiphenylsilyl, 3,4-dimethoxybenzyl, .
3.4-dimethoxybenzyloxycarbonyl, 1,1-dimethyl-2-propenyl, diphenylmethyl, formyl,
methanesulfonyl, methoxyacetyl, 4-methoxybenzyloxycarbonyl, para-methoxybenzyl,
methoxycarbonyl, methyl, para-toluenesulfonyl, 2,2,2-trichloroethoxycarbonyl,
2,2.2-trichloroethyl, triethylsilyl, trifluoroacetyl, 2-(trimethylsilyl)ethoxycarbonyl,
2-trimethylsilylethyl, tripheny lmethyl, 2-(tripheny lphosphonio)ethoxycarbonyl and the like.
Schemes

Scheme 1
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As shown in Scheme 1, 2,4,6-trichloropyrimidine can be added to a mixture of n-butyl

lithium and diisopropylamine, followed by the addition of solid carbon dioxide (dry ice) and
then an aqueoué acid such as but not limited to aqueous hydrochloric acid to provide 2,4,6~
trichloropyrimidine-5-carboxylic acid. The reaction is typi'cally performed at reduced
temperature in a solvent such as but not limited to tetrahydrofuran. 4-Amino-2,6-
dichloropyrimidine-5-carboxamide can be prepared by first reacting 2,4,6-
trichloropyrimidine-5-carboxylic acid with oxalyl chloride at ambient temperature, followed
by reacting the resulting acid chloride at reduced temperature with ammonium hydroxide.
The reaction is typically performed in a solvent such as but not limited to tetrahydrofuran,
N,N-dimethylformamide, and the like, or mixtures thereof. 4-Amino-2,6-dichloropyrimidine-
5—carboxémide can be reacted with compounds of formula (1A), wherein B, R% R® and m are
as described herein, to provide compounds of formula (1). The reaction typically requires
elevated temperatures and the use of a base such as but not limited to diisopropylethylamine
in a solvent such as but not limited to 1,4-dioxane. Compounds of formula (2), can be
prepared by reacting compounds of formula (1) with an organozinc compound of fofmula
(2A), wherein Z, A, R!, and n are as described herein and X* is a halide. The reaction
typically involves the use of heat and a nickel or palladium catalyst such as but not limited to
bis(triphenylphosphine)palladium(IT) dichloride or tetrakis(triphenylphosphine)palladium(0)
in a solvent such as but not limited to N-methylpyrrolidone, tetrahydrofuran, or mixtures
thereof. A solution of 2-chloro-1,1-diethoxyethane can be reacted with acetic acid at elevated

temperature and then added to a solution of a compound of formula (2) to provide a

compound of formula (3), which is representative of compounds of Formula (I). The reaction

is typically performed at elevated temperature in a solvent such as but not limited to N,N-

dimethylformamide.
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Scheme 2
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Methyl iodide can be added to a solution of 2-thioxo-dihydropyrimidihe-4,6(lH,SH)-
dione and aqueous sodium hydroxide to provide 2-(methylthio)pyrimidine-4,6-diol. The
5  reaction is typically performed in a solvent such as but not limited to ethanol, and may
require the use of heat. Addition of phosphorus oxychloride to 2-(methylthio)pyrimidine-4,6-
diol will provide 4,6-dichloro-2- (methylthlo)pvrlmldme The reaction is typically done at
elevated temperature w1thout an additional solvent. 4,6-Dichloro-2-(methylthio)pyrimidine
can be added to.a mixture of diisopropylamine and n-butyl lithium, followed by the addition
‘ 10 of dry carbon dioxide gas to provide 4,6-dichloro-2-(methylthio)pyrimidine-5-carboxylic
acid. The reaction is typically performed at reduced temperature in a solvent such as but not
limited to tetrahydrofuran. A mixture of 4,6-dich]oro-2-(methylthio)pyrimidine-S-carboxy]ic
acid and thionyl chloride can be refluxed together and concentrated, followed by the addition
of aqueous ammonia at reduced temperature in a solvent such as but not limited to
15 tetrahydrofuran to provide 4,6-dichloro-2-(methylthio)pyrimidine-5-carboxamide. A
compound of formula (1A) wherein B, R?, R®, and m are as described herein, can be reacted
with 4,6-dichloro-2-(methylthio)pyrimidine-5-carboxamide in the presence of é base such as
but not limited to N,N-diisopropy lethylamine to provide compounds of formula (4). The
reaction typically requires the use of heat and a solvent such as but not limited to 1,4-dioxane.
20 ‘Compounds of formula (5) can be prepared by reacting compounds of formula (4) with
hydrazine hydrate. The reaction is typically performed at ambient temperature in a solvent

such as but not limited to 1,4-dioxane. Methyl orthoformate can be reacted with compounds
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of formula (5) to provide compounds of formula (6). The reaction may require the use of
heat. Compounds of formula (7), which are representative of the compounds of Formula (I),
can be prepared by reacting compounds of formula (6) with an organozinc compound of
formula (2A), wherein Z, A, R', and n are as described herein and X* is a halide. The
reaction typically involves the use of heat and a nickel or palladium catalyst such as but not
limited to bis(tripheny Iphosphine)palladium(II) dichloride or
tetrakis(triphenyIphosphine)palladium(0) in a solvent such as but not limited to N-
methylpyrrolidone, tetrahyd;ofuran, or mixtures thereof.

Alternatively, compounds of formula (8) can be prepared by reacting compounds of
formula (4) with sodium azide. The reaction is typically performed at ambient temperature in
a solvent such as but not limited to N,N-dimethylformamide. Compounds of formula (9),
which are representative of the compounds of Formula (I}, can be prepared by reacting
compounds of formula (8) with an organozinc compound of formula (2A), wherein Z, A, R,
and n are as described herein and X" is a halide. The reaction typically involves the use of
heat and a nickel or palladium catalyst such as but not limited to
bis(triphenylphosphine)palladium(Il) dichloride or tetrakis(tripheny Iphosphine)palladium(0)
in a solvent such as but not limited to vN—methylpyrrolidone, tetrahydrofuran, or mixtures
thereof. _

Scheme 3
NH,

R3‘e (R*)m o) N
- O NH O f;‘/\> (1A) //\>
H,N I\N H,N | N HN | N
P _ HNT N ¢
cl cl Cl cr -

z

XAz N (R
O )
(2A) H,yN | N
HN Z Z\ R1)n
R3(R2)m

2-Amino-4,6-dichloronicotinamide can be reacted with 2-chloroacetaldehyde to
provide 5,7-dichloroimidazo[1,2-a]pyridine-8-carboxamide . The reaction is typically

performed at elevated temperature in a solvent such as but not limited to N, N-
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dimethylformamide. Compounds of formula (1A) wherein B, R2 R?, and m are as described
herein, can be reacted with 5,7-dichloroimidazo|1,2-a]pyridine-8-carboxamide to provide '
compounds of formula (10). The reaction typically requires the use of heat and a solvent
such as but not limited to 1,4-dioxane. Compounds of formula (11), which are representative

of the compounds of Formula (I), can be prepared by reacting compounds of formula (10)

'with an organozinc compound of formula (2A), wherein Z, A, R' and n are as described

herein and X* is a halide. The reaction typically involves the use of heat and a nickel or
palladium catalyst such as but not limited to bis(triphenylphosphine)palladium(II) dichloride
or tetrakis(triphenyIphosphine)palladium(0) in a solvent such as but not limited to N-

methylpyrrolidone, tetrahydrofuran, or mixtures thereof.

Scheme 4
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2,6-Dichloropyridin-4-amine can be added in portions to concentrated sulfuric acid,
followed by the addition of fuming nitric acid to provide 2,6-dichloro-3-nitropyridin-4-amine.
The reaction is typically performed at reduced temperature before warming to ambient |
temperature. 2,6-Dichloro-3-nitropyridin-4-amine can be reacted with N-bromosuccinimide
in acetic acid to provide 3-bromo-2,6-dichloro-3 -nitropjridin-4-amine. The reaction is
typically performed at elevated temperature. Reduction of -bromo-2,6-dichloro-5-
nitropyridin-4-amine with Raney nickel and hydrogen gas can provide 5-bromo-2,6-
dichloropyridine-3,4-diamine. The reaction may be performed at ambient temperature in a

solvent such as but not limited to ethanol. 7-Bromo-4,6-dichloro-1H-imidazo[4,5-c]pyridine

‘can be prepared by reacting 5-bromo-2,6-dichloropyridine-3,4-diamine with triethyl

orthoformate and acetic anhydride. The reaction is typically performed at elevated
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temperature. N,N,N'N'-Tetramethylethylenediamine can be added to 7-bromo-4,6-dichloro-
1H-imidazo[4,5-c]pyridine followed by the addition of n-butyilithium and then dry carbon
dioxide gas to provide 4,6-dichloro-1H-imidazo[4,5-c]pyridine-7-carboxylic acid. The
reaction is typically performed at reduced temperature in a solvent such as but not limited to
tetrahy drofuran, hexane, and the like, or mixtures thereof. A mixtufe of 4,6-dichloro-1H-
imidazo[4,5-c]pyridine-7-carboxylic acid and thionyl chloride can be refluxed together and
concentrated, followed by the addition of aqueous ammonia at reduced temperature in a
solvent such as but not limited to tetrahydrofuran to provide 4,6-dichloro-1/-imidazo[4,5-
c]pyridine-7-carboxamide. Phosphorus oxychloride can be reacted with 4,6-dichloro-1H-
imidazo[4,5-c]pyridine-7-carboxamide at elevated temperature to provide 4,6-dichloro-1H-
imidazo[4,5-c]pyridine-7-carbonitrile. A base such as but not limited to tricthylamine can be
reacted with 4,6-dichloro-1H-imidazo[4,5-c]pyridine-7-carbonitrile, followed by the addition
of 2-(trimethylsilyl)ethoxymethyl.chloride to provide 4.6-dichloro-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-c] pyridine-7-carbonitrile. The reaction is
typically performed at low temperature followed by warming to ambient temperature, in a
solvent such as but not limited to tetrahydrofuran. Compounds of formula (12), can be
prepared by reacting 4,6-dichloro-1-((2-(trimethylsily)ethoxy)methyl)-1H-imidazo[4,5-c]
mﬂ&mﬁwmmmmkmenmymmmcmmmmMﬁhmthA)memZJ&Rnwd
n are as described herein and X* is a halide. The reaction typically involves the use of heat
and a nickel or palladium catalyst such as but not limited to
bis(triphenylphosphine)palladium(II) dichloride or tetrakis(triphenylphosphine)palladium(0)
in a solvent such as but not limited to N-methylpyrrolidone, tetrahydrofufan, or mixtures
thereof. A compound of formula (1 A) wherein B R% R3, and m are as described herein, can
be reacted with compounds of formula (12) in the presence of a base such as but not limited
to N,N-diisopropylethylamine or cesium carbonate to provide compounds of formula (13).
The reaction typically requires the use of heat and a solvent such as but not limited to 1,4-
dioxane or toluene. Compounds of formula (13) can be heated in a mixture of concentrated
sulfuric acid and water to provide compounds of formula (14), which are representative of the
compounds of Formula (I)..

Scheme 5
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As shown in Scheme 5, a compound of formula (1A) wherein B, R% R’, and m are as

desvcribed herein, can be reacted with 4,6-dichloro-2-(methylthio)pyrimidine-5-carboxamide

in the presence of'a base such as but not limited to N,N-diisopropylethylamine or cesium
5 carbonate to provide compounds of formula (15). The reaction typically requires the use of

heat and a solvent such as but not limited to 1,4-dioxane or toluene. Aqueous ammonia can

be reacted with compounds of formula (15) to provide compounds of formula (16). The

reaction is typically performed at elevated temperature. Compounds of formula (17), can be

prepared by reacting compounds of formula (16) with an organozinc compound of formula
10 (2A), wherein Z, A, R, and n are as described herein and X" is a halide. The reaction
ty‘pically involves the use of heat and a nickel or palladium catalyst such as but not limited to
bis(tripheny Iphosphine)palladium(1T) dichloride or tetrakis(tripheny Iphosphine)palladium(0)
in a solvent such as but not limited to N-methylpyrrolidone, tetrahydrofuran, or mixtures
thereof. Compounds of formula (18), which are representative of the compounds of Formula
15 (D), can be prepared by reacting compounds of formula (17) with 2-chloroacetaldehyde. The.
reaction is typically performed at elevated temperature in a solvent such as but not limited to
N N-dimethyiformamide.

Scheme 6
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Compounds of formula (5), wherein B, R%, R? and m are as described herein, can be

 reacted with compounds of formula (19) to provide compounds of formula (20). The reaction

may be performed at elevated temperature. Compounds of formula (21), which are

5 representative of the compounds of Formula (), can be prepared by reacting compounds of
formula (20) with an organozinc compound of formula (2A), wherein Z, A, R', and n are as
described herein and X” is a halide. The reaction typically involves the use of heat and a
nickel or palladium catalyst such as but not limited to bis(triphenylphosphine)palladiom(II)
dichloride or tetrakis(triphenylphosphine)palladium(0) in a solvent such as but not limited to

10 N-methylpyrrolidone, tetrahydrofuran, or mixtures thereof.
Scheme 7
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As shown in Scheme 7, compounds of formula (16) can be reacted with a compound

of formula (22) to provide compounds of formula (23). The reaction is typically performed at

15 an elevated temperature in a solvent such as but not limited to N,N-dimethylformamide.
Compounds of formula (24), which are representative of the compounds of Formula (I), can
be prepared by reacting compounds of formula (23) with an organozinc compound of formula
(2A), wherein Z, A, R', and n are as described herein and X* is a halide. The reaction
typically involves the use of heat and a nickel or palladium catalyst such as but not limited to

20 bis(triphenylphosphine)palladium(II) dichloride or tetrakis(triphenyIphosphine)palladium(0)
in a solvent such as but not limited to N-methylpyrrolidone, tetrahydrofuran, or mixtures
thereof.

Compositions
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In another aspect, the present invention provides pharmaceutical compositions for
modulating kinase activity in a humans and animals that will typically contain a compound of
formula (T) and a pharmaceutically acceptable carrier. - v

Compounds having formula (I) may be administered, for example, bucally,
ophthalmically, orally, osmotically, parenterally (intramusculé}rly, intraperintoneally
intrastemal]y, intravenously, subcutaneously), rectally, topically, transdermally, vaginally
and intraarterially as well as by intraarticular injection, infusion, and placement in the body,
such as, for exampie, the vasculature.

Compounds having formula (I} may be administered with or without an excipient.
Excipients include, but are not limited to, encapsulators and additives such as absorption
accelerators, antioxidants, binders, buffers, coating agents, coloring agents, diluents,
disintegrating agents, emulsifiers, extenders, fillers, flavoring agents, humectants, lubricants,
perfumes, preservatives, propellants, releasing agents, sterilizing agents, sweeteners,
solubilizers, wetting ageﬁts, mixtures thereof and the like.

Excipients for preparation of compositions comprising a compound having formula
(I) to be administered orally include, but are not limited to, agar, alginic acid, aluminum
hydroxide, benzyl alcohol, benzyl benzoate, 1,3-butyléne glycol, carbomers, castor oil,
cellulose, cellulose acetate, cocoa butter, corn starch, corn oil, cottonseed o1l, cross-povidone,
diglycerides, ethanol, ethyl cellulose, ethyl laureate, ethyl oleate, fatty acid esters, gelatin,
germ oil, glucose, glycerol, groundnut oil, hydroxypropylmethyl celluose, isopropanol,
isotonic saline, lactose, magnesium hydroxide, magnesium stearate, malt, mannitol,
monoglycerides, olive oil, peanut oil, potassium phosphate salts, potato starch, povidone,
propylene glycol, Ringer's solution, safflower oil, sesame oil, sbdium carboxymethyl
cellulose, sodium phosphate salts, sodium lauryl sulfate, sodium sorbitol, soybean oil, stearic
acids, stearyl-fumarate, sucrose, surfactants, talc, tragacanth, tetrahydrofurfuryl alcohol,
triglycerides, water, mixtures thereof and the like. Excipients for preparation of compositions
comprising a compound having formula (I) to be administered ophthalmically or orally
mclude, But are not limited to, 1,3-butylene glycol,. castor oil, comn oil, cottonseed oil,
ethanol, fatty acid esters of sorbitan, germ oil, groundnut oil, glycerol,'isopropanol, olive oil,
polyethylene glycols, propylene glycol, sesame oil, water, mixtures thereof and the like.
Excipients for preparation of compositions comprising a compound having formula (I) to be
administered osmotically include, but are not limited to, chlorofluorchydrocarbons, ethanol,
water, mixtures thereof and the like. Excipients for preparation of compositions comprising a

compound having formula (I) to be administered parenterally include, but are not limited to,
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1,3-butanediol, castor oil, corn oil, cottonseed oil, dextrose, germ oil, groundnut oil,
liposomes, oleic acid, olive oil, peanut oil, Ringer's solution, safflower oil, sesame oil,
soybean oil, U.S.P. or isdtonic sodium chloride solution, water, mixtures thereof and the like.
Excipients for preparation of compositions comprising a compound having formula (I) to be
administered rectally or vaginally include, but are not limited to, cocoa butter, polyethylene
glycol, wax, mixtures thereof and the like.

The pharmaceutical composition and the method of the present invention may further
comprise other therapeutically active compounds as noted herein which are usually applied in

the treatment of the above-mentioned pathological conditions.

Methods of Use

In another aspect, the present invention provides methods of using a compound or
composition of the invention to treat or prevent a disease or condition involving mediation,
overexpression or disregulation of kinases in a mammal. In particular, compounds of this
invention are expected to have utility in treatment of diseases or conditions during which
protein kinases such as any or all CDC-7 family members are expressed.

In one group of embodiments, diseases and conditions of humans or other animals
that can be treated with inhibitors of kinases, include, but are not limited to, acoustic
neuroma, acute leukemia, acute lymphocytic leukemia, acute myelocytic leukemia
(monocytic, myeloblastic, adenocarcinoma, angiosarcoma, astrocytoma, myelomonocytic and
promyelocytic), acute t-cell leukemia, basal cell carcinoma, bile duct carcinoma, bladder
cancer, brain cancer, breast cancer, bronchogenic carcinoma, cervical cancer,
chondrosarcoma, chordoma, choriocarcinoma, chronic léukemia, chronic lymphocytic -
leukemia, chronic myelocytic (granulocytic) leukemia, chronic myleogeneous leukemia,
colon cancer, colorectal cancer, craniopharyngioma, cystadenocarcinoma, diffuse large B-cell
lymphoma, dysproliferative changes (dysplasias and metaplasias), embryonal carcinoma,
endometrial cancer, endotheliosarcoma, ependymoma, epithelial carcinoma, erythroleukemia,
esophageal cancer, estrogen-receptor positive breast cancer, essential thrombocythemia, .
Ewing’s tumor, fibrosarcoma, follicular lymphoma, germ cell testicular cancer, glioma,
heavy chain disease, hemangioblastoma, hepatoma, hepatocellular cancer, hormone
insensitive prostate cancer, leiomyosarcoma, liposarcoma, lung cancer,
lymphagioendotheliosarcoma, lymphangiosarcoma, lymphoblastic leukemia, lympﬁoma
(Hodgkin’s and non-Hodgkin’s), malignancies and hyperproliferative disorders of the
bladder, breast, colon, lung, ovaries, pancreas, prostate, skin and uterus, lymphoid
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malignancies of T-cell or B-cell origin, leukemia, lymphoma, medullary carcinoma,
medulloblastoma, melanoma, meningioma, mesothelioma, multiple myeloma, myelogenous
leukemia, myeloma, myxosarcoma, neuroblastoma, non-small cell lung cancer, '
oligodendrogliomé, oral cancer, osteogenic sarcoma, ovarian cancer, pancreatic cancer,
papillary adenocarcinomas, papillary carcinoma, pinealoma, polycythemia vera, prostate,
cancer, rectal cancer, renal cell carcinoma, retinoblastoma, rhabdomyosarcoma, sarcoma,
sebaceous gland carcinoma, seminoma, skin cancer, small cell lung carcinoma, solid tumors
(carcinomas and sarcomas), small cell lung cancer, stomach cancer, squamous cell
carcinoma, synovioma, sweat gland carcinoma, thyroid cancer, Waldenstrom’s
macroglobulinemia, testicular tumors, uterine cancer and Wilms’ tumor.

The methods of the present invention typically involve administering to a subject in
need of therapeutic treatment an effective amount of a compound of formula ().
Therapeutically effective amounts of a compound having formula (I) depend on recipient of
treatment, disease treated and severity thereof, composition comprising it, time of
administration, route of administration, duration of treatment, potency, rate of clearance and
whether or not another drug is co-administered. The amount of a compound having formula
(1) used to make a composition to be administered daily to a patient in a single dose or in
divided doses is from about 0.03 to about 200 mg/kg body weight. Single dose compositions

contain these amounts or a combination of submultiples thereof.

Combination Therapy
The present invention further provides methods of using a compound or composition
of the invention in combination with one or more additional active agents.

Compounds having Formula (I) are expected to be useful when used with alkylating

_ agents, angiogenesis inhibitors, antibodies, antimetabolites, antimitotics, antiproliferatives,

antivirals, aurora kinase inhibitors, apoptosis promoters (for example, Bcl-xL, Bel-w and Bfl-
1) inhibitors, activators of death receptor pathway, Ber-Abl kinase inhibitors, BiTE (Bi-

Specific T cell Engager) antibodies, antibody drug conjugates, biologic response modifiers,

- cyclin-dependent kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, DVDs,

leukemia viral oncogene homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat
shock protein (HSP)-90 inhibitors, histone deacetylase (HDAC) inhibitors, hormonal
therapies, immunologicals, inhibitors of inhibitors of apoptosis proteins (IAPs), intercalating
antibiotics, kinase inhibitors, kinesin inhibitors, Jak2 inhibitors, mammalian target of
rapamycin inhibitors, microRNA’s, mitogen-activated extracellular signal-regulated kinase
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inhibitors, multivalent binding proteins, non-steroidal anti-inﬂafnmatory drugs (NSAIDs),
poly ADP (adenosine diphosphate)-ribose polymerase (PARP) inhibitors, platinum
chemotherapeutics, polo-like kinase (PIk) inhibitors, phosphoinositide-3 kinase (PI3K)
inhibitors, proteosofne inhibitors, purine analogs, pyrimidine ana]ogs; receptor tyrosine
kinase inhibitors, etinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids
(siRNAs), topoisomerase inhibitors, ubiquitin ligase inhibitors, and the like, and in
combination with one or more of these agents . |

BiTE antibodies are bi-specific antibodies that direct T-cells to attack cancer cells by
simultaneously binding the two cells. The T-cell then attacks the target cancer cell.
Examples of BiTE antibodies include adecatumumab (Micromet MT201), blinatumomab
(Micromet MT103) and the like. Without being limited by theory, one of the mechanisms by
which T-cells elicit apoptosis of the target cancer cell is by exocytosis of cytolytic granule
components, which include perforin and granzyme B. In this regard, Bcl-2 has been shown
to attenuate the induction of apoptosis by both perforin and granzyme B. These data suggest
that inhibition of Bel-2 could enhance the cytotokic effects elicited by T-cells when targeted
to cancer cells (V.R. Sutton, D.L. Vaux and JA Trapani, J. of Immunology 1997, 158 (12),
5783).

SiRNAs are molecules having endogenous RNA bases or chemically modified
nucleotides. The modifications do not abolish cellular activity, but rather impart increased
stability and/or increased cellular potency. Examples of chemical modifications include
phosphorothioate groups, 2'-deoxynucleotide, 2'-OCHs-containing ribonucleotides, 2'-F-
ribonucleotides, 2'-methoxyethyl ribonucleotides, combinations thereof and the like. The
siRNA can have varying lengths (e.g.. 10-200 bps) and structures (e.g., hairpins,
single/double strands, bulges, nicks/gaps, mismatches) and are processed in cells to provide
active gene silencing. A double-stranded siRNA (dsRNA) can have the same number of
nucleotides on each strand (blunt ends) or asymmetric ends (overhangs). The overhang of 1-2
nucleotides can be present on the sense and/or the antisense strand, as well as present on the
5'- and/ or the 3'-ends of a given strand.

Multivalent binding proteins are binding proteins comprising two or more antigen
binding sites. Multivalent binding proteins are engineered to have the three or more antigen
binding sites and are generally not naturally bccuning antibodies. The term “multispecific
binding protein” means a binding protein capable of binding two or more related or unrelated
targets. Dual variable domain (DVD) binding proteins are tetravalent or multivalent binding

proteins binding proteins comprising two or more antigen binding sites. Such DVDs may be
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monospecific (i.c., capable of binding one antigen) or multispecific (i.e., capable of binding
two or more antigens). DVD binding proteins comprising two heavy chain DVD
polypeptides and two light chain DVD polypeptides are referred to as DVD Ig's. Each half of
a DVD Ig comprises a heavy chain DVD polypeptide, a light chain DVD polypeptide, and
two antigen binding sites. Each binding site comprises a heavy chain variable domain and a
light chain variable domain with a total of 6 CDRs involved in antigen binding per antigen
binding site. Multispecific DVDs include DVD binding proteins that bind DLL4 and VEGF,
or .C-met and EFGR or ErbB3 and EGFR.

Alkylating agents include altretamine, AMD-473, AP-5280, apaziquone,
bendamustine, brostallicin, busulfan, carboquone, carmustine (BCNU), chlorambucil,
CLORETAZINE® (laromustine, VNP 40101M), cyclophosphamide, decarbazine,
estramustine, fotemustine, glufosfamide, ifosfamide, KW-2170, lomustine (CCNU),
mafosfamide, melphalaﬁ, mitobronitol, mitolactol, nimustine, nitrogen mustard N-oxide,
ranimustine, temozolomide, thiotepa, TREANDA® (bendamusting), treosulfan, rofosfamide
and the like.

_ Angiogenesis inhibitdrs include endothelial-specific receptor tyrosine kinase (Tie-2)
inhibitors, epidermal growth factor receptor (EGFR) inhibitors, insulin growth factor-2
receptor (IGFR-2) inhibitors, matrix metalloproteinase-2 (MMP-2) inhibitors, matrix
metalloproteinase-9 (MMP-9) inhibitors, platelet-derived growth factor receptor (PDGFR)
inhibitors, thrombospondin analogs, vascular endothelial growth factor receptor tyrosine
kinase (VEGFR) inhibitors and the like. _

Antimetabolites include ALIMTA® (pemetrexed disodium, LY?23 1514, MTA),
5-azacitidine, XELODA® (capecitabine), carmofur, LEUSTAT® (cladribine), clofarabine,
cytarabine, cytarabine ocfosfate, cytosine arabinoside, decitabine, deferoxamine,
doxifluridine, eflornithine, EICAR (S-ethynyl-]-B‘—D-ribofuranosylimidazole-4—
carboxamide), enocitabine, ethnylcytidine, fludarabine, S-fluorouracil alone or in
combination with leucovorin, GEMZAR® (gemcitabine), hydroxyurea,
ALKERAN®(melphalan), mercaptopurine, 6-mercaptopurine riboside, methotrexate,
mycophenolic acid, nelarabine, nolatrexed, ocfosfate, pelitrexol, pentostatin, raltitrexed,
Ribavirin, triapine, trimetrexate, S-1, tiazofurin, tegafur, TS-1, vidarabine, UFT and the like.

Antivirals include ritonavir, hydroxychloroquine and the like.
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Aurora kinase inhibitors include ABT-348, AZD-] 152, MLN-8054, VX-680, Aurora
A-specific kinase inhibitors, Aurora B-specific kinase inhibitors and pan-Aurorav kinase
inhibitors and the like.

Bcl-2 protein inhibitors include AT-101 ((-)gossypolj, GENASENSE® (G3 139 or
oblimersen (Bcl-2-targeting antisense oligonucleotide)), IPI-194, IP1-565, N-(4-(4-((4'-
chloro(1,1'-biphenyl)-2-ylymethyl)piperazin-1-yl)benzoy1)-4-(((1R)-3-(dimethylamino)-1-
((phenylsulfany)methyl)propyl)amino)-3-nitrobenzenesulfonamide) (ABT-737), N-(4-(4-((2-
(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoyl)-4-

(1 R)-3 -(morpholin-4-y1)-1-((phenylsulfanylymethyl)propyl)amino)-3-
((trifluoromethy)sulfonyl)benzenesulfonamide (ABT-263), GX-070 (obatoclax) and the like.
Ber-Abl kinase inhibitors include DASATINIB® (BMS-354825), GLEEVEC®

(imatinib) and the like.

| CDK inhibitors include AZD-5438, BMI-1040, BMS-032, BMS-387, CVT-2584,
flavopyridol, GPC-286199, MCS-5A, PD0332991, PHA-690509, seliciclib (CYC-202,
R-roscovitine), ZK-304709 and the like. _

COX-2 inhibitors include ABT-963, ARCOXIA® (etoricoxib), BEXTRA®
(valdecoxib), BMS347070, CELEBREX® (celecoxib), COX-189 (lurﬁiracoxib), CT-3,
DERAMAXX® (deracoxib), JTE-522, 4-methyl-2-(3,4-dimethylphenyl)-1-(4-
sulfamoylphenyl-1H-pyrrole), MK-663 (etoricoxib), NS-398, parecoxib, RS-57067,
SC-58125, SD-8381, SVT-2016, S-2474, T-614, VIOXX® (rofecoxib) and the like.

EGFR inhibitors include ABX-EGF, anti-EG_FR immunoliposomes, E.GF-Qac_cine,
EMD-7200, ERBITUX® (cetuximab), HR3, IgA antibodies,‘IRESSA® (gefitinib),
TARCEVA® (erlotinib.or OSI-774), TP-B 8, EGFR fusion protein, TYKERB® (lapatinib) and
the like.

ErbB2 receptor inhibitors include CP-724-714, C1-1033 (canertinib), HERCEPTIN®
(trastuzumab), TYKERB® (lapatinib), OMNITARG® (2C4, petuzumab), TAK-165,
GW-572016 (ionafarnib), GW-282974, EKB-569, PI-166, dHER2 (HER2 vaccine),
APC-8024 (HER-2 vaccine), anti-HER/2neu bispecific antibody, B7‘her21gGSI, AS HER2
trifunctional bispecfic antibodies, mAB AR-209, mAB 2B-1 and the like.

Histone deacetylase inhibitors include depsipeptide, LAQ-824, MS-275, trapoxin,
suberoylanilide hydroxamic acid (SAHA), TSA, valproic acid and the like.

HSP-90 inhibitors include 17-AAG-nab, 17-AAG, CNF-101, CNF-1010, CNF-2024,
17-DMAG, geldanamycin, IP1-504, KOS-953, MYCOGRAB® (human recombinant antibody
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to HSP-90), NCS-683664, PU24FCl, PU-3, radicicol, SNX-2112, STA-9090 VER49009 and
the like. ,

Inhibitors of inhibitors of apoptosis proteins include -HGS1029, GDC-0145, GDC-
0152, LCL-161, LBW-242 and the like.

5 Antibody drug conjugates include anti-CD22-MC-MMAF, anti-CD22-MC-MMAE,
anti-CD22-M.CC-DM1, CR-011-vcMMAE, PSMA-ADC, MEDI-547, SGN-19Am SGN-35,
SGN-75 and the like

Activators of death receptor pathway include TRAIL, antibodies or other agents that
target TRAIL or death receptors (e.g., DR4 and DRS5) such as Apomab, conatumumab,

10 ETR2-ST01, GDCO0143, (lexatumumab), HGS-1029, LBY-135, PRO-1762 and trastuzumab.

Kinesin inhibitors include Eg5 inhibitors such as AZD4877, ARRY-520; CENPE
inhibitors such as GSK923295A and the like.

JAK-2 inhibitors include CEP-701 (Iesaurtinib), XL019 and INCB(018424 and the
like.

1v5 MEK inhibitors include ARRY-142886, ARRY-438162 PD-325901, PD-98059 and
the like. '

| mTOR inhibitors include AP-23573, CCI-779, everolimus, RAD-001, rapamycin,
temsirolimus, ATP-competitive TORC1/TORC?2 inhibitors, including PI-103, PP242, PP30,
Torin 1 and the like. ‘

20 Non-steroidal anti-inflammatory drugs include AMIGESIC® (salsalate), DOLOBID®
(diflunisal), MOTRIN ® (ibuprofen), ORUDIS® (ketoprofen), RELAFEN® (nabumetone),
FELDENE® (piroxicam), ibuprofen cream, ALEVE® (naproxen) and NAPROSYN®
(naproxen), VOLTAREN® (diclofenac), INDOCIN® (indomethacin), CLINORIL® (sulindac),
TOLECTIN® (tolmetin), LODINE® (etodolac), TORADOL® (ketorolac), DAYPRO®

25  (oxaprozin) and the like. -

PDGFR inhibitors include C-451, CP-673, CP-868596 and the like.

Platinum chemotherapeutics include cisplatin, ELOXATIN® (oxaliplatin) eptaplatin,
lobaplatin, nedaplatin, PARAPLATIN® (carboplatin), satraplatin, picoplatin and the like.

Polo-like kinase inhibitors include BI-2536 and the like.

30 Phosphoinositide-3 kinase (PI3K) inhibitors include wortmannin, LY294002, XL-
147, CAL-120, ONC-21, AEZS-127, ETP-45658, PX-866, GDC-0941, BGT226, BEZ235,
XL765 and the like.

Thrombospondin analogs include ABT-510, ABT-567, ABT-898, TSP-1 and the like.
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VEGFR inhibitors include AVASTIN® (bevacizumab), ABT-869, AEE-788,
ANGIOZYME™ (a ribozyme that inhibits angiogenesis (Ribozyme Pharmaceuticals
(Boulder, CO.) and Chiron, (Emeryville, CA)), axitinib (AG-13736), AZD-2171,
CP-547,632, IM-862, MACUGEN (pegaptamib), NEXAVAR® (sorafenib, BAY43-9006),
pazopanib (GW-786034), vatalanib (PTK-787, ZK-222584), SUTENT® (sunitinib, SU- .
11248), VEGF trap, ZACTIMA™ (vandetanib, ZD-6474), GA101, ofatumumab, ABT-806
(mAb-806), ErbB3 specific antibodies, BSG2 specific antibodies, DLL4 specific antibodies
and C-met specific antibodies, and the like.

Antibiotics include intercalating antibiotics aclarubicin, actinomycin D, amrubicin,
annamycin, adriamycin, BLENOXANE® (bleomycin), daunorubicin, CAELYX® or
MYOCET® (liposomal doxorubicin), elsamitrucin, epirbucin, glarbuicin, ZAVEDOS®
(idarubicin), mitomycin C, nemorubicin, neocarzinostatin, peplomycin, pirarubicin,
rebeccamycin, stimalamer, streptozocin, VALSTAR® (valrubicin), zinostatin and the like.

Topoisomerase inhibitors include aclarubicin, 9-aminocamptothecin, amonafide,
amsacrine, becatecarin, belotecan, BN-80915, CAMPTOSAR® (irinotecan hydrochloride),
cambtothecin, CARDIOXANE® (dexrazoxine), diflomotecan, edotecarin, ELLENCE® or
PHARMORUBICIN® (epirubicin), etoposide, exatecan, 10-hydroxycamptothecin, gimatecan,
lurtotecan, mitoxantrone, orathecin, pirarbucin, pixantrone, rubitecan, sobuzoxane, SN-38,
tafluposide, topotecan and the like.

Antibodies include AVAST]N® (bevacizumab), CD40-specific antibodies, chTNT-
1/B, denosumab, ERBITUX® (cetuximab), HUMAX-CD4® (zanolimumab), IGF1R-specific
antibodies, lintuzumab, PANOREX® (edrecolomab), RENCAREX® (WX G250),
RITUXAN® (rituximab), ticilimumab, trastuzimab, CD20 antibodies types I and II and the
like. _

Hormonal therapies include ARIMIDEX?® (anastrozole), AROMASIN® (exemestane),
arzoxifene, CASODEX® (bicalutamide), CETROTIDE® (cetrc;relix), degarelix, deslorelin,
DESOPAN® (trilostane), dexamethasone, DROGENIL® (flutamide), EVISTA® (raloxifene),
AFEMA™ (fadrozole), FARESTON® (toremifene), FASLODEX® (fulvestrant), FEMARA®
(letrozole), formestane, gluicocorticoids, HECTOROL® (doxercalciferol), RENAGEL® .
(sevelamer carbonate), lasofoxiféne, leuprolide acetate, MEGACE® (megesterol),
MIFEPREX® (mifepristone), NILANDRON™ (nilutamide), NOLVADEX® (tamoxifen
citrate), PLENAXIS™ (abarelix), prednisone, PROPECIA® (finasteride), rilostane,
SUPREFACT® (buserelin), TRELSTAR® (luteinizing hormone releasing hormone (LHRH)),
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VANTAS® (Histrelin implant), VETORYL® (trilostane or modrastane), ZOLADEX®
(fosrelin, goserelin) and the like.

Deltoids and retinoids include seocalcitol (EB1089, CB1093), lexacalcitrol
(KH1060), fenretinide, PANRETIN® (aliretinoin), ATRAGEN® (liposomal tretinoin),
TARGRETIN® (bexarotene), LGD-1550 and the like.

PARP inhibitors include ABT-888 (veliparib), olaparib, KU-59436, AZD-2281, AG-
014699, BSI-201, BGP-15, INO-1001, ONO-2231 and the like.

Plant alkaloids include, but are not limited to, vincristine, vinblastine, vindesine,
vinorelbine and the like. | :

Proteasome inhibitors include VELCADE® (bortezomib), MG132, NPI-0052, PR-171
and the like.

Examples of immunologicals include interferons and other immune-enhancing agents.
Interferons include interferon alpha, interferon alpha-2a, interferon alpha-2b, interferon beta,
interferon gamma-1la, ACTIMMUNE® (interferon gamma-1b) or interferon gamma-n1,
combinations thereof and the like. Other agents include ALF AFERONE® (IFN-a)), BAM-
002 (oxidized glutathione), BEROMUN?® (tasonermin), BEXXAR® (tositumomab),
CAMPATH?® (alemtuzumab), CTLA4 (cytotoxic lymphocyte antigen 4), decarbazine,
denileukin, epratnzumab, GRANOCYTE® (lenograstim), lentinan, leukocyte alpha
interferon, imiquimod, MDX-010 (anti-CTLA-4), melanoma vaccine, mitumomab,
molgramostim, MYLOTARG™ (gemtuzumab ozogamicin), NEUPOGEN?® (filgrastim),
OncoVAC-CL, OVAREX® (oregovomab), pemtumomab (Y-muHMFG1), PROVENGE®
(sipuleucel-T), sargaramostim, sizofilan, teceleukin, THERACYS® (Bacillus Calmette-
Guerin), ubenimex, VIRULIZIN® (immunotherapeutic, Lorus Pharmaceuticals), Z-100
(Specific »Substance of Maruyama (SSM)), WF-10 (Tetrachlorodecaoxide (TCDO)),
PROLEUKIN® (aldesleukin), ZADAXIN® (thymalfasin), ZENAPAX® (daclizumab),
ZEVALIN® (90Y -Ibritumomab tiuxetan) and the like.

Biological response modifiers are agents that modify defense mechanisms of living
organisms or biological responses, such as survival, growth or differentiation of tissue cells to
direct them to have anti-tumor activity and include krestin, lentinan, sizofiran, picibanil PF-
3512676 (CpG-8954), ubenimex and the like.

Pyrimidine analogs include cytarabine (ara C or Arabinoside C), cytosine arabinoside,

doxifluridine, FLUDARA® (fludarabine), 5-FU (5-fluorouracil), floxuridine, GEMZAR®
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(gemcitabine), TOMUDEX® (ratitrexed), TROXATYL™ (triacetyluridine troxacitabine) and

 the like.

Purine analogs include LANVIS® (thioguanine) and PURI-NETHOL®
(mercaptopuring).

Antimitotic agents include batabulin, epothﬂone D (KOS-862), N-(2-((4-
hydroxyphenyl)amino)pyridin-3-yl)-4-methoxybenzenesulfonamide, ixabepilone (BMS
247550), paclitaxel, TAXOTERE® (docetaxel), PNU100940 (109881), patupilone,
XRP-9881 (larotaxel), vinflunine, ZK-EPO (synthetic epothilone) and the like.

Ubiquitin ligase inhibitors include MDM2 inhibitors, such as nutlins, NEDD8
inhibitors such as MLN4924 and the like.

Compounds of this invention can also be used as radiosensitizers that enhance the
efficacy of radiotherapy. Examples of radiotherapy include external beam radiotherapy,
teletherapy, brachytherapy and sealed, unsealed source radiotherapy and the like.

Additionally, compounds having Formula (I) may be combined with other
chemotherapeutic agents such as ABRAXANE™ (ABI-007), ABT-100 (farnesyl transferase
inhibitor), ADVEXIN® (Ad5CMV-p33 vaccine), ALTOCOR® or MEVACOR® (lovastatin),

AMPLIGEN® (poly I:poly C12U, a synthetic RNA), APTOSYN® (exisulind), AREDIA®
(pamidronic acid), arglabin, L-asparaginase, atamestane (1-methyl-3,17-dione-androsta-1.4-
diene), AVAGE® (tazarotene), AVE-8062 (combreastatin derivative) BEC2 (mitumofnab),
cachectin or cachexin (tumor necrosis factor), canvaxin (vaccine), CEAVAC® (cancer
vaccine), CELEUK® (celmoleukin), CEPLENE® (histamine dihydrochloride), CERVARIX®
(human papillomavirus vaccine), CHOP® (C: CYTOXAN?® (cyclophosphamide); H:
ADRIAMYCIN® (hydroxydoxorubicin); O: Vincristine (ONCOVIN®); P: prednisone),
CYPAT™ (cyproterone acetate), combrestatin A4P, DAB(389)EGF (catalytic and
translocation domains of diphtheria toxin fused via a His-Ala linker to human epidermal
growth factor) or TransMID-107R™ (diphtheria toxins), dacarbazine, dactinomycin, 5,6-
dimethylxanthenone-4-acetic acid (DMXAA), eniluracil, EVIZON™ (squalamine lactate),
DIMERICINE® (T4NS5 liposome lotion), discodermolide, DX-8951f (exatecan mesylate),
enzastaurin, EPO906 (epithilone B), GARDASIL® (quadrivalent human papillomavirus
(Types 6, 11, 16, 18) recombinant vaccine), GASTRIMMUNE®, GENASENSE®, GMK
(ganglioside conjugate vaccine), GVAX® (prostate cancer vaccine), halofuginone, histerelin,
hydroxycarbamide, ibandronic acid, IGN-101, IL-13-PE38, IL-13-PE38QQR (cintredekin
besudotox), IL-13-pseudomonas exotoxin, interferon-a, interferon-y, JUNOVAN™ or

MEPACTTM (mifamurtide), lonafarnib, 5,10-methylenetetrahydrofolate, miltefosine
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(hexadecylphosphocholine), NEOVASTAT®(AE-941), NEUTREXIN® (Uimeﬁexate
glucuronate), NIPENT® (pentostatin), ONCONASE® (a ribonuclease enzyme),
ONCOPHAGE?® (melanoma vaccine treatment), ONCOVAX® (IL-2 Vaccine),

ORATHECIN™ (rubitecan), OSIDEM® (antibody-based cell drug), OVAREX® MAb

(murine monoclonal antibody), paclitaxel, PANDIMEX™ (aglycone saponins from ginseng

comprising 20(S)protopanaxadiol (aPPD) and 20(S)protopanaxatriol (aPPT)), panitumumab,

PANVAC®-VF (investigational cancer vaccine), pegaspargase, PEG Interferon A,
phenoxodiol, procarbazine, rebimastat, REMOVAB® (catumaxomab), REVLIMID®
(Ienalidomide), RSR13 (efaproxiral), SOMATULINE® LA (lanreotide), SORIATANE®

(acitretin), staurosporine (Streptomyces staurospores), talabostat (PT100), TARGRETIN®
(bexarotene), TAXOPREXIN® (DHA -paclitaxcl), TELCYTA® (canfosfamide, TLK286),
temilifene, TEMODAR® (temozolomide), tesmilifene, thalidomide, THERATOPE® (STn-

KLH), thymitaq (2-amino-3,4-dihy dro-6-methyl-4-oxo-5-(4-pyridylthio)quinazoline

dihydrochloride), TNFERADE™ (adenovector: DNA carrier containing the gene for tumor
necrosis factor-a), TRA_CLEER® or ZAVESCA® (bosentan), tretinoin (Retin-A), tetrandrine,
TRISENOX® (arsenic trioxide), VIRULIZIN®, ukrain (derivative of alkaloids from the
greater celandine plant), vitaxin (anti-alphavbeta3 antibody), XCYTRIN® (motexafin
gadolinium), XINLAY™ (atraséntan), XYOTAX™ (paclitaxel poliglumex), YONDELIS®
(trabectedin), ZD-6126, ZINECARD® (dexrazoxane), ZOMETA® “(zolendronic acid),
zorubicin and the like. Example 10
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(morpholin-4-
yléarbony Dphenyl]amino }imidazo[1,2-c]pyrimidine-8-carboxamide
‘ Example. 10A
methyl 4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3-methoxybenzoate
A suspension of the product of Example 2D (1.0 g, 4.2 mmol), methyl 4-amino-3-
methoxybenzoate (1.1 g, 6.3 mmol) and N,N-diisopropylethylamine (1.1 g, 8.4 mmol) in 30
mL of 1,4-dioxane in a sealed tube was heated at 120°C for 18 hours and was allowed to cool
to ambient temperature. The precipitate was filtered and washed with hexane (10 mL) to give
the title compdund. MS: 383 (M+H".
' Example 10B
methy] 4-(6-arhin0-5-carbamoyl-2-(methylthio)pyrimidin-4-ylam'1no)-3-methoxybenzoate
To a solution of the product of Example 10A (1.3 g, 3.4 mmol) in dimethylsulfoxide
(50 mL) was added ammonium hydroxide (5.2 mL, 34 mmol). The mixture was heated to

100°C for 4 hours and was allowed to cool to ambient temperature. Water (50 mL) was
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added and the precipitate was filtered and washed with ethanol (20 mL) to give the title
compound. MS: 364 (M+H").
' Example 10C
methyl 4-(6-amino—5-carbamoy1-2-(2,6-dichlorobenzyl)pyrimidin—4-_vlamino)-3-
5 methoxybenzoate
A suspension of the product of Example 10B (i.l g, 3.0 mmol), 1M (2,6-
dichlorobenzyl)zinc(IT) bromide in tetrahydrofuran (30 mL, 30 mmol) and
tetrakis(triphenylphosphine) palladium(0) (347 mg, 0.3 mmol) in tetrahydrofuran (50 mL)
was heated in a sealed tube at 100°C under nitrogen for 16 hours. The cooled mixture was
10 washed with saturated ammonium chloride solution (50 mL) and extracted with ethyl acetate
(3 x 50 mL). The combined organic phase was dried over anhydrous sodium sulfate, filtered,
concentrated and purified by flash chromatography on silica gel (200-300 mesh) eluting with
3/1 petroleum ether/ethy] acetate to give the title compound. MS: 476 (M+H"). |
' Example 10D
15 methyl 4-(8-carbamoyl-5-(2,6-dichlorobenzyl)imidazo[1,2-/]pyrimidin-7-ylamino)-3-
methoxybenzoate '
A suspension of the product of Example 10C (770 mg, 1.6 mmol) and 2-
chloroacetaldehyde (4,8 mL, 4.8 mmol, 1M in acetic acid) in N,N-dimethylformamide (30
mL) was heated at 70°C under nitrogen for 16 hours. The solvent was removed and the
20 residue was diluted with ethyl acetate (50 mL) and washed with saturated sodium bicarbonate
solution (20 mL). The organic layer was dried over anhydrous sodium sulfate, filtered,
concentrated and purified by flash chromatography on silica gel (200-300 mesh) eluting with
1/1 petroleum ether/ethyl acetate to give the title compound. MS: 500 (M+H").
Example 10E
25 4-(8-carbamoyl-5-(2,6-dichlorobenzyl)imidazo[1 ,2.-‘f]pyrimidin-7-y lamino)-3-
methoxybenzoicacid
To a suspension of the product of Example 10D (385 mg, 0.77 mmoi) in ethanol (20
mL) was added 2.5N sodium hydroxide solution (3.1 mL, 7.7 mmol) and the mixture was
heated at 85°C for 2 hours. The solvent was removed and the residue was diluted with water
30 (10 mL) and adjusted to pH 1-2 with IN hydrochloric acid. The precipitate was filtered and
washed with ethanol (2 x 5 mL) to give the title compound. MS: 486 (M+H").
Example 10F
5-(2,6-dichlorobenzyl)-7-(2-methoxy-4-(morpholine-4-carbonyl)phenylamino)imidazo[1,2-
flpyrimidine-8-carboxamide .
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A suspension of the product of Example 10E (50 mg, 0.10 mmol), morpholine (13
mg, 0.153 mmol), (3-dimethylaminopropyl)ethyl-carbodiimide monohydrochloride (79 mg,
0.41 mmol), 1-hydroxy benzotriazole hydrate (56 mg, 0.41 mmol) and N.N- '
diisoproylethylamine (106 mg,0.82 mmol) in N, N-dimethylmethanamide (10 mL) was stirred
at ambient temperature for 20 hours. The solvent was removed and the résidue was diluted
with dichloromethane (50 mL) and washed with water (20 mL). The organic layer was dried
over anhydrous sodium sulfate, filtered, concentrated and purified by preparative HPLC
using a gradient of 10/90 to 80/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to
gfve the title compound. 'H NMR (DM SO-ds 300 MHz): § 12.42 (s, 1H), 9.71 (br, 1H), 8.25
(d,J=1.5Hz, 1H), 7.87 (br, 1H), 7.67 (m, 3H), 7.54 (m, 1H), 7.41 (d,J = 8.4 Hz, 1H), 6.98
(d,J=1.5Hz, 1H), 6.42 (dd,J =8.4, 1.5 Hz, 1H), 4.86 (s, 2H), 3.86 (s, 3H), 3.46-3.64 (m,

8H). MS: 555 (M+H").

Example 11
5-(2,6-dichlorobenzyl)-7-[(2-methoxy -4-{[2-(piperidin-1-
yD)ethyl]carbamoyl}phenyl)amino][1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide
Example 11A
methyl 4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3-ethoxybenzoate
A mixture of the product of Example 2D (1.80 g, 76 mmol), methyl 4-amino-3-
methoxybenzoate (2.05 g, 113 mmol) and N,N-diisopropylethylamine (1.96 g, 152 mmol) in
1,4-dioxane (50 mL) was heated in a sealed tube at 120°C for 12 hours. After cooling, the
solid was filtered and washed with ethanol to give the title compound. MS: 383 (M+H").
Example 11B
methyl 4-(5-carbamoyl-6-hydrazinyl-2-(methylthio)pyrimidin-4-ylamino)-3-
methoxybenzoate
To a solution of the product of Example 11A (1.2 g, 3.1 mmol) in tetrahydrofuran
(400 mL) was added hydrazine hydrate (550 mg, 9.4 mmol) and the mixture was stirred at
ambient temperature for 12 hours. After concentration, the residue was washed with
methanol and dried under vacuum to give the title compound, which was used in the next step
without further purification. MS; 379 (M+H").
| Example 11C
methy] 4-(8-carbamoyl-5-(methylthio)-[1,2,4]triazolo[4,3-/]pyrimidin-7-ylamino)-3-
methoxybenzoate
To a solution of the product of Example 11B (1.0 g, 2.63 mmol) was added methyl

orthoformate (100 mL) and the mixture was heated at reflux for 6 hours. After cooling to
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ambient temperature and concentration, the residue was recrystallized from methanol and
dried under vacuum to give the title compound. MS: 389 (M+H"). .
Example 11D
methyl 4-(8-carbamoy1-5-(2,6-dichlorobenzyl)-[1,2,4]triazolo[4,3-/]pyrimidin-7-ylamino)-3-
5 : methoxybenzoate _

To a mixture of the product of Example 11C (800 mg, 2.1 mmol) and
tetrakis(triphenyIphosphine) palladium (230 mg, 0.2 mmol) was added 1M 2,6-
dichlorobenzyl zinc bromide in tetrahydrofuran (10 mL, 10 mmol) and tetrahydrofuran (200
mL) under nitrogen. The mixture was heated at 60°C for 12 hours. After cooling to ambient

10 temperature, the mixture was diluted with ethyl acetate (200 mL) and washed with saturated
aqueous sodium bicarbonate. The organic phase was separated and the aqueous phase was
extracted with ethyl acetate (2 x 50 mL). The combined organic phase was washed with
brine, dried over sodium sulfate, filtered and concentrated. The crude product was
recrystallized from ethyl acetate to give the title compound. MS: 502 (M+HY.

15 Example 11E |

4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-[1,2,4]triazolo[4,3-/]pyrimidin-7-ylamino)-3-
methoxybenzoic acid

A suspension of the product of Example 11D (500 mg, 1.0 mmol) in 3M sodium
hydroxide solution (4 mL, 12 mmol) and ethanol (30 mL) was heated at reflux for 6 hours.

20 After cooling, the mixture was acidiﬁed with 1N aqueous HC1 to pH 4-5. The solid was
filtered and dried under vacuum to give the title compound. MS: 488 M+H".

Example 11F
5-(2,6-dichlorobenzyl)-7-(2-methoxy-4-(2-(piperidin- 1-y ethy lcarbamoy)pheny lamino)-
[1,2,4]triazolo[4,3-/]pyrimidine-8-carboxamide

25 A solution of the product of Example 11E (97.4 mg, 0.2 mmol), 2-(piperidin-1-
yl)ethanamine (38.4 mg, 0.3 mmol), 2-(7-aza-1H-benzotriazole-1-y1)-1,1,3,3-
tetramethyluroniumhexafluoro phosphate (152 mg, 0.4 mmol) and NN-
diisopropylethylamine (129 mg, 1.0 mmol) in N,N-dimethylformamide (15 mL) was stirred at
ambient temperature for 5 hours. Water (30 mL) was added and the precipitate was filtered.

30 The crude solid was purified by preparative HPLC using a gradient of 10/90 to 80/20

l acetronitrile/water (containing 0.1% trifluoroacetic acid) to give the title compound. 'H

NMR(CD;0D, 300 MHz) &: 8.19 (s, 1H), 7.75 (d,.J = 8.7 Hz, 1H), 7.42-7.57 (m, 4H), 7.10

(d,J=8.7 Hz, 1H), 4.48 (s, 2H), 4.05 (s, 3H), 3.75 (m, 4H), 3.38 (m, 2H), 3.04 (m, 2H),

1.85-2.06 (m, 6H). MS: 597 (M+H").
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Example 12
© 5-(2,6-dichlorobenzyl)-7-[(4-{[2-(dimethylamino)ethyl]carbamoy1}-2-
methoxyphenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide -

The title compound was obtained following the procedure described in Example 10,
mmwﬂwdmeMMMJ}dMMﬂmmwdmmmwmﬂHNMR@DﬁD3%
MHz): § 8.05(s, 1H), 7.50-7.62 (m, 4H), 7.45 (s, 1H), 7.03 (d, J = 8.4 Hz, 1H), 4.90 (s, 2H),
4.01 (s, 3H), 3.73 (t, 2H), 3.24 (t, 2H), 2.88 (s, 6H). MS: 556 (M+H").

Example 13
7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-5-(pyrrolidin-1-yl)imidazo[1,2-
c]pyrimidine-8-carboxamide
Example 13A
tert-butyl 4-(3-methoxy-4-nitrophenyl)piperazine-1-carboxylate

A suspension of 4-fluoro-2-methoxy-1-nitrobenzene (15 g, 87 mmol), tert-butyl
piperazine-1-carboxylate (19.59 g, 105.2 mmol) and potassium carbonate (24 g, 174 mmol)
in N,N-dimethylformamide (150 mL) was heated at 80°C for 8 hours. After cooling to
ambient temperature, the mixture was poured in water (500 mL). The precipitate was filtered
and washed with ethanol to give the title compound. MS: 338 (M+HY).

Example 13B
tert-butyl 4-(4-amino-3-methoxypheny!l)piperazine-1-carboxylate

A suspension of the product of Example 13A (6.3 g, 18.7 mmpl) anid Raney nickel
(2.0 g) in 300 mL methanol was stirred under hydrogen at ambient temperature for 5 hours.
The mixture was ﬁltered through diatomaceous earth and the filtrate was concentrated. The
residue was purified by flash chromatography oﬂ silica gel (200-300 mesh) cluting with a
gradiént of 2/1 to 1/1 petroleum/cthyl acetate to give the title compound.

| Example 13C

tert-butyl 4-(4-(5-carbamoy1-6-chloro-2-(methy lthio)pyrimidin-4-y lamino)-3-

metho‘xyp.henyl)piperazine-l -carboxylate

A solution of the product of Example 2D (6.0 g, 25 mmol), the produét of Example
13B (8.1 g, 27 mmol) and diisopropylethylamine (6.4 g, 50 mmol) in 1,4-dioxane (200 mL)
was stirred at 100°C for 12 hours. The mixture was concentrated and the residue was used
direcvtly in the next step without further purification. MS: 509 (M+H").

Example 13D
tert-butyl 4-(4-(6-amino-5-carbamoyl-2-(methylthio)pyrimidin-4-ylamino)-3-
methoxyphenyl)piperazine-1-carboxylate
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A solution of the product of Example 13C (12.7 g, 25 mmol) and 25% ammonia
solution in water (6.8 g, 100 mmol) in 1,4-dioxane (200 mL) was heated in a sealed tube at
100°C for 48 hours. After cooling, the solid was filtrated and washed with-methanol to give
the title compound. MS: 490 (M+H").

5 Example 13E 7
tert-butyl 4-(4-(8-carbamoyl-5-(methylthio)imidazo[1,2-/]pyrimidin-7-ylamino)-3-
methoxyphenyl)piperazine-1-carboxylate

A mixture of 2-chloro-1, I -diethoxyethane (305 mg, 2 mmol) in acetic acid (2 mL)
was heated at 100°C for 2 hours. After cooling, 0.3 mL of the mixture was added to a

10 solution of the product of Example 13D (500 mg, 02 mmol) in N,N-dimethylformamide (5
mL) and the mixture was stirred at 60°C for 6 hours. After cooling to ambient temperature,
water (30 mL) was added and the mixture was neutralized with aqueous sodium bicarbonate
solution. The mixture was extracted with ethyl acetate (3 x 30 mL) and the combined organic
phase was washed with brine, dried over sodium sulfate, filtered, and concentrated. The

15 residue was purified by flash chromatography on silica gel eluting with 100:1
dichloromethane/methanol to give the title compound. MS: 514 (M+H").

v v Example 13F
tert-butyl 4-(4-(8-carbamoyl—5-(pyfrolid'm-l-yl)imidazo| 1,2-f]pyrimidin-7-ylamino)-3-
methoxyphenyl)piperazine-1-carboxylate

20 A mixture of the product of Example 13E (60 mg, 0.11 mmol) in pyrrolidine (5 mL)
was heated in a sealed tube at 120°C under nitrogen for 4 hours. After cooling and
concentration, the title compound was used directly in the next step without further
purification. MS: 537 M+H").

Example 13G

25 7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-5-(pyrrolidin-1-yl)imidazol[ 1 ,2-j]p_§rimidine-

8-carboxamide

To a solution of the product of Example 13F (60 mg, 0.11 mmol) in dichloromethane
(10 mL) was added trifuoroacetic acid (2 mL). After stirring at ambient temperature for 6 hours,:
the mixture was concentrated and the residue purified by preparative HPLC using a gradient

30 of 10/90 to 30/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title
compound as the trifluoroacetate salt. "H NMR (DMSO-ds, 300 MHz): 5 12.16 (s, 1H), 8.72
(br, 3H), 8.26 (d,J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.31(s, 1H), 6.70 (s, 1H), 6.56 (d, J = 8.4 Hz,

v 1H), 3.86 (s, 3H), 3.25-3.32(m, 12H), 1.97 (m, 4H). MS: 436 (M+H").
Example 14
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5-(2,6-dichlorobenzyl)-7-{ [2—(methylsu]finSfl)-4-(piperazin-1 -yl)phenyl]amino }imidazo[1,2-
c]pyrimidine-8-carboxamide
Example 14A
(5-bromo-2-nitrophenyl)(methyl)sulfane
5 A solution of sodium methanethiolate (2.25 g, 70.1 mmol) in water (50 mL) was
added dropwise to a solution of 4-bromo-2-fluoro-1-nitrobenzene (6.42 g, 29.2 mmol) in
N,N-dimethylformamide (150 mL) at 0°C and the mixture was stirred for 1 hour. The
mixture was filtered and the solid washed with water (3 x 150 mL) to give the title
compound.
10 Example 14B
4-bromo-2-(methylsulfinyl)-1-nitrobenzene
Sodium periodate (4.2 g, 16.34 mmol) in water (8 mL) was added to the solution of
the product of Example 14A (4.01 g, 16.34 mmol) in 2/1 methanol/tetrahydrofuran (60 mL)
and the mixture stirred for 1 hour. The mixture was diluted with ethyl ether, washed with
15  water and saturated aqueous sodium bicarbonate, dried over sodium sulfate, filtered and
concentrated. The residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 3/1 ether/ethyl acetate to provide the title compound.
| Example 14C '
tert-butyl 4-(3-(methylsulfinyl)-4-nitrophenyl)piperazine-1-carboxylate
20 A mixture of the product of Example 14B (45 mg, 0.17 mmol), ferf-butyl piperazine-
1-carboxylate (38 mg, 0.2 mmol), tetrabutylammonium bromide (6 mg, 0.02 mmol) and
potassium carbonate (35 mg, 0.26 mmol) in dry DMSO (5 th) was heated under nitrogen at
120°C for 3 hours.  The mixture was added to water (20 mL) and aqueoﬁs hydrogen chlonde
solution (20 mL) and washed with ethyl acetate. The aqueous phase was basified with 2.5N
25  sodium hydroxide solution and extracted with ethy! acetate (3 x 20 mL). The combined
organic phase was dried over sodium sulfate, filtered, and concentrated. The residue was
purified by flash chromatography on silica gel eluting with 40/1 dichloromethane/methanol to
give the title compound. ' -
Example 14D
30 tert-butyl 4-(4-amino-3-(methylsulfiny)pheny1)piperazine-1-carboxylate
To a solution of the product of Example 14C (54 mg, 0.146 mmol) in tetrahydrofuran
(2.5 mL) and methanol (2.5 mL) at ambient temperature was added slowly zinc powder (95
mg, 1.46 mmol) and acetic acid (0.1 mL). The mixture was stirred for 1 hour, followed by

addition of a saturated agueous sodium bicarbonate solution. . The mixture was stirred for 1
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hour and filtered through diatomaceous earth, followed by extraction with ethyl acetate (25
mL). The organic layer was washed with saturated brine solution, dried over sodium sulfate,
filtered, and concentrated. The residue was purified by flash chromatography on silica gel
(200-300 mesh) eluting with 95/5 dichloromethane/ methanol to provide the title compound.
| | Example 14E
tert-butyl 4-(4-(3-carbamoy1-2-chloro-6-(methyIthio)pyridin-4-ylamino)-3-
(methylsu]finy Dphenyl)piperazine-1-carboxylate
To a mixture of the product of Example 14D (630 mg, 1.86 mmol) and the product of
Example 2D (419 mg,1.77 mmol) in 1,4-dioxane (4 mL) was added N-ethyl-N-
isopropy}propan-Z-amine (458 mg, 3.54 mmol) and the mixture was heated in a sealed tube at
100°C .for 40 hours. After cooling to ambient temperature, the solvent was removed under
vacuum and the residue was purified by flash chromatography on silica gel (200-300 mesh)
40/1 dichloromethane/methanol to give the title compound. MS: 541 (M+H".
Example 14F
tert-butyl 4-(4-(2-amino-3-carbamoyl-6-(methylthio)pyridin-4-ylamino)-3-
(methylsulfinyl)phenyl)piperazine-1-carboxy late
A mixture of the product of Example 14E (637mg, 1.18 mmol) and 25% aqueous
ammonia (2 mL) in 1,4-dioxane (3 mL) was heated in a seated tube at 80°C for 24 hours. .
After cooling to ambient temperature, the mixture was concentrated, diluted with ethyl
acetate, washed with water, dried over sodium sulféte, filtered and concentrated. The residue
was purified by flash chromatography on silica gel cluting with 25/1
dichloromethane/methanol to give the title compound. MS: 521 (M+H").
Example 14G
tert-butyl 4-(4-(8-carbamoy1-5-(methylthio)H-imidazo[1,2-a]pyridin-7-ylamino)-3-
(methylsulfiny hphenyl)piperazine-1-carboxylate
To a solution of the product of Example 14F (400 mg, 0.77 mmol) in N,N-
dimethylformamide (10 mL) was added 2-chloroacetaldehyde (1.5 mL, 1M in acetic acid)
and the solution was heated at 60°C for 2 days. The mixture was concentrated and the
residue was purified by flash chromatography on silica gel eluting with 50/1
dichloromethane/methanol to give the title compound. MS: 546 (M+H").
Example 14H
5-(2,6-dichlorobenzy l)-7-(2,6-diﬂuoro-4-(piperazin—l -yDphenylamino)-{1,2 4]triazolo[4,3-

ajpyridine-8-carboxamide
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To a solution of the product of Example 14G (100 mg, 0.183 mmol) and
tris(dibenzylideneacetone) dipélladium (21 mg, 0.018 mmol) in tetrahydrofuran (2 mL) was
added 0.5M (2,6-dichlorobenzyl)zinc(Il) chloride in tetrahydrofuran (3 mL, 1.83 mmol) and
the solution was heated at reflux for 16 hours. After cooling to ambient temperature, the
mixture was concentrated and purified by flash chromatography on silica gel eluting with .
30/1 dichloromethane/methanol to give the title compound. MS: 658 (M+H".

Example 141
tert-butyl 4-(4-(8-carbamoyl-5-(methylthio)H-imidazo(1,2-a]pyridin-7-ylamino)-3-
(methylsulfinyl)pheny!)piperazine-g801-carboxylate v
~ To a solution of the product of Exzimple 14H (102 mg, 0.16 mmol) in
&mMWmmmeGmUw%mﬁNUﬂmmmﬂEmM@mU.MkmmeMMmmm
wmmmméhﬂhwmﬁwmkMewmwmmmmdmdmm%wmw%mmmdW
preparative HPLC using a gradient of 10/90 to 75/25 acetonitrile in water (containing 0.1%
triftnoroacetic acid) to give the title compound. "H NMR (CD;OD, 300 MHz): § 7.96 (d, J =
1.5 Hz, 1H), 7.57 (d,J = 1.5 Hz, 1H), 7.34 (m, 2H), 7.24 (m, 2H), 7.11 (d, J = 9.0 Hz, 1H),
6.86 (dd, J = 3.0 Hz, J = 8.7 Hz, 1H), 4.72 (s, 2H), 3.47 (m, 8H), 2.59 (s, 3H). MS: 558
(M+H")
Example 15
5-(2,6-dichlorobenzyl)-7-{[2,5-difluoro-4-(piperazin-1-yl)phenyljamino }{1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide
Example 15A
N,N-dibenzyl-4-bromo-2,5-difluoroaniline

TommmmeMWbmmwlimmmmmmme@g}9mmd)mdmﬁ$mmcmmmMe
(16 g, 116 mmol) in acetonitrile (200 mL) was added (bromomethyl)benzene (14.5 g, 85
mmol). After refluxing for 20 hours, the mixture was filtered and the filtrate was
concentrated. The residue was purified by flash. chromatography on silica gel (200-300
mesh) eluting with 5/1 petroleum ether/ethyl acetate to give the title compound. MS: 388
(M+H"). | |

Example 15B
tert-butyl 4-(4-(dibenzylamino)-2,5-difluoropheny l)piperazine-1-carboxylate

A mixture of the product of Example 15A (5.12 g, 13.2 mmol), fert-butyl piperazine-
1-carboxylate (2.95 g, 15.8 mmol), palladium diacetate (149 mg, 0.66 mmol), (¥)-2,2'-
bis(diphenyIphosphino)-1,1'-binaphthalene (616 mg, 0.99 mmol) and cesium carbonate (8.61
g, 26.4 mmol) in toluene (100 mL) was heated at 100°C under nitrogen for 16 hours. After
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cooling, the mixture was filtered and the filtrate was concentrated. The residue was purified
by flash chromatography on sitica gel (200-300 mesh) cluting with 5/1 petroleum ether/ethyl
acetate to give the title compound. MS: 494 (M+H").
Example 15C
fert-butyl 4-(4-amino-2,5-difluorophenyl)piperazine-1-carboxylate
To a solution of the product of Example 15B (4 g, 8 mmol) in methanol (100 mL) was
added 10% palladium on carbon (400 mg). The mixture was stirred at room temperature
under hydrogen for 16 hours. The catalyst was filtered off and the filtrate was concentrated
to give the title compound. MS: 314 (M+H".
Example 15D
fert-butyl 4-(4-(5-carbamoy1-6-chloro-2-(methyIthio)pyrimidin-4-ylamino)-2,5-
' difluorophenyl)piperazine-1-carboxylate
A mixture of the product of Example 15C (337 mg, 1.42 mmol), the product of
Example 2D (446 mg, 1.42 mmol), and N,N-diisopropylethylamine (550 mg, ‘4‘26 mmol) in
1,4-dioxane (10 mL) was heated in a sealed tube at 100°C for 16 hours. The mixture was
concentrated and the residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 98/2 petroleum ether/ethyl acetate to give the title compound. MS: 515
(M+H). |
_ Example 15E ,
fert-butyl 4-(4-(5-carbamoyI-6-hydrazinyl-2-(methylthio)pyrimidin-4-ylamino)-2,5-
_ difluorophenyl)piperazine-1-carboxylate
To a solution of the product of Example 15D (353 mg, 0.69 mmol) in 1,4-dioxane (5
mL) was added hydrazine hydrate (0.3 mL). After stirring at ambient temperature for 4
hours, the mixture was concentrated. The residue was washed with hexane and dried under
vacuum to give the crude title compound, which was used in the next step without further
purification (281 mg, 80%). MS: 511 (M+H").
Example 15F
tert-butyl 4-(4-(8-carbamoy I-5-(methylthio)-[1,2 4]triazolo[4,3-c]pyrimidin-7-ylamino)-2,5-
difluorophenyl)piperazine-1-carboxylate
To a solution of the product of Example 15E (281 mg, 0.55 mmol) in
dimethylacetamide (5 mL) was added methy] orthoformate (2 mL). The mixture was stirred
at ambient temperature for 1 hour and at 60°C for 4 hours. After cooling to ambient

temperature, 9/1 petroleum ether/ethyl acetate (50 mL) was added and the precipitate was
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filtered. The solid was washed with petroleum ether and dried under vacuum to give the title
compound. MS: 521 (M+H"). |
Example 15G
fert-butyl 4-(4-(8-carbamoyl-5-(2,6-dichlorobehzyl)-[l,2,4]lriazolo[4,3-c]pyrimidin-?-
5 ylamino)-2,5-difluorophenyl)piperazine- 1-carboxylate
To a mixture of the product of Example 15F (220 mg, 0.4 mmol) and
tetrakis(triphenylphosphine) palladium (49 mg, 0.04 mmol) was added 0.5M 2,5-
' diﬂuofobenzyl zinc bromide in tetrahydrofuran (4 mL, 2 mmol) under nitrogen. The mixture
was heated at 70°C for 16 hours. After cooling to ambient temperature, the mixture was
10 diluted with dichloromethane (50 mL) and washed with saturated aqueous sodium
bicarbonate. The organic phase was separated and the aqueous phase was extracted with
dichloromethane (2 x 20 mL). The combined organic phase was washed with brine, dried
over sodium sulfate, filtered and concentrated. The residue was purified by flash '
chromatography on silica gel (200-300 mesh) eluting with 97/3 dichloromethane/methanol to
15 give the title compound. MS: 633 (M+H"). |
_ Example 15H
5-(2.,6~dich]orobe_nz_vl)-7-(2,5-diﬂuoro-4-(piperazin—l -yphenylamino)-[1,2,4]triazolo[4,3-
¢|pyrimidine-8-carboxamide
To a solution of the product of Example 15G (230 mg, 0.36 mmol) in
20 dichloromethane (8 mL) was added trifluoroacetic acid (2 mL) dropwise. The mixture was
stirred at ambient temperature for 4 hours and concentrated. The solid was washed with
ethanol and dried under vacuum to give the title compound. 'H NMR (DMSO-ds, 300MHz):
31238 (d,J = 1.5 Hz, 1H), 9.71 (s, 1H), 8.95 (d,J = 2.1 Hz, 1H), 8.76 (br. 5, 2H), 8.14 (d,J
= 2.1 Hz, 1H), 7.56-7.54 (m, 2H), 7.45-7.40 (m, 1H), 7.25-7.17 (m, 1H), 7.05-6.99 (m, 1H),
25 4.96 (s, 2H), 3.24-3.23 (m, 4H), 3.15-3.11 (m, 4H). MS: 533 (M+H").
Example 16 _
5-(2,6-dichlorobenzyl)-7-{[2,6-difluoro-4~(piperazin-1-yl)phenyljamino}{1,2 4]triazolo[4,3-
¢]pyrimidine-8-carboxamide.
Example 16A
© 30 4-bromo-2,6-difluorobenzenamine
2,6-Difluorobenzeneamine (6.0 g, 45 mmol) was dissolved in acetic acid (20 mL) and
bromine (2.4 mL, 50 mmol) was added and the mixture was stirred at ambient temperature
for 15 minutes‘ After concentration, the residue was treated with aqueous sodium carbonate

and extracted with ethyl acetate. The organic extract was dried over sodium sulfate, filtered,
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and concentrated. The residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 25/1 petroleum ether/ethyl acetate to give the title compound. MS: 208
(M-+H").
Example 16B
5 N,N-dibenzyl-4-bromo-2,6-difluorobenzenamine _
A mixture of the product of Example 16A (1.1 g, 5.3 mmol), benzy! bromide (949
mg, 0.66 ml) and potassium bicarbonate (1.46 mg, 10.6 mmol) in N, N-dimethylformamide (3
mL) was stirred at ambient temperature until TLC indicated no starting material remained.
Ethyl acetate was added, and the mixture was washed with water and brine and dried over
10 anhydrous sodium sulfate. After filtration and concentration, the residue was purified by
flash chromatography on silica gel (200-300 mesh) eluting with 10/1 petroleum
ether/dichoromethane to give the title compound. |
Example 16C
tert-butyl 4-(4-(dibenzylamino)-3,5-difluoropheny l)piperazine-1 -carboxylate
15 A mixture of the product of Example 16B (490 mg, 1.3 mmol), feri-butyl piperazine-
1-carboxylate (258 mg, 1.4 mmol), palladium diacetate (14 mg, 0.06 mmol), (¥)-2,2'-
bis(diphenylphosphino)-1,1'-binaphthalene (59 mg, 0.09 mmol) and cesium carbonate (848
mg, 2.6 mmol) in 1,4-dioxane (10 mL) was heated at reflux for 16 hours. The mixture was
filtered through diatomaceous earth and the filtrate was concentrated. The residue was
20 purified by flash chromatography on silica gel (200-300 mesh) eluting with 8/1 petroleum
ether/ethyl acetate to give the title compound.
' Example 16D
tert-butyl 4-(4-amino-3,5-difluorophenyl)piperazine-1-carboxylate
A mixture of the product of Example 16C (560 mg, 1.1 mmol) and 10% palladium on
25  carbon in methanol (30 mL) was stirred at ambient temperature under hydrogen until TLC
indicated no starting material remained. The mixture was filtered through diatomaceous
earth and the filtrate was concentrated. The residue was purified by flash chromatography on
silica gel (200-300 mesh) eluting with 4/1 petroleum ether/ethy! acetate to give the title
compound. MS: 314 (M+H"),
30 . ’ * Example 16E
tert-butyl 4-(4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3,5-
difluorophenyl)piperazine-1-carboxylate
A mixture of the product of Example 16D (695 mg, 2.22 mmol), the product of
Example 2D (526 mg, 2.22 mmol) and N-cthyl-N-isopropylpropan-2-amine (286 mg, 4.44
-71 -
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mmol) in 1,4-dioxane (4 mL) was heated at 100°C for 16 hours. The mixture was
concentrated and the residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 5/1 petroleum/ethyl acetate to give the title compound. MS: 537 (M+H").
Example 16F
tert-butyl 4-(4-(5-carbamoy!-6-hydrazinyl-2-(methylthio)pyrimidin-4-ylamino)-3,5-
difluorophenyl)piperazine-1-carboxylate

To a solution of the product of Example 16E (380 mg, 0.74 mmol) in 1,4-dioxane (10
mL) was added hydrazine (185 mg, 3.68 mmol) and the mixture was stirred at ambient
temperature for 3 hours. The mixture was concentrated and the residue was recrystallized
from ethanol to give the title compound. MS: 495 (M+H").

Example 16G
teft-butyl 4-(4-(8-carbamoyl-5-(methylthio)-{1,2,4]triazolo[4,3-c]pyrimidin-7-ylamino)-3,5~
difluorophenyl)piperazine-1-carboxylate

A solution of the product of Example 16F (615 mg, 1.2 mmol) and
trimethoxymethane (5 g, 46.9 mmol) in N,N-dimethylformamide (10 mL) was stirred at
ambient temperature for 1 hour and at 55°C for 3 hours. The mixture was filtered to give the
title compound. MS: 495 (M+H+_).

Example 16H
tert-butyl 4-(4-(8-carbamoy!-5-(2,6-dichlorobenzy!)-{1,2,4]triazolo[4,3-c]pyrimidin-7-
- ylamino)-3,5-difluorophenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 14H,
using the product of Example 16G in place of the product of Example 14G. MS: 633
(M+H".

Example 161
5-(2,6-dichlorobenzyl)-7-(2,6-difluoro-4-(piperazin-1-yl)phenylamino)-[ 1,2 ,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide '

The title compound was obtained following the procedure described in Example 141,
using the product of Example 16H in place of the product of Example 14H. "HNMR |
(DMSO-dg, 300 MHz): 6 10.71 (s, iH), 9.58 (s, 1H), 8.61 (br. 5, 2H), 8.02 (s, 1H), 7.31 (m,
2H), 6.47 (s, 1H), 6.43(s, 1H), 4.76 (s, 2H), 3.36 (m, 4H), 3.25(m, 4H). MS: 633 (M+H.

_ Example 17
5-(2,6-dichlorobenzyl)-7-{|3-methy1-4-(piperazin-1-yl)phenyl]amino}[1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide
Example 17A
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tert-butyl 4-(2-methyl-4-nitrophenyl)piperazine-1-carboxylate
A mixture of 1-bromo-Z-methy]-4-nitrobenzene (5.16 g 24 mmol), tert-butyl
piperazine-1-carboxylate (4.46 g, 24 mmol), 2-dicyclohexylphosphino-2',4',6'-
triisopropylbiphenyl (1.15 g, 2.4 mmol), cesium carbonate (15.65 g, 48 mmol) and
tris(dibenzylideneacetone)dipalladium (2.21 g, 2.4 mmol) in 1,4-dioxane (120 mL) was
heated at 100°C for 16 hours. The solid was filtered and the filtrate was concentrated to give
the crude product which was purified by flash chromatography on silica gel (200-300 mesh)
eluting with 20/1 petroleﬁm ether/ethy! acetate to give the title compound. MS: 322 (M+H").
Example 17B
tert-butyl 4-(4-amino-2-methyIphenyl)piperazine- 1 -carboxylate
A suspension of the product of Example 17A (3.10 g, 9.7 mmol) and 10% palladium
on carbon (310 mg) in meth;u_lql (200 mL) was stirred under hydrogen at ambient temperature
for 5 hours. The catalyst was filtered off and the filtrate was concentrated. Purification by
flash chromatography on silica gel (200-300 mesh) eluting with 8/1 petroleum ether/ethyl
acetate gave the title compound. MS: 292 (M+H").

' Example 17C
tert-butyl4-(4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-2-
methylphenyl)piperazine-1-carboxylate
~ A suspension of the product of Ekample 17B (640 mg, 2.2 mmol), the product of
Example 2D (474 mg, 2 mmol) and ethyldiisopropylamine (517 mg, 4 mmol) in 1,4-dioxane
(10 mL) was stirred at 80°C for 18 hours. The mixture was concentrated and the residue was

purified by flash chromatography on silica gel (200-300 mesh) eluting with 4/1 petroleum
ether/ethyl acetate to give the title compound. MS: 493 (M+H").
| Example 17D
tert-butyl4-(4-(5-carbamoyl-6-hydrazinyl-2-(methy]thio)pyrimidin-4-y]amino)-i—
methylphenyl)piperazine-1-carboxylate
To a suspension of the product of Example 17C (246 mg, 0.5 mmol) in 1,4-dioxane
(10 mL) was added 85% hydrazine hydrate (125 mg, 2.5 mmol) dropwise; The mixture was

- stirred at room temperature for 3 hours, extracted with ethyl acetate and the organic layer was

washed with water, dried over sodium sulfate, filtered and concentrated. The residue was
washed with petroleum ether to provide the title compound. MS: 489 (M+H").
Example 17E
tert-butyl4-(4-(8-carbamoy|-5-(methylthio)-[ 1,2 4]triazolo[4,3 -j]pyrimidin-?-};lamino)-Z-
methylphenyl)piperazine-1-carboxylate

-73-.



WO 2012/097684 PCT/CN2012/000103

To a suspension of the product of Example 17D (246 mg, 0.5 mmol) in N,N-
dimethylformamide (10 mL) was added trimethyl orthoformate (2.07 g, 19.5 mmol) and the
mixture stirred at ambient temperature for 1 hour and at 60°C for 3 hours. The solid was
filtered and washed with ethanol to provide the title compound. MS: 499 (M+H").

5 Example 17F ‘
tert-butyl4-(4-(5-(2,6-dichlorobenzy1)-8-carbamoyl-[1,2 4]triazolo[4,3-/]pyrimidin-7-
ylamino)-2-methylphenyl)piperazine-1-carboxylate

To a mixture of the product of Example 17E (249 mg, 0.5 mmol) and
tetrakis(triphenylphosphine) palladium (58 mg, 0.05 mmol) was added 0.5M 2,6-

10 dichlorobenzyl zinc bromide in tetrahydrofuran (10 mL, 5 mmol) under nitrogen and the
mixture was stirred -at 100°C for 24 hours. After cooling to ambient temperature, ammonium
chloride was added and the mixture was extracted with éthyl acetate and washed with water.
The organic layer was dried over sodium sulfate, filtered .and concentrated to provide the title
compound which was used in the next step without further purification. MS: 611 (M+H),

15 Example 17G

5-(2,6-dichlorobenzyl)-7-(3-methyl-4-(piperazin-1-yl)phenylamino)-[1,2,4]triazolo[4,3-
/flpyrimidine-8-carboxamide

To a suspension of the pfoduct of Example 17F (1.0 g, 1.6 mmol) in methanol (10
mL) was added trifluoroacetic acid (5 mL) and the mixture was stirred at 45°C for 3 hours.

20 After concentration, the residue was purified by preparative HPLC using a gradient of 10/90
to 80/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to provide the title
compound. "H NMR (DMSO-d;;, 300 MHz): § 12.20 (s, 1 H), 9.67 (s, 1 H), 8.99 (s, 1 H),
8.65 (br, 2 H), 8.06 (s, 1 H), 7.46-7.64 (m, 3 H), 7.03 (m, 1 H), 6.89(d,J=9.0 Hz, 1 H),
6.67(d,J=9.0 Hz, 1 H), 497 (s, 2 H), 3.25 (m, 4 H), 2.95 (m; 4 H), 2.13 (s, 3 H). MS: 511

25 . (M+H)).

Example 18
6-{[3-chloro-4-(piperazin-1-yl)phenyljamino }-4-(2,6-dichlorobenzy})-1H-imidazo[4,5-
c}pyridine-7-carboxamide
» Example 18A
30 tert-butyl 4-(2-chloro-4-nitrophenyl)piperazine- 1-carboxylate

| A mixture of 1-bromo-2-chloro-4-nitrobenzene (1 g, 4.2 mmol), feri-buty] piperazine-

1-carboxylate (0.86 g, 4.6 mmol), potassium carbonate (878 mg, 6.4 mmol) and tetrabutyl
ammonium bromide (137 mg, 0.42 mmol) in dimethylsulfoxide (20 mL) was heated at 125°C

for 3 hours. After cooling to ambient temperature, the mixture was diluted with water and
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extracted with ethyl acetaté. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, filtered, and concentrated. The residue was purified by flash chromatography
on silica gel eluting with 5/1 petroleum ether/ethyl acetate to give the title compound. MS
342 M+ H)
5 Example 18B
tert-butyl 4-(4-amino-2-chlorophenyl)piperazine-1-carboxylate
To a solution of the product of Example 18A (1.5 g, 4.4 mmol) in 1:1
tetrahy drofuran/methanol (80 mL) at ambient temperature was slowly added zinc power (1.43
&22mmd)wdmmmmmu5mw.ﬂmmmwmwmsmkdmrHmmﬂmdwmmwd
10 aqueous sodium hydrogen carbonate solution was added. The mixture was stirred for 1 hour
and filtered, and extracted with ethyl acetate. The organic layer was washed with brine, dried
over anhydrous sodium sulfate, filtered, and conéentrated, The residue was purified by ﬂash
chromatography on silica gel eluting with 5/1 petroleum ether/ethyl acetate to give title
compound. MS: 312 (M + H").
15 : Example 18C
tert-butyl4-(2-chloro-4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-
(trimethylsily)ethoxy)methyl)-1H-imidazo[4,5-c]pyridin-6-ylamino)phenyl)piperazine-1-
carboxylate _
AmmMEMmemwmuﬁEmmmSMB4mgQSmWMJMmeMJEmmm
20 18B (156 mg, 0.5 mmol), tricyclohexylphosphine (42 mg, 0.15 mmol), palladium diacetate
(18 mg, 0.08 mmol) and cesium carbonate (326 mg, 1 rﬁmol) in toluene (50 mL) was heated
at 100°C for 14 hours under nitrogen, After cooling, the mixture was filtered, concentrated
and purified by flash chromatography on silica gel (200-300 mesh) eluting with 5/1
petroleum ether/ethyl acetate to provide the title compound. MS: 742 (M+H").
25 Example 18D .
6-(3-chloro-4-(piperazin-1-yl)phenylamino)-4-(2,6-dichlorobenzyl)-1H-imidazo[4,5-
E]pyridine-7—car‘boxamide
To a solution of the product of Example 18C (100 mg, 0.14 mmol) in concentrated
sulfuric acid (5 mL) was added water (1 mL) at 0°C and the mixture was heated at 95°C for
30 20 minutes. After cooling to ambient temperature, water (3 mL) was added, and the mixture
was adjusted to pH 8-9 with saturated aqueous sodiun;n bicarbonate and extracted with
dichloromethane (3 x 20 mL). The combined organic phase was concentrated and the residue
was purified by preparative HPLC using a gradient of 10/90 to 75/25 acetonitrile in water
(containing 0.1% trifluoroacetic acid) to give the title compound. "H NMR (DMSO-dy, 300

.75 -



10

15

20

25

30

WO 2012/097684

MHz): § 13.62 (s, 1 H), 11.85 (s, 1 H), 9.62 (s, 1 H), 8.69 (s, 2 H), 8.61 (s, 1 H), 7.85 (br, 1
H), 7.58 (m, 1 H), 7.55 (m, 1 H), 7.52 (d,J = 2.4 Hz, 1 H), 7.42-7.37 (m, 1 H), 7.15 (dd, J =
9,24 Hz, 1 H), 6.85.(d,J= 9 Hz, 1 H), 4.74 (s, 2 H), 3.27 (m, 4 H), 2.08-1.70 (m, 4 H). MS:
530 (M+H". ' -
Example 19
5-(2-chlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}imidazo[1,2-
c]pyrimidine-8-carboxamide
Example 19A
tert-butyl 4-(4-(8-carbamoy1-5-(2-chlorobenzyl)imidazo[1,2-/]pyrimidin-7-ylamino)-3-
methoxyphenyl)piperazine-1-carboxylate
- A solution of the product of Example 13E (103 mg, 0.2 mmol), IM (2-chlorobenzyl)
zinc(IT) bromide in tetrahydrofuran (1.0 mL, 1.0 mmol) and tetrakis(triphenylphosphine)
palladium(0) (12 mg, 0.01 mmol) in tetrahydrofuran (5 mL) was stirred at 65°C under
nitrogen for 12 hours. Ammonium chloride solution (15 mL) was added and the mixture was
extracted with ethyl acetate (3 x 30 mL). The combined organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was
purified by flash chromatography on silica gel (200-300 mesh) eluting with 30/1
dichloromethane/methanol to give the title compound’. MS: 592 (M+H").
Example 19B
7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-5-phenylimidazo[1,2-f]pyrimidine-8-
‘ - carboxamide
To a solution of the product of Example 19A (95 mg, 0.16 mmol) in dichloromethane
(10 mL) was added wifluoroacetic acid (2 mL). Afier stirring at ambient temperature for 6 hours,
the mixture was concentrated and the residue was purified by preparative HPLC using a
gradient of 10/90 to 30/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the
title compound as a trifluoroacetate salt. 'H NMR (DMSO-ds, 300 MHz): 5 12.09 (s, 1H),
9.67 (s, 1H), 8.73 (br, 2H), 8.12 (s, 1H), 7.73 (s, 1H), 7.45-7.62 (m, SH), 7.26 (d,J = 9.0 Hz,
1H), 6.61 (s, 1H), 5.95 (d, J = 9.0Hz, 1H), 4.67 (s, 2H), 3.83 (s, 3H), 3.27(m, 8H). MS:
492(M+H™. '
Example 20
4~(2,6-dichlorobenzyl)—6-{[2,5-diﬂuoro-4-(piperazin-1-yl)phenyl]aminb}-lH-imidazo|'4,5-
c|pyridine-7-carboxamide

Example 20A
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tert-butyl 4-(4-((7-cyano-4-(2,6-dichlorobenzyl)-1 -((2-(trimethylsily])ethoxy)methy D-1H-
imidazo[4,5-c]pyridin-6-yl)amino)-2,5-difluorophenyl)piperazine-1-carboxy late
A mixture of the product of Example 81'(200 mg, 0.43 mmol), the prbduct of Example
15C (160 mg, 0.51 mmol), palladium acetate (8 mg, 0.034 mmol), tricyclohexylphosphine
(19 mg, 0.068 mmol) and cesium carbonate (278 mg, 0.85 mmol) in toluene (3 mL) was
degassed with nitrogen 6 times and the mixture was heated at 110°C for 15 hours. After
cooling to ambient temperature, the mixture was concentrated and purified by flash
chromatography on silica gel (200-300 mesh) cluting with 6/1 petroleum ether/ethyl acetate
to give the title compound. MS: 744 (M+H").
Example 20B
4-(2,6-dichlorobenzyl)-6-((2;5-difluoro-4-(piperazin-1-yl)phenyl)amino)-1H-imidazo{4,5-
c]pyridine-7-carboxamide
The product of Example 20A (0.169 g, 0.227 mmol) was dissolved in cool (0°C)
concentrated sulfuric acid.(4 mL) and water (0.5 mL) was added. The solution was heated at
85°C for 0.5 hours. After cooling to ambient temperature, the mixture was neutrélized with
saturated aqueous sodium bicarbonate and extracted with dichloromethane. The organic
phasé was dried over anhydrous sodium sulfate, filtered, concentrated and purified by
preparative HPLC using a gradient of 10/90 to 75/25 acetonitrile in water (containing 0.1%
trifluoroacetic acid) to give the title compound. "H NMR (DMSO-d,, 300 MHz): & 13.76
(brs, 1 H), 12.03 (s, 1 H), 9.59 (s, 1 H),v8..74 (brs, 2 H), 8.67 (s, 1 H), 792 (s, 1 H), 7.83 (dd, J
=14.7Hz,8.1 Hz, 1 H), 7.55(d,J=8.1 Hz, 2 H), 740 (t,J=8.1 Hz, 1 H), 7.03 (dd,J =
12.9,8.1 Hz, 1 H), 476 (s, 2 H), 3.27 (m, 4 H), 3.12 (m, 4 H). MS: 532 (M+H").
Example 21
7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-5-(piperazin-1-yl)imidazo[1,2-
c]pyrimidine-8-carboxamide
Example 21A
tert-butyl 4-(7-(4-(4-(tert-butoxy carbonyl)piperazin-1-yl)-2-methoxyphenylamino)-8-
carbamoylimidazo[1,2-f]pyrimidin-5-yl)piperazine-1-carboxylate
To a solution of the product of Example 13E (100 mg, 0.19 mmol) in N-methyl-2-
pyrrolidone (5 mL) was added fert-butyl piperazine-1-carboxylate (177 mg, 0.95 mmol).
After heating in a sealed tube at 150°C for 16 hours, the mixture was cooled to ambient
temperature, poured into water (50 mL) and extracted with ethyl acetate (2 x 50 mL), The
combined organic phase was washed with brine (30 mL), dried over anhydrous sodium

sulfate, filtered and concentrated. The residue was purified by flash chromatography on
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silica gel eluting with ]00.:1 dichloromethane/mgthanol to give the crude product. MS: 652
(M+H", |
Example 21B
7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-5-(piperazin- 1-yl)imidazo[ 1,2-/]pyrimidine-8-
5 carboxamide
To a solution of the product of Example 21A (120 mg, 0.19 mmol) in
dichloromethane (12 mL) was added trifluoroacetic acid (3 mL). After stirring at ambient
temperature for 5 hours, the mixture was concentrated and the residue was purified by
preparative HPLC using a gradient of 10/90 to 30/20 acetonitrile/water (containing 0.1%
10 trifluoroacetic acid) to give the title compound as the trifluoroacetate salt. '"H NMR (300
MHz, CD;0D): 6 7.99 (d,J=8.4 Hz, 1 H), 768 (s, 1 H), 751 (d,J=2.1Hz, 1 H), 6.73 (s, 1
H), 6.62 (d,J = 8.4 Hz, 1 H), 3.92-3.85 (m, 7 H), 3.46-3.29 (m, 12 H). MS: 452 (M+H").
Example 22 |
4-(2 6-dichlorobenzyl)-6-{[4-(piperazin-1-yl)-2-(trifluoromethyl)phenyl]amino}-1H-
15 imidazo[4,5-c]pyridine-7-carboxamide
Example 22A
tert-butyl 4-(4-amino-3-(trifluoromethy)phenyl)piperazine-1-carboxylate
Thé title compound was obtained following the procedure described in Example 13A
and 13B, using 4-fluoro-1-nitro-2-(trifluoromethylybenzene in place of 4-fluoro-2-methoxy-
20 l-nitrobenzene.
Example 22B
tert-butyl4-(4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethylsilyl)ethoxy)methy)-1H-
imidazo[4,5-c]pyridin-6-ylamino)-3-(trifluoromethyl)phenyl)piperazine-1-carboxy late
A mixture of the product of Example 81 (140 mg, 0.3 mmol), the product of Example
25 22A (103 mg, 0.3 mmol), tricyclohexylphosphine (26 mg, 0.09 mmol), palladium diacetate
(11mg, 0.05 mmol) and cesium carbonate (195 mg, 0.6 mmol) in toluene (50 mL) was heated
under nitrogen at 100°C for 14 hours. Afier cooling to ambient temperature, the mixture was
filtered and concentrated. The residue was purified by flash chromatography on silica gel
(200-300 mesh) eluting with 5/1 petroleum ether/ethyl acetate to provide the title compound.
30 MS: 776 M+H"). '
Example 22C
4-(2,6-dichlorobenzyl)-6-(4-(piperazin-1-yl)-2-(trifluoromethyl)phenylamino)- 1H-

imidazo[4,5-c|pyridine-7-carboxamide
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‘To a solution of the product of Example 22B (150 mg, 0.2 mmol) in concentrated
sulfuric acid (5 mL) was added water (1 mL) at 0°C and the mixture was stirred at 95°C for
20 minutes. Afier cooling to ambient temperature, water (3 mL) was added. The mixture
was adjusted to pH 8-9 with saturated aqueous sodium bicarbonate solution and extracted
with dichloromethane (3 x 20 mL). The organic layers were concentrated and the residue
wmmmmdwpmmmm@HmﬁummagM@n&HWOmMWOmaMMMMMa
@mmmmgOHQmmmmmﬂmmwﬂogwﬂwﬁwcmmmmd]HNMRGWBOJ@NO
MHz): § 13.51 (br, 1 H), 11.64 (s, 1 H), 9.52 (br, 1 H), 8.80 (s, 2 H), 8.61(s, 1 H), 781 (s, 1 -
H), 7.62 (d,J =9 Hz, 1 H), 7.56-7.53 (m, 2 H), 7.43-7.41 (m, 1 H), 7.07 (d, J= 2.1 Hz, 1 H),
6.72 (dd,J =9,2.1 Hz, 1 H), 4.83 (s, 2H), 2.75-2.67 (m, 8 H). MS: 564 M+H"). ’

Example 23

5-(2,6-dichlorobenzyl)-7-({2-methoxy-4-[(4-methylpiperazin-1-
yl)carbonyl]phenyl}amino)imidazo(1,2-c]pyrimidine-8-carboxamide
ﬂwﬁwcmmmmwwwommdeWMMgmemmahmdmmmahnEmmﬂem,

mmngwwmmﬂanHmmeﬁmmﬂmeIHNMRHMBOJ@MOMH@ﬁIZﬂ
(s, 1H), 9.88 (br, 1H), 9.74 (s, 1H), 8.29 (s, 1H), 7.93 (br, 1H), 7.46-7.70 (m, 5H), 7.03 (s,
1H), 6.50 (d,J = 8.1 Hz, 1H), 4.90 (s, 2H), 3.90 (s, 3H), 3.09-3.52 (m, 8H), 2.88 (s, 3H).
MS: 568 (M+H"):

Example 24

5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{ i2-(4-methylpiperazin- 1-
yDethyl]carbamoyl}phenyl)aminolimidazo[1,2-c]pyrimidine-8-carboxamide

The title compound was obtained following the procédure described in Example 10,
umg2{¢mmmmmmmﬂmLﬂkmmwmmempbwofmmmme.W{NMR(DMSOA@
300 MHz): 6 12.56 (s, 1H), 9.75 (s, 1H), 8.46 (br, 1H), 8.30 (s, 1H), 7.94 (br, 1H), 7.44-7.71
(m, 5H), 6.97 (d, 1H), 4.90 (s, 2H), 3.92 (s, 3H), 3.03-3.51 (m, 12H), 2.82 (s, 3H). MS: 611
(M+H"). |

Example 25
5-(2,6-dichlorobenzyl)-7-{[3,5-dichloro-4-(piperazin-1-y)phenyl]amino}[1,2,4]riazolo[4,3-
¢]pyrimidine-8-carboxamide

v Example 25A
tert-butyl 4-(4-amino-2,6-dichlorophenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 13A
and B, using 2-bromo-1,3-dichloro-5-nitrobenzene in place of 4-fluoro-2-methoxy-1-
nitrobenzene.
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v Example 25B
fert-butyl 4-(4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-2,6-
dichlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 16E,
using the product of Example 25A in place of the product of Example 16D. MS: 548
(M+H").
Example 25C
tert-butyl 4-(4-(5fcarbamoyl-6-hydxaziny1-2-(methy1thio)pyrimidin-4-ylamino)-2,6-
dichlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 16F,
using the product of Example 25B in place of the product of Example 16E. MS: 547
(M+H"). ‘
Example 25D
tert-butyl 4-(4-(8-carbamoyl-5-(methylthio)-[ 1,2,4]triazolo[4,3-/]pyrimidin-7-ylamino)-2,6-
dichlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 16G,
using the product of Example 25C in place of the product of Example 16F. MS: 552
(M+H").
Example 25E
fert-butyl 4-(4-(5-(2,6-dichlorobenzy1)-8-carbamoyl-[1,2,4]triazolo[4,3-_/]pyrimidin-7—
ylamino)-2.6-dichlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 16H,
using the product of Exavm.ple 25D in place of the product of Example 16G. MS: 666
(M+H". |
Example 25F
5-(2,6-dichlorobenzyl)-7-(3,5-dichloro-4-(piperazin-1-yl)phenylamino)-[1,2 4]triazolo[4,3-
/flpyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 161,
using the product of Example 25E in place of the product of Example, 16H. '"HNMR
(DMSO-ds, 300 MHz): § 12.42 (s, 1H), 9.73 (s, 1H), 9.01 (s, 1H), 8.71 (brs, 2H), 8.22 (s,
1H), 7.57 (s, 1H), 7.55 (s, 1H), 7.41 {q, 1H), 7..28 (s, 1H), 4.96 (s, 2H), 3.22 (m, 4H), 3.15 (m,
4H). MS: 566 (M+H").
Example 26
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4-(2,6-dichlorobenzyl)-6-{[2-methyl-4-(piperazin-1-yl)phenyl]amino } -1 H-imidazo[4,5-
¢]pyridine-7-carboxamide
Example 26A
tert-butyl 4-(4-amino-3-methylphenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 13A
and B, using 4-fluoro-2-methyl-1-nitrobenzene in place of 4-fluoro-2-methoxy-1-
nitrobenzene.
" Example 26B
tert-butyl 4-(4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethylsilyl)ethoxy)methy1)-1H-
imidazo[4,5-c]pyridin-6-ylamino)-3-methylphenyl)piperazine-1-carboxylate
A mixture of the product of Example 81 (200 mg,vv0.43 mmol), the product of Example
26A (125 mg, 0.43 mmol), tricyclohexylphosphine (36 mg, 0.13 mmol), palladium diacetate
(15 mg, 0.06 mmol) and cesium carbonate (279 mg, (.86 mmol) in toluene (50 mL) was
heated under nitrogen at 100°C for 14 hours. After cooling to ambient temperature, the
mixture was filtered and concentrated. The residue was purified by flash chromatography on
silica gel (200-300 mesh) eluting with 5/ 1 petroleum ether /ethyl acetate to provide the title
compound. MS: 722 (M+H").

. Example 26C
4-(2,6-dichlorobenzyl)-6-(2-methyl-4-(piperazin-1-yl)phenylamino)-1H-imidazo[4,5-
c]pyridine-7-carboxamide

To a solution of the product of Example 26B (194 mg, 0.27mmol) in concentrated
sulfuric acid (5 mL) was added water (1 mL) at 0°C and the mixture was stirred at 95°C for
20 minutes. After cooling to ambient temperature, water (3 mL) was added. The mixture
was adjusted to pH 8-9 with saturated sodium bicarbonate solution and extracted with
dichloromethane (3 x 20 mL). The organic layers were concentrated under vacuum and the
residue was purified via preparative HPLC using a gradient of 10/90 to 75/25
acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title compound. '"HNMR
(DMSO-ds, 300 MHz): 6 13.62 (br, 1 H), 11.4 (br, 1 H), 9.58 (br, 1 H), 8.66 (s, 2H ), 8.58 (s,
1H),7.75-7.57 (m,3 H),7.45 (d,J=9 Hz, 1 H), 6.78 (d,/=2.4 Hz, 1 H), 6.34 (dd, /=9,
2.4 Hz, 1 H), 4.70 (s, 2 H), 3.26-3.22 (m, 8 H), 2.23 (s, 3 H). MS: 510 (M+H").

Example 27
7-{[3-chloro-4-(piperazin-1-yl)phenyljamino}-5-(2,6-dichlorobenzyl)[ 1,2.4]triazolo[4,3-
, ¢]pyrimidine-8-carboxamide
Example 27A
-81 -
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tert-butyl 4-(4-(5-carbamoy I-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-2-
chlorophenyl)piperazine-1-carboxylate
The title 4compound was obtained following the procedures described in Example
15A-D, using 4-bromo-3-chloroaniline in place of 4-bromo-2,5-difluoroaniline. MS: 513
(M+H".
Example 27B
tert-butyl 4-(4-(5-carbam9yl—6-hydraziny]-2-(methylthio)pyrimidin—4—ylamino)-z-
chlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 15E,
using the product of Example 27A in place of the product of Example 15D. MS: 509
- (M+H.
Example 27C
tert-butyl 4-(4-(8-carbamoy1-5-(methyIthio)-[1,2,4]triazolo[4,3-c]pyrimidin-7-ylamino)-2-
chlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 15F,
v using the product of Example 27B in place of the product of Example 15E. MS: 519
(M+H").
Example 27D
tert-butyl 4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-[1 ,2,4]triazdlo[4,3-c]p_vrimidin-7-
ylamino)-2-chlorophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 15G,
using the product of Example 27C in place of the product of Example 15F. MS: 631
(M+H").
Example 27E
7-(3-chloro-4-(piperazin-1-yl)phenylamino)-5-(2,6-dichlorobenzyl)-{1,2,4}triazolo[4,3-
cJpyrimidine-8-carboxamide |
The title compound was obtained following the procedure described in Example 15H,
using the product of Example 27D in place of the product of Example 15G. "H NMR
(DMSO-ds, 300MHz): & 12.26 (s, lH), 9.71 (s, 1H), 9.00 (s, 1H), 8.77 (brs, 2H), 8.15 (s, 1H),
7.62-7.60 (m, 2H), 7.48-7.43 (m, 1H), 7.37 (d, J = 2.4 Hz, 1H), 7.03-7.00 (m, 1H), 6.91-6.88
(m, 1H), 4.97 (s, 2H), 3.27-3.26 (m, 4H), 3.11-3.08 (m, 4H). MS: 531 (M+H").
' Example 28 |
5-(2,6-dichlorobenzy1)-7-{[2-fluoro-4-(piperazin-1-yl)phenyl]amino }[1,2,4}triazolo[4,3-
c]pyrimidine-8-carboxamide

.82-
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Ekample 28A
tert-butyl 4-(3-fluoro-4-nitrophenyl)piperazine-1-carboxylate

A mixture of 4-bromo-2-fluoro-1-nitrobenzene (5 g, 23 mmol), fert-butyl piperazine-

" 1-carboxylate (4.24 g, 23 mmol), palladium diacetate (0.51 g, 2.3 mmol), (#)-2,2'-

bis(diphenylphosphino)-1,1'-binaphthalene (2.13 g, 3.4 mmol) and cesium carbonate (148 g,
45 mmol) in toluene (120 mL) was heated under nitrogen at 60°C for 20 hours. After cooling
to ambient temperature, the mixture was concentrated and the residue was diluted with
dichloromethane (300 mL) and washed with water. The combined organic phase was washed
with brine, dried over sodium sulfate, filtered and concentrated. The residue was purified by
flash chromatography on silica gel (200-300 mesh) eluting with 3/1 petroleum ether/ethyl
acetate to give the title compound. MS: 348 (M + Na").
Examiple 28B -
tert-butyl 4-(4-amino-3-fluorophenyl)piperazine-1-carboxylate

A mixture of the product of Example 28A (1.6 g, 4.9 mmol), zinc dust (3.2 g, 49
mmol) and acetic acid (5.4 mL) in 1/1 tetrahydrofuran/methanol (100 mL) was stirred at
ambient temperature for 1 hour. The mixture was filtered and the filtrate was diluted with
water and adjusted to pH 9. The mixture was extracted with ethyl acetate and the combined
organic phase was washed with brine, dried over sodium sulfate, filtered and concentrated.
The residue Was purified by flash chromatography on silica gel (200-300 mesh) eluting with
99/1 dichloromethane/methanol to give the title compound. MS: 296 (M+H").

, Example 28C
tert-butyl 4-(4-(5-carbamoyl-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3-
fluorophenyl)piperazine-1-carboxylate

A mixture of the product of Exarhple 28B (296 mg, 1 mmol), the product of Example
2D (238 mg, 1 mmol), and N, N-diisopropylethylamine (258 mg, 2 mmol) in 1,4-dioxane (10
mL) was heated in a sealed tube at 100°C for 16 hours. The mixture was concentrated and
the crude title compound was used in the next step without further purification. MS: 492
(M+H".

Example 28D
tert-butyl 4-(4-(5-carbamoy1-6-hydrazinyl-2-(methylthio)pyrimidin-4-ylamino)-3-
fluorophenyl)piperazine-1-carboxylate

To a solution of the product of Example 28C (497 mg, 1 mmol) in 1,4-dioxane (10

mL) was added hydrazine hydréte (0.3 mL). After stirring at ambient temperature for about 4

hours, the mixture was concentrated. The residue was washed with hexane and dried under
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vacuum to give the title compound, which was used in the next step without further
purification. MS: 493 (M+H").
Example 28E
tert-butyl 4-(4-(8-carbamoyl-5-(inethylthio)-{1 .2.4]triazolo[4,3-c]pyrimidin-7-ylamino)-3-
5 fluorophenyl)piperazine-1-carboxylate
To a solution of the product of Example 28D (240 mg, 0.5 mmol) in
dimethylacetamide (2 mL) was added méthy] orthoformate (2 mL). The mixture was stirred
at ambient temperature for 1 hour and at 60°C for 4 hours. After cooling to ambient
témperature, petroleum 9/1 ether/ethyl acetate (50 mL) was added and the precipitate was
10 filtered. The solid was washed with petroleum ether and dried under vacuum to give the title
compound. MS: 503 (M+H").
Example 28F
tert-buty! 4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-[1,2,4]triazolo[4,3-c]pyrimidin-7-
ylamino)-3-fluorophenyl)piperazine-1-carboxylate
15 To a mixture of the product of Example 28E (200 mg, 0.4 mmol) and
tetrakis(tripheny Iphosphine)palladium (50 mg, 0.04 mmol) was added 0.5M 2,6-
dichlorobenzylzinc bromide in tetrahydrofuran (4 mL, 2 mmol) under nitrogen atmosphere
and the mixture was heated at 70°C for 16 hours. After cooling to ambient temperature, the
mixture was diluted with dichloromethane (50 mL) and washed with saturated aqueous
20 sodium bicarbonate. The organic phase was separated and the aqueous phase was extracted
with dichloromethane (2 x 20 mL). The combined organic phase was washed with brine,
dried over sodium sulfate, filtered and concentrated. The residue was purified by flash
chromatography on silica gel (200-300 mesh) eluting with 97/3 dichloromethane/methanol to
give the title compound. MS: 615 (M+H"),
25 Example 28G
5-(2,6-dichlorobenzy)-7-(2-fluoro-4-(piperazin-1-yl)phenylamino)-[1,2,4]triazolo[4.3-
cJpyrimidine-8-carboxamide
To a solution of the product of Example 28F (220 mg, 0.36 mmol) in dichloromethane
(8 mL) was added trifluoroacetic acid (2 mL) dropwise and the mixture was stirred at
30  ambient temperature for 4 hoﬁrs. After concentration, the residue was washed with ethanol
and dried under vacuum to give the title compound. "H NMR (DMSO-ds, 300 MHz): 6 12.11
(s, 1H), 9.68 (s, 1H), 8.94-8.91 (m, 3H), 8.07 (s, 1H), 7.64-7.61 (m, 2H), 7.54-7.49 (m, 1H),
7.19-7.12 (t,J = 9.3 Hz, 1H), 6.87(dd, J = 2.4 Hz, J= 144 Hz, 1H), 6.29 (dd, /= 9.0, 1.8 Hz,
1H), 4.96 (s, 2H), 3.27 (m, 8H). MS: 515 (M+H").
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Example 29
4-(2,6-dichlorobenzyl)-6-{ [3-methyl-4-(piperazin-1-yl)phenyl]amino }-1H-imidazo[4,5-
c]pyridine-7-carboxamide
Example 29A
feri-butyl 4-(4-(7—cyan0—4-(2,6-dich]6robenzyl)- 1-((2-(trimethyIsilyl)ethoxy)methy1)-1H-
imidazo[4,5-c]pyridin-6-ylamino)-2-methy lphenyl)piperazine-1-carboxylate
A mixture of the product of Example 81 (140 mg, 0.3 mmol), the product of Example

17B (88 mg, 0.3 mmol), tricyclohexylphosphine (26 mg, 0.09 mmol), palladium diacetate (11
mg, 0.05 mmol) and cesium carbonate (195 mg, 0.6 mmol) in toluene (50 mL) was heated
under nitrogen at 100°C for 14 hours. After cooling to ambient temperature, the mixture was
filtered and concentrated. The residue was purified by flash chromatography on silica gel
(200-300 mesh) eluting with 5/1 petroleum ether/ethy! acetate to provide the title compound.
MS: 722 (M+H").

Example 29B
4-(2,6-dichlorobenzyl)-6—(3-methyl-4-(piperazin-1-yl)phenyl_amino)-1H—imidazo[4,5—
¢]pyridine-7-carboxamide

To a solution of the product of Example 29A (120 mg, 0.17 mmol) in concentrated
sulfuric acid (5 mL) was added water (1 mL) at 0°C and the mixture was heated at 95°C for
20 minutes. After cooling to ambient temperature, the mixture was diluted with water (3 -
mL), and the pH was adjusted to pH 8-9 with saturated sodium bicarbonate solution. The
mixture was extracted with dichloromethane (3 x 20 mL). The combined organic phase was
concentratéd and the résidue was purified via preparative HPLC using a gradient of 10/90 to
80/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title compound.

'H NMR (DMSO-ds, 3 00 MHz): 5 13.55 (br, 1H) ,11.66 (s, 1 H), 9.58 (s, 1 H), 8.67 (s, 1 H),
8.57(s,1H),7.81(s,1H),7.57-7.54 (m, 1 H), 7.41-7.36 (m, 1 H), 7.11 (dd, J=8.4, 2.1 Hz,
1H),7.05(d,J=2.1Hz 1H),6.62(d,/=84Hz, 1 H), 4.69 (s, 2H), 3.23-3.22 (m, 4 H),
2.94-2.92 (m, 4 H), 2.14 (s, 3 H). MS: 510 (M+H").

Example 30
4-(2,6-dichlorobenzyl)-6-({2-methoxy-4-[2-0x0-2-(pyrrolidin-1-yl)ethyl]phenyl}amino)-1H-
imidazo{4,5-c}pyridine-7-carboxamide
EXAMPLE 30A
diethy1 2-(3-methoxy -4-nitropheny l)malonate

To a suspension of NaH (3.51 g, 88 mmol) in dry N,N-dimethylformamide (40 mL}) at

0°C was added diethyl malonate (10.3 g, 64.3 mmol) and the mixture was stirred at room
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temperature for 30 minutes. A solution of 4-fluoro-2-methoxy-1-nitrobenzene (10 g, 58.5
mmol) was added and the mixture was stirred at 90°C overnight. The mixture was diluted
with water and extracted with ethyl acetate (3 x 20 mL). The combined organic phase was
washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated. The
residue was purified by flash chromatography on silica gel elﬁting with a gradient of 1/20 to
1/10 ethy] acetate/petroleum ether to afford the title compound.
EXAMPLE 30B
2-(3-methoxy-4-nitropheny acetic acid
To a solution of the product of EXAMPLE 30A (0.3 g, 0.96 mmol) in ethanol (2 mL)
was added 2N aqueous sodium hydroxide (2 mL) and the mixture was stirred at room
temperature for 12 hours. Ater concentration, the residue was diluted with water and
extracted with ethyl acetate. The aqueous phase was acidified to pH 2-3 with concentrated
HC]1 and exiracted with ethyl acetate (3 x 5 mL). The combined organic phase was washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated. The title
compound was used in the next step without further purification.
EXAMPLE 30C
2-(3'—methoxy -4-nitrophenyl)-1-(pyrrolidin-1-yl)ethanone
A solution of the product of EXAMPLE 30B (1 g, 4.74 mmol) in thionyl dichloride
(20 mL) was stirred at reflux for 3 hours. The solution was concentrated and the residue was
diluted with dry dichloromethane (20 mL) and dropped into a solution of pyrrolidine (0.63
mL, 7.1 mmol) and diisopropyl ethylamine (1.7 mL, 9.5 mmol). The mixture was stirred at
room temperature overnight and the mixture was washed with 1N aqueous hydrochloric acid
(20 mL) and brine. The organic phase was dried over anhydrous sodium sulfate, filtered and
concentrated and the residue was purified by flash chromatography on silica gel eluting with
1/100 methanol/dichloromethane to give the title compound.
EXAMPLE 30D
2-(4-amino-3-methoxyphenyl)-1-(pyrrolidin-1-yl)ethanone
To a suspension of Raney Ni (0.5 g) in methanol (10 mL) was added EXAMPLE 30C
(0.9 g, 3.4 mmol) and the mixture was degassed with hydrogen three times and stirred at
room temperature under hydrogen overnight. The mixturé was filtered through a pad of
diatomaceous earth, washed with methanol and concentrated to give the title compound.
Example 30E
4-(2,6-dichlorobenzy)-6-((2-methoxy-4-(2-0x0-2-(pyrrolidin-1-yl)ethy l)phenyl)amino)-1-
((2-(trimethylsily)ethoxy)methyl)-1H-imidazo[4,5-c]pyridine-7-carbonitrile
-86 -
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~ A mixture of the product of Example 81 (259 mg, 0.56 mmol), the product of Example
30D (260 mg, 1.11 mmol), palladium acetate (13 mg, 0.06 mmol), tricyclohexylphosphine
(31 mg, 0.11 mmol), cesium carbonate (0.361 g, 1.11 mmol) and toluene (3 mL) was
degassed with nitrogen 6 times and heated at 1 10°C for 15 hours. After cooling'to ambient
temperature, the mixture was concentrated and purified by flash chromatography on silica gel
(200-300 mesh) eluting with 60/1 dichloromethané/methano'l to give the title compound.
MS: 665 (M+H)).
Examp]e 30F
4-(2,6-dichlorobenzy1)-6-((2-methoxy -4-(2-0x0-2-(pyrrolidin- 1 -yl)ethy )pheny l)amino)-1H-
imidazo[4,5-c]pyridine-7-carboxamide
The product of Example 30E (80 mg, 0.12 mmol) was dissolved in concentrated
sulfuric acid (3 mL) and water (0.5 mL) was added and the solution was heated at 85°C for
0.5 hours. After cooling to ambient temperature, the mixture was neutralized with saturated
aqueous sodium bicarbonate solution and extracted with dichloromethane. The organic phase
was dried over anhydrous sodium sulfate, filtered, concentrated and purified by preparativé
HPLC using a gradient of 10/90 to 75/25 acetonitrile/water (containing 0.1% trifluoroacetic
acid) to give the title compound. lH. NMR (DMSO-ds, 300 MHz): 6 14.11 (s, 1 H), 11.83 (s,
1 H),9.59 (s, 1 H), 859 (s, 1 H), 7.71-7.68 (m, 2 H), 7.60 — 7.58 (m, 2 H), 7.44 (1,./ = 7.8 Hz,
1H),677 (s, 1 H),6.31(d,J=81Hz, 1H), 479 (s, 2 H),3.81 (s, 3 H),3.51 (s,2 H), 3.46 (¢,
J=6.6Hz 2H),333 (,J =63 Hz, 2 H), 1.93-1.78 (m, 4 H). MS: 553 (M+H").
Example 31
* 4-(2 6-dichlorobenzyl)-6-[(4-{[2-(dimethylamino)ethyl]carbamoyl}-2-
methoxyphenyl)amino]-1H-imidazo{4,5-c]pyridine-7-carboxamide
EXAMPLE 31A
N-(2-(dimethylamino)ethyl)-3-methoxy-4-nitrobenzamide
To a solution of 3-methoxy-4-nitrobenzoic acid (5.0 g, 25.4 mmol) and N'N'-
dimethylethane-1,2-diamine (2.7 g, 30.5 mmol) in dichloromethane, (200 mL) were added 1-
hydroxybenzotriazole hydrate (7.8 g, 50.8 mmol), 1-ethyl-(3-dimethyl
aminopropy l)carbodiimide hydrochloride (9.7 g, 50.8 mmol) and N,N-diisopropy! ethylamine
(13.1 g, 101.6 mmol) and the mixture was stirred at ambient temperature for 16 hours. The
mixture was washed with water (50 mL), dried over sodium sulfate, filtered, and
concentrated. The residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 20/1 dichloromethane/methanol to give the title compound. MS: 268
(M+H").
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EXAMPLE 31B
4-amino-N-(2-(dimethylamino)ethy1)-3-methoxybenzamide
' To a suspension of the product of Example 31A (5.4 g, 20.2 mmol) in methanol (200
mL) was added 10% palladium on carbon (540 mg) and the mixture was stirred under
hydrogen for 4 hours. The catalyst was filtered off and the filtrate was concentrated to give
the title compound. MS: 238 (M+H").
Example 31C
4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-
c]pyridin-6-ylamino)-N-(2-(dimethylamino)ethyl)-3-methoxybenzamide
A suspension of the product of Example 81 (170 mg, 0.5 mmol), the product of
Example 31B (120 mg, 0.5 mmol), tricyclohexyphosphine (42 mg, 0.15 mmol), palladium
diacetate (17 mg, 0.075 mmol) and cesium carbonate (326 mg, 1 mmol) in 1,4-dioxane (15
mL) was stirred under nitrogen for 17 hours at 100°C. The mixture was concentrated and
purified by flash chromatography on silica gel eluting with 10:1 dichloromethane/methanol to
give the title compound. MS: 668 (M+H").
Example 31D
4-(2,6-dichlorobenzyl)-6-(4-(2-(dimethylamino)ethylcarbamoyl)-2-methoxyphenylamino)-
1H-imidazo(4,5-c]pyridine-7-carboxamide
A solution of the product of Example 31C (60 mg, 0.1 mmol) in concentrated sulfuric
acid (3 mL) and water (0.5 mL) was stirred for 10 minutes at 0°C and at 90°C for 1.5 hours.
The mixture was quenched with crushed ice and adjusted pH 9 with sodium bicarbonate
solution. The precipitate was filtered off and the filtrate was extracted with 4/1
dichloromethane/methane (5 x 50 mL). The organic layers were collected, concentrated and
purified by preparative HPLC using a gradient of 10/90 to 80/20 acetonitrile/water
(containing 0.1% trifluoroacetic acid) to give the title compound. "H NMR (DM SO-ds, 300
MHz): 5 12.2 (s, 1H), 9.59 (s, 1H), 9.38 (s, 1H), 8.58-8.62 (d, J = 12 Hz, 2H), 7.88-7.92 (m,
2H), 7.59-7.62 (m, 2H), 7.39-7.47 (m, 2H), 7.06 (m, 2H), 4.75 (s, 2H), 3.89 (s, 3H), 3.58-3.60
(d,J = 6 Hz, 2H), 3.25-3.27 (d,J = 6 Hz, 2H ), 3.88 (s, 6H). MS: 556 (M+H".
Example 32
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(pyrrolidin-1-
yhethyljcarbamoyl }phenyl)amino]imidazo[i ,2-c]pyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 10F,
using 2-(pyrrolidin-1-yl)ethanamine in place of morpholine. '"H NMR (DM SO-ds, 300
MHz): 8 12.56 (s, 1H), 9.74 (s, 1H), 9.48 (br, 1H), 8.57 (m, 1H), 8.28 (s, 1H), 7.92 (d, 1H),
-88 -
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7.44-7.68 (m, 6H), 6.97 (d, J = 8.4 Hz, 1H), 4.88 (s, 2H), 3.91 (s, 3H), 3.58-3.65 (m, 4H),
3.34 (m, 2H), 3.06 (m, 2H), 1.86-2.04 (m, 4H). MS: 582 (M+H").
Example 33
5-(2,6~dichlorobenzyl)-7-[(2-methoxy-4-{[2-(piperidin-1-
yl)ethyl]carbamoyl}phenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide
The title compound was obtained following the pfocedure described in Example 10F,
using 2-(piperidin-1-yl)ethanamine in place of morpholine. "H NMR (DMSO-d5, 300 MHz):
5 12.56 (s, 1H), 9.74 (s, 1H), 9.09 (br, 1H), 8.58 (m, 1H), 8.28 (s, 1H), 7.91 (s, 1H), 7.42-7.68
(m, 6H), 6.97 (d, J = 8.4 Hz, 1H), 4.88 (s, 2H), 3.90 (s, 3H), 3.56-3.63 (m, 4H), 3.23 (m, 2H),
2.95 (m, 3H), 1.64-1.88 (m, SH), 1.24 (m, 1H). MS: 596 (M+H").
Example 34
5-(2,6-dichlorobenzyl)-7-[(4-{[4-(dimethylamino)butyl]carbamoy!}-2-
methoxyphenylamino]imidazo[1,2-c]pyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 10F,
using N' N'-dimethylbutane-1,4-diamine in place of morpholine. "H NMR (DMSO-ds, 300
MHz): 5 12.55 (b, 1H), 9.76 (s, 1H), 9.33 (br, 1H), 8.38 (m, 1H), 8.27 (s, 1H), 7.90 (s, 1H),
7.41-7.68 (m, 6H), 6.94 (d,.J = 8.7 Hz, 1H), 4.87 (s, 2H), 3.89 (s, 3H), 3.32 (m,.2H), 3.10 (m,
2H), 2.79 (s, 3H), 2.77 (s, 3H), 1.63 (m, 4H). MS: 584 (M+H").
' Example 35
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[3-(morpholin-4-
yl)propyljcarbamoy!}phenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 10F,
using 3-morpholinopropan-1-amine in place of morpholine. "H NMR (DMSO-ds, 300 MHz):
512.51 (s, 1H), 9.73 (s, 1H), 8.32 (m, 1H), 8.26 (m, 1H), 7.89 (br, 1H), 7.40-7.68 (m, 6H),
6.92 (d,J=8.7 Hz, 1H), 4.87 (s, 2H), 3.89 (s, 3H), 3.58 (m, 4H), 3.31 (m, 4H), 2.35 (m, 4H),
1.69 (m, 2H). MS: 612 M+H").
Example 36
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-ylcarbony!)phenyl]amino}imidazo[1,2-
' _ ¢]pyrimidine-8-carboxamide .
Example 36A
tert-Butyl 4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)imidazo[ 1,2-/]pyrimidin-7-y1 amino)-3-
methoxybenzoyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 10F,
using tert-butyl piperazine-1-carboxylate in place of morpholine. MS: 654 (M+ H"),
-89 -
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Example 36B
5-(2,6-dichlorobenzyl)-7-(2-methoxy-4-(piperazine-1 -carbonyl)phenylamino)imidézo [1,2-
flpyrimidine-8-carboxamide
To a solution of the product of Example 36A (100 mg, 0.15 mmol) in
dichloromethane (25 mL) was added trifluoroacetic acid (5 mL), and the mixture was stirred
at ambient temperature for 2 hours. After concentration, the residue was purified by
preparative HPLC using a gradient of 10/90 to 75/25 acetonitrile/water (containing 0.1%
trifluoroacetic acid) to give the title compound. 'H NMR (DMSO-ds, 300 MHz): & 12.50 (s,
1H), 9.75 (s, 1H), 8.92 (br, 2H), 8.29 (d,J = 1.8 Hz, 1H), 7.92 (s, 1H), 7.69 (m, 3H), 7.55 (m,
1H), 7.46 (d,J = 8.4 Hz, 1H), 7.05 (d,J = 1.8 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 4.90 (s, 2H),
3.90 (s, 3H), 3.69 (m, 4H), 3.22 (m, 4H). MS: 554 (M+H").
Example 37
4~(2,6-dichl'orobenzyl)-6—({ 2-methoxy-4-[(4-methylpiperazin-1-yl)carbonyl]phenyl}amino)-
1H-imidazo[4,5-c]pyridine-7-carboxamide .
Example 37A
(3-methoxy-4-nitropheny l)(4-methyipiperazin-1 -y)methanone
A solution of 3-methoxy-4-nitrobenzoic acid (6.81 g, 34.54 mmol) in sulfurous
dichloride (50 mL) was stirred at reflux for 8 hours. After cooling to ambient temperature,
the mixture was concentrated under vacuum and the residue was dissolved in
dichloromethane (60 mL). 1-Methylpiperazine (3.6 g, 36.27 mmol) was added at 0°C and the
mixture was stirred at ambient température for 4 hours. The mixture was poured into water
(100 mL) and extracted with dichloromethane (2 x 200 mL). The organic phasé was dried
over anhydrous sodium sulfate, filtered and concentrated to provide the crude title compound.
MS: 2802 (M + H").
Example 37B
(4-amino-3-methoxyphenyl)(4-methylpiperazin-1-yl)methanone
To a solution of Example 37A (9 g, 32 mmol) in methanol (100 mL) was added 10%
palladium on carbon (1 g) and the mixture was stirred at ambient temperature under hydrogen
for 8 hours. The mixture was filtered and the filtrate was concentrated to provide the title
compound. MS: 250.2 (M + H").
Example 37C
4-(2,6-dichlorobenzyl)-6-(2-methoxy-4-(1-methyIpiperazine-4-carbonyl)phenylamino)-1-((2-
(trimethylsilylethoxy)methyl)-1H-imidazo|4,5-c|pyridine-7-carbonitrile
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The title compound was obtained following the procedure described in Example 8J,
using the product of Example 37B in place of terf-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 680 (M+H").

Example 37D
5 4-(2,6-dichlorobeniyl)—6-(2-methoxy-4-(1-methylpiperazine-4-carbonyl)phenylamino)-lH-
imidazo[4,5-c]pyridine-7-carboxamide '

The title compound was obtained as a trifluoroacetate salt following the procedure
described in Example 8K, using the product of Example 37C in place of the product of
Example 8]. 'H NMR (CD;OD, 300 MHz): 6 8.42 (s, 1H), 8.01 (d,J = 8.1 Hz, 1H), 7.56 (d.

10 J=75Hz 2H), 7.42 (dd,J = 75,87 Hz, 1H), 7.04 (d,/= 1.8 Hz, 1H), 6.67 (dd,/J= 18,84
Hz, 1H), 4.84 (s, 2H), 4.52 (brs, 2H), 3.99 (s, 3H), 3.58 (brs, 4H), 3.25 (brs, 2H), 3.01 (s,
3H), MS: 568 (M+HY), |

Example 38
4-(2,6-dichlorobenzyl)-6-{[2-fluoro-4-(piperazin-1 -yl)phenyl];lmino} -1H-imidazo[4,5-

15 c]pyridine-7-carboxamide

Example 38A ,
tert-butyl 4-(4-(7—cyan0-4-(2,6-dichlorobenzy1)-] -((2-(trimethylsilyethoxy)methyl)-1H-
imidazo[4,5-c]pyridin-6-y lamino)-3-fluoropheny)piperazine-1-carboxy late

The title compound was obtained following the procedure described in Example 8J,

20 using the product of Example 28B in place of ferf-butyl 4-(4-amino-3-

-methoxyphenyl)piperazine-1-carboxylate. MS: 726 (M+H").
' Example 38B
4-(2,6-dichlorobenzyl)-6-(2-fluoro-4-(piperazin-1-y/)phenylamino)- IFH-imidazo[4,5-
c|pynidine-7-carboxamide

25 The title compound was obtained as a trifluoroacetate salt following the procedure
described in Example 8K, using the product of Example 38A in place of the product of
Example 8J. 'H NMR (DMSO-ds, 300 MHz): § 13.62 (s, 1H), 11.72 (s, 1H), 9.56 (s, 1H),
8.69 (s, 1H), 7.81 (s, 1H), 7.60-7.69 (m, 3H), 7.44-7.49 (m, 1H), 6.84-6.90 (d,J = 18 Hz,
1H), 6.25-6.27 (d,J = 6 Hz, 1H), 4.73 (s, 2H), 3.47 (s, 8H). MS: 514 M+H").

30 | : Example 39

4-(2,6-dichlorobenzyl)-6-{[2-methoxy-4-(piperazin-1-ylcarbonyl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide
Example 39A |

3-methoxy-4-nitrobenzoyl chloride

.91 -



10

15

20

25

30

WO 2012/097684

To a solution of 3-methoxy-4-nitrobenzoic acid (5.7 g, 30 mmol) in dichloromethane
(100 mL) and N, N-dimethylformamide (5 mL) at 0°C was added slowly oxaly! chlornide
(5.08 mL, 60 mmol). After stirring for 2 hours, the mixture was concentrated and the residue
was used without further purification.

Example 39B
tert-butyl 4-(3-methoxy-4-nitrobenzoyl)piperazine-1-carboxylate

To a solution of the product of Example 39A (13 mmol) in dichloromethane (100 mL)
at 0°C was added slowly tert-butyl piperazine-1-carboxylate (1.06 g, 13 mmol) and
tricthylamine (3.6 mL). After stirring for 2 hours, water was added slowly and the mixture
was extracted with dichloromethane (3 x 200 mL). The combined organic phase was washed
with brine, dried over sodium'sulféte, filtered, concentrated and purified by flash
chromatography on silica gel (200-300 mesh) eluting with 100/1 dichloromethane/methanol
to provide the title compound. MS: 388 (M+H").

Example 39C
tert-butyl 4-(4-amino-3-methoxybenzoyl)piperazine-1-carboxylate

To a solution of the product of Example 39B (3 g, 11 mmol) in methanol (100 mL)
was added Raney Ni (300 mg) and the mixture was stirred under hydrogen for 14 hours. The
catalyst was filtered off and the filirate was concentrated and purified by flash
chromatqgraphy on silica gel (200-300 mesh) eluting with 100/1 dichloromethane/methanol
to provide the title compound. MS: 336 (M+H").

Example 39D »
tert-butyl4-(4-(7-cyano-4-(2,6-dichlorobenzy1)-1-((2-(trimethylsityl)ethoxy)methyl)-14-
imidaio [4,5-c]pyridin-6-ylamino)-3-methoxybenzoy Dpiperazine-1-carboxylate

A mixture of the product of Example 81 (180 mg, 0.38 mmol), the product of Example
39C (128 mg, 0.38 mmol), tricycloh&ylphosphine (64 mg, 0.23 mmol), palladium diacetate
(26 mg, 0.12 mmol) and cesium carbonate (247 mg, 0.76 mmol) in toluene (50 mL) was
heated under nitrogen at 100°C for 14 hours. After cooling, the mixture was filtered and
concentrated. The residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 5/1 petroleum ether/ethyll acetate to provide the title compound. MS: 766
(M+H"). '

Example 39E
4-(2,6-dichlorobenzyl)-6-(2-methoxy-4-(piperazine-1-carbonyl)phenylamino)-1H-

imidazo[4,5-c]pyridine-7-carbonitrile

9.
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To a solution of the product of Example 39D (100 mg, 0.13 mmol) in concentrated
sulfuric acid (5 mL) at 0°C was added water (1 mL) and the mixture was heated at 95°C fo}r
20 minutes. After cboling, the mixture was diluted with water ,(3 mL), adjusted to pH 8-9
with saturated sodium bicarbonate solution and extracted with dichloromethane (3 x 20 mL).
The combined organic phase was concentrated and the residuc was purified via preparative |
HPLC using a gradient of 10/90 to 75/25 acetonitrile/water (containing 0.1% trifluoroacetic
acid) to give the title compound. 'H NMR (DMSO-ds, 300 MHz): & 12.18 (s, 1 H), 9.60 (br,
1 H), 8.86 (s, 2 H), 8.64 (s, 1 H), 7.79-7.78 (m, 1 H), 7.77 (s, 1H), 7.72 (s, 1 H), 7.64-7.61
(m,2H),748(d,/J=9Hz,1H),698¢(s,1H),657(d,/J=9Hz,1H), 490(s, 2H),3.88
(s, 3 H), 3.23-3.10 (m, 8 H). MS: 554 (M+H").

Example 40 v
4-(2,6-dichlorobenzyl)-6-{[3,5-dichloro-4-(piperazin-1-yl)phenyllamino}-1H-imidazo[4.5-
¢]pyridine-7-carboxamide
Example 40A
6-(3,5-dichloro-4-(piperazin-1-y/)phenylamino)-4-(2,6-dichlorobenzyl)-1 -((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-c]pyridine-7-carbonitrile

A suspension of the product of Example 81 (120 mg, 0.25), the product of Example
25A (97 mg, 0.28 mmol), palladium diacetate (11 mg, 0.05 mmol), (2)-2,2'-
bis(diphenylphosphino)-l,1'—biﬁaphthalene (62 mg, 0.1 mmol) and cesium carbonate (163
mg, 0.5 mmol) in 1,4-dioxane (20 mL) was stirred under'nivtrogen at 100°C for 17 hours. The
mixture was concentrated and purified by flash chromatography on silica gel eluting with 5/1
petroleum ether/ethyl acetate to give the title compound. MS: 676 (M+H"). |

Example 40B
6-(3,5-dichloro-4-(piperazin-1 -yDphenylamino)-4-(2,6-dichlorobenzyl)-1H-imidazo{4,5-
c]pyridine-7-carboxamide

The title compound was obtained following the procedure described in Example 8K
using the product of Example 40A in place of the produc‘i of Example 8]. "H NMR (DMSO-
ds, 300 MHz): 6 13.74 (s, 1H), 12.17 (s, 1H), 9.68 (s, 1H), 8.69 (s, 2H), 8.04 (s, 1H), 7.55-
7.58 (m, 2H), 7.36-7.46 (m, 3H), 4.76 (s, 1H), 3.19-3.28 (d. ./ = 27 Hz, 8H). MS: 564
(M+H").

Example 41
4-(2,6-dichlorobenzyl)-6-{ {3,5-difluoro-4-(piperazin-1-yl)phenyl]amino}-1H-imidazo[4,5-
‘ clpyridine-7-carboxamide
Example 41A
-93 .
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tert-butyl 4-(4-amino-2,6-difluorophenyl)piperazine-1-carboxylate -

The title compound was obtained following the prc;cedure described in Example 13A

and B using 1,2,3-trifluoro-5-nitrobenzene in place of 4-fluoro-2-methoxy-1-nitrobenzene.
Example 41B
tert-butyl 4-(4-(7-cyano-4-(2,t’;-dichlorobenzyl)-1-((2-(trimethy]silyl)ethoxy)methyl)-lH-

imidazo[4,5-c]pyridin-6-ylamino)-2,6-difluorophenyl)piperazine-1-carboxylate

A suspension of the product of 81 (120 mg, 0.26 mmol), the product of Example 41A
(97 mg, 0.31 mmol), paltadium(IT) acetate (12 mg, 0.05 mmol), tricyclohexylphosphine (29
mg, .10 mmol) and cesium carbonate (170 mg, 0.52 mmol) in toluene (20 mL) was heated
under nitrogen at 110°C for 16 hours. After concentration, the residue was purified by flash
chromatography on silica gel (200-300 mesh) eluting with 1/1 petroleum ether/ethy! acetate
to give the title compound. MS: 744 (M+H").

Example 41C
4-(2,6-dichlorobenzyl)-6-(3,5-difluoro-4-(piperazin-1-yl)phenylamino)-1H-imidazo[4,5-
¢]pyridine-7-carboxamide

To the product of Example 41B (190 mg, 0.26 mol) at 0°C was added concentrated
sulfuric acid (3 mL) and water (0.6 mL) and the mixture was stirred for 30 minutes at 0°C
and at 90°C for 20 minutes. After cooling to ambient temperature, ice (10 g) was added and
the mixture was extracted with 5/1 dichloromethane/methanol. The organic phase was dried
over sodium sulfate, filtered, concentrated and purified by preparative HPLC using a gradient -

of 20/80 to 40/60 acetonitrile in water (containing 0.1% trifluoroacetic acid) to give the title

 compound. 'H NMR (DMSO-dj, 300 MHz): & 13.75 (s, 1H), 12.08 (s, 1H), 9.65 (s, 1H),

8.72 (br, 1H), 8.68 (s, 1H), 7.99 (br, 2H), 7.38-7.57 (m, 3H), 7.05 (d, 2H), 4.77 (s, 2H), 2.76
(m, 8H). MS: 532 M+ H).
Example 42
6-{[2-chloro-4-(piperazin-1-yl)phenyl]amino }-4-(2,6-dichlorobenzyl)-1H-imidazo[4,5-
| c]pyridine-7-carboxamide
EXAMPLE 42A .
N,N-bis(fert-butoxycarbonyl)-4-bromo-2-chloroaniline
" A mixture of 4-bromo-2-chloroaniline ( 10 g, 48.4 mmol), di-fert-butyl dicarbonate

(12.68 g, 58.12 mmol) and potassium carbonate (20.07 g, 145 mmol) in dimethylacetamide
(300 mL) was stirred at ambient temperature for 24 hours. The mixture was poured into
water and extracted with ethyl acetate (3 x 100 mL). The combined organic layer was dried

over sodium sulfate, filtered, and concentrated and the residue was purified by flash
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chromatography on silica gel (200-300 mesh) eluting with 10/1 petroleum ether/ethyl acetate
to give the title compound. MS: 428 (M + Na").
EXAMPLE 42B
fert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-3-chloropheny)piperazine-1-carboxylate
A mixture of the product of EXAMPLE 42A (280 g, 0.9 mmol), fert-butyl piperazine-
1-carboxylate (205 mg, 1.09 mmol), palladium acetate (21 mg, 0.092 mmol), (¥)-2,2'-
bis(diphenylphésphmo)-l ,I'-binaphthalene (86 mg, 0.14 mmol) and cesium carbonate (900
mg, 2.76 mmol) in toluene (10 mL) under nitrogen was heated at 100°C for 16 hours. After
cooling to ambient temperature, the mixture was concentrated and the residue was diluted
with dichloromethane (300 mL), washed with water and brine, dried over sodium sulfate,
filtered and concentrated. The residue was purified by flash chromatography on silica gel
(200-300 mesh) eluting with 5/1 petroleum ether/ethyl acetate to give the title compound.
EXAMPLE 42C
_ 2-chloro-4-(piperazin-1-yl)aniline
To a solution of the product of EXAMPLE 42B (320 mg, 0.63 mmol) in
dichloromethane (4 mL) was added trifluoroacetic acid.(1 mL) dropwise and the mixture was
stirred at ambient temperature for 4 hours. The solvent was removed and the crude title
compound was used in the next step without further purification. MS: 212 (M + HY.
EXAMPLE 42D
tert-butyl 4-(4-amino-3-chlorophenyl)piperazine- 1-carboxylate
IA mixture of the product of EXAMPLE 42C (133 mg, 0.63 mmol), di-fert-butyl
dicarbonate (173 mg, 0.79 mmol) and potassium carbonate (546 mg, 3.95 mmol) in
dimethylacetamide (5 mL) was stirred at ambient temperature for 1 hour. The mixture was
poured into water and extracted with ethyl acetate (3 x 50 mL). The combined organic layer
was dried over sodium sulfate, filtered, and concentrated and the residue was purified by
flash chromatography on silica gel (200-300 mesh) eluting with 3/1 petroleum ether/ethy!
acetate to give the title compound. MS: 312 (M + H").
' Example 42E
tert—buty]‘ 4-(3-chloro-4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-
(ﬁimethy Isilyl)ethoxy)methyl)-1H-imidazo[4,5-c]pyridin-6-ylamino)pheny l)p'iperaiine- 1-
_ carboxylate _
A mixture of the product of Example 81 (509 mg, 1.09 mmol), the product of Example
42D (340 mg, 1.09 mmol), palladium diacetate (37 mg, 0.16 mmol), tricyclohexylphosphine

(92 mg, 0.33 mmol) and cesium carbonate (711 mg, 2.18 mmol) in toluene (10 mL) was

-95 .
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heated under nitrogen at 100°C for 18 hours. After cooling to ambient temperature, the solid
was ﬁltered off and the filtrate was concentrated under vacuum. The residue was purified by
flash chromatography on silica gel (200-300 mesh) eluting with 98/2
dichloromethane/methanol to give the title compound. MS: 742 (M+H").
5 Example 42F
6-(2-chloro-4-(piperazin-1-yl)phenylamino)-4-(2,6-dichlorobenzyl)-1H-imidazo[4,5-
c]pyridine-7-carboxamide
To the product of Example 42E (200 mg, 0.27 mmol) in concentrated sulfuric acid (4
mL) at 0°C was added water (0.4 mL) and the mixture was stirred at (0°C for 10 minutes and
10 at 80°C for 40 minutes. After cooling to ambient temperature, the mixture was poured into
ice-water, adjusted to pH 9 by saturated aqueous sodium carbonate and extracted with
dichloromethane. The organic phase was washed with brine, dried over sodium sulfate,
filtered and concentrated. The residue was purified by preparative HPLC using a gradient of
10/90 to 80/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title
15 compound. 'H NMR (DMSO-ds, 300 MHz): & 13.66 (s, 1H), 11.86 (s,1H), 9.58 (s, 1H), 8.76
(brs, 2H), 8.63 (s, 1H), 7.83-7.78 (m, 2H), 7.61 (d, J = 8.1 Hz, 2H), 7.49-7.43 (m, 2H), 7.01
(d,J=2.4Hz, 1H), 6.43 (dd,J=9.0, 2.4 Hz, 1H), 4.73 (s, 2H), 3.27 (s, 8H). MS: 530
(M+H").
. Example 43
20 4-(2,6-dichlorobenzyl)-6-{[3 -ﬂuoro-Z-methoxy -4-(piperazin-1-yl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide
Example 43A
3-ﬂﬁorp—2-methoxy-4-(piperazin-l -yDaniline
The title compound was obtained following the procedure described in Example 13A
25 and B using 1,2-difluoro-3-methoxy-4-nitrobenzene in place of 4-fluoro-2-methoxy-1-
nitrobenzene.
Example 43B
tert-butyl 4-(4-(4-(2,6-dichlorobenzyl)-7-cyano-1-((2-(trimethyIsilyl)ethoxy)methyl)-1H-
imidazo[4,5-c]pyridin-6-ylamino)-2-fluoro-3-methoxyphenyl)piperazine-1-carboxylate
30 A mixture of the product of Example 8I (144 mg, 0.308 mmol), the product of
Example 43A (100 mg, 0.308 mmol), palladium diacetate (10 mg, 0.046 mmol),
tricyclohexphosphine (26 mg, 0.092 mmol) and cesium carbonate (200 mg, 0.616 mmol) in
toluene (10 mL) was degassed and heated at 100°C for 15 hours. After cooling to ambient

temperature, the mixture was concentrated and the residue was purified by flash silica gel
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chromatography (200-300 mesh) eluting with 4/1 petroleum/ethyl acetate to give the title
compound. MS: 738 (M+H").
"Example 43C
4-(2 6-dichlorobenzyl)-6-(3-fluoro-2-methoxy -4-(piperazin- 1-yl)phenylamino)-1/-
5 imidazo[4,5-c]pyridine-7-carboxamide
A mixture of the product of Example 43B (50 mg, 0.068 mmol) and 4 drops of water
in sulfuric acid (1 mL) was heated at 90°C for 40 minutes. The mixture was poured onto ice
water, neutralized with saturated sodium bicarbonate solution and extracted with ethyl
acetate. The organic phase was dried over sodium sulfate, filtered and concentrated. The
10 residue was purified by preparative HPLC using a gradient of 10/90 to 75/25
acetonitrile/water (containing 0.1% trifluoroacetic acid) to provide the title compound. '"H
NMR (DMSO-ds, 300 MHz): 6 8.37 (s, 1H), 7.63(dd, J = 2.1 Hz,J = 9.3 Hz, 1H), 7.56 (s,
1H), 7.53 (s, 1H), 7.41 (m, 1H), 6.32 (1, J = 9 Hz, 1H), 4.81 (s, 2H), 3.94 (s, 3H), 3.40 (m,
4H), 3.26 (m, 4H). MS: 544 (M+H").
15 ' Example 44
4-(2 6-dichlorobenzyl)-6-{[4-(piperazin-1-y1)-3-(trifluoromethyl)phenyljamino } -1H-
imidazo[4,5-c]pyridine-7-carboxamide
Example 44A .
tert-butyl 4-(4-nitro-2-(trifluoromethyl)phenyl)piperazine-1-carboxylate
20 A suspension of 1-fluoro-4-nitro-2-(trifluoromethyl)benzene (1 g, 4.8 mmol), fert-
butyl piperazine-1-carboxylate (986 mg, 5.3 mmél) and potassium carbonate‘(l.B g,9.6
mmol) in acetonitrile (50 mL) was heated at-80°C for 16 hours, After concentration, the
residue was diluted with dichloromethane (100 mL) and washed with water (30 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated. The
25  residue was purified by flash chromatography on silica gel (200-300 mesh) eluting with 10/1
petroleum cther/ethyl acetate to give the title compound. MS: 376 (M+H".
Example 44B
tert-butyl 4-(4-amino-2-(trifluoromethy)phenyl)piperazine-1-carboxylate
To a solution of the product of Example 44A (1 g, 2.7 mmol) in methanol (30 mL)
30 wés added Raney Nickel (100 mg) and the mixture stirred under nitrogen for 16 hours. The
catalyst was filtered off and the solvent concentrated to give the title compound which was
used in the next reaction without further purification. MS: 346 (M+H").
' Example 44C
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tert-butyl 4-(4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethylsily ) ethoxy )ymethy1)-14-
imidazo[4,5-c]pyridin-6-ylamino)-2-(trifluoromethyl)pheny)piperazine-1-carboxylate
A suspension of the product of Exarﬁple 81 (120 mg, 0.26 mmol), the product of
Example 44B (107 mg, 0.31 mmol), palladium(II) acetate (12 mg, 0.05 mmol),
tricyclohexylphosphine (29 mg, 0.10 mmol) and cesium carbonate (170 mg, 0.52 mmol) in
toluene (20 m‘L) was heated under nitrogen at 110°C for 16 hours. After concentration; the
residue was purified by flash chromatography on silica gel (200-300 mesh) eluting with 1/1
petroleurn ether/ethyl acetate to give the title compound. MS: 776 (M+HY).
Example 44D
4-(2 6-dichlorobenzyl)-6-(4-(piperazin-1-y1)-3-(trifluoromethy l)phenylamino)-1H-
imidazo[4,5-c]pyndine-7-carboxamide
To the product of Example 44C (200 mg, 0.26 mol) at 0°C was added concentrated
sulfuric acid (3 mL) and water (0.6 mL) and the mixture was stirred at 0°C for 30 minutes
and then at 90°C for 20 minutes. After cooling to ambient temperature, ice (10 g) was added
and the mixture was extracted with 5/1 dichloromethane/methanol. The organic layer was
collected, dried over sodium sulfate, filtered, and concentrate_d and the residue was purified
by preparative HPLC using a gradient of 10/90 to 80/20 acetonitrile/water (containing 0.1%
trifluoroacetic acid) to give the title compound. '"H NMR (DMSO-dj, 300 MHz): & 13.70 (s,
1H), 11.95 (s, 1H), 9.64 (s, 1H), 8.66 (m, 3H), 7.97 (s, 1H), 7.76 (d, / = 9 Hz, 1H), 7.59 (d,J
= 8.4 Hz, 2H), 7.42 (m, 1H), 7.24 (d,J=2.1 Hz, 1H), 7.02 (d,J =9 Hz, 1H), 4.75 (s, 2H),
3.22 (m, 4H), 3.01 (m, 4H). MS: 564 (M+H").
Example 45
4-(2 6-dichlorobenzyl)-6-{|4-(piperazin-1-y1)-2-(trifluoromethoxy)phenyljamino }-1H-
imidazo|4,5-c]pyridine-7-carboxamide
EXAMPLE 45A
N N-dibenzyl-4-bromo-2-(trifluoromethoxy)aniline
To a mixture of 4-bromo-2-(trifluoromethoxy)aniline (5 g, 19.53 mmol) and
potassium carbonate (8.09 g, 58.89 mmol) in acetonitrile (200 mL) was added -
(bromomethyl)benzene (6.96 mL, 58.59 mmol) and the mixture was refluxed for 20 hours.
The mixture was filtered and the filtrate was concentrated. The residue was purified by flash
chromatography on silica gel (200-300 mesh) eluting with 5/1 petroleum ether/ethvl acetate
to give the title compound. MS: 436 M + HY.
EXAMPLE 45B
tert-butyl 4-(4-(dibenzylamino)-3-(trifluoromethoxy)pheny)piperazine-1-carboxylate
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A mixture of the product of EXAMPLE 45A (7.92 g, 18.21 mmol), fert-butyl
piperazine-1-carboxylate (3.73 g, 20 mmol), palladium diacetate (205 mg, 0.91 mmol), ()-
2,2'- bis(diphenylphosphino)-1,1'-binaphthalene (850 mg, 1.36 mmol) and cesium carbonate
(11.88 g, 36 mmol) in toluene (200 mL) was heated under nitrogen at 100°C for 20 hours.
After cooling to ambient temperature, the mixture was concentrated and the residue was
diluted with dichloromethane (300 mL), washed with water and brine, dried over sodium
sulfate, filtered and concentrated. The residue was purified by flash chromatography on
silica gel (200-300 mesh) eluting with 10/1 petroleum ether/ethyl acetate to give the title
compound. MS: 542 (M + H").

EXAMPLE 45C
tert-butyl 4-(4-amino-3-(trifluoromethoxy)phenyl)piperazine-1-carboxylate

To a solution of the product of EXAMPLE 45B (8.98 g, 16.63 mmol) in methanol
(100 mL) was added 10% palladium on carbon (900 mg) and the mixture was stirred at
ambient temperature under hydrogen for 5 hours. The catalyst was filtered off and the filtrate
was concentrated to give the title compound. MS: 362 (M + H").

Example 45D
tert-butyl 4—(4-(7¥cyan0-4-(2,6-dichlorobenzyl)-l -((2-(trimethyIsilyHethoxy)methy1)-1H-
imidazo[4,5-c]pyridin-6-ylamino)-3-(trifluoromethoxy)phenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 8J,
using the product of Example 45C in place of terf-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 792 (M+H").

Example 45E
4-(2,6-dichlorobenzyl)-6-(4-(piperazin-1-y/)-2-(trifluoromethoxy)phenylamino)-1H-
imidazo[4,5-c]pyridine-7-carboxamide

The title compound was obtained following the procedure described in Example 8K,
using the product of Example 45D in place of the product of Example 8J. "H NMR (DMSO-
ds, 300 MHz): 6 13.74 (s, 1H), 12.07 (s, 1H), 9.54 (s, 1H), 8.69 (s, 2H), 7.83-7.91 (m, 2H),
7.62-7.65 (m, 1H), 7.46-7.51 (m, 2H), 6.91 (s, 1H), 6.43-6.47 (d,.J = 12 Hz, 1H), 4.74 (s
1H), 3.27 (s, 8H). MS: 580 (M+H").

' Example 46
4-(2,6-dichlorobenzyl)-6-{[2-methoxy-5-(piperazin-1-yl)phenyljamino }-1H-imidazo{4,5-
c]pyridine-7-carboxamidé
Example 46A
tert-butyl 4-(4-methoxy-3-nitrophenyl)piperazine-1-carboxylate
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A mixture of 4-br6mo-l-methoxy-Z-nitrobenzene (232 mg, 1 mmol), fert-butyl
piperazine-1-carboxylate (224 mg, 1.2 mmol), palladium diacetate (23 mg, 1.2 mmol), (&)~
2,2"-bis(dipheny Iphosphino)-1,1'-binaphthalene (93 mg, 0.15 mmol) and cesium carbonate
(978 mg, 3 mmol) in 1,4-dioxane (15 mL) was heated at reflux for 16 hours. The mixture
was filtered through diatomaceous earth and the filtrate was concentrated. The residue was
purified by flash chromatography on silica gel (200-300 mesh) eluting with 4/1 petroleum
ether/ethyl acetate to give the title compound.

Example 46B
tert-butyl 4-(3-amino-4-methoxyphenyl)piperazine-1-carboxylate

A mixture of the product of Example 46A (260 mg, 0.77 mmol) and Raney-Ni (50
mg) in methanol (10 mL) was stirred under hydrogen at ambient temperature for 15 hours.
The solution was filtered through diatomaceous earth and the filtrate was concentrated. The
residue was purified by flash chromatography on silica gel (200-300 mesh) eluting with a
gradient of 3/1 to 2/1 petroleum/ethyl acetate to give the title compound.

Example 46C
tert-butyl 4-(3-(4-(2,6-dichlorobenzyl)-7-cyano-1-((2-(trimethylsilyl)ethoxy)methy1)- 14~
imidazo [4,5-c]pyridin-6-ylamino)-4-methoxy phenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 8],
using the product of Example 46B in place of ferf-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 724 (M+H+),

Example 46D _
4-(2,6-dichlorobenzyl)-6-(2-methoxy-5-(piperazin-1-yl)phenylamino)-1H-imidazo[4,5-
c]pyridine-7-carboxamide

The title compound was obtained following the procedure described in Example 8K,
using the product of Example 46C in place of the product of Example 8J. "H NMR (DMSO-
ds, 300 MHz): & 11.65 (s, 1H), 9.54 (s, 1H), 8.68 (brs, 2H), 8.57 (s, 1H), 7.70 (d, / = 2.7 Hz,
2H), 7.50 (d,.J =8.1 Hz, 2H), 7.32 (m, 1H), 6.83 (d, /= 8.1 Hz, 1H), 6.45(d,./=8.7,2.7 Hz,
1H), 4.73 (s, 2H), 3.77 (s, 3H), 3.31 (m, 4H), 3.01 (m, 4H). MS: 525 (M+H").

| Example 47
4-(2,6-dichlorobenzyl)-6-{[4-(hexahydropyrrolof1,2-a]pyrazin-2(1H)-yl)-2-
methoxyphenyl]amino }-1H-imidazo[4,5-c]pyridine-7-carboxamide
Example 47A -
2-(3-methoxy-4-nitrophenyl)octahydropyrrolo[1,2-a]pyrazine
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A mixture of 4-fluoro-2-methoxy-1-nitrobenzene (342 mg, 2 mmol),
octahydropyrrolo[.l,2-a]pyrazine (252 mg, 2 mmol) and potassium carbonate (552 mg, 4
mmol) in dimethylacetamide (10 mL) was heated at 100 °C for 16 hours. After cooling to
ambient temperature, the mixture was poured into water and extracted with ethyl acefate Gx

5 50mL). The combined organic phase was washed with brine, dried over sodium sulfate,
filtered and concentrated. The residue was purified by flash chromatography on silica gel
(200-300 mesh) eluting with 98/2 dichloromethane/methanol to give the title compound.
MS: 278 (M+H").

Example 47B
10 4-(hexahydropyrrolo[1,2-a]pyrazin-2(1H)-y1}-2-methoxyaniline

To a suspension of the product of Example 47A (1.58 g, 5.68 mmol) in methanol
(100mL) was added Raney-Ni (158 mg) and the mixture was stirred at ambient temperature
under hydrogen for 4 hours. The catalyst was filtered off and the filtrate was concentrated to
give the title compound, which was used. in the next step without further purification. MS:

15 248 (M+H).
Example 47C
4-(2,6-dichlorobenzyl)-6-(4-(thexahydropyrrolof1,2-alpyrazin-2(1H)-yl)-2-
methoxyphenylamino)-1-((2-(trimethylsilylethoxy)methyl)-1H-imidazo[4,5-¢]pyridine-7-
carbonitrile
20 The title compound was obtained following the procedure described in Example 8],
using the product of Example 47B in place of ferf-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 678 (M+H").
Example 47D
4-(2,6-dichlorobenzy1)-6-(4-(hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)-2-
25 methoxyphenylamino)-1H-imidazo[4,5-c]pyridine-7-carboxamide

The title compound was obtained following the procedure described in Example 8K,
using the product of Example 47C in place of the product of Example 8]. 'H NMR (DMSO-
ds, 300 MHz): & 11.64 (brs, 1H), 10.25 (brs, 1H), 9.75 (brs, 1H), 9.50 (brs, 1H), 8.56 (s, 1H),
7.65-7.60 (m, 3H), 7.49-7.46 (m, 1H), 6.63-6.60 (m, 1H), 6.04-6.02 (m, 1H), 4.71 (s, 2H),

30 3.92-3.65 (m, 6H), 3.46-3.11 (m, 5H), 2.93-2.73 (m, 1H), 2.29-1.67 (m, 4H). MS: 566
(M+H").
Example 48 .
4-(2,6-dichlorobenzyl)-6-{[2,3-dimethyl-4-(piperazin-1-yl)phenyl]amino}-1H-imidazo[4,5-
clpyridine-7-carboxamide
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EXAMPLE 48A
N,N-dibenzyl-4-bromo-2,3-dimethylaniline
The title compound was obtained following the procedure described in Example 45A,
using 4-bromo-2,3-dimethylaniline in place of 4-bromo-2-(trifluoromethoxy)aniline. MS:
5 380 M+H.
EXAMPLE 48B
tert-butyl 4-(4-(dibenzylamino)-2,3-dimethylphenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 45B,
using the product of Example 48A in place of the product of Example 45A. MS: 486 (M +
10  H.
EXAMPLE 48C
tert-buty| 4-(4-amino-2,3-dimethylphenyl)piperazine-1-carboxylate
The title compound was obtained following the procedure described in Example 45C,
using the product of Example 48B in place of the product of Example 45B. MS: 306 (M +
15 H.
Example 48D
‘ fert-butyl 4-(4-(7-cyano-4-(2,6-dichlor0benzyl)-1-((2-(trimethylsilyl)efhoxy)methyl)-lH—
imidazo[4,5-c]pyridin—6-ylamino)-3,5-diﬂuorophenyl)piperazine-1-cafboxylate
The title compound was obtained following the procedure described in Example 8J,
20 using product of Example 48C in place of fert-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 736 (M+H".
Example 48E
4-(2,6-dichlorobenzy 1)-6-(2,6-difluoro-4-(piperazin-1-yl)phenylamino)-1H-imidazo[4,5-
¢]pyridine-7-carboxamide
25 | The title compound was obtained following the procedure described in Example 8K,
using the product of Example 48D in place of the product of Example 8J. "H NMR (CD;0D,
300 MHz): 6 12.15 (s, 1H), 10.38 (br, 1H), 9.54 (br, 2H), 9.38 (s, 1H), 8.56 (br, 1H), 8.36-
8.19 (m, 4H), 7.26 (d,J = 8.7 Hz, 1H), 5.47 (s, 2H), 4.09 (br, 4H), 3.75 (br, 4H), 3.00 (s, 3H),
2.93 (s, 3H). MS: 526 (M+H").
30 Example 49
4-(2,6-dichlorobenzy1)-6-{[2-methoxy-4-(pyrrolidin-1-ylmethyl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide
Example 49A
(4-amino-3-methoxyphenyl)(pyrrolidin-1-yl)methanone
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To a solution of 4-amino-3-methoxybenzoic acid (167 mg, 1 mmol) in
dichloromethane (20 mL) at 0°C was added pyrrolidine (71 mg, 1 mmol),
hydroxybenzotriazole monohydrate (270 mg, 2 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (384 mg, 2 mmol) and triethylamine (0.5 mL, 3 mmol).

5  After stirring for 2 hours, the mixture was diluted with water and extracted with
dichloromethane. The organic phase was concentrated and the residue was purified by flash
chromatography on silica gel (200-300 mesh) eluting with 5/1 petroleum ether/ethyl acetaté
to give the title compound. MS: 220 (M + H").

Example 49B
10 2-methoxy -4-(pyrrolidin-1-ylmethyl)aniline

To a solution of the product of Example 49A (220 mg, 3.64 mmol) in tetrahydrofuran
(20 mL) at 0°C was added borane tetrahydrofuran complex (18 mL, 18 mmol) and the
mixture was stirred at 0°C for 2 hours and at 60°C for 4 hours. After cooling to ambient
temperature, methanol (20 mL) was added and stirring was continued for 30 minutes. The

15 organic phase was concentrated and the residue was purified via preparative HPLC using a _
gradient of 10/90 to 80/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the
title compound. MS: 207 (M+H").

Example 49C
4-(2,6-dichlorobenzyl)-6-(2-methoxy —4-(pyrroiidin- I-ylmethyl)phenylamino)-1-((2-

20 (trimethylsilyl)ethoxy)methyl)-1H-imidazo[4,5-c]pyridine-7-carbonitrile

' A mixture of the product of Example 81 (120 mg, 0.87 mmol), the product of Example
49B (179 mg, 0.87 mmol), tricyclohexylphosphine (73 mg, 0.26 mmol), palladium diacetate
(31 mg, 0.13 mmol) and cesium carbonate (568 mg, 1.74 mmol) in toluene (50 mL) was
heated under nitrogen at 100°C for 14 hours. After cooling, the mixture was filtered,

25  concentrated and purified by flash chromatography on silica gel (200-300 mesh) eluting with
5/1 petroleum ether/ethyl acetate to provide the title compound. MS: 637 (M+H").

Example 49D
4-(2,6-dichlorobenzyl)-6-(2-methoxy-4-(pyrrolidin-1-ylmethyl)phenylamino)-1H-
imidazo[4,5-c]pyridine-7-carboxamide

30 To a solution of the product of Example 49C (80 mg, 0.13 mmol) in concentrated
sulfuric acid (5 mL) at 0°C was added water (1 mL) and the mixture was heated to 95°C for
20 minutes. After cooling, the mixture was diluted with water (3 mL), adjusted to pH 8-9
with saturated sodium bicarbonate solution and extracted with dichloromethane (3 x 20 mL).

The combined organic phase was concentrated and the residue was purified via preparative
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HPLC using a gradient of 10/90 to 75/25 acetonitrile/water (containing 0.1% trifluoroacetic
acid) to give the title compound. 'H NMR (DMSO-ds, 300 MHz): §12.00 (br, 1 H), 9.68 (br
,1H),862 (s, 1 H),7.85(d,J=84Hz, 1 H),7.73 (s, 1 H), 7.61-7.58 (m, 2 H), 7.48-7.42
(m, 1 H), 7.08 (d,J=1.2 Hz, 1 H), 6.62-6.58 (dd,J=84,12Hz, 1 H),4.75 (s, 2H),4.23 (d,
2 H), 3.88 (s, 3 H), 3.44-3.41 (m, 8 H). MS: 525 (M+H").
‘ Example 50 ‘
7-{[2-bromo-4-(piperazin-1-yl)phenyl]amino}-5-(2,6-dichlorobenzyl)[1,2,4]triazolo]4,3-
c]pvrimidine-8-carboxamide
Example 50A
fert-butyl 4-(3-bromo-4-mtrophenyl)piperazine-1-carboxylate
The titte compound was obtained following the procedure as described Example 28A,
using 2-bromo-4-fluoro-1-nitrobenzene in place of 4-bromo-2-fluoro-1-nitrobenzene, MS:
408 (M+H".
Example 50B
fert-butyl 4-(4—émino-3 -bromophenyl)piperazine-1-carboxylate
The title compound was obtained following the procedures (two steps) described in
Example 47A and Example 47B using 2-bromo-4-fluoro-1-nitrobenzene in place of 4-fluoro-
2-methoxy-1-nitrobenzene and tert-buty| piperazine-1-carboxylate in place of
octahydropyrrolo[1,2-a]pyrazine. MS: 386 (M+H").
Example 50C
tert-butyl 4-(3-bromo-4-(5-carbamoyl-6-chloro-2-(methyIthio)pyrimidin-4-
ylamino)phenyl)piperazine-1 -carb6 xylate
The title compound was obtained folloWing the procedure described in Examplé 15D,
using the product of Example 50B in place of the product of Example 15C. MS: 557
(M+H").
Example 50D
tert-butyl 4-(3-bromo-4-(5-carbamoyl-6-hy drazinyl-2-(methy lthio)pyrimidin-4-
ylamino)phenyl)piperazine-1-carboxylate
The title compound was obtained following the procédure described in Example 15E,
using the product of Example -50C in place of the product of Example 15D. MS: 553
(M+HY.
Example 50E
tert-bufyl 4-(3-bromo-4-(8-carbamoyl-5-(methylthio)-[1,2 4]triazolo[4,3-c]pyrimidin-7-
vlamino)phenyl)piperazine-1-carboxylate
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The title compound was obtained following the procedure described in Example 15F,
using the product of Example 50D in place of the product of Example 15E. MS: 563
(M+H™.
Example 50F
5 tert-butyl 4-(3-bromo-4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-[1,2,4]triazolo[4,3-
clpyrimidin-7-ylamino)phenyl)piperazine-1-carboxylate ‘
The title compound was obtained following the procedure described in Example 15G,
using the product of Example 50E in place of the product of Example 15F. MS: 675 (M+H").
Exampyle 50G
10 7-(2-bromo-4-(piperazin-1-yl)pheny lamino)-5-(2,6-dichlorobenzyl)-[ 1,2 4]iriazolo[4,3-
¢]pyrimidine-8-carboxamide
The title compound was obtained following thé procedure described in Example 15H,
using the product of Example SOF in place of the product of Example 15G. 'H NMR
(DMSO-ds, 300 MHz): 8 12.05 (s, 1H), 9.62 (s, 1H), 8.90 (s, 1H), 8.70 (br, 2H), 7.98 (s, 1H),
15 7.55(d,J = 8.4 Hz, 2H), 7.45-7.42 (m, 1H), 7.16-7.10 (m, 2H), 6.48-6.45 (m, 1H), 4.89 (s,
2H), 3.27-3.23 (m, 8H). MS: 575 (M+H").
Example 51
4-(2,6-dichlorobenzyl)-6-{|2-fluoro-5-methyl-4-(piperazin-1-yl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide
20 _ Example 51A
N,N-dibenzyl-4-bromo-2-fluoro-5-methylbenzenamine
A suspension of 4-bromo-2-fluoro-5-methyibenzenamine (1 g, 4.9 mmol),
(bromomethylbenzene (2.5 g, 14.7 mmol) and potassium carbonate (2 g, 14.7 mmol) in
acetonitrile (80 mL) was heated in a sealed fube at 100°C for 16 hours. After concentration,
25  the residue was diluted with ethyl acetate (80 mL), washed with water (20 mL), dried over
anh_Vdrous sodium sulfate, filtered, and concentrated. The residue was purified by flash
chromatography on silica gel'(200-30() mesh) eluting with 50/1 petroleum cther/cthyl acetate
to give the title compound. MS: 384 (M+H"). ‘
Example 51B
30 © tert-butyl 4-(4-(dibenzylam‘ino)-5 -fluoro-2-methylphenyl)piperazine-1-carboxylate
A suspension of the product of Example 51A (3.2 g, 8.4 mmol), fert-butyl piperazine-
1-carboxylate (1.9 g, 10.1 mmol), palladium(II) acetate (189 mg, 0.84 mmol), 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (1.05 g, 1.7 mmol) and cesium carbonate (5.5 g, 16.8

mmol) in toluene (200 mL) was heated at reflux under nitrogen for 16 hours. After
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concentration, the residue was purified by flash chromatography on silica gel (200-300 mesh)
eluting with 10/1 petroleum ether/ethyl acetate to give the title compound. MS: 490 (M+H").
Example 51C
tert-butyl 4-(4-amino-5-fluoro-2-methy Iphenyl)piperazine-1-carboxylate

5 A suspension of the product of Example 51B (2 g, 4.1 mmol) and 10% palladium on
carbon (200 mg) in methanol (100 mL) was stirred under hydrogen for 18 hours. The
catalyst was filtered and the filtrate was concentrated and the residue was purified by flash
chromatography on silica gel (200-300 mesh) eluting with 1/1 petroleum ether/ethyl acetate
to give the title compound. MS: 310 (M+H"). _

10 Example 51D

tert-butyl 4-(4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethyIsily ethoxy)methyl)-1H-
imidazo[4,5-¢]pyridin-6-ylamino)-5-fluoro-2-methylphenyl)piperazine-1-carboxylate
A suspension of the product of Example 81 (300 mg, 0.64 mmol), the product of
Example 51C (238 mg, 0.77 mmol), palladium(Il) acetate (30 mg, 0.13 mmol),

15 tricyclohexylphosphine (73 mg, 0.26 mmol) and cesium carbonate (417 mg, 1.28 mmol) in
toluene (30 mL) was heated at reflux under nitrogen for 18 hours. After concentration, the
residue was purified by flash chromatography on silica gel (200-300 mesh) eluting with 5/1
petroleum ether/ethyl acetate to give the title compound. MS: 740 M+H"Y).

Example 51E
20 4-(2,6-dichlorobenzyl)-6-(2-fluoro-5-methyl-4-(piperazin-1-y)phenylamino)-1H- .
' imidazo[4,5-c]pyridine-7-carboxamide
To the product of Example 51D (190 mg, 0.26 mmol) at 0°C was added concentrated
sulfuric acid (3 mL) and water (0.6 mL) and the mixture was heated at 90°C for 20 minutes.
After quenching with water (20 mL) and adjusting to pH 8 with saturated sodium bicarbonate

25  solvent, the mixture was extracted with 4/1 dichloromethane/methanol (3 x 100 mL). The
organic layers were collected, dried over anhydrous sodium sulfate, filtered, concentrated and
purified by preparative HPLC using a gradient of 10/90 to 75/25 acetonitrile/water
(containing 0.1% triflucroacetic acid) to give the title compound. '"H NMR (DMSO-d;, 300
MHz): & 13.63 (s, 1H), 11.98 (s, 1H), 9.63 (s, 1H), 8.64(m, 3H), 7.90(d, TH), 7.83 (s, 1H),

30 7.56(d, 2H), 7.39 (t, 1H), 6.90 (d, 1H), 4.74 (s, 2H), 3.25 (m, 4H), 2.95 (m, 4H), 2.07 (s, 3H).
MS: 528 (M+H").

Example 52 ‘
4-(2,6-dichlorobenzyl)-6-{[3,5-diftuoro-2-methoxy-4-(piperazin-1-yl)phenylJamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide |
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Example 52A
i ,2,3-trifluoro-4-methoxy-5-nitrobenzene
TﬁasdmmnofLL}UMumo4mwﬂmm®mnmm(L6glOmmothwdmamdQO
mL) was added nitric acid (5 mL) and the mixture was heated at 60°C for 3 hours, After
5  cooling to ambient temperature, water (100 mL) was added and the mixture was extracted
with ethyl acetate (3 x 100 mL). The organic layers were concentrated to give the crude title
compound, which was used in the next step without further purification.
Example 52B
tert-butyl 4-(2,6-diflnoro-3-methoxy-4-nitrophenyl)piperazine-1-carboxylate
10 To a solution of the product of Example 52A (500 mg, 2.4 mmol) in acetonitrile (20
mL) was added potassium carbonate (660 mg, 4.8 mrhol) and tert-butyl piperazine-1-,
carboxylate (900 mg, 4.8 mmol) and the mixture was heated to 80°C for 3 hours. After
cooling, the mixture was filtered, concentrated and purified by flash chromatography on silica
gel (200-300 mesh) eluting with 20/1 petroleum ether /ethyi acetate tb provide the title
15 compound. MS: 374 (M+H").
Example 52C
tert-butyl 4-(4-amino-2,6-difluoro-3 -methoxyphenyl)piperazine-1 -carboxylate
To a solution of the product of Example 52B (600 mg, 1.6 mmol) in methanol (100
mL) was added Raney Nickel (60 mg) and the mixture was stirred under hydrogen for 14
20 hours. The catalyst was filtered off and the filtrate was concentrated and purified by flash
chromatography on silica gel (200-300 mesh) eluting with 100/1 dichloromethane/methanol
to provide the title compound. MS: 344 (M+H"). .
Example 52D
fert-butyld~(4-(7-cyano-4-(2,6-dichlorobenzyl)-1-((2-(trimethy lsily Dethoxy)methy)-1H-
25 imidazo[4,5-c]pyridin-6-ylamino)-2,6-difluoro-3-methoxyphenyl)piperazine-1-carboxylate -
A mixture of the product of Example 81 (250 mg, 0.53 mmol), the product of Example
52C (220 mg, 0.64 mmol), tricyclohexylphosphine (45 mg, 0.16 mmol), palladium diat?etate
U9mgODSmmd)mMC%mmcmmmMeG48mg107mmoDﬁndmme60nﬂJw%
heated at 100°C under nitrogen for 14 hours. After cooling to ambient temperature, the
30" mixture was filtered, concentrated and purified by flash chromatography on silica gel (200-
300 mesh) eluting with 5/1 petroleum ether/ethyl acetate to provide the title compound. MS:
774 (M+H").
Example 52E
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4-(2,6-dichlorobenzyl)-6-(3,5-difluoro-2-methoxy-4-(piperazin-1-yl)phenylamino)- 1 /-
imidazo[4,5-c]pyridine-7-carboxamide
To a solution of the product of Example 52D (130 mg, 0.17mmol) in concentrated
sulfuric acid (5.mL) at 0°C was added water (1 mL) and the mixture was heated at 95°C for
20 minutes. After cooling to ambient temperature, the mixture was diluted with water (3
mL), adjusted to pH 8-9 with saturated sodium bicarbonate solution and extracted with
dichloromethane (3 x 20 mL). The combined organic phase was concentrated and the residue
was purified by preparative HPLC using a gradient of 10/90 to 80/20 acetonitrile/water
(containing 0.1% triflucroacetic acid) to give the title compound. 'H NMR (DMSO-ds, 300
MHz): 6 12.35 (s, 1 H),9.61 (s, 1 H), 897 (s,2 H), 8.66 (s, 1 H), 7.91(s, 1 H), 7.74-7.66 (m
1 H), 7.56-7.53 (m, 2 H), 7.43-7.37 (m, 1 H), 4.77 (s, 2 H), 3.82 (5, 3 H), 3.21 (m, 8 H). MS:
562 M+H").
_ Example 53.
4-(2,6-dichlorobenzyl)-6-{(6-methoxy-1,2,3,4-tetrahydroisoquinolin-7-yl)amino]-1H-
' imidazo|'4,v5 -c|pyridine-7-carboxamide '
_ Example 53A
methyl 3-methoxyphenethylcarbamate
To a solution of methy] carbonochloridate (25 g, 265 mmol) in dichloromethane (100
mL) at 0°C was added slowly methy] 3-methoxy phenethylcarbamate (40 g, 265 mmol). After
the addition, stirring was continued for 0.5 hours at 0°C and at ambient temperature for 16
hours. The mixture was poured into ice-brine (200 mL) and extracted with dichloromethane
(3 x 100 mL). The combined organic layer was dried over anhydrous sodium sulfate, filtered
and concentrated and the residue was washed with hexane (50 mL) and concentrated to give
the title compound. MS: 210 (M+H").
Example 53B
6-methoxy-3,4-dihydroisoquinolin-1(2H)-one
To polyphosphoric acid (70 mL) at 120°C was added slowly the product of
Example 53A (10 g, 47.8 mmol) and the mixture was stirred at 120°C for 1 hour. After
cooling, the mixture waé poured into ice-water (300 mL) and extracted with dichloromethane
(2 x200 mL). The combined organic layer was washed with brine (100 mL), dried over
anhydrous sodium sulfate, filtered and concentrated to give the title compound. MS: 178
(M+H").
Example 53C
6-methoxy-1,2,3 4-tetrahy droisoquinoline
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To a suspension of lithium aluminum hydride (10 g, 46 mmol) in tetrahydrofuran (100
mL) at 0°C under nitrogen was added slowly a solution of the product of Example 53B (4.1 g,
23 mmol) in tetrahydrofuran (50 mL) over 0.5 hours and the mixture was heated at 70°C for 2
hours. After cooling to 0°C, 15% sodium hydroxide (4.9 mL) was added slowly and the
5 mixture was filtered and washed with ethyl acetate (50 mL). The filtrate was concentrated to
give the crude title compound. MS: 164 (M+H").
Example 53D
tert-butyl 6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxylate
To a solution of the product of Example 53C (1.88 g, 11.5 mmol) in dichloromethane
10 (40 mL) was added triethylamine (2.3 g, 23 mmol) and di-fert-butyl dicarbonate (3 g, 13.8
mmol). After stirring for 16 hours, the mixture was poured into water (50 mL) and extracted
with dichloromethane (2 x 100 mL). The combined organic layer was dried over anhydrous
sodium sulfate, filtered, concentrated and purified by flash chromatography cluting with 10:1
hexane:ethyl acetate to give the title compound. MS: 264 (M+H").
15 Example 53E
tert-butyl 6-methoxy-7-nitro-3,4-dihydroisoquinoline-2(1H)-carboxylate
To a solution of the product of Example 53D (2.46 g, 9.35 mmol) in nitromethane (30
mL) at -10°C was added acetic anhydride (5.7 g, 56.1 mmol) and concentrated nitric acid
(0.88 g, 14 mmol). After stirring for 3 hours, the mixture was adjusted to pH 7 with aqueous
20 sodium bicarbonate solution and extracted with dichloromethane (2 x 100 mL). The
combined organic layer was dried over anhydrous sodium sulfate, filtered, concentrated and
purified by flash chromatography eluting with 5:1 hexane:ethyl acetate to give the title
compound. MS: 309 (M+H").
Example 53F
25 tert-butyl 7-amino-6-methoxy-3,4-dihy droisoquinoline-2(1H)-carboxylate
To a solution of the product of Example 53E (550 mg, 1.78 mmol) in methanol (10
mL) was added Raney Ni (55 mg) and the mixture was stirred at ambient temperature under
hydrogen for 16 hours. The mixture was filtered, concentrated and dried under vacuum to
give the crude title compound. MS: 279 (M+H").
30 Example 53G
tert-butyl 7-(7-cyano-4-(2,6~-dichlorobenzyl)- 1-((2-(trimethyIsily l)ethoxy)methyl)- 1 H-
imidazo[4,5-c}pyridin-6-ylamino)-6-methoxy-3,4-dihydroisoquinoline-2(1H)-carboxylate
To a solution of the product of Example 81 (163 mg, 0.35 mmol) in toluene (10 mL)
was added the product of Example 53F (98 mg, 0.35 mmol), palladium diacetate (7 mg, 0.03
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mmol), tricyclohexylphosphine (16.8 mg, 0.06 mmol) and cesium carbonate (208 mg, 0.64
mmol) and the mixture was stirred under nitrogen at 100°C for 16 hours. After cooling and
concentration, the residue was purified by flash chromatography on silica gel cluting with
100:1dichloromethane/methanol to give the title compound. MS: 709 (M+H").
5 . Example 53H
4-(2,6-dichlorobenzyl)-6-(6-methoxy-1 ,2,3,4-tetrahy droisoquinolin-7-ylamino)-1H-
imidazo[4,5-c]pyridine-7-carboxémide
To the product'of Example 53G (108 mg, 0.15 mmol) at 0°C was added concentrated
sulfuric acid (3 mL) and water (0.6 mL) and the mixture was stirred at 90°C for 10 minutes.
10 After cooling, the mixture was slowly poured into ice-water (10 mL), adjusted to pH 7 with
sodium bicarbonate and extracted with 4/ 1 dichloromethane/methanol (150 mL). The organic
phase was washed with water (50 mL), dried over anhydrous sodium sulfate, filtered, and
concentrated. The residuc was purified by preparative HPLC using a gradient of 10/90 to
30/20 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title compound as
15 the trifluoroacetate salt. '"H NMR (DMSO-ds, 300 MHz): 6 13.6 (s, 1 H), 12.1 (s, 1 H), 9.81
(s, 1H),888(s,2H),882(s, 1 H), 790, 1 H),_7.9.1 (s, 1 H),7.60(d,J=28.1Hz, 2 H),
+ 743 (1,J=7.5Hz, 1 H), 6.80 (s, 1 H), 4.76 (s, 2 H), 3.89 (s 5 H), 3.37 (br, 2 H), 2.91 (s, 2
H). MS: 497 (M+H").
Example 54
20 6-{ [2~chloro-4-(piperidin-4~yl)phenyl]amino}-4-(2,6-di§hlorobenzyl)-l H-imidazo[4,5-
cjpyridine-7-carboxamide |
Example 54A
tert-butyl 4-(4-(4-(2,6-dichlorobenzyl)-7-cyano-1-((2-(trimethylsily)ethoxy)methyl)-1H-
imidazb[4,5-c]pyridin-6-ylamino)—3-chlofophenyl)piperidine-l-carboxylate
25 The title compound was obtained following the procedure described in Example 8J,
using the product of Example 60OE in place of feri-butyl 4-(4-amino-3-
methoxyphenyl)piperazine-1-carboxylate. MS: 741 (M+H".
Example 54B
tert-butyl 4-(4-(4-(2,6-dichldrobenzyl)-7-carbamoyl- 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
30 imidazo[4,5-c]pyridin-6-ylamino)-3-chlorophenyl)piperidine-1-carboxylate
To a mixture of the product of Example 54A (62 mg, 0.084 mmol) and 2N potassium
hydroxide solution in methanol (20 mL) was added 25% hydrogen peroxide solution (0.4 '
mL), and the mixture was stirred at ambient temperature for 15 hours. The mixture was

concentrated, diluted with ethyl acetate and washed with water. The organic layer was’
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concentrated and purified by flash chromatography on silica gel (200-300 mesh) eluting with
30:1 dichloromethane/methanol to give the title compound. MS: 761 (M+H").

Example 54C
4-(2,6-dichlorobenzyl)-6-(2-chloro-4-(piperidin-4-yl)pheny lamino)-1H-imidazo{4,5-
¢]pyridine-7-carboxamide

The title compound was obtained following the procedure described in Example 8K,
using the product of Example 54B in place of the product of Example 8J. 'H NMR (DMSO-
ds, 300 MHz): 8 13.67(s, 1H), 12.01(s, 1H), 9.58(s, 1H), 8.63(s, 1H), 7.81 (d,.J = 7.7 Hz,
1H), 7.57 (d,J = 8.1 Hz, 1H), 7.44-7.39 (m, 1H), 7.16 (d,.J = 2.1 Hz, 1H), 6.64 (dd,J = 1.8
Hz,J =9 Hz, 1H), 4.72 (s, 1H), 3.40-3.39 (m, 2H), 2.98 (t, 2H), 2.71 (m, 1H), 1.93-1.83 (m,
2H). 1.72-1.67 (m, 2H). MS: 529 (M+H".

Example 55
7-(2-chloro-4-(piperidin-4-y)phenylamino)-5-(2-chlorobenzyl)-3-ethyl-[1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide
Example 55A
tert-butyl 4-(4-(5-carbamoy1-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3-
_ chloropheny)piperidine-1-carboxylate
A mixture of the product of Example 2D (213 mg, 0.9 mmol), the product of Example
60E (278 mg, 0.9 mmol) and N,N-diisopropylethylamine (232 mg, 1.8 mmol) in 1,4-dioxane
(10 mL) was heated in a sealed tube at 120°C for 18 hours. The mixture was concentraied
and the residue was purified by flash chromatography on silica gel (200-300 mesh) eluting
with 99/1 dichloromethane/ methanol to give the title compound. MS: 512 (M+H").
- Example 55B
tert-butyl 4-(4-(5-carbamoyl-6-hydrazinyl-2-(methylthio)pyrimidin-4-ylamino)-3-
chlorophenyl)piperidine-1-carboxylate _
To a solution of the product of Example 55A (131 mg, 0.26 mmol) in 1,4-dioxane (3
mL) was added hydrazine hydrate (50 mg, 0.78 mmol) and the mixture was stirred at ambient
temperature for 4 hours. The mixture was concentrated and the residue was washed with
hexane and dried to give the title cdmpound. The crude title compound was used in the next
step without further purification. MS: 508 (M+H").
' . Example 55C
tert-butyl 4-(4-(8-carbamoyl-3-ethyl-5-(methylthio)-[1,2,4]triazolo[4,3-c]pyrimidin-7-
ylamino)-3-chlorophenyl)piperidine-1-carboxylate V
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To a solution of the product of Example 55B (250 mg, 0.49 mmol) was added 1,1,1-
triethoxypropane (3 mL) and the mixture was stirred at ambient temperature for 1 hour and
heated at 55°C for 5 hours. After cooling, 90/10 petroleum ether/ethyl acetate was added and
the precipitate was collected. The solid was washed with petroleum ether and dried under
vacuum to give the title compound. MS: 546 (M+H").

| Example 55D
tert-butyl 4-(4-(8-carbamoyl-3-(2-chlorobenzyl)-3-ethyl-[ 1,2,4]triazolo[4,3-c]pyrimidin-7-
| ylamino)-3-chlorophenyl)piperidine-1-carboxylate N

The title compound was obtained following the procedure described in Example 19A,
using the product of Example 55C in place of the product of Example 13E. MS: 624
(M+H"M.

Example 55E
7-(2-chloro-4-(piperidin-4-yDphenylamino)-5-(2-chlorobenzyl)-3-ethyl-[ 1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide

The title compound was obtained following the procedure described in Example 15H,
using the product of Example 35D in place of the prodpct of Example 15G. '"H NMR
(DMSO-ds, 300 MHz): & 12.45 (s, 1H), 9.22-9.07 (m, 3H), 8.05 (brs, 1H), 7.58-7.42 (m, 4H),
7.28-7.23 (m, 2H), 6.63 (d,J = 8.4 Hz, 1H), 4.90 (s, 2H), 3.49-3.35 (m, 4H), 3.00-2.94 (m,
2H), 2.83-2.73 (m, 1H), 1.88 (br, 4H), 1.50 (t,J = 6.9 Hz, 3H). MS: 524 (M+H").

Example 56
5-(2,6-dichlorobenzyl)-7-{[2-methoxy -4-(piperazin-1-yl)phenyl)amino}-3-
methyl[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide
Example S56A
teri-butyl4-(4-(8-carbamoy1-3-methyl-5-(methylthio)-[ 1,2, 4]triazolo[4,3-c]pyrimidin-7-
ylamino)—3-methoxyphenyl)piperazine-l -carboxylate

The title compound was obtained following the procedure described in Example 55C,
using 1,1,1-trimethoxyethane in place of 1,1,1-triethoxypropane. MS: 529 (M-FH+).

Example 56B B
tert-butyl4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-3-methyl-[1,2,4]triazolo[4,3-c]pyrimidin-
7-ylamino)-3-methoxyphenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 15G,
using the product of Example 56A in place of the product of Example 15F. MS: 641
(M+H").

Example 56C
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5-(2,6-dichlorobenzyl)-7-(2-methoxy -4-(piperazin-1-yl)phenylamino)-3-methyl-
[1,2,4]triazo]0[4,3—c]pyﬁmidihe-8-oarboxamide
The title compound was obtained following the procedure described in Example 15H,
using the product of Example 56B in place of the product of Example 15G. 'H NMR
(DMSO-ds+ D,0, 300 MHz): 6 7.60-7.53 (m, 2H), 7.51-7.49 (m, 1H), 6.94 (d, J = 9.0 Hz,

" 1H), 6.58 (s, 1H), 5.95-5.91 (m, 1H), 4.99 (s, 2H), 3.80 (s, 3H), 3.27-3.25 (m, 8H), 3.01 (s,

3H). MS: 541 (M+H").

' Example 57

5;(2,6—dichlorobenzy 1)-3-¢thyl-7-{[2-methoxy-4-(piperazin-1-
yl)phenyl]amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide
' ( Example 57A
tert-butyl 4-(4-(8-carbamoyl-3-ethyl-5-(methylthio)-[1,2,4]triazolo[4,3-c]pyrimidin-7-
ylamino)-3-methoxyphenyl)iperazine- 1 -carboxylate
To a solution of the product of Example 2F (300 mg, 0.59 mmol) was added 1,1,1-

tricthoxypropane (3 mL) and the mixture was stirred at ambient temperatﬁre for 1 hour and at
55°C for 4 hours. After cooling, 90/10 petroleum ether/ethyl acetate was added and the
precipitate was collected. The solid was washed with petroleum ether and dried under
vacuum to give the title compound, which was used in the next step without further
purification. MS: 543 (M+H").

Example 57B
tert-butyl4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-3-ethyl-[1,2 4]triazolo[4,3-c]pyrimidin-7-
ylamino)-34methoxypheny Dpiperazine-1-carboxylate

To a mixture of the product of Example 57A (110 mg, 0.2 mmol) and
tetrakis(triphenylphosphine) palladium (23 mg, (.02 mmol) was added 0.5M 2,6-

dichlorobenzyl zinc bromide in tetrahydrofuran (4 mL, 2 mmol) under nitrogen and the

" mixture was heated at 60°C for 16 hours. After cooling to ambient temperature, the mixture

was diluted with dichloromethane (50 mL) and washed with saturated aqueous sodium .
bicarbonate. The organic phase was separated and the aqueous phase was extracted with
dichloromethane (2 x 20 mL). The combined organic phase was washed with brine, dried
over sodium sulfate, filtered and concentrated. The residue was purified By flash
chromatography on silica gel (200-300 mesh) eluting with 98/2 dichloromethane/methanol to
give the title compound. MS: 655 (M+H").

Example 57C .
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5-(2,6-dichlorobenzyl)-3-ethyl-7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-
[1,2,4]triazolo]4,3-c]pyrimidine-8-carboxamide

To a solution of the product of Example 57B (130 mg, 0.2 mmol) in dichloromethane
(12 mL) was added dropwise trifluoroacetic acid (3 mL) and the mixture was stirred at
ambient temperature for 4 hours. The mixture was concentrated and the solid was washed
with ethyl acetate and dried under vacuum to give the title compound. "H NMR (DMSO-d;+
D,0, 300 MHz): § 7.57-7.54 (m, 2H), 7.50-7.46 (m, 1H), 6.91 (d, J = 8.7Hz, 1H), 6.55 (s,
1H), 5.92-5.89 (m, 1H), 4.94 (s, 2H), 3.77 (s, 3H), 3.39 (q, J = 7.2 Hz, 2H), 3.24-3.22 (m,
8H), 1.45 (t,J = 7.2 Hz, 3H). MS: 555 (M+H").

‘ Example 58
* 5-(2-chlorobenzyl)-2-cthyl-7-{[2-methoxy-4-(piperazin-1-yl)phenyljamino }imidazo[1,2-
c]pyrimidine-8-carboxamide
Example 58A
tert-butyl 4-(4-(8-carbamoyl-2-ethyl-S-(methylthio)imidazo[1,2-/]pyrimidin-7-ylamino)-3-
methoxyphenyl)piperazine-1-carboxylate

A solution of the product of Example 13D (250 mg, 0.5 mmol) and 1-bromobutan-2-
one (302 mg, 2.0 mmol) in N,N-dimethylformamide (10 mL) was heated at 80°C for 12
hours. After cooling, 30 mL of water was added, and the mixture was neutralized with
sodium bicarbonate solution, and extracted with ethyl acetate (3 x 30 mL). The combined
organic phase was washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated. The residue was purified by flash chromato.graphy on silica gel eluting with
100:1 dichloromethane/methanol to give the title compound. MS: 542 M+H").

Example 58B
fert-butyl 4-(4-(8-carbamoy|-5-(2-chlorobenzyl)-2-ethylimidazo[1,2-/]pyrimidin-7-ylamino)-
3-methoxyphenyl)piperazine-1-carboxylate

A solution of the product of Example 58A (100 mg, 0.18 mmol), IM (2-
chlorobenzyl)zinc(II) bromide in tetrahydrofuran (1.8 mL, 1.8 mmol) and
tetrakis(triphenylphosphine)palladium(O) (12 mg, 0.01 mmol) in tetrahydrofuran (5 mL) was
stirred at 65°C under nitrogen for 12 hours. The mixture was neutralized with ammonium
chloride solution (15 mL) and extracted with ethyl acetate (3 x 30 mL). The combined
organic phase was washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated. The residue was purified by flash chromatography on silica gel (200-300
mesh) eluting with 30/1 dichloromethane/methanol to give the title compound. MS: 620
(M+H"), |
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Example 58C
5-(2-chlorobenzyl)-2-ethyl-7-(2-methoxy-4-(piperazin-1-yl)phenylamino)imidazo[1,2-
flpyrimidine-8-carboxamide
To a solution of the product of vaamp]e 58B (80 mg, 0.13 mmol) in dichloromethane
5 (10 mL) was added trifluofoacetic acid (2 mL). Afier stirring at room temperature for 8
hours, the mixture was concentrated and purified by preparative HPLC using a gradient of
10/90 to 75/25 acctonitrile/water (containing 0.1% trifluoroacetic acid) to give the title
compound as the hydrochloride salt. "H NMR (DMSO-d,;, 300 MHz): & 11.90 (s, 1H), 9.39
(br, 3H), 7.90 (s, 1H), 7.24-7.60 ( m, SH), 6.64 (s, 1H), 5.98 (d, 1H), 4.63 (s, 2H), 3.84 (s,
10 3H), 3.25 (m, 8H), 2.77 (m, 2H), 1.31 (t, 3H). MS: 520 (M+H")
Example 59
5-(2-chlorobenzyl)-7-{[2-chloro-4-(piperidin-4-yl)phenylJamino}-2-ethylimidazof1,2-
¢])pyrimidine-8-carboxamide
Example 59A
15 tert-bﬁtyl 4-(4-(5-carbamoy1-6-chloro-2-(methylthio)pyrimidin-4-ylamino)-3-
chlorophenyl)piperidine-1-carboxylate
A solution of the product of Example 2D (238 mg, 1.0 mmol), the product of Example
60E (310 mg, 1.0 mmol) and N-ethyl-N-isopropyIpropan-2-amine (258 m.g, 2.0 mmol) in
dioxane (10 mL) was heated in a sealed tube at 120°C for 16 hours. Cooling and
20 concentration provided the crude tjtle compound which was used in the next step without
further purification, MS: 512 (M+H").
| Ekamp]e 59B
tert-butyl 4-(4-(6-amino-5-carbamoy1-2-(methylthio)pyrimidin-4-ylamino)-3-
chlorophenyl)piperidine-1-carboxylate
25 A solution of the product of Example 59A (450 mg, 0.88 mmol) and 25% ammonia
solution (1 mL) in dioxane (10 mL) was hgated in a sealed tube at 100°C for 16 hours. After
cooling and concentration, the residue was purified by flash chromatography on silica gel
eluting with 30:1 dichloromethane methanol to give the title compoun'd. MS: 493 (M+H").
Example 59C
30 tert-butyl 4-(4-(8-carbamoyl-2-ethyl-5-(methylthio)imidazo{1,2-f]pyrimidin-7-ylamino)-3-
chlorophenyl)piperidine-1-carboxylate
A solution of the product of Example 59B (200 mg, 0.4 mmol) and 1-bromobutan-2-
one (302 mg, 2.0 mmol) in N,N-dimethylformamide (10 mL) was heated at 60°C for 12

hours. After cooling, the mixture was diluted with water (30 mL), neutralized with sodium
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bicarbonate solution and extracted with ethyl acetate (3 x 30 mL). The combined organic
layer was washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated.
The residue was purified by flash chromatography on silica gel eluting with 30:1
dichloromethane:methanol to give the title compound. MS: 545 (M+H)), ‘
5 Example 59D
fert-butyl 4-(4-(8~carbamoy]—5-(2-ch]0robenzyl)-2-ethylimidazo[1 ,2-flpyrimidin-7-ylamino)-
3-chlorophenyl)piperidine-1-carboxylate
A solution of the product of Example 59C (50 mg, 0.1 mmol), IM (2-
chlorobenzyl)zinc(IT) bromide in tetrahydrofuran (1.0 mL, 1.0 mmol) and
10 tetrakis(triphenylphosphine)palladium(0) (12 mg, 0.01 mmol) in tetrahydrofuran (5 mL) was
stirred at 65°C under nitrogen for 12 hours. The mixture was neutralized with ammonium
chloride solution (15 mL) and extracted with ethyl acétate (3 x30 mL). The combined
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated. The residue was purified by flash chromatography on silica gel (200-300
15 mesh) eluting with 30/1 dichloromethane/methanol to give the title.compound. MS: 623
(M+H").
Example 59E
7-(2-chloro-4-(piperidin-4-yl)phenylamino)-5-(2-chlorobenzyl)-2-ethylimidazo([1,2-
flpyrimidine-8-carboxamide
20 To a solution of the product of Example 59D (45 mg, 0.07 mmol) in dichloromethane
' (10 mL) was added trifluoroacetic acid (2 mL). After stirring at room temperature for 8
hours, the mixture Was concentrated and purified by preparative HPLC using a gradient of
10/90 to 75/25 acetonitrile/water (containing 0.1% trifluoroacetic acid) to give the title
compound as the hydrochloride salt. 'H NMR (DMSO-d; + D,0, 300 MHz): & 7.88 (s, 1H),
25 7.40-7.57 (m, SH), 7.22 (s, 1H), 6.62 (d, 1H), 4.59 (s, 2H), 3.37 (m, 2H), 2.96 (m, 2H), 2.75
(m, 4H), 1.70-1.89 (m, 3H), 1.30 (t, 3H). MS: 523 (M+H")
Example 60
5-(2-chlorobenzyl)-7-{[2-chloro-4-(piperidin-4-yl)phenyllamino}[1,2,4]triazolof4,3~
¢]pyrimidine-8-carboxamide
30 . : Example 60A
N,N-4-(4-(bis(tert-butoxycarbonyl)amino-4-bromo-2-chlorobenzenamine
A mixture of 4-bromo-2-chlorobenzenamine (25 g, 121 mmol), di-teri-butyl
dicarbonate (66 g, 303 mmol) and anhydrous potassium carbonate (50 g, 363 mmol) in N,N-

dimethylformamide (120 mL) was stirred at ambient temperature for 15 hours. The mixture
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was filtered, and the filtrate was partitioned between ethyl acetate and water. The aqueous
phase was extracted with ethyl acetate (3 x 35 mL). The combined organic phase was
washed with saturated brine, dried over sodium sulfate, filtered and concentrated. The
residue was purified by flash chromatography on silica gel (200-300 mesh) éluting with 20/1
5  petroleum/ethyl acetate to providve the title compound.
_ Example 60B
tert-butyl 4-(4-(bis(tert-butoxy carbonyl)amino)-3-chlorophenyl)-35,6-dihy dropyridine-1(2H)-
Carboxylate
A mixture of the product of Example 60A (380 mg, 1.23 mmol), feri-butyl 4-(4,4,5,5-
10 tetramethyl-1,3,Z;dioxaborolan-Z-yl)—5,6-dihydropyridine-l(ZH)-carboxylate (380 mg, 1.23
mmol) and sodium carbonate (391 mg, 3.69 mmol) in 1,4-dioxanc (8 mL) and water (2 mL)
was degassed and heated at 80°C for 16 hours. After cooling to ambient temperature and
concentration, the residue was partitioned between ethyl acetate and water and the aqueous
layer was extracted with ethyl acetate (3 x 35 mL). The combined organic phase was washed
15 with saturated brine, dried over sodium carbonate, filtered and concentrated. The residue was
purified by flash chrométog‘raphy on silica gel (200-300 mesh) eluting with 8/1
petroleum/ethyl acetate to provide the title compound.
Example 60C '
tert-butyl 4-(4-(bis(tert-butoxycarbonyl)amino)-3-chlorophenyl)piperidine-1-carboxylate
20 A'mixture of the product of Example 60B (4.39 g, 10.7 mmol) vand 10% palladium on
carbon in methanol (100 mL) was stirred under hydrogen at ambient temperature for 4 hours.
The mixture was filtered through diatomaceous earth and concentrated. The crude title
compound was used in the next step without further purification.
Example 60D
25 ‘ 2-chloro-4-(piperidin-4-yl)benzenamine
A mixture the product of Example 60C (100 mg) and trifluoroacetic acid (1 mL) in
dichloromethane (4 mL) was stirred at ambient temperature for 3 hours. The mixture was
concentrated and the crude title compound was used in the next stép without further
purification. MS: 211 (M+H").
30 Example 60E
fert-butyl 4-(4-amino-3-chlorophenyl)piperidine-1-carboxylate
A mixture of the product of Example 60D (77 mg, 0.36 mmol), di-feri-butyl
bicarbonate (80 mg, 0.37 mmol) and potassium carbonate (117 mg, 0.85 mmol) in N,N-

dimethylformamide (4 mL) was stirred at ambient temperature until TLC indicated no
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starting material remained. The mixture was concentrated and the residue was purified by
flash chromatography on silica gel (200-300 mesh) eluting with 8/1 petrbleum/ethyl acetate
to provide the title compound. MS: 310 (M+H"),
Example 60F
tert-butyl 4-(4-(5-carbamoy-6-chloro-2-(methy Ithio)pyrimidin-4-ylamino)-3-
. chlorophenyl)piperidine-1-carboxylate

The title compound was obtained following the procedure described in Example 16E,
using the product of Example 60E in place of the product of Example 16D. MS: 512
(M+H").

Example 60G
tert-butyl 4-(4-(5—carbamoyl—6-hydrazinyI-2-(methylthio)pyrimidin-4-ylamino);3-
chlorophenyl)piperidine-1-carboxylate

The title compound was obtained following the procedure described in Example 16F,
using the product of Example 60F in place of the product of Example 16E. MS; 508 (M+H"M.

Example 60H
tert-butyl 4-(4-(8-carbamoyl-5-(methylthio)-[ 1,2 4]triazolo[4,3-/]pyrimidin-7-ylamino)-3-
chlorophenyl)piperidine-1-carboxylate

The title compound was obtained following the procedure described in Example 16G,
using the product of Example 60G in place of the product of Example 16F. MS: 518
(M+HY, '

Example 601
fert-butyl 4-(4-(5 -(2-chlorobenzy1)-8-carbamoyl-[ 1,2,4]triazolo[4,3-/]pyrimidin-7-ylamino)-
3-chlorophenypiperidine-1-carboxylate

The title compound was obtained following the procedure described in Example 19A,
using the product of Example 60H in place of the product of Example 13E. MS: 596
(M+H)). ‘

Example 60J
5-(2-chlorobenzyl)-7-(2-chloro-4-(piperidin-4-yl)phenylamino)-[1,2,4]triazolo[4,3~
fIpyrimidine-8-carboxamide '

The title compound was obtained following the procedure described in Example 141,
using the product of Example 601 in place of the product of Example 14H. "H NMR
(CD;0D, 300 MHz): & 9.46 (s, 1H), 7.49 (m, 5SH), 7.25 (m, 1H), 6.70 (m, 1H), 4.74 (s, 2H},
3.50 (m, 2H), 3.18 (m, 2H), 2.83 (m, 1H), 2.06 (m, 2H), 1.81 (m, 2H). MS: 492 (M+H").

Example 61
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5-(2-chlorobenzyl)-3-ethyl-7-{[2-methoxy-4-(piperazin-1-
yDphenyl]amino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide
Example 61A
tert-butyl4-(4-(8-carbamoy!-5 -(2-chlorobenzyl)-3-efhy 1-[1,2,4]triazolo [4,3-c]pyrimidin-7-
ylamino)-3 ~meth0xypheny piperazine-1-carboxylate '

The title compound was obtained following the procedure described in Example 19A,

* using the product of Example 57A in place of the product of Example 13E. MS: 621

(M+H".
Example 61B
5-(2-chlorobenzyl)-3-ethyl-7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-[1,2,4] triazolo[4,3-
' ¢]pyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 57C,
using the product of Example 61A in place of the product of Example 57B. 'H NMR
(DMSO-ds/ D;0, 300 MHz): 8 7.58-7.42 (m, 4H), 6.95 (d, J = 8.7 Hz, 1H), 6.57 (s, 1H),
5.91-5.86 (m ,1H), 4.81 (s, 2H), 3.80 (s, 3H), 3.41-3.39 (m, 2H), 3.25-3.24 (m, 8H), 1.46 (1, J
= 7.2 Hz, 3H), 1.26-1.21 (m, 2H). MS: 521 (M+H").
Example 62
5-(2,3-dichlorobenzyl)-7-{[2-methoxy-4-(piperidin-4-yl)phenyl]amino} [1,2,4]triazolo[4,3-
¢]pyrimidine-8-carboxamide
Example 62A
tert-butyl 4-(4-amino-3-methoxyphenyl)-5,6-dihy dropyridine-1(2H)-carboxy late
-A mixture of 4-bromo-2-methoxybeﬁzenamine (1.21 g, 6.0 mmol), tert-butyl 4-
(3,3,4,4-tetramethylborolan-1-yl)-5,6-dihy dropyridine-1(2H)-carboxylate (1.95 g, 6.3 mmol),
sodiem carbonate (-l 91 g, 18 mmol) and 1,1'- )
bis(dipheny Iphosphino)ferrocene]dichloropalladium(ll) (0.22 g, 0.3 mmol) in dioxane (25
mL) and water (5 mL) was degassed with nitrogen and heated to 90°C for 15 hours. After

‘cooling to ambient temperature, the mixutre was filtered, concentrated and purified by flash

chromatography eluting with 200:1 dichloromethane:methanol to give the title compound.
MS: 305 (M+H").
Example 62B
fert-butyl 4-(4-amino-3-methoxy phenyl)piperidine-1-carboxylate
To a mixture of 10% palladium on carbon (0.1 g) in methanol (30 mL) was added the

product of Example 62A (0.8 g, 2.6 mmol) and the mixture was stirred at ambient
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temperature under hydrogen for 8 hours. The mixture was filtered and concentrated to yield
the title compound. MS: 307 (M+H").
Example 62C
teri-butyl 4-(4-(8-carbamoyl-5-(methylthio)-{1,2,4]triazolo[4,3-c]pyrimidin-7-
. ylamino)-3-methoxy phenyl)piperidine-1-carboxylate |
The title compound was obtained following the procedure described in Example 17C-
E. using the product of Example 62B in place of the product of Example 17B. MS: 514
(M+H"), |
Example 62D
tert-butyl 4-(4-(5-(2,3-diéhlorobenzyl)-8-carbamoyl-[1,2,4]triazolo[4,3 -flpyrimidin-7-
ylamino)-3-methoxyphenyl)piperidine-1-carboxylate
The title compound was obtained following the procedure described in Example 14H,
using the product of Example 62C in place of the product of Example 14G and (2,3-
dichlorobenzyDzinc(IT) chloride in place of (2,6-dichlorobenzyl)zinc(Il) chloride. MS: 626
(M+H").
Example 62E
5-(2,3-dichlorobenzyl)-7-(2-methoxy-4-(piperidin-4-yl)phenylamino)-[1,2,4]triazolo[4,3-
/Ipyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 141,
using the product of Example 62D in place of the product of Example 14H. "HNMR
(CD;0D, 300 MHz): § 9.40 (s, 1H), 7.65 (dd,J = 2.1, 1.5 Hz, 1H), 7.48 (m, 1H), 7.39 (t,J =
7.5 Hz, 1H), 7.26 (t,J = 8.4 Hz, 1H), 6.82 (d,J=1.5 Hz, 1H), 6.41 (dd,J = 8.7, 1.8Hz, 1H),
4.81 (s, 2H), 3.91 (s, 3H), 3.54 (m, 2H), 3.15 (m, 2H), 2.84 (m, 1H), 2.05 (m, 2H), 1.89(m,
2H). MS: 526 (M+H").
Example 63
5-(2-fluorobenzyl)-7-{|2-methoxy -4-(piperidin-4-y1)pﬁenyl]amino} {1,2,4]triazolo[4,3-
c]pyrimidine-8-carboxamide |
Example 63A
tert-butyl 4-(4-(5-(2-fluorobenzyl)-8-carbamoyl-[1,2 4]triazolo[4,3-/]pyrimidin-7-ylamino)-
» 3-methoxyphenyl)piperidine-1-carboxylate
The title compound was obtained following the procedure described in Example 14H,
using the product of Example 62C in place of the product of Example 14G and (2-
fluorobenzyl)zinc(11) chloride in place of (2,6-dichlorobenzyl)zinc(Il) chloride. MS: 576
(M+H").
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Example 63B
5-(2-fluorobenzyl)-7-(2-methoxy-4-(piperidin-4-yl)phenylamino)-[1,2,4]triazolo[4,3-
flpyrimidine-8-carboxamide
The title compound was obtained following the procedure described in Example 141,
using the product of Example 63A in place of the product of Example 14H. 'H
NMR(CD;0D, 300 MHz): 5 9.48 (s, 1H), 7.49 (m, 5H), 7.26 (s, 1H),7.43 (d, /= 8.1 Hz, 1H),
4.75 (s, 2H), 3.52 (m, 2H), 3.15 (m, 2H), 2.84 (m, 1H), 2.02 (m, 2H), 1.83 (m, 2H). MS: 476
(M+H").
Example 64
5-(2,3-difluorobenzyl)-7-{[2-methoxy-4-(piperidin-4-yl)phenyl]amino} 1 ,2,4)triazolo[4,3-
' ¢]pyrimidine-8-carboxamide
Example 64A
tert-butyl 4-(4-(5-(2,3-difluorobenzyl)-8-carbamoyl-[1,2,4]triazolo[4,3-/}pyrimidin-7-
ylamino)-3-methoxyphenyl)piperidine-1-carboxy late
The title compound was obtained following the procedure described in Example 14H,
using the product of Example 62C in place of the product of Example 14G and (2,3-
difluorobenzyl)zinc(Il) chloride in place of (2,6-dichlorobenzyl)zinc(II) chloride. MS: 594
(M+H). '

Example 64B _
5-(2,3-difluorobenzyl)-7-(2-methoxy-4-(piperidin-4-yl)phenylamino)-[ 1,2 4]triazolo[4,3-
' _f]pyfimidine-8-carb0xamide
The title compound was obtained following the procedure described in Example 141,
using the product of Example 64A in place of the product of Example 14H. "H NMR
(DMSO-ds, 300 MHz): & 12.26 (s, 1H), 9.50 (s, 1H), 8.95 (m, 1H), 8.84 (brs, 1H), 8.75(brs,
1H), 7.89 (s, 1H), 7.51 (m, 1H), 7.30 (m, 3H), 6.81 (m, 1H), 6.34 (m, 1H), 4.74 (s, 2H), 3.86
(m, 3H), 3.38(m, 2H), 2.99 (m, 2H), 2.76 (m, 2H), 1.83(m, 5SH). MS: 494 (M+H".
Example 65
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenylJamino } -2-(morpholin-4-
ylmethyl)imidazo[1,2-c]pyrimidine-8-carboxamide
Example 65A
tert-butyl 4-(4-(8-carbamoy|-2-(chloromethyl)-5-(methylthio)imidazo[1,2-c] pyrimidin-7-

ylamino)-3-methoxyphenyl)piperazine-1-carboxylate
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A mixture of the product of Example 13D (629 mvg, 1.28 mmol) and 1,3-
dichloropropan-2-one (652 mg, 5.13 mmol) in 1,2-dimethoxylethane (20 mL) was heated at
80°C for 18 hours. The mixture was concentrated and the residue was purified by flash

chromatography on silica gel (200-300 mesh) c;luting with 97/3 dichloromethane/methanol to

' -give the title compound. MS: 562 (M+H").

Example 65B
fert-butyl 4-(4-(8-carbamoy1-5-(methylthio)-2-(morpholinomethyl)imidazo [1,2-c]pyrimidin-
7-ylamino)-3-methoxyphenyl)piperazine-1-carboxylate

To a solution of the product of Example 65A (50 mg, (.09 mmol) in 1,4-dioxane (5
mL) was added morpholine (23 mg, 0.3 mmol) and the mixture was stirred at 60°C for 18
hours. The mixture was concentrated and the crude title compound used in the next step
without further purification. MS: 613 (M+H").

| Example 65C
tert-butyl 4-(4-(8-carbamoy1-5-(2,6-dichlorobenzyl)-2-(morpholinomethyl)imidazo[1,2-
¢]pyrimidin-7-ylamino)-3-methoxyphenyl)piperazine-1-carboxylate

The title compound was obtained following the procedure described in Example 14H,
using the product of Example 65B in place of the product of Example 14G. MS: 725 M+H.

Example 65D
5 -(2,6-diéhlorobenzy 1)-7-(2-methoxy-4-(piperazin-1-yl)phenylamino)-2-
(morpholinomethy l)imidazo[i ;2-c]pyrimidine-8-carboxamide _

The title compound was obtained following the procedure described in Example 141,
using the broduct of Example 65C in place of the product of Example 14H. '"H NMR
(DMSO-ds+D-0, 300 MHz): 5 8.16 (s, 1H), 7.58-7.47 (s, 3H), 7.08 (d, / = 9.0 Hz, 1H), 6.54
(d,J =2.4 Hz, 1H), 5.90 (dd, J = 9.0, 2.4 Hz, 1H), 4.73 (s, 2H). 4.41 (s, 2H), 3.94 (m, 2H),
3.75-3.67 (m, 5H), 3.43-3.39 (m, 2H), 3.21-3.12 (m, 10H). MS: 625 (M+H").

Example 66
ethyl 8-carbamoyl-5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-
yl)phenyl]amino}imidazo{1,2-c]pyrimidine-2-carboxylate
Example 66A |
ethyl 7-(4-(4-(tert-butoxycarbonyl)piperazin-1-y1)-2-methoxy phenylamino)-8-carbamoyl-5-
' (methylthio)imidézo[l,2-c]pyrimidine-2-carboxylate

A mixture of the product of Example 13D (1 g, 2.0 mmol), ethyl 3-bromo-2-

oxopropanoate (796 mg, 4.1 mmol) and acetic acid (2 drops) in dimethylformamide (20 mL)

was heated at 60°C for 16 hours. After cool"ing to ambient temperature, the mixture was
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poured into water and extracted with dichloromethane (2 x 100 mL). The combined organic
phase was washed with brine, dried over sodium sulfate, filtered and concentrated. The
residue was purified by flash chromatography on silica gel (200-300 mesh) eluting with 98/2
dichloromethane/methanol to give the title compound. MS: 586 M+HY).
5 Example 66B
ethyl 7-(4-(4-(tert-butoxy carbonyl)piperazin- 1-yl)-2-methoxyphenylamino)-8-carbamoy|-5-
(2,6-dichlorobenzyh)imidazof 1,2-c]pyrimidine-2-carboxylate
The title compound was obtained following the procedure described in Example 14H,
using the product of Example 66A in place of the product of Example 14G. MS: 698
10 (M+HY).
. Example 66C
ethyl 8-carbamoyl-5-(2,6-dichlorobenzyl)-7-(2-methoxy-4-(piperazin-1-
yDphenylamino)imidazo[1,2-c]pyrimidine-2-carboxylate
The title compound was obtained following the procedure described in Example 141,
15 using the product of Example 66B in place of the product of Example 14H. 'H NMR
(DMSO-dg, 300 MHz): 5 12.16 (s, 1H), 9.47 (s, 1H), 9.12 (brs, 2H), 8.87-8.86 (m, 1H), 7.83
(brs, 1H), 7.65-7.62 (m, 2H), 7.56-7.50 (m, 1H), 7.13 (d,J = 8.7 Hz, 1H), 6.61 (s, 1H), 5.96
(d, ] =8.7 Hz, 1H), 4.90 (s, 2H), 4.43-4.36 (m, 2H), 3.82 (s, 3H), 3.31-3.24 (m, 8H), 1.39-
135 (m, 3H). MS: 598 (M+H"). |
20 Example 67 .
' 5 -(2,6-dichloroben_zyl)-Nz-ethy1-7- {[2-methoxy -4-(piperézin- 1-
yDphenyljamino }imidazo[1,2-c]pyrimidine-2,8-dicarboxamide
‘ Example 67A
7-(4-(4-(tert-butoxy carbonyl)piperazin- 1-y1)-2-methoxyphenylamino)-8-carbamoyl-5-(2,6~
25 dichlorobenzyl)imidazo[1,2-c]pyrimidine-2-carboxylic acid
" A mixture of the product of Example 66B (280 mg, 0,4 mmol) in 4M aqueous lithium
hydroxide (2 mL) and tetrahydrofuran (6 mL) was heated at 60°C for 2 hours. The mixture
was concentrated and the residue was dissolved in dichloromethane, washed with water and
brine, dried over sodium sulfate, filtered and concentrated. The crude title compound was '
30 used in the next step with further purification. MS: 670 (M+H*).'
Example 67B
tert-butyl 4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-2-(ethylcarbamoyl)imidazo [1,2-

¢]pyrimidin-7-ylamino)-3-methoxyphenyl)piperazine- 1-carboxylate
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To a solution of the product of Example 67A (50 mg, 0.07 mmol), (1-ethy1-3-3-
dimethylaminopropyl)carbodiimide (22 mg, 0.11 mﬁlol) and hydrdxybenzotriazole (15 mg,
0.11 mmol) in dimethylformamide (5 mL) was added ethanamine hydrochloride (9 mg, 0.11
mmol) and N,N-diisopropylethylamine (27 mg, 0.21 mmol). The mixture was stirred at
ambient temperature for 16 hours and coﬁcentrated. The residue was puriﬁed by flash
chromatography on silica gel (200-300 mesh) eluting with 98/2 dichloromethane/methanol to
give the title compound. MS: 697 (M+H").

Example 67C
5-(2,6-dichlorobenzyl)-N>-ethyl-7-{[2-methoxy-4-(piperazin-1-
yD)phenyljamino }imidazof1,2-c]pyrimidine-2,8-dicarboxamide

The title compound was obtained following the procedure described in Example 141
using the product of Example 67B in place of the product of Example 14H. 'H NMR
(DMSO-ds+ D,0, 300 MHz): 3 8.48 (s, 1H), 7.61-7.58 (m, 2H), 7.53-7.50 (m, 1H), 7.13 (d, J
= 8.7 Hz, 1H). 6.58 (d,.J= 2.1 Hz, 1H), 594 (dd, J = 2.1 Hz, J =9.0 Hz, 1H), 4.83 (s, 2H),
3.80 (s, 3H), 3.35-3.24 (m, 10H), 1.15 (t,J = 6.9 Hz, 3H). MS: 597 (M+H").

Example 68
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyljamino} N%(2,2,2-
trifluoroethybimidazo[1,2-¢]pyrimidine-2,8-dicarboxamide

Example 68A

tert-butyl 4-(4-(8-carbamoyl-5-(2,6-dichlorobenzyl)-2-(2,2,2-
trifluoroethylcarbamo&l)imidazo[ 1 ,2-c] pyrimidin-7-ylamino)-3-methoxyphenyl)piperazine-
1-carboxylate ‘

The title compound was. obtained following the procedure described in Example 67B
using 2,2, 2-trifluoroethylamine in place of ethanamine hydrochloride. MS: 751 (M+H".

.Example 68B
5-(2,6-dichlorobenzyl)-7-{|2-methoxy-4-(piperazin-1 -yl)phenyl]amino}-Nz-(2,2,2-
triﬂuoroethyl)imidazo[l»,2'-c]pyrimid,ine-2,8-dicarboxamide

The title compound was obtained following the procedure described in Example 141,
using the product of Example 68A in place of the product of Example 14H, "H NMR |
(DMSO-dy, 300 MHz): 6 12.32 (s, 1H), 9.43-9.41 (m, 2H), 9.17 (brs, 2H), 8.73 (s, 1H), 7.81
(brs, 1H), 7.65-7.63 (m, 2H), 7.56-7.54 (m, 1H), 7.15 (d, J = 8.7 Hz, 1H), 6.62 (s, 1H), 5.96
(dd, J=9.3, 1.5 Hz, 1H), 4.88 (s, 2H), 4.16-4.11 (m, 2H), 3.83 (s, 3H), 3.32-3.24 (m, 8H).
MS: 651 (M+H).
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Example 69
Enzyme Inhibition Data |

The following procedure is used to determine ALK Activity:

ALK kinase assays were conducted with the indicated final concentrations unless
otherwise specified. In 384 well black plates (Axygen), 8 ul of compound (2% DMSO) was
incubated with 8 ul Lck-peptide substrate (0.5 pM, biotin-Ahx-GAEEETY AAFFA-COOH)
and 8 pl of a mixture of ALK (3 nM, Millipore) and ATP (50 pM) in reaction buffer (50 mM
Hepes, pH 7.4; 10 mM MgCl; 2 mM MnCl; 0.1 mM sodium orthovanadate; 0.01% BSA
and 1 mM DTT (added fresh before assay) for 1 h at room temperature. Reactions were then
quen_ched by the addition of 30 pl quench solution. (streptavidin-allophycocyanin and
Europium-cryptate PT66 monoclonal antibody in 40 mM Hepes, pH 7.4; 480 mM KF; 66
mM EDTA,; 0.01% Tween-20; and 0.1% BSA) at room temperature. Plates were read 1 h
after quenching on an Envision Multilaber Reader and ICs, values were calculated using a
sigmoidal fit of the concentration/inhibition response curves. These values were converted to
apparent K; values using the Cheng—Prusoff relationship.

Alternatively, 4 nM ALK (Millipore) and 50 uM ATP were pre-incubated for 30 min

. at room temperate in 384 well plates (Corning 3676) in 2.5X reaction buffer (125 nM SEB

from Cisbio Bioassays, 12.5 mM MgCl,, 5 mM MnCl,, and 2.5 mM DTT). Reactions were
initiated by the addition of 4 pt ALK-ATP mixture to 2 pl compounds (2% DMSO) and 4 nl
TK-substrate biotin (Cisbio Bioassays). After incubation for 1 h at room temperature,
reactions were quenched in 10 ﬁl stop buffer (Cisbio detection buffer containing
Streptavididn-XL665 and Eu-Cryptate PT66 monoclonal antibody). Plates were read 1 h
after quenching on an Envision Multilaber Reader and 1Cs, values were calculated using a
sigmoidal fit of the concentration/inhibition response curves. These values were converted to
apparent K; values using the Cheng—Prusoff relationship.

Results are shown in Table 1

Table 1
Example HTRF ALK - Example HTRF ALK
Human - K; Human -Ki
1 0.001 - 35 0.004
2 0.0015 36 0.001
3 <0.001 37 0.004
4 0.002 38 <0.001
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5 0.001 39 0.002
6 0.004 40 <0.001
7 0.002 41 <0.001
8 0.001 42 <0.001
9 <0.001 43 0.0015
10 0.005 44 <0.001
11 1.1 45 0.004
12 0.001 46 0.015
13 0.079 47 0.002
14 0.065 48 <0.001
15 <0.001 49 0.001
16 0.013 50 <0.001
17 <0.001 51 <0.001
18 <0.001 52 0.057
19 0.002 33 0.001
20 <0.001 54 <0.001
21 018 55 0.002
22 0.008 56 0.002
23 0.005 57 0.002
24 0.007 58 0.018
25 <0.001 59 0.002
26 <0.001 60 0.001
27 <0.001 61 0.011
28 <0.001 62 0.002
29 <0.001 63 0.008
30 0.18 64 0.006
31 0.001 65 0.077
32 0.001 .66 0.001
33 0.001 67 0.013
34 0.003 68 0.12
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Compounds of the present invention assessed by the above-described assays were
found to have ALK kinase-inhibiting activity.

Al publication and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Although the
foregoing invention has been described in some detail by way of illustration and example for

.purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention that certain changes and modifications may

be made thereto without departing from the spirit or scope of the appended claims.
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WE CLAIM:
We claim:
1. A compound of formula (I):

NH, N/X4

formula (I)

wherein

X2isN, X is C, X' X*, and X* are»CH; or

X' and X% are N, X* is C, and Xé and X*are CR'* or
X" and X? are N, X? and X’ are C, and X* is CR': or
X', X% and X* are N, X’ is C, and X’ is CR'; or

X', X% X* and X* are N and X° is C; or

X' and X’ are N, X* is C, and X* and X* are CH;

PCT/CN2012/000103

A is phenyl, naphthyl, indenyl, C;.s cycloalkyl, 5-7 membered heterocycloalkyl, 5-7

membered heterocycloalkenyl, or 5-7 membered heteroaryl;

B is phenyl, pyndinyl, pyrimidinyl, pyrazinyl, pyridazinyl, or pyrazolinyl, wherein B

is optionally susbstituted with one, two, three, or four R? and is substituted with R?; or

B is 1,2,3 4-tetrahydroisoquinoline;
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Z is a bond, C.¢ alkylene, or C,.¢ alkenylene;

» R', at each occurrence, is independently se]ectéd from the group consisting of halo,
CN, NO,, Cy.¢-alkyl, Cy¢-haloalkyl, aryl, C5 s cycloalkyl, heteroaryl, heterocycloalkyl, ORS,'
SR’, C(O)R®, C(O)NR°R’, C(O)OR®, OC(O)R’, OC(O)NR®R’, NR°R’, NR°C(O)R’, S(O)R’,
S(O)NR°R’, S(O),R’, NR®S(0),R’, and S(0),NR°R’; wherein the Cs.¢ cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl are optionally substituted with 1, 2, or 3 substituents
independently selected from halo, C,.4 alkyl, C,.4 haloalkyl, CN, NO,, ORa,’ SR, C(O)R’,
C(O)NRPR’, C(O)OR®, OC(O)R?, OC(O)NR'R®, NR"R®, NR°C(O)R®, S(O)R®, S(O)NR'R’,
S(0),R’, NR°S(0),R’, and S(0);NRR’; |

R?, at each occurrence, is independently selected from the group consisting of halo,
CN, OH, C1.4 all\yl, C1.4-haloalkyl, C1.4 alkoxy, _C1,4 haloalkoxy, C1.4-thioalk0x_v, -S(O)C1.4

alkyl; amino, C;.salkylamino, and C,.4 dialkylamino;

R? is selected from the group consisting of aryl, Cs s cycloalkyl, heteroaryl,
heterocycloalkyl, aryl-Cy.¢-alkyl-, Cs.5 cycloalkyl-C,.s-alkyl-, heteroaryl-C,¢-alkyl-,
heterocycloalkyl-Cy.¢-alkyl-, OR®, C(O)R®, -CH,C(O)R®, C(O)NR’R'’, C(O)OR®, OC(O)R?,
OC(O)NR°R'®, NR°R'®, NR’C(O)R®, S(O)R?, S(O)NR’R'®, S(O),R®, NR’S(O);R", and
S(O)ZNRQR]O, wherein the Cs g cycloalkyl, aryl, heterocycloalkyl, and heteroaryl, alone or

part of another moiety, are optionally substituted with one, two, or three R
R*is H or C,¢-alkyl;

R’ R® and R’, at each occurrence, are independently selected from H, C, s alkyl, C;.
¢ haloalkyl, aryl, Cs.5 cycloalkyl, heteroaryl, and heterocycloalkyl, wherein the aryl, Cs.5
cycloalkyl, heteroaryl, and heterocycloalkyl moiety are optionally substituted with 1, 2, or 3
substituents independently selected from halo, CN, OH, C, 4 alkyl, C; 4-haloalkyl, C;.4
alkoxy, Ci.4 haloalkoxy, amino, Cy_4 alkylamino, Cy.4 dialkylamino,. C(O)OH, C(O)C,.4 alkyl,
C(O)NH,, C(O)NH(C, 4 atkyl), or C(O)N(C,_4 alkyl),;
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R® R’ and R' at each occurrence, are 1ndependent1y selected from H, C,¢ alkyl, C;.
¢ haloalkyl, heteroarvl C.¢-alkyl-, heterocycloalkyl-Cy.¢-alkyl-, R"?R"*N-C, ¢-alkyl-, aryl, Cs.
g cycloalkyl, heteroaryl, and heterocycloalkyl, wherein the aryl, C;.s cycloalkyl, heteroaryl,
and heterocycloalkyl, alone or as part of another moiety, are optionally substituted with 1, 2,
or 3 substituents independently selected from halo, CN, OH, C,.4 alkyl, C,.s-haloalkyl, Ci.4
alkoxy, C,.4 haloalkoxy, amino, C,.4 alkylamino, C, 4 dialkylamino, C(O)OH, C(O)C, 4 alkyl,
C(O)NH,, C(O)NH(C, 4 alkyl), or C(O)N(C,.4 alkyl),;

R, at each occurrence, is independently selected from the group consisting of halo,
Cy.4 alkyl, Cy.4 haloalkyl, amino-C,_4-alkyl-, Cy_4 alkylamino-C;.4 alkyl-, C;.4 dialkylamino-
Cy.4 alkyl-, hydroxy-C, s-alkyl-, C;.4 alkyl-C;.salkoxy, aryl, Cs.5 cycloalkyl, heteroaryl,
“heterocycloalkyl, aryl-(C,; alkyl)-, Cs 5 cycloalkyl-(C,.; alkyl)-, heteroaryl-(C,.; alkyl)-,
heterocycloalkyl-(C,.; alkyl)-, CN, NO,, OR?, \SR“, C(O)RY, C(O)NRR', C(O)OR,
OC(O)RY, OC(O)NRR', NR°R!, NR°C(O)R?, S(O)R?, S(O)NRR', S(O).R", NR*S(0),R", and
S(O)zNR"Rf, wherein the aryl, Cs.¢ dycloalkyl, heteroaryl, and heterocycloalkyl, alone or as
part of another moiety, are optionally substituted with one, two or three substituents

independently selected from halo and Cy.4 alkyl;

'2 and R", at each occurrence, are independently selected from the group consisting

of H, Cy.¢ alkyl, C,.¢ haloalkyl, aryl, Cs.3 cycloalkyl, heteroaryl, and heterocycloalkyl;
R'% is selected from the group consisting of H, Cy.6 alkyl, C.¢ haloalkyl, -Cy.6 .
alkyl-heterocycloalkyl, -C(O)OC, s alkyl, -C(O)OC,.¢ haloalkyl, -C(O)NHC,.¢ alkyl,

-C(O)NHC, ¢ haloalky]l;

R?, at each occurrence, is independently selected from the group consisting of H, Cy.¢

alkyl, C,.¢ haloalkyl, aryl, C;_; cycloalkyl, heteroaryl, and heterocycloalkyl;

R® and R°, at each occurrence, are indépendently selected from the group consisting of

H, Ci.¢ alkyl, Cy.¢ haloalkyl, aryl, Cs.s cycloalkyl, heteroaryl, heterocycloalkyl,
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RY, at each occurrence, is independently selected from the group consisting of H, C.¢

alkyl, C.¢ haloalkyl, aryl, Cs 5 cycloalkyl, heteroaryl, and heterocycloalkyl,

R°and R, at each occurrence, are independently selected from the group consistin‘g of

H, Ci.6 alkyl, C,.6 haloalkyl, aryl, Cs.s cycloalkyl, heteroaryl, and heterocycloalkyl; and
nis 0. 1, 2, or 3;
or a pharmaceutically acceptable salt or solvate thereof.

2. The compound of claim 1 of formula (I) wherein X?isN, X’ is C, X', X°, and
X* are CH.

3. The compound of claim 1 of formula (I) wherein X'and X?are N, X* is C,
and X° and X* are CR'".

4. The compound of claim 1 of formula (I) wherein X' and X* are N, X* and X

are C, and X*is CR".

5. The compound of claim 1 of formula (I) wherein X! X2 and X*are N, X’ is

C, and X* is CR™.

6. The compound of claim 1 of formula (I) wherein X', X% X3, and X* are N and

X®is C.

7. The compound of any of one of claims 1-6 of formula (I) wherein Z is -CH,-,
-CH,CHa-, -CH(CHs)-, or -C(CHy)o-. '

8. The compound of any of one of claims 1-6 of formula (I) wheremn Z is

-CH(=CHy)- or -CH=CH-.

9. The compound of any of one of claims 1-6 of formula (I) wherein Z is a bond.
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10.  The compound of any of one of claims 1-6 of formula (I) wherein A is phenyl.

11. The compound of claim 10 of formula (I) wherein
nis 0, 1, or 2; and _
R'is halo, OR’, C,.¢ alkyl, C,. haloalkyl, or CN.

12. The compound of claim 10 of formula (I) wherein
nis 1;
R’ is C(O)NRR’, C(O)OR®, NR°C(O)R’, NR*S(O),R’, or S(O);NR°R’.

13. The compound of any of one of claims 1-6 of formula (I) wherein A is a 5-7
membered heteroaryl selected from the group consisting of include furanyl, thiophenyl,
pyrrolyl, imidazolyl, pyrazoyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, thiodiazolyl, oxadiazolyl, oxatriazolyl, dioxazolyl, oxathiazolyl, oxaihiolyl,

pyridinyl, pyridazinyl, pyrimidinyl, and pyrazinyl.

14, The compound of any of one of claims 1-13 of formula (I) wherein B is

phenyl.
15, The compound of claim 14 of formula (I) wherein R’ is heterocycloalkyl.

16. The compound of any of one of claims 1-13 of formula (I) wherein B is

|
Ny o
» R o
s ) s =
(R)m \( R Y
‘RS RrR3 ‘. VRS ’

17.  The compound of claim 16 of formula (f) wherein
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misOorl;
R? is halo, C,.4 alkyl, or C,_4 alkoxy;
R?is

s and

R'"' is C).4 alkyl, Cy.4 haloalkyl, amino-C)_s-alkyl-, Ci_4alkylamino-C.4 alkyl-, C.4
dialkylamino-C, .4 alkyl-, and hydroxy-C, 4-alkyl-, C;.4 all\y]iC1_4 alkoxy, aryl, cycloalkyl,
heteroaryl,vheterocycloall\yl, aryl-(C,.; alkyl)-, cycloalkyl-(C,.; alkyl)-, heteroaryl-(C.,
alkyl)-, or heterocycloalkyl-(Cy.; alkyl)-, wherein the arvl, cycloalkyl, heteroaryl, and _
heterocycloalkyl, alone or as part of another moiety, are optionally substituted with 1, 2, or 3

substituents independently selected from halo and Cy.4 alkyl.

18.  The compound of claim ! of formula (I) or a salt or a solvate thereof selected
from the group consisting of ' '

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}imidazo[1,2-
¢|pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-
yl)phenylJamino}(1.2.4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{|2-methoxy-4-(piperazin-1-
y])phenyl]amino}[l,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-yl)phenyl]amino}[1,2,4}triazolo[4,3-

c]pyrimidine-8-carboxamide; -
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5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-yl)phenylJamino }tetrazolo[1,5-
clpyrimidine-8-carboxamide; |

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-yl)phenyl]amino}tetrazolo[1,5-
cjpyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[2-methoxy -4-(piperazin-1 -y )phenyl]amino }imidazof],2-
a]pyridine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[4-(piperazin-1-y)phenyllamino }imidazo[1,2-a]pyridine-
8-carboxamide;

4-(2,6-dichlorobenzy1)-6-{[2-methoxy -4-(piperazin-1-yl)phenyljamino } -1 H-
imidazo[4,5-c]pyridine-7-carboxamide; '

5-(2,6-dichlorobenzyl)-7-{ [4-(piperazin-1-yl)phenyl]amino }imidazo[1,2-
c]pyrimidine-8-carboxamide,

5-(2,6-dichlorobenzyl)-7-{{2-methoxy -4-(morpholin-4-
ylcarbonyl)phenylJamino}imidazo]1l ,2-c]pyrimidine-8-carb0xamide;‘

5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(piperidin-1-
ylethyl]carbamoyl}phenyl)amino][1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6'—dichlorobenzyl)-7a[(4-{[2-(dimethy1amino)ethyl]carbamoyl}-2-
methoxyphenyl)aminolimidazo[1,2-c]pyrimidine-8-carboxamide;

7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-5-(pyrrolidin-1-yl)imidazo[1,2-
¢]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[2-(methylsulfinyl)-4-(piperazin-1-
yDphenyljamino }imidazo.[vl ,2—c]pyrimidine-8-carboxamide';

5-(2,6-dichlorobenzyl)-7-{[2,5-difluoro-4-(piperazin-1-
yl)phenyl]lamino}{1,2,4]triazolo[4,3-c}pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{|2,6-difluoro-4-(piperazin-1-
yDphenyllamino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide,

7-{[2-methoxy -4-(piperazin-1-y)phenyl]amino}-5- {[(1S)-1-

v phenylethyl]amino}imidazo[1,2-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-7-{[3-methyl-4-(piperazin-1-
yDphenyllamino}[1,2,4]triazolo{4,3-c]pyrimidine-8-carboxamide;

6-{[3-chloro-4-(piperazin-1-yl)phenyljamino }-4-(2,6-dichlorobenzyl)-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
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" 5-(2-chlorobenzyl)-7-{[2-methoxy -4-(piperazin-1-yl)phenyl]amino}imidazo[1,2-
c]pyrimidine-8-carboxamide; ‘
4-(2,6-dichlorobenzy)-6-{[2,5-difluoro-4-(piperazin-1-yl)phenyl]amino }-1H-
imidazo[4,5-c]pyriding-7-carboxamide;,
7-{[2-methoxy-4-(piperazin-1-yl)phenyl]amino}-5-(piperazin-1-yl)imidazo[1,2-
c]pyrimidine-8-carboxamide; |
7-{[2-methoxy-4-(piperazin-1-y)phenyl]amino}-5-(piperidin-4-ylamino)imidazo[1,2-
¢]pyrimidine-8-carboxamide;
4-(2,6-dibhlorobenzyl)-6-{ [4-(piperazin-] -yl)-?.-(triﬂuoromethy])phenyl]amino}— 1H-
imidazo[4,5-c]pyridine-7-carboxamide;
5-(2,6-dichlorobenzyl)-7-({2-methoxy-4-[ (4-methylpiperazin-1-
yl)carbonyl]phenyl}amino)imidazo{1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(4-methylpiperazin-1-
yl)ethyl]carbamoy!}phenyl)aminojimidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-{|3,5-dichloro-4-(piperazin-1-
yl)phenyl]amino}{1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[2-methyl-4-(piperazin-1-y)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;
7-{[3-chloro-4-(piperazin-1-yl)phenyl]amino}-5-(2,6-
dichlorobenzyl)[1,2,4]triazolo[4,3-c]pyrirﬁidine-S-carboxamide; _
5-(2,6-dichlorobenzyl)-7-{[2-fluoro-4-(piperazin-1-
ylhphenyljamino}[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
4-(2,6-dichlorobenzyl)-6-{[3-methyl-4-(piperazin-1-y)phenyllamino}-1 H-
inidazo|4,5-c]pyridine-7-carboxamide;
4-(2,6-dichlorobenzyl)-6-({2-methoxy-4-|2-0x0-2-(pyrrolidin-1-
ylethyl]phenyl}amino)-1 H-imidazo[4,5-c]pyridine-7-carboxémide;
4-(2,6-dichlorobenzyl)-6-[(4-{[2-(dimethylamino)ethyl]carbamoyl}-2-
methoxyphenyl)amino]-1H-imidazo[4,5-c]pyridine-7-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy-4-{[2-(pyrrolidin-1-
yDethyl]carbamoyl}phenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide;
5-(2,6-dichlorobenzyl)-7-[(2-methoxy -4-{[2-(piperidin-1-
vDethyl]carbamoyl}phenylaminolimidazo[1,2-c]pyrimidine-8-carboxamide;
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5-(2,6-dichlorobenzyl)-7-{(2-methoxy-4-{[3-(morpholin-4-

yD)propyl]carbamoy1} phenyl)amino]imidazo[1,2-c]pyrimidine-8-carboxamide;
. 5-(2,6-dici110robenzyl)-7-{[2-methoxy-4-(piperazin-1-

ylcarbonyl)phenyl]amino}fmidazo i1 ,2-c]pyrimidine-8-.c;c1rquamide;

4-(2,6-dichlorobenzyl)-6-({2-methoxy-4-[(4-methylpiperazin-1-
yl)carbonyl]phenyl}amino)-1H-imidazo[4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{|2-fluoro-4-(piperazin-1-yl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

5-[(2-chloropheny l)amino]-7-{[2-methoxy-4-(piperazin-1-
yDphenyljamino }imidazo[1,2-c]pyrimidine-8-carboxamide;

4-(2,6-dichlorobenzyl)-6-{ [2-methoxy-4-(piperazin-1-ylcarbonyl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

5-[(2,3-difluorophenyl)amino]-7-{[2-methoxy-4-(piperazin-1-
yD)phenyl]amino }imidazo[1,2-c]pyrimidine-8-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[3,5-dichloro-4-(piperazin-1-yl)phenyljamino}-1H-
imidazo [4,5-c]pyridine-7-carboxamidev;

4-(2,6-dichlorobenzyl)-6-{[3,5-difluoro-4-(piperazin-1-yl)phenylJamino}-1H-
imidazo[4,5-c]pyridine-7-carbbxamide;

6-{][2-chloro-4-(piperazin-1-yl)phenyl]amino }-4-(2,6-dichlorobenzyl)-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[3-fluoro-2-methoxy-4-(piperazin-1-yl)phenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide; ,

4-(2,6-dichlorobenzyl)-6-{ [4-(piperazin-1-yl)-3-(trifluoromethyl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[4-(piperazin-1-y1)-2-(trifluoromethoxy)phenyljamino} -
1H-imidazo|4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{|2-methoxy-5-(piperazin-1-yl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzy)-6-{[4-(hexahydropyrrolo[1,2-a]pyrazin-2(1 H)-yI)-2-
methoxyphenyl]amino}-1H-imidazo[4,5-c]pyridine-7-carboxamide;

4-[(2-chlorophenyl)amino]-6-{[2-methoxy-4-(piperazin-1-
yl)phenyl]amino}pyrazolo[1,5-a]pyrazine-7-carboxamide;
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4-(2,6-dichlorobenzyl)-6-{]2,3-dimethyl-4-(piperazin-1-yl)phenyl]amino}-1H-
imidazo[4,5-c}pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[2-methoxy-4-(pyrrolidin-1-ylmethyl)phenyl]amino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

7-{[2-bromo-4-(piperazin-1-yl)phenyl]amino}-5-(2,6-
dichlorobenzyl)[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[2-fluoro-5-methyl-4-(piperazin-1-yphenyljamino}-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

4-(2,6-dichlorobenzyl)-6-{[3,5-difluoro-2-methoxy-4-(piperazin-1-yl)phenyl]amino} -
1H-imidazo [4,5-c]pyridine-7-carboxamide;

4«(2,6—dichlorobe‘nzyl)-6-|(6-methoxy~l ,2,3 4-tetrahy droisoquinolin-7-yl)amino]-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

6-{[2-chloro-4-(piperidin-4-y)phenyl]amino }-4-(2,6-dichlorobenzyl)-1H-
imidazo[4,5-c]pyridine-7-carboxamide;

7-(2-chloro-4-(pipeﬁdin—4-y Dphenylamino)-5-(2-chlorobenzyl)-3-ethyl-
[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5;(2,6-dichlorobenzyl)-7-{ [2-methoxy-4-(piperazin-1-yl)phenyllamino}-3-
methyl[1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,6-dichlorobenzyl)-3-cthyl-7-{[2-methoxy-4-(piperazin-1-
yDphenyljamino}1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-2-ethyl-7-{|2-methoxy -4-(piperazin-1-
yl)phenyl]amino }imidazo[1,2-c]pyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-7-{[2-chloro-4-(piperidin-4-yl)phenyl]amino }-2-
ethylimidazo[1,2-c]pyrimidine-8-carboxamide;

5-(2-chlorobenzyl)-7-{[2-chloro-4-(piperidin-4-yl)phenyl]amino}[1,2 4]triazolo{4,3-
¢]pyrimidine-8-carboxamide; v

5-(2-chlorobenzyl)-3-ethyl-7-{[2-methoxy-4-(piperazin-1-
yl)phenyljamino} (1 ,2.4]triazolo[4,3-c]pyrimidine-8-carboxamide;

5-(2,3-dichlorobenzyl)-7-{|2-methoxy-4-(piperidin-4-
yl)phenyl]amino}[1,2,4]triazolo[4,3-c|pyrimidine-8-carboxamide;

5-(2-fluorobenzyl)-7-{[2-methoxy-4-(piperidin-4-
yDlphenyl]amino}{1,2,4]triazolo[4,3-c]pyrimidine-8-carboxamide;
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5-(2,3-difluorobenzyl)-7-{[2-methoxy -4-(piperidin-4-
yDphenyl]amino}[1 ,2,4]triazolo [4,3-c]pyrimidine-8-¢arboxamide; :
5-(2,6-dichlorobenzyl)-7-{]|2-methoxy-4-(piperazin-1-y)phenyl]amino} -2-
(morpholin-4-ylmethyl)imidazo[1,2-c]pyrimidine-8-carboxamide;
ethyl 8-carbamoyl-5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1 .
yl)phenyl]émino}imidazo[l ,2-¢]pyrimidine-2-carboxylate;
5-(2,6-dichlorobenzy1)-N~2~-ethyl-7-{[2-methoxy-4-(piperazin-1-
yl)phenyl]amino}imidazo[1,2-c]pyrimidine-2,8-dicarboxamide; and
5-(2,6-dichlorobenzyl)-7-{[2-methoxy-4-(piperazin-1-y)phenyljamino}-N~2~-(2,2,2-

trifluoroethyl)imidazo[1,2-c]pyrimidine-2,8-dicarboxamide.

19. A pharmaceutical composition comprising a compound or pharmaceutically

acceptable salt of any one of claims 1-18 and pharmaceutically acceptable excipient.

20. A method of treating cancer in a mammal comprising administering thereto a
therapeutically acceptable amount of a compound or pharmaceutically acceptable salt of any

one of claims 1-18.
21. A method for decreasing tumor volume in a mammal comprising

administering thereto a therapeutically acceptable amount of a compound or pharmaceutically

acceptable salt of any one of claims 1-18.
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There are 6 groups inventions claimed in the international application as following:

1. Claim 1 (part) relates to X?isN, X% is C, X!, X? and X" are CH, and claim 2, and claims 7-21(part) relates to X*isN, X% is C, X!
X?and X*are CH.

2. Claim 1 (part) relates to X' and X* are N, X° is C, and X and X" are CR'*; and claim 3, and claims 7-21 (part) relates to X' and X}
are N, X° is C, and X and X* are CR*.

3. Claim 1 (part) relates to X' and X* are N, X* and X’ are C, and X" is CR", and claim 4, and claims 7-21 (part) relates to X' and X°
are N, X* and X’ are C, and X* is CR™.

4.  Claim 1 (part) relates to X!, X% and X" are N, X’ is C, and X* is CR™, and claim 5 , and claims 7-21 (part) relates to X!, X% and X4
are N, X° is C, and X% is CR™.

5. Claim 1 (part) relates to X', X%, X>and X* are N, and X’ is C, and claim 6, and claims 7-21 (part) relates to X', X2, X*and X* are
N,and X’ is C.

6. Claim I(part) relates to X' and X are N, X is C, and X° and X* are CH, and claims 7-17 (part), 19-21 (part) relates to X' and X°
are N, X2 is C, and X and X* are CH.

Those inventions appear to show lack of the same or corresponding special technical feature. For the heterocycles including X'~X°
of compounds of the said inventions are different each other. They have neither the common structure, nor belong to a recognized class of
chemical compounds in the art (see PCT INTERNATIONAL SEARCH AND PRELIMINARY EXAMINATION GUIDELINES, No.
10.17). Therefore the application does not meet the requirements of unity of invention as define in PCT. Rule 13.1 and 13.2.
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