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AMIDO-BENZYL SULFONE AND SULFOXIDE DERIVATIVES

FIELD OF THE INVENTION

medical conditions, with such compounds and pharmaceutical copfpositions. The
d sulfoxide
transferase (“NAMPT”).

present invention also relates to certain amido-benzyl sulfone

10 compounds for use in inhibiting nicotinamide phosphoribo:

BACKGROUND OF THE INVENTION
Nicotinamide adenine dinucleotide (NAD) flays a fundamental role in both
cellular energy metabolism and cellular signalind. NAD plays an important role in
15  energy metabolism, as the pyridine ring in th NAD molecule readily accepts and
donates electrons in hydride transfer react
dehydrogenascs. The enzyme nicotinagide phosphoribosyltransferase (NAMPT,
NMPRT, NMPRTase, or NAmPRTge, International nomenclature; E.C. 2.4.2.12),
promotes the condensation of nigftinamide with S-phosphoribosyl-1 -pyrophosphate
20  to generate nicotinamide mongfiucleotide, which is a precursor in the biosynthesis of
NAD.
NAMPT is impljated in a variety of functions, including the promotion of
vascular smooth musZe cell maturation, inhibition of neutrophil apoptosis, activation
of insulin receptorf, development of T and B lymphocytes, and reduction of blood
25  glucose. ThusAmall molecule NAMPT inhibitors have potential uses as therapies in
a variety of fseases or conditions, including cancers involving solid and liquid
tumors, gdn-small cell lung cancer, leukemia, lymphoma, ovarian cancer, glioma,
breast £ancer, uterine cancer, colon cancer, cervical cancer, lung cancer, prostate
canfer, skin cancer, rhino-gastric tumors, colorectal cancer, central nervous system

NS) cancer, bladder cancer, pancreatic cancer and Hodgkin’s disease. NAMPT
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inhibitors also have potential uses as therapies for diseases or conditions such as
cancer, theumatoid arthritis, diabetes, atherosclerosis, sepsis, or aging.

Rongvaux et al. have demonstrated that NAMPT is implicated in the
regulation of cell viability during genotoxic or oxidative stress, and NAMPT
inhibitors may therefore be useful as treatments for inflammation. RongvAux, A, et
al. J. Immunol. 2008, 181, 4685-4695. NAMPT may also have effects #n the reaction
of endothelial cells to high glucose levels, oxidative stress, and aging. Thus, NAMPT
inbhitors may enable proliferating endothelial cells to resist the gfidative stress of
aging and of high glucose, and to productively use excess glughse to support
replicative longevity and anglogenic activity.

In particular, NAMPT inhibitors have been showh to interfere with NAD
biosynthesis and to induce apoptotic cell death withopt any DNA damaging effects or
primary effects on cellular energy metabolism, ang/thus have important anti-tumor
effects. For example, the NAMPT inhibitor FKAG66 has these biochemical effects,
and has also been shown to reduce NAD lev£ls, induce a delay in tumor growth and
enhance tumor radiosensitivity in a mous# mammary carcinoma model. See, e.g.,
Hasmann M. and 1. Schemainda, “FK§66, a Highly Specific Noncompetitive Inhibitor
of Nicotinamide Phosphoribosyltragfsferase, Represents a Novel Mechanism for
Induction of Tumor Cell Apoptofs,” Cancer Res. 2003, 63, 7436-7442; Drevs, J. et
al., “Antiangiogenic potency #f FK866/K22.175, a new inhibitor of intracellular NAD
biosynthesis, in murine repfl cell carcinoma,” Anticancer Res. 2003, 23, 4853-4858.

More recently, gfiother NAMPT inhibitor, CHS-828, has been shown to
potently inhibit cell Zrowth in a broad range of tumor cell lines. See Olesen, UH.et
al., “Anticancer afent CHS-828 inhibits cellular synthesis of NAD,” Biochem.
Biophys. Res. ffommun. 2008, 367, 799-804, Ravaud, A. et al., “Phase 1 study and
guanidine kffietics of CHS-828, a guanidine-containing compound, administered

orally asA single dose every 3 weeks in solid tumors: an ECSG/EORTC study,” Fair.

J. Cayeer 2005, 41, 702-707. Both FK866 and CHS-828 are currently in clinical

trigfs as cancer treatments.
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There remains a need for potent NAMPT inhibitors with desirable
pharmaceutical properties. Certain amido-benzyl sulfone and sulfoxide derivative

have been found in the context of this invention to have NAMPT-modulating agfivity.

5 SUMMARY OF THE INVENTION
In one aspect, the invention is directed to compounds of Formu)d I:
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wherein:
Eis Oorisabsent;

10 Ris (a)an 8-, 9-, or 10-membered bicyclic heterghiryl comprising one heteroatom
selected from N, S, and O, and one, tyb, or three additional N atoms,
wherein said bicyclic heteroaryl is Ansubstituted or is substituted with one
or more substituents selected frofn the group consisting of deuterium,
amino, alkylamino, dialkylagfino, alkyl, halo, cyano, haloalkyl, hydroxy,

15 hydroxyalkyl, and alkoxy/and wherein one or more N atoms of said
bicyclic heteroaryl is offtionally an N-oxide; or

(b) a five- or six-membgfed nitrogen-linked heterocycloalkyl ring fused to a
phenyl or monocyclic six-membered heteroaryl, wherein said phenyl or
heteroaryl is yfsubstituted or is substituted with one or more substituents

20 the group consisting of deuterium, amino, alkylamino,

ubstituted with one or more substituents R,
wherein each R* substituent is independently selected from the group
consisting of deuterium, halo, hydroxy, cyano, -NR’R", -alkylenyl-
NR°R®, ox0, alkyl, hydroxyalkyl, cyanoalkyl, haloalkyl, alkoxy,
haloalkoxy, alkoxyalkyl-, -S-alkyl, alkenyl, alkynyl, aryl, arylalkyl-,
aryloxy-, arylalkoxy-, cycloalkyl, cycloalkoxy, (cycloalkyl)alkyl-,
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heterocycloalkyl, (heterocycloalkyl)alkyl-, (heterocycloalkyl)alkoxy-,
-C(0)alkyl, -COsalkyl, -CO-H, -C(O)cycloalkyl, -C(O)aryl,

-C(O)heterocycloalkyl, -S§(0)-alkyl, -SO;-alkyl, -SO;-aryl, -SO-
(haloalkyl), -CONH,, C(O)NH(alkyl), -C(O)NH(haloalkyl),

-SO;NH(alkyl), -SO,N(alkyl),, -SO.NH(cycloalkyl)And

-N(H)(S0.alkyl), or two adjacent R* substituents jaken together form a

phenyl ring,

wherein each of said cycloalkyl, heterocyclghilkyl, aryl, heteroaryl, and
phenyl substituents within R" is indepndently unsubstituted or
substituted with one or more subspftuents selected from the group
consisting of alkyl, halo, hydrofy, cyano, alkoxy, amino,
-NHCOzalkyl, -C(O)alkyl, agAd -CO-alkyl;

wherein R* and R” are each ifdependently H, alkyl, alkoxy,
alkoxyalkyl, cyanoalkyl, or haloalkyl; and
R®is H or alkyl; or

(2) a saturated, bicyclic or tfcyclic, nitrogen-linked heterocycloalkyl, wherein
said heterocycloalkyyComprises a fused, bridged, or spiro bicyclic system,
and said heterocygfoalky! is unsubstituted or substituted with one or more
substituents ingépendently selected from the group consisting of alkyl,

halo, haloal)§1, hydroxy, hydroxyalkyl, alkoxy, cyano, cyanoalkyl, oxo,

compounds:
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In a further aspect, the invention relates to pharmaceutical compositions each
comprising an effective amount of at least one compound of Formulal or a
pharmaceutically acceptable salt of a compound of Formula I. Pharmaceutical
compositions according to the invention may further comprise at least one
5  pharmaceutically acceptable excipient. 7
In another aspect, the invention is directed to a method of treatipf a subject
suffering from a disease or medical condition mediated by NAMPT gtivity,
comprising administering to the subject in need of such treatment/n effective amount
of at least one compound of Formula I or a pharmaceutically agceptable salt of a
10 compound of Formula I, or comprising administering to theAubject in need of such
treatment an effective amount of a pharmaceutical compgbition comprising an
effective amount of at least one compound of FormulT or a pharmaceutically
acceptable salt of a compound of Formula 1.

An aspect of the present invention concefns the use of compound of Formula
15  for the preparation of a medicament used in fle treatment, prevention, inhibition or
elimination of cancer.

An aspect of the present invenyyfn concems the use of a compound of
Formula I for the preparation of a mfdicament used in the treatment, prevention,
inhibition or elimination of cancef, where the cancer can be selected from leukemia,
20  lymphoma, ovarian cancer, brgfast cancer, uterine cancer, colon cancer, cervical
cancer, lung cancer, prostayf cancer, skin cancer, CNS cancer, bladder cancer,
pancreatic cancer and Hfdgkin’s disease.

An aspect of tfe present invention concerns the use of a compound of
Formula I for the pfeparation of a medicament used in the treatment, prevention,
25  inhibition or elifhination of cancer, where the cancer can be selected from cancers
with solid and liquid tumors, non-small cell lung cancer, leukemia, lymphoma,
ovarian cghcer, glioma, breast cancer, uterine cancer, colon cancer, cervical cancer,
lung cghcer, prostate cancer, skin cancer, rhino-gastric tumors, colorectal cancer,
CN¥ cancer, bladder cancer, pancreatic cancer and Hodgkin’s disease.

30 In another aspect, the compounds of Formula I and pharmaceutically

acceptable salts thereof are useful as NAMPT modulators. Thus, the invention 1s

26
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directed to a method for modulating NAMPT activity, including when NAMPT is in
subject, comprising exposing NAMPT to an effective amount of at least one
compound of Formula I or a pharmaceutically acceptable salt of a compound of
Formula L
5 In yet another aspect, the present invention is directed to methods of making
compounds of Formula 1 and pharmaceutically acceptable salts thereof,
In certain embodiments of the compounds, pharmaceutical ¢
methods of the invention, the compound of Formula [ is a compoyhd selected from
those species described or exemplified in the detailed descriptign below, or is a
10 pharmaceutically acceptable salt of such a compound.
Additional embodiments, features, and advantagef of the invention will be
apparent from the following detailed description and pirough practice of the invention.
DETAILED DESCRIPTION AND PARTICU EMBODIMENTS
15 For the sake of brevity, the disclosurgd of the publications cited in this
specification, including patents and patenypplications, are herein incorporated by
reference in their entirety.
Most chemical names were g€nerated using [UPAC nomenclature herein.
Some chemical names were genefated using different nomenclatures or alternative or
20  commercial names known in tfe art. In the case of conflict between names and

structures, the structures prgvatil.

General Definitions

25  otherwise indicfted, shall be understood to have the following meanings. If a

d in any cited publication, the definition provided herein controls.
As used herein, the terms “including”, “containing”, and “comprising” are

ed in their open, non-limiting sense.

27
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As used herein, the singular forms “a”, “an”, and “the” include plural referents
unless the context clearly dictates otherwise.

To provide a more concise description, some of the quantitative expressi

measurement conditions for such given value. Whenever a yiefd is given as a

percentage, such yield refers to a mass of the entity for whigh the yield is given with
respect to the maximum amount of the same entity that géuld be obtained under the
particular stoichiometric conditions. Concentrations JAat are given as percentages

refer to mass ratios, unless indicated differently.

Chemical Definitions
As used herein, “alkyl” refers to afaturated, straight- or branched-chain
hydrocarbon group having from 1 to 1¢/carbon atoms. Representative alkyl groups
include, but are not limited to, methfl, ethyl, n-propyl, isopropyl, 2-methyl-1-propyl,
2-methyl-2-propyl, 2-methyl-1-bfftyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-
dimethyl-1-propyl, 2-methyl-}Ypentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-
methyl-2-pentyl, 3-methyl,Z-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-
dimethyl-1-butyl, 2-ethyf-1-butyl, butyl, isobutyl, t-butyl, n-pentyl, isopentyl,
neopentyl, n-hexyl, afd the like, and longer alkyl groups, such as heptyl, octyl, and
the like. As used fferein, “lower alkyl” means an alkyl having from 1 to 6 carbon
atomis.
The #£rm “alkylamino” as used herein denotes an amino group as defined
herein wifrein one hydrogen atom of the amino group is replaced by an alkyl group
as defffied herein. Aminoalkyl groups can be defined by the following general
forflula —~NH-alkyl. This general formula includes groups of the following general
rmulae’ -NH-C,-Cj¢-alkyl and -NH-C;-Cg-alkyl. Examples of aminoalkyl groups

include, but are not limited to aminomethyl, aminoethyl, aminopropyl, aminobutyl.

28
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The term “dialkylamino™ as used herein denotes an amino group as defined
herein wherein two hydrogen atoms of the amino group are replaced by alkyl grou
as defined herein. Diaminoalkyl groups can be defined by the following genera
formula —N(alkyl),, wherein the alkyl groups can be the same or can be diffeyént and
can be selected from alkyls as defined herein, for example C,-C p-alkyl orf0;-Cs-

alkyl.

The term “alkyleny!” refers to a divalent alkyl group.

The term “alkoxy” as used herein includes -O-(alkyl), yherein alkyl is defined
above,

As used herein, “alkoxyalkyl” means -(alkylenyl }O-(alkyl), wherein each
“alkyl” is independently an alkyl group defined abovg/

As used herein, an “alkenyl” refers to a strgfght- or branched-chain
hydrocarbon group having one or more double Jfonds therein and having from 2 to 10
carbon atoms. Illustrative alkenyl groups ingfude, but are not limited to, ethylenyl,
vinyl, allyl, butenyl, pentenyl, hexenyl, byfadienyl, pentadienyl, hexadienyl, 2-
ethylhexenyl, 2-propyl-2-butenyl, 4-(2/methyl-3-butene)-pentenyl, and the like. As
used herein, “lower alkenyl” means/n alkenyl having from 2 to 6 carbon atoms.

As used herein, “alkynyl’/refers to a straight- or branched-chain hydrocarbon
group having one or more tripfe bonds therein and having from 2 to 10 carbon atoms.
Exemplary alkynyl groups/nclude, but are not limited to, ethynyl, propynyl, butynyl,
pentynyl, hexynyl, methflpropynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl, 4-
butyl-2-hexynyl, andfhe like.

The term “Amino” as used herein refers to an —NH. group.

“Aryl” fheans a mono-, bi-, or tricyclic aromatic group, wherein all rings of
the group arf aromatic. For bi- or tricyclic systems, the individual aromatic rings are
fused to ghe another. Exemplary aryl groups include, but are not limited to, phenyl,
lene, and anthracene.

“Aryloxy” as used herein refers to an —O-(aryl) group, wherein aryl 1s defined

29
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“Arylalkyl” as used herein refers to an —(alkylenyl)-(aryl) group, wherein
alkylenyl and aryl are as defined above. Non-hmiting examples of arylalkyls
comprise a lower alkyl group. Non-limiting examples of suitable arylalkyl gro
include benzyl, 2-phenethyl, and naphthalenylmethyl.

5 “Arylalkoxy” as used herein refers to an —O-(alkylenyl)-aryl groupfwherein
alkylenyl and aryl are as defined above.

The term “cyano” as used herein means a substituent having £ carbon atom
joined to a nitrogen atom by a triple bond.

The term “cvanoalky!l” denotes an alkvl group as defingd above wherein a

10 hydrogen atom of the alkyl group is replaced by a cyano (-(/N) group. The alkyl
portion of the cyanoalkyl group provides the connection foint to the remainder of the

molecule.
The term “deuterium” as used herein meany/a stable isotope of hydrogen
having one proton and one neutron.
15 The term “halogen’ as used herein refers to fluorine, chlorine, bromine, or
1odine. The term “halo™ represents chlorg/fluoro, bromo, or iodo. Halo can also
denote chloro, fluoro, or bromo.
The term “haloalkyl” denotef an alkyl group as defined above wherein one or
more, for example one, two, or thfee of the hydrogen atoms of the alkyl group are
20  replaced by a halogen atom, fgfr example fluoro, bromo, or chloro, in particular fluoro.
Examples of haloalkyl inclfde, but are not limited to, monofluoro-, difluoro-, or
trifluoro-methyl, -ethyl g -propyl, for example, 3,3 ,3-trifluoropropyl, 2-fluoroethyl,
2,2, 2-trifluoroethyl, Hioromethyl, difluoromethyl, or trifluoromethyl, or bromoethyl
or chloroethyl. Sigfilarly, the term “fluoroalkyl” refers to an alkyl group as defined
25  above substitutfd with one or more, for example one, two, or three fluorine atoms.
The #rm “haloalkoxy” as used herein refers to an —O-(haloalkyl) group
wherein HAloalkyl is defined as above. Exemplary haloalkoxy groups are
thoxy. chloroethoxy, trifluoromethoxy and 2,2,2-trifluoroethoxy.
The term “hydroxy” means an -OH group.
30 The term “hydroxyalkyl” denotes an alkyl group that is substituted by at least

one hydroxy group, for example, one, two or three hydroxy group(s). The alkyl
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portion of the hydroxyalkyl group provides the connection point to the remainder of a
molecule. Examples of hydroxyalkyl groups include, but are not limited to,
hydroxymethyl, hydroxyethyl, 1-hydroxypropyl, 2-hydroxyisopropyl, 1,4-
dihydroxybutyl, and the like.

The term “methylenedioxy” as used herein means a functional groyp with the
structural formula -O-CH,-O- which is connected to the molecule by twb chemical
bonds via the oxygens.

The term “oxo” means an =0 group and may be attached y a carbon atom or
a sulfur atom. The term “N-oxide” refers to the oxidized form/6f a nitrogen atom.

As used herein, the term “cycloalkyl” refers to a satyffated or partially
saturated, monocyclic, fused polycyclic, bridged polycygfic, or spiro polycyclic
carbocycle having from 3 to 15 ring carbon atoms. on limiting category of
cycloalkyl groups are saturated or partially saturatgfl, monocyclic carbocycles having
from 3 to 6 carbon atoms, Illustrative exampleg/of cycloalkyl groups include, but are

not limited to, the following moieties:

The term “cycjbalkoxy” refers to a —O-(cycloalkyl) group.

"Heterocyclfalkyl" as used herein refers to a monocyclic, or fused, bridged, or
spiro polycyclic/ing structure that is saturated or partially saturated and has from 3 to
12 ring atomy/elected from carbon atoms and up to three heteroatoms selected from
nitrogen, gkygen, and sulfur. The ring structure may optionally contain up to two oxo
groups £n carbon or sulfur ring members. Heterocycloalkyl groups also include
mongcyclic rings having 5 to 6 atoms as ring members, of which 1, 2, or 3 ring
mbers are selected from N, S, or O and the rest are carbon atoms. A “nitrogen-

inked” heterocycloalkyl is attached to the parent moiety via a nitrogen ring atom. A
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“carbon-linked” heterocycloalkyl is attached to the parent moiety via a carbon ring

atom. Illustrative heterocycloalkyl entities include, but are not limited to:

N

o, DNHD Q Q U HN— NH,L <—Nr<1 O/.m,
(J Q(”j é HUH -
T

The term “(heterocycloajfyl)alkoxy-" refers to a (heterocycloalkyl)-
(alkylenyl)-O- group, whereiheterocycloalkyl and alkylenyl are as defined above.
As used herein, theferm “heteroaryl” refers to a monocyclic, or fused
polycyclic, aromatic hefrocycle having from three to 15 ring atoms that are selected
from carbon, oxygen/ nitrogen, and sulfur. Suitable heteroaryl groups do not include
ring systems that st be charged to be aromatic, such as pyrylium. Some suitable 5-
membered hetgfoaryl rings (as a monocyclic heteroaryl or as part of a polycyclic
heteroaryl) fave one oxygen, sulfur, or nitrogen atom, or one nitrogen plus one
oxygen ¢f sulfur, or 2, 3, or 4 nitrogen atoms. Some suitable 6-membered heteroaryl
rings #as a monocyclic heteroaryl or as part of a polycyclic heteroaryl) have 1, 2, or 3
nigbgen atoms. Examples of heteroaryl groups include, but are not limited to,
yridinyl, imidazolyl, imidazopyridinyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,

tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
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quinolinyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazoly
indohzinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
oxadiazolyl, triazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyndinyl, ang
furopyridinyl.

The term “bicyclic heteroaryl” refers to a heteroaryl as defined ghove, having
two constituent aromatic rings, wherein the two rings are fused to onf another and at
least one of the rings is a heteroaryl as defined above. Bicyclic hgferoaryls include
bicyclic heteroaryl groups comprising 1, 2, 3, or 4 heteroatom /ing members and are
unsubstituted or substituted with one or more substituents sflected from the group
consisting of amino and halo; and wherein one or more ) ring members of said
heteroaryl is optionally an N-oxide. Bicyclic heteroagls also include 8-, 9-, or 10-
membered bicyclic heteroaryl groups. Bicyclic hefroaryls also include 8-, 9-, or 10-
membered bicyclic heteroaryl groups that have/, 2, 3 or 4 heteroatom ring members
and that are unsubstituted or substituted with/one or more substituents selected from
the group consisting of amino and halo; agd wherein one or more N ring members of

said heteroaryl is optionally an N-oxidZ Illustrative examples of bicyclic heteroaryls

include, but are not limited 10:
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The term “five- or six-membered nitrogen-linked heterocycloalkyl ring fused
to a phenyl or monocyclic heteroaryl, wherein said phenyl or heteroaryl 1s
unsubstituted or is substituted with amino” include, but are not limited to, the

following groups:

_ N/bl’“"- - N// N NT g

Those skilled in the art will recognize that the species offieteroaryl,
cycloalkyl, and heterocycloalkyl groups listed or illustrated gfove are not exhaustive,
and that additional species within the scope of these defingd terms may also be
selected.

As used herein, the term “substituted” meang/that the specified group or
moiety bears one or more suitable substituents. 6 used herein, the term
“unsubstituted” means that the specified group/bears no substituents. As used herem,
the term “optionally substituted” means thgf the specified group is unsubstituted or
substituted by the specified number of sffbstituents. Where the term “substituted” 18
used to describe a structural system, e substitution is meant to occur at any valency-
allowed position on the system.

As used herein, the expy£ssion “one or more substituents” denotes one to
maximum possible number g substitution(s) that can occur at any valency-allowed
position on the system. A a certain embodiment, one or more substituent means 1, 2,
3, 4, or 5 substituents./In another embodiment, one or more substituent means 1, 2, or

3 substituents.

ggcurrence.
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Numerical ranges, as used herein, are intended to include sequential whole
numbers. For example, a range expressed as “from 0 to 47 or “0-4" includes 0, 1, /3
and 4.
When a multifunctional moiety is shown, the point of attachment to th€ core is
5  indicated by a line or hyphen. For example, aryloxy- refers to a moiety infvhich an
oxygen atom is the point of attachment to the core molecule while aryl attached to

the oxygen atom

Additional Definitions

10 As used herein, the term “subject” encompasses magimals and non-mammals.
Examples of mammals include, but are not limited to, ag# member of the Mammalian
class: humans; non-human primates such as chimparyees, and other apes and
monkey species; farm animals such as cattle, horsgé, sheep, goats, swine; domestic
animals such as rabbits, dogs, and cats; and labgfatory animals including rodents,

1S such as rats, mice and guinea pigs, and the [ife. Examples of non-mammals include,
but are not limited to, birds, fish and the Ike. In one embodiment of the present
invention, the mammal is a human.

“Patient” includes both humgn and animals.

The term “inhibitor” refeg to a molecule such as a compound, a drug, an

20  enzyme activator, or a hormopf that blocks or otherwise interferes with a particular
biologic activity.

The term “modyfator” refers to a molecule, such as a compound of the present
invention, that increafes or decreases, or otherwise affects the activity of a given
enzyme or protet

25 The teryhs “effective amount” or “therapeutically effective amount” refer to a
sufficient apfount of the agent to provide the desired biological result. That result can

be reducyfon and/or alleviation of the signs, symptoms, or causes of a disease or

f a composition comprising the compound, that is required to provide a clinically

relevant change in a disease state, symptom, or medical condition. An appropriate
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“effective” amount in any individual case may be determined by one of ordinary skill

in the art using routine experimentation. Thus, the expression “effective amount™

generally refers to the quantity for which the active substance has a therapeuticaffy

desired effect.

As used herein, the terms “treat” or “treatment” encompass both

“preventative” and “curative” treatment, “Preventative” treatment is mgant to

indicate a postponement of development of a disease, a symptom of £ disease, or

medical condition, suppressing symptoms that may appear, or re¢dcing the risk of

developing or recurrence of a disease or symptom, “Curative’/reatment includes

reducing the severity of or suppressing the worsemng of an £xisting disease, symptom,

or condition. Thus, treatment includes ameliorating or pffventing the worsening of

existing disease symptoms, preventing additional symptoms from occurring,

ameliorating or preventing the underlying metabolf causes of symptoms, inhibiting

the disorder or disease, e.g., arresting the develgfment of the disorder or disease,

relieving the disorder or disease, causing regg€ssion of the disorder or disease,

relieving a condition caused

the discasc or disorder.

by the diseasfor disorder, or stopping the symptoms of

Additional Chemical Descriptio

Any formula given hepfin is intended to represent compounds having

structures depicted by the

uctural formula as well as certain variations or forms.

For example, compoungf of any formula given herein may have asymmetric or chiral

centers and thereforexist in different stereoisomeric forms. All stereoisomers,

including optical fomers, enantiomers, and diastereomers, of the compounds of the

general formuly/ and mixtures thereof, are considered to fall within the scope of the

formula. Fyfhermore, certain structures may exist as geometric isomers (i.e , cis and

trans 1sogfiers), as tautomers,

or as atropisomers. All such isomeric forms, and

mixtups thereof, are contemplated herein as part of the present invention. Thus, any

forgfula given herein is intended to represent a racemate, one or more enantiomeric

rms, one or more diastereomeric forms, one or more tautomeric or atropisomeric

forms, and mixtures thereof.
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Diastereomeric mixtures may be separated into their individual diastereomers
on the basis of their physical chemical differences by methods well known to thos
skilled in the art, such as, for example, by chromatography and/or fractional
crystallization. Enantiomers may be separated by converting the enantiomer)

S mixture into a diastereomeric mixture by reaction with an appropriate optjfally active
compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher's ag/d chloride, or
formation of a mixture of diastereomeric salts), separating the diastefeomers and
converting (e.g., hydrolyzing or de-salting) the individual diastergomers to the
corresponding pure enantiomers. Enantiomers may also be sepfarated by use of chiral
10 HPLC column. The chiral centers of compounds of the prefent invention may be
designated as “R” or S as defined by the IUPAC 1974 Recommendations.
The compounds of the invention can form phgfmaceutically acceptable salts,
which are also within the scope of this invention. A “pharmaceutically acceptable
salt” refers to a salt of a free acid or base of a cgfnpound of Formula 1 that 1s non-
15 toxic, is physiologically tolerable, is compatyble with the pharmaceutical composition
in which it is formulated, and is otherwisg/suitable for formulation and/or
administration to a subject. Referencefo a compound herein is understood to include
reference to a pharmaceutically accgptable salt of said compound unless otherwise
indicated.
20 Compound salts inclugk acidic salts formed with inorganic and/or organic
acids, as well as basic saltgformed with inorganic and/or organic bases. In addition,
where a given compoungd contains both a basic moiety, such as, but not limited to, a
pyridine or imidazolg/and an acidic moiety, such as, but not limited to, a carboxylic
acid, one of skill if the art will recognize that the compound may exist as a zwitterion

25 (“inner salt”); sfich salts are included within the term “‘salt” as used herein. Salts of

wed by lyophilization,
Exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate,

chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate,
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lactate, salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucuronate,
saccharate, formate, benzoate, glutamate, methanesulfonate (“mesylate”),

ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate (i.e., 1,1

stabilizes the charge on the parent compound. Furthermore, a phgfmaceutically
acceptable salt may have more than one charged atom in its strfcture. Instances
where multiple charged atoms are part of the pharmaceuticgfly acceptable salt can
have multiple counterions. Hence, a pharmaceutically ag€eptable salt can have one or
more charged atoms and/or one or more counter ion,

Exemplary acid addition salts include acetafs, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrategf/citrates, camphorates,
camphorsulfonates, fumarates, hydrochloridgé, hydrobromides, hydroiodides, lactates,
maleates, methanesulfonates, naphthalenggulfonates, nitrates, oxalates, phosphates,
propionates, salicylates, succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tog§lates,) and the like.

Exemplary basic salts incfide ammonium salts, alkali metal salts such as
sodium, lithium, and potassiupf salts, alkaline earth metal salts such as calcium and
magnesium salts, salts with/Organic bases (for example, organic amines) such as
dicyclohexylamines, t-byftyl amines, and salts with amino acids such as arginine,
lysine and the like. Bésic nitrogen-containing groups may be quarternized with
agents such as lowfr alkyl halides (e.g. methyl, ethyl, and butyl chlorides, bromides
and iodides), diflky! sulfates (e.g. dimethyl, diethyl, and dibuty! sulfates), long chain
halides (e.g Aecyl, lauryl, and stearyl chlorides, bromides and iodides), aralkyl
halides (¢/g. benzyl and phenethyl bromides), and others.

/Additionally, acids and bases which are generally considered suitable for the
forpfation of pharmaceutically useful salts from pharmaceutical compounds are

scussed, for example, by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use. (2002) Zurich: Wiley-VCH; S.

38



WO 2013/127266 PCT/CN2013/000213

Berge et al, Journal of Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice
Medicinal Chemistry (1996), Academic Press, New York; and in The Orange Bgok
(Food & Drug Administration, MD, available from FDA). These disclosures/are

5  incorporated herein by reference thereto.

Additionally, any compound described herein is intended to refgf also to any

physical association of a compound of the invention with one gff more solvent

10 molecules. This physical association involves varying deggfes of 1onic and covalent
bonding, including hydrogen bonding. In certain instangds the solvate will be capable

of 1solation, for example when one or more solvent mflecules are incorporated in the
crystal lattice of a crystalline solid. “Solvate” encgfmpasses both solution-phase and
isolatable solvates. Suitable solvates include thffse formed with pharmaceutically

15 acceptable solvents such as water, ethanol, afd the like. In some embodiments, the
solvent is water and the solvates are hydrgfes.

One or more compounds of the/nvention may optionally be converted to a
solvate. Methods for the preparatioff of solvates are generally known. Thus, for
example, M. Caira et al., J. Pharpfaceutical Sci., 93(3), 601-611 (2004), describes the

20  preparation of the solvates of yAe antifungal fluconazole in ethyl acetate as well as
from water. Similar prepaiftions of solvates, hemisolvate, hydrates, and the like are
described by E. C. van Ponder et al, AAPS PharmSciTech,, 5(1), article 12 (2004),
and A. L. Bingham effal, Chem. Commun,, 603-604 (2001). A typical, non-limiting
process involves gfhsolving the compound of the invention in a suitable amounts of

25  the solvent (orgénic solvent or water or a mixture thereof) at a higher than ambient

temperatureind cooling the solution at a rate sufficient to form crystals which are

d by standard methods. Analytical techniques such as, for example,

spectroscopy, show the presence of the solvent (or water) in the crystals as a

te (or hydrate).

30 The invention also relates to pharmaceutically acceptable prodrugs of the

compounds of Formula I, and treatment methods employing such pharmaceutically
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acceptable prodrugs. The term “prodrug” means a precursor of a designated
compound that, following administration to a subject, yields the compound in vivo

a chemical or physiological process such as solvolysis or enzymatic cleavage, oy

in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.
Examples of prodrugs include pharmaceutically accgptable esters of the
compounds of the invention, which are also considered tff'be part of the invention.
Pharmaceutically acceptable esters of the present compfounds include the following
groups: (1) carboxylic acid esters obtained by estegfication of the hydroxy groups, in
which the non-carbonyl moiety of the carboxylifacid portion of the ester grouping is
selected from straight or branched chain alky/(for example, acetyl, n-propyl, t-butyl,
or n-butyl), alkoxyalky! (for example, mefloxymethyl), aralkyl (for example, benzyl),
aryloxyalkyl (for example, phenoxymegyl), aryl (for example, pheny!l optionally
substituted with, for example, haloggn, C;-salkyl, or Ci-salkoxy or amno); (2)
sulfonate esters, such as alkyl- orfralkylsulfonyl (for example, methanesulfonyl); (3)
amino acid esters (for examplg L-valyl or L-isoleucyl); (4) phosphonate esters and (5)
mono-, di- or triphosphate gters. The phosphate esters may be further esterified by,
for example, a C-z0 alcgfiol or reactive derivative thereof, or by a 2,3-di(Ce-24)acyl
glycerol. Additional Aiscussion of prodrugs is provided in T. Higuchiand V. Stella,
Pro-drugs as Novef Delivery Systems (1987) 14 of the A.C.S. Symposium Series, and
in Bioreversiblg/Carriers in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutifal Association and Pergamon Press.
example, if a compound of Formula 1 contains a carboxylic acid
al group, a prodrug can comprise an ester formed by the replacement of the
hydfogen atom of the acid group with a group such as, for example, (C1-Cgalkyl,
,-C1»)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms,

1-methyl-1-(alkanoyloxy)-ethy! having from 5 to 10 carbon atoms,
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alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-

(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-

C:)alkyl, and the like.

Similarly, if a compound of Formula I contains an a)¢ohol functional group, a
prodrug can be formed by the replacement of the hydrog#n atom of the alcohol group
with a group such as, for example, (C1-Co)alkanoyloxfmethyl, 1-((Ci-
Cq)alkanoyloxy)ethyl, 1-methyl-1-((C1-Cg)alkanoyfoxy)ethyl, (C-
Ce)alkoxycarbonyloxymethyl, N-(C,-Ce)alkoxyfarbonylaminomethyl, succinoyl, (C,-
Ce)alkanoyl, a-amino(C;-C4)alkanyl, arylacyf and a-aminoacyl, or a-aminoacyl- o-
aminoacyl, where each a-aminoacy! grougfis independently selected from the
naturally occurring L-amino acids, P(Q)(OH)., -P(O)(O(C,-Cy)alkyl). or glycosyl
(the radical resulting from the remoyal of a hydroxyl group of the hemiacetal form of
a carbohydrate), and the like.

If a compound of Forgfula I incorporates an amine functional group, a prodrug

can be formed by the replafement of a hydrogen atom in the amine group with a

1-Cs)alkylamino morpholino, piperidin-1-yl or pyrrolidin-1 -yl, and the like.
The present invention also relates to pharmaceutically active metabolites of
pmpounds of Formula I, and uses of such metabolites in the methods of the

invention. A “pharmaceutically active metabolitc” means a pharmacologically active
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product of metabolism in the body of a compound of Formula I or salt thereof.
Prodrugs and active metabolites of a compound may be determined using routine

techniques known or available in the art. See, e.g., Bertolini etal., J. Med. Cheny

Application of Prodrugs, Drug Design and Development (Krogsgaard-Larsen et al,
eds., Harwood Academic Publishers, 1991).

Any formula given herein is also intended to represent #nlabeled forms as
well as isotopically labeled forms of the compounds. Isotopfcally labeled compounds
have structures depicted by the formulas given herein exgept that one or more atoms
are replaced by an atom having a selected atomic magf or mass number. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphoroy, fluorine, chlorine, and iodine, such
as “H, “H, ''C, 1‘1(.‘, He, 15N, %0, ”O, S g 13g, ¢, and 137 respectively.
Such isotopically labelled compounds arefiseful in metabolic studies (for example
with "*C), reaction kinetic studies (with/ for example “H or "H), detection or imaging
techniques [such as positron emissigh tomography (PET) or single-photon emission
computed tomography (SPECT)Ancluding drug or substrate tissue distribution assays,
or in radioactive treatment of gftients. In particular, an '°F or ''C labeled compound
may be particularly suitablgfor PET or SPECT studies. Further, substitution with
heavier isotopes such agfleuterium (i.e., H) may afford certain therapeutic
advantages resulting fom greater metabolic stability, for example increased in vivo
half-life or reduced dosage requirements. lsotopically labeled compounds of this
invention and pfodrugs thereof can generally be prepared by carrying out the
procedures gsclosed in the schemes or in the examples and preparations described
below byAubstituting a readily available isotopically labeled reagent for a non-
isotopyLally labeled reagent.

The use of the terms “salt,” “solvate,” “polymorph,” “prodrug,” and the like,

ith respect to the compounds described herein is intended to apply equally to the salt,
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solvate, polymorph, and prodrug forms of enantiomers, stereoisomers, rotamers,

tautomers, atropisomers, and racemates of the compounds of the invention.

Compounds of the Invention

5 In some embodiments of Formula I, E is O. In other embodiments, E /£ absent.
In some embodiments, R is an unsubstituted or substituted bicyclic Aeteroaryl as
defined for Formula I. In some embodiments, the bicyclic heteroaryfhas 1, 2, or 3
nitrogen ring atoms. In other embodiments, the bicyclic heteroarfl is a 9- or 10-
membered bicyclic heteroaryl, unsubstituted or substituted as gescribed for Formula L.
10 In other embodiments, the bicyclic heteroaryl is a 8- or 9-mfmbered heteroaryl,
unsubstituted or substituted as described for Formula | other embodiments, R is a

bicyctic heteroaryl selected from the group consisting/of.

H* = N N
Y SOIES
H N \N‘N/;,{,//r‘;g
= o) 4 ~
Ng/il\\:E N\ | /}é-' N‘u |NJ
N-N (/\N/\j\
> and =~ &

15
o 0 (00
Q%N/Sg_"}/og_,

NS /N N YK
4 N
' N/)\ ~ u N/

N ,and

each unsubstituted or substituted as described for Formula I. In further embodiments,

R is selected from the group consisting of:
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H ; ,
(/\N X LL‘H/ (/\N 2 j‘( 7 = 1‘5/
N
In further embodiments, R is

Y

embodiments, R 1s or . In still other embodiments,

N res
O
Ris X .

In other embodiments, R is sybstituted with one or more substituents selected
10 from the group consisting of aming and halo. In some embodiments, R' is a saturated,
monocyclic, nitrogen-linked hefrocycloalkyl, unsubstituted or substituted as
described for Formula 1. In #ome embodiments, the saturated, monocyclic, nitrogen-
linked heterocycloalkyl iazetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,
piperazinyl, azepanyl Ar diazepanyl, unsubstituted or substituted as described for
15  Formulal In certah embodiments, the saturated, monocyclic, nitrogen-linked
heterocycloalkyAs unsubstituted. In other embodiments, the saturated, monocyclic,
nitrogen-linkgl heterocycloalkyl is substituted with one or more R* groups as defined
above. In fther embodiments, the one or more R* groups are independently selected
from thf group consisting of: hydroxy. methoxy, cyano, cyanomethyl, amino,
20  diflyfroethylamino, methoxyethylamino, cyanoethylamino, hydroxymethyl,
olidinyl, methyl, ethyl, isopropyl, isobutyl, trifluoroethyl, trifluoromethyl,
Cyclohexyl, tetrahydropyranyl, pyrrolidinyl, oxetanyl, fluoro, -C(O)(4-methyl-

piperazin-1-yl), 4-methylpiperazinyl, -NH(Boc), acetyl, hydroxyethyl,
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dimethylaminoethyl, cyanoethyl, methoxyethyl, -N(Me)(acetyl), dimethylamino,
-C(0)(dimethylamino), and oxo, and where two adjacent substituents taken togeth
form a phenyl ring, In other embodiments, the saturated, monocyclic, nitrogen-fnked
heterocycloalkyl is substituted with 1, 2, or 3 R* groups independently selectgd from
the group consisting of: methyl, ethyl, isopropyl, hydroxy, methoxy, amigh, cyano,
fluoro, and trifluoromethyl.

In other embodiments, R' is a saturated, monocyclic, carbon/Ainked
heterocycloalkyl, unsubstituted or substituted as described for Fg/mula 1. In other
embodiments, the saturated, monocyclic, carbon-linked heterg€ycloalkyl is
tetrahydropyranyl, piperidinyl, pyrrolidinyl, or tetrahydrofyfanyl, unsubstituted or
substituted as described for Formula [ In still other emjfodiments, the saturated,
monocyclic, carbon-linked heterocycloalkyl is pyrrolflin-3-yl, tetrahydropyran-4-yl,
tetrahydropyran-3-yl, piperidin-3-yl, piperidin-4-y/, or tetrahydrofuran-3-yl,
unsubstituted or substituted as described for Fofmula 1. In certain embodiments, the
saturated, monocyclic, carbon-linked heterogycloalkyl is unsubstituted. In some
embodiments, the substituents R¥ on the gfturated, monocyclic, carbon-linked
heterocycloalkyl are as defined above/In other embodiments, the saturated,
monocyclic, carbon-linked heterocy€loalkyl is substituted with one or more
substituents independently selecyfd from the group consisting of methyl, ethyl, propyl,
isopropyl, isobutyl, tert-butylArifluoromethyl, trifluoroethyl, acetyl, propionyl,
butyryl, isobutyryl, benzoyf, methylsulfonyl, phenylsulfonyl, tert-butoxycarbonyl,
tetrahydropyranyl, and fxetanyl.

In some embgddiments, R' is a saturated, bicyclic or tricyclic, nitrogen-linked
heterocycloalkyl Aherein said heterocycloalky! comprises a fused, bridged, or spiro
bicyclic systenf, and is unsubstituted or substituted as described for Formula 1. In
some embogiments, the heterocycloalkyl is a bridged, bicyclic, nitrogen-linked
heterocyfloalkyl, unsubstituted or substituted as described for Formula 1. In certain
embodiments, the saturated, bicyclic, nitrogen-linked heterocycloalkyl is an azetidine,
pyffolidine, piperidine, morpholine, azepane, 1,4-diazepane, or azocane ring,

ibstituted with two substituents on the same or different carbons that together form a

C1.calklenyl group, wherein one carbon atom of the alkylenyl group is optionally
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replaced with one or two O, S, or NH groups, and the resulting bicyclic

heterocycloalkyl is optionally further substituted as described for Formula I. In sorgfe

hydroxy, tert-butoxycarbonyl, amino, aminomethyl, tert-butoxycarbgfiylamino, and
tert-butoxycarbonyl-aminomethyl. In other embodiments, the satyfrated, bicyclic or
tricyclic, nitrogen-linked heterocycloalkyl is substituted with gffe or more substituents
independently selected from the group consisting of: methyf, fluoro, hydroxy, tert-
butoxycarbonyl, methoxycarbonyl, and amino.

In some embodiments, one of R” and R'is deyferium and the other is H. In
other embodiments, both R* and R™ are H.

In some embodiments, each alkyl or alkyfene described above is
independently a Cy.jpalkyl. In other embodipfents, each alkyl or alkylene in Formula
Iis independently a Cysalkyl. In still othgf embodiments, each alkyl or alkylene in
Formula I is independently a C;.jalkyl,

In certain embodiments, e compound of Formula 1 is chosen from the

following table:

Ex. Structure Chemical Name

SH-Imidazol[1,2-
b]pyrazole-2-carboxylic
acid 4-(piperidine-1-
sulfonyl)-benzylamide

1H-Pyrrolo[3,2-

N\ NH e ,
c]pyndine-2-carboxylic
2/ 0PN acid 4-(8-oxa-3-aza-
o bicyclo[3.2.1]octane-3-
b dll ~ sulfonyl)-benzylamide

N 3
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=N
\_/
NS Thieno(2,3-c]pyndine-
carboxylic acid 4-(8-

3 o} NH 3'aza'
bicyclo[3.2.1]octgne-3-
sulfonyl)-benzflamide

05
o
N
o\
;N . .
e Imidgfo[1,2-a]pyridine-6-

carffoxylic acid 4-(8-oxa-
J-aza-
bicvelo[3 2 1]octane-3-
sulfonyl)-benzylamide

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(piperidine-1-sulfonyl)-
benzylamide

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-
(piperidine-1-sulfonyl)-
benzylamide

Furo{2,3-c]pyridine-2-
carboxylic acid 4-(4-
methoxy-piperidine-1-
sulfonyl)-benzylamide

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(morpholine-4-sulfonyl)-
benzylamide

1 H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(morpholine-4-
sulfonyl)-benzylamide

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4- ‘
(morpholine-4-sulfonyl)-
benzylamide
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{—o Thieno[2,3-c]pyridine-2- |

o)
_ S TN J carboxylic acid 4-
N S,N (morpholine-4-sulfonyl)
o

benzylamide

N i Furo[2,3-c]pyridi
carboxylic acid

13

|
»
1
\
|

H ‘ 1H-Pyrrolo[3.2-
N N () pyndine-2-carboxylic
o I H N acid 4-(morphohine-4-
sulfonyl)-benzylamide

15

(—O - Imidazo[1,2-a]pyrimidine-

o}
NZ | N _) | 6-carboxylic acid 4-
)\ N (morpholine-4-sulfonyl)-
N >

s nzvls: 1
\__| o benzylamide

0 Imidazo[1,2-b]pyridazine-
6-carboxylic acid 4-
N (piperidine- 1 -sulfonyl)-
benzylamide

17

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
methyl-piperazine-1-

sulfonyl)-benzylamide

18

Imidazo[1,2-a]pyridine-6-

carboxylic acid 4-(4-
isopropyl-piperazine-1-
sulfonyl)-benzylamide

Imidazo[1,2-a]pyridine-6- |
carboxylic acid 4-(3-

(\N S H’\Q O\ hydroxy-piperidine-1-
NN g-N OH | sulfonyl)-benzylamide
5 ‘

(racemic)
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0 o | H-Pyrazolo[3,4-
NWH < ) b]pyridine-5-carboxylic
N = acid 4-(tetrahydro- -pyra

H N //S"*‘

20
4- sulf‘onyl) benzyla
|
21 ,\©\ Q
0 |
Z
Q* u“@Q
N7 TN N
\=/ o ©
e 0 1H-Pyrrolo[3.2-
23 = N </ > ¢]pyridine-2-carboxylic
- N, N—NH acid 4-(tetrahydro-pyran- |
— o *0 4-sulfonyl)-benzylamide ‘
Q 0 . Furo[2,3-c]pyridine-2-
4 SN N < ) ] carboxylic acid 4-
7 N\ o (tetrahydro-pyran-4-
N= J o sulfonyl)-benzylamide
D Imidazo[l,2-a]pyridine-6- |
(/\N = ﬁ’O o carboxylic acid 4-[4-
25 N /)S,’ L (2,2,2-tnfluoro-ethyl)-

9 N/\ F | piperazine-1-sulfonyl]-
X

benzylamide

Imidazo[1,2-a]pyrimidine-

Q
© 6-carboxylic acid 4-(8-
N oxa-3-aza-

" bicyclo[3.2.1]octane-3-
o o . sulfonyl)-benzylamide
o] | H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
27 N acid 4-(8-oxa-3-aza-
S/N bicyclo[3.2.1]octane-3-
0" o sulfonyl)-benzylamide |
o | Imidazo[!,2-a]pyridine-6-
8 carboxylic acid 4-(4-

hydroxy-piperidine-1-
7 sulfonyl)-benzylamide
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29

Imidazo|[1,2-a]pyrimidine- w

6-carboxylic acnd 4-(4-

30

31

fe-2-carboxylic
4-(4-hydroxy-
ridine-1-sulfonyl)-
benzylamide

32

idazo[l,2-a]pyrimidine- -
6-carboxylic acid 4-(3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide
(racemic)

33

7/ = N
N I H/\©\ N
N s
u N 87 OH
o)

I H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(3-hydroxy- \
piperidine-1-sulfonyl)-
benzylamide (racemic)

34

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide
(racemic)

35

0
S
N Nwn /M N
— >SS OH
oo

o

1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-(3-hydroxy-
piperidine-1-sulfonyl)-
benzylamide (racemic)

36

NH;
0 2

Ky O
O
. S

ZITe)

Thieno[2,3-c]pyndine-2-

carboxylic acid 4-(4-
amino-piperidine-1-
sulfonyl)-benzylamide

0 LF
4 = N N\/kF
Nl P H y
N~ N S
o Yo

1H-Pyrazolo[3,4-
b]pyridine-S-carboxylic
acid 4-[4-(2,2-difluoro-
ethylamino)-piperidine- I- ‘
sulfonyl]-benzylamide
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Furo[2,3-¢c}pyridine-2-
38 = carboxylic acid 4-(4-
/ N\ o hydroxy-piperidine-1,

Ir=z
o E
w
OQ
o
T

39

40

cagboxylic acid 4-(4-
cyfiohexyl-piperazine-1-
Aulfonyl)-benzylamide

41

I H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(piperidine-4-
sulfonyl)-benzylamide

42

43

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-
(piperidine-4-sulfonyl)-

benzylamide

Imidazo[l,2-a]pyndine-6-
carboxylic acid 4-(4-

isobutyl-piperazine-1-

sulfonyl)-benzylamide

44

~ aza-bicyclo[3.2.1]octane-

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-
((1R,3R,58)-3-amino-8-

8-sulfonyl)-benzylamide

45

[1,2.4]Triazolo[1,5-
aJpyridine-6-carboxylic
acid 4-(piperidine-1-
sulfonyl)-benzylamide

46

=
o}

Thieno[2,3-¢]pyridine-2-
carboxylic acid 4-
((3R,58)-3,5-dimethyl-
piperazine-1-sulfonyl)-
benzylamide
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O
</ > Furo[2,3-c]pynidine-2-
carboxylic acid 4-[1-

48

49

-Pyrazolo[4,3-
yridine-6-carboxylic
acid 4-(piperidine-1-

sulfonyl)-benzylamide

50

1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-((R)-3-hydroxy-
piperidine-1-sulfonyl)-
benzylamide

51

52

Furo[2,3-c]pyridine-2-
carboxylic acid 4-((S)-3-
hydroxy-piperidine-1- |
sulfonyl)-benzylamide |
I H-Pyrrolo|[3,2- “
c]pyridine-2-carboxylic |
acid 4-((S)-3-hydroxy- |
piperidine-1-sulfonyl)- |
benzylamide

53

Imidazo[l,2-a]pyridine-6- |

- carboxylic acid 4-((R)-3- |

hydroxy-piperidine-1- |
sulfonyl)-benzylamide

Imidazo(1,2-a]pyridine-6- |
carboxylic acid 4-((S)-3- |
hydroxy-piperidine-1- |
sulfonyl)-benzylamide

52

PCT/CN2013/000213




WO 2013/127266

PCT/CN2013/000213

55

[1 —(4- {{(Imidazo1,2-

a]pyridine-6-carbonyl
amino]-methyl}

piperidin-4-yl]-cgrbamic
acid tert-butf] ester

56

1HAyrazolo[3,4- |
b]pyAdine-5-carboxylic |
agfd 4-[1-(tetrahydro-
pfran-4-yl)-piperidine-4-
sulfonyl]-benzylamide

57

1 H-Pyrazolo[3 ,4- |
b]pyridine-5-carboxylic

acid 4-[4-(2-cyano- ‘

ethylamino)-piperidine-1- .
sulfonyl]-benzylamide

58

Pyrazolo[l,5-
a)pyrimidine-5-carboxylic
acid 4-(piperidine-1-
sulfonyl)-benzylamide l

59

60

61

Imidazo[1,2-a]pyridine-6- |
carboxvlic acid 4-[4-
(tetrahydro-pyran-4-yl)-
piperazine-1-sulfonyl]-
benzylamide

a]pyridine-6-carboxylic
acid 4-((3R,5S)-3,5-

dimethyl-piperazine-1-

sulfonyl)-benzylamide

cis-Imidazo{1,2- |
|
\
\

cis-Furo(2,3-c|pyridine-2- |
! carboxylic acid 4-
| ((3R,58)-3,5-dimethyl-
. piperazine-1-sulfonyl)-
benzylamide
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62

Furo[2,3-¢c]pyridine-2-
carboxylic acid 4-(1-

63

64

Imydazo[!1,2-a]pynmidine-
" A-carboxylic acid 4-[1-
(2,2, 2-trifluoro-cthyl)-
piperidine-4-sulfonyl]-

benzylamide

65

Imidazo[1,2-a]pyridine-6-
carboxylhic acid 4-[1-
(2,2,2-trifluoro-ethyl)-
pipendine-4-sulfonyl]-
benzylamide

66

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
- acid 4-[1+(2,2,2-trifluoro-
| ethyl)-piperidine-4-
sulfonyl]-benzylamide

67

Furo|2,3-c]pyridine-2-
carboxylic acid 4-{1-
(2.,2,2-trifluoro-ethyl)-
piperidine-4-sulfonyl]-
benzylamide

1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-[1-(tetrahydro-
© pyran-4-yl)-piperidine-4- |
 sulfonyl}-benzylamide ’
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69

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-
(tetrahydro-pyran-4-y /-

70

71

cis-Imidazo|1,2-
pyridine-6-carboxylic
acid 4-[(3aR,6aS)-
(tetrahydro-furo[3,4-
¢]pyrrol-5-ylsulfonyl]-
benzylamide :

72

73

Imidazo[l,2-a]pyridine-6-
carboxylic acid 4-
(hexahydro-furo[2,3-
c]pyrrole-5-sulfonyl)-
benzylamide (mixture of

diastereomers)
cis-Imidazo[},2-
a]pyndine-6-carboxylic
acid 4-(4,4-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(isomer A)

74

cis-lmidazo|1,2-
a]pyridine-6-carboxylic
acid 4-(4,4-difluoro-
hexahydro-
~ cyclopenta[c]pyrrole-2-
. sulfonyl)-benzylamide
‘ (isomer B)

1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonylj-
benzylamide
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7 Imidazo[1,2-a]pyrimidine- }
76 NZ | H QO 6-carboxylic acid 4-[(S)-
)\N (tetrahydro-furan-3-
N > ‘ -
\r & Yo | yDsulfonyl]-benzylanfde
0
o)
abesast®
NY N 20
I =) o ° "
s
o)
78 _ N
N | N/\Q\ peridine-4-sulfonyl]-
N)\N °Ss benzylamide
\==/ g ©°
o) 1H-Pyrrolo[3,2-
. N < :o ¢]pyridine-2-carboxylic
79 2\ H/\©\ \ acid 4-[(R)-(tetrahydro-
N NH s\; furan-3-yl)sulfonyl]-
— o ° benzylamide
f Imidazo[1,2-a]pyrimidine- |
N7 N 6-carboxylic acid 4-[(R)-
80 /AN | H/\©\ (tetrahydro-furan-3-
N ' ] ]
o/ o) yDsulfonyl]-benzylamide
e Imidazo[1,2-a]pyridine-6- |
o] # N GO carboxylic acid 4-[(R)-
y | & (tetrahydro-furan-3-
N\_____JN g o yhsulfonyl]-benzylamide
2 Furo[2,3-c]pyrnidine-2-
- SN N (-:>'-OH carboxylic acid 4-((R)-3- |
7\ : N hydroxy-piperidine-1-
N== O//S*o sulfonyl)-benzylamide
NF Imidazo[1,2-a]pyridine-6- |
o F carboxylic acid 4- l
33 N [(3R,58)-3,5-dimethyl-4-
= N _)‘ (2,2,2-trifluoro-ethyl)-
| ; N piperazine-1-sulfonyl]-
N7 N 720 benzylamide
A ¢ : -
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0 " Imidazo[1,2-a]pyridine-6- ]
N NN carboxylic acid 4- /
84 o\\E,@/\H - :} [(1S,48)-(2-0xa-5-aza-

1
QO N

N
85 7 = N
Nl H
N e
ﬁ N S

g o
o}_
o N
86 )N\/ | ”/\Q\Q acetyl-piperidine-4-
NN 'Ss sulfonyl)-benzylamide
\s/ g ©
7 Furo[2,3-c]pyridine-2-
37 = N j o’ carboxylic acid 4-[(S)-
/ \..o " (tetrahydro-furan-3-
N = O//S*'o yhsulfonyl]-benzylamide
o} 1 H-Pyrazolo[3,4-
N o) b|pyridine-5-carboxylic
88 | N ] b acid 4-[(S)-(tetrahydro-
N N7 s furan-3-yl)sulfonyl]-
$ 0 benzylamide
0

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[(R)-
(tetrahydro-furan-3-
yDsulfonyl]-benzylamide

1 H-Pyrazolo[3.4-

< :O ‘ b]pyridine-5-carboxylic
9 | N | N/\Q *acid 4-[(R)-(tetrahydro-

/
&

89

‘u & N furan-3-yl)sulfonyl]- |
g © benzylamide
2 NH - Imidazol1,2-a]pyndine-6-
F N ‘ carboxylic acid 4-
o1 | o ‘
7N (p1per1dme—4—sglf0nyl)— ‘
N\:J O’fc' S0 benzylamide ‘
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0
p Imidazo[1,2-a]pyridine-6-

93

o)

N carboxylic acid 4-(4-

fj}ﬁ/Q(N:) oxetan-3-yl-piperazine/l -

4 y sulfonyl)-benzylamy
Imidazo[1,2-a] |

(\ N carboxylic fid 4-(4- |

acetyl-pigrazine-1-

94

(\D)L /\@\ /\/OH carbfxylic acid 4-[4-(2-

hydroxy-ethyl)-
perazine-1-sulfonyl]-
benzylamide N

95

96

Imidazo[1,2-a]pyndine-6-
carboxvlic acid 4-(4-
cyano-piperidine-1-
sulfonyl)-benzylamide

!

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
hydroxymethyl-
piperidine-1-sulfonyl)-
benzylamide

97

| Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-

pyrrohidin-1-yl-piperidine-

1-sulfonyl)-benzylamide

z\’>
148
(@]
:,,éi
o% Q
O

98

Imidazo[1,2-a]pyndine-6-

~_0«  carboxylicacid 4-[4-(2-
N - /\O\ (\N methoxy-ethyl)-
piperazine- 1 -suifonyl]-
benzylamide

99

d
ke

D Imidazo[l,2-a]pyridine-6-
N | carboxylic acid 4-(3,3-
=z difluoro-pyrrolidine-1-

// \\ sulfonyl)-benzylamide

 Imidazo[1,2-a]pyridine-6-

(\N = o carboxvlic acid 4-(4-
s acetyl-[1,4]diazepane-1-

& ‘: sulfonyl)-benzylamide i
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101

G@*’\@v

Imidazo(1,2-a]pyridine-6-
carboxylic acid 4-[3-
(acetyl-methyl-amino)-

102

aminoJ]-m
benzenesu
diaza-spirgf4 5]decane-2-
carboxyl£ acid tert-butyl
efler (racemic)

103

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl} -
benzenesulfonyl)-2,8-
diaza-spiro[4.5]decane-2-
carboxylic acid tert-butyl
ester

104

3 Imidazo[1,2-a]pyridine-6-

carboxylic acid 4-[4-(2-

' cyano-ethyl)-piperazine-1-

sulfonyl]-benzylamide

105

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-
dimethylamino-ethyl)-
piperazine-1-sulfonyl]-
benzylamide

106

| Imidazo[1,2-a]pyridine-6-
© carboxylic acid 4-((R)-2-

hydroxymethyl-
pyrrolidine-1-sulfonyl)-
benzylamide

i Imidazo[1,2-a]pyridine-6-
' carboxylic acid 4-((S)-2-

hydroxymethyl-
pyrrolidine-1-sulfonyl)-
benle:cl_midc
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(0]
N, / S’N \

} Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((S)-3-
dimethylamino-
pyrrolidine-1-sulfonyf~
benzylamide

109 | N
N

Imidazo[1,2-a]pyrigine-6-
carboxylic acid A-[4-(4-
| methyl-pipephzine-1-
. carbonyl)-pjperidine-1-
|

110 (/\N\

N~ ilmidazo ,2-a]pyndine-6-

carboyfylic acid 4-[4-(4-

met)fyl-piperazin-1-yl)-

pyperidine-1-sulfonyl]-
benzylamide

n (4

/fmidazo[l ,2-a]pyridine-6-
carboxylic acid 4-(3-
trifluoromethyl-
pyrrolidine-1-sulfonyl)-
. benzylamide (racemic)

112

| Imidazol1,2-alpyridine-6-
carboxylic acid 4-(4,4-
difluoro-piperidine-1-
sulfonyl)-benzylamide

113

114

I H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

benzylamide

" Imidazo[1,2-a]pyridine-6-
;, carboxylic acid 4-(1-

| oxetan-3-yl-piperidine-4-
) sulfonyl)-benzylamide

1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-(1-oxetan-3-yl-
piperidine-4-sulfonyl)-
benzylamide
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T
o p ’ Furo[2,3-¢]pyridine-2-
116 N  carboxylic acid 4-(1-
= H/\O § > - oxetan-3-yl-piperiding/4-
/ N0 sulfonyl)-benzylamfde
N= oo
o)
p 1 H-Pyrazo}[3 4-
o N b]pyridine-5S/arboxylic
117 y ™ N (__) - acid 4-(4,fxetan-3-yl-
NGl P Hf\@\ N i piperazife-1-sulfonyl)-
N o,,Sﬁo nzylamide
\
0 |
o p i Imfdazo[1,2-a]pyrimidine-
118 N I /6-carboxylic acid 4-(1-
N’])Lg / oxetan-3-yl-piperidine-4-
N)\N o sulfonyl)-benzylamide
=/ o ©
: |
o P Imidazo[1,2-a]pyrimidine- '
N 6-carboxylic acid 4-(4- |
19 NZ l ﬁ/\@@ oxetan-3-yl-piperazine-1 -
)\ ‘ sulfonyl)-benzylamide
N N ks
\—/ o Y
O
o p Thieno[2,3-c]pyndine-2-
120 N carboxylic acid 4-(1-
= N ~ oxetan-3-yl-pipendine-4-
7 \-s - sulfonyl)-benzylamide
N== O'/S 0 \
i |
o ﬁ)\O“:S  9-(4-{[(Imidazo[1 2-
Osg XN | a]pyridine-6-carbonyl)-
amino]-methyl} -
121 benzenesulfonyl)-3,9-
diaza-spiro[5.5 Jundecane-
3-carboxylic acid tert-
)A N butyl ester
/N ) |
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a]pyridine-6-carbonyl

amino]-methyl} -
122 % ~ benzenesulfonyl)Z£,9-
N

diaza-spiro[5.5 Jupecane-

0
NT Y TN |
Ofs'/@/\H N :r> ! 9-(4-{[(Imidazo[l,2-
: :
N

amino]-methyl} -

| enzenesulfonyl)-1,8-
/diaza-spiro[5.5Jundecane-
1-carboxylic acid tert-
butyl ester (racemic)

o
 8-(4A[(Imidazo[1,2-
&
o?/©/\” Nx - a]pyfidine-6-carbonyl)-
> N, ""*N

123 N

4-(4-{[(Tmdazo[1,2-
a]pynidine-6-carbonyl)-
amino]-methyl} -
benzenesulfonyl)-1-oxa-
4 9-diaza-
spiro[S5.5]undecane-9-
- carboxylic acid tert-butyl
ester
8-(4-{[(Imidazo[1,2-
ajpyridine-6-carbonyl)-
O N S amino]-methyl} -
125 | NS 2 o7 0 benzenesulfonyl)-1,8-
NN~ H\/Q/O )ﬁ diaza-spiro[4.5]decane—]-‘

carboxylic acid tert-butyl

124

ester
0 4-(4-{[(Imidazo[1,2-
0-{ aJpyridine-6-carbonyl)-
N 0—> amino]-methyl} -
126 < >< N benzenesulfonyl)-1-oxa-
\S,o 4 8-diaza-
% spiro[5.5]undecane-8-

3 carboxylic acid tert-butyl
| ester (racemic)

S ———
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H [7-(4-{[(Imidazo[1,2-

NYO\’< . a]pyridine-6-carbonyl)-
o (\g o 1 amino]-methyl} -

127 1y NN | benzenesulfonyl)-7-a

ﬁ\/@\rnv@ °  spiro3Sjhon-2:9f

o} i

carbamic acid te

ester
cis-3-(4-{[(Imy
aJpyridine-

o]
N N\ ‘ ’
128 &an o) L diaza-
' bicydlo[3.2.0]heptane-6-

cagboxylic acid tert-butyl
ester (racemic)

g
=]
=
by

[2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
‘ amino]-methyl} -
| benzenesulfonyl)-2-aza-
 bicyclo[2.1.1]hex-1~

ylmethyl]-carbamic acid
tert-buty! ester

129

. cis-4-(4-{[(Imidazo[],2-

i a]pyridine-6-carbonyl)-
amino]-methyl} -
benzenesulfonyl)-

hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-

carboxylic acid tert-butyl
ester (racemic)

130

2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl} -
13 . benzenesulfonyl)-2,9-
~ diaza-spiro[5.5Jundecane-
N 9-carboxylic acid tert-
\ﬁo butyl ester
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cis-[3-(4-{[(Imidazo[1,2-
o . a]pynidine-6-carbonyl)-
S,N: EZNJLOk 1 amino]-methyl} -
132 <\': N4 b H benzenesulfonyl)-3-a
\ N. .= N ' .
bicyclo[3.1.0]hex-1

133 NN benzeneghlfonyl)-9-oxa-
Nap TS % A 7-diaza-
Q’l‘gﬁ(“ ° - bicyflo[3.3.1]nonane-3-
o) - cagffoxylic acid tert-butyl
; ester (racemic)
N ™
<\,N L o}

cis-4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-
carboxylic acid tert-butyl
ester (racemic)

134

cis-1-(4-{[(Imdazo[1,2-

a]pyridine-6-carbonyl)-
O\\S,r\% amino]-methyl}-
N benzenesulfonyl)-

135 &N / N f hexahydro-pyrrolo[3.4-

o 7< b]pyrrole-5-carboxylic
acid tert-buty! ester

(racemic)
cis-5-(4-{[(Imidazo[1,2-

" aJpyridine-6-carbonyl)-
o, h@‘)’o amino]—mifhyl}-
136 SN EY J 7< benzenesulfonyl)-
N A N © hexahydro-pyrrolo[3,4-

b]pyrrole-1-carboxylic
/ 0 acid tert-butyl ester

(racemic)
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~ cis-5-(4- {[(Imidazo[1,2-
o . .
a]pyndine-6-carbonyl)-
@Aok amino]-methyl} -
o) b Ifonyl)-
137 N | enzenesulfonyl)

hexahydro-pyrrolo[£,4-
c]pyrrole-2-carbgkylic

0
et
o pyridine
x OH
138 | ¢ ﬁ/\©\ .
N N bicycl
A sul
00 O , .
(mifture of diastereomers)
o trans-Imidazo[1,2-
a]pyridine-6-carboxylic
= N acid 4-(3-hydroxy-4-
139 | £ N ro
(N\’ = H/\CL _N OH methyl-pyrrolidine-1-
O/,S\\ sulfonyl)-benzylamide
(racemic)
cis-Imidazo[1,2-
0 OH a]pyndine-6-carboxylic
. acid 4-(7-hydroxy-3-oxa-
R
140 | /7N Hf\©\ —0 9-aza-
NN\ N bicyclo[3.3.1]nonane-9-

sulfonyl)-benzylamide
(racemic)

141

cis-Imidazo[1,2-
aJpyridine-6-carboxylic |
acid 4-(5,5-difluoro-2-aza- |
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

142

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(7-methyl-9-oxa-
3,7-diaza-
bicyclo[3.3.1]nonane-3-
sulfonyl)-benzylamide
(racemic)

143

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(5-methyl-
hexahydro-pyrrolo[3,4-
b]pyrrole-1-sulfonyl)-
benzylamide (racemic)
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2 cis-Imidazo(1,2-
o) §=0 ! = )
\ . a]pynidine-6-carboxylic
NH N ; yn
144 ! acid 4-(1-methyl-
7 N\ ~ hexahydro-pyrrolo[3
N N— . b]pyrrole-5-sulfonyl)-
N~ " benzylamide (ragfmic)
0 :
0 ‘%.—.o * Imidazo[1,2-a}pyridine-6- |
NH N - carboxyligfacid 4-(4-
145 1 7\ : hydroxy-4-methyl-
\ | piperidfre-1-sulfonyl)-
N P HO enzylamide
0 \ Imigazo[1,2-a]pyridine-6-
= | carboxylic acid 4-
146 | NN J H o '/ (hexahydro-furo(3,2-
\e/ q) ¢]pyridine-5-sulfonyl)-
g benzylamide (mixture of
oy diastereomers)

acid 4-(6,6-difluoro-3-aza-

o 1o } cis-Imidazo(1,2-
N < > Y & aJpyridine-6-carboxylic
|

471 7\ | bicyclo[3.2.0]heptane-3-

N . sulfonyl)-ben_zylamide
N £ (racemic)

0 i
Pyrazolo[1,5-a]pyrazine- -

148 | V7 /«ril N 0 2-carboxylic acid 4-
N - (piperidine-1-sulfonyl)-
o O benzylamide |

7 [S  Furol23-clpyridine-2-

149 = N K\ N carboxylic gc1d 4-‘(4_
/N 5 N \) oxetan-3-yl-piperazine-1-

N= A sulfonyl)-benzylamide
N=
\ o
FN =0
Furo[2,3-c]pyridine-2-
5 HN carboxylic acid 4-((S)-3-

) hydroxy-piperidine-1-
HQ ~ sulfonyl)-benzylamide
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N o=
\ /%
o o .
Furo[2,3-c]pyridine-2
151 HN carboxylic acid 4-((R)-3-
hydroxy-piperidi
HQ sulfonyl)-benzy)mide
N~
o
NH ; . C -
o (\j@ - Imidazo[/,2-a]pyridine-6-
152 R \zN | carbghylic acid 4-(2,8-

153

154

/

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(tetrahydro-furo[3,4-
¢]pyrrole-5-sulfonyl)-
benzylamide (mixture of
diastereomers)
1H-Pyrrolo[3,2-
¢]pyridine-2-carboxylic
acid 4-(tetrahydro-pyran-
3-sulfonyl)-benzylamide
(racemic)

155

=z
N
N/
Ip=
O
(@]

| H-Pyrazolo|[3,4-
b]pyridine-S-carboxylic
acid 4-(tetrahydro-pyran-
3-sulfonyl)-benzylamide
(racemic)

156

1 H-Pyrazolo[3,4-
b]pyridine-5-carboxylic

. acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-
benzylamide

“CLO’

// \\

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-
pyrrolidin-1-yl-piperidine-
1-sulfonyl)-benzylamide

i@*“@fﬁ

// \\

1 H-Pyrazolo[3 ,4-

b]pyridine-S-carboxylic

ac1d 4-(tetrahydro-
furo[3,4-c]pyrrole-5-
sulfonyl)-benzylarmide
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(mixture of diastereomers)

159

SoaneWn

// \\

Imidazo[1,2-a]pyridine-6-
~ carboxylic acid 4-(2-az
bicyclo[2.1.1]hexane

160

@5*’\@@

//\\

161

FORRen's

// \\

162

GO )

I/ \\

cis-Imidazo[1,2- |
a]pyridine-6-carboxylic !
acid 4-(9-methyl-3-oxa-
7.9-diaza-
bicyclo[3.3.1]nonane-7-
sulfonyl)-benzylamide
(racemic)

163

o

// \\

N7 R
A

cis-Imidazo|[1,2-
aJpyridine-6-carboxylic
acid 4-(5-acetyl-2,5-diaza-
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

164

I

aeWsg

// \\

cis-Imidazo([1,2-
a]pyridine-6-carboxylic
acid 4-(5-fluoro-2-aza-
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

165

// \\

cis-Imidazo[1,2-
aJpyridine-6-carboxylic
acid 4-(3-methyl-3,6-
diaza-
bicyclo[3.2.1]octane-6-
. sulfonyl)-benzylamide

166

sosaels

// \\

i (racemic)
| cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(2-aza-
bicyclo[3.1.0]hexane-2-
. sulfonyl)-benzylamide
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(racemic)

167

0
N7 ™= N

17\

(\

S’N
o ©

>

0
o

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,6-
dioxa-9-aza-
spiro[4.5]decane-$-

168

169

sulfonyl)-benzylamide
(racemic)

170

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[4-
(tetrahydro-pyran-4-yl)-
piperazine-1-sulfonyl]-
benzylamide

171

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(1-

acetyl-piperidine-4- ‘

sulfonyl)-benzylamide |

172

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(2-oxa-5-aza-
bicyclo[2.2.1]heptane-5-
sulfonyl)-benzylamide
(racemic)

173

1 H-Pyrazolo[3,4-
blpyndine-5-carboxylic
acid 4-[4-(2-methoxy-
ethyl)-piperazine-1-
sulfonyl]-benzylamide

174

~ acid 4-(4-hydroxymethyl-

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic

piperidine-1-sulfonyl)-
benzylamide
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175

o)
% = N
N -
N7 N s F

1H-Pyrazolo[3,4-
b]pyndine-5-carboxylic
acid 4-(3,3-difluoro-
Sy ' pyrrolidine-1-sulfonyf-
oo benzylamide

176

9 Fo F | ,
/rj)L acid 4-(4,4-gftluoro-
2 = N
N\ | H/\Q N
N N s7 cyclopentgc]pyrrole-2-

cis-1H-Pyrazolo}s 4-

b]pyridine-5-cagboxylic

/AN X
00 sulfony/)-benzylamide

177

cis/t H-Pyrazolo[3 4-
ridine-5-carboxylic
acid 4-(5,5-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(racemic)

178

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic

H/\Q\ 0 acid 4-(hexahydro-
N furo[2,3-c]pyrrole-5- |
O//S\\ sulfonyl)-benzylamide [
(racemic) ;

179

<} Imidazo[1,2-a]pyrimidine- |
6-carboxylic acid 4-(1-

isobutyl-piperidine-4-
sulfinyl)-benzylamide

(racemic)

180

- Furo[2,3-c]pyridine-2-

j/ - carboxylic acid 4-(1-
/\©\ /O isobutyl-piperidine-4-
S sulfinyl)-benzylamide

o) (racemic)

181

g 1H-Pyrazolo[3,4-
- b]pynidine-5-carboxylic

N
N acid 4-(1-1sobutyl-
H@\ . piperidine-4-sulfinyl)-
S :
I :
0 ;

benzylamide (racemic)
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182 I N
NI T ,O
S

1H-Pyrrolo[3,2-
¢]pyndine-2-carboxylic
acid 4-(1-isobutyl-
piperidine-4-sulfinyl
benzylamide (racenfic)

183 N

184 0

3-[(4-{[(Imidazo[1,2-
aJpyridine-6-carbonyl)-
amino]-methyl} -
benzenesulfonylamino)-
methyl]-1-oxa-8-aza-
spiro[4.5]decane-8-
carboxylic acid tert-butyl
ester (racemic)

N X
H
185 | A K N

. diaza-spiro[4.5]decane-8-
- carboxylic acid tert-butyl

1-(4- {[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl} -
benzenesulfonyl)-1,8-

ester

186 Qj/(j
O N

| (mixture of diastereomers)

3-[1-(4- {[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,3-
dihydro-1H-indol-3-yl]-
piperidine-1-carboxylic
acid tert-butyl ester

71



WO 2013/127266

PCT/CN2013/000213

o N
187 pZ N
| H
NT TN s
\ee/ )

N-(4-(1-1sobutylpiperidin-
4-ylsulfinyl)benzyl)H-

imidazo[1,2-a]pyridine/6-
carboxamide (racergic)

ﬁ*“@@

= N
189 / \ O H/\O\ /O
S
0]

-[[4-[(1-isobutyl-4-
peridyl)sulfinyl]phenyl]
methyl]furo[2,3-
¢|pyridine-2-carboxamide

190
N
N\/ | “ H/\O\
NN S

* b]pyridine-5-carboxamide

N-[[4-[(1-1s0obutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]-1H-pyrazolo{3,4-

/

191

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]-1H-pyrrolo{3,2-
¢]pyridine-2-carboxamide

192

. piperidyDsulfinyl]phenyl]

j c]pyridine-2-carboxamide

N-[[4-[(1-isobutyl-4-
methyl]furo[2,3-

(stngle 1somer)

193

N-[[4-[(1-1sobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]furo[2,3-
c|pyridine-2-carboxamide
(sigle isomer)

. imidazo[1,2-a]pyridine-6-

N-[[4-(8-0oxa-2-
azaspiro[3.5}nonan-2-
ylsulfonyl)phenyljmethyl]

carboxamide
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195

eanev:S]

// \\

; N-[[4-(2,8-

| diazaspiro[3.5]nonan-2-

' ylsulfonyl)phenyl]methy,

imidazo[1,2-a]pyndingf6-
carboxamide

196

OG

o

S O

// *0

N-[[4-(4- tetrahvdr byran-

or a stereoisomer thereof ora phannaceutlcally acc

or stereoisomer.

197 (} /\Q \/\/N“

. yDulfonyl]phenylJmethyl
furo[2,3-¢]pyridine-2-
carboxamide

table salt of such a compound

In certain embodiments, the compound/of Formula 1 1s chosen from the

following table:

Ex.

Structure

Chemical Name

198

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

199

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]imida
zo[1,2-a]pyrimidine-6-
carboxamide

200

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]imida
zo[1,2-a]pyridine-6-
carboxamide

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl}-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide
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N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]fugb|
2,3-c]pyridine-2-carboxapfide

202

N-[[4-(4-
piperidylsulfonyl)phenyl]meth
yl]-1H-pyrafolo[3,4-
b]pyridine-5/£arboxamide

203

{[4-(4-
piperidy)fulfonyl)phenyljmeth
yl]theno[2,3-c]pyridine-2-

carboxamide

[5]
; > A[M—[(l-tetrahydropyran—4-

yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

204

205

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyljmet
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

206

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl}phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

207

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3 4-
b|pyridine-5-carboxamide

208
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209

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl
hyllimidazo[1,2-a]pyrimpdi
6-carboxamid

210

N-{[4-[[1-

trifluoro.
piperidyl]sulfghyl]phenyl]met
imi ,2-a]pyridine-6-
cgrboxamide

211

-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
pyperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
¢]pyridine-2-carboxamide

212

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

213

N-[[4-[(]-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

214

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]imidazo[l,2-a]pyridine-6-
carboxamide

75
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N-[[4-(2,6-
diazaspiro[3.4]octan-6-,
ylsulfonyl)phenyl]methyfimid
azo[l,2-a]pyridin
carboxamid

215

thyl-2,7-
.4Joctan-2-
216
'2-a]pyridine-6-
carboxamide
-[[4-[(1-0x0-2,7-
azaspiro[4.4]nonan-7-
ylfsulfonyl]phenyljmethyl]imi
dazo[1,2-a]pyridine-6-
carboxamide
{ N-[[4-(7-0xa-2-
: azaspiro[3.5]nonan-2-
| ylsulfonyl)phenyl]methyl]imid
| azo[1,2-a]pyndine-6-
carboxamide
N-[[4-(1-0oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide
N-[[4-(6-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

217

)

218

219

220

N-[[4-[(38)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide

221

N-[[4-[(3S)-tetrahydrofuran-3-
yl])sulfonylphenyl]methyl]imid
azo[l,2-a]pyrimidine-6-
carboxamide

76
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[S0]
S
w

@* L
N\/:-;/N //s\o

N-[[4-[(3S)-tetrahydrofuran-3
yl]sulfonylphenyl]methyl]t
azo|1,2-a|pyridine-6,
carboxamide

224

o
Q
S,

/o

piperidyl)sulgdnyl]phenyl]met
imi 1,2-a]pyrimidine-
6£arboxamide

225

226

\orr/ %

z
Iz

N-[/A-[(3R)-tetrahydrofuran-3-
yWsulfonylphenyl|methy!]-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide

[ R —

N-[[4-[(3R)-tetrahydrofuran-3-
yl]sulfonylphenyl}methy!]imid
azo[1,2-alpyrimidine-6-
carboxamide

227

Iz

N-[[4-[(3R)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]Jimid
azo[1,2-a]pyridine-6-
carboxamide

228

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
bJpyridine-S-carboxamide

229

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl}phenyl]met
hyl]imidazo[l,2-a]pyrimidine-

6-carboxamide

77
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1230 '

N-{[4-[(3S)-tetrahydrofuran-3
yl]sulfonylphenyljmethyl] fuy6(
2.3-c]pyridine-2-carboxanfide

N-[[4-[(3S)-tetrahyd/ofuran-3-

231
232

-[[4-[(3R)-tetrahydrofuran-3-
233 N C yl]sulfonylphenyl]methyl]-1H-

pyrazolo[3,4-blpyridine-5-
carboxamide

234 O)L

NA[[4-(4-
piperidylsulfonyl)phenyl]meth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

235

tert-butyl 2-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[4.5]decane-8-
carboxylate

/ i a]pyridine-6-
i carbonylamino)methyl]phenyl]
236 |
/ sulfonyl-1,7-
&\ diazaspiro[4.4]nonane-1-
'7LU Nb carboxylate

tert-butyl 7-{4-[(imidazo[1,2-
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237

I=

tert-butyl 1-[4-[(imidazo[1,2
a]pyridine-6-
carbonylamino)methyl]phgnyl]
sulfonyl-1,7-
diazaspiro[4.4]nongme-7-

238

-[4-[(imidazo[1,2-
pyndine-6-
amino)methyl]phenyl]
sulfonyl-2,8-
1azaspiro[3.5]nonane-8-
carboxylate

tert-butyl

carbo

239

N-[[4-(3,3-difluoroazetidin-1-
yhsulfonylphenyl]methyl|imid
azo[1,2-a]pyridine-6-
carboxamide

240

N-[[4-(azetidin-1-
ylsulfonyl)phenyl]methyl]imid
azo[l,2-a]pyridine-6-
carboxamide

241

tert-butyl 2-{4-[(imidazo][1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,7-
diazaspiro[4.4]nonane-7-
carboxylate

79
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N

242

tert-butyl 2-[4-[(imidazo[|
a]pyridine-6-
carbonylamino)methyl]
sulfonyl-2,9-
diazaspiro[4.5]defane-9-
carboxylfte

enyl]

tert-bugfl 2-[4-[(imidazo[1,2-
alpyridine-6-
nylamino)methyl]phenyl]
sulfonyl-2,6-
diazaspiro[4.5]decane-6-
carboxylate

car

/-\//':\.\/
244 | &7 j " |
P

N-[[4-[3-
(dimethylcarbamoyl)azetidin-
1-
yl]sulfonylpheny!]methylJimid
azojl,2-a]pyridine-6-
carboxamide

245

N-[[4-(3-hydroxyazetidin-1-
yhsulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

246

N-[[4-[3-(4-methylpiperazine-
1-carbonyl)azetidin-1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

y Bt R o8

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyljmet
hyl]-1H-pyrrolo[3,2-
¢)pyridine-2-carboxamide

80
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[o]

‘/
)) N-[[4-[[1-(oxetan-3-y])-4-

Q
hag " piperidyl]sutfonyljphenyl et
= | N hylJimidazo(1,2-a]pyridife-6-
carboxamide
O />

4
O -
Q
o p N-[[4-[[1-(opetan-3-yl)-4-
249 N piperidyljsujfonyl]phenyl]met
S N \ -pyrrolo[3,2-
N/ A clpyrighne-2-carboxamide

N-[{4-[[1-(oxetan-3-yl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

250

N-[[4-[[1-(oxetan-3-yl)-4-
piperidyl]sulfonyl]phenyl]met
hyl}imidazo[t,2-a]pyrimidine-

6-carboxamide

251

N-[[4-[[!-(oxetan-3-yl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]thieno[2,3-¢]pyrdine-2-
carboxamide

252

N-[[4-(2,8-
diazaspiro[3.5]nonan-2-

253 /\ \\S\\/N\J ylsulfonyl)phenyl]methyl]imid
<\ W \/©/ ° azo[!,2-a]pyridine-6-
/ SN carboxamide

81
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254

N-[[4-(1,7-
diazaspiro[4.4]nonan-1-
ylsulfonyl)phenyl]methyl]i

255

i diazaspiro[4,
visulfonyl)phefyljmethylimid
azo[1,2A4])pyndine-6-

cgfboxamide

256

N-[[4-(2,8-
diazaspiro[4.5]decan-2-
Yisulfonyl)phenylimethylJimid
azo[1,2-a]pyridine-6-
carboxamide

257

N-[[4-(1,7-
diazaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

258

259

N-[[4-(1,7-
diazaspiro[4.4]nonan-1-
. vlsulfonyl)phenyl]methyl]Jimd
\ azo[l,2-ajpyridine-6-
‘ carboxamide

L N-[[4-[(6-acetyl-2,6-

diazaspiro[3.3]heptan-2-
yDsulfonyl]phenyljmethyl]imi
dazo[!,2-a]pyndine-6-
carboxamide

2-amino-N-[(4-
morpholinosulfonylphenyl)met
hyl]-5,7-dihydropyrrolo[3,4-
d]pyrimidine-6-carboxamide

82



WO 2013/127266

PCT/CN2013/000213

261

262

\—\:‘N

N-[[4-(2,7-
diazaspiro[3.5]nonan-2
ylsulfonyl)phenyl]methyfimid
azo[1,2-a]pyridine/fb-
carboxamid

D

ZT

diazaspylo[4.4]nonan-2-
ylsulfony)jphenylJmethyl]imd
1,2-a]pyridine-6-
carboxamide

263

Iz

/ N-[[4-(7-0xa-2-
azaspiro[3 S]nonan-2-
ylsulfonyl)phenyl|methyl]furo[
2.3-c]pyridine-2-carboxamide

264

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo|3,4-c]pyridine-

2-carboxamide

265

N-[[4-[(1-acetyl-4-
pipendyl)sulfonyl|phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
¢Jpyridine-2-carboxamide

266

C
O

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1H-
pyrazolo[3,4-b]pynidine-5-
carboxamide

83
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268

/S

@**\@\ m\J
//\\

N-

ylsul

dihydropyrrolo[3,4-c]pyrn

ylsu

pyrazolo{3,4 ]pyndme -5-

[(4-tetrahydropyran-3-
fonylphenyl)methyl]-1

2-carboxamide

lfonyl)pheny methyl] 1H-

270 |

x /U T T
N

o[1,2-a]pyridine-6-
carboxamide

271

yD)sulfonyl]phenyl]methyl]imi

N-[[4-[(7-methyl-2,7-
diazaspiro[3.5]nonan-2-

dazo([1,2-a]pyridine-6-
carboxamide

Y

N-[[4-[(8-methyl-5-0xa-2,8-

diazaspiro[3.5]nonan-2-
)sulfonyl]phenyl)methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide B
N-[[4-[(5-methyl-2.5-

273

yDsulfonyl]phenyl]methyl]imi

diazaspiro[3.4]octan-2-

dazo[1,2-a]pyridine-6-
carboxamide

ylsulfonyl)pheny!]methylJimid

N-{[4- (5 -oxa-2-
azaspiro[3.4]octan-2-

azo[1,2-a}pyridine-6-
carboxamide

275

TZ

; ylsulfonylphenyl)methyl]furo|
- 2.3-c]pyndine-2-carboxamide

|
l
i
1
|

N-[(4-tetrahydropyran-3-

N-[(4-tetrahydropyran-3-

| ylsulfonylphenyl)methyl]imida

zo[1,2-a]pyndine-6-
carboxamide

84



WO 2013/127266

PCT/CN2013/000213

1277 — 7
_<\j/ /Y\l/\

2-ammo-N-[(4-
tetrahydropyran-4-
ylsulfonylphenyl)methyl]-5
dihydropyrrolo[3,4-
d]pyrimidine-6-carbox

278

3.4-c]pyridine-
oxamide

279

-[[4-[(1-acetyl-4-
ridyl)sulfonyl]phenyl]met
1Jimidazo[1,2-a]pyridine-6-
carboxamide

pi

280

N-[[4-[4-(oxetan-3-
yl)piperazin-1-
yl]sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-
2-carboxamide

281

N-[[4-(3,3-difluoroazetidin-1-

yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]lpyridine-5-
carboxamide

282

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]nonan-7-
yl)sulfonyl]phenyljmethyl]-
1H-pyrazolo[3,4-b]pyridine-5-
carboxamide

283

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]-

1 H-pyrazolo[3,4-b]pyridine-5-
carboxamide

84 |« ]

N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

85
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285

N-[[4-(6-0xa-1-
azaspiro[3.3 ]heptan-1-
ylsulfonyl)phenyl]methyl]-1
pyrazolo[3,4-b]pynidine
carboxamide

YT
) O//\\O ©

286

/A |

N-[[4-[(35,5R)-3,5/dimethyl-
4-(oxetan-3-yl)pAperazin-1-
yl]sulfonylphenfl]methyl]furo|
2,3-c]pyriding-2-carboxamide

B
N '——‘/J /N ‘
N Fo

287

]-1,3-dihydropyrrolo[3,4-
c]pvridine-2-carboxamide

288

N-[[4-(4-methylpiperazin-1-
yhsulfonylphenyl]methyl]-1,3-
dihydropyrrolo|3,4-c|pyridine-
2-carboxamide

289

-[(1-tetrahydropyran-4-
yl-4-
p1per1dyl)su]fonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
¢]pyridine-2-carboxamide

N-([4

|
\
[
]
N
o) H \
|

S
290 |

; yDsulfonylJphenyl]methyl]furo

N-[[4-[(7-methy]-2,7-
diazaspiro[3.4]octan-2-

[2,3-c]pyridine-2-carboxamide

86
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291

N-[[4-(7-0xa-2-
azaspiro[3 5]nona
ylsulfonyl)phenyl]mefhyl]-1,3-
dihydropyrrolo[3,4/£|pyridine-

292

N-[[4-[(4-pyrrolidin-1-yl-1-
piperidyl)sulfonyl]phenyl]met
hyl}-1,3-dihydropyrrolo[3,4-
c|pyridine-2-carboxamide

294

N-{(4-
morpholinosulfonylphenyl)met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

296

N-[[4-[(4,4-difluoro-
1,3,3a,5,6,6a-
hexahydrocyclopenta[c]pyrrol-
2-
yDsulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide

297%

' hexahydrocyclopenta[¢]pyrrol-

N-[[4-[(5,5-d1fluoro-
1,3,3a,4,6 6a-

2-
yDsulfonyl]phenyl]methyl}furo
[2,3-c]pyridine-2-carboxamide

87
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N-[[4-[4-(2-
methoxyethyl)piperazin-1-
yl]sulfonylphenyl]methyl]fuyd|
2,3-c]pyridine-2-carboxanfde

298

299

300

2.3-¢c]pyfldine-2-carboxamide

N-[[£-(3,3-difluoroazetidin-1-
y)fulfonylphenyl]methyl]furof
,3-¢]pyridine-2-carboxamide

301

N-[[4-(2,3,3a,4.6,6a-
hexahydrofuro[2,3-c]pyrrol-5-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

302

N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenylJmethyl]furo[
2.3-¢c|pyridine-2-carboxamide

303

N-[[4-(2-0xa-5-
azabicyclo[2.2.1 Jheptan-5-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

304

N-[[4-(8-0xa-3-
azabicyclo[3.2.1]octan-3-
ylsulfonyl)phenyl]methyl]furo[
2.3-c]pyridine-2-carboxamide

305

N-[[4-[{(3R)-3-hydroxy-1-
piperidyl]sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3.,4-
c]pyridine-2-carboxamide

306

88
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307

308

N-[[4-[[(3S)-3-hydroxy-1-

piperidylJsulfonyl]phenyl}m

hyl]-1,3-dihydropyrrolo[3A-
c]pyridine-2-carboxamyde

N-[[4-(1-

309

c]pfridine-2-carboxamide

310

N-[[4-[(1-1s0propyl-4-
iperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

311

N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl}-1,3-dihydropyrrolo[3,4-

¢]pyridine-2-carboxamide

312

N-[[4-[(1 -propanoyl-4-
piperidyl)sulfonyl]phenyl|met
hyl]furo[2,3-c]pyridine-2-
carboxamide

313

l

N-[[4-[[1-(2-
methylpropanoyl)-4-
piperidyl]sulfonyl]phenyl]met
hylfuro[2,3-c]pyridine-2-
carboxamide

31

N-[[4-[(]-butanoyl-4-
piperidy)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide
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315

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfonyl]phenyl
hyl]imidazo[l,2-a]pyridi
carboxamide

316

317

1dazo[1,2-a]pyridine-6-
carboxamide

318

319

N-[[4-[(4-hydroxy-1-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

N-[[4-(1-0xa-4,9-
diazaspiro[5.5]undecan-4-
ylsulfonyl)phenyl]methyl]Jimid
azo[1,2-a]pyridine-6-
carboxamide

320

N-[[4-[(5-amino-3-
azabicyclo[3.1.0]hexan-3-
yDsulfonyl]phenyl]methyl]imi
dazo[1.2-a]pyridine-6-
carboxamide

321

Iz

N-[[4-(1,8-
diazaspiro[4 5]decan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide
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N-[[4-(1-0xa-4,8-

322
azo[1,2-a]pyridine-
carboxamide

N-[[4-[(2-a
azaspiro[3.5fhonan-7-
yhsulfonyl]phgnyllmethyl]imi
dazo[1,2/a]pyridine-6-
cfboxamide

323

N-[[4-(3,9-
digfaspiro[5.5)undecan-3-
ylsffonyl)phenyl]methyljimid
azo[1,2-a]pyndine-6-
carboxamide

N-[[4-(2.9-
diazaspiro[5.5]undecan-9-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

324

325

N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

326

N-[[4-(3,4a,5,6,7,7a-
hexahydro-2H-pyrrolo[3,4-
b][1,4]oxazin-4-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

327

N-[[4-[[4-(aminomethyl)-3-
azabicyclo[2.1.1]hexan-3-
yl]sulfony!]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide
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N-[[4-(2,3,3a,4,6,6a-
hexahydro-1H-pyrrolo|3,4-
c]pyrrol-5-
ylsulfonyl)phenyl]methyl fnid
azo[1,2-a]pyridine-#-
carboxamide

329

| N-[[4-[3-(3-pipegyl)indolin-
330 vI]sulfonylphghylmethy!Jimid
azo[1.£a]pyndine-6-
rboxamide

N-[[4-(1,8-
diazaspiro[4.5]decan-1-
Isulfonyl)phenyl]methylJimid
azo(1,2-a]pyridine-6-
\ carboxamide

331

N-[[4-(2.3.3a,4,6.6a-
hexahydro-1H-pyrrolo[3,4-
b]pyrrol-5-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

332

N-[|4-(9-0xa-3,7-
diazabicyclo[3.3.1]nonan-3-
ylsulfonyl)phenyl]methyl}imid
azo[1,2-a]pyridine-6-

| carboxamide

333

N-[[4-(1,9-
diazaspiro[4.6]undecan-9-
' ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

334

N-[[4-(3.4a,5.,6,7,7a-
hexahydro-2H-pyrrolo[3,4-
b]{1,4]oxazin-4-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

33

]
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o ° N-[[4-(1.8-
diazaspiro[5.5Jundecan-8-
336 AN N = ylsulfonyl)phenyl]methyl|ihid
NP | | \ azo[1,2-a]pyridine-
7\, N\Q/N carboxamide
N-[[4-(3,
™ 7 . diazabicyclo[3.20]heptan-3-
337 ] : ylsulfonyl)phenflmethyl]imid
025\\ \) azo[1,2-gfpyridine-6-

338

zI

N-[[4-(2,9-
diaghspiro[5 5]undecan-2-
ylsyflonyl)phenyl]methyljimid
azo|1,2-a]pyridine-6-
carboxamide

339

N-[[4-(3,3a,4,5,6,0a-
hexahydro-2H-pyrrolo[2,3-
c¢]pyrrol-1-
ylsulfonyl)phenyl]methyl]Jimid
azo[1,2-a]pyridine-6-
carboxamide

340

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfonyl]phenyljmet
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

341

N-[[4-[(1-1s0butyl-4-
piperidyl)sulfonyl]phenyl]met
hyl}furo[2,3-c]pyridine-2-
carboxamide

342

N-[[4-[(1-propyl-4-
piperidyl)sulfonyl]phenyl]met
hyllfuro[2,3-c]pyridine-2-
carboxamide

34

N-[[4-[(1-benzoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide
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N-[[4-[[1-(benzenesulfonyl)-3-
345 | /7T S | N O piperidyl}sulfonyl]phenyl]me
e A A hyl]-1H-pyrazolo[3,4-
o 7N 7N " b]pynidine-5-carboxamige
N-{[4-[1-
/,\/\)l\ Sy —\ (benzenesulfonyl)pyrrglidin-3-
. " , N yl]sulfonylphenyl]méthyl]-1H-
pyrazolo[3 4-blpfndine-5-

346 |\

347 |V T\

b]pyrine-S-carboxamide

N-[JA-(1-acetylpyrrolidin-3-
yl)ghlfonylphenyl]methyl]-1H-
yrazolo[3,4-b]pvridine-5-
carboxamide

348

N-[[4-[(! -methylsulfonyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
blpyndine-5-carboxamide
N-[[4-[(1-benzoy]-3-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3 4-
b]pyridine-5-carboxamide

349

350

S .
' N-[[4-(1-benzoylpyrrolidin-3-

. yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3 4-b]pyridine-5-
carboxamide
i N-[[4-[[1-(benzenesuifonyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl}-1H-pyrazolo[3,4-
b]pyridine-S-carboxamide
N-[[4-[(} -methylsulfonyl-3-
piperidyl)sulfonyl]phenyl|met
hyl]-1H-pyrazolo[3.4-
b]pyridine-5-carboxamide
N-[[4-(1-
methylsulfonylpyrrolidin-3-
yl)sulfonylphenyljmethyl}-1H-
pyrazolo[3,4-b]pyrndine-5-
carboxamide

351

352

353

35
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355

} N-[[4-[(1-150butyl-4-
| pipendyl)sulfinyl]phenylime
yl]furo[2,3-¢c]pyridine-2
carboxamide

356

|
|
| N-[[4-[[1-(2,2,
| trifluoroethyl )/4-

357

ylifugd[2,3-clpyridine-2-
carboxamide

358

N-[|4-[(1-propyl-4-
- pperidyl)sulfinyl]phenyljmeth
'/ yllfuro|[2,3-c|pyridine-2-
carboxamide

N-[[4-[(1-is0butyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-¢c]pyridine-2-

N-[[4-[(! ;isobutyl—4—
piperidyDsulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

|

\ )

| carboxamide
|

T

\

! carboxamide

" N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenyl]jmeth
yl]imidazo[! 2-a]pyridine-6-
carboxamide

N-[[4-[(I-isopropyl-4-
piperidyl)sulfinyl]phenyljmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyndine-2-carboxamide
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364

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl]m
yllimidazo[1,2-a]pyridingf6-
carboxamide

365

366

blpyfridine-5-carboxamide

367

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
iperidyl]sulfinyl]phenyl]meth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

368

N-[[4-[(R)-(1-1sopropyl-4-
piperidyl)sulfinyl}phenyljmeth
ylfuro[2,3-c]pyndine-2-
carboxamide

369

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-¢c]pyridine-2-
carboxamide

370

371

N-[[4-[(1-ethy]-4-
piperidyl)sulfinyl]phenyljmeth
yl}imidazo[l,2-a]pyridine-6-
carboxamide

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylJmeth
yljimidazo[1,2-a]pyridine-6-

carboxamide

37

N-[[4-[(1 -methyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo(3,4-
c]pyridine-2-carboxamide
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J
373 N\N

|

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenyl]met
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

374

yl}-1,3-dihydro
¢]pyndine-2-

375

{dazoj] 2-a]pyridine-6-
carboxamide

376

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3.,4-
c]pyridine-2-carboxamide

377

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo|3,4-
¢]pyridine-2-carboxamide

378

piperidyl)sulfinyl]phenyl]lmeth

N-[[4-[(1-propyl-4-

yl]-VH-pyrazolo|3,4-
b]pyridine-5-carboxamide

379

N-[[4-[(]1 -methyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo|2,3-c]pyridine-2-
carboxamide

380

N-[{4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-¢c]pyridine-2-
carboxamide

38 N

N-[[4-[(]1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1H-pyrazolo[3,4-
b]pyridine-S-carboxamide
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10

[ T

_ T N[ -propyle4-
382 | = v " ! piperidyl)sulfinyl]phenylJmet
-0 \ - yl)furo[2,3-¢]pyridine-2-
L |

carboxamide

1 N-[[4-[(S)-(1-propy)f4-

S /“\N/\/ . :
383 /i;\]/ i ‘[ ] [ 1 plpendyl)sulﬁnyl]ph yl]meth
/ i

yl]furo[2,3-¢c]pyydine-2-

w | OO0

| |
a5 |~ WP | pindlidylsulfinyl]phenylJmeth
o \\ / S 1]-1,3-dihydropyrrolo(3,4-
N— I / c]pyridine-2-carboxamide
\)J\ ’ N-{[4-[(1-isopropyl-4-
STy N piperidyl)sulfinyl]phenyl]meth
386 S >/{ /\Q\q/C ' yl]-1H-pyrrolo[3,2-c]pyridine-
N7 |O : 2-carboxamide

or a stereoisomer thereof, or a pharmaceftically acceptable salt of such a compound

or stereoisomer.

Pharmaceutical Description

The dosage forms of #he present invention may contain a mixture of one or
more compounds of this fvention, and may include additional materials known to
those skitled in the art£s pharmaceutical excipients. “Excipient” includes any
excipient commonly/used in pharmaceutics and should be selected on the basis of
compatibility andthe release profile properties of the desired dosage form.
Exemplary exfipients include, e.g., binders, suspending agents, disintegration agents,
filling agepfs, surfactants, solubilizers, stabilizers, lubricants, wetting agents, diluents,
and theflke. Exemplary exipients include, e.g., acacia, gelatin, colloidal silicon
dioxpe, calcium glycerophosphate, calcium lactate, maltodextrin, glycerine,

onesium silicate, sodium caseinate, soy lecithin, sodium chloride, tricalcium
bhosphate, dipotassium phosphate, sodium stearoyl lactylate, carrageenan,

monoglyceride, diglyceride, pregelatinized starch, and the hke. See, e.g., Hoover,
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John E., Remingion 's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa.
1975.

Exemplary excipients include: stabilizing additives such as gum acacia,

polylysine; acidifying agents (acetic acid, glacial acetic acid, citric acid, fyfnaric acid,

trichloromonofluoromethane): air displacements (carbon dioxjde, nitrogen); alcohol
denaturants (denatonium benzoate, methy! isobutyl ketone, fucrose octacetate),
alkalizing agents (strong ammonia solution, ammonium farbonate, diethanolamine,
diisopropanolamine, potassium hydroxide, sodium bigarbonate, sodium borate,
sodium carbonate, sodium hydroxide, trolamine), ghiticaking agents (see “glidant”
below); antifoaming agents (dimethicone, simeplicone); antimicrobial preservatives
(benzalkonium chloride, benzalkonium chlogfde solution, benzelthonium chloride,
benzoic acid, benzyl alcohol, butylparabey, cetylpyridinium chloride, chlorobutanol,
chlorocresol, cresol, dehydroacetic acig, ethylparaben, methylparaben, methylparaben
sodium, phenol, phenylethyl alcohoy phenylmercuric acetate, phenylmercuric nitrate,
potassium benzoate, potassium sgrbate, propylparaben, propylparaben sodium,
sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid, thimerosal,
thymol); antioxidants (ascofbic acid, acorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluey€, hypophosphorous acid, monothioglycerol, propyl gallate,
sodium formaldehydgsulfoxylate, sodium metabisulfite, sodium thiosulfate, sulfur
dioxide, tocophergf, tocopherols excipient), buffering agents (acetic acid, ammonium
carbonate, ammgbnium phosphate, boric acid, citric acid, lactic acid, phosphoric acid,
potassium cjfrate, potassium metaphosphate, potassium phosphate monobasic, sodium

acetate, sffdium citrate, sodium lactate solution, dibasic sodium phosphate, monobasic

rboxymethylcellulose, cellulose acetate, cellulose acetate phthalate, ethylcellulose,

gelatin, pharmaceutical glaze, hydroxypropyl cellulose, hydroxypropyl

99
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methylcellulose, hydroxypropyl methylcellulose phthalate, methacrylic acid
copolymer, methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellfc,
sucrose, titanium dioxide, carnauba wax, microcystalline wax, zein); colorants
(caramel, red, yellow, black or blends, ferric oxide), complexing agents
(ethylenediaminetetraacetic acid and salts (EDTA), edetic acid, gentisic agfd
ethanolmaide, oxyquinoline sulfate); desiccants (calcium chloride, calgfim sulfate,
silicon dioxide); emulsifying and/or solubilizing agents (acacia, chojsterol,
diethanolamine (adjunct), glyceryl monostearate, lanolin alcoholy/lecithin, mono-
and di-glycerides, monoethanolamine (adjunct), oleic acid (adplinct), oleyl alcohol
(stabilizer), poloxamer, polyoxyethylene 50 stearate, polyofyl 35 caster oil, polyoxyl
40 hydrogenated castor oil, polyoxyl 10 oleyl ether, polybxyl 20 cetostearyl ether,
polyoxyl 40 stearate, polysorbate 20, polysorbate 40, folysorbate 60, polysorbate 80,
propylene glycol diacetate, propylene glycol mongétearate, sodium lauryl sulfate,
sodium stearate, sorbitan monolaurate, soritan pfonooleate, sorbitan monopalmitate,
sorbitan monostearate, stearic acid, trolaming, emulsifying wax); filtering aids
(powdered cellulose, purified siliceous eafh); flavors and perfumes (anethole,
benzaldehyde, ethyl vanillin, menthol /ethyl salicylate, monosodium glutamate,
orange flower oil, peppermint, pepgérmint oil, peppermint spirit, rose oil, stronger
rose water, thymol, tolu balsam yhcture, vanilla, vanilla tincture, vanillin); glidants
and/or anticaking agents (calgfim silicate, magnesium silicate, colloidal silicon
dioxide, talc); humectants #lycerin, hexylene glycol, propylene glycol, sorbitol);
plasticizers (castor oil, glacetylated monoglycerides, diethyl phthalate, glycerin,
mono- and di-acetylgfed monoglycerides, polyethylene glycol, propylene glycol,
triacetin, triethyl ¢ftrate); polymers (e.g., cellulose acetate, alkyl celloloses,
hydroxyalkylcgfloloses, acrylic polymers and copolymers); solvents (acetone, alcohol,

diluted alcopfbl, amylene hydrate, benzyl benzoate, butyl alcohol, carbon tetrachloride,

same oil, water for injection, sterile water for injection, sterile water for irrigation,

purified water); sorbents (powdered cellulose, charcoal, purified siliceous earth);
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carbon dioxide sorbents (barium hydroxide lime, soda lime); stiffening agents

(hydrogenated castor oil, cetostearyl alcohol, cetyl alcohol, cetyl esters wax, hard f;

934p, carboxymethylcellulose calcium, carboxymethylcellulose sodiu
carboxymethycellulose sodium 12, carrageenan, microcrystalline an
carboxymethylcellulose sodium cellulose, dextrin, gelatin, guar gym, hydroxvethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellyfose, magnesium
aluminum silicate, methylcellulose, pectin, polyethylene oxple, polyvinyl alcohol,
povidone, propylene glycol alginate, silicon dioxide, coljidal silicon dioxide, sodium
alginate, tragacanth, xanthan gum); sweetening agenty/(aspartame, dextrates, dextrose,
excipient dextrose, fructose, mannitol, saccharin, ¢flcium saccharin, sodium
saccharin, sorbitol, solution sorbitol, sucrose, cofmpressible sugar, confectioner’s
sugar, syrup); tablet binders (acacia, alginic g€id, sodium carboxymethylcellulose,
microcrystalline cellulose, dextrin, ethylcgflulose, gelatin, liquid glucose, guar gum,
hydroxypropyl methylcellulose, methygellulose, polyethylene oxide, povidone,
pregelatinized starch, syrup); tablet ghd/or capsule diluents (calcium carbonate,
dibasic calcium phosphate, tribagi calcium phosphate, calcium sulfate,
microcrystalline cellulose, poyfdered cellulose, dextrates, dextrin, dextrose excipient,
fructose, kaolin, lactose, mghnitol, sorbitol, starch, pregelatinized starch, sucrose,
compressible sugar, confctioner’s sugar); tablet disintegrants (alginic acid,
microcrystalline cellyfose, croscarmellose sodium, corspovidone, polacrilin
potassium, sodiuny5tarch glycolate, starch, pregelatinized starch). tablet and/or
capsule lubricagfts (calcium stearate, glyceryl behenate, magnesium stearate, light

mineral oil, golyethylene glycol, sodium stearyl fumarate, stearic acid, purified stearic

Ater, sorbitol solution, syrup, tolu balsam syrup); vehicle: oleaginous (almond oil,

comn oil, cottonseed oil, ethyl oleate, isopropy! myristate, isopropyl palmitate, mineral
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oil, light mineral oil, myristyl alcohol, octyldodecanol, olive oil, peanut oil, persic oil,
seame oil, soybean oil, squalane), vehicle: solid carrier (sugar spheres): vehicle:
sterile (bacteriostatic water for injection, bacteriostatic sodium chloride injectio

viscosity-increasing (see '

PCT/CN2013/000213

‘suspending agent” below), water repelling agent

(cyclomethicone, dimethicone, simethicone); and wetting and/or solubihizfg agent

(benzalkonium chloride, benzethonium chloride, cetylpyridinium chloryde, docusate

sodium, nonoxynol 9, nonoxynol 10, octoxynol 9, poloxamer, polyofyl 35 castor oil,

polyoxyl 40, hydrogenated castor oil, polyoxyl 50 stearate, polyo
polyoxyl 20, cetostearyl ether, polyoxyl 40 stearate, polysorba

polysorbate 60, polysorbate 80, sodium lauryl sulfate, sorbi

1 10 oleyl ether,
20, polysorbate 40,

n monolaureate, sorbitan

monooleate, sorbitan monopalmitate, sorbitan monosteagte, tyloxapol). This list is

not meant to be exclusive, but instead merely represepfative of the classes of

excipients and the particular excipients which maye used in dosage forms of the

present invention,

In certain aspects,

conditions mediated by elevated levels of
by NAMPT activity. Such disease or

group consisting of cancer, ovarian

the invention relatgh to methods of treating diseases or
AMPT, or which are generally mediated
ndition is one or more selected from the

ncer, breast cancer, uterine cancer, colon cancer,

cervical cancer, lung cancer, progfate cancer, skin cancer, bladder cancer, pancreatic

cancer, leukemia, lymphoma,

Immunodeficiency Virus,

disorders, irritable bow

odgkin’s disease, viral infections, Human
patitis virus, herpes virus, herpes simplex, inflammatory

syndrome, inflammatory bowel disease, rheumatoid arthritis,

asthma, chronic obstyctive pulmonary disease, osteoarthritis, osteoporosis, dermatitis,

atoptic dermatitis

psoriatic arthri

rvous system (CNS).

soriasis, systemic lupus erythematosis, multiple sclerosis,

£, ankylosing spodylitis, graft-versus-host disease, Alzheimer’s

102




WO 2013/127266 PCT/CN2013/000213

The compounds of the invention can be useful in the therapy of proliferative
diseases such as, but not limited to cancer, autoimmune diseases, viral diseases,
fungal diseases, neurological/neurodegenerative disorders, arthritis, inflammatig,
anti-proliferative (e.g., ocular retinopathy), neuronal, alopecia and cardiovascélar

S discase.

More specifically, the compounds of the invention can be useful/in the
treatment of a variety of cancers, including (but not limited to) the foflowing:
carcinoma, including that of the bladder, breast, colon, kidney, ligér, lung, including
small cell lung cancer, non-small cell lung cancer, head and nefk, esophagus, gall

10 bladder, ovary, pancreas, stomach, cervix, thyroid, prostate /nd skin, including
squamous cell carcinoma; hematopoictic tumors of lymplfoid hineage, including
leukemia, acute lymphocytic leukemia, acute lymphoMflastic leukemia, B-cell
lymphoma, T-cell lymphoma, Hodgkins lymphomy/ non-Hodgkins lymphoma, hairy
cell lymphoma, mantle cell lymphoma, myelom/, and Burkett's lymphoma,

15 hematopoietic tumors of myeloid lineage, ingfuding acute and chronic myelogenous
leukemias, myelodysplastic syndrome ang/promyelocytic leukemia; tumors of
mesenchymal origin, including fibrosagfoma and rhabdomyosarcoma; tumors of the
central and peripheral nervous systefl, including astrocytoma, neuroblastoma, glioma
and schwannomas; and other tunyfrs, including melanoma, seminoma,

20 teratocarcinoma, osteosarcomg, xenoderoma pigmentosum, keratoctanthoma, thyroid
follicular cancer and Kapoyf's sarcoma.

The compounds Af the invention may induce or inhibit apoptosis.
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Another embodiment of the invention comprises a pharmaceutical formulatio
of the invention, wherein the pharmaceutical formulation, upon administration to a
human, results in a decrease in tumor burden.

Still another embodiment of the invention is a pharmaceutical formulgfion

S comprising at least one compound of Formula I and a pharmaceutically acfeptable

excipient, and further comprising one or more adjunctive active agent.

The pharmaceutical formulations of the invention may furthef comprise a
therapeutic effective amount of an adjunctive active agent.

The compounds of the present invention are also useful/in combination

10 therapies with at least one adjunctive active agent. Such mgfhods include regimes in
which the compound of the invention and the at least ong/adjunctive active agent are
administered simultaneously or sequentially. Also usgtul are pharmaceutical
compositions in which at least one compound of th€ present invention and at least one
adjunctive active agent are combined in a singleftormulation.

15 The expression “adjunctive active agght” generally refers to agents which
targets the same or a different disease, sygfptom, or medical condition as the primary
therapeutic agent. Adjunctive active agents may treat, alleviate, relieve, or ameliorate
side effects caused by administratioff of the primary therapeutic agents. Examples of
adjunctive active agents include, fut are not limited to, antineoplastic agents,

20 filgrastim, and erythropoietin /Such agents include those which modify blood cell
growth and maturation. Nofi-limiting examples of adjunctive active agent are
filgrastim, pegfilgrastimyand erythropoietin. Other such adjunctive active agents
include those which yfhibit nausea associated with admimistration of
chemotherapeutic fgents, such as a 5-HTx receptor inhibitor (e.g., dolansetron,

25 granisetron, or #hdansetron), with or without dexamethasone. The invention also
describes onf or more uses of the compounds of the present invention with an
adjunctivfactive agent such as TNF, GCSF, or other chemotherapeutic agents.
Additignal adjunctive active agents include those that mediate cytotoxicity of
NAMPT inhibitors, such as nicotinic acid rescue agents, or other compounds that play

ole in the NAMPT pathway, such as niacin (nicotinic acid), nicotinamide, or
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related compounds, or modified release formulations of such compounds, for exampl
NIASPAN™.
The terms “chemotherapeutic agent” and “antineoplastic agent” generall

refer to agents, which treat, prevent, cure, heal, alleviate, relieve, alter, reme

carboplatin, docetaxel, doxorubicin, flutamide, interferon-alpha, [ftrozole, leuprolide,
megestrol, mitomycin, oxaliplatin, paclitaxel, plicamycin (Mit facin' '), tamoxifen,
thiotepa, topotecan, valrubicin, vinblastine, vincristine, and/Any combination of any
of the foregoing.

The invention is also directed to a method of tf€ating or preventing a disorder
associated with excessive rate of growth of cells i/ subject (e.g., a mammal)
comprising administering to the subject an effegfive amount of the pharmaceutical
formulation of the invention. Non-limiting gfamples of disorder include cancer or
metastasis from malignant tumors.

Another aspect of the inventiog/As a method of inhibiting tumor cell growth
and rate of division in a subject (e.g/a mammal) with cancer, or other disorder
associated with abnormally dividfg cells comprising administering to the subject an
effective amount of the pharmyceutical formulation of this invention.

Another embodimeptt of the invention is a method of treating bone pain due to
excessive growth of a tyfhor or metastasis to bone in a subject (¢.g., a mammal) in
need thereof comprishg administering to the subject an effective amount of the
pharmaceutical fopmulation of this invention.

A furthgf embodiment of the invention is a method of preparing a
pharmaceutifal formulation comprising mixing at least one compound of the present
invention/and, optionally, one or more pharmaceutically acceptable excipients.

he invention is also directed to methods of synthesizing compounds of the

Still another aspect of this invention is to provide a method for treating,

preventing, inhibiting or eliminating a disease or condition in a patient by inhibiting

105



WO 2013/127266 PCT/CN2013/000213

NAMPT in said patient by administering a therapeutically effective amount of at least
one compound of this disclosure, wherein said disease or condition 1s selected fro
the group consisting of cancer, ovarian cancer, breast cancer, uterine cancer, colgn
cancer, cervical cancer, lung cancer, prostate cancer, skin cancer, bladder carnfer,

S pancreatic cancer, leukemia, lymphoma, Hodgkin’s disease, viral infectiopf, Human
Immunodeficiency Virus, hepatitis virus, herpes virus, herpes simplex, fflammatory
disorders, irritable bowel syndrome, inflammatory bowel disease, rhfumatoid arthritis,
asthma, chronic obstructive pulmonary disease, osteoarthritis, osgfoporosis, dermatitis,
atoptic dermatitis, psoriasis, systemic lupus erythematosis, mufiple sclerosis,

10 psoriatic arthritis, ankylosing spodylitis, graft-versus-host dfsease, Alzheimer’s
disease, cerebrovascular accident, atherosclerosis, diabepfs, glomerulonephiritis,
metabolic syndrome, non-small cell lung cancer, sma}f cell lung cancer, multiple
myeloma, leukemias, lymphomas, squamous cell ¢fncers, kidney cancer, uretral and
bladder cancers, cancers of head and neck, cancfrs of the brain and central nervous

15 system.

In a certain embodiment, the compfunds of formula I can be used in the
treatment of solid and liquid tumors, ngh-small cell lung cancer, leukemia, lymphoma,
ovarian cancer, glioma, breast cancef, uterine cancer, colon cancer, cervical cancer,
lung cancer, prostate cancer, skirycancer, rhino-gastric tumors, colorectal cancer,

20  CNS cancer, bladder cancer, plncreatic cancer and Hodgkin’s disease.

In a certain embodifient, the compounds of Formula I can be used in the
treatment of solid and liguid tumors, non-smali cell lung cancer, leukemia, lymphoma,
ovarian cancer, breasfcancer, uterine cancer, colon cancer, cervical cancer, lung
cancer, prostate cgficer, skin cancer, rhino-gastric tumors, colorectal cancer, bladder

25  cancer, pancregfic cancer and Hodgkin’s disease.

Anofer embodiment is a pharmaceutical formulation comprising a

meffstases. The pharmaceutical formulation can be administered by oral means or

er suitable means.
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Yet another embodiment is a method of treating ovarian cancer in a subject
(e.g., a human) in need thereof by administering to the subject an effective amount gf
the compound or the pharmaceutical formulation of the present invention.

Yet another embodiment is a method of treating non-small cell lung cghcer

5 (NSCLC)in a subject (¢.¢., a human) in need thereof by administering to ffe subject
an effective amount of the compound or the pharmaceutical formulatioy/of the
present invention.

Yet another embodiment is a method of treating colon cagfer in a subject (e.g.,
a human) in need thereof by administering to the subject an efffctive amount of the

10 compound or the pharmaceutical formulation of the present/nvention.

Yet another embodiment is a method of treating Jfeast cancer in a subject
(e.g., a human) in need thereof by administering to thg'subject an effective amount of
the pharmaceutical formulation of the present invegftion.

Yet another embodiment is a method of feating leukemia in a subject (e.g,, a

15 human) in need thereof by administering to tife subject an effective amount of the
compound or the pharmaceutical formulayon of the present invention.

Yet another embodiment is a mgfthod of treating colon cancer before or after
surgical resection and/or radiation thfrapy, in a subject (e.¢., a human) in need thereof
by administering to the subject affeffective amount of the compound or the

20  pharmaceutical formulation ofthe present invention.

Yet another embodyhent is a method of treating cancer before or after surgical
resection and/or radiatigf therapy, in a subject (e.g., a human) in need thereof by
administering to the ghbject an effective amount of the compound or the
pharmaceutical fogfnulation of the present invention, including adjunctive therapy to

25  treat nausea, wyth or without dexamethasone.

Yet gliother embodiment is a method of treating cancer before or afier surgical
resection£nd or radiation therapy, in a subject (e g, a human) in need thereof by
adminftering to the subject an effective amount of the compound or the
phgfmaceutical formulation of the present invention, including adjunctive therapy

1th one or more additional therapeutic agents, or their pharmaceutically acceptable

salts. Non-limiting examples of such additional therapeutic agents include cytotoxic
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agents (such as for example, but not limited to, DNA interactive agents (such as

cisplatin or doxorubicin)); taxanes (e.g. taxotere, taxol); topoisomerase Il inhibitor
(such as etoposide); topoisomerase I inhibitors (such as irinotecan (or CPT-11),
camptostar, or topotecan); tubulin interacting agents (such as paclitaxel, docejdxel or
the epothilones); hormonal agents (such as tamoxifen); thymidilate syntha
inhibitors (such as 3-fluorouracil or 5-FU); anti-metabolites (such as mgfhoxtrexate),
alkylating agents (such as temozolomide, cyclophosphamide); Farnegy1 protein
transferase inhibitors (such as, SARASAR "™ (4-[2-[4-[(11R)-3.1

6,11-dihydro-5H-benzo[5,- 6]cyclohepta[1,2-b]pyridin-11-yl-

dibromo-8-chloro-
-piperidinyl}-2-
oxoehtyl]-1-piperidine- carboxamide, or SCH 66336), tipifg/nib (Zamestra” or
R115777 from Janssen Pharmaceuticals), L778,123 (a fafhesyl protein transferase
inhibitor from Merck & Company, Whitehouse Statiof, N.J.), BMS 214662 (a
farnesyl protein transferase inhibitor from Bristol-lfyers Squibb Pharmaceuticals,
Princeton, N.J ); signal transduction inhibitors (gich as, Iressa” (from Astra Zeneca
Pharmaceuticals, England), Tarceva" (EGFRAinase inhibitors), antibodies to EGFR
(e.g., C225), GLEEVEC™ (C-abl kinase ipflibitor from Novartis Pharmaceuticals,
East Hanover, N.J.); interferons such ay/ for example, intron™ (from Merck &
Company), Peg-Intron™ (from Merc){ & Company), hormonal therapy combinations:
aromatase combinations; ara-C, gfriamycin, cytoxan, and gemcitabine.
Other anti-cancer (alsg/&nown as anti-neoplastic) agents include but are not
limited to Uracil mustard, Qhlormethine, Ifosfamide, Melphalan, Chlorambucil,
Pipobroman, Triethylengfnelamine, Triethylenethiophosphoramine, Busulfan,
Carmustine, Lomustig, Streptozocin, Dacarbazine, Floxuridine, Cytarabine, 6-
Mercaptopurine, 6/Thioguanine, Fludarabine phosphate, oxaliplatin, leucovirin,

oxaliplatin (EL@XATIN® from Sanofi-Synthelabo Pharmaceuticals, France),

Tesgbsterone, Prednisone, Fluoxymesterone, Dromostanolone propionate,
stolactone, Megestrolacetate, Methylprednisolone, Methyltestosterone,

Prednisolone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
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Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate, Leuprolide,
Flutamide, Toremifene, goserelin, Cisplatin, Carboplatin, Hydroxyurea, Amsacrin
Procarbazine, Mitotane, Mitoxantrone, Levamisole, Navelbene, Anastrazole,
letrazole, Capecitabine, Reloxafine, Droloxafine, Hexamethylmelamine, Avghtin,

herceptin, Bexxar, Velcade®, Zevalin, Trisenox, Xeloda, Vinorelbine, Porffmer,

granisetron, ondansetron) with or without dexamethasone.

Additionally, according to the present invention, the/Lompounds of the
invention described herein may be administered and/or ffrmulated in combination
with an adjunctive active agent. In certain embodimepts, the adjunctive active agent
is niacin, nicotinamide, nicotinic acid, nicotinamid# mononucleotide (NMN), or
variations thereof, including modified release fgfmulations of niacin, such as
NIASPAN*  Niacin, nicotinamide, nicotini¢/acid, nicotinamide mononucleotide
(NMN), or variations thereof have also bgén described in the literature as “rescue
agents” or “rescuing agents” and theseferms have been used herein. The role of
nicotinamide and/or nicotinic acid af a rescuing or rescue agent has for example been
described by Beauparlant et al. i Anti-Cancer Drugs 2009, 20:346-354 and by
Rongvaux et al. in The Joumgfof Immunology, 2008, 181: 4685-4695. These two
references describe the rolg/of a rescuing or rescue agent with regards to ameliorating
possible toxic effects of NAMPT inhibitors.

If formulated4s a fixed dose, such combination products employ the
compounds of thig/invention within the dosage range described herein (or as known
to those skilled/An the art) and the other pharmaceutically active agents or treatments
within its dodage range. For example, the CDC2 inhibitor olomucine has been found
to act sypfraistically with known cytotoxic agents in inducing apoptosis (J. Cell Sci,,
(1995108, 2897). The compounds of the invention may also be administered
segfentially with known anticancer or cytotoxic agents when a combination

rmulation is inappropriate. In any combination treatment, the invention is not

limited in the sequence of administration; compounds of the disclosed Formulas may

109



WO 2013/127266 PCT/CN2013/000213

be admintstered either prior to or after administration of the known anticancer or
cytotoxic agent. For example, the cytotoxic activity of the cyclin-dependent kinase
inhibitor flavopiridol is affected by the sequence of administration with anticancgr
agents. Cancer Research, (1997) 57, 3375. Such techniques are within the skiffs of
5  persons skilled in the art as well as attending physicians.
Any of the aforementioned methods may be augmented by admflistration of
fluids (such as water), loop diuretics, one or more adjunctive active glents, such as a
chemotherapeutic or antineoplastic agent, such as leucovorin and Aluorouracil, or an
adjunctive chemotherapeutic agent (such as filgrastim and erytfropoietin), or any
10 combination of the foregoing.
Yet another cmbodiment is a method for adminisgring a compound of the
instant invention to a subject (e.g., @ human) in need tffereof by administering to the
subject the pharmaceutical formulation of the presgfit invention.
Yet another embodiment is a method of #reparing a pharmaceutical
15 formulation of the present invention by mixigf at least one pharmaceutically
acceptable compound of the present invenflon, and, optionally, one or more
pharmaceutically acceptable additives g excipients.
For preparing pharmaceuticgf compositions from the compounds described by
this invention, inert, pharmaceutifally acceptable carriers can be either solid or liquid.
20  Solid form preparations inclugé powders, tablets, dispersible granules, capsules,

cachets and suppositories. Phe powders and tablets may be comprised of from about 5

25 xamples of pharmaceutically acceptable carriers and methods of

The compositions and formulations of the invention can be administered as
30 erile compositions and sterile formulations. Sterile pharmaceutical formulations are

compounded or manufactured according to pharmaceutical-grade sterilization
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standards (e.g., United States Pharmacopeia Chapters 797, 1072, and 1211, California
Business & Professions Code 4127.7; 16 California Code of Regulations 1751, 21
Code of Federal Regulations 21, or ex-U.S. counterparts to such regulations) kn
to those of skill in the art.
Liquid form preparations include solutions, suspensions and emulsyfns. As an
example may be mentioned water or water-propylene glycol solutions fgff parenteral
injection or addition of sweeteners and opacifiers for oral solutions, g
emulsions. Liquid form preparations may also include solutions fof intranasal
administration.
Aerosol preparations suitable for inhalation may incjide solutions and solids
in powder form, which may be in combination with a phyfmaceutically acceptable
carrier, such as an inert compressed gas, e.g. nitrogen
Also included are solid form preparations tht are intended to be converted,
shortly before use, to liquid form preparations fgf either oral or parenteral
administration. Such liquid forms include sgflitions, suspensions and emulsions.
The compounds of the invention mfy also be deliverable transdermally. The
transdermal compositions can take the form of creams, lotions, aerosols and/or
emulsions and can be included in a pfansdermal patch of the matrix or reservoir type
as are conventional in the art for fis purpose.
The compounds of thiginvention may also be delivered subcutaneously.
The compound can fe administered orally or intravenously.
The pharmaceutjfal preparation can be in a unit dosage form. In such form,
the preparation is subdivided into suitably sized unit doses containing appropriate

quantities of the agfive component, e.g., an effective amount to achieve the desired

purpose.
The gliantity of active compound in a unit dose of preparation may be varied
or adjusted from about 1 mg to about 1000 mg, for example from about 1 mg to about

500 m#, in particular from about 1 mg to about 250 mg, or from about 1 mg to about
25 g, according to the particular application,
The actual dosage employed may be varied depending upon the requirements

of the patient and the severity of the condition being treated. Determination of the
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proper dosage regimen for a particular situation is within the skill of the art. For
convenience, the total daily dosage may be divided and administered in portions
during the day as required.
The amount and frequency of administration of the compounds of the
S invention and/or the pharmaceutically acceptable salts thereof will be regujated
according to the judgment of the attending clinician considering such faftors as age,
condition and size of the patient as well as severity of the symptoms Jeing treated. A
typical recommended daily dosage regimen for oral administratiof can range from
about 1 mg/day to about 500 mg/day, preferably 1 mg/day to 20 mg/day, in two to
10 four divided doses.

Schemes and Examples

Exemplary, non-limiting, chemical entities znd methods useful in preparing
compounds of the invention will now be describfd by reference to illustrative
15 synthetic schemes for their general preparatigh below and the specific examples that
follow. Those skilled in the art will apprefiate that other synthetic routes may be
used to synthesize the compounds accgfding to the invention. Although specific
starting materials and reagents are dfpicted and discussed herein, other starting
materials and reagents can be eagfly substituted to provide a variety of derivatives
20  and/or reaction conditions. Indddition, many of the exemplary compounds prepared
by the described methods ¢fn be further modified in light of this disclosure using
conventional chemistry #ell known to those skilled in the art.
Artisans will gcognize that, to obtain the various compounds herein, starting
materials may be fitably selected so that the ultimately desired substituents will be
25  carried through/he reaction scheme with or without protection as appropriate to yield
the desired pfoduct. Alternatively, it may be necessary or desirable to employ, in the
place of tffe ultimately desired substituent, a suitable group that may be carried
throug the reaction scheme and replaced as appropriate with the desired substituent.
Each of the reactions depicted in the reaction schemes is preferably run at a

30 mperature from about 0 °C to the reflux temperature of the solvent used. Unless
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otherwise specified, the variables shown in the schemes below are as defined above in
reference to Formula I.

Compounds according to the invention may be synthesized by synthetic rfutes
that include processes analogous to those well-known in the chemical arts,

S particularly in light of the description contained herein, and those for other,
heterocycles described in: Comprehensive Heterocyclic Chemistry I, BQitors
Katritzky and Rees, Elsevier, 1997, e.g. Volume 3; Liebigs Annalen der Chemie,
(9):1910-16, (1985); Helvetica Chimica Acta, 41:1052-60, (1958 )/ Arzneimittel-
Forschung, 40(12):1328-31, (1990), each of which are express}f incorporated by

10  reference. Starting materials are generally available from cgfnmercial sources such as
Sigma-Aldrich Chemicals (Milwaukee, WI) or are readily/prepared using methods
well known to those skilled in the art (e.g., prepared by methods generally described
in Louis F. Fieser and Mary Fieser, Reagents for Ofanic Synthesis, v. 1-23, Wiley,
N.Y. (1967-2006 ed.), or Beilsteins Handbuch gér organischen Chemie, 4, Aufl. ed.

15  Springer-Verlag, Berlin, including supplemepfs (also available via the Beilstein
online database).

Synthetic chemistry transformagfons and protecting group methodologies
(protection and deprotection) useful /n synthesizing compounds according to the
invention and necessary reagents/And intermediates are known in the art and include,

20  for example, those described if R. Larock, Comprehensive Organic Transformations,
VCH Publishers (1989); T AV. Greene and P. G .M. Wuts, Protective Groups in
Organic Synthesis, 3rd ., John Wiley and Sons (1999); and L. Paquette, ed.,
Encyclopedia of Reagbnts for Organic Synthesis, John Wiley and Sons (1995) and
subsequent editionf thereof The need for such protection will vary depending on the

25  nature of the reflote functionality and the conditions of the preparation methods.

Suitable amjfo-protecting groups include acetyl, trifluoroacetyl, t-butoxycarbonyl

(BOC), bghzyloxycarbonyl (CBz) and 9-fluorenylmethyleneoxycarbonyl (Fmoc).

The neéd for such protection is readily determined by one skilled in the art.

Additional particularly useful reactions in preparing compounds of the present
Avention include alkylation, reductive amination, oxidation, reduction, and

hydrolysis reactions. Such transformations are well within the ordinary skill in the art.
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Compounds according to the invention may be prepared singly or as
compound libraries comprising, for example, at least two, or 5 to 1,000 compounds
or 10 to 100 compounds. Libraries of compounds of Formula I may be prepared®y a

combinatorial “split and mix” approach or by multiple parallel syntheses usingeither

acceptable salts thereof.
In the methods of preparing compounds according to thZ invention, it may be

10 advantageous to separate reaction products from one anothef/and/or from starting
materials. The desired products of each step or series of feps is separated and/or
purified to the desired degree of homogeneity by the tgChniques common in the art.
Typically such separations involve multiphase extrg€tion, crystallization from a
solvent or solvent mixture, distillation, sublimatyon, or chromatography.

15  Chromatography can involve any number of pAethods including, for example: reverse-
phase and normal phase; size exclusion; igh exchange; high, medium and low
pressure liquid chromatography methogh and apparatus; small scale analytical;
simulated moving bed (SMB) and ppparative thin or thick layer chromatography, as
well as techniques of small scale fhin layer and flash chromatography.

20 Another class of separgfion methods involves treatment of a mixture with a
reagent selected to bind to ¢f render otherwise separable a desired product, unreacted
starting material, reactioff by product, or the like. Such reagents include adsorbents or
absorbents such as acffvated carbon, molecular sieves, ion exchange media, or the
like. Alternatively/the reagents can be acids in the case of a basic material, bases 1n

25  the case of an agldic material, binding reagents such as antibodies, binding proteins,
selective cheftors such as crown ethers, liquid/liquid 1on extraction reagents (LIX),
or the like/ Selection of appropriate methods of separation depends on the nature of
the mag€rials involved, such as, boiling point and molecular weight in distillation and
submation, presence or absence of polar functional groups in chromatography,

bility of materials in acidic and basic media in multiphase extraction, and the like.
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A single stereoisomer, e.g., an enantiomer, substantially free of its
stereoisomer may be obtained by resolution of the racemic mixture using a method

such as formation of diastereomers using optically active resolving agents (Eliel

chiral compounds and separation by fractional crystallization or ggher methods, (2)

formation of diastereomeric compounds with chiral derivatizing reagents, separation
of the diastereomers, and conversion to the pure stereoisomghs, and (3) separation of
the substantially pure or enriched stereoisomers directly #fnder chiral conditions. See:
“Drug Stereochemistry, Analytical Methods and Pharfiacology,” Irving W. Wainer,
Ed., Marcel Dekker, Inc., New York (1993).
Under method (1), diastereomeric salts gén be formed by reaction of

enantiomerically pure chiral bases such as bpffcine, quinine, ephedrine, strychnine, a-
methyl-b-phenylethylamine (amphetaming, and the like with asymmetric compounds
bearing acidic functionality, such as cgfboxylic acid and sulfonic acid. The
diastereomeric salts may be induceg/to separate by fractional crystallization or ionic
chromatography. For separation/f the optical isomers of amino compounds, addition

of chiral carboxylic or sulfonifacids, such as camphorsulfonic acid, tartaric acid,

followed My separation of the diastereomers and hydrolysis to yield the pure or
enrich#d enantiomer. A method of determining optical purity involves making chiral
estgfs. such as a menthyl ester, e.g., (-) menthyl chloroformate in the presence of base,
Mosher ester, a-methoxy-a-(trifluoromethyl)phenyl acetate of the racemic mixture

and analyzing the '"H NMR spectrum for the presence of the two atropisomeric
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enantiomers or diastereomers (Jacob ITI. J. Org. Chem. (1982) 47:4165). Stable
diastereomers of atropisomeric compounds can be separated and isolated by normal
and reverse-phase chromatography following methods for separation of atropisopferic
naphthyl-isoquinolines (WO 96/15111). By method (3), a racemic mixture offwo
enantiomers can be separated by chromatography using a chiral stationary ghase
(“Chiral Liquid Chromatography” (1989) W. J. Lough, Ed., Chapman agd Hall, New
York; Okamoto, J. Chromatogr., (1990) 513:375-378). Enriched or pfirified
enantiomers can be distinguished by methods used to distinguish gfher chiral
molecules with asymmetric carbon atoms, such as optical rotatybn and circular

dichroism.

Abbreviations and acronyms used in the following Sclfemes and elsewhere herein are

defined as follows:

DCM Dichloromethane

DIPEA Diisopropylethylamine

DMF N,N-dimethylformamjde

DMSO Dimethyl sulfoxide

EDCI 1-Ethyl-3-(3-dimefhylaminopropyl) carbodiimide
ELSD Evaporative lighf scattering detector
equiv Molar equivajént

ESI Electrospray ionization (ES+ or ES-)
Et Ethyl

EtOH Ethano

EtOAc Ethyl/Acetate

FtOH EthAnol

Et,0 ethyl ether

g Gram

h Hour(s)

Proton nuclear magnetic resonance
2-(7-Aza-1H-benzotriazole-1-yl)-1,1.3,3-
tetramethyluronium hexafluorophosphate
Hydrogen gas

1-Hydroxybenzotriazole

High performance liquid chromatography
Isopropyl alcohol

Liter

Liquid chromatography — mass spectrometry
Methanol
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Me Methyl

min Minute(s)

MHz Megahertz

mL Milliliter

NMP N-methylpyrrolidinone

Ph Phenyl

psi Pounds per square inch

rt Room temperature

Raney-Ni Raney Nickel

Ry Retention factor

SFC Supercritical fluid chromatography
TEA Triethylamine

TFA Trifluoroacetic acid

1,0 Trifluoromethanesulfonic anhydride
THF Tetrahydrofuran

TLC Thin layer chromatography

Exemplary general reaction schemes that gfe useful in preparing compounds
of the invention are described below.

General Sgheme A

R2 RS O Rp2 R3
/CL Coupling )J\R R
R X + H2N > N
H R n
/S /, :
5 A B O/E -

Compounds of Formulgf1 may be prepared as shown above in Scheme A.
Compounds of Formula A, /i which X is, for example, OH, chloro, or bromo, are
reacted with amines B tofproduce compounds of Formula I. Where X is OH,
coupling reactions mgf occur in the presence of a coupling reagent such as EDCI,

10 HATU, or HOBt, 9d a base (e.g., K:COs, Cs2COs, trialkylamine, sodium or
potassium alkoyfde) in an inert solvent such as dichloromethane, N,N-
dialkylformafhide (such as DMF), N,N-dialkylacetamide, dialkylethers, cyclic ethers,
DMSO, o NMP, or a mixture thereof, at temperatures ranging from -78 °C to 200 °C.
Such ¢fupling reactions between amines and acids are well-known in the art.

15  Altgfnatively, compounds A where X is bromo or chloro may be reacted with amines

in the presence of a suitable base, such as triethylamine, K;COs, or Cs2CO3, to

form compounds of Formula 1.
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General Scheme B

O \@ Reductlon

R2 R3 R2 R3

Qxidation
Hsz R! H2N>©
S/

E B 07E

Amines B, in which R* and R” are both H, may be prepafed according to
substituted thiols R'-
solvent such as DMSO,

DMF, or NMP, preferably at elevated temperature, to ffrm thioethers D. The nitrile

General Scheme B. Fluorobenzonitrile is reacted with suita

SH in the presence of a base such as K>CO; or Cs,COx in

group of compounds D is then reduced under hydrogenation conditions using a
hydrogen source such as hydrogen gas or the likg/1n the presence of a suitable metal
catalyst such as Raney nickel, in a solvent sughf as methanol or ethanol, to form
amines E. The thiol group of compounds [/1s then oxidized to the sulfone or
sulfoxide oxidation state using a suitablZoxidant such as m-chloroperbenzoic acid in
a solvent such as chloroform, or hydyfgen peroxide with sulfuric acid and
isopropanol. One of skill in the ag will recognize that the oxidation and reduction
steps may be performed in the geverse order.

General Scheme C

Reduction

s={ — . HS—<

Certain thfols useful in preparing compounds of Formula I may be prepared
according to (feneral Scheme C. Ketones or aldehydes F, where R'" and R" are
chosen as pfeded to produce compounds of Formula I, are reacted with hydrogen
sulfide

redugfng agent such as sodium borohydride, to produce thiols H. Thiols H may then

form the analogous thiones G, which are then reduced with a suitable

sed in methods such as those shown in General Scheme B.
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General Scheme D
RZ R3

NC NC 20
HNR2OR2! '3 Reduction H>N
N
SO,CI S, R

J o 0 o)
K

presence of a base such as a trialkylamine base, K;COs, or Cs20/0s, 1n a solvent such

as dichloromethane, to provide sulfonamides K. Compoundf K are then reduced with,

for example, zinc or Raney nickel, to form amines B, whyfh may then be used as
descrbed in General Scheme A.

10 General Scheme b

R2 R® O R2

H,N
R1

7N}

O E

B

Certain compounds of Formulf 1, wherein the R group is connected to the
carbonyl carbon via a nitrogen atog within the R group (forming a urea) may be
prepared according to General $f£heme E. Amines B are activated using methods
15 known to one of skill in the gft, wherein LG 1s a suitable leaving group such as an
alkoxy or halo group, and/he activated compounds M are then reacted, either in situ
or in a separate reactioff step, with a suitably substituted amine R”R™NH in the
presence of a base sfch as a trialkylamine, to form compounds of Formula 1.

General Scheme F
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Amines B may also be prepared as shown in General Scheme F. Thiols N are
reacted with alcohols R'OH under Mitsunobu coupling conditions to form thioether,
0. Oxidation of the sulfur as described above leads to sulfoxides and sulfones P
cyano group is introduced by coupling of compounds P with a cyanide sourcefuch as

5 Zn(CN)z in the presence of a palladium catalyst, and a solvent such as DM}/ or
DMSO to generate nitriles Q. The nitrile group is reduced to provide prfnary amines

B as described above.

General Scheme G
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10 In an alternative embodiment, corgpounds of Formula 1 are prepared as shown
in General Scheme G. Coupling of begzylamines R with acids RCO;H under
standard amide coupling conditionsfrovides amides S. Sulfonylation with
chlorosulfonic acid generates bepfene sulfonyl chlorides T. Such compounds are
then reacted with suitably subgtituted amines HNR* R, in the presence of a suitable

15  base such as a trialkylamingbase, K;COs, or Cs2COs, in a solvent such as

dichloromethane, to profide compounds of Formula L

Those having/Akill in the art will recognize that the starting materials, reagents,
and conditions deg€ribed in the above general schemes may be varied and additional
steps employed/to produce compounds encompassed by the present inventions.

20

Methods Af Chemical Analysis

nless otherwise indicated, 'H NMR spectra were recorded at ambient
temyerature using one of the following machines: Varian Unity Inova (400 MHz)
ectrometer with a triple resonance S mm probe, Bruker Avance DRX400 (400 MHz)

spectrometer with a triple resonance 5 mm probe, a Bruker Avance DPX 300 (300
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MHz) equipped with a standard 5 mm dual frequency probe for detection of 'H and
*C. a Bruker AVIII (400 MHz) using a BRI Broad Band Inverse S mm probe, or a

0.00). The following abbreviations have been used: br = broad signal, s =4inglet, d
= doublet, dd = double doublet, t = triplet, q = quartet, m = multiplet.

High Pressure Liquid Chromatography - Mass Spectrometry (A.C/MS)
experiments to determine retention times (RT) and associated magf ions (e.g.,

[M+H]", [M+Na]', [M-H]") were performed using one of the foflowing methods:

Method A
Instrument: SHIMADZU LC/MS-2010EV
LC Parameters: Column: Shim-pack XR-ODS, 2 Zum, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA: Mobile Phase B: Acetonitrilf, Gradient: 5% to 100% B in 2.0 min,
100% B for 1.1 min, 100% to 5% B in 0.2 mjf, then stop; Flow Rate: 1.0 mL/min;
Column Temperature: 40 °C; Detector: 23 nm and ELSD; Sample Preparation: 1
mg/mL in Methanol; Injection Volume/1 pL.
MS Parameters: Interface: ESI (Posfive); Interface Voltage: 4.5 kv; Heat Block:
250 °C; Nebulizing Gas: 1.50 L/pfin; Scan Range: 90-900 (m/z); Detector voltage:

1.7 kv.

Method B

Instrument. SHIMAPZU LC/MS-2010EV

L,C Parameters: CAlumn: Waters XBridge C18, 3.0x50 mm, 3.5 p; Mobile Phase A:
Water/5 mM monium Acetate; Mobile Phase B: Methanol; Gradient: 10% to
100% B in 1

Rate: 0.9 AL/min; Column Temperature: 40 °C; Detector: PDA and ELSD; Sample

min, 100% B for 1.3 min, 100% to 10% B in 0.1 min, then stop, Flow

Prepagftion: 1 mg/mL in Methanol; Injection Volume: 1 uL.
arameters: Interface: ESI (Positive & Negative); Interface Voltage: 4.0 kv; Heat
ock: 250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z), Detector

voltage: 1.5 kv.
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Method C
Instrument: SHIMADZU LC/MS-2010EV
I.C Parameters: Column: Shim-pack XR-0ODS, 2.2 um, 3.0¥50 mm; Mobile
Water/0.05% TFA: Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% to 100%
B in 2.0 min, 100% B for 1.1 min, 100% to 5% B in 0.2 min, then stop; #low Rate:
1.0 mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELJD, Sample
Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.
MS Parameters: Interface: ESI (Positive); Interface Voltage: 44 kv; Heat Block:
250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (

1.5 kv.

/z), Detector voltage:

Method D
Instrument; SHIMADZU L.C/MS-2010EV
LC Parameters: Column: Waters Xselect C1#, 3.0x50 mm, 3.5 um; Mobile Phase A:
Water/0.1% formic acid; Mobile Phase B;
5% to 100% B in 2.0 min, 100% B for

Flow Rate: 0.9 mL/min; Column Tefperature; 35 °C; Detector: 254 nm and ELSD;

cetonitrile /0.05% formic acid; Gradient:
2 min, 100% to 5% B in 0.1 min, then stop;
Sample Preparation: 1 mg/mL inXlethanol; Injection Volume: I pL.
MS Parameters: Interface: ESY(Positive & Negative), Interface Voltage: 4.5 kv, Heat
Block: 250 °C; Nebulizing fas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector

voltage: 1.5 kv.

Method E

Instrument; S ADZU LC/MS-2010EV

LC Parametgfs: Column: Shim-pack XR-ODS, 3.0x50 mm, 2.2 pm; Mobile Phase A:
Water/0.
100%

% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% to 100% B in 2.0 min,
for 1 min, 100% to 5% B in 0.3 min, then stop; Flow Rate: 1.0 mL/min;
Coldmn Temperature: 40 °C;, Detector: 254 nm and ELSD; Sample; Preparation; 1

o/mL in Methanol; Injection Volume: | pL.
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MS Parameters: Interface; ESI (Positive); Interface Voltage: 4.5 kv; Heat Block:
250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage:
1.3 kv.

5 Method F
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*¥50 mm; #obile Phase A
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% BAo100% B for 2.0
min, 100% B for 1.2 min, 100% B to 5% in 0.1 min, then stop;£low Rate: 1.0
10 mL/min; Column Temperature: 40 °C; Detector: UV and ELAD; Sample Preparation:
1 mg/mL in Methanol; Injection Volume: 1 uL. v
MS Parameters: Interface; ESI (Positive); Interface VAltage: 4.5 kv; Heat Block;
250 °C: Nebulizing Gas: 1,50 L/min; Scan Range:

1.1 kv.

-900 (m/z), Detector voltage:

15

Instrument: SHIMADZU LC/MS-2020£V
LC Parameters: Column: Shim-pacl/ XR-ODS, 50*3.0 mm, 2.2 um; Mobile Phase A:
Water/0.05% TFA; Mobile Phasef8: Acetonitrile; Gradient: 5% to 100% B in 2.1
20  min, 100% B for 0.8 min, 100% to 5% B in 0.1 min, then stop; Flow Rate: 1.0
mlL/min; Column Temperatfre: 40 °C; Detector: 254 nm and ELLSD; Sample
Preparation: 1 mg/mL inAcetonitrile; Injection Volume: 1 uL.
MS Parameters: Integface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block:
250 °C; Nebulizing/Gas: 1.50 L/min; Scan Range: 90-900 (m/z), Detector voltage:

25 1.05kv.

Method H
nt. SHIMADZU LC/MS-2020

LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0¥*50 mm; Mobile Phase A:
30 Ater/0.05% TFA:; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% to 100%

B in 2.0 min, 100% B for 1.2 min, 100% to 5% B in 0.1 min, then stop; Flow Rate:
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1.0 mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample

Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive), Interface Voltage: 4.5 kv; Heat Block;

250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voljige:
5  1.1kv

Method I
Instrument; SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 50*3.0 nm, 2.2/im; Mobile Phase A:
10 Water/0.05% TFA: Mobile Phase B: Acetonitrile/0.05% TFX, Gradient: 5% B to
100% B for 2.0 min, 100% B for 1.2 min, 100% B to 5%8 in 0.1 min, then stop;
Flow Rate: 1.0 mL/min; Column Temperature: 40 °C;Detector: 254 nm and ELSD;

Sample Preparation: 1 mg/mL in Methanol; Injectigh Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interffce Voltage: 4.5 kv; Heat Block:
15 250 °C: Nebulizing Gas: 1.50 L/min; Scan Rgfige: 70-900 (m/z); Detector voltage:

1.05 kv.

Instrument: SHIMADZU LC/M$2020

20  LC Parameters: Column: Shigfpack XR-ODS, 3.0x50 mm, 2.2 p; Mobile Phase A:
Water/0.05% TFA: Mobilehase B: Acetonitrile; Gradient: 5% to 100% B in 2.0 min,
100% B for 1.2 min, 100#s to 5% B in 0.2 min, then stop; Flow Rate: 1.0 mL/min;,
Column Temperature/40 °C; Detector: 254 nm and ELSD; Sample Preparation: |
mg/mL in Acetonipfile; Injection Volume: 1 pL.

25  MS Parameters/Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block:
200 °C; Nebflizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z), Detector voltage:

Method K
strument. HPLC-Agilent 1100
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LC Parameters: Column: ZORBAX SB-C18, 1.8 mm, 20 x 2.1 mm; Mobile Phase A,
Water/0.05% TFA: Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 3% to 97%
B in 7.0 min, 97% B for 1.5 min, then stop; Flow Rate: 0.4 mL/min; Column
Temperature: 40 °C; Detector: 220 nm and 254 nm.

5  MS Parameters: Agilent MSD; Interface: ESI (Positive).

Method L
Instrument; Waters Acquity UHPLC
LC Parameters: Column: UPLC BEH C18, 1.7 mm, 2.1 x 30 fim; Mobile Phase A
10 Water/0.1% formic acid; Mobile Phase B: Acetonitrile/0.1%/formic acid; Gradient:
5% t0 95% B in 1.5 min, 95% B in 0.3 min, then stop; Fl#w Rate: 0.7 mL/min;
Column Temperature: 40 °C, Detector: 220 nm and 264 nm.

MS Parameters: Waters SQD mass spectrometer; Aterface: ESI (Positive).

15

20  mL/min; Column Temperaturg/40 °C; Detector: UV and ELSD; Sample Preparation:
1 mg/mL in Methanol; Injegtion Volume: 1 uL.
MS Parameters: I[nterfagd: ESI (Positive); Interface Voltage: 4.5 kv, Heat Block:

250 °C; Nebulizing Gfs: 1.50 L/min; Scan Range: 70-900 (m/z), Detector voltage:

25
Method O

" SHIMADZU LC/MS-2020

LC Pagdmeters: Column: Shim-pack XR-ODS, 2.2 um, 3.0¥50 mm; Mobile Phase A:
Wailr/0.1% formic acid; Mobile Phase B: Acetonitrile/0.05% formic acid; Gradient:
s#o B t0100% B for 2.0 min, 100% B for 1.2 min, 100% B to 5% in 0.2 min, then
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stop; Flow Rate; 1.0 mL/min; Column Temperature: 40 °C; Detector: UV and ELSD;
Sample Preparation: 1 mg/mL in Methano!: Injection Volume: 1 pL.

MS Parameters. Interface: ESI (Positive); Interface Voltage: 4.5 kv, Heat Block,
250 °C; Nebulizing Gas; 1.50 L/min; Scan Range: 70-900 (m/z); Detector volige:
0.95 kv.

Method P
Instrument: SHIMADZU LC/MS-2020

LC Parameters: Column: Gemini-NX 3u C18 110A; Mobile Pjfase A: Water/0.04%

ammonia, Mobile Phase B: Acetonitrile; Gradient: 5% B tolf0% B for 2.0 min,
100% B for 1.1 min, 100% B to 5% in 0.1 min, then stop/Flow Rate: 1.0 mL/min;
Column Temperature: 35 °C; Detector: UV and ELSDfSample Preparation: 1 mg/mL
in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interffce Voltage: 4.5 kv; Heat Block:

200 °C; Nebulizing Gas: 1.50 L/min; Scan Rgfige: 90-900 (m/z); Detector voltage:
0.75 kv.

Instrument: SHIMADZU LC/M$£2020EV

LC Parameters: Column: Shiggffpack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.1% formic acid; ile Phase B: Acetonitrile/0.05% formic acid:; Gradient:
5% B t0100% B for 2.0 gfin, 100% B for 1.1 min, 100% B to 5% in 0.1 min, then
stop; Flow Rate; 1.0 pfl./min; Column Temperature: 40 °C; Detector: PDA and ELSD;
Sample Preparatiof 1 mg/mL in acetonitrile; Injection Volume: 1 pL.

MS Parameters/Interface: ESI (Positive); Interface Voltage: tuning file; Heat Block:
250 °C; Nebyizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage:

Method R
Strument: SHIMADZU LC/MS-2020EV
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LC Parameters: Column: Shim-pack XR-ODS, 1.7 um, 2.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% B

to100% B for 2.2 min, 100% B for 0.9 min, 100% B to 5% in 0.1 min, then stop;
Flow Rate; 0.7 mL/min; Column Temperature: 40 °C; Detector: Diode Array
Detector (DAD) and ELSD; Injection Volume: 1 pL.
MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.0 kv, Hegt Block:

400 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detgltor voltage:
0.9 kv.

Method S
Instrument: HPLC-Agilent 1200
LC Parameters: Column; ZORBAX SB-C18, 1.8 mny/30 x 2.1 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/045% TFA; Gradient: 3% to 95%
B in 7.0 min, 95% B for 1.5 min, equilibrate for /.5 min, then stop; Flow Rate: 0.4
mL/min; Column Temperature: 35 °C; Detecyfr: 220 nm and 254 nm; Sample
preparation: 1 mg/mL in MeOH; Injectiopvolume: 1 uL; Report: Area Normalized
Purity.
MS Parameters: Agilent quadrupole/140; Interface; ESI (Positive), Scan range:

110-800 amu; Detector: single qyAdrupole.

Method T

Instrument. Waters Acgfity UPLC

LC Parameters: Colufin: UPLC BEH C18, 1.7 mm, 2.1 x 50 mm; Mobile Phase A:
Water/0.05% TFA/Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 2% to 98%
Bin 17.5 min,

mL/min; Coljfmn Temperature: 40 °C; Detector: 220 nm and 254 nm.

% B in 1.5 min, equilibrate for 1.5 min, then stop; Flow Rate: 0.6

ters: Waters LCT Premier XE; Interface: ESI (Positive); Scan range: 80-

1300 apfiu; Detector: time of flight.
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The following examples illustrate the preparation of representative
compounds of the invention. Unless otherwise specified, all reagents and solvents

were of standard commercial grade and were used without further purification.

5 L Preparation of Intermediates

Intermediate 1: Furo[2,3-c]pyridine-2-carboxylic acid

OH
T TN

Step 1. Ethyl 3-hydroxyisonicotinate. A solution of 3-
acid (495 g, 3.56 mol) in EtOH (7 L) and concentrated H.S¢4 (250 mL) was heated

droxyisonicotinic

10 under reflux for 72 h and then cooled to rt and concentrayéd under reduced pressure to
remove the solvent. The residue was dissolved in walfr (3 L) and the pH was
adjusted to 4 by addition of saturated aqueous Nab O solution. The resulting

precipitate was removed by filtration and the filyfate was extracted with DCM (2 Lx3).

The combined organic phase was washed wig brine, dried over anhydrous Na;SO,,

15 and then concentrated under reduced presglire to give ethyl 3-hydroxyisonicotinate

(414 g, 70%) as yellow oil.

Step 2. Fthyl 3-(2-ethoxy-24xoethoxy)isonicotinate. To a solution of

triphenylphosphine (780 g, 2.97 gol) in THF (6 L) at -10 °C was added dropwise

00 ml., 2.97 mol). The reaction mixture was stirred at

diisopropyl azodicarboxylate
20 -10°C for 30 min and thenfthyl 3-hydroxyisonicotinate (414 g, 2.48 mol) in THF (1

L) solution was added dfopwise. The resulting mixture was stirred at rt for 16 h and
then concentrated ungbr reduced pressure. The residue was partitioned between ethyl
acetate (4 L) and HCI (2 L). The aqueous layer was separated and the organic
ted by 1 N HCI (1 Lx2). The combined aqueous layers were slowly

25 8 by addition of solid NaHCOj; and then extracted with ethyl acetate (2

Step 3. Fthyl 3-hydroxyfuro[2.3-c]pyridine-2-carboxylate. To a suspension

of NaH (72 g, 1.8 mol, 60% suspension in mineral oil) in anhydrous THF (2 L) at
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0 °C was added dropwise a solution of ethy! 3-(2-ethoxy-2-oxoethoxy)isonicotinate
(380 g, 1.5 mol) in THF (1 L) under argon. The reaction mixture was stirred at rt fo
16 h and then carefully quenched with ice water (1 L.). The resulting mixture wa
concentrated to a volume of 1.2 L and then diluted with saturated aqueous NaJACO:
solution (2.5 L), and stirred for an additional 30 min. The precipitated solig/was
collected by filtration and washed with ethyl acetate (1 L). The filtrate
with ethyl acetate (1 [.x2) and the aqueous layer was combined with je solid and
carefully acidified to a pH of 5 with acetic acid. The resulting solyd was collected by
filtration and dried under vacuum to give the title compound (2)0 g, 68%) as a yellow

solid.

Step 4. Ethyl 3-(((trifluoromethyDsulfonyloxy)fifo[2.3-¢]pyridine-2-

carboxylate. To a solution of ethyl 3-hydroxyfuro[2,3£]pyridine-2-carboxylate (210
g, 1.01 mol) and pyridine (107 mL., 1.3 mol) in anhydrous DCM (3 L) at 0 °C was
added dropwise triflic anhydride (203 g, 1.2 mol) The reaction mixture was stirred at
rt for 16 h and then quenched with ice water (£ L). The aqueous layer was extracted
with DCM (1 Lx2) and the combined orgagfic layer was dried over anhydrous Na,SOy
and then concentrated under reduced prgssure. The residue was purified by silica gel
column chromatography eluting with/10% ethyl acetate/petroleum ether to give the
title compound (298 g, 87%) as afhite solid.

Step 5. Ethyl furo[2.3-#pyridine-2-carboxylate. To a solution of ethyl 3-

(((trifluoromethyl)sulfonyl )gy)furo[2,3-c]pyridine-2-carboxylate (298 g, 0.88 mol)
in ethanol (3 L) was addgl 10% Pd/C (30 g) and triethylamine (281 mL, 2.02 mol).
The reaction mixture yfas stirred under an atmosphere of hydrogen for 16 h and then
filtered through a pdd of diatomaceous earth. The filtrate was concentrated under
reduced pressurand the residue was purified by silica gel column chromatography
eluting with 20% ethyl acetate/petroleum ether to givethe title compound (158 g, 94%)
Step 6. To a solution of ethyl furo[2,3-c]pyridine-2-carboxylate (158 g, 0.83
molYin water: THF:-MeOH (1:1:1, 2.4 L) was added KOH (139 g, 2.49 mol). The
ction mixture was stirred at rt for 16 h and then concentrated to a volume of 750

mL. To this residue was added acetic acid until pH ~ 4. The resulting solids were
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collected by filtration, washed with water (300 mL=2) and dried in a vacuum oven
overnight to give the title compound (101 g, 75%) as a pale yellow solid. 'H NMR
(400 MHz, DMSO-ds) 8 9.07 (s, I H), 8.47 (d,J = 5.6 Hz, IH), 780 (d,/=5.2H
1H), 7.61 (s, TH). MS (EST+) m-z: 164 [M+H] .

Intermediate 2: Imidazo[1.2-a]pyridine-6-carboxylic acid
(@]

N~ ™~ OH

Step 1. Imidazo[1,2-a]pyridine-6-carboxylic acid hyghochloride salt. A

mixture of 2-chloroacetaldehyde (277 g, 40%) and 6-amt
EtOH (330 mL) was heated to reflux and stirred for 8 b/ After cooling, a sohd
precipitated and was isolated by vacuum filtration, yfen washed with ethanol and
dried under vacuum to give the title compound ag/a light yellow solid (1.78 g, 82%).
Step 2. Imidazo[1,2-a]pyridine-6-carbfxylic acid hydrochloride salt (170 g)
was diluted with water (600 mL) and heated until a clear solution resulted, then an
aqueous solution of NaOH (2 M) was aglled slowly to adjust the pH = 5-6. The
reaction mixture was cooled to 0 °C yéing an ice-H,O bath. The resulting precipitate
was collected by vacuum filtratiop/then washed with ethanol and dried under vacuum
to give the title product (107.2 £, 77%) as a light yellow powder. 'H NMR (400 MHz,
DMSO-dy) 8 13.76-12.82 (W, 1H), 9.28 (s, 1H), 8.10 (s, 1H), 7.68 (s, 1H), 7.64-7.56

(m, 2H). MS (ESI+) mz/163 [M+H] .

Intermediate 3: Imfazo[l 2-a]pyrimidine-6-carboxylic acid

ol
/ N/\\/[)LOH

tep 1. Sodium (Z)-2-(dimethoxymethyl)-3-methoxy-3-oxoprop-1-en-1-olate.

Meti#1 3,3-dimethoxypropanoate (100 g, 675 mmol) and methyl formate (81 g, 1350
ol) were dissolved in anhydrous THF (450 mL). Sodium hydrnide (60% dispersior,

32.4 g, 810 mmol, 1.2 eq.) was then added slowly in portions at 0 °C. The reaction
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mixture was stirred at rt for 1 h, then was heated at 50 °C for 3 h. During this period,
Hsevolution was observed. After cooling to rt, the solvent was then removed under,
reduced pressure to give the crude product which was directly used in the next st
without further purification.

Step 2. Methyl 2-aminopyrimidine-5-carboxylate. The crude enol

step 1 was dissolved in DMF (200 mL.), and guanidine hydrochloride (64 g, 670

" After cooling

bath. The

mmol) was added. The mixture was heated at 100 °C under N; for 3
to rt, water was added and the mixture was cooled with an ice-wat
resulting precipitate was collected by vacuum filtration and drigd under vacuum to
give the desired product (63 g, 61% yield for 2 steps).

Step 3. Methyl imidazo[1.,2-a]pyrimidine-6-carbg&ylate. To a mixture of 2-

bromo-1,1-diethoxyethane (100.6 g, 0.51 mol) and meghyl 2-aminopyrimidine-5-
carboxylate (63 g, 0.41 mol) in ethanol (300 mL) wis added concentrated HBr (40%)
(55 g). The reaction mixture was heated to refluf for 3 h under N». After cooling to

ater bath. The resulting precipitate

rt, the mixture was further cooled with an ice
was collected by vacuum filtration and drig under vacuum overnight to give the
desired product (92 g, 87%).

Step 4. Into a round bottom ffask containing methyl imidazo[1,2-
a]pyrimidine-6-carboxylate (92 g/356.5 mmol), was added water (200 mL). NaOH
(6 N in H.0, 2.5 eq.) was then Added dropwise with stirring at rt. After stirring at rt
for 1 h, the mixture was cogfed with an ice-water bath and concentrated HCI was
added (pH = 5-6). The rghulting mixture was concentrated under reduced pressure to
approximately 150 m}/(3/4 volume) and cooled with an ice-water bath. The resulting
precipitate was coljfcted by vacuum filtration, washed with cold water (50 mL) and
dried to give theftitle compound as an off-white solid (46 g, 79%). 'H NMR (DMSO-
de. 400 MHzY/5 9 29 (d,./ = 2.0 Hz, 1H), 8.89 (d, J= 2.0 Hz, 1H), 7.94 (s, |H), 7.70
(s, TH). (mz, ES): 164 1 [M+H]', 186.1 [M + Na] .

Integhediate 4: 1 H-Pyrazolo[3.4-b]pyridine-5-carboxylic acid
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cooling to rt the mixture was quenched by addition of 300 mL #f ice water. The

mixture was extracted with ethyl acetate (3 x), then the comfined organic layers were
extracted with 1 N HC1. The aqueous layer was neutralizéd with aqueous 10 N
10 NaOH, then extracted with ethyl acetate. The organi¢/fayer was washed with H;O
and brine, then dried over Na,;SQ,. Filtration, congéntration, and recrystrallization
with Et;O gave the target compound as a white golid (50 g, 60%).
Step 2. Ethyl 4-hydroxy-1-(4-methoyfbenzyl)-1H-pyrazolo[3.4-b]pyridine-5-

carboxylate. 1-(4-Methoxybenzyl)-1H-pyfazol-5-amine (3.94 g, 19.39 mmol),

15 followed by diethyl 2-(ethoxymethylenf)malonate (4 mL, 20 mmol) was added to a
200 mL round bottom flask fitted with a distillation head to remove ethanol. The
mixture was heated to 130 °C for45 min, then 10 mL of diphenyl ether was added
and the temperature was raiseg/to 240 °C for 2 h. The reaction mixture was then
cooled to 1t and Et20 (100 pAL) was added. The resulting precipitate was collected by

20  vacuum filtration and dgd under vacuum to afford the target compound as a white
solid (4 g, 62%).

Step 3. Et1 4-chloro-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate. P@Cl; (10 mL) was added to ethyl 4-hydroxy-1-(4-methoxybenzyl)-1H-
pyrazolo[3,4/b]pyridine-5-carboxylate (7.5 g, 19.39 mmol). The mixture was stirred
25  at 60 °C £4r 3 h. The mixture was poured into ice water and the resulting precipitate
was coflected by vacuum filtration and dried under vacuum to afford the target
ound a light yellow sohd (6.4 g, 80%).
Step 4. Ethyl 1-(4-methoxybenzyl)-1H-pyrazolo[3.4-b]pyridine-3-carboxylate.

To a solution of ethyl 4-chloro-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-
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carboxylate (5.9 g, 17 mmol) in THF (50 mL), triethylamine (1.7 g, 17 mmol),
followed by Pd(OH)»/C (300 mg) was added. The mixture was stirred at rt for 3 h

under H,. The mixture was filtered and concentrated. The residue was dissolve

solid (5.3 g, 100%).
Step 5. Ethyl 1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridige-5-carboxylate
(4.4 g, 14 mmol) was dissolved in TFA (158 mL) and heated to 80/C. The mixture
was stirred at 80 °C for 4 h, then was concentrated to dryness. Phe residue was
10 poured into ice water, then aqueous NaOH solution (2 M) wgh added until the pH was
approximately 14. The solid formed was removed by filtghtion, and the aqueous layer
was washed with ethyl acetate. To the aqueous layer whas added concentrated HCI
was added until the pH was approximately 7. The gfsulting precipitate was collected
ord the title compound as a white
-dg) 5 14.38-13.62 (br, 1H), 9.07 (d, J

(s, TH). MS (nr z, ESI+): 164 [M+H]"

by vacuum filtration and dried under vacuum to
15 solid (2.1 g, 80%). 'H NMR (400 MHz, DM
=1.6Hz 1H), 881 (d,./J=1.6 Hz, IH), 8.

Intermediate 5: 1H-Pyrrolo[3.2-c]pyAidine-2-carboxylic acid

~u \ O
Z N OH
H

20 Step 1. 3-lodopyrighn-4-amine. To a 2 L. 3-necked flask was added a solution

of 38 mL of concentrated sulfuric acid in 200 mL water. The solution was cooled
with an ice-water bayf, then 4-aminopyridine (200 g, 2.12 mol) and acetic acid (700
mL) were added if batches. The mixture was then heated to reflux. lodine (189 g,
0.745 mol) andfperiodic acid dihydrate (97 g, 0.424 mol) were both equally divided

25  into four pagfs. One batch of iodine was added and then one batch of periodic acid
dihydratg/vas added 15 min later. After 30 min, a new batch of iodine and periodic
acid dfiydrate were added in the same way. When all four batches of iodine and
perfbdic acid dehydrate were added, the mixture was kept refluxing for an additional

h. After cooling to rt the reaction mixture was slowly poured into water while

stirring, then a 40% solution of NaOH in water was added until pH > 9. Na»SO; was
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added to destroy the unreacted iodine. After cooling to rt, a filtration was performed.
The collected solid was further purified by recrystallization in chloroform to give th
desired product (184 g, 39%).

Step 2. To a 2 L 3-necked flask was added DMF (700 mL), triethylen

concentrated HC1 was added to adjust pH to <1. The mixfire was cooled by adding

ice and a filtration was performed. The cake thus obtg#hed was a brownish black
solid.
The above cake was added into 500 mL ¢f water. Concentrated HCI was
added (to ensure complete protonation) folloyfed by 5 g of active carbon. The
mixture was heated to reflux for 20 min and then filtration was performed while hot.
The solid was discarded and the hot filt/ite was placed in a refrigerator to allow the
HCl salt of the desired product to prg€ipitate. Upon cooling, filtration was performed

which afforded a dark brown solig/with a wet weight of 48 g as the HCl salt of the

desired product.

The solid was then gded to 250 mL of water and the mixture was heated until
a clear solution resulted /ASolid NaOH was slowly added to adjust pH to 5-6, then
active carbon and an #dtional 500 mL of water was added. The mixture was heated
to reflux for 30 miyf, then filtration was performed while hot. The resulting cake was
of water, heated to reflux, and filtered again. The cake thus
obtained way/discarded. The two batches of filtrate were combined and cooled in a

refrigeratgff. The resulting precipitate was collected by vacuum filtration, then
washeg/with ethanol to give the title compound as a slightly yellow solid (25 g, 3 1%).
MSAm z, ES): 161.1 [M-1],323.1 [2M-1]. "H NMR (DMSO-ds, 400 MHz)  12.20
s, IH), 8.97 (s, 1H), 827 (d,J= 5.6 Hz, IH), 7.41 (d,.J= 6.0 Hz, 1H), 7.23 (s,

1H).
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Intermediate 6: Thieno[2,3-¢]pyriding-2-carboxylic acid

0
P
Nz~¢  OH

Step 1. 3.5-Dibromoisonicotinaldehyde. Lithium diisopropylamidg/(507
mmol, 1.2 eq.) was added to 200 mL of dry THF at -78 °C under Na. A folution of
3,5-dibromopyridine (100 g, 424 mmol) in 537 mL of dry THF was

en added drop-
wise over 30 min. The reaction mixture was stirred at -78 °C for J/h. Ethyl formate
(34.4 g, 465 mmol) was added drop-wise and stirred at -78 °C ##r 30 min, then the
reaction mixture was poured into ice-cold saturated aqueous/NaHCO; solution. The
mixture was extracted with 3 x 500 mL of EtOAc. The gfganic layer was

concentrated to provide a brown solid, which was filtefed through a pad of silica gel
(eluted with dichloromethane) to give the title comyfound as a yellow powder (70 g,
63%).

Step 2: Methyl 4-bromothieno[2.3-c}fyridine-2-carboxylate. 3,5-

Dibromoisonicotinaldehyde (80 g, 303 mpfbl), followed by cesium carbonate (98 g,
302 mmol) was added to a 2 L round bgftom flask containing THF (1.3 L) under N».
Methy! mercaptoacetate (32 g, 302 pfmol) was added and the mixture was heated at
60 °C overnight. After cooling to/t, ethyl acetate was added and the organic layer
was washed with water, aquegfs saturated NaHCOs solution, and brine, then dried
over Na>SO, and filtered tofive a white solid. The crude product was purified by

recrystallization from etjfyl acetate to give the desired product (60 g, 73%).

, 80%).
Step 4. A three necked 2 L round bottom flask equipped with an overhead

stirrer and thermocouple was charged with methyl thieno[2,3-c]pyridine-2-
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carboxylate (130 g, 674 mmol) and water (650 mL). Aqueous sodium hydroxide
solution (10 N) was added with stirring at 20 °C. Over the next 20 min, the

temperature rose to 25 °C and the solid dissolved. After | h, concentrated HCI (1

178.0 [M-1]. "H-NMR (DMSO-d,, 400 MHz) § 12.24 (br s, 1H), 8 9//(s, 1H), 8.27
(d,J= 6.0 Hz, 1H), 7.40 (d, J = 5.6 Hz, 1H), 7.23 (5, 1H).

Intermediate 7° Imidazo[].2-b]pyridazine-6-carboxylic acid
(o]

(\N’N\ OH

N P

Step 1. 6-Chloro-imidazo[1.2-blpyridazige. A solution of 6-chloro-1,2-

diazinan-3-amine (10 g, 73.75 mmol, 1.00 equfv), 2-bromo-1,1-dimethoxyethane (50
g, 295.83 mmol, 4.01 equiv), and HBr (409, 45 mL) in ethanol (100 mL) was stirred
overnight at 90 °C. The majority of the gthanol was removed under reduced pressure
then the pH value of the solution was/Adjusted to 10 with 5% aqueous potassium
carbonate solution. The resulting fixture was extracted with 6x500 mL of ethyl
acetate. The combined organicfayers were dried over anhydrous sodium sulfate and
concentrated under vacuum./The residue was purified on a silica gel column eluted
with ethyl acetate/petroledm ether (1/2~1/1) to give 6.5 g (57%) of the title compound
as a yellow solid. 'H MR (300 MHz, CDCl3) § 7.95 (s, 1H), 7.91 (s, 1H), 7.80 (s,

1H), 7.05 (d, J = 9.¥/Hz, 1H).

oved by filtration. The filtrate was concentrated under vacuum and the residue

\vas purified on a silica gel column eluted with ethyl acetate/petroleum ether (1/1) to
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30

give 100 mg (43%) of the title compound as a yellow solid. 'H NMR (300 MHz,
CDCl;) 88.16 (s, 1H), 8.08 (d, J=9.6 Hz, 1H), 7.94 (s, 1H), 7.77 (d, /= 9.6 Hz, 1
4.09 (s, 3H).

Step 3. A mixture of imidazo[1,2-b]pyridazine-6-carboxylic acid met
(900 mg, 5.08 mmol, 1.00 equiv) and 5% aqueous sodium hydroxide soluti
3.75 equiv) in THF (3 mL) was stirred overnight at rt. The pH value of fie solution
was adjusted to 2 with | M HC1. The resulting mixture was concentrgted under
vacuum to give 3 g of crude title product as a yellow solid. The cplde product was
used without further purification. LC/MS (Method A, ESI): R7=0.43 min,m z =
164.0 [M+H] .

Intermediate 8: Pyrazolo[l,5-alpyridine-5-carboxylic £cid

SN CO,
\N’N =

Step 1. 1-Amino-4-methoxypyridiniyf iodide. A solution of

aminooxysulfonic acid (11.4 g, 100.80 mry0l, 0.50 equiv) and 4-methoxypyndine (22
g, 201,60 mmol, 1.00 equiv) in water (00 mL) was stirred under nitrogen for 0.5 h at
90 °C. Potassium carbonate (14 g, 1/1.30 mmol, 0.50 equiv) was added at rt. The
resulting mixture was concentratedl under vacuum then ethanol (150 mL) was added
to dissolve the residue. The infoluble material was removed by filtration. The filtrate
was cooled to -20 °C and thfh hydroiodic acid (16 g, 40%) was added. The resulting
solution was stirred for YA at -20 °C. The precipitated product was collected by
filtration and washed Aith cold ethanol to give 9.3 g (46%) of the title compound as a
white solid. TLC:A:5 MeOH/DCM, Ry =0.02.

Step 2. £-Methoxy-pyrazolo[1.5-alpyridine-3-carboxylic acid methyl ester. A

mixture of 1 Amino-4-methoxypyridinium iodide (6 g, 23.80 mmol, 1.00 equiv),
potassiurycarbonate (5 g, 36.18 mmol, 1.50 equiv), and methyl propiolate (2 g, 23.79
mmol A.00 equiv) in DMF (50 mL) was stirred under nitrogen for 4 h at rt. After the
reagflon completed, the mixture was concentrated under vacuum. The residue was
hsolved in 150 mL of dichloromethane and then washed with 1x20 mL of saturated

aqueous sodium bicarbonate solution. The organic layer was concentrated under
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vacuum and the residue was purified on a silica gel column eluted with ethyl
acetate/hexane (1:3) to give 1.5 g (31%) of title product as a solid. LC/MS (Metho
D, ESI): RT=1.30 min, m z = 207.0 [M+H]".

Step 3. Pyrazolo[l.5-alpyridin-5-0l. A mixture of methyl 5-

methoxypyrazolo[1,5-a]pyridine-3-carboxylate (100 mg, 0.48 mmol, 1.00
40% HBr (5 mL) was stirred for 16 h at 100 °C. The reaction mixture wfs cooled to
rt and the pH value of the solution was adjusted to 8 with 5 M potass)fm hydroxide
solution. The resulting solution was extracted with 2x50 mL of etffer. The organic
layers were combined and concentrated under vacuum. The regfdue was purified on a
silica gel column eluted with ethyl acetate/petroleum ether (J3 to 1:1) to yield 20 mg
(31%) of the title compound as a white solid. LC/MS (Mkthod D, ESI): RT=0.41
min, m z=135.0 [M+H] .

Step 4. Trifluoro-methanesulfonic agid pyrgZolofl1,5-a]pyridin-5-yl ester. A

mixture of pyrazolo[1,5-a]pyridin-5-o0l (300 mg/2.24 mmol, .00 equiv) and

trifluoromethanesulfonic anhydride (0.5 mL)/ pyridine (5 mL) was stirred for 10 h
at rt. The resulting mixture was concentrg€d under vacuum and the residue was
dissolved in 100 mL of dichloromethan. The mixture was washed with 1x10 mL of
sodium bicarbonate solution. The opfanic layer was dried over anhydrous sodium
sulfate and concentrated under vgfuum. The residue was purified on a silica gel
column eluted with ethyl acetgfe/petroleum ether (1:3) to yield 200 mg (34%) of the

title compound as a solid. /MS (Method B, ESI): RT=2.13 min, m z = 267.0

readfion mixture was cooled to rt and the mixture was concentrated under vacuum.

e residue was purified on a silica gel column eluted with ethyl acetate/petroleum
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ether (1:3) to afford 130 mg of the title compound as a solid. LC/MS (Method H,
ESI): RT=1.36 min, mz =177.0 [M+H]".
Step 6. A mixture of pyrazolo[1,5-a]pyridine-5-carboxylic acid methyl egfer

100 mg (84%) the title compound as a yellow solid. LC/M
1.32 min, mz = 163.0 [M+H]} .

(Method G, ESI): RT=

Intermediate 9: 1 H-Pyrazolo[4,3-b]pyridine-6-carlby

Step |. 5-Bromo-2-methyl-pyridh-3-ylamine. To a stirred mixture of iron

filings (5 g, 89.29 mmol, 3.88 equiv)

d ammonium chloride (1 g, 18.70 mmol, 0.81
equiv) in ethanol (66 mL)and watgf (33 mL) was added a solution of 5-bromo-2-
methyl-3-nitropyridine (5 g, 23 #4 mmol, 1.00 equiv) in ethanol (50 mL) dropwise at
90 °C. The reaction mixture Aas stirred for 10 min at 90 °C and then cooled to rt.
The solid material was repfoved by filtration. The filtrate was concentrated under
vacuum and the residug/was purified on a silica gel column eluted with ethyl
acetate/petroleum epfler (1:2) to yield 1.6 g (37%) of the title compound as a yellow
solid. LC/MS (MEthod I, ESI): RT=0.81 min, m z=187.0;, 189.0 [M+H] .

Step 2/N-(5-Bromo-2-methyl-pyridin-3-yl)-acetamide. A solution of 5-

thyl-pyridin-3-ylamine (3 g, 16.04 mmol, 1.00 equiv) in acetic anhydride
nd acetic acid (10 mL) was stirred overnight at rt. The resulting mixture
ncentrated under vacuum to give 2.6 g (71%) of the title compound as a light
yeflow solid. LC/MS (Method 1, ESI): RT=1.05 min, m z = 229.0; 231 .0 [M+H]

Step 3. 1-(6-Bromo-pyrazolo[4.3-b]pyridin-1-yl)-ethanone. A mixture of N-

(5-bromo-2-methyl-pyridin-3-yl)-acetamide (3.5 g, 15.28 mmol, 1.00 equiv),
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isopentyl nitrite (4 g, 34.73 mmol, 2.27 equiv), potassium acetate (20 g), and acetic

anhydride (30 mL) in toluene (150 mL) was stirred under nitrogen overnight at 90 °¢/
The reaction mixture was cooled to rt and the solid material was removed by filtrgfion,
The filtrate was concentrated under vacuum and the residue was purified on a gflica

gel column eluted with ethyl acetate/petroleum ether (1:5) to give in 2 g (55F%) of the
title compound as a light yellow solid. LC/MS (Method [, ESI): RT= 1.
240.0;,242.0 [M+H]".

Step 4. 1H-Pyrazolo[4,3-b]pyridine-6-carboxylic acid metjy] ester. A

min, mz=

mixture of 1-(6-bromo-pyrazolo[4,3-b]Jpyridin-1-yl)-ethanone (g, 8.33 mmol, 1.00
equiv), bis(triphenylphosphine)palladium(1l) dichloride (1 g A 42 mmol, 0.17 equiv),
and triethylamine (2.5 mL) in methanol (70 mL) was stirigd overnight under carbon
monoxide (10 atmospheres) at 100 °C in a 100 mL preghure reactor. The reaction
mixture was cooled to rt and the solid material was gmoved by filtration. The filtrate
was concentrated under vacuum and the residue yfas purified on a silica gel column
eluted with ethyl acetate/petroleum ether (1:5)to afford 0.8 g (54%) of the title
compound as a light yellow solid. TLC: 1A ethyl acetate/petroleum ether, Ry = 0.2,
Step 5. A solution 1H-pyrazoloJ#,3-b]pyridine-6-carboxylic acid methyl ester
(200 mg, 1.13 mmol, 1.00 equiv) ang/sodium hydroxide (200 mg, 5.00 mmol, 4.43
equiv) in water (10 mL) was stirref overnight at rt. After the reaction was complete,
the pH value of the solution wa€ adjusted to 3 with concentrated HCl. The resulting
mixture was concentrated ugfler vacuum to give 1 g of crude title product as a light
yellow solid. LC/MS (M#thod I, ESI): RT=0.91 min, m z = 164.0; 242.0 [M+H]

/2 41 Triazolo[1,5-a]pyridine-6-carboxylic acid

</N‘N N COzH
N=

1. N'-(5-Bromo-pyridin-2-yl1)-N.N-dimethyl-formamidine. A solution of

Intermediate 10: |

h at 130 °C. The reaction mixture was cooled to rt and then concentrated under
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vacuum to give 4 g (76%) of the title compound as an oil. TLC: 1:5 MeOH/DCM, Ry
=0.6.
Step 2. 6-Bromo-[1,2.4]triazolo[1.5-a]pyridine. To a solution of N'~(5-

bromo-pyridin-2-yl)-N,N-dimethyl-formamidine (4 g, 17.54 mmol, 1.00 equi
methanol (40 mL) maintained under nitrogen at 0 °C was added pyridine (
equiv) and (aminooxy)sulfonic acid (3.6 g, 31.83 mmol, 1.30 equiv). ThE resulting
solution was stirred for 12 h at rt. After the reaction completed, the rfixture was
concentrated under vacuum. The residue was diluted with 150 mL/of ethyl acetate
then washed with 1x50 mL of saturated ageous sodium carbongfe solution and 2x50
mL of water. The organic layer was dried over anhydrous sgflium sulfate then
concentrated under vacuum. The residue was purified oy silica gel column eluted
with ethyl acetate/hexane (1:1) to give 2.5 g (72%) titlf compound as a sohd. LC/MS
(Method D, ESI): RT=1.15 min, m z = 198.0 [M+
Step 3. [1.2.4]Triazolo[1.5-a]pyridine-6 £arboxylic acid methyl ester. A

ine (2.4 g, 12,12 mmol, 1.00 equiv),

mixture of 6-bromo-[1,2,4]triazolo[1,5-a]pyrj
bis(triphenylphosphine)palladium(I1) dichjéride (800 mg, 1.14 mmol, 0.10 equiv) and

triethylamine (4 g, 39.53 mmol, 3.00 egfiiv) in DMSO (1.6 g, 20.48 mmol, 1.67 equiv)
and methanol (50 mL) was stirred upfler carbon monoxide (10 atm) for 20 h at 100 °C.
The reaction mixture was cooled 0 rt and quenched with brine (50 mL). The resulting
solution was extracted with ethf! acetate (3x40 mL). The combined organic layers
were dried over anhydrous gbdium sulfate then concentrated under vacuum. The
residue was purified on gsilica gel column eluted with ethyl acetate/hexane (1:1) to
give 0.98 g (46%) of fe title compound as a crude sohd. LCMS (Method C, ESI):

RT=1.04 min, m 7= 178.0 [M+H]".

ethyl acetate. The combined organic layers were dried over anhydrous sodium
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sulfate and concentrated under vacuum to give 112 mg (61%) of the title compound

as a solid. LC/MS (Method C, ESI): RT =0.9 min, m'z = 164.0 [M+H]".

Intermediate 11: Pyrazolo[1.5-alpyrimidine-5-carboxylic acid
0]

N
S OH
q\fi\
5 N-NF

Step 1. 4H-Pyrazolo[1.5-a]pyrimidin-5-one. A solution of fH-pyrazol-3-

ylamine (7 g, 84.24 mmol, 1.00 equiv) and ethyl prop-2-ynoate #50 mL) in dioxane
(10 g, 1.21 equiv) was stirred under nitrogen overnight at 11¢/°C. The reaction
mixture was cooled to rt and the precipitated product was follected by filtration to
10 give 4 g (36%) of the title compound as a light brown gélid. "H NMR (300 MHz,
DMSO-ds) §12.04 (s, 1 H), 8.44-841 (m, 1H), 7.71 /d,J =1 .8 Hz, 1H), 5.88 (d, / =
8.1 Hz, 1H), 5.79-5.76 (m, 1H).
Step 2. 5-Chloro-pyrazolo[1.5-a]pyrinfdine. A solution of 4H-pyrazolo[1,5-

a]pyrimidin-S-one (1 g, 7.40 mmol, 1.00 egfiiv) in phosphorus oxychloride (15 mL)

15  was stirred under nitrogen for 2 h at 120//C. The reaction mixture was cooled to rt
then concentrated under vacuum. Theresidue was purified on a silica gel column
eluted with ethy! acetate/petroleurf ether (1:2) to give 0.6 g (53%) of the title
compound as a light yellow sold. LC/MS (Method I, ESI): RT = 1.21 min, m z =
154.0 [M+H] .

20 Step 3. Pyrazolo[f.5-a]pyrimidine-5-carboxylic acid methyl ester. A mixture

of 5-chloro-pyrazolo[ Yf5-a]pyrimidine (2 g, 13.02 mmol, 1.00 equiv), triethylamine

25 then concefftrated under vacuum. The residue was purified on a silica gel column
eluted yith ethy! acetate/petroleum ether (1:5) to yield 1.2 g (52%) of the title
compound as a light yellow solid. LC/MS (Method 1, ESI): RT=1.09 min, m z =

0 [M+H].
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Step 4. To a solution of methyl pyrazolo[1,5-a]pyrimidine-5-carboxylic acid
methyl ester (100 mg, 0.56 mmol, 1.00 equiv) in acetic acid (5 mL) was added
concentrated HCI (37%, 5 mL). The resulting solution was stirred for 3 hat 120 £,
then concentrated under vacuum. The residue was dissolved in 3 mL of water And

S then adjusted to pH 5 with saturated aqueous sodium carbonate solution. Tifc
precipitated product was collected by filtration then air-dried to give 0.0¢g (87%) of
pyrazolo[1,5-a]pyrimidine-5-carboxylic acid as a light yellow solid. /MS (Method

I, ES1): RT=0.95 min, m z = 164.0 [M+H]'.

10 Intermediate 12: 3-tert-Butylamino-imidazo[1.2-alpyridine-#-carboxylic acid

w9
fN = o)
NZ~F

Step 1. 3-tert-Butylamino-imidazo[1,2-

pyridine-6-carboxylic acid methyl

ester. To a solution of methyl 6-aminopyridige-3-carboxylate (3.8 g, 24.98 mmol,
1.00 equiv) and 2-oxoacetic acid hydrate (£'9 g, 42.39 mmol, 1.70 equiv) in methanol

15 (120 mL) was added perchloric acid (20 mg, 2.50 mmol, 0.10 equiv). The reaction
mixture was stirred for 30 min and 2isocyano-2-methylpropane (2.08 g, 25.02 mmol,
1.00 equiv) was then added. Theffeaction mixture was stirred for 12 h at rt and then
concentrated under vacuum. Phe residue was purified on a silica gel column eluted
with dichloromethane/ethy)ficetate (2:1) to give 850 mg (14%) of the title compound

20 as a yellow solid. "H NW/R (300 MHz, CDCl5) § 8.97-8.96 (dd, ./ = 0.9, 1.5 Hz, 1H),
7.69-7.65 (dd, J = 4./ 9.6 Hz, 1H), 7.53-7.50 (dd, /= 4.2, 9.6 Hz, 1H), 7.39 (s, 1H),
3.96 (s, 3H), 1.23(£, 9H).

Step 2. Aodium 3-tert-Butylamino-imidazo[1.2-a]pyridine-6-carboxylate. To

a solution off3-tert-butylamino-imidazo[1,2-a]pyridine-6-carboxylic acid methyl ester
25 (300 mg, /.21 mmol, 1.00 equiv) in methanol (5 mL) was added a solution of sodium
hydroyfde (97 mg, 2.42 mmol, 2.00 equiv) in water (5 mL). The resulting solution
wag/stirred for 1.5 h at 46 °C. The reaction mixture was cooled to rt and then
enched by the addition of 0.15 mL of HCIl. The resulting mixture was concentrated

under vacuum to give 345.6 mg (crude) of the title product as a yellow solid. LC/MS
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(Method I, ESI): RT = 1.02 min, m z = 234.0 [M+H - 22]".
Step 3. Sodium 3-tert-butylamino-imidazo[1,2-a]pyridine-6-carboxylate (30
mg, 1.17 mmol, 1.00 equiv) was dissolved in acetic acid (10 mL) and then
concentrated under vacuum. The residue was purified on a silica gel column
with dichloromethane/methanol (20:1) to give 150 mg (54%) of the title copipound as
a yellow solid. LC/MS (Method F, ESI): RT =0.94 min, m z=234.0

Intermediate 13: 2,3-Dihydro-1H-pyrrolo[3,4-c]pyridine.

e
o

Step 1. Ethyl N-(prop-2-yn-1-yl)carbamate. To g/solution of prop-2-yn-1-

amine (11.5 g, 208.79 mmol, 1.00 equiv) and sodium ffydroxide (9.1 g, 227.50 mmol,
1.09 equiv) in water (40 mL) and toluene (110 mL)Mmaintained under nitrogen was
added ethyl chloroformate (23.9 g, 220.23 mmag,

with stirring at 10 °C. The resulting solutionvas stirred overnight at rt then extracted

1.05 equiv) dropwise in 20 min
with 3x100 mL of toluene. The combined/rganic layers were dried over anhydrous
sodium sulfate then concentrated underfacuum to give 15 g (57%) of ethyl N-(prop-
2-yn-1-yl)carbamate as a light yelloy oil. TLC: ethyl acetate/petroleum ether (1:2),
R¢=0.5.
Step 2. Pyrimidine-5-grboxaldehyde. To a solution of 5-bromopyrimidine (2
g 12.58 mmol, 1.00 equiv)fn THF (20 mL) placed in a 50-mL, 3-necked round-
bottom flask purged and/maintained with an inert atmosphere of nitrogen was added
n-butyllithium (1.1 mf.) at -78 °C. The reaction mixture was stirred at -78 °C for
another 2 h. EthyJformate (5.2 mL) was then added and the resulting solution was
stirred for 2 h a-78 °C. The resulting mixture was warmed to 0°C and washed with
50 mL of bryfle. The organic layer was dried with anhydrous sodium carbonate and
concentrafed. The residue was purified on a silica gel column eluted with ethyl
acetatgfpetroleum ether (1:1) to give 11 g of crude pyrimidine-5-carboxaldehyde as a
w oil. TLC: ethyl acetate/petroleum ether (1/1), Ry= 0.2,

Step 3. Pyrimidin-S-ylmethanol. A mixture of pyrimidine-5-carboxaldehyde

(2 g, 18.50 mmol, 1.00 equiv) and sodium borohydride (2 g) in methanol (100 mL)

144

PCT/CN2013/000213




WO 2013/127266

15

20

25

30

was stirred at 0 - 10°C for 30 min. The reaction mixture was concentrated under
vacuum and the residue was purified on a silica gel column eluted with

dichloromethane/methanol (50:1) to yield 1.2 g (59%) of pyrimidin-5-ylmethano
(commercially available, CAS Reg. No. 25193-95-7) as a light yellow solid. /MS
(Method N, ESI): RT=0.74 min, m.z = 111.0 [M+H] .

Step 4. 5-(Chloromethyl)pyrimidine. To a solution of pyrimidi

ylmethano! (1.1g, 10 mmol, 1.00 equiv) in dichloromethane (30 mL) fas added

thionyl chloride (2 mL) dropwise with stirring, The resulting soluffon was stirred at rt
for 2 h then concentrated in vacuum to give 1.1 g of crude 5-
(chloromethyl)pyrimidine as a yellow oil. TLC: ethyl aceta€/petroleum ether (1:1),
Ri=04.

Step 5. Ethyl N-(prop-2-yn-1-y1)-N-(pyrimidipf5-yimethyl)carbamate. A

mixture of ethyl N-(prop-2-yn-1-yl)carbamate (1.27%/g, 9.99 mmol, 1.00 equiv)
benzyltriethylammonium chloride (500 mg, 2.6Q/mmol, 0.26 equiv), 5-
(chloromethyl)pyrimidine (1.28 g, 9.96 mmo}/1.00 equiv) and potassium hydroxide
(3 g, 53.47 mmol, 537 equiv) in toluene (0 mL) was stirred overnight under

nitrogen at rt. The resulting mixture wg€ concentrated under vacuum and the residue
was purified on a silica gel column gflited with ethyl acetate/petroleum ether (1:1) to
afford 0.3 ¢ (14%) of ethyl N-(prgh-2-yn-1-yl)-N-(pyrimidin-5-ylmethyl)carbamate

as a light yellow oil. 'H NMRA300 MHz, CDCl;) 8 9.16 (s, 1H), 8.73 (s, 2H), 4.59 (s,
2H), 4.26-4 11 (m, 4H), 2.2¢(t,./ = 2.4 Hz, 1H), 130 (t,.J = 7.2 Hz, 3H).

Step 6. Ethyl 1 H.3H-Pyrrolo[3.4-c]pyridine-2-carboxylate. A mixture of

ethyl N-(prop-2-yn-1 #1)-N-(pyrimidin-5-ylmethyl)carbamate (1 g, 4.56 mmol, 1.00
equiv) in xylene (3 mL) was stirred under nitrogen at 150 °C for 2 days. The
resulting mixtupf was concentrated under vacuum and the residue was purified on a
silica gel colyfnn eluted with ethyl acetate/petroleum ether (1/2) to give 0.4 g (46%)
of ethyl 1)/,2H,3H-pyrrolo[3,4-c]pyridine-2-carboxylate as a light brown crude solid.
H NMA& (300 MHz, CDCls) § 8.93-8.53 (m, 2H), 7.24 (d, J = 5.1 Hz, 1H), 4.80-4.73
(m, AH), 4.33-4.22 (m, 2H), 1.49-1.33 (m, 3H).

Step 7. 2.3-Dihydro-1H-pyrrolo[3.4-c]pyridine. A mixture of ethyl

1H,2H,3H-pyrrolo| 3,4-c]pyridine-2(3H)-carboxylate (400 mg, 2.4 mmol, 1.00 equiv)
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and barium hydroxide (0.8 g) in water (100 mL) was stirred overnight at 120 °C. The
reaction mixture was cooled to rt and the solid material was collected by filtration.
The residue was stirred in hot ethyl acetate (150 mL) and then filtered to remove
material. The filtrate was concentrated under vacuum to give 0.18 g (72%) of Z,3-
dihydro-1H-pyrrolo[3,4-¢]pyridine as a light yellow oil. 'H NMR (300 MB£, CDCl:)
58.51 (s, 1H), 8.45-8 41 (t,J= 4.8 Hz, 1H), 7.20-7.13 (m, 1H), 4.25 (s, M), 4.22 (s,
2H).

1. Preparation of Example Compounds

Example 5: Furo[2.3-c]pyridine-2-carboxylic acid 4-(pipgridine-1-sulfonyl)-

benzylamide

Iz

—

YO

N,

Step 1. 4-(Piperidine-1-sulfonyl¥benzonitrile. A solution of 4-cyano-

benzenesulfonyl chloride (1 g, 4.86 ol, 1,00 equiv), piperidine (500 mg, 5.75
mmol, 1.18 equiv), and triethylampfie (1.5 g, 14.55 mmol, 2.99 equiv) in
dichloromethane (10 mL) was gfirred for 1 h at 1. The reaction was quenched by the
addition of 200 mL of water4nd the resulting solution was extracted with 100 mL of
dichloromethane. The cgffibined organic layers were washed with 3x100 mL. of
water, dried over anhyfrous sodium sulfate and concentrated under vacuum to give
0.8 g (66%) of the yfle compound as a white solid. LC/MS (Method H, ESI): RT =
149 min,mz=251.0 M+ H]".

Step o/ 4-(Piperidine-1-sulfonyl)-benzylamine. To a solution of 4-

(piperidingf1-sulfonyl)-benzonitrile (2 g, 7.83 mmol, 1.00 equiv) in methanol (40 mL)
was adgéd Raney Ni (0.2 g, 0.10 equiv) and ammonium hydroxide (4 mL, 28-30%
aquedus solution). The reaction mixture was stirred under 1 atmosphere of hydrogen
oyfbrnight at rt, The catalyst was removed by filtration. The filtrate was concentrated

under vacuum and the residue was purified on a silica gel column eluted with
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dichloromethane/methanol (1/30) to give 500 mg (25%) of the title compound as a
light yellow oil. LC/MS (Method H, ESI): RT = 1.08 min, m z=255.0 [M + H] .
Step 3. Furo[2.3-c]pyridine-2-carboxylic acid 4-(piperidine-1-sulfonyl)-

benzylamide. A solution of 4-(piperidine-1-sulfonyl)-benzylamine (500 mg, |
mmol, 1.00 equiv, furo[2,3-c]pyridine-2-carboxylic acid (355 mg, 2.13 mml, 1.11
equiv), DIPEA (762 mg, 5.79 mmol, 3.00 equiv), and benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (1044 mf, 2.31 mmol,
1.20 equiv) in DMF (5 mL) was stirred ovemight at rt. The reactigh was quenched by
the addition of 20 mL of water. The precipitated product was cfllected by filtration
and re-crystallized from ethanol to give 304.8 mg (40%) of tfe title compound as a
light brown solid. 'H NMR (300 MHz, DMSO-d5) 8 9.670.63 (t,./ = 6 Hz, 1H), 9.06
(s, TH), 8.49-8.48 (d,./ =3 Hz, 1H), 7.84-7.83 (t,./ = 3z, 1H), 7.71-7.69 (d,./ = 4
Hz, 3H), 7.59-7.57 (d, J = 6 Hz, 2H), 4.60 (d, J = 6 f Hz, 2H), 2.89-2.84 (m, 4H),
1.61-1.50 (m, 4H), 1.36-1.34 (m, 2H). LC/MS (Method H, ESI): RT = 1.20 min, m-z
— 400.0 [M + HJ .

Example 16: Imidazo[1.2-b]pyridazine/-carboxylic acid 4-(piperidine-1-sulfonyl)-

benzylamide

A solution of infdazo[1,2-b]pyridazine-6-carboxylic acid (1 g, crude), 4-

)-benzylamine (100 mg, 0.39 mmol, 1.00 equiv), HOBt (64 mg,

0.47 mmol, 1.20 Zuiv), EDCI (91 mg, 0.47 mmol, 1.21 equiv), and DIPEA (300 mg,

(piperidine-1-sulfo
2.32 mmol, 590 equiv) in DMF (3 mL) was stirred for 30 min at rt. The reaction was
then quencifed by the addition of 20 mL of water. The resulting solution was

extracteg with 4x50 mL of ethyl acetate. The combined organic layer was dried over
anhygfous sodium sulfate and concentrated under reduced pressure. The residue was
ffied on a silica gel column eluted with ethyl acetate/petroleum ether (1/1 to 3/2)

0 give 39.6 mg (25%) of the title compound as a white solid. LC/MS (Method C,
ESI): RT=2.03 min, m.z = 400.2 [M+H] . 'H NMR (300 MHz, CDCl;) 8 8.14 (d, /=
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J=8.1 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 478 (d, /= 6.3 Hz, 2H), 3.01-2.97 (m, 4H,

9.3 Hz, 1H), 8.01 (s, IH), 7.97 (s, 1H), 7.92 (d, J = 5.4 Hz, 1 H), 7.88 (s, 1H), 7.75 (d.,

1.68-1.60 (m, 4H), 1.46-1.42 (m, 2H).

Example 24: Furo[2.3-c]pyridine-2-carboxylic acid 4-(tetrahydro-pyran-4-

benzylamide

Step |. Tetrahydro-pyran-4-thione. Hydrogen syftide gas was bubbled into a

solution of tetrahydro-pyran-4-one (10 g, 99.88 mmol/1.00 equiv) in isopropanol
(100 mL) at 0-5 °C. The resulting solution was stigfed at 0-5 °C for 4 h. Nitrogen gas
was then bubbled into the solution to remove thfexcess hydrogen sulfide gas. The
resulting mixture was concentrated under vagfium and the residue was used in the
next step without further purification. TLZ (5:1 petroleum ether/ethyl acetate): Ry =
0.4.

Step 2. Tetrahydro-pyran-4hiol. To a solution of the crude tetrahydro-

pyran-4-thione (11.6 g, 99.84 mgfol, 1.00 equiv) in ethanol (100 mL) maintained
under nitrogen was added sod/im borohydride (5.7 g, 150.67 mmol, 1.50 equiv) In
several batches. The resulyfig solution was stirred for 2 h at 80 °C. After cooling to
rt, the reaction mixture yfas quenched by the addition of 100 mL of water and then
concentrated under v#euum to half of its original volume. The mixture was extracted
with 3x300 mL offther. The combined organic layers were dried over anhydrous
sodium sulfate£nd concentrated under vacuum to give 5 g (42%) of the title
compound g€ a colorless oil. '"H NMR (300 MHz, CDCl-)  3.93-3.83 (m, 2H), 3.81-
3.74 (m, /H), 3.38 (dt, J = 2.4, 10,2 Hz, 2H), 2.07 (s, L H), 1.84 (dd, J = 2.4, 10.5 Hz,
2H), 1/59-1.44 (m, 2H).

Step 3. 4-(Tetrahvdro—pvran-4-ylsulfanvl)-bcnzonitrile. A mixture of

trahydro-pyran-4-thiol (4.2 g, 35.53 mmol, 1.20 equiv), 4-fluorobenzonitrile (3.6 g,
29,72 mmol, 1.00 equiv), and potassium carbonate (12.3 g, 89.00 mmol, 2.99 equiv)
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in DF=MF (50 mL) was stirred under nitrogen for 6 h at 80 °C. The reaction mixture
was cooled to rt and then quenched with 200 mL of water. The resulting solution w;
extracted with 3x100 mL of ethyl acetate. The combined organic layers were dri
over anhydrous sodium sulfate and concentrated under vacuum. The residue yhs
purified on a silica gel column eluted with ethyl acetate/petroleum ether (1.)0 to 1:5)
to give 700 mg (11%) of the title compound as a colorless oil. "H NMR £300 MHz,
CDCl3) § 7.52 (d, J = 6.6 Hz, 2H), 7.35 (d, J = 12 Hz, 2H), 3.99-3.92 #m, 2H), 3.52-
3.40 (m, 3H), 1.97-1.92 (m, 2H), 1.75-1.66 (m, 2H).

Step 4. 4-(Tetrahydro-pyran-4-sulfonyl)-benzonitrile. a solution of 4-

(tetrahydro-pyran-4-ylsulfanyl)-benzonitrile (700 mg, 3.19 ol, 1.00 equiv) in
chloroform (20 mL) at 0-5 °C was added m-chloroperbengbic acid (2.75 g, 15.94
mmol, 4.99 equiv) in several batches. The resulting sgfition was stirred for 6 h at rt
and then diluted with 100 mL of chloroform. The nfxture was washed with aqueous
sodium bisulfite (2x200 mL), 1 N sodium hydroyde (2x200 mL.), and brine (3x200
mL). The organic layer was dried over anhydfbus sodium sulfate and concentrated
under vacuum. The residue was purified off a silica gel column eluted with ethyl
acetate/petroleum ether (1:10 to 1:2) to Zive 400 mg (50%) of the title compound as a

white solid. TLC (5:1 petroleum ethgf/ethyl acetate): Ry=10.3.

sffired overnight at rt. The reaction mixture was diluted with 100 mL of water. The

resulting solution was extracted with 3x50 mL of ethyl acetate. The combined
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organic layers were washed with 3x100 mL of brine, dried over anhydrous sodium
sulfate, and concentrated under vacuum. The residue was purified on a silica gel
column eluted with dichloromethane/methanol (50:1 to 30:1) to give 37.1 mg (28
the title compound as a light yellow solid. '"H NMR (400 MHz, DMSO-d,) & Y64 (1,

J=63 Hz, 1H), 9.06 (s, |H), 8.48 (d,J = 5.4 Hz, 1H), 7.84-7.80 (m, 3H), 7/66-7.61

(m, 3H), 461 (d,J = 6.0 Hz, 2H), 3.90-3.85 (m, 2H), 3.59-3.46 (m, 1H)
2H), 1.71-1 68 (m, 2H), 1.56-1.44 (m, 2H). LC/MS (Method F, ESI)
mz=4012[M+H]"

25321 (m,
T=1.12min,

Example 25: Imidazo[1,2-a]pyridine-6-carboxylic acid 4-[4 2.2 2-trifluoro-ethyl)-

piperazine-1-sulfonyl]-benzylamide

o)

= N

| H
N7 N
L—:J

Step 1. 4-(4-Cyano-benzenesulfon

-piperazine-1-carboxylic acid tert-butyl

ester. A solution of 4-cyanobenzene-1-sfllfonyl chloride (2 g, 9.92 mmol, 1.00 equiv),
tert-butyl piperazine-1-carboxylate (146 g, 9.99 mmol, 1.00 equiv), and DIPEA (3.87
g, 29.94 mmol, 3.00 equiv) in dichforomethane (40 mL) was stirred for 12 hat 25 °C,
The resulting solution was waspd with 1x50 mL of water and 1x50 mL of brine.
The organic layer was dried Aver anhydrous sodium sulfate and concentrated under
vacuum and the residuc whs purified on a silica gel column eluted with
dichloromethane/ethylAcetate (25%) to give 2.7 g (77%) of the title compound as a

white solid. LC/MY(Method B, EST): RT=2.12 min, m z = 252.0 [M-100-+H]".

concfhtrated under vacuum, The residue was dissolved in 100 mL of
loromethane then washed sequentially with aqueous sodium bicarbonate solution

(1x100 ml.), water (1x100 mL), and brine (1x100 mL.). The organic layer was dried

150

PCT/CN2013/000213




WO 2013/127266

10

20

25

30

over anhydrous sodium sulfate and concentrated under vacuum to give 1.8 g (93%) of
the title compound as a white solid. LC/MS (Method J, ESI); RT=1.03 min, mz =
252.0 [M+H]".

Step 3. 4-[4-(2.2.2-Trifluoro-ethyl)-piperazine-1-sulfonyl]-benzonitrile/

solution of 4-(piperazine-1-sulfonyl)-benzonitrile (150 mg, 0.60 mmol, 1.00/equiv)
and DIPEA (232 mg, 1.80 mmol, 3.00 equiv) in DMF (5 mL) was added/2,2,2-
trifluoroethy! trifluoromethanesulfonate (208 mg, 0.90 mmol, 1.50 egfiv) dropwise
with stirring in 10 min. The resulting solution was stirred for 12 hAt 25 °C and then
quenched by the addition of 30 mL of water. The resulting solyfion was extracted
with 2x20 mL of dichloromethane. The combined organic lgfers were washed with
2x50 mL of brine, dried over anhydrous sodium sulfate, afd concentrated under
vacuum. The residue was purified on a silica gel colupfn with eluted 20% ethyl
acetate/petroleum ether to give 150 mg (75%) of thgftitle compound as a white solid.
LC/MS (Method I, ESI): RT=1.05 min, m z = 334.0 [M+H] .

Step 4. _4-[4-(2,2,2-Trifluoro-ethyl)-pifferazine-1-sulfonyl]-benzylamine. Toa
solution of 4-[4-(2,2,2-trifluoro-ethyl)-pipgfazine-1-sulfonyl]-benzonitrile (150 mg,
0.45 mmol, 1.00 equiv) in methanolic agAmonia solution (10 mL) was added Raney
Ni (300 mg). The reaction mixture s stirred under 1 atmosphere of hydrogen for 2
h at 25 °C. The catalyst was remgfed by filtration and the filtrate was concentrated
under vacuum. The residue wgf purified on a silica gel column eluted with
5/5) to give 80 mg (53%) of the title compound as a

od 1, ESI): RT=1.12 min, m z = 338.0 [M+H] .

dichloromethane/methanol

white solid. LC/MS (M

at 25 °C for 1
(82 mg, 024 mmol, 1.00 equiv) was then added and the mixture was stirred for12h

at 25 °¢/

resuffing solution was extracted with 2x50 mL of dichloromethane. The combined

min. 4-[4-(2,2,2-Trifluoro-cthyl)-piperazine-1-sulfonyl]-benzylamine

The reaction was then quenched by the addition of S0 mL of water and the

ofbanic layers were washed with 100 mL of brine, dried over anhydrous sodium

sulfate, and concentrated under vacuum. The residue was purified on a silica gel

151

PCT/CN2013/000213




WO 2013/127266

20

25

column eluted with dichloromethane/methanol (100/5) to give 24.1 mg (21%) of the
title compound as a white solid. 'H NMR (400 MHz, CDCl;) 8 8.93 (s, 1H), 7.69-
728 (m, 9H), 4.75 (s, 2H), 3.03-2,88 (m, 6H), 2.84-2.68 (m, 4H). LC/MS (Meth#d B,
ESI): RT= 1,93 min, m z = 482.2 [M+H] .

Example 47; Furo[2.3-¢]pyridine-2-carboxylic acid 4-[1 -(tetrahydro-pyAn-4-yl)-

piperidine-4-sulfonyl]-benzylamide

Step 1. 4-Hydroxy-piperidine-1-carboxylicAcid tert-butyl ester. To a solution
of piperidin-4-ol (50.5 g, 499.27 mmol, 1.00 eq

v) and triethylamine (75 g, 741.18

mmol, 1,16 equiv) in dichloromethane (800 )y was added di-tert-butyl dicarbonate

(130 g, 595.66 mmol, 1.19 equiv) at 0 °C. A'he mixture was warmed to rt and then
stirred overnight. The resulting solutioff was concentrated to 300 mL in volume

under vacuum then washed with 3x1L#0 mL of water and 3x100 mL of brine. The
organic layer was dried over anhyfirous sodium sulfate and concentrated under

vacuum to give 110 g of crudefitle product as light yellow oil. TLC: 1:1 ethyl

fcd over anhydrous sodium sulfate and concentrated under vacuum. The residue

was purified on a silica gel column with ethyl acetate/petroleum ether (1:9) to give 30

152

PCT/CN2013/000213




WO 2013/127266

25

g (41%) of the title compound as a colorless oil. TLC: 1:10 ethyl acetate/petroleum
ether, Ry= 0.4,

Ayl
tert-

Step 3. 4-(4-Bromo-benzenesulfonyl)-piperidine-1-carboxylic acid tert-b

ester. To a solution of 4-(4-bromo-phenylsulfanyl)-piperidine-1-carboxylic ag
added

ortions.

butyl ester (30 g, 80.58 mmol, 1.00 equiv) in dichloromethane (500 mL) w;
m-chloroperoxybenzoic acid (50 g, 289.74 mmol, 3.02 equiv) in several
The resulting solution was stirred for 2 h at rt. After the reaction completed, the
reaction mixture was washed sequentially with 2x200 mL of saturpfed potassium
carbonate solution, 2x200 mL of water, and 2x200 mL of brine/The organic layer
was dried over anhydrous sodium sulfate and concentrated ufder vacuum. The
residue was purified on a silica gel column eluted with etlfy| acetate/petroleum ether

(1:6) to afford 27 g (83%) of the title compound as a white solid. LC/MS (Method C,

¥

ESD): RT =1.55 min, m z = 348.0, 350.0 [M-56+H}/

Step 4. 4-(4-Cyano-benzenesulfony!)-pipéridine-1-carboxylic acid tert-butyl

ester. A mixture of 4-(4-bromo-benzenesulfopfyl)-piperidine-1-carboxylic acid tert-
butyl ester (25 g, 61.83 mmol, 1.00 equiv)Aetrakis(triphenylphosphine)palladium (7
g, 6.06 mmol, 0.10 equiv), and zinc cyafide (8.6 g) in DMF (400 mL) was stirred
overnight at 85 °C under nitrogen atpfosphere. The reaction mixture was quenched
with | L of ice/water. The precippfate was collected by filtration and washed with
water. The solid was dissolved/in a minimal amount of methylene chloride and then
purified on a silica gel colugfn eluted with ethyl acctate/petroleum ether (6:4) to give
19 g (88%) of the title ¢
ether, R;=0.5.

Step 5. 4-(Piperidine-4-sulfonyl)-benzonitrile hydrochloride. To a saturated

pound as a white solid. TLC: 1:2 ethyl acetate/petroleum

solution of hydrdgen chloride in 1,4-dioxane (60 mL) was added 4-{4-cyano-

thanol/dichloromethane, Ry= 0.2.
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Step 6. 4-[1-(Tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-benzonitrile. A

solution of 4-(piperidine-4-sulfonyl)-benzonitrile hydrochloride (2 g, 6.97 mmol, 1.0

°C. The reaction mixture was concentrated under vacuum, The pH vifue of the
on. The solution

ed t0 9-10 by adding

solution was adjusted to 1 with 5% aqueous hydrochloric acid sol
was stirred for 1 h at rt and the pH of the solution was then adju
saturated aqeuous sodium carbonate solution. The resulting gblution was extracted
with 200 mL of ethyl acetate. The organic layer was wasjfed with 100 mL of water
then dried over anhydrous sodium sulfate and concentyfted under vacuum. The
residue was purified on a silica gel column eluted wfh dichloromethane/methanol
(20:1) to give 0.6 g (26%) of the title compound £ a white solid. LC/MS (Method I,
ESI): RT = 1.02 min, .z = 335.0 [M+H]".

Step 7. 4-[1-(Tetrahydro-pyran-4- -piperidine-4-sulfonyl]-benzylamine, To

a solution of 4-[1-(tetrahydro-pyran-4-y/f-piperidine-4-sulfonyl]-benzonitrile (600 mg,
1.79 mmol, 1.00 equiv) in methanoliammonia solution (150 mL) was added Raney
Ni (2 g). The reaction mixture wgf stirred under | atmosphere of hydrogen for 2 h at
rt. The catalyst was removed bf filtration and the filtrate was concentrated under
vacuum to vield 0.55 g (91%) of the title compound as a gray solid. LC/MS (Method
C, ESI): RT = 0.99 min, i z = 339.0 [M+H]".

Step 8. Furo[2/3-c]pyridine-2-carboxylic acid 4-[1-(tetrahydro-pyran-4-yl)-

p_igeridine-4—sulfoqA-benzylamide. A solution of 4-furo[2,3-c]pyridine-2-carboxylic
acid (70 mg, 0.48 mmol, 1.45 equiv), EDCI (70 mg, 0.37 mmol, 1.24 equiv), HOBt
(52 mg, 0.38mol, 1.30 equiv), and triethylamine (0.5 mL) in DMF (4 mL) was

stirred for /O min at rt. 4-[1-(Tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-

of ethyl acetate then washed with 2x100 mL of water. The organic layer was

dried over anhydrous sodium sulfate and concentrated under vacuum. The crude
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product was purified by Preparative HPLC (column: Xbridge Phenyl 19*150,
detection: UV 254 nm, mobile phase A;: H,O containing NHsHCO3 10 mmol/L,
mobile phase B: CH:CN; flow rate: 20 mL/min; B/A = 20%~57%/10 min). This

1.79 (m, 2H), 1.60-1.56 (m, 2H), 1.43-1.34 (m, 4H). LC/MS (Met
1.13 min, m z = 484.3 [M+H]".

d C,ESI): RT =

Example 48: Pyrazolo[1.5-a]pyridine-5-carboxylic acid 4/piperidine-1-sulfonyl)-

benzylamide
(o]

T Y
NN

A solution pyrazolo[1,5-a]pyridi

Iz

o

£5-carboxylic acid (100 mg, 0.62 mmol,
1.00 equiv), 4-(piperidine-1-sulfonyl)-$enzylamine (190 mg, 0.75 mmol, 1.20 equiv),
DIPEA (240 mg, 3.00 equiv), EDCJ(143 mg, 0.75 mmol, 1.20 equiv), and HOBt
(101 mg, 0.75 mmol, 1.20 equiv/in DMF (10 mL) was stirred for 12 h atrt. The
resulting mixture was concenffated under vacuum. The residue was purified on a
silica gel column eluted wih dichloromethane/methanol (20:1) to give 110 mg (45%)
of the title compound ag/a white solid. "H NMR (300 MHz, CDCl3) 6 8.59 (d,./=6.9
Hz, 1H), 8.14 (s, 1 B/, 8.06 (s, 1H), 7.70 (d, / = 8.1 Hz, 2H), 7.50 (d, / = 8.1 Hz, 2H),
723 (d,J = 6.9 HZ 1H), 6.90 (br, I H), 6.74 (d,J = 1.8 Hz, |H), 4.77 (d,/ =3.6 Hz,
2H), 3.00-2.96/m, 4H), 1.67-1.61 (m, 4H), 1.47-1.43 (m, 2H). LC/MS (Method D,
ESI): RT= /81 min, m'z =399.0 [M+H] .

Examdfle 49: 1H-Pyrazolo[4.3-blpyridine-6-carboxylic acid 4-(pipendine-1-

su%yl)-benzylamide
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A solution of 4-(piperidine-1-sulfonyl)-benzylamine (130 mg, 0.51
1.04 equiv), 1 H-pyrazolo[4,3-b]pyridine-6-carboxylic acid (80 mg, 0.49 ol, 1.00
equiv), HOBt (140 mg, 1.04 mmol, 2.11 equiv), EDCI (200 mg, 1.04 0l,2.63
equiv), and DIPEA (0.5 mL) in DMF (5 mL) was stirred overnight
resulting mixture was concentrated under vacuum. The residue
silica gel column eluted with ethyl acetate/hexane (5:1) to givg/42.3 mg (22%) of the
title compound as an off-white solid. "H NMR (300 MHz, AMSO-ds) 8 13.62 (s, 1H),
941 (t,J = 6.0 Hz, 1H), 8.97 (d,J = 1.8 Hz, 1H), 8.45 (s/1H), 8 35 (s,1H), 7.65 (d, /
= 8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 4.61(d,.J =6 f Hz, 2H), 2.82 (t,J = 5.4 Hz,
4H), 1.49-1.45 (m, 4H), 1.32-1.30 (m, 2H). LC/M# (Method J, ESI): RT=1.58 min,
m z = 400.0 [M+H]".

Example 97: Imidazo[1 2-a]pyridine-6-cgrboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide

Step 1. Imidazo[¥?2-a]pyridine-6-carboxylic acid benzylamide. To a mixture

of benzylamine (2.62 £, 23.9 mmol), benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphag€ (6.42 g, 11.96 mmol), and imidazo(l ,2-a]pyridine-6-carboxylic
acid (2.00 g, 11 #6 mmol) in methylene chloride (100 mL), was added triethylamine
(10.5 mL, 594 mmol). The reaction mixture was stirred at rt for 24 h and then
concentrapfd to dryness under vacuum. The crude material was washed with an
aqueoufsolution of saturated sodium bicarbonate (2x), water (2x), and ether (2x).
The Zrude white solid was collected by filtration to yield the title compound (2.67 g,
8#%%). This material was used in the next step without further purification. 'H NMR
(400 MHz, DMSO-d) 8 9.15 (s, 1H), 9.11 (t,./ = 5.8 Hz, 1 H), 8.06 (s, 1H), 7.73-7.54
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(m, 3H), 7.34 (d, J = 4.7 Hz, 4H), 7.28-7.16 (m, 1H), 4.51 (d, J = 5.9 Hz, 2H).
L.C/MS (Method L, ESI): RT = 0.54 min, m.z =2522 [M + H]",

Step 2. 4-{[(Imidazo[l,2-a]pyridine-6-carbonyl)-amino]-methyl}-

benzenesulfonyl chloride. Imidazo[1,2-a]pyridine-6-carboxylic acid benzyla

(2.00 g, 7.80 mmol) was added portionwise to a cooled flask containing
chlorosulfonic acid (6.51 ml, 97.5 mmol). The reaction mixture was kepfat ice bath
temperature for another 30 min, then warmed to at rt, and stirred for 2. The reaction
mixture was slowly poured into 25 mL of ice-water, and the newlyfformed milky
suspension was allowed to set for 30 min. The water layer was ecanted off and the
remaining oil was washed with ether (2x), and concentrated yA vacuo to give the title
compound as glass solid (1.93 g, 71%). This material wagused in the next step
without further purification.

Step 3. Imidazo|1,2-a]pyridine-6-carboxylig/acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide. 4-{[(Imidag0[!,2-a}pyridine-6-carbonyl)-
amino]-methyl}-benzenesulfonyl chloride (0.949 g, 0.14 mmol) was added to a
mixture of 4-pyrrolidin-1-yl-piperdine hydybchloride (57 mg, 0.30 mmol) and triethyl
amine (0,10 mL, 0.70 mmol) in methylgfie chloride (1 mL). The reaction mixture
was stirred at rt for 24 h and then copfentrated to dryness under vacuum to give the
crude title product. The compoury was purified by preparative chiral SFC to remove
a small amount of contaminatigg imidazo[1,2-a]pyridine-6-carboxylic acid 3-(4-
pyrrolidin-1-yl-piperidine-1/sulfonyl)-benzylamide (column: Lux Cellulose-3, 3 x 25
cm, 5 um; detection: UV/£54 nm, mobile phase A: COx, mobile phase B: MeOH
containing 0.1% NH.@#H; flow rate: 200 mL/min; gradient: isocratic, A:B = 70:30).
The desired compofind was then further purified by preparative HPLC (column:
Gemini-NX, 3 ¥/10 cm, 10 um; detection: UV 254 nm; mobile phase A: H,O
containing 0 /% NH,OH, mobile phase B: Acetonitrile; flow rate: 60 mL/min,
gradient: §¢1 min 5% B, 1-10 min. 5-50% B, 10-11 min. 50% B, 11-11.2 min. 50-
95% B/11.2-13 min. 95% B, 13-13.2 min 95-5% B, 13.2-15 min. 5% B). Isolation
and Loncentration of the appropriate fractions afforded the title product as a white

id (4.1 mg, 6%). "H NMR (400 MHz, DMSO-ds)  9.25 (t,J = 8 Hz, 1H), 9.18 (s,
1H), 8.08 (s, 1H), 7.75-7.55 (m, 6H), 4.61 (d,J = 8 Hz, 2H), 3.47-3 36 (m, 2H), 2.48-
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235 (m, 6H), 1.96-1.77 (m, 3H), 1.66-1 54 (m, 4H), 1.49-1.33 (m, 2H). LC/MS
(Method K, ESI): RT = 3.70 min, m z = 468 2 [M ~ H] .

Example 127; [7-(4-{[(Imidazo[],2-a]pyridine-6-carbonyl)-amino]-methyl}-

benzenesulfonyl)-7-aza-spiro[3.5]non-2-yl]-carbamic acid tert-butyl ester

H
N

O
No
N \\S\\’N

o}
4-{[(Imidazo[1,2-a]pyridine-6-carbonyl)-amino]-ifethyl} -benzenesulfonyl
chloride (45.0 mg, 0.13 mmol) was added to a mixturef (7-aza-spiro[3 5]non-2-yl)-
carbamic acid tert-butyl ester (47.8 mg, 0.19 mmol)And triethyl amine (0.09 ml., 0.64
mmol) in methylene chloride (2 mL). The reactigh mixture was stirred at rt for 24 h
and then concentrated to dryness under vacuugh to give the crude title product. The
residue was purified by preparative HPLC £olumn: Gemini-NX, 3 x 10 cm, 10 um,
detection: UV 254 nm; mobile phase A A1,0 containing 0.1% NI{,OH, mobile phase
B: Acetonitrile; flow rate: 60 mL/migf gradient: 0-1 min 5% B, 1-10 min. 5-50% B,
10-11 min. 50% B, 11-11.2 min. $#0-95% B, 11.2-13 min. 95% B, 13-13 .2 min 95-5%
B, 13.2-15 min. 5% B), then by/preparative chiral SFC to remove a small amount of
contaminating [7-(3-{[(imidfzo[1,2-a]pyridine-6-carbonyl)-amino]-methyl |-
benzenesulfonyl)-7-aza-sfiro[3.5]non-2-yl]-carbamic acid tert-butyl ester (Column:
Lux Cellulose-3, 3 x 2 ¢cm, 5 um; detection: UV 254 nm, mobile phase A: CO»,
mobile phase B: MgOH containing 0.1% NH,OH; flow rate: 200 mL/min; gradient:
isocratic, A:B =/5:25). Isolation and concentration of the appropriate fractions

afforded the ¢sired product as a white solid (31 mg, 42%). 'H NMR (400 MHg,

8-1.88 (m, 3H), 1.60-1.47 (m, 5H), 1.33 (s, 9H). LC/MS (Method K, ESI): RT =
4.11 min, m/z = 554.2 {M + H]
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Example 156: 1H-Pyrazolo[3,4-b]pyridine-5-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1 -sulfonyl)-benzylamide

i 9
7 = N

Step 1. 1H-Pyrazolo[3.4-b]pyridine-5-carboxvlic acid benzyfamide, To a

mixture of benzylamine (2.80 g, 26.0 mmol), benzotriazol-1-yl-
oxytripyrrolidinophosphonium hexafluorophosphate (14.0 g, /.0 mmol), and 1H-
pyrazolo[3,4-b]pyridine-S-carboxylic acid (4.0 g, 25.0 mmgf) in methylene chloride
(340 mL), was added DIPEA (8.6mL, 49.0 mmol). Thefeaction mixture was stirred
atrt for 24 h. To the reaction mixture was added satyfated aqueous sodium
bicarbonate solution, and the resulting solid was cgfllected by vacuum filtration. The
crude solid was washed with water and ether tofield the title compound as a white
solid (4.60 g, 74.0%). This material was usgd in the next step without further
purification 'H NMR (400 MHz, DMSQAZ,) 8 1391 (s, 1H), 9.22 (t,./ = 6.0 Hz, IH),
9.03 (d../= 1 8 Hz, 1H), 8.76 (d,./ = 1/ Hz, 1H), 8.29 (s, 1H), 7.35 (m, 4H), 7.30-
7.17 (m, |H), 453 (d, /= 5.8 Hz, 21). LC/MS (Method L, ESI): RT = 0.75 min, m z
=253.1 [M +HJ .

Step 2. 4-{[(1H-Pyragblo[3.4-b]pyridine-5-carbonyl)-amino]-methyl} -

benzenesulfonyl chloride. A1-Pyrazolo[3,4-b]pyridine-5-carboxylic acid

benzylamide (3.0 g, 11 £ mmol) was added portionwise to a cooled flask containing
chlorosulfonic acid (£92 mL, 149 mmol). The reaction mixture was kept at ice bath
temperature for agother 30 min, then warmed to rt and stirred for 6 h. The reaction
mixture was sifwly poured into 30 mL of ice-water. The resulting sticky suspension
was left to sfand for 30 min, then the aqueous layer was decanted. The oily residue
was waspfed with ether (2x), then dried under vacuum to give the title compound as
glass #blid (3.60 g, 86%). This material was used in the next step without further
pugftication,

Step 3. 1H-Pyrazolo[3.4-b]pyridine-5-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide. 4-{[(l H-Pyrazolo[3,4-b]pyridine-S5-carbony!)-
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amino]-methyl}-benzenesulfonyl chloride (0.049 g, 0.14 mmol) was added to a
mixture of 4-pyrrolidin-1-yl-piperdine hydrochloride (57 mg, 0.30 mmol) and
triethylamine (0.10 mL, 0.70 mmol) in methylene chloride (1 mL). The reaction
mixture was stirred at rt for 24 h and then concentrated to dryness under vacuyf to
5 give the crude title product. The compound was purified by preparative HPALC

(column: Gemini-NX, 3 x 10 ¢cm, 10 um; detection: UV 254 nm; mobilefphase A:
H>0 containing 0.1% NH4OH, mobile phase B: Acetonitrile; flow ratf’ 60 mL/min,
gradient: 0-1 min 5% B, 1-10 min, 5-50% B, 10-11 min. 50% B, L/-11.2 min. 50-
95% B, 11.2-13 min. 95% B, 13-13.2 min 95-5% B, 13.2-15 myfi. 5% B), then by

10  preparative chiral SFC to remove a small amount of contamjffating 1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic acid 3-(4-pyrrolidin-1-yl-piperidjfie-1-sulfonyl)-benzylamide
(Column: Lux Cellulose-3, 21.2 x 150 mm, 5 um; deteftion: UV 230 nm, mobile
phase A: CO,, mobile phase B: MeOH containing §/1% NH,OH; flow rate: 70
mL/min; gradient: isocratic, A:B = 70:30). Isolgflon and concentration of the

15 appropriate fractions afforded the title as a wiffte solid (14.6 mg, 22%). "H NMR
(400 MHz, DMSO-d) & 13.96 (brs, 1H), /34 (t,/ = 8 Hz, 1H), 9.04 (s, 1H), 8.78 (s,
1H), 8.32 (s, 1H), 8.18 (S, 1H), 7.71 (d/ = 8 Hz, 2H), 7.60 (d, . = 8.0 Hz, 2H), 4.63
(d,J = 4 Hz, 2H), 3.47-3.36 (m, 2H)/2.48-2.35 (m, 6H), 2.09-1.98 (m, 1H), 1.90-1.80
(m, 2H), 1.66-1.54 (m, 4H), 1.49-4/33 (m, 2H). L.C/MS (Method K, ESI): RT = 2.96

20 min, mz=4692 M+ HJ.

Example 157: Furo[2.3-Zlpyridine-2-carboxylic acid 4-(4-pyrrolidin-1-yl-piperidine-

1-sulfonyl)-benzylample

Fatan eV o

25 ep 1. Furo[2.3-c]pyridine-2-carboxylic acid benzylamide, To a flask

contgthing furo[2,3-¢]pyridine-2-carboxylic acid (2.50 g, 13.8 mmol), was added
thybnyl chloride (20 ml), followed by a few drops of DMF. The reaction mixture was
eated at 85 °C for 2 h. The mixture was then cooled to rt and concentrated under

vacuum. The crude furo[2,3-c]pyridine-2-carbonyl chloride was suspended in
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methylene chloride (30 mL), then treated with a solution of benzylamine (1.35 ml,
12.4 mmol) and triethylamine (4.81 mL, 27 5 mmol) in methylene chloride (10 mL
The reaction mixture was stirred at rt for 24 h and then washed with a saturated
solution of aqueous sodium bicarbonate, dried over MgSQ,, and concentrated £0
dryness under vacuum to give the crude title product as yellow solid (3.60 ¢/ 100%).
"H NMR (400 MHz, DMSO-ds) 8 9.57 (t,J = 5.9 Hz, 1H), 9.07 (s, 1H), £48 (d, J =
52 Hz, 1H), 7.84 (d, J = 5.2 Hz, 1H), 7.67 (s, 1H), 7.35 (d, / = 4.4 HZ, 4H), 7.30-7.19
(m, 1H), 4.50 (d, /= 6.1 Hz, 2H). LC/MS (Method L, ESI); RT =
253.1 [M + HT".

Step 2. 4-{[(Furo[2.3-¢c]pyridine-2-carbonyl)-amino¥methyl} -

64 min, m-z =

ic acid benzylamide (500

benzenesulfonyl chlonde. Furo[2,3-c]pyridine-2-carbox

mg, 1.98 mmol) was added portionwise to a cooled flagk containing chlorosulfonic

acid (1.65 mL, 24.8 mmol). The reaction mixture wés kept in an ice bath for another
30 mins, then warmed to at rt and continued stirhg for 2 h. The reaction mixture
was slowly poured into 10 mL ice-water, and fhe resulting mixture was allowed to
stand for 30 min. The water layer was remved, washed with ether twice, and dried
in vacuo to give 4-{[(furo[2,3-¢c]pyriding-2-carbonyl)-amino]-methyl} -
benzenesulfonyl chloride as glassy sgfid (120 mg, 17%). The crude material was

used in the next step without furth/r purification.

for 24 h and they/concentrated to dryness under vacuum to give the crude title
product. Thefompound was purified by preparative HPLC (column: Gemini-NX, 3 x
10 cm, 10 fm; detection: UV 254 nm; mobile phase A: H>O containing 0.1% NH,0OH,

mobile
-50% B, 10-11 min. 50% B, 11-11.2 min, 50-95% B, 11.2-13 min. 95% B, 13-

ase B: Acetonitrile; flow rate: 60 mL/min, gradient: 0-1 min 5% B, 1-10
min,
min 95-5% B, 13.2-15 min. 5% B), then by preparative chiral SFC to remove a

small amount of contaminating furo[2,3-c]pyridine-2-carboxylic acid 3-(4-pyrrolidin-
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1-yl-piperidine-1-sulfonyl)-benzylamide (Column: Lux Cellulose-3, 21.2 x 150 mm,
5 um; detection: UV 230 nm, mobile phase A: CO,, mobile phase B: MeOH
containing 0.1% NH,OH; flow rate: 70 mL/min; gradient: isocratic, A:B = 70:30

Step 1. 4-(4-Bromo-benzenesulfifiy])-piperidine-1-carboxylic acid tert-butyl

ester. A solution of 4-(4-bromo-phenglsulfanyl)-piperidine-1-carboxylic acid tert-
butyl ester (6 g, 16.12 mmol, 1.00 Zuiv), catalytic HSO/1-PrOH (0.1 g per 2 mL; 6
g), and H;0: (10 mL) in dichlog#methane (100 mL.) was stirred for 2 h at 50 °C. The
reaction mixture was diluted Avith 300 mL of dichloromethane and washed with 50
mL of brine. The mixtureAvas dried over anhydrous sodium sulfate and concentrated
under vacuum. The regfdue was applied onto a silica gel column and eluted with
ethyl acetate/petrolgm ether (1:10), affording 2.7 g (43%) of the title compound as a
white solid. TLC/ 1:1 petroleum ether/ethyl acetate, Ry=0.15.

Step 2/4-(4-Cyano-benzenesulfinyl)-piperidine-1-carboxylic acid tert-butyl

ester. A soflition of 4-(4-bromo-benzenesulfinyl)-piperidine-1-carboxylic acid tert-
butyl esgfr (3.5 g, 9.01 mmol, 1.00 equiv), 1,1"-bis(diphenylphosphino)ferrocene (350
mg, ¢63 mmol, 0.07 equiv), tris(dibenzylideneacetone)dipatladium (350 mg, 0.38
myfol, 0.04 equiv), and zinc cyanide (1.7 g, 14.47 mmol, 1.61 equiv) in DMF (25 mL)

as stirred under nitrogen for 2 h at 100 °C. The solid material was removed by
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filtration. The filtrate was diluted with 80 mL of ethyl acetate then washed with 2x20
mL of water. The organic layer was dried over anhydrous sodium sulfate and

concentrated under vacuum. The residue was purified on a silica gel column elutgd

a light yellow solid. TLC: 1:1 petroleum ether/ethyl acetate, Rr=0.1.

Step 3. 4-(Piperidine-4-sulfinyl)-benzonitrile. Thionyl chloride A0 mL) was

min at rt and then concentrated under reduced pressure. Thefesidue was dissolved in
10 mL of water and the pH value of the solution was adjugted to 10 with saturated
aqueous sodium carbonate solution. The mixture was gktracted with dichloromethane
(3x20 mL.). The combined organic layers were drief over anhydrous sodium sulfate
.7 ¢ (crude) of title compound as a

=1.03 min, m z = 2350 [M+H} "

and concentrated under reduced pressure to give
light yellow solid. LC/MS (Method G, ESI),

Step 4. 4-(1-Isobutyl-piperidine-4-filfinyl)-benzonitrile A solution of 4-

(piperidine-4-sulfinyl)-benzonitrile (1.7 4, 7.26 mmol, 1.00 equiv), 2-methylpropanal,
(2.6 g, 36.06 mmol, 5.00 equiv) and Yanium isopropoxide (2.5 g) in acetic acid (2
mL) and ethanol (20 mL) was stirgéd for 2 h at 60 °C. Sodium cyanoborohydride (4.6
¢) was then added and the resulfing solution was stirred for | h at 60 °C. The
resulting mixture was concepftrated under vacuum. The residue was dissolved in 60
mL of ethyl acetate and [ mL of water. The pH value of the solution was adjusted
to 4 with | M HC1. Th£ organic layer was discarded and the aqueous layer was
adjusted to pH 8 wyth saturated aqueous sodium carbonate solution. The aqueous
laver was then epfiracted with ethyl acetate (3x20 mL). The combined organic layers
were dried ovr anhydrous sodium sulfate and concentrated under vacuum. The
residue waf purified on a silica gel column eluted with ethyl acetate/petroleum ether
(1:1) tofive 0.9 g (43%) of the title compound as a light yellow solid. LC/MS
(Megfod C, EST), RT = 0.34 min, m z = 291.0 [M+H] .

Step 5. 4-(1-Isobutyl-piperidine-4-sulfinyl)-benzylamine. To a solution of 4-

1-isobutyl-piperidine-4-sulfinyl)-benzonitrile (800 mg, 2.75 mmol, 1.00 equiv) in
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methanol (150 mL) was added Raney Ni (1 g). The reaction mixture was stirred

under 1 atmosphere of hydrogen for 30 min at rt. The nickel catalyst was removed
filtration and the filtrate was concentrated under vacuum. The residue was purifi
on a silica gel column eluted with dichloromethane/methanol (10:1) to yield 4
(59%) of the title compound as an off-white solid. [.C/MS (Method H, ESIf RT =
0.81 min, mz=295.1 [M+tH]".

mg

Step 6. Furo[2.3-¢clpyridine-2-carboxylic acid 4-(1-isobutyl-pferidine-4-

sulfinyl)-benzylamide. A solution of furo[2,3-c]pyridine-2-carboxflic acid (65 mg,
0.40 mmol, 1.47 equiv), HOBt (50 mg, 0.37 mmol, 1.36 equiv)ADCI (80 mg, 0.42
mmol, 1.53 equiv), DIPEA (129 mg, 1.00 mmol, 3.67 equiv)fand 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamine (80 mg, 0.27 mmol, 140 equiv) in DMF (3 mL)
tluted with 30 mL of ethyl

was stirred for 30 min at rt. The reaction mixture was
acetate then washed with 2x10 mL of water and 1x} mL of brine. The organic layer
was dried over anhydrous sodium sulfate and copfentrated under vacuum. The
residue was first purified on a silica gel columf eluted with
dichloromethane/methanol (1:10) and the pértially purified product was further
purified by preparative HPLC with the fllowing conditions (IntelFlash-1: Column,
C1s column; mobile phase, water:acefonitrile = 1:20 increasing to water:acetonitrile =
[:10 within 2 hr: Detector. UV 254 nm) to give 10 mg (8%) of the title compound as
a white solid. LC/MS (Methog/l, ESI): RT=1.06 min, m z=440.0 [M+H]". 'H
NMR (300 MHz, DMSO-dgf8 9.55 (1,J=6.0 Hz, 1H), 9.01 (s, 1H), 8.43 (d, /= 5.1
Hz, 1H), 7.78 (dd, J = 5./, 0.9 Hz, 1H), 7.62 (s, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.48 (d,
,J=6.3 Hz, 2H), 2.78-2.70 (m, 2H), 2.68-2.61 (m, 1H), 1.93-
1.91 (m, 2H), 1.84A4.75 (m, 4H), 1.67-1.47 (m, 2H), 1.39-131 (m, 1H), 0.76 (d,./ =

6.3 Hz, 6H).

Examples£92 and 193 Enantiomers of Furo[2,3-¢]pyndine-2-carboxylic acid 4-(1-

isobutyfpiperidine-4-sulfinyl)-benzylamide

The two enantiomers of furo[2,3-c]pyridine-2-carboxylic acid 4-(1-isobutyl-
Heridine-4-sulfinyl)-benzylamide (Example 189) were separated by preparative

HPLC using the following conditions: Column, Chiralpak IC2*25 ¢m, 5 um Chiral-
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P(IC)0011C00CJ-L0016; mobile phase, Phase A: Hex (0.2% diethylamine), Phase B:
EtOH (0.2% diethylamine); A/B = 6/4, Flow Rate, 20 mL/min; Wavelength, 220/25
nm; Pressure, 80~90 bar, Temperature: 25 °C. The retention time of Example 19

and Example 193 are RT = 11.23 min and RT = 15.37 min, respectively.

Example 228. N-[[4-(1-Acetylpiperidine-4-sulfonvl)phenyl]methyl]-1H,

pyrazolo[3,4-blpyridine-5-carboxamide,

Step 1. tert-Butyl 4-hydroxypiperidine-1-caroxylate. To a solution of
10 piperidin-4-0l (50.5 g, 499.27 mmol, 1.00 equiv) gAd triethylamine (75 g, 741.18
mmol, 1.16 equiv) in DCM (800 mL) at 0°C wgh added di-tert-butyl dicarbonate (130

g, 595.66 mmol, 1.19 equiv). The mixture whs warmed to rt and stirred overnight.
The reaction mixture was washed with 3400 mL of water and 3x100 mL of brine.
The organic layer was dried over anhyArous sodium sulfate and concentrated under

15 vacuum to give 110 g of crude tert-Jfutyl 4-hydroxypiperidine-1-carboxylate as a light

yellow oil. The crude product wgh used directly without further purification. TLC:

Step 2. tert-Butyl #l(4-bromophenyl)sulfanyl]pipenidine-1-carboxylate. To a

solution of 4-bromobengene- 1 -thiol (46 g, 243.29 mmol, .22 equiv), tert-butyl 4-
20 hydroxypiperidine-1£arboxylate (40 g, 198.75 mmol, 1.00 equiv) and PPhs: (72 g) in
THF (800 ml.) m#Antained under nitrogen at rt was added a solution of
diethylazodicagboxylate (50 g, 287.11 mmol, 1.44 equiv) in THF (200 mL) dropwise
within 30 mgh. The resulting solution was stirred at rt for 16 h and then concentrated

under vagium. The residue was redissolved in 1000 mL of ethyl acetate then washed
25 with 24400 mL of water and 2x400 mL of brine. The organic layer was dried over
anbfdrous sodium sulfate and concentrated under vacuum. The residue was purified

h a silica gel column eluted with ethyl acetate/petroleum ether (1:9) to give 30 g
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(41%) of tert-butyl 4-[(4-bromophenyl)sulfanyl]pipendine-1-carboxylate as a
colorless oil. TLC: ethyl acetate/petroleum ether = 1.5, Ry= 0.6.

Step 3. tert-Butyl 4-[(4-bromobenzene)sulfonyl]piperidine- | -carboxylate /To

a stirred solution of tert-butyl 4-[(4-bromophenyl)sulfanyl]piperidine-1-carboxflate
5 (30 g, 80.58 mmol, 1.00 equiv) in DCM (500 mL) was added 3-chloroperoxfbenzoic
acid (50 g, 289.74 mmol, 3.02 equiv) in small portions. The reaction mixfire was

stirred at rt for 2 h. The mixture was washed sequentially with 2x200 /AL of saturated
potassium carbonate solution, 2x200 mL of water and 2x200 mL ¢
organic layer was dried over anhydrous sodium sulfate and congéntrated under

10 vacuum. The residue was purified on a silica gel column with/ethyl acetate/petroleum
ether (1:6) to give 27 g (83%) of tert-butyl 4-[(4-bromobegfzene)sulfonyl]piperidine-
1-carboxylate as a white solid. TLC: ethyl acetate/petrfleum ether = 1:4, Ry=0.3.

Step 4. tert-Butyl 4-[(4-cyanobenzene)sulfogyl]piperidine-1-carboxylate. A

mixture of tert-butyl 4-[(4-bromobenzene)sulfonyf]piperidine- | -carboxylate (25 g,

15 61.83 mmol, 1.00 equiv), Pd(PPhs); (7 g, 6.06/mmol, 0.10 equiv) and Zn(CN); (8.6 g)
in DMF (400 mL) was stirred under nitroggh overnight at 85°C. The reaction mixture
was cooled to rt. Ice/water (1000 mL.) wAs added to precipitate the product. The solid
was collected by filtration then washgll with water. The solid was dissolved in a small
amount of methylene chloride they/loaded onto a silica gel column. The column was

20  eluted with ethyl acetate/petrolglim ether (6:4) to give 19 g (88%) of tert-butyl 4-[(4-

cyanobenzene)sulfonyl]pipefidine-1-carboxylate as a white solid. TLC: ethyl

acetate/petroleum ether /1.2, Rr=0.4.

25 fonyl]piperidine-1-carboxylate (2.5 g, 7.13 mmol, 1.00 equiv) in

30 Step 6. 4-(1-Acetylpiperidine-4-sulfonyl)benzonitrile,. To a stirred solution of

4-(piperidine-4-sulfonyl)benzonitrile hydrochloride (1.6 g, 5.58 mmol, 1.00 equiv)
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and DIPEA (1.5 g, 11.61 mmol, 2.08 equiv) in DCM (40 mL) at 0°C was added a
solution of acetyl chloride (500 mg, 6.37 mmol, 1.14 equiv) in DCM (10 mL)
dropwise. The resulting solution was stirred at rtfor 30 min. The reaction mixturefvas
washed with 2x20 mL of water and 2x20 mL of brine. The organic layer was d¢fied

5 over anhydrous sodium sulfate and concentrated under vacuum to givel.5 gf92%) of
4-(1-acetylpiperidine-4-sulfonyl)benzonitrile as a white solid. TLC: ethyf acetate:
petroleum ether = 1:1, Ry = 0.6.

Step 7. 1-(4-[[4-(Aminomethyl)benzene]sulfonyl]piperidin#l-yl)ethan-1-one.

To a mixture of 4-(1-acetylpiperidine-4-sulfonyl)benzonitrile (15 g, 5.13 mmol, 1.00
10 equiv), and Raney Ni (0.5 g) in MeOH (150 mL) was added £ 7N solution of NHzin
MeOH (3 mL). The mixture was stirred under 1 atmosphefe of H; atrt for 2 h. The
catalyst was removed by filtration and the filtrate was glncentrated under vacuum,
The residue was purified on a silica gel column elutgd with DCM/MeOH (90/10) to
give | g (66%) of 1-(4-[[4-(aminomethyl)benze sulfonyl]piperidin-1-yl)ethan-1-
15  one as a white solid. TLC: MeOH/CH,Cl, = 1A0, R;=0.1.
Step 8. A solution of 1H-pyrazolo]£,4-b]pyridine-5-carboxylic acid (120 mg,
0.74 mmol, 1.45 equiv), 1-(4-[[4-(amingfethyl)benzenelsulfonyl]piperidin-1-
yl)ethan-1-one (150 mg, 0.51 mmol, £.00 equiv), EDCI (130 mg, 0.68 mmol, 1.34
equiv), HOBt (90 mg, 0.67 mmol /.32 equiv) and DIPEA (0.5 mL) in DMF (5 mL)
20 was stirred at rt overnight. Thefeaction mixture was diluted with 50 mL of DCM then
washed with 2x50 mL of wafer and 2x50 mlL of brine. The organic layer was dried
over anhydrous sodium flfate and concentrated under vacuum. The residue was
purified on a silica gejfcolumn eluted with DCM/MeOH (94/6) to give 65 my (29%)
of N-[[4-(1-acetylpferidine-4-sulfonyl)phenyl|methyl]-1 H-pyrazolo[3,4-b]pyridine-
25 S-carboxamide £ a white solid. LC/MS (Method C, ESI): RT = 1.31 min, m z =
442.0 (M+1]/ "H NMR (300MHz, DMSO-ds, ppm): 8 9.33 (t,./ = 6.0 Hz, 1H), 9.05
(d.J=2)/Hz, 1H),8.78 (d,J =21 Hz, 1H), 8.31 (s, 1H), 7.83 (d,/ = 8.4 Hz, 2H),
7.66 (4 = 8 4 Hz, 2H), 4.66 (d,J = 6.0 Hz, 2H), 4.45 (d, /= 132 Hz, 1H), 438 (d,J
=134 Hz, 1H), 3.56-3.47 (m, 1H), 3.03-2.96 (m, 1H), 2.51-2.44 (m, 1H), 1.96 (s,
), 1.87-1.80 (m, 2H), 1.52-1.38 (m, 1H), 1.34-1.28 (m, IH).
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Example 294. N-[[4-(Morpholine-4-sulfonyl)phenyllmethyl]-1H.2H.3H-pyrrolo[3.4-

¢|pyridine-2-carboxamide.

@)
N/—- \\S,N\)
NV H\/©/ b
N N
T

0

Step 1. [4-(Morpholine-4-sulfonyl)phenyl]methanamine. A

(morpholine-4-sulfonyl)benzonitrile (200 mg, 0.79 mmol, 1.00 equy#) and Raney Ni
(2 g) in MeOH (30 mL) was stirred at rt under 1 atmosphere of Lf: for 20 min. The
catalyst was removed by filtration. The filtrate was concentray€d under vacuum to
give 0.15 g (74%) of [4-(morpholine-4-sulfonyl)phenyl]mgfhanamine as a light
yellow solid. LC/MS (Method F, ESI): RT = 0.9 Imin /1 z = 257.0 [M+H]".

Step 2. 4-Nitrophenyl N-[[4-(morpholine-4-

sulfonyl)phenylJmethyl]carbamate. A solution off4-(morpholine-4-

sulfonyl)phenylJmethanamine (150 mg, 0.59 m#fnol, 1.00 equiv) and 4-nitrophenyl
chloroformate (130 mg, 0.64 mmol, 1.10 egfiv) in toluene (30 mL) was stirred under
nitrogen at 110°C for 50 min. The reactigh mixture was cooled to 0°C. The precipitate
was collected by filtration and air-drighl to give 0.12 g (49%) of 4-nitrophenyl N-{[4-
(morpholine-4-sulfonyl)phenyl]methyl]carbamate as a light yellow solid. TLC:
petroleum ether/ethyl acetate = /1, Re=0.2.

Step 3. A solution of/A-nitrophenyl N-[[4-(morpholine-4-
sulfonyl)phenyl]methyl]cgfbamate (0.10 g, 0.24 mmol, 1.00 equiv) and 1H,2H,3H-
pyrrolo[3.4-c]pyridine #60 mg, 0.50 mmol, 2.10 equiv) in ethanol (20 mL) was stirred
at 90°C for 1 h. Thefeaction mixture was cooled to rt and concentrated under vacuum.
The residue was gurified on a silica gel column eluted with ethyl acetate/petroleum
ether (5:1) to yleld 0.04 g (42%) of N-[[4-(morpholine-4-sulfonyl)phenyl]methyl]-
1H,2H,3HAyrrolo[3,4-c]pyridine-2-carboxamide as a light yellow solid. LC/MS
(Methog/D, ESI): RT = 2.63 min, m z = 403.0 [M+H] . "H NMR (300 MHz, DMSO-
ds, pfin): 6 8.54 (s, 1H), 8.43 (d,J = 48 Hz, 1H), 7.64 (d,J = 8.4 Hz, 2H), 7.54 (d, J

4 Hz, 2H), 7.36 (d,J = 5.1 Hz, 1H), 7.14 (d,J - 6.0 Hz, 1H), 4.65 (m, 4H), 4.37
d,J =57Hz 2H),3.57 (t,J 4.6Hz 4H),2.79(t,J - 4.6 Hz, 4H).
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Additional examples were prepared using methods analogous to those
described above. In particular, certain exemplified compounds were prepared
according to the methods described in, for example, Examples 5, 24,25, 47,9
228, and 294,

Analvtical Characterization:

Each of the specifically exemplified compounds described ferein was
prepared using the methods analogous to those described above/and were analyzed
by LC/MS. Data for each compound, along with the LC/MS/nethod used to generate
the data, if applicable, is provided in Tables 1a and 1b (N = not available).

Table 1a. LC/MS Data for Example£ompounds.

Ex. Retentlgn time mz / LC/MS Method
(min)
2 1.35 274 C
B 133 4441 G
4 1.34 - f70 1 j
s [ 120 4000 H
6 1.88 400.0 B
7 1.44 430.0 A
8 163 / 4022 C
9 145/ 402.3 E
10 23/ 401.0 ]
11 1f4 418.2 C
12 /.42 425.0 A
13 / 197 4392 F
14 1/ 120 401.1 1
15 J/ 152 402.2 C
16 / 2.03 400.2 C ]
17/ 1.56 4142 C
3 1.70 4142 C
/19 1.13 415.0 I
20 3.13 401.0 A
21 1.08 401.1 F
22 | 1.26 4000 | A
23 1.27 400.0 A
24 1.12 401.2 F
25 1.93 4822 B
26 1.78 428.0 C
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27 1.52 428 2 C
28 1.25 415.0 A
29 1.24 416.0 A
30 1.88 416.0 A
31 1.16 414.9 J
32 1.70 416.0 C
33 2.05 4162 C
34 1.18 416.0 1
35 1.72 4152 C
36 1.69 431.0 H /
_ 3T 109 4192 y
38 115 4160 Yy
39 1.09 4732 /F
40 1.13 4820 /1
41 1.08 400.0 / 1
42 1.01 416.0 / 1
43 1.06 456.0 I
44 1.08 4571 G
45 3.01 400.1 / B
46 3.13 4452 G
47 1.12 4843 C
48 1.58 290 D
49 1.58; //400. J
50 1.16 / 4150 I
51 116 /4160 I
52 115 / 415.0 I
53 .14 / 4150 I
54 N4 4152 ]
55 | 340 5142 K
56 /.23 4843 C
57 / 263 468.2 J
58 / 278 400.0 1
59 Y 112 404.0 |
60 / 1.13 428.0 I
61/ 1.03 4290 I
7/ 1.25 4422 C
/63 1.52 482.0 H
64 1.34 482.0 H
65 1.41 4812 C
66 2.40 4812 c
T 67 | 137 | 4820 H
68 113 483 2 C
69 1.48 4832 C
70 3.62 4611 K
71 3.62 4611 K
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72 3.02 427.1 K
73 3.69 461.1 K
74 3.69 461.1 K
75 1.13 386.0 H
76 1.11 387.0 H
77 1.11 386.0 H
78 511 4842 C
79 1.40 386.0 H
80 1.35 387.1 J
81 1.24 386.0 E
82 1.18 4160 y B
83 1.54 5100
84 2.83 4131 /K
85 217 4422 / C
86 2.24 4422 / C
87 1.09 387.2 / F
88 1.25 387.2 F
89 1.09 3872 F
90 1.25 3871/ F
91 0.94 399/ I
92 1.08 4542 C
93 2.87 421 K
99 | 247 /3441 K
95 3.19 / 4241 K
96 317 J 4291 K
97 370 /| 4682 K
98 3.51 / 458.1 K
99 335/ 421.1 K
100 2. A8 456.1 K
101 729 456.1 K
102 4.15 554.2 K
103 / 413 554.2 K
104 2.58 4531 K
105 2.58 4712 K
106/ 2.85 4151 K
1o/ 2.85 415.1 K
/08 2.52 428 1 K
/109 2.71 5252 K
/ 110 2.52 4972 K
111 3.66 453.1 K
112 3.55 435.1 K
113 1.54 4410 A
114 1.04 455.0 C
115 127 455.0 A
116 1.28 456.0 A
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117 1.20 457.0 C
118 1.10 456.0 C
119 1.03 457.0 |
120 1.09 472.0 C
121 4.29 568.3 K
122 4.21 5682 K
123 4.46 5682 K
124 4.09 5702 K
125 4.19 5542 K
126 4.01 570.2 K /
127 | 411 5542 1;/
128 | 370 si22 L ¥
129 3.96 5262 /K
130 3.87 5422 / K
131 435 568.2 / K
132 3.69 512.2 / K
133 3.70 5422 K
134 3.94 542.2 K
135 3.89 5262 / K
136 3.86 5207 K
137 3.81 5242 K
138 2.66 471 K
139 2.88 /4151 K
140 2.92 / 4571 K
141 351 A 4471 K
142 242 /| 4561 K
143 252 / 4401 K
144 24 440.1 K
Toas | 34 429.1 K
146 £19 441.1 K
147 / 3.59 447 1 K
148 | / 162 4002 F ]
149 [/ 184 457.0 B
150 / 2.93 416.1 K o
15y 2.94 416.1 K
142 2.66 454.2 K
/153 3.06 428 1 K
154 1.97 399 8 C
155 2.07 4009 C
156 2.96 4692 | K
157 | 273 | 4692 K
158 3.36 428 1 K ]
159 3.25 3971 K
160 3.41 397.1 K
161 2.83 415.1 K
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162 2.48 456.1 K
163 2.80 454.1 K
164 3.27 429.1 K
165 2.42 440.1 K
166 3.29 397.1 K
167 3.10 457.1 K
168 122 401.0 H
169 1.25 399.9 C
170 1.06 4850 1
171 1.24 4410 A/
172 ] 324 4141 K
173 295 | 4592 /
174 3.30 430.1 /K
175 3.81 4221 / K
176 4.12 4621 / K |
177 4.07 462.1 / K
178 3.43 4281 K
179 1.26 4403 C
180 1.06 4400 / I
181 1.25 4407 C
182 132 4343 C
183 4.28 682 K
184 3.99 /5842 K
185 4.13 / 5542 K
186 471 /6162 K
187 157 / 4393 C
188 1.26 / 4403 C
189 | 10 440.0 1
T100 | LAs 4402 C
191 /32 4393 C
192 / 1.10 439.9 C
193 |/ 111 440.0 C
194 /  3.09 4411 K
195 / 2.50 440.1 K
19¢/' 0.98 486.0 1
V4 0.54 441.0 L
/198 3.13 401 A
199 1.08 401.1 F
200 126 400 A
201 1.27 400 A
C202 | L12 4012 | F
203 1.08 400 | I
204 1 416 I
205 1.12 4843 C
206 123 4843 C
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207 1.25 4422
208 1.52 482
209 1.34 482
210 1.6 4812
211 2.4 4812
212 1.37 482
213 1.13 4832
214 1.48 4832
215 2.52 426.1
216 2.48 440.1
217 2.90 4541
218 314 4411
219 3.27 4411
220 2,97 4271 / S
221 1.13 386 / H
222 1.11 387 / H
223 111 386 H
224 511 4842 C
225 1.4 386 / H
I 226 1.35 387 ) J
227 1.24 396 E
228 131 [f42 C |
229 2.24 / 442 C
230 1.09 / 3872 F
231 125  /J 3872 F
232 109 /| 3872 F
233 125 / 387.1 F
234 o?/ 399 1
235 4 )6 5542 S
236 f16 554.2 S
237 / 4.08 5402 S
238 | / 4.01 5402 S
239 3.28 407.1 S
240 2.99 371.1 S
241/ 4.01 540.2 S
242 4.11 540.2 S
/43 417 554.2 S
/ 244 2.93 442.1 S
/245 271 387.1 S
246 262 497 1 'S
247 1.54 441 A
248 1.04 455 C
249 127 455 A
250 1.28 456 A
251 1.1 456 C
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252 1.09 472
253 2.44 4402

254 2.62 4402

255 2.45 4402

256 2.57 4542

257 2.39 4402

258 2.63 4402

259 2.85 454.1

260 1.15 4192

261 2.50 440.1

262 2.61 4401 |

263 | 323 4421

264 1.66 402

265 1.35 4429 / C

266 1.97 398 |/ C

267 2.07 4009 '/ C

268 1.51 402 C

269 3.53 4421 S

270 3.63 4471 / S

271 2.60 454 ff S

272 2.60 4541 S

273 2.59 440.1 S ]
274 3.28 /4271 S

275 122 / 401 H

276 125 /3999 C

277 155/ 418 A

278 098 / 486 1

279 1 y |1 am A
280 1. 458.2 0

281 V4E 408 S

282 /323 455.1 S

283 / 290 441.1 S

284 3.71 442 1 S

285 3.35 414.1 S

286/ 1.52 485 3 P

29/ 1.54 457.1 B
/88 1.02 514.9 C

/ 289 1.12 485 C
/290 2.59 4412 T _

201 3.73 4432 T N
292 1.08 470 C

294 263 403.0 D

296 4.52 4622 S

297 4.47 4622 S

298 3.33 459.2 S
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299 3.74 4302 | S
300 422 4221 S
301 4.10 408.1 S
302 3.87 4282 S
303 4.08 4422 S
304 3.65 414.1 S
305 4.00 4282 S
306 1.12 417 1
307 1.11 417 I
308 1.43 399 1
..309 0.86 (4151 , (;/ _
310 | 171 4421 -
311 1.25 457 /A
312 1.45 456.2 / C
313 1.23 470.2 / C
314 1.98 4702 / C
315 1.22 441 / J
316 1.34 4431 J
317 3.11 4142 / S
318 1.07 417/ C
319 331 4792 S
320 3.15 422 S
321 3.25 /4542 S
322 3.28 / 4702 S
323 344 ) 4542 S
324 341 /| 4683 S
325 342 / 468.3 S
326 - 33Y 468.3 S
327 3B 4422 S
328 FAE 4262 S
329 /3.10 4262 S
330 / 393 5163 S
331 3.35 4542 S
332 3.04 4262 S
333/ 2.94 4422 S
34 3.43 4682 S
A35 3.13 4422 S
/ 336 3.42 4682 S
337 2.92 4122 S
338 3.48 4682 S
339 | 304 4262 S
340 1.46 440.9 C
341 1.14 4559 C
342 1.1 4419 C |
344 1.53 5041 | C
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345 2.89 540 I
346 1.7 526 1
347 1.37 442 |
348 1.28 428 1
349 1.34 4781 N
350 1.6 504 l
351 1.39 4902 Q
352 1.78 540.3 F
353 1.47 478 1
354 1.39 4639 |
Table 1b. MS Data for Example Compour/
Ex. MS Data /
m/z: 439,19 (100.0%), 440.20426.4%),
355 44119 (4.8%), 441.20 (4.294), 440.19

(1.9%), 442.19 (1 £%)

m/z: 465.13 (100,0%;)/4!6.14 (24.2%),

356 | 467.13 (4.8%), 467.14(3.6%), 466.13
| (1.9%), 46843 (1.1%)

m/z; 425.18 (;o/(?_g’/o), 42618 (26.1%),

357 427.17 (4.5%), #27.18 (4.1%), 428.18
(1.4%) 426.17 (1.1%)

m/z: 425.18£100.0%), 426.18 (26.1%),

358 427,17%), 427.18 (4.1%), 428.18
4%), 426.17 (1.1%)

m7§. 19 (100.0%), 440.20 (26.4%),

359 441/09 (4.8%), 441.20 (4.2%), 440.19
(1.9%), 442.19 (1.2%)

//z: 439.19 (100.0%), 440.20 (26.4%),

360 441.19 (4.8%), 441.20 (4.2%), 440.19

(1.9%), 442.19 (1.2%)
m/z: 467.19 (100.0%), 468.19 (28 3%),
36 469.19 (4.9%), 469.18 (4.5%), 470.19
(1.3%), 468.18 (1.1%)
/ miz: 424.19 (100.0%), 425.20 (25.3%),
362 426.19 (4.9%), 426.20 (3.7%), 425.19
(2.3%), 427.19 (1.2%)
miz: 426.21 (100.0%), 427.21 (27.2%),

363 428.20 (4.5%), 428.22 (3.1%). 429 21
(1.2%)
miz: 464.15 (100.0%), 465.15 (26.1%),
364 466.15 (5.5%), 466.16 (2.8%), 467.15
(1.1%) )
165 m/z: 468 22 (100.0%), 469.22 (29.4%),

470.22 (5.8%), 470.23 (3.6%), 471 .22
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(1.3%)

m/z: 425.19 (100.0%), 426.19 (26.8%),
366 42718 (4.5%), 427.20 (2.8%), 428.19
(1.2%), 427.19 (1.1%)

m/z: 465.14 (100.0%), 466.15 (23.0%),
367 467.14 (4.5%), 467.15 (3.6%), 466.14
(2.6%), 468.14 (1.1%)

m/z: 425.18 (100.0%), 426.18 (26.1%),
368 427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%) /

m/z: 425.18 (100.0%), 426.18 (26.1%
369 42717 (4.5%), 427.18 (4.1%), 428.
(1.4%), 426.17 (1.1%)

m/z: 410.18 (100.0%), 411.18 (24.0%),
370 412,17 (4.5%), 412.18 (3.7%)/411.17
(1.5%), 413.18 (1.24)

m/z: 396.16 (100.0%), 39717 (23.1%),
371 398.16 (5.1%), 398.17 (F.0%), 397.16
(23%),399.14(1.1%)

/399718 (23.9%),

18 (3.4%), 399.17
1.18 (1.1%)

m/z: 411.17 (1£0.0%), 412.18 (23.1%),

373 413.17 (5.0%), 413.18 (3.1%), 412.17
(2/%), 414.17 (1.1%)

m/z: 440/52 (100.0%), 441.23 (26.4%),

374 442.2Y(4.9%), 442.23 (4.0%), 441.22
(2.3%), 443.22 (1.2%)

m/Z 424.19 (100.0%), 425.20 (25.3%),
375 6.19 (4.9%), 426.20 (3.7%), 425.19

372 400.17 (4.5%), 40

(2.3%), 427.19 (1.2%)
/ m/z: 466.17 (100.0%), 467.17 (24.2%),
37%

468.16 (4.5%), 468.17 (3.8%), 467.16
(2.3%), 469.16 (1.1%)
m/z: 426.21 (100.0%), 427 21 (27.2%),

77 428.20 (4.5%), 428.22 (3.1%), 42921
(1.2%)

m/z 42519 (100.0%), 426.19 (26.8%),

378 427.18 (4.5%), 427.20 (2.8%), 428.19

(1.2%), 427.19 (1.1%)

" m/z 397.15 (100.0%), 398.15 (23.9%),
379 | 399.14 (4.5%), 399 15 (3.5%), 400.15
(1.2%), 398.14 (1.1%)

m/z: 411.16 (100.0%), 412.17 (24.2%),
380 413.16 (5.0%), 413.17 (3.4%), 412.16

(1.9%), 414.16 (1.1%)
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m/z: 467.20 (100.0%), 468.20 (28.7%),
381 469.19 (4.5%), 469.21 (3.3%), 469.20
(1.3%), 470.20 (1.3%)

m/z: 425.18 (100.0%), 426.18 (26.1%),
382 42717 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

m/z: 425.18 (100.0%), 426.18 (26.1%),
383 42717 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

m/z; 466.20 (100.0%), 467.21 (27.5%),
384 468.20 (4.9%), 468.21 (4.5%), 467.2

(2.3%), 469.20 (1.3%)

m/z- 412.19 (100.0%), 413.20 (24 £%),
385 414.19 (4.9%), 414.20 (3.4%), #3.19
(2.3%), 415.19 (1.2%
miz: 424.19 (100.0%), 425.20 (25.3%),
386 426.19 (4.9%), 426.20 (3 /%), 425.19

(2.3%), 427.19 f 2%)

It is understood that the person skilled infhe art will be able to prepare the

compounds of the present invention using mefhods known in the art along with the

general method of synthesis described hergin.

5
Assay 1: Biochemical Inhibition Agfa
NAMPT protein purificatyfn. Recombinant His-tagged NAMPT was
produced in /-.coli cells, purifid over a Ni column, and further purified over a size-
exclusion column by XT lostructures.
10 The NAMPT enzmatic reaction. The NAMPT enzymatic reactions were

carried out in Buffer £ (50mM Hepes pH 7.5, 50 mM NaCl, 5 mM MgCl,, and 1 mM
THP) in 96-well Vbottom plates. The compound titrations were performed in a
separate dilutiof plate by serially diluting the compounds in DMSO to make a 100X
stock. Buffe/A (89 pL) containing 33 nM of NAMPT protein was added to 1 pL of
15 100X comgbound plate containing controls (e.g. DMSO or blank). The compound and
enzymg mixture was incubated for 15 min at rt, then 10 uL of 10X substrate and co-
factdrs in Buffer A were added to the test well to make a final concentration of 1 pM
/AM, 100 pM 5-Phospho-D-ribose 1-diphosphate (PRPP), and 2.5 mM Adenosine
5'-triphosphate (ATP). The reaction was allowed to proceed for 30 min at rt, then
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was quenched with the addition of 11 pL of a solution of formic acid and L-
Cystathionine to make a final concentration of 1% formic acid and 10 pM L-

Cystathionine. Background and signal strength was determined by addition (or ngn-

the intemnal control (L-Cystathionine). NMN and L-Cystathionine wefe detected
using the services of Biocius Lifesciences with the RapidFire systefn. In short, the
NMN and L-Cystathionine were bound to a graphitic carbon cagfridge in 0.1% formic
acid, eluted in 30% acetonitrile buffer, and injected into a Sc&x 4000 mass
spectrometer. The components of the sample were ionizefd with electrospray
ionization and the positive ions were detected. The Ql/parent ion) and Q3 (fragment
ion) masses of NMN were 334.2 and 123.2, respectyfely. The Q1 and Q3 for L-
Cystathionine were 223.1 and 134 1, respectively/’ The fragments are quantified and
the analyzed by the following method.

Determination of [Cso Values. Firsy/the NMN signal was normalized to the

L-Cystathioninc signal by dividing the N signal by the L-Cystathionine signal for
each well. The signal from the backgfound wells were averaged and subtracted from
the test plates. The compound tregffed cells were then assayed for percent inhibition
by using this formula:
% Inh =100 — 100*x/y
wherein x denotes the avgfage signal of the compound treated wells and y denotes the
average signal of the SO treated wells.
ICsy values fere then determined using the following formula:
ICso =IAMLOG1o(X) + (((50-% Inh at Cmpd Concentration 1)/(XX -
YY)*(LOG1o(X)-LOG(Y))))
wherein XAenotes the compound concentration 1, Y denotes the compound
concenyfation 2, XX denotes the % inhibition at compound concentration 1 (X), and

YY genotes the % inhibition at compound concentration 2 (Y).
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The compounds of this invention have ICs, values that are preferably under
1M, more preferably under 0.1pM, and most preferably under 0.01 uM. Results fo

the compounds tested in this assay are provided in Table 2 below.

5  Assay 2: In-Vitro Cell Proliferation Assay

Assay Method. A2780 cells were seeded in 96-well plates at 1 x 40

cells/well in 180 uL of culture medium (10% FBS, 1% Pen/Strep Ampghotecricin B,
RPMI-1640) with and without the addition of either NMN or nicotfhamide (NAM).
After overnight incubation at 37 °C and 5% CO,, the compound/itrations were

10 performed in a separate dilution plate by serially diluting the fompounds in DMSO to
make a 1000X stock. The compounds were then further dAluted to 10X final
concentration in culture media, whereupon 20 pL of ea#h dilution was added to the
plated cells with controls (e.g. DMSO and blank) to/ake a final volume of 200 pL.
The final DMSO concentration in each well was #1%. The plates were then

15  incubated for 72 hours at 37 °C in a 3% CO; igfubator. The number of viable cells
was then assessed using sulforhodamine B ARB) assay. Cells were fixed at 4 °C for
1 hour with the addition of 50 uL 30% tpfchloroacetic acid (TCA) to make a final
concentration of 6 % TCA. The plated were washed four times with H,O and allowed
to dry for at least | hour, whereupgh 100 pL of a 4% SRB in 1% acetic acid solution

20  was added to each well and incybated at rt for at least 30 min. The plates were then
washed three times with 1% Acetic acid, dried, and treated with 100 uL of 10mM
Tris-Base solution. The pfates were then read in a microplate reader at an absorbance

of 570 nm. Background was generated on a separate plate with media only.

25  were averaged, tifen the background was subtracted from the test plates. The

formula:
% Inh =100 - 100*x/y
whergin x denotes the average signal of the compound-treated cells and y denotes the
30  avfrage signal of the DMSO-treated cells.

1Cs, values were then determined using the following formula:
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1Cs0 =10NLOGo(X)+(((50-% Inh at Cmpd Concentration 1)/(XX-
YY)*(LOGo(X)-LOGn(Y))))
wherein X denotes the compound concentration 1, Y denotes the compound
concentration 2, XX denotes the % inhibition at compound concentration 1 (X)/and
YY denotes the % inhibition at compound concentration 2 (Y).

Specificity of cytotoxicity. Inhibition of NAMPT could be revergéd by the

Percent inhibitions were determined using the method given abgfe.
The compounds of this invention have ICsg values thgfare preferably under
1uM, more preferably under 0.1uM, and most preferably yhder 0.01 uM. Most
preferable compounds of this invention are compounds£hat have ICso values in the
enzymatic assay and the cell proliferation assay thatAre both under 1 uM, more
preferably both of the values are under 0.1 uM, apfd most preferably both of the
values are under 0.01 uM. Results for the comppounds tested in this assay are
provided in Table 2 (NT = not tested).

Table 2. Biochemical and Zell Proliferation Assay Results.

Ex Biocylical Cell Proliferation
| ' (ICy4 [uM] (1Csp) [uM]
1 £1000 19.1000
2 / 0.0281 0.0138
3 / 00126 0.0064
4 |/ 0072 0.0074
. s / 0.0094 0.0292
6/ 0.0035 0.1290
7 0.0109 0.0133
/8 0.0315 0.0641
9 0.1050 02780
10 | 00251 00148
11 0.0208 0.0171
12 0.0262 0.1860
13 0.0126 0.0338
14 0.0770 0.0365
15 0.0068 0.6240
16 0.0220 0.1630
17 0.1010 0.0534
18 0.0484 0.0129
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19 0.0181 0.0253
20 0.3080 0.4520
21 0.0087 0.1850
22 0.0345 00142
23 0.1040 0.0469
24 0.0322 0.0444
25 0.0242 0.0105
26 0.0046 0.1350
27 0.1420 0.1320
28 0.0235 0.0276
29 0.0075 05450 /
30 0.1780 0.2050 |
HES 0.0550 0.0482 /
32 0.0077 08614
33 0.1690 0.140
. 34 0.0257 04519
35 0.0383 A 0351
36 0.0113 / 0.0463
37 0.0441 / 00139
38 0.0265 / 00621
39 0.0835 0.0947
40 00171/ 0.0069
41 06690 / 0.7310
42 0.0660/ 0.1370
43 0.0214 0.0072
44 0.0#58 0.0232
45 o172 1.0000
A6 0.0435 00044
a7 | A.ooeo ' 0.0022
48 /  0.0461 2.0000
49 2.0000 NT
50 0.0362 0.0239
51/ 0.0222 0.0397
FA 0.0276 0.0186
/53 0.0169 0.0226
54 0.0156 0.0114
55 0.0077 0.0043
56 0.0592 00211
57 0.0648 0.0555
58 0.2400 2.0000
59 0.0107 0.0030
60 0.0294 0.0152
61 00215 0.0233
62 0.0293 0.0250
63 0.0477 0.0108
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64 0.0037 0.0088
65 0.0124 0.0021
66 00154 0.0032
67 00135 0.0054
68 0.0207 0.0073
69 0.0136 0.0047
70 0.0064 0.0080
71 00167 0.0064
72 0.0143 0.0057
73 0.0030 0.0008 /
74 00050 0.0027 / |
75 0.1250 0.3470
76 0.0098 0.4230/
77 0.0642 0.1054
78 0.0040 0.0479
79 0.1180 04200
80 0.0089 A.4570
81 0.0513 / 00984
82 0.0261 / 00348
83 0.0077 / 00026
84 00374 [/ 0.0166
85 02070 / 0.1510
86 0.0051 / 0.5270
87 00738/ 0.2430
88 0314 0.9770
89 0.1750 0.4450
90 0/£270 1.8000
91 096 01300
92 / 00294 0.0075
93 / 00224 0.0130
0.0759 0.0290
0.0410 0.0335
0.0247 0.0094
0.0144 0.0054
0.0461 0.0101
0.0158 0.0077
0.0257 0.0254
0.0203 0.0097
i 0.0345 0.0051
' 0.0295 0.0394
0.0269 00088
0.0068 0.0090
0.0486 0.0577
0.0237 0.0154
0.0256 0.0053
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109 0.0027 0.0039
110 0.0031 0.0033

111 0.0056 0.0025

112 0.0259 0.0205

113 0.0642 0.0446

114 0.0194 0.0056

115 0.0373 0.0115

116 0.0178 0.0146

117 0.2290 0.0445
e 0.0041 0.1210 /
19 0.0044 ~0.3520 §
120 0.0043 0.0015 |
121 0.0058 00011/ |
122 0.0255 0.002¢ |
123 0.0374 0.0/12

124 0.0405 040465
125 0.0112 00137
126 0.0175 //0.00125
127 0.01451 / 0.00277

128 0.0469 / 00114

129 0.034 / 0.00875 |
130 00758 / 0.0113 |
131 0.0404 / . 0.0058

132 0.0194/ 0.00322

133 03y 0.0969

134 0.)46 0.0495

135 00202 0.00552

136 | . /0-0437 o003
137 0.0105 0.00423 |
133 | /  0.0288 0.0249

139 0.0145 0.0103

140 0.0464 0.0141
14y 0.0148 0.0095 |
A2 0.1130 0.0286 B
/143 0.1000 0.0204 |
144 0.0540 0.0096

145 0.0284 0.0125

146 0.0127 0.0031

147 00137 0.0125

148 NT ~NT
149 00283 0.0230

150 0.0315 0.0438

151 0.0274 0.0450

152 0.0321 0.0305

153 0.0165 0.0489
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154 0.0331 0.0185
155 0.2190 0.1760
156 0.0941 0.0351
157 0.0179 0.0149
158 0.1500 0.1820
159 0.0120 0.0133
160 0.0047 0.0153
161 0.0521 0.0472
162 0.1220 0.0598
163 0.0815 0.0581 /
164 0.0081 10.0124 / __
165 00958 00220 /
166 0.0172 0.0096/
167 0.0237 0.004
168 0.0304 0.0403
169 0.0329 o199
170 0.0304 /0.0119
171 0.0398 / 00422
172 0.2110 / 03540
173 0.1830 / 00862
174 01520 / 0.0844
175 00652 [/ 0.1270
176 0.0379 / 0.0227
177 0.0203/ 0.1050
178 0.130 0.1720
179 0.0076 0.0311
180 0093 0.0037
181 /0.1300 00230
182 00263 ] 0.0056
183 |/ 0.00899 0.00076
185 / 0283 0.118
NT NT
0.0142 0.0058
0.0077 0.0311
0.0093 0.0037
0.1300 0.0230
0.0263 0.0056
1.7000 2.000
0.0047 0.0025
0.0103 _ 0.00345
0.0142 0.0256
0.0124 0.00952
0.00283 0.0168
0.308 0.452
0.00865 0.185
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200 | 00345 0.0142
201 0.104 0.0469
202 0.0322 0.0755
203 0.669 0.731
204 | 0066 0.137
205 | 00146 000326
206 00592 0.0211
207 00293 0025 ]
208 00477 0.0108
209 0.00372 0.0088¢  /
210 00177~ 000347 / |
211 0.0154 0.00323
212 0.0135 0.0053y
213 0.0207 0 00773
214 | 00136 . __004A73
215 0.0815 /166
216 0.0304 /0.0137
217 0.016 / 00101
218 0.0103 / 000345
219 0.00845 / 000217
220 0.025 / 0.0168
221 0125/ 0347
222 0.00977 / 0.423 ]
223 00642/ 0.105
224 000348 - 0.0479
225 | o/18 ' 0.32
226 000888 0.457
227 /vo513 _ 0.0984
228 0.207 0.151
229 |/ 000512 0.527
230 )/ 0.0738 0.243
0315 0977 ]
0.175 0.445 ‘
0.227 1.59
0.0906 0.13
0.0164 0.0363
0.0133 0.00179
0.109 0.0388
00118 0.00183
0.0333 T 0,035
0.041 ' 014
0.0144 0.00414
0.00634 0.00299
0.0149 0.0433
0.0141 0.0144
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245 0.0523 0.274
246 0.00703 0.0273
247 0.0642 0.0446
248 0.0194 0.00558
249 0.0373 0.0115
250 0.0178 0.0139
251 0.00413 0.121
252 0.00427 0.00148
253 0.0274 0.0313
254 NT NT /
255 0057 00362
256 0.0537 ~0.0669 '
257 0.0468 0.0265/
258 NT NT/
259 00378 0,
260 NT AT
261 0.0142 /0.0256
262 0.0649 / 0.106
263 0.0182 / 00234
264 0.0212 / 00351
265 0.0326 / 0.106
266 00331 / 0.0185
267 0219 / 0.176
268 00173/ 00315
269 011f - 0.0451
270 0.0877 0.00607
271 A)275 0.0121
. 272 [0.0336 0.01 _
273 / 0.0254 0.0104
274 | /0019 0.00593
275 )/ 00304 0.0503
0.0329 0.0199
2 2
0.0124 0.00952
0.0398 0.0422
0.0507 0.0456
0.0956 0.378
0.101 0.233
0.199 0.129
0.0709 i} 0.0429
0.206 2
0.0145 0.000488
0.0172 0.00743
0.058 0.0708
0.0124 0.00703
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290 0.00283 0.0168

291 0.0236 0.00989

292 0.00736 0.00564
294 0.0667 0.0676

296 000984 0.0101

297 00166 00512

298 0.0906 0.0246

299 0.0244 00111

300 0.0214 0.0215

301 0.0467 0083 /
302 00418 0.0271

303 0.0227 ' 0.0154 ‘

304 0.0652 0.0419/

305 00414 0014

306 | 00282 00697

307 0.0815 %1

308 1.42 / 2

309 0.0478 / 00988

310 0.0431 /  0.049

311 0.0397 / 00535

312 0.113 / 0.0489

313 0035 [/ 0.0538

314 00203 / 0.0519

315 0089/ 0.0303

316 | 00546 00262

317 0.0821 0.0877 !

318 /0447 0.098 |
319 /910_6___ 0102

320 0.0687 0.0619

321 |/ 0.0651 0.054

322 /00434 0.039
- 323/ 00177 00133

32/ 0.0192 0.0248

¥s 0.0256 0.0275

/326 0.107 0.0601

327 1.3 2

328 1.68 2

329 0.0793 0.0933

330 0.0222 0.0428 |
U331 0355 , 0774

332 0.174 ol

333 032 0.286 |

334 0.0267 0.026

335 0.965 2

336 0379 0.399

189



WO 2013/127266

337 NT NT
338 NT NT
339 NT NT
340 0.0885 0.0266
341 0.0366 0.0249
342 10.0203 0.023
344 0.302 0.451
345 0118 0.307
346 0.102 0.198
347 0.381 0.64
348 2 2 /
349 0.0735 00522 '
350 0.3 0258/
351 0.0711 0.107
352 0018 0.0403
353 3.97 /2
354 0413 /0.726
355 0.00933 / 0.00374
356 0.0135 / 0.00325
357 0.0472 / 00187
358 00193 [/ 0.00458
359 16 2.0
360 000723 / 0.00186
361 00185/ 0.0061
362 003 0.0221
363 00437 0.0456
364 0/0293 0.00351
365 00202 0.020
366 |/ 0029 ~ 0.0776
367 0.0881 0.015
368 2.0 2.0
36% 00258 0.00799
37 0.0434 0.0134
Y 0.038 00124
/372 0.0576 0.0612
373 0113 0.0154
374 00152 0.00283
375 0.0275 0.0245
376 0.00582 0.00854
377 0.0249 0,0241
378 | 0594 0143
379 0114 00414
380 0.0683 0.499
381 0.29 0.201
382 20 20
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383 0.0357 0.00646
384 0.0362 0.0391
385 0.0302 ©0.0567
386 0.060 0.0706

While the present invention has been described in conjunction with
specific embodiments set forth above, many alternatives, modifications afd other
variations thereof will be apparent to those of ordinary skill in the art. All such

S alternatives, modifications and variations are intended to fall withig/the spirit and

scope of the present invention.
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CLAIMS

1. A compound of Formula (I):

in which:
5 Eis O oris absent;

R is (a) an 8-, 9-, or 10-membered bicyclic heteroaryl selected frghm the group consisting of:

N ’ H
%

v Sk Senhe L

H ’ N NNA 0 NT > >
H N
N 4 N\Nﬁ _ 0 N7 0 N//\/[\j/

LT < 5 e

\ N QAN/‘JJ{,N N X N , H N™

/N‘N’N\ NP N\= é— N//\N N (/\D\
L e A 2,

in which the bicycligZheteroaryl is unsubstituted or is substituted with one or more

9

substituents selecged from the group consisting of deuterium, amino, alkylamino,
10 dialkylamino, Malo, cyano, haloalkyl, hydroxy, hydroxyalkyl, and alkoxy, and in
which one of more N atoms of the bicyclic heteroaryl is optionally an N-oxide; or
(b) a five- oysix-membered nitrogen-linked heterocycloalkyl ring fused to a phenyl or
monogyclic six-membered heteroaryl, in which the phenyl or heteroaryl is
ungfibstituted or is substituted with one or more substituents selected from the
15 £roup consisting of deuterium, amino, alkylamino, dialkylamino, alkyl, halo,
cyano, haloalkyl, hydroxy, hydroxyalkyl, and alkoxy;
R'is /1) a saturated, monocyclic heterocycloalkyl, which is unsubstituted or substituted with
one or more substituents R*;
in which each R* substituent is independently selected from the group consisting

20 of: deuterium, halo, hydroxy, cyano, -NR*R®, -alkylenyl-NR*R®, oxo, alkyl,
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(2) a saturated, bicyclic or tricycly

193

hydroxyalkyl, cyanoalkyl, haloalkyl, alkoxy, haloalkoxy, alkoxyalkyl-, -S-
alkyl, alkenyl, alkynyl, aryl, arylalkyl-, aryloxy-, arylalkoxy-, cycloalkyl

C(O)heterocycloalkyl, -S(O)-alkyl, -SO;-alkyl, -SO;-aryl, -SO, , -

-N(R)-C(0)-aryl, -N(R)-CO,-alkyl, -SO,NH,, -SO,N}H(alkyl),
-SO,N(alkyl),, -SO,NH(cycloalkyl), and -N(H)(SOAlkyl), or two adjacent R*
substituents taken together form a phenyl ring,
in which each of the cycloalkyl, heterocycloall#yl, aryl, heteroaryl, and phenyl
substituents within R* is independently #nsubstituted or substituted with
one or more substituents selected fro

O)alkyl, and -CO»alkyl;

the group consisting of alkyl, halo,
hydroxy, cyano, alkoxy, amino, -
in which R* and R” are each indepgidently H, alkyl, alkoxy, alkoxyalkyl,
cyanoalkyl, or haloalkyl; a
R¢is H or alkyl; or
, nitrogen-linked heterocycloalkyl, in which the
heterocycloalkyl compriseg/a fused, bridged, or spiro bicyclic system, and the
heterocycloalkyl is unsybstituted or substituted with one or more substituents
independently selectgfl from the group consisting of: alkyl, halo, haloalkyl,
hydroxy, hydroxy#lkyl, alkoxy, cyano, cyanoalkyl, oxo, -NR‘R®, -alkylenyl-
NRR®, -C(O)glkyl, -COalkyl, and —~SOsalkyl;
in which R/
R°is H,

s H or alkyl; and
yl, haloalkyl, -C(O)alkyl, -COsalkyl, or -SO,alkyl; and

R? and R’ are eacl independently H or deuterium;

or a pharmacepftically acceptable salt thereof,




194

o




195




196




197

/Z
N
Z
\ /
Tz

&2\\




198

0
Z X N
N l pZ H N F
N P
H N o”S\\

2. A compound according/to Claim 1, in which E is O.
3. A compound accopding to Claim 1, in which E is absent.

4. A compound g€cording to Claim 1, in which R is an unsubstituted or substituted bicyclic

5 heteroaryl.

A compfound according to Claim 1, in which R is an unsubstituted or substituted 8- or 9-
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H,N
N~ =
@3“‘? T
7. A compound according to Claim 1, in which R is or

8. A compound according to Claim 1, in which R' is a saturated, monocyclic,

linked heterocycloalkyl, unsubstituted or substituted as in Claim 1.

9. A compound according to Claim 7, in which the saturated, monocycly, nitrogen-linked

heterocycloalkyl is azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, pip€razinyl, azepanyl, or

diazepanyl, unsubstituted or substituted as in Claim 8.

10. A compound according to Claim 8, in which the saturated, phonocyclic, nitrogen-linked
heterocycloalkyl is substituted with one or more R* groups ingépendently selected from the

group consisting of: hydroxy, methoxy, cyano, cyanomethyl, amino, difluoroethylamino,
methoxyethylamino, cyanoethylamino, hydroxymethyl, #yrrolidinyl, methyl, ethyl, isopropyl,
isobutyl, trifluoroethyl, trifluoromethyl, cyclohexyl, t#irahydropyranyl, pyrrolidinyl, oxetanyl,
fluoro, -C(O)(4-methyl-piperazin-1-yl), 4-methylpgperazinyl, -NH(Boc), acetyl, hydroxyethyl,
dimethylaminoethyl, cyanoethyl, methoxyethyl/~N(Me)(acetyl), dimethylamino, -
C(O)(dimethylamino), and oxo, and where tyfo adjacent substituents taken together form a

phenyl ring.

11. A compound according to Claigf 8, in which the saturated, monocyclic, nitrogen-linked

heterocycloalkyl is substituted witlf 1, 2, or 3 R* groups independently selected from the group

unsubstitutgd or substituted as described in Claim 12.

14. compound according to Claim 12, in which the saturated, monocyclic, carbon-linked
hetefocycloalkyl is tetrahydropyran-4-yl, tetrahydropyran-3-yl, piperidin-3-yl, piperidin-4-yl,

tetrahydrofuran-3-yl, unsubstituted or substituted as described in Claim 12.
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15. A compound according to Claim 12, in which the saturated, monocyclic, carbon-lin€d
heterocycloalkyl is substituted with one or more substituents independently selected frogh the
group consisting of methyl, ethyl, propyl, isopropyl, isobutyl, tert-butyl, trifluorometpyl,
trifluoroethyl, acetyl, tert-butoxycarbonyl, tetrahydropyranyl, and oxetanyl.

16. A compound according to Claim 1, in which R' is a saturated, bicyclic ¢f tricyclic,
nitrogen-linked heterocycloalkyl, in which the heterocycloalkyl comprises A fused, bridged, or

spiro bicyclic system, and is unsubstituted or substituted as described in/flaim 1.

17. A compound according to Claim 16, in which R' is a bridged fbicyclic, nitrogen-linked

heterocycloalkyl, unsubstituted or substituted as described for Cjaim 16.

18. A compound according to Claim 16, in which R' is an/izetidine, pyrrolidine, piperidine,
morpholine, azepane, 1,4-diazepane, or azocane ring, subgtituted with two substituents on the
same or different carbons that together form a C;_salklgnyl group, in which one carbon atom
of the alkylenyl group is optionally replaced with gfe or two O, S, or NH groups, and the
resulting bicyclic heterocycloalkyl is optionally firther substituted as described for Claim 16.

19. A compound according to Claim 16, i’ which R' is substituted with one or more
substituents independently selected fromhe group consisting of: methyl, ethyl, isopropyl,
acetyl, fluoro, oxo, hydroxy, tert-butoyycarbonyl, amino, aminomethyl, tert-

butoxycarbonylamino, and tert-butgkycarbonyl-aminomethy]l.
20. A compound according t¢Claim 1, in which both R? and R? are H.

21. A compound selecteg from the group consisting of:

5H-Imidazo[1,2-b]pyrazole-
2-carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;
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N=
¢ 1H-Pyrrolo[3,2 d
N -Pyrrolo[3,2-c]pyridine
2-carboxylic acid 4-(8-oxa-3-
o
" o bicyclo[3.2.1]octane-3-sulfghyl)-
b\ dQ benzylamide;
N
0%
o]
\N
\_/
S Thiefo[2,3-c]pyridine-2-
carboxylf acid 4-(8-oxa-3-aza-
o}
i o bicyclgf3.2.1]octane-3-sulfonyl)-
K@\ K[\JQ benzylamide;
o5
o}
/
N
/\
» | y
[ P Imidazo[1,2-a]pyridine-6-
o carboxylic acid 4-(8-oxa-3-aza-
NH
o bicyclo[3.2.1]octane-3-sulfonyl)-
/JZQ benzylamide;
_N
0%
o
Q Furo[2,3-c]pyridine-2-
X N . . . .
W N carboxylic acid 4-(piperidine-1-
N= 0” o sulfonyl)-benzylamide;
Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(piperidine-1-
sulfonyl)-benzylamide;
Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-methoxy-
piperidine-1-sulfonyl)-
benzylamide;
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Furo[2,3-c]pyridine-2-

carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

1H-Pyrazolo[3,4-b}pyridine-

S-carboxylic acid 4-(mgfpholine-4-

Imidag0[1,2-a]pyridine-6-
carboxylicAcid 4-(morpholine-4-

sulfonyl)-benzylamide;

Thieno[2,3-c]pyridine-2-
arboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

Furo[2,3-c]pyridine-2-

carboxylic acid 4-(4-cyano-

piperidine-1-sulfonyl)-

benzylamide;
o Furo[2,3-c]pyridine-2-
NN O/\\\N carboxylic acid 4-(4-cyanomethyl-
/N0 s piperidine-1-sulfonyl)-
N= o’ o
benzylamide;
o
§ (_ 0 1H-Pyrrolo[3,2-c]pyridine-
N B o .
— H/\Q\ N 2-carboxylic acid 4-(morpholine-4-
/
\ 7 o//s So sulfonyl)-benzylamide;

Imidazo[1,2-a]pyrimidine-6-

/ i < )
z
N | H/\©\ N_> carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;
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Imidazo[1,2-b]pyridazine-6-

carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyrdine-6-

0
(\N N N . .
A H j carboxyMc acid 4-(4-isopropyl-
N P s
o} NK/ pAperazine-1-sulfonyl)-
N
Y benzylamide;
o / Imidazo[1,2-a]pyridine-6-

carboxylic acid 4-(3-hydroxy-

NT NP piperidine-1-sulfonyl)-benzylamide
o :
(racemic);
T 1H-Pyrazolo[3,4-b]pyridine-
X
N\/ | P N 5-carboxylic acid 4-(tetrahydro-
N
RN ZAN¢) pyran-4-sulfonyl)-benzylamide;
Q 0 Imidazo[1,2-a]pyrimidine-6-
z
)N\j)kﬁ Q carboxylic acid 4-(tetrahydro-
7 Ss
N\___JN g o pyran-4-sulfonyl)-benzylamide;
0 Imidazo[1,2-a]pyridine-6-
7
”/\O\ Q carboxylic acid 4-(tetrahydro-
4
N o,/s So pyran-4-sulfonyl)-benzylamide;
/ 0 O 1H-Pyrrolo[3,2-c]pyridine-
S
7\ H/\©\ Q 2-carboxylic acid 4-(tetrahydro-
N NH
o}

pyran-4-sulfonyl)-benzylamide;
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0 Furo[2,3-c]pyridine-2-
VR \o N Q carboxylic acid 4-(tetrahydro-
N= P30 pyran-4-sulfonyl)-benzylami
Q Imidazo[1,2-a]pyrjline-6-
/N7 N
Ao ¢

bicyclgf3.2.1]octane-3-sulfonyl)-

S/
ee benzylamide;
o / 1H-Pyrazolo[3,4-b]pyridine-
“ &Z& 5-carboxylic acid 4-(8-oxa-3-aza-
74 N
N\N I N H/\©\S _N bicyclo[3.2.1]octane-3-sulfonyl)-
0" Yo

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(4-hydroxy-

x N /\©\ O/OH
H
N /_\ NH >sC N piperidine-1-sulfonyl)-
© benzylamide;
o Imidazo[1,2-a]pypfmidine-6-

a N I N /\@\ O\ 5-carbg/kylic acid 4-(3-hydroxy-
H NZ O//S\(ON OH piperifine-1-sulfonyl)-benzylamide
(racemic);
o / Furo[2,3-c]pyridine-2-
~ N/\@\ O\ carboxylic acid 4-(3-hydroxy-
H ST .
{\1 _\ © o’/S\iN Ol plperldme-l-sulfonéll)-benzylamlde
(racemic);
1H-Pyrrolo[3,2-c]pyridine-
\ N 2-carboxylic acid 4-(3-hydroxy-
N/_\ U \:N OH piperidine-1-sulfonyl)-benzylamide
o

(racemic);

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(4-amino-
piperidine-1-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
S-carboxylic acid 4-[4-(2,2-
difluoro-ethylamino)-piperidine-1-

sulfonyl]-benzylamide;
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o) Furo[2,3-c]pyridine-2-
x~ N OH carboxylic acid 4-(4-hydroxy-
H
/' N0 /\©\ /O/ piperidine-1-sulfonyl)-
N= %
o benzylamide;
. ’ 1H-Pyrazolo[3,4-ff|pyridine-
N Wu/\ﬂj\ O/N\/\? S-carboxylic acid 4-[4A2-methoxy-
\H NZ ,/S\(N ethylamino)-piperigine-1-sulfonyl]-
© benzylamide;
0
(\N N . ,2-a]pyridine-6-
Fhs QL lic acid 4-(4-cyclohexyl-
//S N/\
o K/N piperazine-1-sulfonyl)-
\O benzylamide;
NH 1H-Pyrazolo[3,4-b]pyridine-
X
N / | P ”/\©\ Q 5-carboxylic acid 4-(piperidine-4-
N
HooN O//S o sulfonyl)-benzylamide;
o}
S H Thieno[2,3-c]pyridine-2-
O/ N carboxylic acid 4-(piperidine-4-
N
\_/ (S0 sulfonyl)-benzylamide;
0 Imidazo[1,2-a]pyridine-6-
(/\/"[j)L N o carboxylic acid 4-(4-isobutyl-
NZ\F & . .
g N/\ piperazine-1-sulfonyl)-

benzylamide;

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-((1R,3R,5S)-3-
amino-8-aza-bicyclo[3.2.1]octane-

8-sulfonyl)-benzylamide;
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[1,2,4]Triazolo[1,5-
a]pyridine-6-carboxylic acid 4-
(piperidine-1-sulfonyl)-

benzylamide;

carbgkylic acid 4-[1-(tetrahydro-

pyiAn-4-yl)-piperidine-4-sulfonyl]-

benzylamide;

Pyrazolo[1,5-a]pyridine-5-
carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;

N\/
0
H
/N X N
N\|/ H
N

1H-Pyrazolo[4,3-b]pyridine-
6-carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-((R)-3-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-((S)-3-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-((S)-3-hydroxy;
piperidine-1-sulfonyl)-

benzylamide;

piperidine-1Aulfonyl)-

benzylamide;

fazo[1,2-a]pyridine-6-

carboxyfic acid 4-((S)-3-hydroxy-

N
= 0 iperidine-1-sulfonyl)-
%)H benzylamide;
o) /
( ) 1H-Pyrazolo[3,4-b]pyridine-
N S-carboxylic acid 4-[1-(tetrahydro-
N\/ /\©\ i > pyran-4-yl)-piperidine-4-sulfonyl]-
N O,,S\\O benzylamide;
1H-Pyrazolo[3,4-b]pyridine-
H
N - ic acid 4-[4-(2- -
7 | O/ \/\\\N S-carboxylic acid 4-[4-(2-cyano
” N //S\(N ethylamino)-piperidine-1-sulfonyl]-
o
benzylamide;
(\H?\ O Pyrazolo[1,5-a]pyrimidine-
7
| | N 5-carboxylic acid 4-(piperidine-1-
N 50 sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(tetrahydro-
pyran-4-yl)-piperazine-1-sulfonyl]-

benzylamide;
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cis-Imidazo[1,2-a]pyridine-

6-carboxylic acid 4-((3R,5S)-3,5-

dimethyl-piperazine- 1-sulfony}f-

benzylamide;

cis-Furo[2,3-c]pyridine-2-
,55)-3,5-
dimethyl-piperazife- 1-sulfonyl)-

carboxylic acid 4-(

benzylamide;

O>_ EAro[2,3-c]pyridine-2-
0 L
N carbgxylic acid 4-(1-acetyl-
= N . . 1
/ \__o sgi) iperidine-4-sulfonyl)-
N= 750 benzylamide;
NF
i >§ 1H-Pyrazolo[3,4-b]pyridine-
0 N S-carboxylic acid 4-[1-(2,2,2-
N\/ | j ﬂ/\©\ g > trifluoro-ethyl)-piperidine-4-
N~ N O,,S\\O sulfonyl]-benzylamide;

\>_
z
I=

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;
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| . 1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-[1-(2,2,2-

H-Pyrrolo[3,2-c]pyridine-
2-cgfboxylic acid 4-[1-(tetrahydro-
ran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;

cis-Imidazo[1,2-a]pyridine-

Q H, F i 6-carboxylic acid 4-((3aR,6aS)-5,5-
N 2
(/\/ N P N > difluoro-hexahydro-
N s7 T
% : cyclopenta[c]pyrrole-2-sulfonyl)-
benzylamide;
o cis-Imidazo[1,2-a]pyridine-

H
J /O)\N/\©\ 9 6-carboxylic acid 4-[(3aR,6aS)-
H -
NS s N7 (tetrahydro-furo[3,4-c]pyrrol-5-

yl)sulfonyl]-benzylamide;
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Imidazo[1,2-a]pyridine-6-

carboxylic acid 4-(hexahydro-
furo[2,3-c]pyrrole-5-sulfonyl
benzylamide (mixture g

diastereomers);

sulfonyl)-bepZylamide (isomer A);

-Imidazo[1,2-a]pyridine-
6-cagpoxylic acid 4-(4,4-difluoro-
heyfahydro-cyclopenta[c]pyrrole-2-

ulfonyl)-benzylamide (isomer B);

0 1H-Pyrrolo[3,2-c]pyridine-
N QO 2-carboxylic acid 4-[(S)-
N N)—NH " /\©\S 4 (tetrahydro-furan-3-yl)sulfonyl]-
— ¢ ° benzylamide;
_ 0 o Imidazo[1,2-a]pyrimidine-6-
)N\ | N carboxylic acid 4-[(S)-(tetrahydro-
N\;N £ furan-3-yl)sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonyl]-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;
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o) 1H-Pyrrolo[3,2-c]pyridine-
~ N/\@\ C/O 2-carboxylic acid 4-[(R)-
H
N N)—NH S (tetrahydro-furan-3-yl)sulfony}4-
— e
0 benzylamide;
0]
A~y 7
LI F L
/ N
- s
o}
Y O
| Hn \
N/ N /S\\\
\—/ o ©
o / Furo[2,3-c]pyridine-2-
\ N O<OH carboxylic acid 4-((R)-3-hydroxy-
/o Hn'N iperidine-1-sulfonyl)-
s piperidine-1-sulfonyl)
N= g o
benzylamide;
F Imidazo[1,2-a]pyridine-6-
o ?7 F carboxylic acid 4-[(3R,55)-3,5-
dimethyl-4-(2,2,2-trifluoro-ethyl)-
jegasta g
NN A piperazine-1-sulfonyl]-
\—/ y © benzylamide;
o) Imidazo[1,2-a]pyridine-6-
N N/\§ carboxylic acid 4-[(1S,4S)-(2-oxa-
oun ~

5-aza-bicyclo[2.2.1]hept-5-
yl)sulfonyl]-benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

benzylamide;
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Q Imidazo[1,2-a]pyrimidine-6-

carboxylic acid 4-(1-acetyl-

o N
N N ST
)\ | H/\©\ Q piperidine-4-sulfonyl)-
N 7 /S\\ .
benzylamide;

N
\—/ o ©
0
~ Ny
/ o "
N= 30
o)
o 1H-Pyrazolo[3,4-b]pyridine-
S N/\O\ Qo 5-caghoxylic acid 4-[(S)-
N H
\H N g (tetrajfydro-furan-3-yl)sulfonyl]-
/ QO
o benzylamide;
O .1
o / Furo[2,3-c]pyridine-2-
VA \o N C/ carboxylic acid 4-[(R)-(tetrahydro-
N= o//S So furan-3-yl)sulfonyl]-benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-[(R)-
(tetrahydro-furan-3-yl)sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(piperidine-4-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;
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0 0
/NN (\N)J\
(hl;l\/))\H/\Q\s’N\)

e

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-acetyl-
piperazine-1-sulfonyl)-

benzylamide;

sonaclisns

//\\

ethyl)-piperazing-1-sulfonyl]-

benzylamide;

soancVog

//\\

Imjdazo[1,2-a]pyridine-6-
carbgkylic acid 4-(4-cyano-
iperidine-1-sulfonyl)-

benzylamide;

soapeVon,

// \\

/

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
hydroxymethyl-piperidine-1-
sulfonyl)-benzylamide;

@@M%/g

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-pyrrolidin-1-
yl-piperidine-1-sulfonyl)-

benzylamide;

\ (\N/\/O

/N
(N\// N\)

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-methoxy-
ethyl)-piperazine-1-sulfonyl]-

benzylamide;

/D*Kl&

// \\

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3,3-difluoro-
pyrrolidine-1-sulfonyl)-

benzylamide;
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Imidazo[1,2-a]pyridine-6-

o)
0 . .

N carboxylic acid 4-(4-acetyl-
QIO | i
NZNF 5N [1,4]diazepane-1-sulfonyl)-

/ \\o
© benzylamide;
0

acid tert-butyl ester (racemic);

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,8-
diaza-spiro[4.5]decane-2-carboxylic

acid tert-butyl ester;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-cyano-
ethyl)-piperazine-1-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-
dimethylamino-ethyl)-piperazine-1-

sulfonyl]-benzylamide;
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Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((R)-2-

hydroxymethyl-pyrrolidine-1
sulfonyl)-benzylamide;

sulfonyl)-fenzylamide;

Imjdazo[1,2-a]pyridine-6-
carpfoxylic acid 4-((S)-3-
di

thylamino-pyrrolidine-1-
sulfonyl)-benzylamide;

/

piperazine-1-carbonyl)-piperidine-

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-methyl-

1-sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-methyl-
piperazin-1-yl)-piperidine-1-

sulfonyl]-benzylamide;

sulfonyl)-benzylamide (racemic);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-
trifluoromethyl-pyrrolidine-1-

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4,4-difluoro-
piperidine-1-sulfonyl)-

benzylamide;
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O>; 1H-Pyrrolo[3,2-c]pyridine-
o]
N 2-carboxylic acid 4-(1-acetyl-
X N . . 1
y 7 N\ H/\©\§:) piperidine-4-sulfonyl)-
= 7S benzylamide;
O b
0
p Imidazo[1,2-a}fyridine-6-
7 N carboxylic acid 4-(f-oxetan-3-yl-
Q)‘\H/\Q\ Q piperidineA-sulfonyl)-
N7 N 0 bentylamide;
\—/ 0 ’
o . .
p -Pyrrolo[3,2-c]pyridine-
N 2-carpoxylic acid 4-(1-oxetan-3-yl-
7 \NH N Q piperidine-4-sulfonyl)-
— S benzylamide;
0 1
p Furo[2,3-c]pyridine-2-
7 N carboxylic acid 4-(1-oxetan-3-yl-
S N . . g
74 H/\©\§:) piperidine-4-sulfonyl)-
N= o benzylamide;
o} 1
p 1H-Pyrazolo[3,4-b]pyridine-
o (—N S-carboxylic acid 4-(4-oxetan-3-yl-
X . .
N\/ | P N N_) piperazine-1-sulfonyl)-
N /
Ho N 30 benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(1-oxetan-3-yl-
piperidine-4-sulfonyl)-

benzylamide;
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Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;

Thieno[2,3-c)pyridine-2-
carboxylic acid 4-¢/ -oxetan-3-yl-
piperidine/4-sulfonyl)-

befzylamide;

9-(4-{[(Imidazo[1,2-
pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-3,9-

diaza-spiro[5.5]undecane-3-

carboxylic acid tert-butyl ester;

9-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,9-

diaza-spiro[5.5]undecane-2-

carboxylic acid tert-butyl ester;

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1,8-

diaza-spiro[5.5]undecane-1-
carboxylic acid tert-butyl ester

(racemic);
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4-(4-{[(Imidazo[1,2-

o) o—é
(_ X N a]pyridine-6-carbonyl)-amino]-
Ne Sq methyl}-benzenesulfonyl)-1-o
RS e}

N

A( o 4-(4-{[(Tmidazo[1,2-
© Y o pyridine-6-carbonyl)-amino]-
< X _> methyl}-benzenesulfonyl)-1-oxa-
N
NN ‘S\:/O 4,8-diaza-spiro[5.5]undecane-8-
%H ° carboxylic acid tert-butyl ester
o (racemic);
q [7-(4-{[(Imidazo[1,2-
\g/ 7< a]pyridine-6-carbonyl)-amino]-
0
N X" methyl}-benzenesulfonyl)-7-aza-
H
&\@ﬁ(N spiro[3.5]non-2-yl]-carbamic acid
© tert-butyl ester;
cis-3-(4-{[(Imidazo[1,2-
o a]pyridine-6-carbonyl)-amino]-
o SN

o~ \\S\\,N 5 \é methyl}-benzenesulfonyl)-3,6-
A T

diaza-bicyclo[3.2.0]heptane-6-
carboxylic acid tert-butyl ester

(racemic);
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[2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]
methyl}-benzenesulfonyl)-2-£za-
bicyclo[2.1.1]hex-1-ylmgfhyl]-

carbamic acid tert-bufl ester;

-{[(Imidazo[1,2-

a]pyridine/6-carbonyl)-amino]-
methy1}-benzenesulfonyl)-
exahydro-pyrrolo[3,4-

b]/1,4]oxazine-6-carboxylic acid

tert-butyl ester (racemic);

2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,9-

diaza-spiro[5.5]undecane-9-

carboxylic acid tert-butyl ester;

cis-[3-(4-{[(Imidazo[ 1,2
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-3-aza-
bicyclo[3.1.0]hex-1-yl]-carbamic

acid tert-butyl ester (racemic);
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cis-7-(4-{[(Imidazo[ 1 ,2-

a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-9-o
3,7-diaza-bicyclo[3.3.1]nonghe-3-
carboxylic acid tert-butyf ester

(racemic);

cis-4-(4{[(Imidazo[1,2-

b][

4]oxazine-6-carboxylic acid

tert-butyl ester (racemic);

N

cis-1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-b]pyrrole-5-
carboxylic acid tert-butyl ester

(racemic);

cis-5-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-b]pyrrole-1-
carboxylic acid tert-butyl ester

(racemic);

cis-5-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-c]pyrrole-2-

carboxylic acid tert-butyl ester
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(racemic);

Imidazo[1,2-a]pyridine-

cis-Imidazo[1,2-a]pyridine-
carboxylic acid 4-(7-hydroxy-3-
oxa-9-aza-bicyclo[3.3.1]nonane-9-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5,5-difluoro-2-
aza-bicyclo[2.2.1]heptane-2-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(7-methyl-9-
oxa-3,7-diaza-
bicyclo[3.3.1]nonane-3-sulfonyl)-

benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5-methyl-
hexahydro-pyrrolo[3,4-b]pyrrole-1-

sulfonyl)-benzylamide (racemic);
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P4
S5
\_z

cis-Imidazo[1,2-a]pyridine-

6-carboxylic acid 4-(1-methyl-
hexahydro-pyrrolo[3,4-b]pyrro

sulfonyl)-benzylamide (rac

X
\_z P~ o
=z
Ii
-n=
O

P
S

Imidazo[1,2-

pyridine-6-
carboxylic acid 4A4-hydroxy-4-
methyl-piperidine- 1-sulfonyl)-
beAizylamide;

midazo[1,2-a]pyridine-6-

oxylic acid 4-(hexahydro-
ro[3,2-c]pyridine-5-sulfonyl)-
benzylamide (mixture of

diastereomers);

o /_@,g\:o cis-Imidazo[ 1,2-a]pyridine-
NH N 6-carboxylic acid 4-(6,6-difluoro-3-
& aza-bicyclo[3.2.0]heptane-3-
N
N/ P F E sulfonyl)-benzylamide (racemic);
o)
Pyrazolo[1,5-a]pyrazine-2-
r—~ N
N N—N Q carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;
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N=
\ 7/ %
2 ) Furo[2,3-c]pyridine-2-
HN carboxylic acid 4-((S)-3-hydrofy-
HO piperidine-1-sulfonyl)
; benzylamide;
CN\,%o
0
N=
\ 7%
ZN\ 0 Furg[2,3-c]pyridine-2-
HN carboxylic/cid 4-((R)-3-hydroxy-
HO pyperidine-1-sulfonyl)-
C\ benzylamide;
N~5<
0

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,8-diaza-
spiro[4.5]decane-8-sulfonyl)-

benzylamide;

Iz
\
QV
o

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(tetrahydro-
furo[3,4-c]pyrrole-5-sulfonyl)-

benzylamide (mixture of

diastereomers);

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(tetrahydro-
pyran-3-sulfonyl)-benzylamide

(racemic);

1H-Pyrazolo[3,4-b]pyridine-
S-carboxylic acid 4-(tetrahydro-
pyran-3-sulfonyl)-benzylamide

(racemic);




o /3 1H-Pyrazolo[3,4-b]pyridine-
/ | X N/\©\ O/ N S5-carboxylic acid 4-(4-pyrrolidin-1
N H
NN s-N yl-piperidine-1-sulfonyl)-
H N

benzylamide;

S-carbgkylic acid 4-(tetrahydro-

furgf3,4-c]pyrrole-5-sulfonyl)-
benzylamide (mixture of

diastereomers);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2-aza-
bicyclo[2.1.1]hexane-2-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-aza-
bicyclo[3.1.0]hexane-3-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-hydroxy-3-
methyl-pyrrolidine-1-sulfonyl)-

benzylamide (racemic);

0 cis-Imidazo[1,2-a]pyridine-
(0]
(/\ N ”/\O\ (\N(/)) 6-carboxylic acid 4-(9-methyl-3-
N s’ oxa-7,9-diaza-

bicyclo[3.3.1]nonane-7-sulfonyl)-
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benzylamide (racemic);

cis-Imidazo[1,2-a]pyriding~

diaza-bicyclo[2.2.1]heptafie-2-

sulfonyl)-benzylamide ffacemic)

o cis-Imidazo[},2-a]pyridine-
(/\N A H/\Q\ @/F 6-carboxylic acid A-(5-fluoro-2-aza-
NT NP s-N bicyclo[2.2.1]feptane-2-sulfonyl)-
7\
0 benzyfamide (racemic);
o 1s-Imidazo[ 1,2-a]pyridine-

oxylic acid 4-(3-methyl-3,6-
diaza-bicyclo[3.2.1]octane-6-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(2-aza-
bicyclo[3.1.0]hexane-2-sulfonyl)-

benzylamide (racemic);

Imidazo[1,2-a]pyridine-6-

o}
X o) carboxylic acid 4-(2,6-dioxa-9-aza-
(/\N N (\ y (
NZ A S/Nm spiro[4.5]decane-9-sulfonyl)-
7\ O
©0 benzylamide (racemic);
o Furo[2,3-c]pyridine-2-

carboxylic acid 4-(tetrahydro-
pyran-3-sulfonyl)-benzylamide

(racemic);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(tetrahydro-
pyran-3-sulfonyl)-benzylamide

(racemic);
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Furo[2,3-c]pyridine-2-

carboxylic acid 4-[4-(tetrahydro-

beyzylamide;

cis-1H-Pyrazolo[3,4-
b]pyiine-5-carboxylic acid 4-(2-
oxgf5-aza-bicyclo[2.2.1]heptane-5-

ulfonyl)-benzylamide (racemic);

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-[4-(2-methoxy-
ethyl)-piperazine-1-sulfonyl]-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
S-carboxylic acid 4-(4-
hydroxymethyl-piperidine-1-

sulfonyl)-benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
S-carboxylic acid 4-(3,3-difluoro-
pyrrolidine-1-sulfonyl)-

benzylamide;

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic acid 4-(4,4-
difluoro-hexahydro-
cyclopenta[c]pyrrole-2-sulfonyl)-
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benzylamide (racemic);

/

cis-1H-Pyrazolo[3,4-

7 . b]pyridine-5-carboxylic acid 4/45,5-
A
N ”/\©\ ﬁp difluoro-hexahydro,,
N >~ s N
H N o// N\
o}
N | A N °
N > _N
H N O//S\\

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

1H-Pyrazolo[3,4-b]pyridine-
S-carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);
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8-(4-{[(Imidazo[1,2-

)
0 /©/\ H)\CL} a]pyridine-6-carbonyl)-amino]-

E methyl}-benzenesulfonyl)-1,
diaza-spiro[4.6]undecane/ -
%70)_,\, carboxylic acid tert-butyf ester

© (racemic);
o}
ol J@A i i 1 3-[(4/4[(Imidazo[1,2-
8 N

NH -carbonyl)-amino]-

spiyh[4.5]decane-8-carboxylic acid

tert-butyl ester (racemic);

1-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1,8-

diaza-spiro[4.5]decane-8-carboxylic

acid tert-butyl ester;

3-[1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,3-
dihydro-1H-indol-3-yl]-piperidine-
I-carboxylic acid tert-butyl ester

(mixture of diastereomers);

N-(4-(1-1sobutylpiperidin-4-
ylsulfinyl)benzyl)H-imidazo[ 1,2-
a]pyridine-6-carboxamide

(racemic);
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4§ N-[[4-[(1-isobutyl-4-
(0]

piperidyl)sulfinyl]phenyl]methyl])

N
)\ | N /\@\ ¢ ) midazo[1,2-a]pyrimidine-6
NZ N S

\/ i carboxamide;

. o
A t H/\©\ >/:/\ -pyrazolo[3,4-b]pyridine-5-
N S
H

0 carboxamide;

o N-[[4-[(1-isobutyl-4-
~ N /O\'j/ piperidyl)sulfinyl]phenylmethyl]-
N \)—NH s 1H-pyrrolo[3,2-c]pyridine-2-
— 1
carboxamide;
o N-[[4-[(1-isobutyl-4-
j/ piperidyl)sulfinyl]phenylmethyl]fu

ro[2,3-c]pyridine-2-carboxamide

X
Z
S5
z
o=
e

(single isomer);

N-[[4-[(1-1sobutyl-4-
piperidyl)sulfinyl]phenylmethyl]fu
ro[2,3-c]pyridine-2-carboxamide

(single isomer);

N-[[4-(8-oxa-2-
azaspiro[3.5]nonan-2-

ylsulfonyl)phenyl]methyl]imidazo[

1,2-a]pyridine-6-carboxamide;
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NH
& Nm
N7 N ,,S\(N
\—/ o0

N-{[4-(2.8-
diazaspiro[3.5]nonan-2-

ylsulfonyl)phenyl]methyl]imidaZo[

1,2-a]pyridine-6-carboxampe;

N-[[4-[(6-methyl-2,6-
1azaspiro[3.4]octan-2-
yh)glilfonyl]phenyl|methyl]furo[2,3-

c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-
4-ylsulfonylphenyl)methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[(4-tetrahydropyran-
4-
ylsulfonylphenyl)methyl]imida
zo[1,2-a]pyrimidine-6-

carboxamide;

N-[(4-tetrahydropyran-
4-
ylsulfonylphenyl)methyl]imida
zo[1,2-a]pyridine-6-

carboxamide;
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N-[(4-tetrahydropyran-
4-ylsulfonylphenyl)methyl]-

N/ NH 1H-pyrrolo[3,2-c]pyridine-Z-
_ A :
0 carboxamide;
0}
; ylsulfonylphe
A . ,
2,3-c]pyridifle-2-carboxamide;
N N-[[4-(4-
/ AN pipefdylsulfonyl)phenyl|meth
Ny - ; yl]-1H-pyrazolo[3,4-
H " A o :
b]pyridine-5-carboxamide;
v N-[[4-(4-
S piperidylsulfonyl)phenyl]meth
N\ / yl]thieno[2,3-c]pyridine-2-
S.
N
o// by carboxamide;
N-[[4-[(1-

tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;
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N-[[4-[(1-acetyl-4-

piperidyl)sulfonyl]phenyl]me
yl]furo[2,3-c]pyridine-

carboxamide;

/ N-{[4-[[1-(2.2.2-
trifluoroethyl)-4-

piperidyl]sulfonyl]phenyl]meth
yl]imidazo[ 1,2-a]pyrimidine-6-

carboxamide;

N_[[4_[[ 1 _(252a2_
trifluoroethyl)-4-

s | \ piperidyl]sulfonyl]phenyl]meth
s yl]imidazo[ 1,2-a]pyridine-6-
\:J carboxamide;
N_[[4_[[ 1 _(252a2_
o trifluoroethyl)-4-
\ piperidyl]sulfonyl]phenyl]meth
VA - yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;
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N-[[4-[(1-
tetrahydropyran-4-yl-4-

S N
7/ N\t " yl]-1H-pyrrolo[3,2-c]pythline-
- //S\O
o Q tetrahydro
- " piperidyl)s

‘ yl]imidgzo[ 1,2-a]pyridine-6-
N 7z S .
\__/ 7o carboxamide;

[e]
N-[[4-(2,6-

diazaspiro[3.4]octan-6-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]|nonan-7-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(7-oxa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
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carboxamide;

N-[[4-(1-0xa-7-

azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]met
azo[1,2-a]pyridpe-6-

carboxanfide

Iz

NA[4-(6-oxa-2-
azaspyfo[3.4]octan-2-

ylsulfog/l)phenyl|methyl]imid

zo[1,2-a]pyridine-6-

carboxamide;

Iz

N-[[4-[(3S)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]-1H-
pyrrolo[3,2-c]pyridine-2-

carboxamide;

Iz

N-[[4-[(3S)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyrimidine-6-

carboxamide;

N-[[4-[(3S)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;




N-[[4-[(1-
tetrahydropyran-4-yl-4-

N = N
)\ ‘ H/\©\ Q yl]imidazo[1,2-a]pyrimigdne-6-
o 7~
o
7
IS N
/ H \ yl]sulfonylghenyl]methyl]-1H-
N N S 1
L //S\O pyrrofo[3,2-c]pyridine-2-
° carboxamide;
/ N-[[4-[3R)-
tetrahydrofuran-3-
NF

yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyrimidine-6-

carboxamide;

Iz

N-[[4-[(3R)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]meth

7 N/
"\ | P yl]-1H-pyrazolo[3,4-
i " A b]pyridine-5-carboxamide;
>— N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]meth
NF

yl]imidazo[1,2-a]pyrimidine-6-

carboxamide;
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Iz

N-[[4-[(3S)-
tetrahydrofuran-3-

yl]sulfonylphenyl]methyl]
2,3-c]pyridine-2-carbox

N-[[4-[(3R)-
tetrahydrofuran-3-
l]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-[3R)-
tetrahydrofuran-3-

(0]
N\/ ‘ \ u/\©\ A yl]Sulfonylphenyl]methyl]-1H_
P
o ! pyrazolo[3,4-bpyridine-5-
carboxamide;
NH N-[[4—(4-

piperidylsulfonyl)phenyl|meth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[4.5]decane-8-

carboxylate;
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tert-butyl 7-[4-
[(imidazo[1,2-a]pyridine-6-

sulfonyl-1,7-

carboxylate;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[3.5]nonane-8-

carboxylate;

N-[[4-(3,3-
difluoroazetidin-1-
yl)sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(azetidin-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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tert-butyl 2-[4-

[(imidazo[1,2-a]pyridine-6,
carbonylamino)methyl]ph€nyl]
sulfonyl-2,7-
diazaspiro[4.4|nghane-7-

carboxyfate;

tert-butyl 2-[4-
[(igfidazo[1,2-a]pyridine-6-
onylamino)methyl]phenyl]
sulfonyl-2,9-
diazaspiro[4.5]decane-9-

carboxylate;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,6-
diazaspiro[4.5]decane-6-

carboxylate;

N-[[4-[3-
(dimethylcarbamoyl)azetidin-
1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(3-
hydroxyazetidin-1-

yl)sulfonylphenyl|methyl]i
azo[1,2-a]pyridine-

carboxamide;

afo[1,2-a]pyridine-6-

carboxamide;

/ N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]Jmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[[1-(oxetan-3-yl)-
4-
piperidyl]sulfonyl]phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[[1-(oxetan-3-yl)-

4-
piperidyl]sulfonyl]phenyl]meth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;




N-[[4-[[1-(oxetan-3-yl)-
4-

piperidyl]sulfonyl]phenyl]
yl]furo[2,3-c]pyriding,

yl]imidagz0[1,2-a]pyrimidine-6-

carboxamide;

po / N-[[4-[[1-(oxetan-3-y])-
o} 4-

piperidyl]sulfonyl]phenyl]meth
yl]thieno[2,3-c]pyridine-2-

carboxamide;

ZI

N-[[4-(2,8-
diazaspiro[3.5]nonan-2-
NN ylsulfonyl)phenyl]methyl]imid

&N g ° azo[1,2-a]pyridine-6-

i carboxamide;

\

N-[[4-(1,7-
\ N diazaspiro[4.4]|nonan-1-

ylsulfonyl)phenyl]methyl]imid

NH

@z
\ /

azo[1,2-a]pyridine-6-

carboxamide;
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ZT

N-[[4-(1,7-
diazaspiro[4.4]|nonan-7-
ylsulfonyl)phenyl]methyl]ipfid
azo[1,2-a]pyridine-

carboxamide;

/

%
\

diazaspirgf4.5]decan-2-
ylsulfonyDphenyl|methyl]imid
azg| 1,2-a]pyridine-6-

carboxamide;

/

N-{[4-(1,7-
diazaspiro[4.4]|nonan-7-

ylsulfonyl)phenyl]methyl]imid

Z(\/Z
\ /

=N
Q/N / azo[1,2-a]pyridine-6-
I carboxamide;
N-[[4-(1,7-

diazaspiro[4.4|nonan-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(6-acetyl-2,6-
diazaspiro[3.3]heptan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(2,7-

diazaspiro[3.5]nonan-2-

@Z
\

ZT

ylsulfonyf)phenyl|methyl]imid
ag0[1,2-a]pyridine-6-

carboxamide;

/ N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-
3-ylsulfonylphenyl)methyl]-
1H-pyrrolo[3,2-c]pyridine-2-

carboxamide;

N-[(4-tetrahydropyran-
3-ylsulfonylphenyl)methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(7-oxa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;
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N-[[4-[(6,6-difluoro-2-
azaspiro[3.3]heptan-2-

yl)sulfonyl]phenyl]methyl];
dazo[1,2-a]pyridine-#-

carboxamide;

dazoll ,2-a]pyridine-6-

carboxamide;

N-[[4-[(8-methyl-5-
41-2,8-diazaspiro[3.S]nonan-
2-
yl)sulfonyl]phenyl]methyl]imi

dazo[1,2-a]pyridine-6-

carboxamide;

Iz

N-[[4-[(5-methyl-2,5-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(5-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[(4-tetrahydropyran-
3-
ylsulfonylphenyl)methyl]furo[

2,3-c]pyridine-2-carboxamide;
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N-[(4-tetrahydropyran-

3-
ylsulfonylphenyl)methyl]i
zo[1,2-a]pyridine-6

carboxamide;

N-[[4-[1-acetyl-4-
piperidyl)sulfgnyl]phenyl]meth
yl]imidaz4[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[4-(oxetan-3-

/

yl]sulfonylphenyl|methyl]-1,3-

yl)piperazin-1-

dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

Iz

N-[[4-(3,3-
difluoroazetidin-1-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4|nonan-7-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;
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N-[[4-(1-0xa-7-

azaspiro[4.4]nonan-7-

ylsulfonyl)phenyl]methyl]-
pyrazolo[3,4-b]pyriding-5-

carboxamide;

pyrazo)0[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(3S,5R)-3,5-
dimethyl-4-(oxetan-3-
yl)piperazin-1-

yl]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl|methyl]furo

[2,3-c]pyridine-2-carboxamide;

N-[[4-[(4,4-difluoro-
1,3,3a,5,6,6a-
hexahydrocyclopenta|c]pyrrol-
2-
yl)sulfonyl]phenyl|methyl]furo

[2,3-c]pyridine-2-carboxamide;
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N-[[4-[(5,5-difluoro-
1,3,3a,4,6,6a-

2,3-c]fyridine-2-carboxamide;

N-[[4-[[4-
(hydroxymethyl)-1-
piperidyl]sulfonyl]phenyl]meth

yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-(3.3-
difluoropyrrolidin-1-
yl)sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-(3,3-
difluoroazetidin-1-
yl)sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-(2,3,3a,4,6,6a-
hexahydrofuro[2,3-c]pyrrol-5-
ylsulfonyl)phenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;
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N-[[4-(1-0xa-7-

azaspiro[4.4]nonan-7-

7\ /\Q\S/N 0 ylsulfonyl)phenylJmethyl]
o I 2,3-c]pyridine-2-carbox
N-[[4-(2-gxa-5-
N o azabicyclo[2.2. /|heptan-5-

ylsulfonyl)phe

1Jmethyl]furo[
2,3-c]pyridifle-2-carboxamide;

N-[[4-(8-0xa-3-

2,3-c]pyridine-2-carboxamide;

N-[[4-(1-
piperidylsulfonyl)phenyl|meth
yl]imidazo[1,5-a]pyridine-7-

carboxamide;

o//S\\O

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(2-
methylpropanoyl)-4-
piperidyl]sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;
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N-[[4-[(1-butanoyl-4-
piperidyl)sulfonyl]phenyl]met

yl]furo[2,3-c]pyridine-2,

carboxamide;

N-[[4-[(4-amino-1-

pipgridyl)sulfonyl]phenyl]meth
1]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-(1-0xa-4,9-
diazaspiro[5.5]Jundecan-4-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(5-amino-3-
azabicyclo[3.1.0]hexan-3-

N ~ .
| N yl)sulfonyl]phenyl]methyl]imi
O=—g H S
I N dazo[1,2-a]pyridine-6-
? carboxamide;
N-[[4-(1,8-

i} i diazaspiro[4.5]decan-8-

/@Au)k[\/k ylsulfonyl)phenyl|methyl]imid
;S\\ NN azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(1-0xa-4,8-

NH

i diazaspiro[5.5Jundecan-4-

k/ N | X ylsulfonyl)phenyl]methyl]i
"\, A\ azo[1,2-aJpyridine-
/ N
7N \Q./ carboxamide;

% /@A”J\Q yl)sulfonyl]phenylmethyl]imi
o v N\ dazofl ,2-a]pyridine-6-

carboxamide;

N-[[4-(3.9-

i diazaspiro[5.5Jundecan-3-
/@Au | \ ylsulfonyl)phenyljmethyl]imid

N\ _ .« g Ao

. /S\\o N\\>N azo[1,2-a]pyridine-6
- carboxamide;

N-[[4-(2,9-

diazaspiro[5.5]Jundecan-9-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,4a,5,6,7,7a-
hexahydro-2H-pyrrolo|3,4-
b][1,4]oxazin-4-
ylsulfonyl)phenylmethyl]imid

azo[1,2-a]pyridine-6-
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carboxamide;

N-[[4-[14-
(aminomethyl)-3-

azabicyclo[2.1.1]hex

carboyamide;

/

[4-(2,3,3a,4,6,6a-

hexalydro-1H-pyrrolo|3,4-
c]pyrrol-5-

yJ ulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-

/ carboxamide;

N-[[4-[3-(3-
piperidyl)indolin-1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,8-
diazaspiro[4.5]decan-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(2,3,3a,4,6,6a-
hexahydro-1H-pyrrolo|[3,4-
b]pyrrol-5-
ylsulfonyl)phenylmethyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(9-0xa-3,7-

7
K<\N/ diazabicyclo[3.3.1]nonan-3-
y _ ylsulfonyl)phenyl]methyl]i
" - azo[1,2-a]pyridine-

© carboxamide;

diazaspiro[4]Jundecan-9-

/@/\u )K[\/k ylsulfonyl)pfienyl|methyl]imid
N\S N\ azo[/,2-a]pyridine-6-

carboxamide;

Q/“ / azo[1,2-a]pyridine-6-

N-[[4-(3,42,5,6,7,Ta-
N / hexahydro-2H-pyrrolo[3,4-

\N
/\l b][1,4]oxazin-4-
I ] ylsulfonyl)phenyl]methyl]imid

carboxamide;

N-[[4-(1,8-
diazaspiro[5.5]Jundecan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,6-
diazabicyclo[3.2.0]heptan-3-
ylsulfonyl)phenyl]methyl]imid
h azo[1,2-a]pyridine-6-

4 \\o \Q/N

carboxamide;
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ZTI

N-[[4-(2,9-

diazaspiro[5.5]Jundecan-2-

ylsulfonyl)phenyl|methyl]i
azo[1,2-a]pyridine-

carboxamide;

N-[[4-(3 £2,4,5,6,6a-

ylsulfonyf)phenyl|methyl]imid
afo[1,2-a]pyridine-6-

carboxamide;

/

piperidyl)sulfonyl]phenyl]meth

N-[[4-[(1-1sopropyl-4-

yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[(1-1sobutyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-propyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-benzoyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;
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N-[[4-[[1-
i (benzenesulfonyl)-3-
4 o N/\©\ /@ piperidyl]sulfonyl]phenyl]
N N/ S N\s
) 7 N, 7o yl]-1H-pyrazolo[3.4,
b]pyridine-5-carboxgmide;
J AN " piperidyl)sulfo
Ao N J-1H
NN K Y yl]
° b]pyrigdne-5-carboxamide;
N-[[4-[[1-
i N (benzenesulfonyl)-4-
a0 A@ Q/ \O iperidyl]sulfonyl]phenyl]meth
N N/ s
" N yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[(1-1sobutyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;
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N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenyl]met
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-1s
piperidyl)sulfinylphenyl|meth

yl]furo[2,3-#|pyridine-2-

carffoxamide;

-[[4-[(1-isobutyl-4-

pipefdyl)sulfinyl]phenyl|meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl|meth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
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b]pyridine-5-carboxamide;

/

N-[[4-[[1-(2,2,2-

trifluoroethyl)-4-

piperidyl]sulfinyl]phenyl|meth
yl]-1H-pyrazolgf3,4-

b]pyridine-5-cagboxamide;

piperidy)sulfinyl]phenylmeth
yyturo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;




o —~ N-{[4-{(1-propyl-4-

carboxamide;

N-[[4-[[J(2,2,2-
)k i trifluoroeghyl)-4-

— H/\Q\ /@Ai/ piperidyl]sul
\ / :

N | yl]-1,3-dfydropyrrolo[3,4-

yl]phenyljmeth

c]pyrline-2-carboxamide;

: N-[[4-[(1-propyl-4-
N)Lu/\Q\ N peridyl)sulfinyl]phenylJmeth
\ / s yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

o N-[[4-[(1-propyl-4-
¥ | N NA©\ /@ piperidyl)sulfinyl]phenyl|meth
N s yl]-1H-pyrazolo[3,4-

’ b]pyridine-5-carboxamide;

N-[[4-[(1-methyl-4-

piperidyl)sulfinyl]phenylmeth

\

yl]furo[2,3-c]pyridine-2-

© carboxamide;

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfinyl]phenyl]meth

yl]-1H-pyrazolo[3,4-
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b]pyridine-5-carboxamide;

N-{[[4-[(1-propyl-4-

piperidyl)sulfinyl]phenyl]peth

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

agditional adjuctive active agents are selected from the group consisting of cytotoxic agent,

cisplatin, doxorubicin, taxotere, taxol, etoposide, irinotecan, camptostar, topotecan, paclitaxel,

docetaxel, the epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, temozolomide,
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cyclophosphamide, SCH 66336, tipifarnib (Zarnestra®™), R115777, L778,123, BMS 21466

Carmustine, Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine, 6
Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, oxaliplatin, leucovyfin, oxaliplatin
(ELOXATIN®), Pentostatine, Vinblastine, Vincristine, Vindesine, Bleom#cin, Dactinomycin,
Daunorubicin Epirubicin, Idarubicin, Mithramycin™, Deoxycoformygf, Mitomycin-C, L-
Asparaginase, Teniposide 17a-Ethinylestradiol, Diethylstilbestrol, Zestosterone, Prednisone,
Fluoxymesterone, Dromostanolone propionate, Testolactone, Mggestrol acetate,
Methylprednisolone, Methyltestosterone, Prednisolone, Triaggf€inolone, Chlorotrianisene,
Hydroxyprogesterone, Aminoglutethimide, Estramustine, Yledroxyprogesteroneacetate,
Leuprolide, Flutamide, Toremifene, goserelin, Carboplftin, Hydroxyurea, Amsacrine,
Procarbazine, Mitotane, Mitoxantrone, Levamisole, Jlavelbene, Anastrazole, Letrazole,
Capecitabine, Reloxafine, Droloxafine, Hexameth#lmelamine, Avastin, herceptin, Bexxar,
Velcade, Zevalin, Trisenox, Xeloda, Vinorelbige, Porfimer, Erbitux, Liposomal, Thiotepa,
Altretamine, Melphalan, Trastuzumab Fulvghtrant, Exemestane, I[fosfomide, Rituximab,
Campath, leucovorin, and dexamethasong, bicalutamide, carboplatin, chlorambucil, letrozole,

megestrol, valrubicin, and NIASPANY/

25. A pharmaceutical compositydn according to Claim 22 further comprising a rescuing

agent.

26. A pharmaceutical cgfiposition according to Claim 25, in which the rescuing agent is
selected from the group/Consisting of nicotinamide, nicotinic acid, and nicotinamide

mononucleotide (NMN).

leagt one compound of Formula I according to Claim 1.
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29. A compound according to Claim 27 or 28 for a use as specified therein, in which the

cancer, bladder cancer, pancreatic cancer, Hodgkin’s disease, rheumatoid arthrjfis, diabetes,

atherosclerosis, sepsis, aging, inflammation.

30. A compound according to Claim 27, 28 or 29 for a use as specified therein, in which the
method further comprises administering to the subject an effective apfount of at least one
compound selected from the group consisting of: a cytotoxic agepf, cisplatin, doxorubicin,
taxotere, taxol, etoposide, irinotecan, camptostar, topotecan, pgflitaxel, docetaxel, the
epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, temofolomide, cyclophosphamide,
SCH 66336, tipifarnib (Zarnestra®), R115777, L778,123 /8BMS 214662, Iressa”, Tarceva®,
(225, GLEEVEC®, intron®, Peg-Intr0n®, aromatase cgmbinations, ara-C, adriamycin,
cytoxan, gemcitabine, Uracil mustard, Chlormethinf, Ifosfamide, Melphalan, Chlorambucil,
Pipobroman, Triethylenemelamine, Triethylenetfiophosphoramine, Busulfan, Carmustine,
Lomustine, Streptozocin, Dacarbazine, Floxy/idine, Cytarabine, 6-Mercaptopurine, 6-
Thioguanine, Fludarabine phosphate, leucg&irin, oxaliplatin (ELOXATIN®), Pentostatine,
vincristine, Vindesine, Bleomycin, DacAnomycin, Daunorubicin, Doxorubicin, Epirubicin,
Idarubicin, Mithramycin™, Deoxycgformycin, Mitomycin-C, L-Asparaginase, Teniposide
17a-Ethinylestradiol, Diethylstilbgstrol, Testosterone, Prednisone, Fluoxymesterone,
Dromostanolone propionate, T#stolactone, Megestrol acetate, Methylprednisolone,
Methyltestosterone, Prednigflone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
Aminoglutethimide, Esttdmustine, Medroxyprogesteroneacetate, Leuprolide, Flutamide,
Toremifene, goserelin/Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levgnisole, Navelbene, Anastrazole, Letrazole, Capecitabine, Reloxafine,
Droloxafine, Hekamethylmelamine, Avastin, herceptin, Bexxar, Velcade, Zevalin, Trisenox,
Xeloda, Vingfelbine, Porfimer, Erbitux, Liposomal, Thiotepa, Altretamine, Melphalan,
Trastuzum@b, Lerozole, Fulvestrant, Exemestane, [fosfomide, Rituximab, C225, Campath,
leucovofin, dexamethasone, bicalutamide, chlorambucil, letrozole, megestrol, valrubicin,

vinbfstine, and NIASPAN®,

A compound according to any of Claims 27 to 30 for a use as specified therein, in which

the method further comprises administering an effective amount of a rescuing agent.
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32. A compound according to Claim 31 for a use as specified therein, in which the rescuphg

agent is selected from the group consisting of nicotinamide, nicotinic acid, and nicotinaghide

mononucleotide (NMN).

33. A compound selected from the group consisting of:

o)
N Z N
Hsanes
N

methyl} Henzenesulfonyl)-

O\I/NH piperigdn-4-yl]-carbamic acid

tert-butyl ester;

/ 2-amino-N-[(4-
morpholinosulfonylphenyl)met
hyl]-5,7-dihydropyrrolo|3,4-

d]pyrimidine-6-carboxamide;

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1,3-

dihydropyrrolo[3,4-c]pyridine-
S
/ O// o 2-carboxamide;

N
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2-amino-N-[(4-
tetrahydropyran-4-

ylsulfonylphenyl)methyl]-5//-
dihydropyrrolo[3,4

d]pyrimidine-6-carbofamide;

N-[[4-(4-tetrahyAropyran-4-
ylpipefazin-1-

yl)sulfonylpfienyl|methyl]-1,3-

dihydrop#rrolo[3,4-c]pyridine-

2-carboxamide;

N-[[4-[[1-(oxetan-3-y])-4-
piperidyl]sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

//S\o c]pyridine-2-carboxamide;
o / N-[[4-(4-methylpiperazin-1-
. )LN yl)sulfonylphenyl|methyl]-1,3-
N < >
- /N dihydropyrrolo[3,4-c]pyridine-
\N / //S o 2-carboxamide;

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;
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N-[[4-(7-0xa-2-

azaspiro[3.5]nonan-2

N-[[4-[(4-pyrrolidin-1-yl-1-
piperidyl)sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[(4-
morpholinosulfonylphenyl)met
hyl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[[(3R)-3-hydroxy-1-
piperidyl]sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[[(3S)-3-hydroxy-1-
piperidyl]sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;
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N-[[4-[(1-methyl-4-
piperidyl)sulfonyl]phenyl]met

yl]-1,3-dihydropyrrolo[ 3,

c]pyridine-2-carboxamyde;

N-[[4-[(1-propafoyl-4-
piperidyl)sulfonyf|phenylmeth
yl]-1,3-dihydropyrrolo[3,4-

-2-carboxamide;

c]pyridi

[4-[(1-1sopropyl-4-

pipgridyl)sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(4-hydroxy-1-
piperidyl)sulfonyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N
/

N-[[4-[1-
(benzenesulfonyl)pyrrolidin-3-
yl]sulfonylphenyl]methyl]-1H-

pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(1-acetylpyrrolidin-3-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-methylsulfonyl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1H-pyrazolo|[3,4-

b]pyridine-5-carboxamide;
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N-[[4-[(1-benzoyl-3-
piperidyl)sulfonyl]phenyl]met
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxampe;

pyrazolo[3,4/]pyridine-5-

carffoxamide;

N-[[4A(1-methylsulfonyl-3-
pipeyfdyl)sulfonyl]phenyl]meth

yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-(1-
methylsulfonylpyrrolidin-3-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-1sopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3.,4-

c]pyridine-2-carboxamide;

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
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c]pyridine-2-carboxamide;

’ N )k N-[[4-[(1-isobutyl-4-
AR piperidyl)sulfinylJphenyl]eth
/QS )/ yl]-1,3-dihydropyrrold| 3,4-
J \QN c]pyridine-2-carbgkamide;

q N-[[4-[( Wethyl-4-
NJ\” N piperidyl)suffinyl]phenyl|meth
\N_ /) /\©\s/© yl]-1,3-dihydropyrrolo[3,4-
© c]pyAidine-2-carboxamide;

and pharmaceutically acceptable salts thereof, stereoisopfiers thereof, and pharmaceutically

acceptable salts of stereoisomers thereof.
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AMIDO-BENZYL SULFONE AND SULFOXIDE DERIVATIVES

FIELD

We describe certain amido-benzyl sulfone and sulfoxide compounds,
pharmaceutical compositions comprising such compounds, and methods of treating
cancer, including leukemias and solid tumors, inflammatory diseases, osteoporosis,
atherosclerosis, irritable bowel syndrome, and other diseases and medical conditions,
with such compounds and pharmaceutical compositions. We also describe certain
amido-benzyl sulfone and sulfoxide compounds for use in inhibiting nicotinamide

phosphoribosyltransferase (“NAMPT”).

BACKGROUND

Nicotinamide adenine dinucleotide (NAD) plays a fundamental role in both
cellular energy metabolism and cellular signaling. NAD plays an important role in
energy metabolism, as the pyridine ring in the NAD molecule readily accepts and
donates electrons in hydride transfer reactions catalyzed by numerous
dehydrogenases. The enzyme nicotinamide phosphoribosyltransferase (NAMPT,
NMPRT, NMPRTase, or NAmPRTase, International nomenclature: E.C. 2.4.2.12),
promotes the condensation of nicotinamide with 5-phosphoribosyl-1-pyrophosphate to
generate nicotinamide mononucleotide, which is a precursor in the biosynthesis of
NAD.

NAMPT is implicated in a variety of functions, including the promotion of
vascular smooth muscle cell maturation, inhibition of neutrophil apoptosis, activation
of insulin receptors, development of T and B lymphocytes, and reduction of blood
glucose. Thus, small molecule NAMPT inhibitors have potential uses as therapies in a
variety of diseases or conditions, including cancers involving solid and liquid tumors,
non-small cell lung cancer, leukemia, lymphoma, ovarian cancer, glioma, breast
cancer, uterine cancer, colon cancer, cervical cancer, lung cancer, prostate cancer, skin
cancer, rhino-gastric tumors, colorectal cancer, central nervous system (CNS) cancer,
bladder cancer, pancreatic cancer and Hodgkin’s disease. NAMPT inhibitors also
have potential uses as therapies for diseases or conditions such as cancer, rheumatoid

arthritis, diabetes, atherosclerosis, sepsis, or aging.




10

15

20

25

Rongvaux et al. have demonstrated that NAMPT is implicated in the
regulation of cell viability during genotoxic or oxidative stress, and NAMPT
inhibitors may therefore be useful as treatments for inflammation. Rongvaux, A., et
al. J. Immunol. 2008, 181, 4685-4695. NAMPT may also have effects on the reaction
of endothelial cells to high glucose levels, oxidative stress, and aging. Thus, NAMPT
inbhitors may enable proliferating endothelial cells to resist the oxidative stress of
aging and of high glucose, and to productively use excess glucose to support
replicative longevity and angiogenic activity.

In particular, NAMPT inhibitors have been shown to interfere with NAD
biosynthesis and to induce apoptotic cell death without any DNA damaging effects or
primary effects on cellular energy metabolism, and thus have important anti-tumor
effects. For example, the NAMPT inhibitor FK866 has these biochemical effects, and
has also been shown to reduce NAD levels, induce a delay in tumor growth and
enhance tumor radiosensitivity in a mouse mammary carcinoma model. See, e.g.,
Hasmann M. and I. Schemainda, “FK866, a Highly Specific Noncompetitive Inhibitor
of Nicotinamide Phosphoribosyltransferase, Represents a Novel Mechanism for
Induction of Tumor Cell Apoptosis,” Cancer Res. 2003, 63, 7436-7442; Drevs, J. et
al., “Antiangiogenic potency of FK866/K22.175, a new inhibitor of intracellular NAD
biosynthesis, in murine renal cell carcinoma,” Anticancer Res. 2003, 23, 4853-4858.

More recently, another NAMPT inhibitor, CHS-828, has been shown to
potently inhibit cell growth in a broad range of tumor cell lines. See Olesen, U.H. et
al., “Anticancer agent CHS-828 inhibits cellular synthesis of NAD,” Biochem.
Biophys. Res. Commun. 2008, 367, 799-804; Ravaud, A. et al., “Phase I study and
guanidine kinetics of CHS-828, a guanidine-containing compound, administered
orally as a single dose every 3 weeks in solid tumors: an ECSG/EORTC study,” Eur.
J. Cancer 2005, 41, 702-707. Both FK866 and CHS-828 are currently in clinical trials

as cancer treatments.
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There remains a need for potent NAMPT inhibitors with desirable

pharmaceutical properties. Certain amido-benzyl sulfone and sulfoxide derivatives

have been found to have NAMPT-modulating activity.

SUMMARY

We describe compounds of Formula I:
O R2R3

R*“XCL
H R
S

wherein:

Eis
Ris

R!is

O or is absent;

(a) an 8-, 9-, or 10-membered bicyclic heteroaryl comprising one heteroatom
selected from N, S, and O, and one, two, or three additional N atoms,
wherein said bicyclic heteroaryl is unsubstituted or is substituted with one
or more substituents selected from the group consisting of deuterium,
amino, alkylamino, dialkylamino, alkyl, halo, cyano, haloalkyl, hydroxy,
hydroxyalkyl, and alkoxy, and wherein one or more N atoms of said
bicyclic heteroaryl is optionally an N-oxide; or

(b) a five- or six-membered nitrogen-linked heterocycloalkyl ring fused to a
phenyl or monocyclic six-membered heteroaryl, wherein said phenyl or
heteroaryl is unsubstituted or is substituted with one or more substituents
selected from the group consisting of deuterium, amino, alkylamino,
dialkylamino, alkyl, halo, cyano, haloalkyl, hydroxy, hydroxyalkyl, and
alkoxy;

(1) a saturated, monocyclic heterocycloalkyl, which is unsubstituted or
substituted with one or more substituents R*;
wherein each R* substituent is independently selected from the group

consisting of: deuterium, halo, hydroxy, cyano, -NR*R", -alkylenyl-
NRR®, oxo, alkyl, hydroxyalkyl, cyanoalkyl, haloalkyl, alkoxy,
haloalkoxy, alkoxyalkyl-, -S-alkyl, alkenyl, alkynyl, aryl, arylalkyl-,
aryloxy-, arylalkoxy-, cycloalkyl, cycloalkoxy, (cycloalkyl)alkyl-,
heterocycloalkyl, (heterocycloalkyl)alkyl-, (heterocycloalkyl)alkoxy-, -
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C(O)alkyl, -COsalkyl, -CO,H, -C(O)cycloalkyl, -C(O)aryl,
-C(O)heterocycloalkyl, -S(O)-alkyl, -SO,-alkyl, -SO,-aryl, -SO,-
(haloalkyl), -CONH,, C(O)NH(alkyl), -C(O)NH(haloalkyl),
-C(O)N(alkyl),, -C(O)NH(cycloalkyl), heteroaryl, (heteroaryl)alkyl-,
-N(R)-C(0)-alkyl, -N(R®)-C(O)-aryl, -N(R)-CO,-alkyl, -SO,NH,,
-SO,NH(alkyl), -SO,N(alkyl),, -SO,NH(cycloalkyl), and
-N(H)(SOsalkyl), or two adjacent R* substituents taken together form a
phenyl ring,
wherein each of said cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and
phenyl substituents within R* is independently unsubstituted or
substituted with one or more substituents selected from the group
consisting of alkyl, halo, hydroxy, cyano, alkoxy, amino,
-NHCOzalkyl, -C(O)alkyl, and -CO,alkyl;
wherein R* and R” are each independently H, alkyl, alkoxy,
alkoxyalkyl, cyanoalkyl, or haloalkyl; and
R®is H or alkyl; or
(2) a saturated, bicyclic or tricyclic, nitrogen-linked heterocycloalkyl, wherein
said heterocycloalkyl comprises a fused, bridged, or spiro bicyclic system,
and said heterocycloalkyl is unsubstituted or substituted with one or more
substituents independently selected from the group consisting of: alkyl,
halo, haloalkyl, hydroxy, hydroxyalkyl, alkoxy, cyano, cyanoalkyl, oxo,
-NR'R®, -alkylenyl-NR‘R®, -C(O)alkyl, -CO»alkyl, and —SO.alkyl;
wherein R? is H or alkyl and R® is H, alkyl, haloalkyl, -C(O)alkyl,
-COsalkyl, or -SOsalkyl; and
R and R’ are each independently H or deuterium;
and pharmaceutically acceptable salts thereof,
with the proviso that the compound of Formula I is not one of the following

compounds:
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We describe pharmaceutical compositions each comprising an effective
amount of at least one compound of Formula I or a pharmaceutically acceptable salt of
a compound of Formula I. The pharmaceutical compositions may further comprise at
least one pharmaceutically acceptable excipient.

We describe a method of treating a subject suffering from a disease or medical
condition mediated by NAMPT activity, comprising administering to the subject in
need of such treatment an effective amount of at least one compound of Formula I or a
pharmaceutically acceptable salt of a compound of Formula I, or comprising
administering to the subject in need of such treatment an effective amount of a
pharmaceutical composition comprising an effective amount of at least one compound
of Formula I or a pharmaceutically acceptable salt of a compound of Formula I.

We describe the use of compound of Formula I for the preparation of a
medicament used in the treatment, prevention, inhibition or elimination of cancer.

We describe the use of a compound of Formula I for the preparation of a
medicament used in the treatment, prevention, inhibition or elimination of cancer,
where the cancer can be selected from leukemia, lymphoma, ovarian cancer, breast
cancer, uterine cancer, colon cancer, cervical cancer, lung cancer, prostate cancer, skin
cancer, CNS cancer, bladder cancer, pancreatic cancer and Hodgkin’s disease.

We describe the use of a compound of Formula I for the preparation of a
medicament used in the treatment, prevention, inhibition or elimination of cancer,
where the cancer can be selected from cancers with solid and liquid tumors, non-small
cell lung cancer, leukemia, lymphoma, ovarian cancer, glioma, breast cancer, uterine
cancer, colon cancer, cervical cancer, lung cancer, prostate cancer, skin cancer, rhino-
gastric tumors, colorectal cancer, CNS cancer, bladder cancer, pancreatic cancer and
Hodgkin’s disease.

In another aspect, the compounds of Formula I and pharmaceutically

acceptable salts thereof are useful as NAMPT modulators. We
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describe a method for modulating NAMPT activity, including when NAMPT is in a
subject, comprising exposing NAMPT to an effective amount of at least one
compound of Formula I or a pharmaceutically acceptable salt of a compound of
Formula I.

We describe methods of making compounds of Formula I and
pharmaceutically acceptable salts thereof.

The compound of Formula I may be a compound selected from those species
described or exemplified in the detailed description below, or is a pharmaceutically
acceptable salt of such a compound.

Additional embodiments, features, and advantages of the invention will be

apparent from the following detailed description and through practice of the invention.

DETAILED DESCRIPTION AND PARTICULAR EMBODIMENTS

For the sake of brevity, the disclosures of the publications cited in this
specification, including patents and patent applications, are herein incorporated by
reference in their entirety.

Most chemical names were generated using [IUPAC nomenclature herein.
Some chemical names were generated using different nomenclatures or alternative or
commercial names known in the art. In the case of conflict between names and

structures, the structures prevail.

General Definitions

As used above, and throughout this disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings. Ifa
definition is missing, the conventional definition as known to one skilled in the art
controls. If a definition provided herein conflicts or is different from a definition
provided in any cited publication, the definition provided herein controls.

As used herein, the terms “including”, “containing”, and “comprising” are

used in their open, non-limiting sense.
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As used herein, the singular forms “a”, “an”, and “the” include plural referents
unless the context clearly dictates otherwise.

To provide a more concise description, some of the quantitative expressions
given herein are not qualified with the term “about”. It is understood that, whether the
term “about” is used explicitly or not, every quantity given herein is meant to refer to
the actual given value, and it is also meant to refer to the approximation to such given
value that would reasonably be inferred based on the ordinary skill in the art,
including equivalents and approximations due to the experimental and/or
measurement conditions for such given value. Whenever a yield is given as a
percentage, such yield refers to a mass of the entity for which the yield is given with
respect to the maximum amount of the same entity that could be obtained under the

particular stoichiometric conditions. Concentrations that are given as percentages

refer to mass ratios, unless indicated differently.

Chemical Definitions

As used herein, “alkyl” refers to a saturated, straight- or branched-chain
hydrocarbon group having from 1 to 10 carbon atoms. Representative alkyl groups
include methyl, ethyl, n-propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-
methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-
I-pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl,
4-methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl,
isobutyl, t-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl and longer alkyl groups, such
as heptyl and octyl. As used herein, “lower alkyl” means an alkyl having from 1 to 6
carbon atoms.

The term “alkylamino” as used herein denotes an amino group as defined
herein wherein one hydrogen atom of the amino group is replaced by an alkyl group as
defined herein. Aminoalkyl groups can be defined by the following general formula —
NH-alkyl. This general formula includes groups of the following general formulae: -
NH-C;-Cp-alkyl and -NH-C;-Cs-alkyl. Examples of aminoalkyl groups include

aminomethyl, aminoethyl, aminopropyl, aminobutyl.
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The term “dialkylamino” as used herein denotes an amino group as defined
herein wherein two hydrogen atoms of the amino group are replaced by alkyl groups
as defined herein. Diaminoalkyl groups can be defined by the following general
formula —N(alkyl),, wherein the alkyl groups can be the same or can be different and
can be selected from alkyls as defined herein, for example C;-C¢-alkyl or C;-Ce¢-

alkyl.

The term “alkylenyl” refers to a divalent alkyl group.

The term “alkoxy” as used herein includes -O-(alkyl), wherein alkyl is defined
above.

As used herein, “alkoxyalkyl” means -(alkylenyl)-O-(alkyl), wherein each
“alkyl” is independently an alkyl group defined above.

As used herein, an “alkenyl” refers to a straight- or branched-chain
hydrocarbon group having one or more double bonds therein and having from 2 to 10
carbon atoms. Illustrative alkenyl groups include ethylenyl, vinyl, allyl, butenyl,
pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-
butenyl and 4-(2-methyl-3-butene)-pentenyl. As used herein, “lower alkenyl” means
an alkenyl having from 2 to 6 carbon atoms.

As used herein, “alkynyl” refers to a straight- or branched-chain hydrocarbon
group having one or more triple bonds therein and having from 2 to 10 carbon atoms.
Exemplary alkynyl groups include ethynyl, propynyl, butynyl, pentynyl, hexynyl,
methylpropynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl and 4-butyl-2-hexynyl.

The term “amino” as used herein refers to an —NH; group.

“Aryl” means a mono-, bi-, or tricyclic aromatic group, wherein all rings of the
group are aromatic. For bi- or tricyclic systems, the individual aromatic rings are
fused to one another. Exemplary aryl groups include phenyl, naphthalene, and
anthracene.

“Aryloxy” as used herein refers to an —O-(aryl) group, wherein aryl is defined

as above.
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“Arylalkyl” as used herein refers to an —(alkylenyl)-(aryl) group, wherein
alkylenyl and aryl are as defined above. Non-limiting examples of arylalkyls
comprise a lower alkyl group. Non-limiting examples of suitable arylalkyl groups
include benzyl, 2-phenethyl, and naphthalenylmethyl.

“Arylalkoxy” as used herein refers to an —O-(alkylenyl)-aryl group wherein
alkylenyl and aryl are as defined above.

The term “cyano” as used herein means a substituent having a carbon atom
joined to a nitrogen atom by a triple bond.

The term “cyanoalkyl” denotes an alkyl group as defined above wherein a
hydrogen atom of the alkyl group is replaced by a cyano (-CN) group. The alkyl
portion of the cyanoalkyl group provides the connection point to the remainder of the
molecule.

The term “deuterium” as used herein means a stable isotope of hydrogen
having one proton and one neutron.

The term “halogen” as used herein refers to fluorine, chlorine, bromine, or
iodine. The term “halo” represents chloro, fluoro, bromo, or iodo. Halo can also
denote chloro, fluoro, or bromo.

The term “haloalkyl” denotes an alkyl group as defined above wherein one or
more, for example one, two, or three of the hydrogen atoms of the alkyl group are
replaced by a halogen atom, for example fluoro, bromo, or chloro, in particular fluoro.
Examples of haloalkyl include monofluoro-, difluoro-, or trifluoro-methyl, -ethyl or -
propyl, for example, 3,3,3-trifluoropropyl, 2-fluoroethyl, 2,2,2-trifluoroethyl,
fluoromethyl, difluoromethyl, or trifluoromethyl, or bromoethyl or chloroethyl.
Similarly, the term “fluoroalkyl” refers to an alkyl group as defined above substituted
with one or more, for example one, two, or three fluorine atoms.

The term “haloalkoxy” as used herein refers to an —O-(haloalkyl) group
wherein haloalkyl is defined as above. Exemplary haloalkoxy groups are
bromoethoxy, chloroethoxy, trifluoromethoxy and 2,2,2-trifluoroethoxy.

The term “hydroxy” means an -OH group.

The term “hydroxyalkyl” denotes an alkyl group that is substituted by at least
one hydroxy group, for example, one, two or three hydroxy group(s). The alkyl
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portion of the hydroxyalkyl group provides the connection point to the remainder of a
molecule. Examples of hydroxyalkyl groups include hydroxymethyl, hydroxyethyl, 1-
hydroxypropyl, 2-hydroxyisopropyl and 1,4-dihydroxybutyl.

The term “methylenedioxy” as used herein means a functional group with the
structural formula -O-CH,-O- which is connected to the molecule by two chemical
bonds via the oxygens.

The term “ox0” means an =O group and may be attached to a carbon atom or a
sulfur atom. The term “N-oxide” refers to the oxidized form of a nitrogen atom.

As used herein, the term “cycloalkyl” refers to a saturated or partially
saturated, monocyclic, fused polycyclic, bridged polycyclic, or spiro polycyclic
carbocycle having from 3 to 15 ring carbon atoms. A non limiting category of
cycloalkyl groups are saturated or partially saturated, monocyclic carbocycles having
from 3 to 6 carbon atoms. Illustrative examples of cycloalkyl groups include the

following moieties:

D,D,Q,0,0,0,Q,0,0,Q,
(o 000,00, o>

o Ay A5 AL Ay

The term “cycloalkoxy” refers to a —O-(cycloalkyl) group.

"Heterocycloalkyl" as used herein refers to a monocyclic, or fused, bridged, or
spiro polycyclic ring structure that is saturated or partially saturated and has from 3 to
12 ring atoms selected from carbon atoms and up to three heteroatoms selected from
nitrogen, oxygen, and sulfur. The ring structure may optionally contain up to two oxo
groups on carbon or sulfur ring members. Heterocycloalkyl groups also include
monocyclic rings having 5 to 6 atoms as ring members, of which 1, 2, or 3 ring
members are selected from N, S, or O and the rest are carbon atoms. A “nitrogen-

linked” heterocycloalkyl is attached to the parent moiety via a nitrogen ring atom. A
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“carbon-linked” heterocycloalkyl is attached to the parent moiety via a carbon ring

atom. Illustrative heterocycloalkyl entities include:
H
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“(Heterocycloalkyl)alkyl-" refers to a heterocycloalkyl group as defined above,
substituted with an alkylenyl group as defined above, wherein the alkylenyl group
10 provides for the attachment to the parent moiety.
The term “(heterocycloalkyl)alkoxy-" refers to a (heterocycloalkyl)-
(alkylenyl)-O- group, wherein heterocycloalkyl and alkylenyl are as defined above.
As used herein, the term “heteroaryl” refers to a monocyclic, or fused
polycyclic, aromatic heterocycle having from three to 15 ring atoms that are selected
15  from carbon, oxygen, nitrogen, and sulfur. Suitable heteroaryl groups do not include
ring systems that must be charged to be aromatic, such as pyrylium. Some suitable 5-
membered heteroaryl rings (as a monocyclic heteroaryl or as part of a polycyclic
heteroaryl) have one oxygen, sulfur, or nitrogen atom, or one nitrogen plus one
oxygen or sulfur, or 2, 3, or 4 nitrogen atoms. Some suitable 6-membered heteroaryl
20 rings (as a monocyclic heteroaryl or as part of a polycyclic heteroaryl) have 1, 2, or 3
nitrogen atoms. Examples of heteroaryl groups include pyridinyl, imidazolyl,
imidazopyridinyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
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quinolinyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
oxadiazolyl, triazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl.

The term “bicyclic heteroaryl” refers to a heteroaryl as defined above, having
two constituent aromatic rings, wherein the two rings are fused to one another and at
least one of the rings is a heteroaryl as defined above. Bicyclic heteroaryls include
bicyclic heteroaryl groups comprising 1, 2, 3, or 4 heteroatom ring members and are
unsubstituted or substituted with one or more substituents selected from the group
consisting of amino and halo; and wherein one or more N ring members of said
heteroaryl is optionally an N-oxide. Bicyclic heteroaryls also include 8-, 9-, or 10-
membered bicyclic heteroaryl groups. Bicyclic heteroaryls also include 8-, 9-, or 10-
membered bicyclic heteroaryl groups that have 1, 2, 3 or 4 heteroatom ring members
and that are unsubstituted or substituted with one or more substituents selected from
the group consisting of amino and halo; and wherein one or more N ring members of

said heteroaryl is optionally an N-oxide. Illustrative examples of bicyclic heteroaryls
N S 0]
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The term “five- or six-membered nitrogen-linked heterocycloalkyl ring fused
to a phenyl or monocyclic heteroaryl, wherein said phenyl or heteroaryl is

unsubstituted or is substituted with amino” include the following groups:

_ N/‘—LL;— Nj;,/\l/‘ig NjQ/L%‘;
N HoN
\_/ "M T

Those skilled in the art will recognize that the species of heteroaryl,
cycloalkyl, and heterocycloalkyl groups listed or illustrated above are not exhaustive,
and that additional species within the scope of these defined terms may also be
selected.

As used herein, the term “substituted” means that the specified group or
moiety bears one or more suitable substituents. As used herein, the term
“unsubstituted” means that the specified group bears no substituents. As used herein,
the term “optionally substituted” means that the specified group is unsubstituted or
substituted by the specified number of substituents. Where the term “substituted” is
used to describe a structural system, the substitution is meant to occur at any valency-
allowed position on the system.

As used herein, the expression “one or more substituents” denotes one to
maximum possible number of substitution(s) that can occur at any valency-allowed
position on the system. In a certain embodiment, one or more substituent means 1, 2,
3, 4, or 5 substituents. In another embodiment, one or more substituent means 1, 2, or
3 substituents.

Any atom that is represented herein with an unsatisfied valence is assumed to
have the sufficient number of hydrogen atoms to satisfy the atom’s valence.

When any variable (e.g., alkyl, alkylenyl, heteroaryl, R', R*, or R) appears in
more than one place in any formula or description provided herein, the definition of
that variable on each occurrence is independent of its definition at every other

occurrence.
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Numerical ranges, as used herein, are intended to include sequential whole
numbers. For example, a range expressed as “from 0 to 4” or “0-4” includes 0, 1, 2, 3
and 4.

When a multifunctional moiety is shown, the point of attachment to the core is
indicated by a line or hyphen. For example, aryloxy- refers to a moiety in which an
oxygen atom is the point of attachment to the core molecule while aryl is attached to

the oxygen atom.

Additional Definitions

As used herein, the term “subject” encompasses mammals and non-mammals.
Examples of mammals include any member of the Mammalian class: humans; non-
human primates such as chimpanzees, and other apes and monkey species; farm
animals such as cattle, horses, sheep, goats, swine; domestic animals such as rabbits,
dogs, and cats; and laboratory animals including rodents, such as rats, mice and guinea
pigs. Examples of non-mammals include birds and fish. In one embodiment, the
mammal is a human.

“Patient” includes both human and animals.

The term “inhibitor” refers to a molecule such as a compound, a drug, an
enzyme activator, or a hormone that blocks or otherwise interferes with a particular
biologic activity.

The term “modulator” refers to a molecule, such as a compound described, that
increases or decreases, or otherwise affects the activity of a given enzyme or protein.

The terms “effective amount” or “therapeutically effective amount” refer to a
sufficient amount of the agent to provide the desired biological result. That result can
be reduction and/or alleviation of the signs, symptoms, or causes of a disease or
medical condition, or any other desired alteration of a biological system. For
example, an “effective amount” for therapeutic use is the amount of a compound, or of
a composition comprising the compound, that is required to provide a clinically

relevant change in a disease state, symptom, or medical condition. An appropriate
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“effective” amount in any individual case may be determined by one of ordinary skill
in the art using routine experimentation. Thus, the expression “effective amount”
generally refers to the quantity for which the active substance has a therapeutically
desired effect.

As used herein, the terms “treat” or “treatment” encompass both
“preventative” and “curative” treatment. “Preventative” treatment is meant to indicate
a postponement of development of a disease, a symptom of a disease, or medical
condition, suppressing symptoms that may appear, or reducing the risk of developing
or recurrence of a disease or symptom. “Curative” treatment includes reducing the
severity of or suppressing the worsening of an existing disease, symptom, or
condition. Thus, treatment includes ameliorating or preventing the worsening of
existing disease symptoms, preventing additional symptoms from occurring,
ameliorating or preventing the underlying metabolic causes of symptoms, inhibiting
the disorder or disease, e.g., arresting the development of the disorder or disease,
relieving the disorder or disease, causing regression of the disorder or disease,
relieving a condition caused by the disease or disorder, or stopping the symptoms of

the disease or disorder.

Additional Chemical Descriptions

Any formula given herein is intended to represent compounds having
structures depicted by the structural formula as well as certain variations or forms.
For example, compounds of any formula given herein may have asymmetric or chiral
centers and therefore exist in different stereoisomeric forms. All stereoisomers,
including optical isomers, enantiomers, and diastereomers, of the compounds of the
general formula, and mixtures thereof, are considered to fall within the scope of the
formula. Furthermore, certain structures may exist as geometric isomers (i.e., cis and
trans isomers), as tautomers, or as atropisomers. Thus, any formula given herein is
intended to represent a racemate, one or more enantiomeric forms, one or more
diastereomeric forms, one or more tautomeric or atropisomeric forms, and mixtures

thereof.
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Diastereomeric mixtures may be separated into their individual diastereomers
on the basis of their physical chemical differences by methods well known to those
skilled in the art, such as, for example, by chromatography and/or fractional
crystallization. Enantiomers may be separated by converting the enantiomeric mixture
into a diastereomeric mixture by reaction with an appropriate optically active
compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher's acid chloride, or
formation of a mixture of diastereomeric salts), separating the diastereomers and
converting (e.g., hydrolyzing or de-salting) the individual diastereomers to the
corresponding pure enantiomers. Enantiomers may also be separated by use of chiral
HPLC column. The chiral centers of such compounds may be designated as “R” or
“S” as defined by the IUPAC 1974 Recommendations.

The compounds described here can form pharmaceutically acceptable salts. A
“pharmaceutically acceptable salt” refers to a salt of a free acid or base of a compound
of Formula I that is non-toxic, is physiologically tolerable, is compatible with the
pharmaceutical composition in which it is formulated, and is otherwise suitable for
formulation and/or administration to a subject. Reference to a compound herein is
understood to include reference to a pharmaceutically acceptable salt of said
compound unless otherwise indicated.

Compound salts include acidic salts formed with inorganic and/or organic
acids, as well as basic salts formed with inorganic and/or organic bases. In addition,
where a given compound contains both a basic moiety, such as a pyridine or
imidazole, and an acidic moiety, such as a carboxylic acid, one of skill in the art will
recognize that the compound may exist as a zwitterion (“inner salt”); such salts are
included within the term “salt” as used herein. Salts of the compounds described here
may be prepared, for example, by reacting a compound with an amount of a suitable
acid or base, such as an equivalent amount, in a medium such as one in which the salt
precipitates or in an aqueous medium followed by lyophilization.

Exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate,

chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate,
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lactate, salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucuronate,
saccharate, formate, benzoate, glutamate, methanesulfonate (“mesylate”),
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate (i.e., 1,1°-
methylene-bis(2-hydroxy-3-naphthoate)) salts. A pharmaceutically acceptable salt
may involve the inclusion of another molecule such as an acetate ion, a succinate ion
or other counterion. The counterion may be any organic or inorganic moiety that
stabilizes the charge on the parent compound. Furthermore, a pharmaceutically
acceptable salt may have more than one charged atom in its structure. Instances where
multiple charged atoms are part of the pharmaceutically acceptable salt can have
multiple counterions. Hence, a pharmaceutically acceptable salt can have one or more
charged atoms and/or one or more counter ion.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides, lactates,
maleates, methanesulfonates, naphthalenesulfonates, nitrates, oxalates, phosphates,
propionates, salicylates, succinates, sulfates, tartarates, thiocyanates and
toluenesulfonates (also known as tosylates).

Exemplary basic salts include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth metal salts such as calcium and
magnesium salts, salts with organic bases (for example, organic amines) such as
dicyclohexylamines, t-butyl amines, and salts with amino acids such as arginine and
lysine. Basic nitrogen-containing groups may be quarternized with agents such as
lower alkyl halides (e.g. methyl, ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl sulfates), long chain halides (e.g.
decyl, lauryl, and stearyl chlorides, bromides and iodides), aralkyl halides (e.g. benzyl
and phenethyl bromides), and others.

Additionally, acids and bases which are generally considered suitable for the
formation of pharmaceutically useful salts from pharmaceutical compounds are
discussed, for example, by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use. (2002) Zurich: Wiley-VCH; S.
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Berge et al, Journal of Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice of
Medicinal Chemistry (1996), Academic Press, New York; and in The Orange Book
(Food & Drug Administration, MD, available from FDA). These disclosures are
incorporated herein by reference thereto.

Additionally, any compound described herein is intended to refer also to any
unsolvated form, or a hydrate, solvate, or polymorph of such a compound, and
mixtures thereof, even if such forms are not listed explicitly. “Solvate” means a
physical association of a compound with one or more solvent molecules. This
physical association involves varying degrees of ionic and covalent bonding, including
hydrogen bonding. In certain instances the solvate will be capable of isolation, for
example when one or more solvent molecules are incorporated in the crystal lattice of
a crystalline solid. “Solvate” encompasses both solution-phase and isolatable
solvates. Suitable solvates include those formed with pharmaceutically acceptable
solvents such as water and ethanol. In some embodiments, the solvent is water and
the solvates are hydrates.

One or more compounds described here may optionally be converted to a
solvate. Methods for the preparation of solvates are generally known. Thus, for
example, M. Caira et al., J. Pharmaceutical Sci., 93(3), 601-611 (2004), describes the
preparation of the solvates of the antifungal fluconazole in ethyl acetate as well as
from water. Similar preparations of solvates, hemisolvate and hydratesare described
by E. C. van Tonder et al, AAPS PharmSciTech., 5(1), article 12 (2004); and A. L.
Bingham et al, Chem. Commun., 603-604 (2001). A typical, non-limiting process
involves dissolving a compound in a suitable amounts of the solvent (organic solvent
or water or a mixture thereof) at a higher than ambient temperature, and cooling the
solution at a rate sufficient to form crystals which are then isolated by standard
methods. Analytical techniques such as, for example, infrared spectroscopy, show the
presence of the solvent (or water) in the crystals as a solvate (or hydrate).

We also describe pharmaceutically acceptable prodrugs of the compounds of

Formula I, and treatment methods employing such pharmaceutically
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acceptable prodrugs. The term “prodrug” means a precursor of a designated
compound that, following administration to a subject, yields the compound in vivo via
a chemical or physiological process such as solvolysis or enzymatic cleavage, or under
physiological conditions (e.g., a prodrug on being brought to physiological pH is
converted to the compound of Formula I). A “pharmaceutically acceptable prodrug”
is a prodrug that is non-toxic, biologically tolerable, and otherwise suitable for
formulation and/or administration to the subject. Illustrative procedures for the
selection and preparation of suitable prodrug derivatives are described, for example, in
“Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.

Examples of prodrugs include pharmaceutically acceptable esters of the
compounds. Pharmaceutically acceptable esters of the present compounds include the
following groups: (1) carboxylic acid esters obtained by esterification of the hydroxy
groups, in which the non-carbonyl moiety of the carboxylic acid portion of the ester
grouping is selected from straight or branched chain alkyl (for example, acetyl, n-
propyl, t-butyl, or n-butyl), alkoxyalkyl (for example, methoxymethyl), aralkyl (for
example, benzyl), aryloxyalkyl (for example, phenoxymethyl), aryl (for example,
phenyl optionally substituted with, for example, halogen, C;-salkyl, or C;-4alkoxy or
amino); (2) sulfonate esters, such as alkyl- or aralkylsulfonyl (for example,
methanesulfonyl); (3) amino acid esters (for example, L-valyl or L-isoleucyl); (4)
phosphonate esters and (5) mono-, di- or triphosphate esters. The phosphate esters
may be further esterified by, for example, a Ci-29 alcohol or reactive derivative
thereof, or by a 2,3-di(Ce-24)acyl glycerol. Additional discussion of prodrugs is
provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems (1987) 14
of the A.C.S. Symposium Series, and in Bioreversible Carriers in Drug Design, (1987)
Edward B. Roche, ed., American Pharmaceutical Association and Pergamon Press.

For example, if a compound of Formula I contains a carboxylic acid functional
group, a prodrug can comprise an ester formed by the replacement of the hydrogen
atom of the acid group with a group such as, for example, (C;-Cg)alkyl, (C,-
Ciz)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1-
methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms,




10

15

20

25

30

41

alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-
(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C,-C,)alkylamino(C,-Cs)alkyl
(such as B-dimethylaminoethyl), carbamoyl-(C;-C;)alkyl, N,N-di(C;-
Cy)alkylcarbamoyl-(C;-C;)alkyl and piperidino-, pyrrolidino- or morpholine (C;-
Cy)alkyl.

Similarly, if a compound of Formula I contains an alcohol functional group, a
prodrug can be formed by the replacement of the hydrogen atom of the alcohol group
with a group such as, for example, (C;-Ce)alkanoyloxymethyl, 1-((C;-
Ce)alkanoyloxy)ethyl, 1-methyl-1-((C;-Cs)alkanoyloxy)ethyl, (C;-
Ce)alkoxycarbonyloxymethyl, N-(C;-Cs)alkoxycarbonylaminomethyl, succinoyl, (C;-
Ce)alkanoyl, a-amino(C;-Cs)alkanyl, arylacyl and a-aminoacyl, or a-aminoacyl- a-
aminoacyl, where each a-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH),, -P(O)(O(C,-Ce)alkyl), or glycosyl (the
radical resulting from the removal of a hydroxyl group of the hemiacetal form of a
carbohydrate).

If a compound of Formula I incorporates an amine functional group, a prodrug
can be formed by the replacement of a hydrogen atom in the amine group with a group
such as, for example, R”-carbonyl, R”O-carbonyl, NR”R'-carbonyl where R” and R’
are each independently (C;-C,p)alkyl, (Cs-C7) cycloalkyl, benzyl, or R”-carbonyl is a
natural a-aminoacyl or natural a-aminoacyl, -C(OH)C(0)OY" wherein Y' is H, (C)-
Ce)alkyl or benzyl, -C(OY?)Y? wherein Y? is (C;-Cy) alkyl and Y is (C,-Cg)alkyl,
carboxy(C;-Ce)alkyl, amino(C;-Cs)alkyl or mono-N- or di-N,N-(C;-
Ce)alkylaminoalkyl, -C(Y*)Y” wherein Y* is H or methyl and Y? is mono-N- or di-
N,N-(C,-C¢)alkylamino morpholino, piperidin-1-yl or pyrrolidin-1-yl.

We further describe pharmaceutically active metabolites of compounds of
Formula I, and uses of such metabolites in the methods described here. A

“pharmaceutically active metabolite” means a pharmacologically active
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product of metabolism in the body of a compound of Formula I or salt thereof.
Prodrugs and active metabolites of a compound may be determined using routine
techniques known or available in the art. See, e.g., Bertolini et al., J. Med. Chem.
1997, 40, 2011-2016; Shan et al., J. Pharm. Sci. 1997, 86 (7), 765-767; Bagshawe,
Drug Dev. Res. 1995, 34, 220-230; Bodor, Adv. Drug Res. 1984, 13, 255-331;
Bundgaard, Design of Prodrugs (Elsevier Press, 1985); and Larsen, Design and
Application of Prodrugs, Drug Design and Development (Krogsgaard-Larsen et al.,
eds., Harwood Academic Publishers, 1991).

Any formula given herein is also intended to represent unlabeled forms as well
as isotopically labeled forms of the compounds. Isotopically labeled compounds have
structures depicted by the formulas given herein except that one or more atoms are
replaced by an atom having a selected atomic mass or mass number. Examples of
isotopes that can be incorporated include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous, fluorine, chlorine, and iodine, such as ’H, °H, "'C, c, "C, PN,
30, 170, 3'p, #p, S, 1*F, *Cl, and "1, respectively. Such isotopically labelled
compounds are useful in metabolic studies (for example with '*C), reaction kinetic
studies (with, for example *H or *H), detection or imaging techniques [such as
positron emission tomography (PET) or single-photon emission computed
tomography (SPECT)] including drug or substrate tissue distribution assays, or in
radioactive treatment of patients. In particular, an '°F or ''C labeled compound may
be particularly suitable for PET or SPECT studies. Further, substitution with heavier
isotopes such as deuterium (i.e., ’H) may afford certain therapeutic advantages
resulting from greater metabolic stability, for example increased in vivo half-life or
reduced dosage requirements. Isotopically labeled compounds and prodrugs thereof
can generally be prepared by carrying out the procedures disclosed in the schemes or
in the examples and preparations described below by substituting a readily available

isotopically labeled reagent for a non-isotopically labeled reagent.

9% ¢ 9 ¢

The use of the terms “salt,” “solvate,” “polymorph,” “prodrug,”, with respect

to the compounds described herein is intended to apply equally to the salt,
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solvate, polymorph, and prodrug forms of enantiomers, stereoisomers, rotamers,

tautomers, atropisomers, and racemates of the compounds.

Compounds
5 In some embodiments of Formula I, E is O. In other embodiments, E is absent.

In some embodiments, R is an unsubstituted or substituted bicyclic heteroaryl as
defined for Formula I. In some embodiments, the bicyclic heteroaryl has 1, 2, or 3
nitrogen ring atoms. In other embodiments, the bicyclic heteroaryl is a 9- or 10-
membered bicyclic heteroaryl, unsubstituted or substituted as described for Formula I.
10 In other embodiments, the bicyclic heteroaryl is a 8- or 9-membered heteroaryl,
unsubstituted or substituted as described for Formula I. In other embodiments, R is a

bicyclic heteroaryl selected from the group consisting of:

; H
B
NT \N\N/j\’ N//(;/’\N/N/J{'//r’{

N
OO 80, D O A
N\\/\\(Nj, «)\N/‘JJ{’I\O[N»_;_, \l N/>_§ N N/’
N-n-N N
7 N7 N%g_ N\/)\/j\ //’\(j
s T A /;\,and(N\/ Z

each unsubstituted or substituted as described for Formula I. In further embodiments,

9

15 Ris selected from the group consisting of:
N ~g
/N7 2%1/ /NS LI?‘z/ 4 N LLL':
— éL N\ | ~
N =, N N~ and ﬂ N ,

each unsubstituted or substituted as described for Formula I. In further embodiments,

R is selected from the group consisting of:
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N AN AN X
O+ 20+ (0
= H = S N P o)

(/\/@}f (/\N/j}{ ¥ | X ﬁl'z/

NT N NéLN/ Jand N N

In further embodiments, R is
N N N

(/;\/j N| _ Nl ) -

N N S , N~ .
In other embodiments, R is a five- or six-membered nitrogen-linked

heterocycloalkyl ring fused to an unsubstituted or substituted phenyl or monocyclic

heteroaryl, for examples a 6 membered heteroaryl, as defined in Formula I. In further

HN_ N
N~ ~
g N \Nr LN : :
embodiments, R is or X . In still other embodiments,
N/
gos
Ris .

In other embodiments, R is substituted with one or more substituents selected
from the group consisting of amino and halo. In some embodiments, R' is a saturated,
monocyclic, nitrogen-linked heterocycloalkyl, unsubstituted or substituted as
described for Formula I. In some embodiments, the saturated, monocyclic, nitrogen-
linked heterocycloalkyl is azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,
piperazinyl, azepanyl, or diazepanyl, unsubstituted or substituted as described for
Formula I. In certain embodiments, the saturated, monocyclic, nitrogen-linked
heterocycloalkyl is unsubstituted. In other embodiments, the saturated, monocyclic,
nitrogen-linked heterocycloalkyl is substituted with one or more R* groups as defined
above. In other embodiments, the one or more R* groups are independently selected
from the group consisting of: hydroxy, methoxy, cyano, cyanomethyl, amino,
difluoroethylamino, methoxyethylamino, cyanoethylamino, hydroxymethyl,
pyrrolidinyl, methyl, ethyl, isopropyl, isobutyl, trifluoroethyl, trifluoromethyl,
cyclohexyl, tetrahydropyranyl, pyrrolidinyl, oxetanyl, fluoro, -C(O)(4-methyl-
piperazin-1-yl), 4-methylpiperazinyl, -NH(Boc), acetyl, hydroxyethyl,
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dimethylaminoethyl, cyanoethyl, methoxyethyl, -N(Me)(acetyl), dimethylamino,
-C(O)(dimethylamino), and oxo, and where two adjacent substituents taken together
form a phenyl ring. In other embodiments, the saturated, monocyclic, nitrogen-linked
heterocycloalkyl is substituted with 1, 2, or 3 R* groups independently selected from
the group consisting of: methyl, ethyl, isopropyl, hydroxy, methoxy, amino, cyano,
fluoro, and trifluoromethyl.

In other embodiments, R’ is a saturated, monocyclic, carbon-linked
heterocycloalkyl, unsubstituted or substituted as described for Formula I. In other
embodiments, the saturated, monocyclic, carbon-linked heterocycloalkyl is
tetrahydropyranyl, piperidinyl, pyrrolidinyl, or tetrahydrofuranyl, unsubstituted or
substituted as described for Formula I. In still other embodiments, the saturated,
monocyclic, carbon-linked heterocycloalkyl is pyrrolidin-3-yl, tetrahydropyran-4-yl,
tetrahydropyran-3-yl, piperidin-3-yl, piperidin-4-yl, or tetrahydrofuran-3-yl,
unsubstituted or substituted as described for Formula I. In certain embodiments, the
saturated, monocyclic, carbon-linked heterocycloalkyl is unsubstituted. In some
embodiments, the substituents R* on the saturated, monocyclic, carbon-linked
heterocycloalkyl are as defined above. In other embodiments, the saturated,
monocyclic, carbon-linked heterocycloalkyl is substituted with one or more
substituents independently selected from the group consisting of methyl, ethyl, propyl,
isopropyl, isobutyl, tert-butyl, trifluoromethyl, trifluoroethyl, acetyl, propionyl,
butyryl, isobutyryl, benzoyl, methylsulfonyl, phenylsulfonyl, tert-butoxycarbonyl,
tetrahydropyranyl, and oxetanyl.

In some embodiments, R' is a saturated, bicyclic or tricyclic, nitrogen-linked
heterocycloalkyl, wherein said heterocycloalkyl comprises a fused, bridged, or spiro
bicyclic system, and is unsubstituted or substituted as described for Formula I. In
some embodiments, the heterocycloalkyl is a bridged, bicyclic, nitrogen-linked
heterocycloalkyl, unsubstituted or substituted as described for Formula I. In certain
embodiments, the saturated, bicyclic, nitrogen-linked heterocycloalkyl is an azetidine,
pyrrolidine, piperidine, morpholine, azepane, 1,4-diazepane, or azocane ring,
substituted with two substituents on the same or different carbons that together form a

Ci.ealklenyl group, wherein one carbon atom of the alkylenyl group is optionally
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replaced with one or two O, S, or NH groups, and the resulting bicyclic
heterocycloalkyl is optionally further substituted as described for Formula I. In some
embodiments, the saturated, bicyclic or tricyclic, nitrogen-linked heterocycloalkyl is
unsubstituted. In other embodiments, the saturated, bicyclic or tricyclic, nitrogen-
linked heterocycloalkyl is substituted with one or more substituents independently
selected from the group consisting of: methyl, ethyl, isopropyl, acetyl, fluoro, oxo,
hydroxy, tert-butoxycarbonyl, amino, aminomethyl, tert-butoxycarbonylamino, and
tert-butoxycarbonyl-aminomethyl. In other embodiments, the saturated, bicyclic or
tricyclic, nitrogen-linked heterocycloalkyl is substituted with one or more substituents
independently selected from the group consisting of: methyl, fluoro, hydroxy, tert-
butoxycarbonyl, methoxycarbonyl, and amino.

In some embodiments, one of R? and R is deuterium and the other is H. In
other embodiments, both R and R® are H.

In some embodiments, each alkyl or alkylene described above is independently
a Ci_jpalkyl. In other embodiments, each alkyl or alkylene in Formula I is
independently a C;_alkyl. In still other embodiments, each alkyl or alkylene in
Formula I is independently a C,.salkyl.

In certain embodiments, the compound of Formula I is chosen from the

following table:

Ex. Structure Chemical Name

HN—N /\/KN 5H-Imidazo[1,2- .
1 v=N H b]pyrazole-2-carboxylic
NO acid 4-(piperidine-1-
0=9"

sulfonyl)-benzylamide

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
2 Sk acid 4-(8-oxa-3-aza-

0 bicyclo[3.2.1]octane-3-
(jQ sulfonyl)-benzylamide
_N
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Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(8-oxa-
3-aza-
bicyclo[3.2.1]octane-3-
sulfonyl)-benzylamide

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(8-oxa-
3-aza-
bicyclo[3.2.1]octane-3-
sulfonyl)-benzylamide

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(piperidine-1-sulfonyl)-
benzylamide

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-
(piperidine-1-sulfonyl)-
benzylamide

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-
methoxy-piperidine-1-
sulfonyl)-benzylamide

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(morpholine-4-sulfonyl)
benzylamide

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(morpholine-4-
sulfonyl)-benzylamide

10

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
(morpholine-4-sulfonyl)-
benzylamide
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Thieno[2,3-c]pyridine-2-
carboxylic acid 4-

0
s (_ _}
N
1 N \_ p | Hn s'tl (morpholine-4-sulfonyl)-
o © benzylamide
N Furo[2,3-c]pyridine-2-
12 x N carboxylic acid 4-(4-
/ \o " N cyano-piperidine-1-
N= o o sulfonyl)-benzylamide
Furo[2,3-c]pyridine-2-
13 7 ON N carboxylic acid 4-(4-
/ N\ -0 _N N cyanomethyl-piperidine-1-
s )
N= o’ ~o sulfonyl)-benzylamide
(0]
§ (_ 0 1H-Pyrrolo[3,2-
14 = ] N _) c]pyridine-2-carboxylic
\ N acid 4-(morpholine-4-
N / g So sulfonyl)-benzylamide
0 Imidazo[1,2-a]pyrimidine-
15 NZ | N Q 6-carboxylic acid 4-
. )\ N S/El (morpholine-4-splfonyl)-
\—/ g o benzylamide
? Imidazo[1,2-b]pyridazine-
16 7 N ( ) 6-carboxylic acid 4-
A~ N (piperidine-1-sulfonyl)-
N\__A g o benzylamide
Imidazo[1,2-a]pyridine-6-
X
17 (\/ N ”/\©\ o carboxylic acid 4-(4-
NN //s//\ methyl-piperazine-1-
o N /ﬁ sulfonyl)-benzylamide
k/ N y y
(\N A N o Imidazo[l,2-a]pyridine-6-
18 NN " carboxylic acid 4-(4-
JoN /\ isopropyl-piperazine-1-
K/ N \( sulfonyl)-benzylamide
Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-
19 hydroxy-piperidine-1-

sulfonyl)-benzylamide
(racemic)
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20

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(tetrahydro-pyran-
4-sulfonyl)-benzylamide

21

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-
(tetrahydro-pyran-4-

sulfonyl)-benzylamide

22

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
(tetrahydro-pyran-4-
sulfonyl)-benzylamide

23

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(tetrahydro-pyran-
4-sulfonyl)-benzylamide

24

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(tetrahydro-pyran-4-
sulfonyl)-benzylamide

25

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-
(2,2,2-trifluoro-ethyl)-
piperazine-1-sulfonyl]-
benzylamide

26

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-(8-
oxa-3-aza-
bicyclo[3.2.1]octane-3-
sulfonyl)-benzylamide

27

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(8-oxa-3-aza-
bicyclo[3.2.1]octane-3-
sulfonyl)-benzylamide

28

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
hydroxy-piperidine-1-
sulfonyl)-benzylamide
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29

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-(4-
hydroxy-piperidine-1-
sulfonyl)-benzylamide

30

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-
benzylamide

31

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-
benzylamide

32

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-(3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide

(racemic)

33

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic

acid 4-(3-hydroxy-
piperidine-1-sulfonyl)-
benzylamide (racemic)

34

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide
(racemic)

35

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(3-hydroxy-
piperidine-1-sulfonyl)-
benzylamide (racemic)

36

Thieno[2,3-c]pyridine-2
carboxylic acid 4-(4-
amino-piperidine-1-

sulfonyl)-benzylamide

37

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[4-(2,2-difluoro-
ethylamino)-piperidine-1-
sulfonyl]-benzylamide
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38

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-

hydroxy-piperidine-1-
sulfonyl)-benzylamide

39

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[4-(2-methoxy-
ethylamino)-piperidine-1-
sulfonyl]-benzylamide

40

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
cyclohexyl-piperazine-1-
sulfonyl)-benzylamide

41

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(piperidine-4-
sulfonyl)-benzylamide

42

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-
(piperidine-4-sulfonyl)-
benzylamide

43

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
isobutyl-piperazine-1-
sulfonyl)-benzylamide

44

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-
((1R,3R,5S)-3-amino-8-
aza-bicyclo[3.2.1]octane-
8-sulfonyl)-benzylamide

45

[1,2,4]Triazolo[1,5-
a]pyridine-6-carboxylic
acid 4-(piperidine-1-
sulfonyl)-benzylamide

46

NH

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-
((3R,5S5)-3,5-dimethyl-
piperazine-1-sulfonyl)-
benzylamide
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-[1-

0}
47 N (tetrahydro-pyran-4-yl)-
X N SN
7 H/\©\ piperidine-4-sulfonyl]-
© S benzylamide
N= 750
0
7 Pyrazolo[1,5-a]pyridine-
48 Z | N < > 5-carboxylic acid 4-
N N (piperidine-1-sulfonyl)-
S
Ny g o benzylamide
H 9 O 1H-Pyrazolo[4,3-
) N e :
s | o | H/\Q\ Y b]p}./rldlne.6 cgr!aoxyhc
7 g acid 4-(piperidine-1-
g o sulfonyl)-benzylamide
0 1H-Pyrrolo[3,2-
Ay O< oH c]pyridine-2-carboxylic
50 7 H/\©\ N acid 4-((R)-3-hydroxy-
N NH / . .« q.
_ S0 piperidine-1-sulfonyl)-
© benzylamide
2 Furo[2,3-c]pyridine-2-
5] B N *1IOH carboxylic acid 4-((S)-3-
7/ \ o s’N hydroxy-piperidine-1-
N= 4o sulfonyl)-benzylamide
0 1H-Pyrrolo[3,2-
~ N < > 11OH c]pyridine-Z-carboxylic
52 H N acid 4-((S)-3-hydroxy-
7 N\ -NH / S
N £ piperidine-1-sulfonyl)-
> benzylamide
0
— o Imidazo[1,2-a]pyridine-6-
53 | NT / H/\Q\ & carboxylic acid 4-((R)-3-
</ d \ hydroxy-piperidine-1-
sulfonyl)-benzylamide
OH
O
= N o Imidazo[1,2-a]pyridine-6-
s [N/ Hﬂé/\ carboxylic acid 4-((S)-3-
</ d NQ hydroxy-piperidine-1-

sulfonyl)-benzylamide
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55

[1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
piperidin-4-yl]-carbamic
acid tert-butyl ester

56

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[ 1-(tetrahydro-
pyran-4-yl)-piperidine-4-
sulfonyl]-benzylamide

57

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[4-(2-cyano-
ethylamino)-piperidine-1-
sulfonyl]-benzylamide

58

Pyrazolo[1,5-
a]pyrimidine-5-carboxylic
acid 4-(piperidine-1-
sulfonyl)-benzylamide

59

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-
(tetrahydro-pyran-4-yl)-
piperazine-1-sulfonyl]-
benzylamide

60

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-((3R,55)-3,5-
dimethyl-piperazine-1-
sulfonyl)-benzylamide

61

cis-Furo[2,3-c]pyridine-2-
carboxylic acid 4-
((3R,5S)-3,5-dimethyl-
piperazine-1-sulfonyl)-
benzylamide
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-
acetyl-piperidine-4-

sulfonyl)-benzylamide

63

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[1-(2,2,2-trifluoro-
ethyl)-piperidine-4-
sulfonyl]-benzylamide

64

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-[1-
(2,2,2-trifluoro-ethyl)-
piperidine-4-sulfonyl]-

benzylamide

65

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-
(2,2,2-trifluoro-ethyl)-
piperidine-4-sulfonyl]-
benzylamide

66

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-[1-(2,2,2-trifluoro-
ethyl)-piperidine-4-
sulfonyl]-benzylamide

67

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[1-
(2,2,2-trifluoro-ethyl)-
piperidine-4-sulfonyl]-
benzylamide

68

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-[ 1-(tetrahydro-
pyran-4-yl)-piperidine-4-
sulfonyl]-benzylamide
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69

\—/ g o

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-
(tetrahydro-pyran-4-yl)-
piperidine-4-sulfonyl]-
benzylamide

70

o] H F
z F
N7 N
— -
NZNF s’ H

J%

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-((3aR,6aS)-5,5-
difluoro-hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide

71

Q H
2 0
N7 N
(/IQ)LH/\Q\ ’\@
— “
NTNF s’ H

7\
o o

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-[(3aR,6aS)-
(tetrahydro-furo[3,4-
c]pyrrol-5-yl)sulfonyl]-
benzylamide

72

Q (@)
NTX N
S

7\
O 0

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
(hexahydro-furo[2,3-
c]pyrrole-5-sulfonyl)-
benzylamide (mixture of
diastereomers)

73

0 Fo S
NT N
S

7\
0o

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(4,4-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(isomer A)

74

7\
O

0 Fo S
N7 N
S
o)

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(4,4-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(isomer B)

75

~ QO
N/ \ NH H/\©\

— / AN
S 6]

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonyl]-
benzylamide
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i o Imidazo[1,2-a]pyrimidine-
76 NZ | H/\©\ Q 6-carboxylic acid 4-[(S)-
)\ (tetrahydro-furan-3-
N7 N 30 yl)sulfonyl]-benzylamide
\—/ 0
o Imidazo[1,2-a]pyridine-6-
- ﬁuﬁ QO carboxylic acid 4-[(S)-
VN ( (tetrahydro-furan-3-.
\—/ g o yl)sulfonyl]-benzylamide
0]
; > Imidazo[1,2-a]pyrimidine-
o] N 6-carboxylic acid 4-[1-
78 _ i > (tetrahydro-pyran-4-yl)-
)N\ | H/\©\ piperidine-4-sulfonyl]-
N7 N St benzylamide
\—/ J ©
o] 1H-Pyrrolo[3,2-
~ N C/o c]pyridine-2-carboxylic
79 7\ H/\©\ \ acid 4-[(R)-(tetrahydro-
N SL furan-3-yl)sulfonyl]-
— g ° benzylamide
i Imidazo[1,2-a]pyrimidine-
%0 NZ | ”/\©\ 0 6-carboxylic acid 4-[(R)-
)\ 3 (tetrahydro-furan-3-
N7 N 30 yD)sulfonyl]-benzylamide
\—/ 0
7 Imidazo[1,2-a]pyridine-6-
91 f))km/\@ C/O carboxylic acid 4-[(R)-
Y N (tetrahydro-furan-3-
N7 N Sy )
\—/ g o yl)sulfonyl]-benzylamide
? Furo[2,3-c]pyridine-2-
%) NN (}OH carboxylic acid 4-((R)-3-
/ N\ o N hydroxy-piperidine-1-
N= O//S S0 sulfonyl)-benzylamide
; Imidazo[1,2-a]pyridine-6-
2<F carboxylic acid 4-
33 [(3R,5S)-3,5-dimethyl-4-

(2,2,2-trifluoro-ethyl)-
piperazine-1-sulfonyl]-
benzylamide




57

84

|
0 N

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
[(1S,45)-(2-oxa-5-aza-
bicyclo[2.2.1]hept-5-
yl)sulfonyl]-benzylamide

85

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(1-acetyl-
piperidine-4-sulfonyl)-
benzylamide

86

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-(1-
acetyl-piperidine-4-
sulfonyl)-benzylamide

87

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[(S)-
(tetrahydro-furan-3-
yl)sulfonyl]-benzylamide

88

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonyl]-
benzylamide

89

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[(R)-
(tetrahydro-furan-3-
yl)sulfonyl]-benzylamide

90

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[(R)-(tetrahydro-
furan-3-yl)sulfonyl]-
benzylamide

91

Imidazol[1,2-a]pyridine-6-
carboxylic acid 4-
(piperidine-4-sulfonyl)-
benzylamide
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Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-

9 ("
KE)‘\ N /\©\ N _) oxetan-3-yl-piperazine-1-
NN Sy sulfonyl)-benzylamide
\—/ d ©
(0]
Imidazo[1,2-a]pyridine-6-
SN N (\NJ\ carboxylic acid 4-(4-
93 H
N=\F N \) acetyl-piperazine-1-
I sulfonyl)-benzylamide
0 Imidazo[1,2-a]pyridine-6-
N ~_OH carboxylic acid 4-[4-(2-
94 (\/ 0 P H/\©\ O hydroxy-ethyl)-
N B piperazine-1-sulfonyl]-
© benzylamide
7 N Imidazo[1,2-a]pyridine-6-
95 (/\N N N carboxylic acid 4-(4-
N= NP N cyano-piperidine-1-
% sulfonyl)-benzylamide
o Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
96 | LN Hn Oﬂ o hydroxymethyl-
7 A piperidine-1-sulfonyl)-
° benzylamide
2 D Imidazo[1,2-a]pyridine-6-
97 (\N X N carbo?;ylic acid 4-'(4.-
NENA N pyrrolidin-1-yl-piperidine-
% 1-sulfonyl)-benzylamide
o Imidazo[1,2-a]pyridine-6-
PPN carboxylic acid 4-[4-(2-
98 | LN Hn O methoxy-ethyl)-
NTNF B piperazine-1-sulfonyl]-
© benzylamide
7 Imidazo[1,2-a]pyridine-6-
/N7 N E carboxylic acid 4-(3,3-
99 (N\/ Pz ; < ®<F difluoro-pyrrolidine-1-
% sulfonyl)-benzylamide
o Imidazo[1,2-a]pyridine-6-
N Nt
100 (\/ N carboxylic acid 4-(4

acetyl-[1,4]diazepane-1-
sulfonyl)-benzylamide
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Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[3-
(acetyl-methyl-amino)-
pyrrolidine-1-sulfonyl]-
benzylamide (racemic)

102

7-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,7-
diaza-spiro[4.5]decane-2-
carboxylic acid tert-butyl
ester (racemic)

103

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,8-
diaza-spiro[4.5]decane-2-
carboxylic acid tert-butyl
ester

104

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-

cyano-ethyl)-piperazine-1-

sulfonyl]-benzylamide

105

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-
dimethylamino-ethyl)-
piperazine-1-sulfonyl]-
benzylamide

106

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((R)-2-
hydroxymethyl-
pyrrolidine-1-sulfonyl)-
benzylamide

107

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((S)-2-
hydroxymethyl-
pyrrolidine-1-sulfonyl)-
benzylamide
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108

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((S)-3-
dimethylamino-
pyrrolidine-1-sulfonyl)-
benzylamide

109

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-
methyl-piperazine-1-
carbonyl)-piperidine-1-
sulfonyl]-benzylamide

110

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-
methyl-piperazin-1-yl)-
piperidine-1-sulfonyl]-

benzylamide

111

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-
trifluoromethyl-
pyrrolidine-1-sulfonyl)-
benzylamide (racemic)

112

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4,4-
difluoro-piperidine-1-
sulfonyl)-benzylamide

113

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(1-acetyl-
piperidine-4-sulfonyl)-
benzylamide

114

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(1-
oxetan-3-yl-piperidine-4-
sulfonyl)-benzylamide

115

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(1-oxetan-3-yl-
piperidine-4-sulfonyl)-
benzylamide




116

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-

N
= ﬁ/\©\ ; ; oxetan-3-yl-piperidine-4-
/N0 < sulfonyl)-benzylamide
N= 70
o
0
p 1H-Pyrazolo[3,4-
N b]pyridine-5-carboxylic
117 / N Q acid 4-(4-oxetan-3-yl-
Nl H N piperazine-1-sulfonyl)-
N N W benzylamide
o}
o p Imidazo[1,2-a]pyrimidine-
118 N 6-carboxylic acid 4-(1-
N | ”/\©\ oxetan-3-yl-piperidine-4-
\ )\ N <L sulfonyl)-benzylamide
\—/ o ©
0
p Imidazo[1,2-a]pyrimidine-
N 6-carboxylic acid 4-(4-
1o NZ | /\©\ (N__) oxetan-3-yl-piperazine-1-
N)\ N S sulfonyl)-benzylamide
\—/ g ©
0}
o p Thieno[2,3-c]pyridine-2-
120 N carboxylic acid 4-(1-
o N oxetan-3-yl-piperidine-4-
7/ \ s S sulfonyl)-benzylamide
N= 7o
)
0 Oﬂ N 9-(4-{[(Imidazo[1,2-
Osg X a]pyridine-6-carbonyl)-
| .
N amino]-methyl}-
121 benzenesulfonyl)-3,9-
diaza-spiro[5.5]undecane-
3-carboxylic acid tert-
N butyl ester




122

9-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,9-
diaza-spiro[5.5]undecane-
2-carboxylic acid tert-
butyl ester

123

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1,8-
diaza-spiro[5.5]undecane-
1-carboxylic acid tert-
butyl ester (racemic)

124

4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1-oxa-
4,9-diaza-
spiro[5.5]Jundecane-9-
carboxylic acid tert-butyl
ester

125

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1,8-
diaza-spiro[4.5]decane-1-
carboxylic acid tert-butyl
ester

126

4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1-oxa-
4,8-diaza-
spiro[5.5]Jundecane-8-
carboxylic acid tert-butyl
ester (racemic)
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127

[7-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-7-aza-
spiro[3.5]non-2-yl]-
carbamic acid tert-butyl
ester

128

cis-3-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-3,6-
diaza-
bicyclo[3.2.0]heptane-6-
carboxylic acid tert-butyl
ester (racemic)

129

[2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2-aza-
bicyclo[2.1.1]hex-1-
ylmethyl]-carbamic acid
tert-butyl ester

130

cis-4-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-
carboxylic acid tert-butyl
ester (racemic)

131

2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,9-
diaza-spiro[5.5]undecane-
9-carboxylic acid tert-
butyl ester
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S
132 | ST %
S T

cis-[3-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-3-aza-
bicyclo[3.1.0]hex-1-yl]-
carbamic acid tert-butyl
ester (racemic)

cis-7-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-9-oxa-
3,7-diaza-
bicyclo[3.3.1]nonane-3-
carboxylic acid tert-butyl
ester (racemic)

133 N\ ‘\s\\/N
S T
o
N
Q\/N P )
HN
134
0=8=0
N o}
(T
o) O—é

cis-4-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-
carboxylic acid tert-butyl
ester (racemic)

O\\S/r\%
N\ X A\
135 Q\J,g\(n\/@ ©

o}

cis-1-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b]pyrrole-5-carboxylic
acid tert-butyl ester
(racemic)

O\\ N NS o
136 | Nsr 5 Z7/7<
Q\/N = H
(0]

cis-5-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b]pyrrole-1-carboxylic
acid tert-butyl ester
(racemic)
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137

cis-5-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
c]pyrrole-2-carboxylic
acid tert-butyl ester
(racemic)

138

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(9-
hydroxy-3-oxa-7-aza-

bicyclo[3.3.1]nonane-7-
sulfonyl)-benzylamide

(mixture of diastereomers)

139

trans-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(3-hydroxy-4-
methyl-pyrrolidine-1-
sulfonyl)-benzylamide
(racemic)

140

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(7-hydroxy-3-oxa-
9-aza-
bicyclo[3.3.1]nonane-9-
sulfonyl)-benzylamide
(racemic)

141

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(5,5-difluoro-2-aza-
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

142

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(7-methyl-9-oxa-
3,7-diaza-
bicyclo[3.3.1]nonane-3-
sulfonyl)-benzylamide
(racemic)

143

cis-Imidazo[1,2-
a]pyridine-6-carboxylic

acid 4-(5-methyl-
hexahydro-pyrrolo[3,4-
b]pyrrole-1-sulfonyl)-
benzylamide (racemic)




144

~

z
\

cis-Imidazo[1,2-
a]pyridine-6-carboxylic

acid 4-(1-methyl-
hexahydro-pyrrolo[3,4-
b]pyrrole-5-sulfonyl)-
benzylamide (racemic)

145

o

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
hydroxy-4-methyl-
piperidine-1-sulfonyl)-
benzylamide

146

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
(hexahydro-furo[3,2-
c]pyridine-5-sulfonyl)-
benzylamide (mixture of
diastereomers)

147

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(6,6-difluoro-3-aza-
bicyclo[3.2.0]heptane-3-
sulfonyl)-benzylamide
(racemic)

148

Pyrazolo[1,5-a]pyrazine-
2-carboxylic acid 4-
(piperidine-1-sulfonyl)-
benzylamide

149

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-
oxetan-3-yl-piperazine-1-
sulfonyl)-benzylamide

150

Furo[2,3-c]pyridine-2-
carboxylic acid 4-((S)-3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide
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151

Furo[2,3-c]pyridine-2-
carboxylic acid 4-((R)-3-
hydroxy-piperidine-1-
sulfonyl)-benzylamide

152

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,8-
diaza-spiro[4.5]decane-8-
sulfonyl)-benzylamide

153

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(tetrahydro-furo[3,4-
c]pyrrole-5-sulfonyl)-
benzylamide (mixture of
diastereomers)

154

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(tetrahydro-pyran-
3-sulfonyl)-benzylamide
(racemic)

155

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(tetrahydro-pyran-
3-sulfonyl)-benzylamide
(racemic)

156

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(4-pyrrolidin-1-yl-
piperidine-1-sulfonyl)-
benzylamide

157

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-
pyrrolidin-1-yl-piperidine-
1-sulfonyl)-benzylamide

158

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(tetrahydro-
furo[3,4-c]pyrrole-5-
sulfonyl)-benzylamide
(mixture of diastereomers)
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159

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2-aza-
bicyclo[2.1.1]hexane-2-

sulfonyl)-benzylamide

160

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-aza-
bicyclo[3.1.0]hexane-3-

sulfonyl)-benzylamide

161

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-
hydroxy-3-methyl-
pyrrolidine-1-sulfonyl)-
benzylamide (racemic)

162

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(9-methyl-3-oxa-
7,9-diaza-
bicyclo[3.3.1]nonane-7-
sulfonyl)-benzylamide
(racemic)

163

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(5-acetyl-2,5-diaza-
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

164

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(5-fluoro-2-aza-
bicyclo[2.2.1]heptane-2-
sulfonyl)-benzylamide
(racemic)

165

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(3-methyl-3,6-
diaza-
bicyclo[3.2.1]octane-6-
sulfonyl)-benzylamide
(racemic)

166

cis-Imidazo[1,2-
a]pyridine-6-carboxylic
acid 4-(2-aza-
bicyclo[3.1.0]hexane-2-
sulfonyl)-benzylamide
(racemic)
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167

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,6-
dioxa-9-aza-
spiro[4.5]decane-9-
sulfonyl)-benzylamide
(racemic)

168

Furo[2,3-c]pyridine-2-
carboxylic acid 4-
(tetrahydro-pyran-3-
sulfonyl)-benzylamide
(racemic)

169

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-
(tetrahydro-pyran-3-
sulfonyl)-benzylamide
(racemic)

170

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[4-
(tetrahydro-pyran-4-yl)-
piperazine-1-sulfonyl]-
benzylamide

171

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(1-
acetyl-piperidine-4-

sulfonyl)-benzylamide

172

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(2-oxa-5-aza-
bicyclo[2.2.1]heptane-5-
sulfonyl)-benzylamide
(racemic)

173

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-[4-(2-methoxy-
ethyl)-piperazine-1-
sulfonyl]-benzylamide

174

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(4-hydroxymethyl-
piperidine-1-sulfonyl)-
benzylamide
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175

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(3,3-difluoro-
pyrrolidine-1-sulfonyl)-
benzylamide

176

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(4,4-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(racemic)

177

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(5,5-difluoro-
hexahydro-
cyclopenta[c]pyrrole-2-
sulfonyl)-benzylamide
(racemic)

178

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic
acid 4-(hexahydro-
furo[2,3-c]pyrrole-5-
sulfonyl)-benzylamide
(racemic)

179

Imidazo[1,2-a]pyrimidine-
6-carboxylic acid 4-(1-
isobutyl-piperidine-4-
sulfinyl)-benzylamide

(racemic)

180

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-
isobutyl-piperidine-4-
sulfinyl)-benzylamide

(racemic)

181

1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic

acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-
benzylamide (racemic)
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182

1H-Pyrrolo[3,2-
c]pyridine-2-carboxylic
acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-
benzylamide (racemic)

183

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1,8-
diaza-spiro[4.6]undecane-
1-carboxylic acid tert-
butyl ester (racemic)

184

o)
0
N Z N
O/©/\H \\
o\g N N
|
N
o
)—N
0
0
N Z N
J VR
O\\S N N
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NH
0

3-[(4-{[(Imidazo[1,2-

a]pyridine-6-carbonyl)-
amino]-methyl}-

benzenesulfonylamino)-

methyl]-1-oxa-8-aza-

spiro[4.5]decane-8-
carboxylic acid tert-butyl
ester (racemic)

185

1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-1,8-
diaza-spiro[4.5]decane-8-
carboxylic acid tert-butyl
ester

186

3-[1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-
amino]-methyl}-
benzenesulfonyl)-2,3-
dihydro-1H-indol-3-yl]-
piperidine-1-carboxylic
acid tert-butyl ester
(mixture of diastereomers)
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187

N-(4-(1-isobutylpiperidin-
4-ylsulfinyl)benzyl)H-
imidazo[1,2-a]pyridine-6-
carboxamide (racemic)

188

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]imidazo[1,2-
a]pyrimidine-6-
carboxamide

189

=z
(7))
@

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]furo[2,3-
c]pyridine-2-carboxamide

190

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]-1H-pyrazolo|[3,4-
b]pyridine-5-carboxamide

191

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

192

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]furo[2,3-
c]pyridine-2-carboxamide
(single isomer)

193

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]
methyl]furo[2,3-
c]pyridine-2-carboxamide
(single isomer)

194

N-[[4-(8-oxa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl|methyl]
imidazo[1,2-a]pyridine-6-
carboxamide
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195

7\

(OJN0)

0
O)J\ NH
7 | N/\@\
H
v 5

N-[[4-(2,8-
diazaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]
imidazo[1,2-a]pyridine-6-
carboxamide

196

5

weiaett

//\\
d (6]

N-[[4-(4-tetrahydropyran-
4-ylpiperazin-1-
yl)sulfonylphenyl]methyl]
-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide
or

197

o)
T
0] _N
\_/ S
(O3Ne)

N-[[4-[(6-methyl-2,6-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl
]furo[2,3-c]pyridine-2-
carboxamide

or a stereoisomer thereof, or a pharmaceutically acceptable salt of such a compound or

stereoisomer.

In certain embodiments, the compound of Formula I is chosen from the

following table:

Ex.

Structure

Chemical Name

198

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

199

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]imida
zo[ 1,2-a]pyrimidine-6-
carboxamide

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]imida

pyrrolo[3,2-c]pyridine-2-
carboxamide

200 /\©\ ; zo[1,2-a]pyridine-6-
”\J as carboxamide
— (¢}
(o}
A N-[(4-tetrahydropyran-4-
201 o= ﬂ/\©\ ylsulfonylphenyl)methyl]-1H-
S,
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202

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]furo[
2,3-c]pyridine-2-carboxamide

203

N-[[4-(4-
piperidylsulfonyl)phenyl|meth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

204

N-[[4-(4-
piperidylsulfonyl)phenyl|meth
yl]thieno[2,3-c]pyridine-2-
carboxamide

205

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

206

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

207

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

208

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide




209

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyrimidine-
6-carboxamide

210

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyridine-6-
carboxamide

211

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

212

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

213

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

214

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyridine-6-
carboxamide
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215

N-[[4-(2,6-
diazaspiro[3.4]octan-6-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

216

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

217

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]nonan-7-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

218

Iz

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

219

N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

220

N-[[4-(6-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

221

N-[[4-[(3S)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide

222

N-[[4-[(3S)-tetrahydrofuran-3-
yl]sulfonylphenyl|methyl]imid
azo[1,2-a]pyrimidine-6-
carboxamide
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N-[[4-[(3S)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid

223 azo[1,2-a]pyridine-6-
N \/J / o carboxamide
_ o)
; : N-[[4-[(1-tetrahydropyran-4-
0 g y1_4_
224 _ piperidyl)sulfonyl]phenyl]met
1 | i hyl]imidazo[1,2-a]pyrimidine-
% 6-carboxamide
\J 7>
(o}
o N-[[4-[(3R)-tetrahydrofuran-3-
95 o N C/ yl]sulfonylphenyl]methyl]-1H-
N 72 ¥ $ pyrrolo[3,2-c]pyridine-2-
L //S\\O carboxamide
[0}
- o | N-[[4-[(3R)-tetrahydrofuran-3-
996 N ‘ N yl]sulfonylphenyl]methyl]imid
)\ s azo[1,2-a]pyrimidine-6-
N \//JN //S\\O carboxamide
— o}
(o}
o | N-[[4-[(3R)-tetrahydrofuran-3-
. Z | N yl]sulfonylphenylmethy!]imid
s azo[1,2-a]pyridine-6-
N \//JN //S\\O carboxamide
_ o)
o > ° N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
228 7 | o N ; : hyl]-1H-pyrazolo[3,4-
N Z ) b]pyridine-5-carboxamide
/o
© [0)
o Nj N-[[4-[(1-acetyl-4-
279 piperidyl)sulfonyl]phenyl]met

hyl]imidazo[1,2-a]pyrimidine-
6-carboxamide
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230

N-[[4-[(3S)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

231

N-[[4-[(3S)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

232

Iz
l"o
o

N-[[4-[(3R)-tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

233

N-[[4-[(3R)-tetrahydrofuran-3-
yl]sulfonylphenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

234

N-[[4-(4-
piperidylsulfonyl)phenyl|meth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

235

/ \
L

tert-butyl 2-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[4.5]decane-8-
carboxylate

236

tert-butyl 7-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-1,7-
diazaspiro[4.4]nonane-1-
carboxylate




79

tert-butyl 1-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]

S
237 r|l sulfonyl-1,7-
E><J diazaspiro[4.4]nonane-7-
XO\( i carboxylate
S o
{\N X N .
N - tert-butyl 2-[4-[(imidazo[1,2-
| alpyridine-6-
238 carbonylamino)methyl]phenyl]
sulfonyl-2,8-
. diazaspiro[3.5]nonane-8-
/< carboxylate
F N-[[4-(3,3-difluoroazetidin-1-
230 {\N X N DLF yl)sulfonylphenylmethyl]imid
N AN azo[1,2-a]pyridine-6-
O//S\\O carboxamide
o
N-[[4-(azetidin-1-
Van'di N ylsulfonyl)phenyl]methyl]imid
240 <‘j - /ND azo[1,2-a]pyridine-6-
N carboxamide
N / N
N NSy tert-butyl 2-[4-[(imidazo[ 1,2-
| alpyridine-6-
241 carbonylamino)methyl]phenyl]

sulfonyl-2,7-
diazaspiro[4.4]nonane-7-
carboxylate
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242

tert-butyl 2-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,9-
diazaspiro[4.5]decane-9-
carboxylate

243

tert-butyl 2-[4-[(imidazo[1,2-
a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,6-
diazaspiro[4.5]decane-6-
carboxylate

244

N-[[4-[3-
(dimethylcarbamoyl)azetidin-
1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

245

N-[[4-(3-hydroxyazetidin-1-
yl)sulfonylphenyl]methyl]imid
azo[ 1,2-a]pyridine-6-
carboxamide

246

N-[[4-[3-(4-methylpiperazine-
I-carbonyl)azetidin-1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

247

NH

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide
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248

N-[[4-[[1-(oxetan-3-y])-4-
piperidyl]sulfonyl]phenyl]met

7 | f > hyl]imidazo[1,2-a]pyridine-6-
. carboxamide
J I
o
0 p N-[[4-[[1-(oxetan-3-yl)-4-
249 : piperidyl]sulfonyl]phenyl]met
o hyl]-1H-pyrrolo[3,2-
¥ 72 " c]pyridine-2-carboxamide
_ A
(o}
p N-[[4-[[1-(oxetan-3-yl)-4-
250 " piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide
/o
© (o]
0 Np N-[[4-[[1-(oxetan-3-yl)-4-
751 /j)k piperidyl]sulfonyl]phenyl]met
N | /\O\ hyl]imidazo[1,2-a]pyrimidine-
)\ 6-carboxamide
N \/,jN as
p N-[[4-[[1-(oxetan-3-yl)-4-
250 : piperidyl]sulfonyl]phenyl]met
hyl]thieno[2,3-c]pyridine-2-
carboxamide
/o
N-[[4-(2,8-
AN diazaspiro[3.5]nonan-2-
253 < ylsulfonyl)phenyl]methyl]imid

azo[1,2-a]pyridine-6-
carboxamide




82

254

N-[[4-(1,7-
diazaspiro[4.4]nonan-1-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

255

N-[[4-(1,7-
diazaspiro[4.4]nonan-7-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

256

N-[[4-(2,8-
diazaspiro[4.5]decan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

257

N-[[4-(1,7-
diazaspiro[4.4]nonan-7-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

258

N-[[4-(1,7-
diazaspiro[4.4]nonan-1-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

259

N-[[4-[(6-acetyl-2,6-
diazaspiro[3.3]heptan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

260

2-amino-N-[(4-
morpholinosulfonylphenyl)met
hyl]-5,7-dihydropyrrolo[3,4-
d]pyrimidine-6-carboxamide
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261

HN

N-[[4-(2,7-
diazaspiro[3.5]nonan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

262

ZT

Z(\/z
\ 7/

N-[[4-(2,7-
diazaspiro[4.4]nonan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

263

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

264

XA@"

N-[(4-tetrahydropyran-4-
ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-
2-carboxamide

265

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

266

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1H-
pyrrolo[3,2-c]pyridine-2-
carboxamide

267

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide
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268

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-
2-carboxamide

269

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

270

N-[[4-[(6,6-difluoro-2-
azaspiro[3.3]heptan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

271

N-[[4-[(7-methyl-2,7-
diazaspiro[3.5]nonan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

272

N-[[4-[(8-methyl-5-0xa-2,8-
diazaspiro[3.5]nonan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

273

)
\

N-[[4-[(5-methyl-2,5-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

274

N-[[4-(5-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

275

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]furo[
2,3-c]pyridine-2-carboxamide

276

N-[(4-tetrahydropyran-3-
ylsulfonylphenyl)methyl]imida
zo[1,2-a]pyridine-6-
carboxamide
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277

2-amino-N-[(4-
tetrahydropyran-4-
ylsulfonylphenyl)methyl]-5,7-
dihydropyrrolo[3,4-
d]pyrimidine-6-carboxamide

278

N-[[4-(4-tetrahydropyran-4-
ylpiperazin-1-
yl)sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-
2-carboxamide

279

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyridine-6-

carboxamide

280

N-[[4-[4-(oxetan-3-
yl)piperazin-1-
yl]sulfonylphenyl|methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-
2-carboxamide

281

N-[[4-(3,3-difluoroazetidin-1-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

282

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]nonan-7-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-
carboxamide

283

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-
carboxamide

284

N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide
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285

N-[[4-(6-0xa-1-
azaspiro[3.3]heptan-1-
ylsulfonyl)phenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

286

N-[[4-[(3S,5R)-3,5-dimethyl-
4-(oxetan-3-yl)piperazin-1-
yl]sulfonylphenyl|methyl]furo[
2,3-c]pyridine-2-carboxamide

287

N-[[4-[[1-(oxetan-3-yl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

288

N-[[4-(4-methylpiperazin-1-
yl)sulfonylphenyl|methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide

289

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

290

Iz

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide
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N-[[4-(7-oxa-2-
azaspiro[3.5]nonan-2-

291 0 ylsulfonyl)phenyl]methyl]-1,3-
S/= o dihydropyrrolo[3,4-c]pyridine-
/ 2-carboxamide
N
o)
(0]
HN
b o N-[[4-[(4-pyrrolidin-1-yl-1-
292 S//_ . piperidyl)sulfonyl]phenyl]met
ya hyl]-1,3-dihydropyrrolo[3,4-
Q c]pyridine-2-carboxamide
(>
(o}
o
PR N-[(4-
294 N morpholinosulfonylphenyl)met
/N hyl]-1,3-dihydropyrrolo[3,4-
//S\o c]pyridine-2-carboxamide
. ¥ N-[[4-[(4,4-difluoro-
1,3,3a,5,6,6a-
296 N hexahydrocyclopenta[c]pyrrol-
N 2-
//S\\/ yl)sulfonyl]phenyl]methyl]furo
°° [2,3-c]pyridine-2-carboxamide
i N-[[4-[(5,5-difluoro-
1,3,3a,4,6,6a-
297 u/\©\ " | hexahydrocyclopenta[c]pyrrol-
N 2-
~

yl)sulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide
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298

N-[[4-[4-(2-
methoxyethyl)piperazin-1-
yl]sulfonylphenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

299

N-[[4-[[4-(hydroxymethyl)-1-
piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

300

N-[[4-(3,3-difluoropyrrolidin-
1-
yl)sulfonylphenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

301

N-[[4-(3,3-difluoroazetidin-1-
yl)sulfonylphenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

302

N-[[4-(2,3,3a,4,6,6a-
hexahydrofuro[2,3-c]pyrrol-5-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

303

N-[[4-(1-0xa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

304

N-[[4-(2-0xa-5-
azabicyclo[2.2.1]heptan-5-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

305

N-[[4-(8-0xa-3-
azabicyclo[3.2.1]octan-3-
ylsulfonyl)phenyl]methyl]furo[
2,3-c]pyridine-2-carboxamide

306

N-[[4-[[(3R)-3-hydroxy-1-
piperidyl]sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide
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307

N-[[4-[[(3S)-3-hydroxy-1-
piperidyl]sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

308

N-[[4-(1-
piperidylsulfonyl)phenyl]meth
yl]imidazo[1,5-a]pyridine-7-
carboxamide

309

N-[[4-[(1-methyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

310

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

311

N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

312

N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

313

N-[[4-[[1-(2-
methylpropanoyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

314

N-[[4-[(1-butanoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide
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N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyridine-6-

carboxamide

316

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

317

N-[[4-[(4-amino-1-
piperidyl)sulfonyl]phenyl]met
hyl]imidazo[1,2-a]pyridine-6-

carboxamide

318

N-[[4-[(4-hydroxy-1-
piperidyl)sulfonyl]phenyl]met
hyl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

319

N-[[4-(1-0xa-4,9-
diazaspiro[5.5]undecan-4-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

320

N-[[4-[(5-amino-3-
azabicyclo[3.1.0]hexan-3-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-
carboxamide

321

N-[[4-(1,8-
diazaspiro[4.5]decan-8-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide
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N-[[4-(1-0xa-4,8-
diazaspiro[5.5]undecan-4-

322 N X ylsulfonyl)phenyl]methyl]imid
k/N | azo[ 1,2-a]pyridine-6-
) N NN carboxamide
o N \Q/
. N-[[4-[(2-amino-7-
azaspiro[3.5]nonan-7-

323 Q/\ | N yl)sulfonyl]phenyl]methyl]imi
"\ A\ dazo[1,2-a]pyridine-6-
7N\, \b/N carboxamide

7 o N-[[4-(3,9-
diazaspiro[5.5]undecan-3-

324 /@A S ylsulfonyl)phenyl]methyl]imid

"\ N\ azo[1,2-a]pyridine-6-
7N\ \Q/N carboxamide
0 N-[[4-(2,9-
™ diazaspiro[5.5]Jundecan-9-
325 @A*@ ylsulfonyl)phenylJmethyl]imid
"\ N\ azo[1,2-a]pyridine-6-
7N\ \—/ carboxamide
HN o N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
326 N A ylsulfonyl)phenyl]methyl]imid
N ‘ \ azo[1,2-a]pyridine-6-
S N
A\ \Q/N carboxamide
0\//0 N-[[4-(3,4a,5,6,7,7a-
\N/\ hexahydro-2H-pyrrolo[3,4-
327 \Q é/o b][1,4]oxazin-4-
N == " ylsulfonyl)phenyl|methyl]imid
o y " N azo[1,2-a]pyridine-6-
&/N carboxamide
o
5 ﬁ®/\§f° N-[[4-[[4-(aminomethy1)-3-
NH N NH, azabicyclo[2.1.1]hexan-3-
328 <B/\ yl]sulfonyl]phenyl]lmethyl]imi

dazo[1,2-a]pyridine-6-
carboxamide




92

329

N-[[4-(2,3,3a,4,6,6a-
hexahydro-1H-pyrrolo[3,4-
c]pyrrol-5-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

330

N-[[4-[3-(3-piperidyl)indolin-
1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

331

N-[[4-(1,8-
diazaspiro[4.5]decan-1-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

332

N-[[4-(2,3,3a,4,6,6a-
hexahydro-1H-pyrrolo[3,4-
b]pyrrol-5-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

333

N-[[4-(9-0xa-3,7-
diazabicyclo[3.3.1]nonan-3-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

334

N-[[4-(1,9-
diazaspiro[4.6]undecan-9-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

335

N-[[4-(3,4a,5,6,7,7a-
hexahydro-2H-pyrrolo[3,4-
b][1,4]oxazin-4-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide
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336

N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

337

N-[[4-(3,6-
diazabicyclo[3.2.0]heptan-3-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

338

N-[[4-(2,9-
diazaspiro[5.5]undecan-2-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

339

N-[[4-(3,3a,4,5,6,6a-
hexahydro-2H-pyrrolo[2,3-
c]pyrrol-1-
ylsulfonyl)phenyl|methyl]imid
azo[1,2-a]pyridine-6-
carboxamide

340

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrrolo[3,2-
c]pyridine-2-carboxamide

341

N-[[4-[(1-isobutyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

342

N-[[4-[(1-propyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]furo[2,3-c]pyridine-2-
carboxamide

344

N-[[4-[(1-benzoyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide
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345

N-[[4-[[1-(benzenesulfonyl)-3-
piperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

346

N-[[4-[1-
(benzenesulfonyl)pyrrolidin-3-
yl]sulfonylphenyl|methyl]-1H-

pyrazolo[3,4-b]pyridine-5-
carboxamide

347

N-[[4-[(1-acetyl-3-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

348

N-[[4-(1-acetylpyrrolidin-3-
yl)sulfonylphenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

349

N-[[4-[(1-methylsulfonyl-4-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

350

N-[[4-[(1-benzoyl-3-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

351

N-[[4-(1-benzoylpyrrolidin-3-
yl)sulfonylphenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide

352

N-[[4-[[1-(benzenesulfonyl)-4-
piperidyl]sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

353

N-[[4-[(1-methylsulfonyl-3-
piperidyl)sulfonyl]phenyl]met
hyl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

354

N-[[4-(1-
methylsulfonylpyrrolidin-3-
yl)sulfonylphenyl|methyl]-1H-
pyrazolo[3,4-b]pyridine-5-
carboxamide




355

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

356

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

357

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

358

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

359

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

360

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

361

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

362

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

363

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide




96

364

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

365

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

366

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

367

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

368

N-[[4-[(R)-(1-isopropyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

369

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-
carboxamide

370

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

371

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

372

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide
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373

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

374

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

375

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenylmeth
yl]imidazo[1,2-a]pyridine-6-
carboxamide

376

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

377

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1,3-dihydropyrrolo[3,4-
c]pyridine-2-carboxamide

378

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide

379

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

380

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

381

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenylmeth
yl]-1H-pyrazolo[3,4-
b]pyridine-5-carboxamide
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N-[[4-[(1-propyl-4-

380 |~ u/\©\ v " | piperidyl)sulfinyl]phenyl]meth
. yl]furo[2,3-c]pyridine-2-
|

carboxamide

N-[[4-[(S)-(1-propyl-4-
piperidyl)sulfinyl]phenylmeth
yl]furo[2,3-c]pyridine-2-
carboxamide

383

yl-4-
384 fj)ku/\@ /Q piperidyl)sulfinyl]phenyl]meth
N\/,j N s yl]imidazo[1,2-a]pyridine-6-

= © carboxamide

o /O N-[[4-[(1-tetrahydropyran-4-

)k N-[[4-[(1-ethyl-4-
385 _/ 7 NN piperidyl)sulfinyl]phenyl]meth
W, . yl]-1,3-dihydropyrrolo[3.,4-

N | c]pyridine-2-carboxamide

. )\ N-[[4-[(1-isopropyl-4-

_ N N piperidyl)sulfinyl]phenylmeth
386 | L
\ . yl]-1H-pyrrolo[3,2-c]pyridine-

N IJ 2-carboxamide

or a stereoisomer thereof, or a pharmaceutically acceptable salt of such a compound or
stereoisomer.

Pharmaceutical Description

The dosage forms may contain a mixture of one or more compounds, and may
include additional materials known to those skilled in the art as pharmaceutical
excipients. “Excipient” includes any excipient commonly used in pharmaceutics and
should be selected on the basis of compatibility and the release profile properties of the
desired dosage form. Exemplary excipients include, e.g., binders, suspending agents,
disintegration agents, filling agents, surfactants, solubilizers, stabilizers, lubricants,
wetting agents and diluents. Exemplary exipients include, e.g., acacia, gelatin, colloidal
silicon dioxide, calcium glycerophosphate, calcium lactate, maltodextrin, glycerine,
magnesium silicate, sodium caseinate, soy lecithin, sodium chloride, tricalcium
phosphate, dipotassium phosphate, sodium stearoyl lactylate, carrageenan,

monoglyceride, diglyceride and pregelatinized starch. See, e.g., Hoover,
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John E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. 1975.
Exemplary excipients include: stabilizing additives such as gum acacia,
gelatin, methyl cellulose, polyethylene glycol, carboxylic acids and salts thereof, and
polylysine; acidifying agents (acetic acid, glacial acetic acid, citric acid, fumaric acid,
hydrochloric acid, diluted hydrochloric acid, malic acid, nitric acid, phosphoric acid,
diluted phosphoric acid, sulfuric acid, tartaric acid); aerosol propellants (butane,
dichlorodifluoro-methane, dichlorotetrafluoroethane, isobutane, propane,
trichloromonofluoromethane); air displacements (carbon dioxide, nitrogen); alcohol
denaturants (denatonium benzoate, methyl isobutyl ketone, sucrose octacetate);
alkalizing agents (strong ammonia solution, ammonium carbonate, diethanolamine,
diisopropanolamine, potassium hydroxide, sodium bicarbonate, sodium borate,
sodium carbonate, sodium hydroxide, trolamine); anticaking agents (see “glidant”
below); antifoaming agents (dimethicone, simethicone); antimicrobial preservatives
(benzalkonium chloride, benzalkonium chloride solution, benzelthonium chloride,
benzoic acid, benzyl alcohol, butylparaben, cetylpyridinium chloride, chlorobutanol,
chlorocresol, cresol, dehydroacetic acid, ethylparaben, methylparaben, methylparaben
sodium, phenol, phenylethyl alcohol, phenylmercuric acetate, phenylmercuric nitrate,
potassium benzoate, potassium sorbate, propylparaben, propylparaben sodium, sodium
benzoate, sodium dehydroacetate, sodium propionate, sorbic acid, thimerosal,
thymol); antioxidants (ascorbic acid, acorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, hypophosphorous acid, monothioglycerol, propyl gallate,
sodium formaldehyde sulfoxylate, sodium metabisulfite, sodium thiosulfate, sulfur
dioxide, tocopherol, tocopherols excipient); buffering agents (acetic acid, ammonium
carbonate, ammonium phosphate, boric acid, citric acid, lactic acid, phosphoric acid,
potassium citrate, potassium metaphosphate, potassium phosphate monobasic, sodium
acetate, sodium citrate, sodium lactate solution, dibasic sodium phosphate, monobasic
sodium phosphate); capsule lubricants; chelating agents (edetate disodium,
ethylenediaminetetraacetic acid and salts, edetic acid); coating agents (sodium
carboxymethylcellulose, cellulose acetate, cellulose acetate phthalate, ethylcellulose,

gelatin, pharmaceutical glaze, hydroxypropyl cellulose, hydroxypropyl
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methylcellulose, hydroxypropyl methylcellulose phthalate, methacrylic acid
copolymer, methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac,
sucrose, titanium dioxide, carnauba wax, microcystalline wax, zein); colorants
(caramel, red, yellow, black or blends, ferric oxide); complexing agents
(ethylenediaminetetraacetic acid and salts (EDTA), edetic acid, gentisic acid
ethanolmaide, oxyquinoline sulfate); desiccants (calcium chloride, calcium sulfate,
silicon dioxide); emulsifying and/or solubilizing agents (acacia, cholesterol,
diethanolamine (adjunct), glyceryl monostearate, lanolin alcohols, lecithin, mono- and
di-glycerides, monoethanolamine (adjunct), oleic acid (adjunct), oleyl alcohol
(stabilizer), poloxamer, polyoxyethylene 50 stearate, polyoxyl 35 caster oil, polyoxyl
40 hydrogenated castor oil, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl ether,
polyoxyl 40 stearate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80,
propylene glycol diacetate, propylene glycol monostearate, sodium lauryl sulfate,
sodium stearate, sorbitan monolaurate, soritan monooleate, sorbitan monopalmitate,
sorbitan monostearate, stearic acid, trolamine, emulsifying wax); filtering aids
(powdered cellulose, purified siliceous earth); flavors and perfumes (anethole,
benzaldehyde, ethyl vanillin, menthol, methyl salicylate, monosodium glutamate,
orange flower oil, peppermint, peppermint oil, peppermint spirit, rose oil, stronger
rose water, thymol, tolu balsam tincture, vanilla, vanilla tincture, vanillin); glidants
and/or anticaking agents (calcium silicate, magnesium silicate, colloidal silicon
dioxide, talc); humectants (glycerin, hexylene glycol, propylene glycol, sorbitol);
plasticizers (castor oil, diacetylated monoglycerides, diethyl phthalate, glycerin,
mono- and di-acetylated monoglycerides, polyethylene glycol, propylene glycol,
triacetin, triethyl citrate); polymers (e.g., cellulose acetate, alkyl celloloses,
hydroxyalkylcelloloses, acrylic polymers and copolymers); solvents (acetone, alcohol,
diluted alcohol, amylene hydrate, benzyl benzoate, butyl alcohol, carbon tetrachloride,
chloroform, corn oil, cottonseed oil, ethyl acetate, glycerin, hexylene glycol, isopropyl
alcohol, methyl alcohol, methylene chloride, methyl isobutyl ketone, mineral oil,
peanut oil, polyethylene glycol, propylene carbonate, propylene glycol, sesame oil,
water for injection, sterile water for injection, sterile water for irrigation, purified

water); sorbents (powdered cellulose, charcoal, purified siliceous earth);
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carbon dioxide sorbents (barium hydroxide lime, soda lime); stiffening agents
(hydrogenated castor oil, cetostearyl alcohol, cetyl alcohol, cetyl esters wax, hard fat,
paraffin, polyethylene excipient, stearyl alcohol, emulsifying wax, white wax, yellow
wax); suspending and/or viscosity-increasing agents (acacia, agar, alginic acid,
aluminum monostearate, bentonite, purified bentonite, magma bentonite, carbomer
934p, carboxymethylcellulose calcium, carboxymethylcellulose sodium,
carboxymethycellulose sodium 12, carrageenan, microcrystalline and
carboxymethylcellulose sodium cellulose, dextrin, gelatin, guar gum, hydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, magnesium
aluminum silicate, methylcellulose, pectin, polyethylene oxide, polyvinyl alcohol,
povidone, propylene glycol alginate, silicon dioxide, colloidal silicon dioxide, sodium
alginate, tragacanth, xanthan gum); sweetening agents (aspartame, dextrates, dextrose,
excipient dextrose, fructose, mannitol, saccharin, calcium saccharin, sodium
saccharin, sorbitol, solution sorbitol, sucrose, compressible sugar, confectioner’s
sugar, syrup); tablet binders (acacia, alginic acid, sodium carboxymethylcellulose,
microcrystalline cellulose, dextrin, ethylcellulose, gelatin, liquid glucose, guar gum,
hydroxypropyl methylcellulose, methycellulose, polyethylene oxide, povidone,
pregelatinized starch, syrup); tablet and/or capsule diluents (calcium carbonate,
dibasic calcium phosphate, tribasic calcium phosphate, calcium sulfate,
microcrystalline cellulose, powdered cellulose, dextrates, dextrin, dextrose excipient,
fructose, kaolin, lactose, mannitol, sorbitol, starch, pregelatinized starch, sucrose,
compressible sugar, confectioner’s sugar); tablet disintegrants (alginic acid,
microcrystalline cellulose, croscarmellose sodium, corspovidone, polacrilin
potassium, sodium starch glycolate, starch, pregelatinized starch); tablet and/or
capsule lubricants (calcium stearate, glyceryl behenate, magnesium stearate, light
mineral oil, polyethylene glycol, sodium stearyl fumarate, stearic acid, purified stearic
acid, talc, hydrogenated vegetable oil, zinc stearate); tonicity agent (dextrose, glycerin,
mannitol, potassium chloride, sodium chloride); vehicle: flavored and/or sweetened
(aromatic elixir, compound benzaldehyde elixir, iso-alcoholic elixir, peppermint
water, sorbitol solution, syrup, tolu balsam syrup); vehicle: oleaginous (almond oil,

corn oil, cottonseed oil, ethyl oleate, isopropyl myristate, isopropyl palmitate, mineral
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oil, light mineral oil, myristyl alcohol, octyldodecanol, olive oil, peanut oil, persic oil,
seame oil, soybean oil, squalane); vehicle: solid carrier (sugar spheres); vehicle: sterile
(bacteriostatic water for injection, bacteriostatic sodium chloride injection); viscosity-
increasing (see “suspending agent” below); water repelling agent (cyclomethicone,
dimethicone, simethicone); and wetting and/or solubilizing agent (benzalkonium
chloride, benzethonium chloride, cetylpyridinium chloride, docusate sodium,
nonoxynol 9, nonoxynol 10, octoxynol 9, poloxamer, polyoxyl 35 castor oil, polyoxyl
40, hydrogenated castor oil, polyoxyl 50 stearate, polyoxyl 10 oleyl ether, polyoxyl
20, cetostearyl ether, polyoxyl 40 stearate, polysorbate 20, polysorbate 40, polysorbate
60, polysorbate 80, sodium lauryl sulfate, sorbitan monolaureate, sorbitan monooleate,
sorbitan monopalmitate, sorbitan monostearate, tyloxapol). This list is not meant to be
exclusive, but instead merely representative of the classes of excipients and the
particular excipients which may be used in dosage forms.

We describe methods of treating diseases or conditions mediated by elevated
levels of NAMPT, or which are generally mediated by NAMPT activity. Such disease
or condition is one or more selected from the group consisting of cancer, ovarian
cancer, breast cancer, uterine cancer, colon cancer, cervical cancer, lung cancer,
prostate cancer, skin cancer, bladder cancer, pancreatic cancer, leukemia, lymphoma,
Hodgkin’s disease, viral infections, Human Immunodeficiency Virus, hepatitis virus,
herpes virus, herpes simplex, inflammatory disorders, irritable bowel syndrome,
inflammatory bowel disease, rheumatoid arthritis, asthma, chronic obstructive
pulmonary disease, osteoarthritis, osteoporosis, dermatitis, atoptic dermatitis,
psoriasis, systemic lupus erythematosis, multiple sclerosis, psoriatic arthritis,
ankylosing spodylitis, graft-versus-host disease, Alzheimer’s disease, cerebrovascular
accident, atherosclerosis, diabetes, glomerulonephiritis, metabolic syndrome, non-
small cell lung cancer, small cell lung cancer, multiple myeloma, leukemias,
lymphomas, squamous cell cancers, kidney cancer, uretral and bladder cancers,

cancers of head and neck, and cancers of the brain and central nervous system (CNS).
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The compounds described here can be useful in the therapy of proliferative
diseases such as, but not limited to cancer, autoimmune diseases, viral diseases, fungal
diseases, neurological/neurodegenerative disorders, arthritis, inflammation, anti-
proliferative (e.g., ocular retinopathy), neuronal, alopecia and cardiovascular disease.

More specifically, the compounds described here can be useful in the treatment
of a variety of cancers, including (but not limited to) the following: carcinoma,
including that of the bladder, breast, colon, kidney, liver, lung, including small cell
lung cancer, non-small cell lung cancer, head and neck, esophagus, gall bladder,
ovary, pancreas, stomach, cervix, thyroid, prostate, and skin, including squamous cell
carcinoma; hematopoietic tumors of lymphoid lineage, including leukemia, acute
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma,
mantle cell lymphoma, myeloma, and Burkett's lymphoma; hematopoietic tumors of
myeloid lineage, including acute and chronic myelogenous leukemias,
myelodysplastic syndrome and promyelocytic leukemia; tumors of mesenchymal
origin, including fibrosarcoma and rhabdomyosarcoma; tumors of the central and
peripheral nervous system, including astrocytoma, neuroblastoma, glioma and
schwannomas; and other tumors, including melanoma, seminoma, teratocarcinoma,
osteosarcoma, xenoderoma pigmentosum, keratoctanthoma, thyroid follicular cancer
and Kaposi's sarcoma.

The compounds described here may induce or inhibit apoptosis.

The compounds described here may also be useful in the chemoprevention of
cancer. Chemoprevention is defined as inhibiting the development of invasive cancer
by either blocking the initiating mutagenic event or by blocking the progression of
pre-malignant cells that have already suffered an insult or inhibiting tumor relapse.

We further describe a method of inhibiting a NAMPT pathway in a subject,
said method comprising administering to said subject a pharmaceutically acceptable

amount of a compound of the invention to a subject in need thereof.
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The pharmaceutical formulation, upon administration to a human, may result
in a decrease in tumor burden.

We further describe a pharmaceutical formulation comprising at least one
compound of Formula I and a pharmaceutically acceptable excipient, and further
comprising one or more adjunctive active agent.

The pharmaceutical formulations may further comprise a therapeutic effective
amount of an adjunctive active agent.

The compounds described here are also useful in combination therapies with at
least one adjunctive active agent. Such methods include regimes in which the
compound and the at least one adjunctive active agent are administered
simultaneously or sequentially. Also useful are pharmaceutical compositions in which
at least one compound described here and at least one adjunctive active agent are
combined in a single formulation.

The expression “adjunctive active agent” generally refers to agents which
targets the same or a different disease, symptom, or medical condition as the primary
therapeutic agent. Adjunctive active agents may treat, alleviate, relieve, or ameliorate
side effects caused by administration of the primary therapeutic agents. Examples of
adjunctive active agents include antineoplastic agents, filgrastim, and erythropoietin.
Such agents include those which modify blood cell growth and maturation. Non-
limiting examples of adjunctive active agent are filgrastim, pegfilgrastim and
erythropoietin. Other such adjunctive active agents include those which inhibit nausea
associated with administration of chemotherapeutic agents, such as a 5-HT3 receptor
inhibitor (e.g., dolansetron, granisetron, or ondansetron), with or without
dexamethasone. We also describe one or more uses of the compounds with an
adjunctive active agent such as TNF, GCSF, or other chemotherapeutic agents.
Additional adjunctive active agents include those that mediate cytotoxicity of NAMPT
inhibitors, such as nicotinic acid rescue agents, or other compounds that play a role in

the NAMPT pathway, such as niacin (nicotinic acid), nicotinamide, or
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related compounds, or modified release formulations of such compounds, for example,
NIASPAN®.

The terms “chemotherapeutic agent” and “antineoplastic agent” generally refer
to agents, which treat, prevent, cure, heal, alleviate, relieve, alter, remedy, ameliorate,
improve, or affect malignancies and their metastasis. Examples of such agents include
prednisone, fluorouracil (e.g., S-fluorouracil (5-FU)), anastrozole, bicalutamide,
carboplatin, cisplatin, chlorambucil, cisplatin, carboplatin, docetaxel, doxorubicin,
flutamide, interferon-alpha, letrozole, leuprolide, megestrol, mitomycin, oxaliplatin,
paclitaxel, plicamycin (Mithracin™), tamoxifen, thiotepa, topotecan, valrubicin,
vinblastine, vincristine, and any combination of any of the foregoing.

We further describe a method of treating or preventing a disorder associated
with excessive rate of growth of cells in a subject (e.g., a mammal) comprising
administering to the subject an effective amount of the pharmaceutical formulation
described here. Non-limiting examples of disorder include cancer or metastasis from
malignant tumors.

Another aspect is a method of inhibiting tumor cell growth and rate of division
in a subject (e.g., a mammal) with cancer, or other disorder associated with
abnormally dividing cells comprising administering to the subject an effective amount
of the pharmaceutical formulation.

Another embodiment is a method of treating bone pain due to excessive
growth of a tumor or metastasis to bone in a subject (e.g., a mammal) in need thereof
comprising administering to the subject an effective amount of the pharmaceutical
formulation.

We describe a method of preparing a pharmaceutical formulation comprising
mixing at least one compound described here, and, optionally, one or more
pharmaceutically acceptable excipients.

We also describe methods of synthesizing such compounds.

We further provide a method for treating, preventing, inhibiting or eliminating

a disease or condition in a patient by inhibiting
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NAMPT in said patient by administering a therapeutically effective amount of at least
one compound of this disclosure, wherein said disease or condition is selected from
the group consisting of cancer, ovarian cancer, breast cancer, uterine cancer, colon
cancer, cervical cancer, lung cancer, prostate cancer, skin cancer, bladder cancer,
pancreatic cancer, leukemia, lymphoma, Hodgkin’s disease, viral infections, Human
Immunodeficiency Virus, hepatitis virus, herpes virus, herpes simplex, inflammatory
disorders, irritable bowel syndrome, inflammatory bowel disease, rheumatoid arthritis,
asthma, chronic obstructive pulmonary disease, osteoarthritis, osteoporosis, dermatitis,
atoptic dermatitis, psoriasis, systemic lupus erythematosis, multiple sclerosis, psoriatic
arthritis, ankylosing spodylitis, graft-versus-host disease, Alzheimer’s disease,
cerebrovascular accident, atherosclerosis, diabetes, glomerulonephiritis, metabolic
syndrome, non-small cell lung cancer, small cell lung cancer, multiple myeloma,
leukemias, lymphomas, squamous cell cancers, kidney cancer, uretral and bladder
cancers, cancers of head and neck, cancers of the brain and central nervous system.

In a certain embodiment, the compounds of formula I can be used in the
treatment of solid and liquid tumors, non-small cell lung cancer, leukemia, lymphoma,
ovarian cancer, glioma, breast cancer, uterine cancer, colon cancer, cervical cancer,
lung cancer, prostate cancer, skin cancer, rhino-gastric tumors, colorectal cancer, CNS
cancer, bladder cancer, pancreatic cancer and Hodgkin’s disease.

In a certain embodiment, the compounds of Formula I can be used in the
treatment of solid and liquid tumors, non-small cell lung cancer, leukemia, lymphoma,
ovarian cancer, breast cancer, uterine cancer, colon cancer, cervical cancer, lung
cancer, prostate cancer, skin cancer, rhino-gastric tumors, colorectal cancer, bladder
cancer, pancreatic cancer and Hodgkin’s disease.

A pharmaceutical formulation comprising a pharmaceutically acceptable
compound described heremay provide, upon administration to a subject (e.g., a
human), a decrease in tumor burden and/or metastases. The pharmaceutical
formulation can be administered by oral means or other suitable means.

Yet another embodiment is a method of treating ovarian cancer in a subject
(e.g., a human) in need thereof by administering to the subject an effective amount of

the compound or the pharmaceutical formulation.
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Yet another embodiment is a method of treating non-small cell lung cancer
(NSCLC) in a subject (e.g., a human) in need thereof by administering to the subject
an effective amount of the compound or the pharmaceutical formulation.

Yet another embodiment is a method of treating colon cancer in a subject (e.g.,
a human) in need thereof by administering to the subject an effective amount of the
compound or the pharmaceutical formulation.

Yet another embodiment is a method of treating breast cancer in a subject
(e.g., a human) in need thereof by administering to the subject an effective amount of
the pharmaceutical formulation.

Yet another embodiment is a method of treating leukemia in a subject (e.g., a
human) in need thereof by administering to the subject an effective amount of the
compound or the pharmaceutical formulation.

Yet another embodiment is a method of treating colon cancer before or after
surgical resection and/or radiation therapy, in a subject (e.g., a human) in need thereof
by administering to the subject an effective amount of the compound or the
pharmaceutical formulation.

Yet another embodiment is a method of treating cancer before or after surgical
resection and/or radiation therapy, in a subject (e.g., a human) in need thereof by
administering to the subject an effective amount of the compound or the
pharmaceutical formulation, including adjunctive therapy to treat nausea, with or
without dexamethasone.

Yet another embodiment is a method of treating cancer before or after surgical
resection and or radiation therapy, in a subject (e.g., a human) in need thereof by
administering to the subject an effective amount of the compound or the
pharmaceutical formulation, including adjunctive therapy with one or more additional
therapeutic agents, or their pharmaceutically acceptable salts. Non-limiting examples

of such additional therapeutic agents include cytotoxic
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agents (such as for example DNA interactive agents (such as cisplatin or
doxorubicin)); taxanes (e.g. taxotere, taxol); topoisomerase II inhibitors (such as
etoposide); topoisomerase I inhibitors (such as irinotecan (or CPT-11), camptostar, or
topotecan); tubulin interacting agents (such as paclitaxel, docetaxel or the
epothilones); hormonal agents (such as tamoxifen); thymidilate synthase inhibitors
(such as 5-fluorouracil or 5-FU); anti-metabolites (such as methoxtrexate); alkylating
agents (such as temozolomide, cyclophosphamide); Farnesyl protein transferase
inhibitors (such as, SARASAR™. (4-[2-[4-[(11R)-3,10-dibromo-8-chloro-6,11-
dihydro-5H-benzo[5,- 6]cyclohepta[1,2-b]pyridin-11-yl-]-1-piperidinyl]-2-oxoehtyl]-
1-piperidine- carboxamide, or SCH 66336), tipifarnib (Zarnestra” or R115777 from
Janssen Pharmaceuticals), L778,123 (a farnesyl protein transferase inhibitor from
Merck & Company, Whitehouse Station, N.J.), BMS 214662 (a farnesyl protein
transferase inhibitor from Bristol-Myers Squibb Pharmaceuticals, Princeton, N.J.);
signal transduction inhibitors (such as, Iressa” (from Astra Zeneca Pharmaceuticals,
England), Tarceva® (EGFR kinase inhibitors), antibodies to EGFR (e.g., C225),
GLEEVEC® (C-abl kinase inhibitor from Novartis Pharmaceuticals, East Hanover,
N.I.); interferons such as, for example, intron® (from Merck & Company), Peg-
Intron® (from Merck & Company); hormonal therapy combinations; aromatase
combinations; ara-C, adriamycin, cytoxan, and gemcitabine.

Other anti-cancer (also known as anti-neoplastic) agents include but are not
limited to Uracil mustard, Chlormethine, Ifosfamide, Melphalan, Chlorambucil,
Pipobroman, Triethylenemelamine, Triethylenethiophosphoramine, Busulfan,
Carmustine, Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine, 6-
Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, oxaliplatin, leucovirin,
oxaliplatin (ELOXATIN® from Sanofi-Synthelabo Pharmaceuticals, France),
Pentostatine, Vinblastine, Vincristine, Vindesine, Bleomycin, Dactinomycin,
Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, Mithramycin, Deoxycoformycin,
Mitomycin-C, L-Asparaginase, Teniposide 17a-Ethinylestradiol, Diethylstilbestrol,
Testosterone, Prednisone, Fluoxymesterone, Dromostanolone propionate,
Testolactone, Megestrolacetate, Methylprednisolone, Methyltestosterone,

Prednisolone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
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Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate, Leuprolide,
Flutamide, Toremifene, goserelin, Cisplatin, Carboplatin, Hydroxyurea, Amsacrine,
Procarbazine, Mitotane, Mitoxantrone, Levamisole, Navelbene, Anastrazole,
Letrazole, Capecitabine, Reloxafine, Droloxafine, Hexamethylmelamine, Avastin,
herceptin, Bexxar, Velcade®, Zevalin, Trisenox, Xeloda, Vinorelbine, Porfimer,
Erbitux, Liposomal, Thiotepa, Altretamine, Melphalan, Trastuzumab, Lerozole,
Fulvestrant, Exemestane, [fosfomide, Rituximab, C225, and Campath, 5-fluorouracil
and leucovorin, with or without a 5-HT; receptor inhibitor (e.g., dolansetron,
granisetron, ondansetron) with or without dexamethasone.

Additionally, the compounds described herein may be administered and/or
formulated in combination with an adjunctive active agent. In certain embodiments,
the adjunctive active agent is niacin, nicotinamide, nicotinic acid, nicotinamide
mononucleotide (NMN), or variations thereof, including modified release
formulations of niacin, such as NIASPAN®. Niacin, nicotinamide, nicotinic acid,
nicotinamide mononucleotide (NMN), or variations thereof have also been described
in the literature as “rescue agents” or “rescuing agents” and these terms have been
used herein. The role of nicotinamide and/or nicotinic acid as a rescuing or rescue
agent has for example been described by Beauparlant et al. in Anti-Cancer Drugs
2009, 20:346-354 and by Rongvaux et al. in The Journal of Immunology, 2008, 181:
4685—4695. These two references describe the role of a rescuing or rescue agent with
regards to ameliorating possible toxic effects of NAMPT inhibitors.

If formulated as a fixed dose, such combination products employ the
compounds within the dosage range described herein (or as known to those skilled in
the art) and the other pharmaceutically active agents or treatments within its dosage
range. For example, the CDC2 inhibitor olomucine has been found to act
synergistically with known cytotoxic agents in inducing apoptosis (J. Cell Sci., (1995)
108, 2897). The compounds may also be administered sequentially with known
anticancer or cytotoxic agents when a combination formulation is inappropriate. In
any combination treatment, the sequence of administration does not matter;

compounds of the disclosed Formulas may
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be administered either prior to or after administration of the known anticancer or
cytotoxic agent. For example, the cytotoxic activity of the cyclin-dependent kinase
inhibitor flavopiridol is affected by the sequence of administration with anticancer
agents. Cancer Research, (1997) 57, 3375. Such techniques are within the skills of
persons skilled in the art as well as attending physicians.

Any of the aforementioned methods may be augmented by administration of
fluids (such as water), loop diuretics, one or more adjunctive active agents, such as a
chemotherapeutic or antineoplastic agent, such as leucovorin and fluorouracil, or an
adjunctive chemotherapeutic agent (such as filgrastim and erythropoietin), or any
combination of the foregoing.

Yet another embodiment is a method for administering a compound described
here to a subject (e.g., a human) in need thereof by administering to the subject the
pharmaceutical formulation.

Yet another embodiment is a method of preparing a pharmaceutical
formulation by mixing at least one pharmaceutically acceptable compound, and,
optionally, one or more pharmaceutically acceptable additives or excipients.

For preparing pharmaceutical compositions from the compounds described
here, inert, pharmaceutically acceptable carriers can be either solid or liquid. Solid
form preparations include powders, tablets, dispersible granules, capsules, cachets and
suppositories. The powders and tablets may be comprised of from about 5 to about 95
percent active ingredient. Suitable solid carriers are known in the art, e.g., magnesium
carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable for oral administration. Examples
of pharmaceutically acceptable carriers and methods of manufacture for various
compositions may be found in A. Gennaro (ed.), Remington's Pharmaceutical
Sciences, 18th Edition, (1990), Mack Publishing Co., Easton, Pa.

The compositions and formulations can be administered as sterile
compositions and sterile formulations. Sterile pharmaceutical formulations are

compounded or manufactured according to pharmaceutical-grade sterilization
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standards (e.g., United States Pharmacopeia Chapters 797, 1072, and 1211; California
Business & Professions Code 4127.7; 16 California Code of Regulations 1751, 21
Code of Federal Regulations 21, or ex-U.S. counterparts to such regulations) known to
those of skill in the art.

Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral
injection or addition of sweeteners and opacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations may also include solutions for intranasal
administration.

Aerosol preparations suitable for inhalation may include solutions and solids in
powder form, which may be in combination with a pharmaceutically acceptable
carrier, such as an inert compressed gas, e.g. nitrogen.

Also included are solid form preparations that are intended to be converted,
shortly before use, to liquid form preparations for either oral or parenteral
administration. Such liquid forms include solutions, suspensions and emulsions.

The compounds may also be deliverable transdermally. The transdermal
compositions can take the form of creams, lotions, aerosols and/or emulsions and can
be included in a transdermal patch of the matrix or reservoir type as are conventional
in the art for this purpose.

The compounds may also be delivered subcutaneously.

The compound can be administered orally or intravenously.

The pharmaceutical preparation can be in a unit dosage form. In such form,
the preparation is subdivided into suitably sized unit doses containing appropriate
quantities of the active component, e.g., an effective amount to achieve the desired
purpose.

The quantity of active compound in a unit dose of preparation may be varied
or adjusted from about 1 mg to about 1000 mg, for example from about 1 mg to about
500 mg, in particular from about 1 mg to about 250 mg, or from about 1 mg to about
25 mg, according to the particular application.

The actual dosage employed may be varied depending upon the requirements

of the patient and the severity of the condition being treated. Determination of the
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proper dosage regimen for a particular situation is within the skill of the art. For
convenience, the total daily dosage may be divided and administered in portions
during the day as required.

The amount and frequency of administration of the compounds and/or the
pharmaceutically acceptable salts thereof will be regulated according to the judgment
of the attending clinician considering such factors as age, condition and size of the
patient as well as severity of the symptoms being treated. A typical recommended
daily dosage regimen for oral administration can range from about 1 mg/day to about

500 mg/day, preferably 1 mg/day to 200 mg/day, in two to four divided doses.

Schemes and Examples

Exemplary, non-limiting, chemical entities and methods useful in preparing the
compounds will now be described by reference to illustrative synthetic schemes for
their general preparation below and the specific examples that follow. Those skilled
in the art will appreciate that other synthetic routes may be used to synthesize the
compounds. Although specific starting materials and reagents are depicted and
discussed herein, other starting materials and reagents can be easily substituted to
provide a variety of derivatives and/or reaction conditions. In addition, many of the
exemplary compounds prepared by the described methods can be further modified in
light of this disclosure using conventional chemistry well known to those skilled in the
art.

Artisans will recognize that, to obtain the various compounds herein, starting
materials may be suitably selected so that the ultimately desired substituents will be
carried through the reaction scheme with or without protection as appropriate to yield
the desired product. Alternatively, it may be necessary or desirable to employ, in the
place of the ultimately desired substituent, a suitable group that may be carried
through the reaction scheme and replaced as appropriate with the desired substituent.
Each of the reactions depicted in the reaction schemes is preferably run at a

temperature from about 0 °C to the reflux temperature of the solvent used. Unless
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otherwise specified, the variables shown in the schemes below are as defined above in
reference to Formula I.

The compounds may be synthesized by synthetic routes that include processes
analogous to those well-known in the chemical arts, particularly in light of the
description contained herein, and those for other heterocycles described in:
Comprehensive Heterocyclic Chemistry 11, Editors Katritzky and Rees, Elsevier,
1997, e.g. Volume 3; Liebigs Annalen der Chemie, (9):1910-16, (1985); Helvetica
Chimica Acta, 41:1052-60, (1958); Arzneimittel-Forschung, 40(12):1328-31, (1990),
each of which are expressly incorporated by reference. Starting materials are
generally available from commercial sources such as Sigma-Aldrich Chemicals
(Milwaukee, WI) or are readily prepared using methods well known to those skilled in
the art (e.g., prepared by methods generally described in Louis F. Fieser and Mary
Fieser, Reagents for Organic Synthesis, v. 1-23, Wiley, N.Y. (1967-2006 ed.), or
Beilsteins Handbuch der organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin,
including supplements (also available via the Beilstein online database).

Synthetic chemistry transformations and protecting group methodologies
(protection and deprotection) useful in synthesizing the compounds and necessary
reagents and intermediates are known in the art and include, for example, those
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers
(1989); T. W. Greene and P. G .M. Wuts, Protective Groups in Organic Synthesis, 3rd
Ed., John Wiley and Sons (1999); and L. Paquette, ed., Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995) and subsequent editions thereof. The
need for such protection will vary depending on the nature of the remote functionality
and the conditions of the preparation methods. Suitable amino-protecting groups
include acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and
9-fluorenylmethyleneoxycarbonyl (Fmoc). The need for such protection is readily
determined by one skilled in the art.

Additional particularly useful reactions in preparing compounds described here
include alkylation, reductive amination, oxidation, reduction, and hydrolysis reactions.

Such transformations are well within the ordinary skill in the art.
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The compounds may be prepared singly or as compound libraries comprising,
for example, at least two, or 5 to 1,000 compounds, or 10 to 100 compounds.
Libraries of compounds of Formula I may be prepared by a combinatorial “split and
mix” approach or by multiple parallel syntheses using either solution phase or solid
phase chemistry, by procedures known to those skilled in the art. Thus, there is
provided a compound library comprising at least two compounds of Formula I, or
pharmaceutically acceptable salts thereof.

In the methods of preparing the compounds, it may be advantageous to
separate reaction products from one another and/or from starting materials. The
desired products of each step or series of steps is separated and/or purified to the
desired degree of homogeneity by the techniques common in the art. Typically such
separations involve multiphase extraction, crystallization from a solvent or solvent
mixture, distillation, sublimation, or chromatography. Chromatography can involve
any number of methods including, for example: reverse-phase and normal phase; size
exclusion; ion exchange; high, medium and low pressure liquid chromatography
methods and apparatus; small scale analytical; simulated moving bed (SMB) and
preparative thin or thick layer chromatography, as well as techniques of small scale
thin layer and flash chromatography.

Another class of separation methods involves treatment of a mixture with a
reagent selected to bind to or render otherwise separable a desired product, unreacted
starting material, reaction by product, or the like. Such reagents include adsorbents or
absorbents such as activated carbon, molecular sieves, ion exchange media, or the
like. Alternatively, the reagents can be acids in the case of a basic material, bases in
the case of an acidic material, binding reagents such as antibodies, binding proteins,
selective chelators such as crown ethers, liquid/liquid ion extraction reagents (LIX), or
the like. Selection of appropriate methods of separation depends on the nature of the
materials involved, such as, boiling point and molecular weight in distillation and
sublimation, presence or absence of polar functional groups in chromatography and

stability of materials in acidic and basic media in multiphase extraction.
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A single stereoisomer, e.g., an enantiomer, substantially free of its
stereoisomer may be obtained by resolution of the racemic mixture using a method
such as formation of diastereomers using optically active resolving agents (Eliel, E.
and Wilen, S. “Stereochemistry of Organic Compounds,” John Wiley & Sons, Inc.,
New York, 1994; Lochmuller, C. H., (1975) J. Chromatogr., 113(3):283-302).
Racemic mixtures of chiral compounds can be separated and isolated by any suitable
method, including: (1) formation of ionic, diastereomeric salts with chiral compounds
and separation by fractional crystallization or other methods, (2) formation of
diastereomeric compounds with chiral derivatizing reagents, separation of the
diastereomers, and conversion to the pure stereoisomers, and (3) separation of the
substantially pure or enriched stereoisomers directly under chiral conditions. See:
“Drug Stereochemistry, Analytical Methods and Pharmacology,” Irving W. Wainer,
Ed., Marcel Dekker, Inc., New York (1993).

Under method (1), diastereomeric salts can be formed by reaction of
enantiomerically pure chiral bases such as brucine, quinine, ephedrine, strychnine and
a-methyl-b-phenylethylamine (amphetamine)with asymmetric compounds bearing
acidic functionality, such as carboxylic acid and sulfonic acid. The diastereomeric
salts may be induced to separate by fractional crystallization or ionic chromatography.
For separation of the optical isomers of amino compounds, addition of chiral
carboxylic or sulfonic acids, such as camphorsulfonic acid, tartaric acid, mandelic
acid, or lactic acid can result in formation of the diastereomeric salts.

Alternatively, by method (2), the substrate to be resolved is reacted with one
enantiomer of a chiral compound to form a diastereomeric pair (Eliel, E. and Wilen, S.
“Stereochemistry of Organic Compounds”, John Wiley & Sons, Inc., 1994, p. 322).
Diastereomeric compounds can be formed by reacting asymmetric compounds with
enantiomerically pure chiral derivatizing reagents, such as menthyl derivatives,
followed by separation of the diastereomers and hydrolysis to yield the pure or
enriched enantiomer. A method of determining optical purity involves making chiral
esters, such as a menthyl ester, e.g., (-) menthyl chloroformate in the presence of base,
or Mosher ester, a-methoxy-a-(trifluoromethyl)phenyl acetate of the racemic mixture

and analyzing the '"H NMR spectrum for the presence of the two atropisomeric
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enantiomers or diastereomers (Jacob III. J. Org. Chem. (1982) 47:4165). Stable
diastereomers of atropisomeric compounds can be separated and isolated by normal-
and reverse-phase chromatography following methods for separation of atropisomeric
naphthyl-isoquinolines (WO 96/15111). By method (3), a racemic mixture of two
enantiomers can be separated by chromatography using a chiral stationary phase
(“Chiral Liquid Chromatography” (1989) W. J. Lough, Ed., Chapman and Hall, New
York; Okamoto, J. Chromatogr., (1990) 513:375-378). Enriched or purified
enantiomers can be distinguished by methods used to distinguish other chiral
molecules with asymmetric carbon atoms, such as optical rotation and circular

dichroism.

Abbreviations and acronyms used in the following Schemes and elsewhere herein are

defined as follows:

DCM Dichloromethane

DIPEA Diisopropylethylamine

DMF N,N-dimethylformamide

DMSO Dimethyl sulfoxide

EDCI 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide

ELSD Evaporative light scattering detector

equiv Molar equivalent

ESI Electrospray ionization (ES+ or ES-)

Et Ethyl

EtOH Ethanol

EtOAc Ethyl Acetate

EtOH Ethanol

Et,O Diethyl ether

g Gram

h Hour(s)

'H NMR Proton nuclear magnetic resonance
2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-

HATU tetramethyluronium hexafluorophosphate

H, Hydrogen gas

HOBt 1-Hydroxybenzotriazole

HPLC High performance liquid chromatography

i-PrOH Isopropyl alcohol

L Liter

LC/MS Liquid chromatography — mass spectrometry

MeOH Methanol
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min
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mL
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Methyl

Minute(s)

Megahertz

Milliliter
N-methylpyrrolidinone
Phenyl

Pounds per square inch
Room temperature

Raney-Ni ~ Raney Nickel

R¢

SFC
TEA
TFA
TH0
THF
TLC

Retention factor

Supercritical fluid chromatography
Triethylamine

Trifluoroacetic acid
Trifluoromethanesulfonic anhydride
Tetrahydrofuran

Thin layer chromatography

Exemplary general reaction schemes that are useful in preparing the

compounds are described below.

0]

A

General Scheme A

R2 R3 O R2 R3

Coupling
B - cowng_ L
R1 H R1
S< 7

\Y
77N 7

B O E )

Compounds of Formula I may be prepared as shown above in Scheme A.

Compounds of Formula A, in which X is, for example, OH, chloro, or bromo, are

reacted with amines B to produce compounds of Formula I. Where X is OH, coupling

reactions may occur in the presence of a coupling reagent such as EDCI, HATU, or

HOBY, and a base (e.g., K,CO3, Cs,CO;3, trialkylamine, sodium or potassium alkoxide)

in an inert solvent such as dichloromethane, N,N-dialkylformamide (such as DMF),

N,N-dialkylacetamide, dialkylethers, cyclic ethers, DMSO, or NMP, or a mixture

thereof, at temperatures ranging from -78 °C to 200 °C. Such coupling reactions

between amines and acids are well-known in the art. Alternatively, compounds A

where X is bromo or chloro may be reacted with amines B in the presence of a

suitable base, such as triethylamine, K,COs3, or Cs,COj3, to form compounds of

Formula I.
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General Scheme B
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Amines B, in which R? and R? are both H, may be prepared according to
General Scheme B. Fluorobenzonitrile is reacted with suitably substituted thiols R'-
SH in the presence of a base such as K,COj; or Cs,COs in a solvent such as DMSO,
DMF, or NMP, preferably at elevated temperature, to form thioethers D. The nitrile
group of compounds D is then reduced under hydrogenation conditions using a
hydrogen source such as hydrogen gas or the like, in the presence of a suitable metal
catalyst such as Raney nickel, in a solvent such as methanol or ethanol, to form
amines E. The thiol group of compounds E is then oxidized to the sulfone or
sulfoxide oxidation state using a suitable oxidant such as m-chloroperbenzoic acid in a
solvent such as chloroform, or hydrogen peroxide with sulfuric acid and isopropanol.
One of skill in the art will recognize that the oxidation and reduction steps may be
performed in the reverse order.

General Scheme C

O:< S=< Reduction HS—<

F H

Certain thiols useful in preparing compounds of Formula I may be prepared
according to General Scheme C. Ketones or aldehydes F, where R'' and R'* are
chosen as needed to produce compounds of Formula I, are reacted with hydrogen
sulfide to form the analogous thiones G, which are then reduced with a suitable
reducing agent such as sodium borohydride, to produce thiols H. Thiols H may then

be used in methods such as those shown in General Scheme B.
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General Scheme D
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Additional embodiments of amines B that are useful in synthesizing the
compounds may be prepared according to General Scheme D. Sulfonyl chloride J is
5 reacted with a suitably substituted amine HNR*’R?' in the presence of a base such as a
trialkylamine base, K»,COs3, or Cs,COs, in a solvent such as dichloromethane, to
provide sulfonamides K. Compounds K are then reduced with, for example, zinc or

Raney nickel, to form amines B, which may then be used as descrbed in General

Scheme A.
10 General Scheme E
R2 R3 (@] R2 R3 (@] R2 R3
H2N><©\ . LG)J\H><©\ R22R23NH R)J\HX@
/R1 R1 R1
O//S\\E o S\\E O//S\\E
B M ()

Certain compounds of Formula I, wherein the R group is connected to the
carbonyl carbon via a nitrogen atom within the R group (forming a urea) may be
prepared according to General Scheme E. Amines B are activated using methods

15  known to one of skill in the art, wherein LG is a suitable leaving group such as an
alkoxy or halo group, and the activated compounds M are then reacted, either in situ
or in a separate reaction step, with a suitably substituted amine R**R*NH in the
presence of a base such as a trialkylamine, to form compounds of Formula I.

General Scheme F

Br
\©\ \@\ OX|dat|on
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P
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Amines B may also be prepared as shown in General Scheme F. Thiols N are
reacted with alcohols R'OH under Mitsunobu coupling conditions to form thioethers
O. Ogxidation of the sulfur as described above leads to sulfoxides and sulfones P. The
cyano group is introduced by coupling of compounds P with a cyanide source such as
Zn(CN); in the presence of a palladium catalyst, and a solvent such as DMF or DMSO
to generate nitriles Q. The nitrile group is reduced to provide primary amines B as
described above.

General Scheme G

R?2 RS RCOH )OLRZ R3 CISO4H
HaN I j — > R H -
R S
j.J\RZ R3
R ”><©\ HNR#R?® 0
T SO,CI

In an alternative embodiment, compounds of Formula I are prepared as shown
in General Scheme G. Coupling of benzylamines R with acids RCO,H under standard
amide coupling conditions provides amides S. Sulfonylation with chlorosulfonic acid
generates benzene sulfonyl chlorides T. Such compounds are then reacted with
suitably substituted amines HNR*R?®, in the presence of a suitable base such as a
trialkylamine base, K»,COs, or Cs;COs, in a solvent such as dichloromethane, to
provide compounds of Formula I.

Those having skill in the art will recognize that the starting materials, reagents,
and conditions described in the above general schemes may be varied and additional

steps employed to produce the compounds.

Methods of Chemical Analysis

Unless otherwise indicated, 'H NMR spectra were recorded at ambient
temperature using one of the following machines: Varian Unity Inova (400 MHz)
spectrometer with a triple resonance 5 mm probe, Bruker Avance DRX400 (400 MHz)

spectrometer with a triple resonance 5 mm probe, a Bruker Avance DPX 300 (300
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MHz) equipped with a standard 5 mm dual frequency probe for detection of 'H and
13C, a Bruker AVIII (400 MHz) using a BBI Broad Band Inverse 5 mm probe, or a
Bruker AVIII (500 MHz) using a QNP (Quad Nucleus detect) 5 mm probe. Chemical
shifts are expressed in ppm relative to an internal standard; tetramethylsilane (ppm =
0.00). The following abbreviations have been used: br = broad signal, s = singlet, d =
doublet, dd = double doublet, t = triplet, q = quartet, m = multiplet.

High Pressure Liquid Chromatography - Mass Spectrometry (LC/MS)
experiments to determine retention times (RT) and associated mass ions (e.g.,

[M+H]", [M+Na]’, [M-H]) were performed using one of the following methods:

Method A
Instrument: SHIMADZU LC/MS-2010EV
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% to 100% B in 2.0 min,
100% B for 1.1 min, 100% to 5% B in 0.2 min, then stop; Flow Rate: 1.0 mL/min;

Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample Preparation: 1
mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.7 kv.

Method B
Instrument: SHIMADZU LC/MS-2010EV
LC Parameters: Column: Waters XBridge C18, 3.0x50 mm, 3.5 pu; Mobile Phase A:
Water/5 mM Ammonium Acetate; Mobile Phase B: Methanol; Gradient: 10% to
100% B in 1.8 min, 100% B for 1.3 min, 100% to 10% B in 0.1 min, then stop; Flow
Rate: 0.9 mL/min; Column Temperature: 40 °C; Detector: PDA and ELSD; Sample

Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.
MS Parameters: Interface: ESI (Positive & Negative); Interface Voltage: 4.0 kv; Heat
Block: 250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector

voltage: 1.5 kv.

Method C
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Instrument: SHIMADZU LC/MS-2010EV

LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% to 100%
B in 2.0 min, 100% B for 1.1 min, 100% to 5% B in 0.2 min, then stop; Flow Rate: 1.0

mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample
Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.5 kv.

Method D
Instrument: SHIMADZU LC/MS-2010EV
LC Parameters: Column: Waters Xselect C18, 3.0x50 mm, 3.5 pm; Mobile Phase A:
Water/0.1% formic acid; Mobile Phase B: Acetonitrile /0.05% formic acid; Gradient:
5% to 100% B in 2.0 min, 100% B for 1.2 min, 100% to 5% B in 0.1 min, then stop;
Flow Rate: 0.9 mL/min; Column Temperature: 35 °C; Detector: 254 nm and ELSD;

Sample Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.
MS Parameters: Interface: ESI (Positive & Negative); Interface Voltage: 4.5 kv; Heat
Block: 250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector

voltage: 1.5 kv.

Method E
Instrument: SHIMADZU LC/MS-2010EV
LC Parameters: Column: Shim-pack XR-ODS, 3.0x50 mm, 2.2 um; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% to 100% B in 2.0 min,
100% B for 1 min, 100% to 5% B in 0.3 min, then stop; Flow Rate: 1.0 mL/min;

Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample; Preparation: 1
mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.3 kv.

Method F
Instrument: SHIMADZU LC/MS-2020
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LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% B t0100% B for 2.0
min, 100% B for 1.2 min, 100% B to 5% in 0.1 min, then stop; Flow Rate: 1.0

mL/min; Column Temperature: 40 °C; Detector: UV and ELSD; Sample Preparation:
1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 70-900 (m/z); Detector voltage: 1.1 kv.

Method G
Instrument: SHIMADZU LC/MS-2020EV
LC Parameters: Column: Shim-pack XR-ODS, 50*3.0 mm, 2.2 um; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% to 100% B in 2.1
min, 100% B for 0.8 min, 100% to 5% B in 0.1 min, then stop; Flow Rate: 1.0

mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample
Preparation: 1 mg/mL in Acetonitrile; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.05
kv.

Method H
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% to 100%
B in 2.0 min, 100% B for 1.2 min, 100% to 5% B in 0.1 min, then stop; Flow Rate:
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1.0 mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample
Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.1 kv.

Method I
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 50*3.0 nm, 2.2 um; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% B to
100% B for 2.0 min, 100% B for 1.2 min, 100% B to 5% B in 0.1 min, then stop;
Flow Rate: 1.0 mL/min; Column Temperature: 40 °C; Detector: 254 nm and ELSD;

Sample Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 70-900 (m/z); Detector voltage: 1.05
kv.

Method J
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 3.0x50 mm, 2.2 p; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% to 100% B in 2.0 min,
100% B for 1.2 min, 100% to 5% B in 0.2 min, then stop; Flow Rate: 1.0 mL/min;

Column Temperature: 40 °C; Detector: 254 nm and ELSD; Sample Preparation: 1
mg/mL in Acetonitrile; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 200
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 1.05
kv.

Method K
Instrument: HPLC-Agilent 1100
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LC Parameters: Column: ZORBAX SB-C18, 1.8 mm, 20 x 2.1 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 3% to 97% B

in 7.0 min, 97% B for 1.5 min, then stop; Flow Rate: 0.4 mL/min; Column
Temperature: 40 °C; Detector: 220 nm and 254 nm.
MS Parameters: Agilent MSD; Interface: ESI (Positive).

Method L
Instrument: Waters Acquity UHPLC
LC Parameters: Column: UPLC BEH C18, 1.7 mm, 2.1 x 30 mm; Mobile Phase A:
Water/0.1% formic acid; Mobile Phase B: Acetonitrile/0.1% formic acid; Gradient:
5% t0 95% B in 1.5 min, 95% B in 0.3 min, then stop; Flow Rate: 0.7 mL/min;

Column Temperature: 40 °C; Detector: 220 nm and 254 nm.

MS Parameters: Waters SQD mass spectrometer; Interface: ESI (Positive).

Method N
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile; Gradient: 5% B t0100% B for 2.0
min, 100% B for 1.2 min, 100% B to 5% in 0.1 min, then stop; Flow Rate: 1.0

mL/min; Column Temperature: 40 °C; Detector: UV and ELSD; Sample Preparation:
I mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 70-900 (m/z); Detector voltage: 1.1 kv.

Method O
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.1% formic acid; Mobile Phase B: Acetonitrile/0.05% formic acid; Gradient:
5% B t0100% B for 2.0 min, 100% B for 1.2 min, 100% B to 5% in 0.2 min, then
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stop; Flow Rate: 1.0 mL/min; Column Temperature: 40 °C; Detector: UV and ELSD;
Sample Preparation: 1 mg/mL in Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 250
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 70-900 (m/z); Detector voltage: 0.95
kv.

Method P
Instrument: SHIMADZU LC/MS-2020
LC Parameters: Column: Gemini-NX 3u C18 110A; Mobile Phase A: Water/0.04%
ammonia; Mobile Phase B: Acetonitrile; Gradient: 5% B t0100% B for 2.0 min, 100%
B for 1.1 min, 100% B to 5% in 0.1 min, then stop; Flow Rate: 1.0 mL/min; Column

Temperature: 35 °C; Detector: UV and ELSD; Sample Preparation: 1 mg/mL in
Methanol; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.5 kv; Heat Block: 200
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 0.75
kv.

Method Q
Instrument: SHIMADZU LC/MS-2020EV
LC Parameters: Column: Shim-pack XR-ODS, 2.2 um, 3.0*50 mm; Mobile Phase A:
Water/0.1% formic acid; Mobile Phase B: Acetonitrile/0.05% formic acid; Gradient:
5% B t0100% B for 2.0 min, 100% B for 1.1 min, 100% B to 5% in 0.1 min, then
stop; Flow Rate: 1.0 mL/min; Column Temperature: 40 °C; Detector: PDA and ELSD;

Sample Preparation: 1 mg/mL in acetonitrile; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: tuning file; Heat Block:
250 °C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 0.9
kv.

Method R
Instrument: SHIMADZU LC/MS-2020EV
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LC Parameters: Column: Shim-pack XR-ODS, 1.7 um, 2.0*50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 5% B
t0100% B for 2.2 min, 100% B for 0.9 min, 100% B to 5% in 0.1 min, then stop; Flow

Rate: 0.7 mL/min; Column Temperature: 40 °C; Detector: Diode Array Detector
(DAD) and ELSD; Injection Volume: 1 pL.

MS Parameters: Interface: ESI (Positive); Interface Voltage: 4.0 kv; Heat Block: 400
°C; Nebulizing Gas: 1.50 L/min; Scan Range: 90-900 (m/z); Detector voltage: 0.9 kv.

Method S
Instrument: HPLC-Agilent 1200
LC Parameters: Column: ZORBAX SB-C18, 1.8 mm, 30 x 2.1 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 3% to 95% B

in 7.0 min, 95% B for 1.5 min, equilibrate for 1.5 min, then stop; Flow Rate: 0.4
mL/min; Column Temperature: 35 °C; Detector: 220 nm and 254 nm; Sample
preparation: 1 mg/mL in MeOH; Injection volume: 1 uL; Report: Area Normalized
Purity.

MS Parameters: Agilent quadrupole 6140; Interface: ESI (Positive); Scan range: 110-

800 amu; Detector: single quadrupole.

Method T
Instrument: Waters Acquity UPLC
LC Parameters: Column: UPLC BEH C18, 1.7 mm, 2.1 x 50 mm; Mobile Phase A:
Water/0.05% TFA; Mobile Phase B: Acetonitrile/0.05% TFA; Gradient: 2% to 98% B

in 17.5 min, 98% B in 1.5 min, equilibrate for 1.5 min, then stop; Flow Rate: 0.6
mL/min; Column Temperature: 40 °C; Detector: 220 nm and 254 nm.

MS Parameters: Waters LCT Premier XE; Interface: ESI (Positive); Scan range: 80-

1300 amu; Detector: time of flight.
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The following examples illustrate the preparation of representative
compounds. Unless otherwise specified, all reagents and solvents were of standard

commercial grade and were used without further purification.

I. Preparation of Intermediates

Intermediate 1: Furo[2.3-c]pyridine-2-carboxylic acid

OH
YN
N/O o)

Step 1. Ethyl 3-hydroxyisonicotinate. A solution of 3-hydroxyisonicotinic
acid (495 g, 3.56 mol) in EtOH (7 L) and concentrated H,SO4 (250 mL) was heated

under reflux for 72 h and then cooled to rt and concentrated under reduced pressure to
remove the solvent. The residue was dissolved in water (3 L) and the pH was adjusted
to 4 by addition of saturated aqueous NaHCOs solution. The resulting precipitate was
removed by filtration and the filtrate was extracted with DCM (2 Lx3). The combined
organic phase was washed with brine, dried over anhydrous Na,SO4, and then
concentrated under reduced pressure to give ethyl 3-hydroxyisonicotinate (414 g,
70%) as yellow oil.

Step 2. Ethyl 3-(2-ethoxy-2-oxoethoxy)isonicotinate. To a solution of
triphenylphosphine (780 g, 2.97 mol) in THF (6 L) at -10 °C was added dropwise

diisopropyl azodicarboxylate (600 mL, 2.97 mol). The reaction mixture was stirred at
-10 °C for 30 min and then ethyl 3-hydroxyisonicotinate (414 g, 2.48 mol) in THF (1
L) solution was added dropwise. The resulting mixture was stirred at rt for 16 h and
then concentrated under reduced pressure. The residue was partitioned between ethyl
acetate (4 L) and 1 N HCI (2 L). The aqueous layer was separated and the organic
phase was extracted by 1 N HCI (1 Lx2). The combined aqueous layers were slowly
adjusted to pH 8 by addition of solid NaHCO; and then extracted with ethyl acetate (2
Lx2). The combined organic layers were dried over anhydrous Na,SO4 and then
concentrated under reduced pressure to give the title compound (380 g, 61%) as a
brown oil.

Step 3. Ethyl 3-hydroxyfuro[2,3-c]pyridine-2-carboxylate. To a suspension of

NaH (72 g, 1.8 mol, 60% suspension in mineral oil) in anhydrous THF (2 L) at
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0 °C was added dropwise a solution of ethyl 3-(2-ethoxy-2-oxoethoxy)isonicotinate
(380 g, 1.5 mol) in THF (1 L) under argon. The reaction mixture was stirred at rt for
16 h and then carefully quenched with ice water (1 L). The resulting mixture was
concentrated to a volume of 1.2 L and then diluted with saturated aqueous NaHCO3
solution (2.5 L), and stirred for an additional 30 min. The precipitated solid was
collected by filtration and washed with ethyl acetate (1 L). The filtrate was washed
with ethyl acetate (1 Lx2) and the aqueous layer was combined with the solid and
carefully acidified to a pH of 5 with acetic acid. The resulting solid was collected by
filtration and dried under vacuum to give the title compound (210 g, 68%) as a yellow
solid.

Step 4. Ethyl 3-(((trifluoromethyl)sulfonyl)oxy)furo[2,3-c]pyridine-2-

carboxylate. To a solution of ethyl 3-hydroxyfuro[2,3-c]pyridine-2-carboxylate (210
g, 1.01 mol) and pyridine (107 mL, 1.3 mol) in anhydrous DCM (3 L) at 0 °C was
added dropwise triflic anhydride (203 g, 1.2 mol). The reaction mixture was stirred at
rt for 16 h and then quenched with ice water (1 L). The aqueous layer was extracted
with DCM (1 Lx2) and the combined organic layer was dried over anhydrous Na,SO4
and then concentrated under reduced pressure. The residue was purified by silica gel
column chromatography eluting with 10% ethyl acetate/petroleum ether to give the
title compound (298 g, 87%) as a white solid.

Step 5. Ethyl furo[2,3-c]pyridine-2-carboxylate. To a solution of ethyl 3-

(((trifluoromethyl)sulfonyl)oxy)furo[2,3-c]pyridine-2-carboxylate (298 g, 0.88 mol) in
ethanol (3 L) was added 10% Pd/C (30 g) and triethylamine (281 mL, 2.02 mol). The
reaction mixture was stirred under an atmosphere of hydrogen for 16 h and then
filtered through a pad of diatomaceous earth. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography
eluting with 20% ethyl acetate/petroleum ether to givethe title compound (158 g, 94%)
as a pale yellow solid.

Step 6. To a solution of ethyl furo[2,3-c]pyridine-2-carboxylate (158 g, 0.83
mol) in water: THF:MeOH (1:1:1, 2.4 L) was added KOH (139 g, 2.49 mol). The
reaction mixture was stirred at rt for 16 h and then concentrated to a volume of 750

mL. To this residue was added acetic acid until pH ~ 4. The resulting solids were
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collected by filtration, washed with water (300 mLx2) and dried in a vacuum oven
overnight to give the title compound (101 g, 75%) as a pale yellow solid. 'H NMR
(400 MHz, DMSO-ds) 6 9.07 (s, 1H), 8.47 (d, J= 5.6 Hz, 1H), 7.80 (d, /= 5.2 Hz,
1H), 7.61 (s, 1H). MS (ESI+) m/z: 164 [M+H]".

Intermediate 2: Imidazo[1,2-a]pyridine-6-carboxylic acid
O

N “OH

Step 1. Imidazo[1,2-a]pyridine-6-carboxylic acid hydrochloride salt. A

mixture of 2-chloroacetaldehyde (277 g, 40%) and 6-aminonicotinic acid (150 g) in
EtOH (330 mL) was heated to reflux and stirred for 8 h. After cooling, a solid
precipitated and was isolated by vacuum filtration, then washed with ethanol and dried
under vacuum to give the title compound as a light yellow solid (1.78 g, 82%)).

Step 2. Imidazol[1,2-a]pyridine-6-carboxylic acid hydrochloride salt (170 g)
was diluted with water (600 mL) and heated until a clear solution resulted, then an
aqueous solution of NaOH (2 M) was added slowly to adjust the pH = 5-6. The
reaction mixture was cooled to 0 °C using an ice-H,O bath. The resulting precipitate
was collected by vacuum filtration, then washed with ethanol and dried under vacuum
to give the title product (107.2 g, 77%) as a light yellow powder. '"H NMR (400 MHz,
DMSO-dys) 6 13.76-12.82 (br, 1H), 9.28 (s, 1H), 8.10 (s, 1H), 7.68 (s, 1H), 7.64—7.56
(m, 2H). MS (ESI+) m/z: 163 [M+H]".

Intermediate 3: Imidazo[1,2-a]pyrimidine-6-carboxylic acid

0]
7% N/j)kOH

Step 1. Sodium (Z)-2-(dimethoxymethyl)-3-methoxy-3-oxoprop-1-en-1-olate.

Methyl 3,3-dimethoxypropanoate (100 g, 675 mmol) and methyl formate (81 g, 1350
mmol) were dissolved in anhydrous THF (450 mL). Sodium hydride (60% dispersion;
32.4 g, 810 mmol, 1.2 eq.) was then added slowly in portions at 0 °C. The reaction
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mixture was stirred at rt for 1 h, then was heated at 50 °C for 3 h. During this period,
H; evolution was observed. After cooling to rt, the solvent was then removed under
reduced pressure to give the crude product which was directly used in the next step
without further purification.

Step 2. Methyl 2-aminopyrimidine-5-carboxylate. The crude enolate from

step 1 was dissolved in DMF (200 mL), and guanidine hydrochloride (64 g, 670

mmol) was added. The mixture was heated at 100 °C under N, for 3 h. After cooling
to rt, water was added and the mixture was cooled with an ice-water bath. The
resulting precipitate was collected by vacuum filtration and dried under vacuum to
give the desired product (63 g, 61% yield for 2 steps).

Step 3. Methyl imidazo[1,2-a]pyrimidine-6-carboxylate. To a mixture of 2-

bromo-1,1-diethoxyethane (100.6 g, 0.51 mol) and methyl 2-aminopyrimidine-5-
carboxylate (63 g, 0.41 mol) in ethanol (300 mL) was added concentrated HBr (40%)
(55 g). The reaction mixture was heated to reflux for 3 h under N,. After cooling to
rt, the mixture was further cooled with an ice-water bath. The resulting precipitate
was collected by vacuum filtration and dried under vacuum overnight to give the
desired product (92 g, 87%).

Step 4. Into a round bottom flask containing methyl imidazo[1,2-
a]pyrimidine-6-carboxylate (92 g, 356.5 mmol), was added water (200 mL). NaOH (6
N in H;O, 2.5 eq.) was then added dropwise with stirring at rt. After stirring at rt for 1
h, the mixture was cooled with an ice-water bath and concentrated HCI was added (pH
= 5-6). The resulting mixture was concentrated under reduced pressure to
approximately 150 mL (3/4 volume) and cooled with an ice-water bath. The resulting
precipitate was collected by vacuum filtration, washed with cold water (50 mL) and
dried to give the title compound as an off-white solid (46 g, 79%). 'H NMR (DMSO-
ds, 400 MHz) 6 9.29 (d, J= 2.0 Hz, 1H), 8.89 (d, /= 2.0 Hz, 1H), 7.94 (s, 1H), 7.70
(s, 1H). MS (m/z, ES"): 164.1 [M+H]", 186.1 [M + Na]".

Intermediate 4: 1H-Pyrazolo[3.,4-b]pyridine-5-carboxylic acid
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0
N OH
N
N
NN

Step 1. 1-(4-Methoxybenzyl)-1H-pyrazol-5-amine. To a solution of
acrylonitrile (30 mL, 455 mmol) in THF (250 mL), NH,NH,-H,O (23.19 mL, 478

mmol) was added drop-wise at 0 °C. After addition was complete, the mixture was
stirred at rt for 2 h, then 4-methoxybenzaldehyde (55.4 mL, 455 mmol) was added
drop-wise. The mixture was stirred at rt overnight, then at reflux for 2 h. After
cooling to rt the mixture was quenched by addition of 300 mL of ice water. The
mixture was extracted with ethyl acetate (3 x), then the combined organic layers were
extracted with 1 N HCI. The aqueous layer was neutralized with aqueous 10 N
NaOH, then extracted with ethyl acetate. The organic layer was washed with H>O and
brine, then dried over Na,SO,. Filtration, concentration, and recrystrallization with
Et,O gave the target compound as a white solid (50 g, 60%).

Step 2. Ethyl 4-hydroxy-1-(4-methoxybenzyl)-1H-pyrazolo[3.,4-b]pyridine-5-

carboxylate. 1-(4-Methoxybenzyl)-1H-pyrazol-5-amine (3.94 g, 19.39 mmol),
followed by diethyl 2-(ethoxymethylene)malonate (4 mL, 20 mmol) was added to a
200 mL round bottom flask fitted with a distillation head to remove ethanol. The
mixture was heated to 130 °C for 45 min, then 10 mL of diphenyl ether was added and
the temperature was raised to 240 °C for 2 h. The reaction mixture was then cooled to
rt and Et;O (100 mL) was added. The resulting precipitate was collected by vacuum
filtration and dried under vacuum to afford the target compound as a white solid (4 g,
62%).

Step 3. Ethyl 4-chloro-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-

carboxylate. POCl; (10 mL) was added to ethyl 4-hydroxy-1-(4-methoxybenzyl)-1H-
pyrazolo[3,4-b]pyridine-5-carboxylate (7.5 g, 19.39 mmol). The mixture was stirred
at 60 °C for 3 h. The mixture was poured into ice water and the resulting precipitate
was collected by vacuum filtration and dried under vacuum to afford the target
compound a light yellow solid (6.4 g, 80%).

Step 4. Ethyl 1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-carboxylate.

To a solution of ethyl 4-chloro-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-
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carboxylate (5.9 g, 17 mmol) in THF (50 mL), triethylamine (1.7 g, 17 mmol),
followed by Pd(OH),/C (300 mg) was added. The mixture was stirred at rt for 3 h
under H,. The mixture was filtered and concentrated. The residue was dissolved in
ethyl acetate and washed with saturated aqueous NaHCOj3 solution and brine, then
dried over Na,SO,. Filtration and concentration gave target compound as a light gray
solid (5.3 g, 100%).

Step 5. Ethyl 1-(4-methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine-5-carboxylate
(4.4 g, 14 mmol) was dissolved in TFA (158 mL) and heated to 80 °C. The mixture
was stirred at 80 °C for 4 h, then was concentrated to dryness. The residue was poured
into ice water, then aqueous NaOH solution (2 M) was added until the pH was
approximately 14. The solid formed was removed by filtration, and the aqueous layer
was washed with ethyl acetate. To the aqueous layer was added concentrated HCI was
added until the pH was approximately 7. The resulting precipitate was collected by
vacuum filtration and dried under vacuum to afford the title compound as a white
solid (2.1 g, 80%). 'H NMR (400 MHz, DMSO-d;) § 14.38-13.62 (br, 1H), 9.07 (d, J
= 1.6 Hz, 1H), 8.81 (d, J= 1.6 Hz, 1H), 8.32 (s, 1H). MS (m/z, ESI+): 164 [M+H]".

Intermediate 5: 1H-Pyrrolo[3.2-c]pyridine-2-carboxylic acid

U
Z N OH

H

Step 1. 3-lodopyridin-4-amine. To a 2 L 3-necked flask was added a solution

of 38 mL of concentrated sulfuric acid in 200 mL water. The solution was cooled
with an ice-water bath, then 4-aminopyridine (200 g, 2.12 mol) and acetic acid (700
mL) were added in batches. The mixture was then heated to reflux. Iodine (189 g,
0.745 mol) and periodic acid dihydrate (97 g, 0.424 mol) were both equally divided
into four parts. One batch of iodine was added and then one batch of periodic acid
dihydrate was added 15 min later. After 30 min, a new batch of iodine and periodic
acid dihydrate were added in the same way. When all four batches of iodine and
periodic acid dehydrate were added, the mixture was kept refluxing for an additional 3
h. After cooling to rt the reaction mixture was slowly poured into water while stirring,

then a 40% solution of NaOH in water was added until pH > 9. Na,SO; was
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added to destroy the unreacted iodine. After cooling to rt, a filtration was performed.
The collected solid was further purified by recrystallization in chloroform to give the
desired product (184 g, 39%).

Step 2. To a2 L 3-necked flask was added DMF (700 mL), triethylene
diamine (168 g, 1.5 mol), and 4-amino-3-iodopyridine (24, 110 g, 0.5 mol). The
mixture was cooled with an ice-water bath and pyruvic acid (132 g, 1.5 mol) was
slowly added, followed by palladium acetate (4.49 g, 0.02 mol). Under nitrogen
atmosphere, the mixture was heated to 115 °C. The reaction generated effervescence.
The reaction mixture was kept at 115-120 °C for 11 h. The mixture was concentrated
under reduced pressure. The residue was poured into water (500 mL), and
concentrated HCI was added to adjust pH to <I. The mixture was cooled by adding
ice and a filtration was performed. The cake thus obtained was a brownish black
solid.

The above cake was added into 500 mL of water. Concentrated HCI was
added (to ensure complete protonation) followed by 5 g of active carbon. The mixture
was heated to reflux for 20 min and then filtration was performed while hot. The solid
was discarded and the hot filtrate was placed in a refrigerator to allow the HCI salt of
the desired product to precipitate. Upon cooling, filtration was performed which
afforded a dark brown solid with a wet weight of 48 g as the HCI salt of the desired
product.

The solid was then added to 250 mL of water and the mixture was heated until
a clear solution resulted. Solid NaOH was slowly added to adjust pH to 5-6, then
active carbon and an addtional 500 mL of water was added. The mixture was heated
to reflux for 30 min, then filtration was performed while hot. The resulting cake was
added to 750 mL of water, heated to reflux, and filtered again. The cake thus obtained
was discarded. The two batches of filtrate were combined and cooled in a refrigerator.
The resulting precipitate was collected by vacuum filtration, then washed with ethanol
to give the title compound as a slightly yellow solid (25 g, 31%). MS (m/z, ES"):
161.1 [M-1], 323.1 [2M-1]. 'H NMR (DMSO-ds, 400 MHz) § 12.20 (br s, 1H), 8.97
(s, 1H), 8.27 (d, J= 5.6 Hz, 1H), 7.41 (d, J= 6.0 Hz, 1H), 7.23 (s, 1H).
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Intermediate 6: Thieno[2,3-c]pyridine-2-carboxylic acid

)
(I
NF~s"  ©H
Step 1. 3,5-Dibromoisonicotinaldehyde. Lithium diisopropylamide (507

mmol, 1.2 eq.) was added to 200 mL of dry THF at -78 °C under N,. A solution of
3,5-dibromopyridine (100 g, 424 mmol) in 537 mL of dry THF was then added drop-

wise over 30 min. The reaction mixture was stirred at -78 °C for 1 h. Ethyl formate
(34.4 g, 465 mmol) was added drop-wise and stirred at -78 °C for 30 min, then the
reaction mixture was poured into ice-cold saturated aqueous NaHCOj solution. The
mixture was extracted with 3 x 500 mL of EtOAc. The organic layer was
concentrated to provide a brown solid, which was filtered through a pad of silica gel
(eluted with dichloromethane) to give the title compound as a yellow powder (70 g,
63%).

Step 2: Methyl 4-bromothieno[2,3-c]|pyridine-2-carboxylate. 3,5-

Dibromoisonicotinaldehyde (80 g, 303 mmol), followed by cesium carbonate (98 g,
302 mmol) was added to a 2 L round bottom flask containing THF (1.3 L) under No.
Methyl mercaptoacetate (32 g, 302 mmol) was added and the mixture was heated at 60
°C overnight. After cooling to rt, ethyl acetate was added and the organic layer was
washed with water, aqueous saturated NaHCOj5 solution, and brine, then dried over
Na,SOy4 and filtered to give a white solid. The crude product was purified by
recrystallization from ethyl acetate to give the desired product (60 g, 73%).

Step 3. Methyl thieno[2,3-c]pyridine-2-carboxylate. Methyl 4-
bromothieno[2,3-c]pyridine-2-carboxylate (115 g, 423 mmol), TEA (42.7 g, 423
mmol), THF (1.5 L), and MeOH (500 mL) were mixed and degassed. Under nitrogen,

palladium on carbon (10%, 14.7 g, 13.9 mmol) was added. The mixture was
hydrogenated with a Parr apparatus at 45 psi H; for 3 days. The catalyst was filtered
off and the filtrate was concentrated to give the desired compound as a white solid (65
g, 80%).

Step 4. A three necked 2 L round bottom flask equipped with an overhead

stirrer and thermocouple was charged with methyl thieno[2,3-c]pyridine-2-
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carboxylate (130 g, 674 mmol) and water (650 mL). Aqueous sodium hydroxide
solution (10 N) was added with stirring at 20 °C. Over the next 20 min, the
temperature rose to 25 °C and the solid dissolved. After 1 h, concentrated HCI (1.5
eq.) was slowly added to the reaction mixture with rapid stirring, generating a thick
slurry. After stirring for 1 h, the slurry was filtered and the solid was dried under
vacuum to give the title compound as a white solid (105.5 g, 88%). MS (m/z, ES"):
178.0 [M-1]. 'H-NMR (DMSO-ds, 400 MHz) & 12.24 (br s, 1H), 8.97 (s, 1H), 8.27
(d,J=6.0 Hz, 1H), 7.40 (d, J= 5.6 Hz, 1H), 7.23 (s, 1H).

Intermediate 7: Imidazo[1,2-b]pyridazine-6-carboxylic acid

0]

_N
(/\N N OH

N =

Step 1. 6-Chloro-imidazo[1,2-b]pyridazine. A solution of 6-chloro-1,2-

diazinan-3-amine (10 g, 73.75 mmol, 1.00 equiv), 2-bromo-1,1-dimethoxyethane (50
g,295.83 mmol, 4.01 equiv), and HBr (40%, 45 mL) in ethanol (100 mL) was stirred
overnight at 90 °C. The majority of the ethanol was removed under reduced pressure
then the pH value of the solution was adjusted to 10 with 5% aqueous potassium
carbonate solution. The resulting mixture was extracted with 6x500 mL of ethyl
acetate. The combined organic layers were dried over anhydrous sodium sulfate and
concentrated under vacuum. The residue was purified on a silica gel column eluted
with ethyl acetate/petroleum ether (1/2~1/1) to give 6.5 g (57%) of the title compound
as a yellow solid. '"H NMR (300 MHz, CDCl3) & 7.95 (s, 1H), 7.91 (s, 1H), 7.80 (s,
1H), 7.05 (d, J=9.3 Hz, 1H).

Step 2. Imidazo[1,2-b]pyridazine-6-carboxylic acid methyl ester. A mixture

of 6-chloro-imidazo[1,2-b]pyridazine (200 mg, 1.30 mmol, 1.00 equiv),
bis(triphenylphosphine)palladium(II) dichloride (200 mg, 0.28 mmol, 0.22 equiv), and
triethylamine (0.5 mL) in methanol (4 mL) was stirred under carbon monoxide (10
atm) in a 50-mL pressure reactor overnight at 110 °C. The solid material was
removed by filtration. The filtrate was concentrated under vacuum and the residue

was purified on a silica gel column eluted with ethyl acetate/petroleum ether (1/1) to
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give 100 mg (43%) of the title compound as a yellow solid. 'H NMR (300 MHz,
CDCl) 6 8.16 (s, 1H), 8.08 (d, /=9.6 Hz, 1H), 7.94 (s, 1H), 7.77 (d, /= 9.6 Hz, 1H),
4.09 (s, 3H).

Step 3. A mixture of imidazo[1,2-b]pyridazine-6-carboxylic acid methyl ester
(900 mg, 5.08 mmol, 1.00 equiv) and 5% aqueous sodium hydroxide solution (15 mL,
3.75 equiv) in THF (3 mL) was stirred overnight at rt. The pH value of the solution
was adjusted to 2 with 1 M HCL. The resulting mixture was concentrated under
vacuum to give 3 g of crude title product as a yellow solid. The crude product was
used without further purification. LC/MS (Method A, ESI): RT= 0.43 min, m/z =
164.0 [M+H]".

Intermediate 8: Pyrazolo[1.5-a]pyridine-5-carboxylic acid

A -COH
\N/N _

Step 1. 1-Amino-4-methoxypyridinium iodide. A solution of

aminooxysulfonic acid (11.4 g, 100.80 mmol, 0.50 equiv) and 4-methoxypyridine (22
g, 201.60 mmol, 1.00 equiv) in water (200 mL) was stirred under nitrogen for 0.5 h at
90 °C. Potassium carbonate (14 g, 101.30 mmol, 0.50 equiv) was added at rt. The
resulting mixture was concentrated under vacuum then ethanol (150 mL) was added to
dissolve the residue. The insoluble material was removed by filtration. The filtrate
was cooled to -20 °C and then hydroiodic acid (16 g, 40%) was added. The resulting
solution was stirred for 1 h at -20 °C. The precipitated product was collected by
filtration and washed with cold ethanol to give 9.3 g (46%) of the title compound as a
white solid. TLC: 1:5 MeOH/DCM, R¢= 0.02.

Step 2. 5-Methoxy-pyrazolo[1,5-alpyridine-3-carboxylic acid methyl ester. A

mixture of 1-amino-4-methoxypyridinium iodide (6 g, 23.80 mmol, 1.00 equiv),
potassium carbonate (5 g, 36.18 mmol, 1.50 equiv), and methyl propiolate (2 g, 23.79
mmol, 1.00 equiv) in DMF (50 mL) was stirred under nitrogen for 4 h at rt. After the
reaction completed, the mixture was concentrated under vacuum. The residue was
dissolved in 150 mL of dichloromethane and then washed with 1x20 mL of saturated

aqueous sodium bicarbonate solution. The organic layer was concentrated under
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vacuum and the residue was purified on a silica gel column eluted with ethyl
acetate/hexane (1:3) to give 1.5 g (31%) of title product as a solid. LC/MS (Method
D, ESI): RT= 1.30 min, m/z = 207.0 [M+H]".

Step 3. Pyrazolo[1,5-a]pyridin-5-ol. A mixture of methyl 5-

methoxypyrazolo[ 1,5-a]pyridine-3-carboxylate (100 mg, 0.48 mmol, 1.00 equiv) in
40% HBr (5 mL) was stirred for 16 h at 100 °C. The reaction mixture was cooled to rt
and the pH value of the solution was adjusted to 8 with 5 M potassium hydroxide
solution. The resulting solution was extracted with 2x50 mL of ether. The organic
layers were combined and concentrated under vacuum. The residue was purified on a
silica gel column eluted with ethyl acetate/petroleum ether (1:3 to 1:1) to yield 20 mg
(31%) of the title compound as a white solid. LC/MS (Method D, ESI): RT=0.41
min, m/z = 135.0 [M+H]".

Step 4. Trifluoro-methanesulfonic acid pyrazolo[1,5-a]pyridin-5-yl ester. A

mixture of pyrazolo[1,5-a]pyridin-5-ol (300 mg, 2.24 mmol, 1.00 equiv) and
trifluoromethanesulfonic anhydride (0.5 mL) in pyridine (5 mL) was stirred for 10 h at
rt. The resulting mixture was concentrated under vacuum and the residue was
dissolved in 100 mL of dichloromethane. The mixture was washed with 1x10 mL of
sodium bicarbonate solution. The organic layer was dried over anhydrous sodium
sulfate and concentrated under vacuum. The residue was purified on a silica gel
column eluted with ethyl acetate/petroleum ether (1:3) to yield 200 mg (34%) of the
title compound as a solid. LC/MS (Method B, ESI): RT= 2.13 min, m/z = 267.0
[M+H]".

Step 5. Pyrazolo[1,5-a]pyridine-5-carboxylic acid methyl ester. A mixture of

trifluoro-methanesulfonic acid pyrazolo[1,5-a]pyridin-5-yl ester (200 mg, 0.75 mmol,
1.00 equiv), triethylamine (227 mg, 2.24 mmol, 3.00 equiv), DMSO (98 mg, 1.25
mmol, 1.67 equiv), and bis(triphenylphosphine)palladium(II) dichloride (53 mg, 0.08
mmol, 0.10 equiv) in methanol (20 mL) was stirred under carbon monoxide (10 atm)
for 16 h at 100 °C in a 50-mL pressure reactor. After the reaction completed, the
reaction mixture was cooled to rt and the mixture was concentrated under vacuum.

The residue was purified on a silica gel column eluted with ethyl acetate/petroleum
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ether (1:3) to afford 130 mg of the title compound as a solid. LC/MS (Method H,
ESI): RT= 1.36 min, m/z = 177.0 [M+H]".

Step 6. A mixture of pyrazolo[1,5-a]pyridine-5-carboxylic acid methyl ester
(130 mg, 0.74 mmol, 1.00 equiv) and potassium hydroxide (1 g, 17.82 mmol, 24.15
equiv) in methanol (2 mL), THF (2 mL), and water (5 mL) was stirred for 12 h at rt.
The reaction mixture was washed with 2x50 mL of ethyl acetate. The aqueous layer
was collected and the pH value of the solution was adjusted to 6 with 1 N HCI. The
solution was extracted with 5x50 mL of ethyl acetate. The combined organic layers
were dried over anhydrous sodium sulfate and concentrated under vacuum to give 100
mg (84%) the title compound as a yellow solid. LC/MS (Method G, ESI): RT=1.32
min, m/z = 163.0 [M+H]".

Intermediate 9: 1H-Pyrazolo[4,3-b]pyridine-6-carboxylic acid

0]

H
N~ OH
N\ N |

N

Step 1. 5-Bromo-2-methyl-pyridin-3-ylamine. To a stirred mixture of iron

filings (5 g, 89.29 mmol, 3.88 equiv) and ammonium chloride (1 g, 18.70 mmol, 0.81
equiv) in ethanol (66 mL) and water (33 mL) was added a solution of 5-bromo-2-
methyl-3-nitropyridine (5 g, 23.04 mmol, 1.00 equiv) in ethanol (50 mL) dropwise at
90 °C. The reaction mixture was stirred for 10 min at 90 °C and then cooled to rt. The
solid material was removed by filtration. The filtrate was concentrated under vacuum
and the residue was purified on a silica gel column eluted with ethyl acetate/petroleum
ether (1:2) to yield 1.6 g (37%) of the title compound as a yellow solid. LC/MS
(Method I, ESI): RT= 0.81 min, m/z = 187.0; 189.0 [M+H]".

Step 2. N-(5-Bromo-2-methyl-pyridin-3-yl)-acetamide. A solution of 5-

bromo-2-methyl-pyridin-3-ylamine (3 g, 16.04 mmol, 1.00 equiv) in acetic anhydride
(20 mL) and acetic acid (10 mL) was stirred overnight at rt. The resulting mixture
was concentrated under vacuum to give 2.6 g (71%) of the title compound as a light
yellow solid. LC/MS (Method I, ESI): RT= 1.05 min, m/z = 229.0; 231.0 [M+H]".
Step 3. 1-(6-Bromo-pyrazolo[4,3-b]pyridin-1-yI)-ethanone. A mixture of N-

(5-bromo-2-methyl-pyridin-3-yl)-acetamide (3.5 g, 15.28 mmol, 1.00 equiv),
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isopentyl nitrite (4 g, 34.73 mmol, 2.27 equiv), potassium acetate (20 g), and acetic
anhydride (30 mL) in toluene (150 mL) was stirred under nitrogen overnight at 90 °C.
The reaction mixture was cooled to rt and the solid material was removed by filtration.
The filtrate was concentrated under vacuum and the residue was purified on a silica
gel column eluted with ethyl acetate/petroleum ether (1:5) to give in 2 g (55%) of the
title compound as a light yellow solid. LC/MS (Method I, ESI): RT= 1.44 min, m/z =
240.0; 242.0 [M+H]".

Step 4. 1H-Pyrazolo[4,3-b]pyridine-6-carboxylic acid methyl ester. A

mixture of 1-(6-bromo-pyrazolo[4,3-b]pyridin-1-yl)-ethanone (2 g, 8.33 mmol, 1.00
equiv), bis(triphenylphosphine)palladium(II) dichloride (1 g, 1.42 mmol, 0.17 equiv),
and triethylamine (2.5 mL) in methanol (70 mL) was stirred overnight under carbon
monoxide (10 atmospheres) at 100 °C in a 100 mL pressure reactor. The reaction
mixture was cooled to rt and the solid material was removed by filtration. The filtrate
was concentrated under vacuum and the residue was purified on a silica gel column
eluted with ethyl acetate/petroleum ether (1:5) to afford 0.8 g (54%) of the title
compound as a light yellow solid. TLC: 1:1 ethyl acetate/petroleum ether, R¢= 0.2.
Step 5. A solution 1H-pyrazolo[4,3-b]pyridine-6-carboxylic acid methyl ester
(200 mg, 1.13 mmol, 1.00 equiv) and sodium hydroxide (200 mg, 5.00 mmol, 4.43
equiv) in water (10 mL) was stirred overnight at rt. After the reaction was complete,
the pH value of the solution was adjusted to 3 with concentrated HCl. The resulting
mixture was concentrated under vacuum to give 1 g of crude title product as a light

yellow solid. LC/MS (Method I, ESI): RT= 0.91 min, m/z = 164.0; 242.0 [M+H]".

Intermediate 10: [1,2.4]Triazolo[1.5-a]pyridine-6-carboxylic acid

</N‘N . -COH
N=\F

Step 1. N'-(5-Bromo-pyridin-2-y1)-N.N-dimethyl-formamidine. A solution of

5-bromopyridin-2-amine (4 g, 23.12 mmol, 1.00 equiv) and N,N-dimethylformamide
dimethyl acetal (9.6 mL, 3.00 equiv) in DMF (30 mL) was stirred under nitrogen for

12 h at 130 °C. The reaction mixture was cooled to rt and then concentrated under
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vacuum to give 4 g (76%) of the title compound as an oil. TLC: 1:5 MeOH/DCM, R¢
=0.6.
Step 2. 6-Bromo-[1,2.4]triazolo[1,5-a]pyridine. To a solution of N'-(5-bromo-

pyridin-2-yl)-N,N-dimethyl-formamidine (4 g, 17.54 mmol, 1.00 equiv) in methanol
(40 mL) maintained under nitrogen at 0 °C was added pyridine (4 mL, 2.00 equiv) and
(aminooxy)sulfonic acid (3.6 g, 31.83 mmol, 1.30 equiv). The resulting solution was
stirred for 12 h at rt. After the reaction completed, the mixture was concentrated
under vacuum. The residue was diluted with 150 mL of ethyl acetate then washed
with 1x50 mL of saturated ageous sodium carbonate solution and 2x50 mL of water.
The organic layer was dried over anhydrous sodium sulfate then concentrated under
vacuum. The residue was purified on a silica gel column eluted with ethyl
acetate/hexane (1:1) to give 2.5 g (72%) title compound as a solid. LC/MS (Method
D, ESI): RT= 1.15 min, m/z = 198.0 [M+H]".

Step 3. [1.2.4]Triazolo[1,5-a]pyridine-6-carboxylic acid methyl ester. A

mixture of 6-bromo-[1,2,4]triazolo[1,5-a]pyridine (2.4 g, 12.12 mmol, 1.00 equiv),
bis(triphenylphosphine)palladium(II) dichloride (800 mg, 1.14 mmol, 0.10 equiv) and
triethylamine (4 g, 39.53 mmol, 3.00 equiv) in DMSO (1.6 g, 20.48 mmol, 1.67 equiv)
and methanol (50 mL) was stirred under carbon monoxide (10 atm) for 20 h at 100 °C.
The reaction mixture was cooled to rt and quenched with brine (50 mL). The resulting
solution was extracted with ethyl acetate (3x40 mL). The combined organic layers
were dried over anhydrous sodium sulfate then concentrated under vacuum. The
residue was purified on a silica gel column eluted with ethyl acetate/hexane (1:1) to
give 0.98 g (46%) of the title compound as a crude solid. LC/MS (Method C, ESI):
RT= 1.04 min, m/z = 178.0 [M+H]".

Step 4. A solution of [1,2,4]triazolo[1,5-a]pyridine-6-carboxylic acid methyl
ester (200 mg, 1.13 mmol, 1.00 equiv) in THF (2 mL) was added to a solution of
potassium hydroxide (1 g, 17.82 mmol, 15.79 equiv) in water (10 mL). The resulting
mixture was stirred for 10 h at rt. After the reaction completed, the pH value of the
solution was adjusted to 5-6 with 1 N HCI. The mixture was extracted with 3x50 mL

of ethyl acetate. The combined organic layers were dried over anhydrous sodium
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sulfate and concentrated under vacuum to give 112 mg (61%) of the title compound as

a solid. LC/MS (Method C, ESI): RT = 0.9 min, m/z = 164.0 [M+H]".

Intermediate 11: Pyrazolo[1,5-a]pyrimidine-5-carboxylic acid

0]

(TS o
N\ _N
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Step 1. 4H-Pyrazolo[1,5-a]pyrimidin-5-one. A solution of 1H-pyrazol-3-

ylamine (7 g, 84.24 mmol, 1.00 equiv) and ethyl prop-2-ynoate (50 mL) in dioxane
(10 g, 1.21 equiv) was stirred under nitrogen overnight at 110 °C. The reaction
mixture was cooled to rt and the precipitated product was collected by filtration to
give 4 g (36%) of the title compound as a light brown solid. 'H NMR (300 MHz,
DMSO-ds) 6 12.04 (s, 1H), 8.44-8.41 (m, 1H), 7.71 (d, J= 1.8 Hz, 1H), 5.88 (d, J =
8.1 Hz, 1H), 5.79-5.76 (m, 1H).

Step 2. 5-Chloro-pyrazolo[1,5-a]pyrimidine. A solution of 4H-pyrazolo[1,5-

a]pyrimidin-5-one (1 g, 7.40 mmol, 1.00 equiv) in phosphorus oxychloride (15 mL)
was stirred under nitrogen for 2 h at 120 °C. The reaction mixture was cooled to rt
then concentrated under vacuum. The residue was purified on a silica gel column
eluted with ethyl acetate/petroleum ether (1:2) to give 0.6 g (53%) of the title
compound as a light yellow solid. LC/MS (Method I, ESI): RT = 1.21 min, m/z =
154.0 [M+H]".

Step 3. Pyrazolo[1,5-a]pyrimidine-5-carboxylic acid methyl ester. A mixture

of 5-chloro-pyrazolo[1,5-a]pyrimidine (2 g, 13.02 mmol, 1.00 equiv), tricthylamine (4
mL), methanol (80 mL), and bis(triphenylphosphine)palladium(II) dichloride (1 g,
1.42 mmol, 0.11 equiv) was stirred in a 100-mL pressure reactor overnight at 100 °C
under 10 atmospheres of carbon monoxide. The reaction mixture was cooled to rt
then concentrated under vacuum. The residue was purified on a silica gel column
eluted with ethyl acetate/petroleum ether (1:5) to yield 1.2 g (52%) of the title
compound as a light yellow solid. LC/MS (Method I, ESI): RT= 1.09 min, m/z =
178.0 [M+H]".
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Step 4. To a solution of methyl pyrazolo[1,5-a]pyrimidine-5-carboxylic acid
methyl ester (100 mg, 0.56 mmol, 1.00 equiv) in acetic acid (5 mL) was added
concentrated HC1 (37%, 5 mL). The resulting solution was stirred for 3 h at 120 °C,
then concentrated under vacuum. The residue was dissolved in 3 mL of water and
then adjusted to pH 5 with saturated aqueous sodium carbonate solution. The
precipitated product was collected by filtration then air-dried to give 0.08 g (87%) of
pyrazolo[1,5-a]pyrimidine-5-carboxylic acid as a light yellow solid. LC/MS (Method
I, ESI): RT= 0.95 min, m/z = 164.0 [M+H]".

Intermediate 12: 3-tert-Butylamino-imidazo[1,2-a]pyridine-6-carboxylic acid

w9
2/\1\1 X OH
N/ 7

Step 1. 3-tert-Butylamino-imidazo[1,2-a]pyridine-6-carboxylic acid methyl

ester. To a solution of methyl 6-aminopyridine-3-carboxylate (3.8 g, 24.98 mmol,
1.00 equiv) and 2-oxoacetic acid hydrate (3.9 g, 42.39 mmol, 1.70 equiv) in methanol
(120 mL) was added perchloric acid (250 mg, 2.50 mmol, 0.10 equiv). The reaction
mixture was stirred for 30 min and 2-isocyano-2-methylpropane (2.08 g, 25.02 mmol,
1.00 equiv) was then added. The reaction mixture was stirred for 12 h at rt and then
concentrated under vacuum. The residue was purified on a silica gel column eluted
with dichloromethane/ethyl acetate (2:1) to give 850 mg (14%) of the title compound
as a yellow solid. '"H NMR (300 MHz, CDCl;) & 8.97-8.96 (dd, /= 0.9, 1.5 Hz, 1H),
7.69-7.65 (dd, J=4.2,9.6 Hz, 1H), 7.53-7.50 (dd, J=4.2, 9.6 Hz, 1H), 7.39 (s, 1H),
3.96 (s, 3H), 1.23(s, 9H).

Step 2. Sodium 3-tert-Butylamino-imidazo[1,2-a]pyridine-6-carboxylate. To

a solution of 3-tert-butylamino-imidazo[1,2-a]pyridine-6-carboxylic acid methyl ester
(300 mg, 1.21 mmol, 1.00 equiv) in methanol (5 mL) was added a solution of sodium
hydroxide (97 mg, 2.42 mmol, 2.00 equiv) in water (5 mL). The resulting solution
was stirred for 1.5 h at 46 °C. The reaction mixture was cooled to rt and then
quenched by the addition of 0.15 mL of HCI. The resulting mixture was concentrated
under vacuum to give 345.6 mg (crude) of the title product as a yellow solid. LC/MS
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(Method I, ESI): RT = 1.02 min, m/z = 234.0 [M+H - 22]".

Step 3. Sodium 3-tert-butylamino-imidazo[1,2-a]pyridine-6-carboxylate (300
mg, 1.17 mmol, 1.00 equiv) was dissolved in acetic acid (10 mL) and then
concentrated under vacuum. The residue was purified on a silica gel column eluted
with dichloromethane/methanol (20:1) to give 150 mg (54%) of the title compound as
a yellow solid. LC/MS (Method F, ESI): RT = 0.94 min, m/z = 234.0 [M+H]".

Intermediate 13: 2.3-Dihydro-1H-pyrrolo[3.4-c]pyridine.

=
NS

Step 1. Ethyl N-(prop-2-yn-1-yl)carbamate. To a solution of prop-2-yn-1-
amine (11.5 g, 208.79 mmol, 1.00 equiv) and sodium hydroxide (9.1 g, 227.50 mmol,

1.09 equiv) in water (40 mL) and toluene (110 mL) maintained under nitrogen was
added ethyl chloroformate (23.9 g, 220.23 mmol, 1.05 equiv) dropwise in 20 min with
stirring at 10 °C. The resulting solution was stirred overnight at rt then extracted with
3x100 mL of toluene. The combined organic layers were dried over anhydrous
sodium sulfate then concentrated under vacuum to give 15 g (57%) of ethyl N-(prop-
2-yn-1-yl)carbamate as a light yellow oil. TLC: ethyl acetate/petroleum ether (1:2), R¢
=0.5.

Step 2. Pyrimidine-5-carboxaldehyde. To a solution of 5-bromopyrimidine (2
g, 12.58 mmol, 1.00 equiv) in THF (20 mL) placed in a 50-mL 3-necked round-

bottom flask purged and maintained with an inert atmosphere of nitrogen was added
n-butyllithium (1.1 mL) at -78 °C. The reaction mixture was stirred at -78 °C for
another 2 h. Ethyl formate (5.2 mL) was then added and the resulting solution was
stirred for 2 h at -78 °C. The resulting mixture was warmed to 0 °C and washed with
50 mL of brine. The organic layer was dried with anhydrous sodium carbonate and
concentrated. The residue was purified on a silica gel column eluted with ethyl
acetate/petroleum ether (1:1) to give 11 g of crude pyrimidine-5-carboxaldehyde as a
yellow oil. TLC: ethyl acetate/petroleum ether (1/1), Rr=0.2.

Step 3. Pyrimidin-5-ylmethanol. A mixture of pyrimidine-5-carboxaldehyde
(2 g, 18.50 mmol, 1.00 equiv) and sodium borohydride (2 g) in methanol (100 mL)
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was stirred at 0 - 10°C for 30 min. The reaction mixture was concentrated under
vacuum and the residue was purified on a silica gel column eluted with
dichloromethane/methanol (50:1) to yield 1.2 g (59%) of pyrimidin-5-ylmethanol
(commercially available, CAS Reg. No. 25193-95-7) as a light yellow solid. LC/MS
(Method N, ESI): RT=0.74 min, m/z=111.0 [M+H]".

Step 4. 5-(Chloromethyl)pyrimidine. To a solution of pyrimidin-5-ylmethanol

(1.1g, 10 mmol, 1.00 equiv) in dichloromethane (30 mL) was added thionyl chloride
(2 mL) dropwise with stirring. The resulting solution was stirred at rt for 2 h then
concentrated in vacuum to give 1.1 g of crude 5-(chloromethyl)pyrimidine as a yellow
oil. TLC: ethyl acetate/petroleum ether (1:1), Rg=0.4.

Step 5. Ethyl N-(prop-2-yn-1-yl)-N-(pyrimidin-5-ylmethyl)carbamate. A

mixture of ethyl N-(prop-2-yn-1-yl)carbamate (1.27 g, 9.99 mmol, 1.00 equiv)
benzyltriethylammonium chloride (500 mg, 2.60 mmol, 0.26 equiv), 5-
(chloromethyl)pyrimidine (1.28 g, 9.96 mmol, 1.00 equiv) and potassium hydroxide (3
g, 53.47 mmol, 5.37 equiv) in toluene (30 mL) was stirred overnight under nitrogen at
rt. The resulting mixture was concentrated under vacuum and the residue was purified
on a silica gel column eluted with ethyl acetate/petroleum ether (1:1) to afford 0.3 g
(14%) of ethyl N-(prop-2-yn-1-yl)-N-(pyrimidin-5-ylmethyl)carbamate as a light
yellow oil. 'H NMR (300 MHz, CDCl3) § 9.16 (s, 1H), 8.73 (s, 2H), 4.59 (s, 2H),
4.26-4.11 (m, 4H), 2.28 (t, J=2.4 Hz, 1H), 1.30 (t, J= 7.2 Hz, 3H).

Step 6. Ethyl 1H,2H,3H-Pyrrolo[3.4-c]pyridine-2-carboxylate. A mixture of

ethyl N-(prop-2-yn-1-yl)-N-(pyrimidin-5-ylmethyl)carbamate (1 g, 4.56 mmol, 1.00
equiv) in xylene (30 mL) was stirred under nitrogen at 150 °C for 2 days. The
resulting mixture was concentrated under vacuum and the residue was purified on a
silica gel column eluted with ethyl acetate/petroleum ether (1/2) to give 0.4 g (46%) of
ethyl 1H,2H,3H-pyrrolo[3,4-c]pyridine-2-carboxylate as a light brown crude solid. 'H
NMR (300 MHz, CDCls) 6 8.93-8.53 (m, 2H), 7.24 (d, J = 5.1 Hz, 1H), 4.80-4.73 (m,
4H), 4.33-4.22 (m, 2H), 1.49-1.33 (m, 3H).

Step 7. 2,3-Dihydro-1H-pyrrolo[3,4-c]pyridine. A mixture of ethyl
1H,2H,3H-pyrrolo[3,4-c]pyridine-2(3H)-carboxylate (400 mg, 2.4 mmol, 1.00 equiv)




10

15

20

25

146

and barium hydroxide (0.8 g) in water (100 mL) was stirred overnight at 120 °C. The
reaction mixture was cooled to rt and the solid material was collected by filtration.
The residue was stirred in hot ethyl acetate (150 mL) and then filtered to remove solid
material. The filtrate was concentrated under vacuum to give 0.18 g (72%) of 2,3-
dihydro-1H-pyrrolo[3,4-c]pyridine as a light yellow oil. 'H NMR (300 MHz, CDCl5)
0 8.51 (s, 1H), 8.45-8.41 (t, J=4.8 Hz, 1H), 7.20-7.13 (m, 1H), 4.25 (s, 2H), 4.22 (s,
2H).

II. Preparation of Example Compounds

Example 5: Furo[2.3-c]pyridine-2-carboxylic acid 4-(piperidine-1-sulfonyl)-

O
O

N0 ©

—

N

benzylamide

Step 1. 4-(Piperidine-1-sulfonyl)-benzonitrile. A solution of 4-cyano-

benzenesulfonyl chloride (1 g, 4.86 mmol, 1.00 equiv), piperidine (500 mg, 5.75
mmol, 1.18 equiv), and triethylamine (1.5 g, 14.55 mmol, 2.99 equiv) in
dichloromethane (10 mL) was stirred for 1 h at rt. The reaction was quenched by the
addition of 200 mL of water and the resulting solution was extracted with 100 mL of
dichloromethane. The combined organic layers were washed with 3x100 mL of
water, dried over anhydrous sodium sulfate and concentrated under vacuum to give
0.8 g (66%) of the title compound as a white solid. LC/MS (Method H, ESI): RT =
1.49 min, m/z=251.0 [M + H]".

Step 2. 4-(Piperidine-1-sulfonyl)-benzylamine. To a solution of 4-(piperidine-

1-sulfonyl)-benzonitrile (2 g, 7.83 mmol, 1.00 equiv) in methanol (40 mL) was added
Raney Ni (0.2 g, 0.10 equiv) and ammonium hydroxide (4 mL, 28-30% aqueous
solution). The reaction mixture was stirred under 1 atmosphere of hydrogen overnight
at rt. The catalyst was removed by filtration. The filtrate was concentrated under

vacuum and the residue was purified on a silica gel column eluted with
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dichloromethane/methanol (1/30) to give 500 mg (25%) of the title compound as a
light yellow oil. LC/MS (Method H, ESI): RT = 1.08 min, m/z = 255.0 [M + H]".
Step 3. Furo[2,3-c]pyridine-2-carboxylic acid 4-(piperidine-1-sulfonyl)-

benzylamide. A solution of 4-(piperidine-1-sulfonyl)-benzylamine (500 mg, 1.93
mmol, 1.00 equiv, furo[2,3-c]pyridine-2-carboxylic acid (355 mg, 2.13 mmol, 1.11
equiv), DIPEA (762 mg, 5.79 mmol, 3.00 equiv), and benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (1044 mg, 2.31 mmol,
1.20 equiv) in DMF (5 mL) was stirred overnight at rt. The reaction was quenched by
the addition of 20 mL of water. The precipitated product was collected by filtration
and re-crystallized from ethanol to give 304.8 mg (40%) of the title compound as a
light brown solid. "H NMR (300 MHz, DMSO-dy) & 9.67-9.63 (t, J= 6 Hz, 1H), 9.06
(s, 1H), 8.49-8.48 (d, /=3 Hz, 1H), 7.84-7.83 (t,J=3 Hz, 1H), 7.71-7.69 (d, J = 4
Hz, 3H), 7.59-7.57 (d, J= 6 Hz, 2H), 4.60 (d, J = 6.3 Hz, 2H), 2.89-2.84 (m, 4H),
1.61-1.50 (m, 4H), 1.36-1.34 (m, 2H). LC/MS (Method H, ESI): RT = 1.20 min, m/z
=400.0 [M +H]".

Example 16: Imidazo[1,2-b]pyridazine-6-carboxylic acid 4-(piperidine-1-sulfonyl)-

0

asRetY
N

N7 N /

\—/

g o

benzylamide

A solution of imidazo[1,2-b]pyridazine-6-carboxylic acid (1 g, crude), 4-
(piperidine-1-sulfonyl)-benzylamine (100 mg, 0.39 mmol, 1.00 equiv), HOBt (64 mg,
0.47 mmol, 1.20 equiv), EDCI (91 mg, 0.47 mmol, 1.21 equiv), and DIPEA (300 mg,
2.32 mmol, 5.90 equiv) in DMF (3 mL) was stirred for 30 min at rt. The reaction was
then quenched by the addition of 20 mL of water. The resulting solution was
extracted with 4x50 mL of ethyl acetate. The combined organic layer was dried over
anhydrous sodium sulfate and concentrated under reduced pressure. The residue was
purified on a silica gel column eluted with ethyl acetate/petroleum ether (1/1 to 3/2) to
give 39.6 mg (25%) of the title compound as a white solid. LC/MS (Method C, ESI):
RT=2.03 min, m/z = 400.2 [M+H]". '"H NMR (300 MHz, CDCls) § 8.14 (d, J =
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9.3 Hz, 1H), 8.01 (s, 1H), 7.97 (s, 1H), 7.92 (d, J = 5.4 Hz, 1H), 7.88 (s, 1H), 7.75 (d,
J=8.1 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.78 (d, J = 6.3 Hz, 2H), 3.01-2.97 (m, 4H),

1.68-1.60 (m, 4H), 1.46-1.42 (m, 2H).

Example 24: Furo[2,3-c]pyridine-2-carboxylic acid 4-(tetrahydro-pyran-4-sulfonyl)-

benzylamide
(0]

~ N
/ \ (@) H //O
= ?
(@)
1@

Step 1. Tetrahydro-pyran-4-thione. Hydrogen sulfide gas was bubbled into a

solution of tetrahydro-pyran-4-one (10 g, 99.88 mmol, 1.00 equiv) in isopropanol (100
mL) at 0-5 °C. The resulting solution was stirred at 0-5 °C for 4 h. Nitrogen gas was
then bubbled into the solution to remove the excess hydrogen sulfide gas. The
resulting mixture was concentrated under vacuum and the residue was used in the next
step without further purification. TLC (5:1 petroleum ether/ethyl acetate): R = 0.4.
Step 2. Tetrahydro-pyran-4-thiol. To a solution of the crude tetrahydro-pyran-

4-thione (11.6 g, 99.84 mmol, 1.00 equiv) in ethanol (100 mL) maintained under
nitrogen was added sodium borohydride (5.7 g, 150.67 mmol, 1.50 equiv) in several
batches. The resulting solution was stirred for 2 h at 80 °C. After cooling to rt, the
reaction mixture was quenched by the addition of 100 mL of water and then
concentrated under vacuum to half of its original volume. The mixture was extracted
with 3x300 mL of ether. The combined organic layers were dried over anhydrous
sodium sulfate and concentrated under vacuum to give 5 g (42%) of the title
compound as a colorless oil. 'H NMR (300 MHz, CDCl;) & 3.93-3.83 (m, 2H), 3.81-
3.74 (m, 1H), 3.38 (dt, J= 2.4, 10.2 Hz, 2H), 2.07 (s, 1H), 1.84 (dd, J=2.4, 10.5 Hz,
2H), 1.59-1.44 (m, 2H).

Step 3. 4-(Tetrahydro-pyran-4-ylsulfanyl)-benzonitrile. A mixture of

tetrahydro-pyran-4-thiol (4.2 g, 35.53 mmol, 1.20 equiv), 4-fluorobenzonitrile (3.6 g,
29.72 mmol, 1.00 equiv), and potassium carbonate (12.3 g, 89.00 mmol, 2.99 equiv)
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in DF=MF (50 mL) was stirred under nitrogen for 6 h at 80 °C. The reaction mixture
was cooled to rt and then quenched with 200 mL of water. The resulting solution was
extracted with 3x100 mL of ethyl acetate. The combined organic layers were dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was
purified on a silica gel column eluted with ethyl acetate/petroleum ether (1:10 to 1:5)
to give 700 mg (11%) of the title compound as a colorless oil. "H NMR (300 MHz,
CDCl) 6 7.52 (d, J= 6.6 Hz, 2H), 7.35 (d, /= 12 Hz, 2H), 3.99-3.92 (m, 2H), 3.52-
3.40 (m, 3H), 1.97-1.92 (m, 2H), 1.75-1.66 (m, 2H).

Step 4. 4-(Tetrahydro-pyran-4-sulfonyl)-benzonitrile. To a solution of 4-

(tetrahydro-pyran-4-ylsulfanyl)-benzonitrile (700 mg, 3.19 mmol, 1.00 equiv) in
chloroform (20 mL) at 0-5 °C was added m-chloroperbenzoic acid (2.75 g, 15.94
mmol, 4.99 equiv) in several batches. The resulting solution was stirred for 6 h at rt
and then diluted with 100 mL of chloroform. The mixture was washed with aqueous
sodium bisulfite (2x200 mL), 1 N sodium hydroxide (2x200 mL), and brine (3x200
mL). The organic layer was dried over anhydrous sodium sulfate and concentrated
under vacuum. The residue was purified on a silica gel column eluted with ethyl
acetate/petroleum ether (1:10 to 1:2) to give 400 mg (50%) of the title compound as a
white solid. TLC (5:1 petroleum ether/ethyl acetate): Ry=0.3.

Step 5. 4-(Tetrahydro-pyran-4-ylsulfanyl)-benzonitrile. To a solution of 4-

(tetrahydro-pyran-4-sulfonyl)-benzonitrile (400 mg, 1.59 mmol, 1.00 equiv) in
methanol (20 mL) was added ammonium hydroxide (3 mL, 28-30% aqueous solution)
followed by Raney Ni (500 mg). The resulting solution was stirred under 1
atmosphere of hydrogen for 5 h at rt. The catalyst was removed by filtration and the
filtrate was concentrated under vacuum to give 400 mg of crude title product as a
white solid. LC/MS (Method G, ESI): RT = 1.02 min, m/z = 256.0 [M + H]".

Step 6. A solution of furo[2,3-c]pyridine-2-carboxylic acid (60.5 mg, 0.37
mmol, 1.10 equiv), 4-(tetrahydro-pyran-4-ylsulfanyl)-benzonitrile (86 mg, 0.34 mmol,
1.00 equiv), EDCI (129 mg, 0.67 mmol, 2.00 equiv), HOBt (55 mg, 0.41 mmol, 1.21
equiv), and triethylamine (102.2 mg, 1.01 mmol, 3.00 equiv) in DMF (10 mL) was
stirred overnight at rt. The reaction mixture was diluted with 100 mL of water. The

resulting solution was extracted with 3x50 mL of ethyl acetate. The combined




10

15

20

25

150

organic layers were washed with 3x100 mL of brine, dried over anhydrous sodium
sulfate, and concentrated under vacuum. The residue was purified on a silica gel
column eluted with dichloromethane/methanol (50:1 to 30:1) to give 37.1 mg (28%)
the title compound as a light yellow solid. 'H NMR (400 MHz, DMSO-dj) § 9.64 (t, J
= 6.3 Hz, 1H), 9.06 (s, 1H), 8.48 (d, /= 5.4 Hz, 1H), 7.84-7.80 (m, 3H), 7.66-7.61 (m,
3H), 4.61 (d, J= 6.0 Hz, 2H), 3.90-3.85 (m, 2H), 3.59-3.46 (m, 1H), 3.25-3.21 (m,
2H), 1.71-1.68 (m, 2H), 1.56-1.44 (m, 2H). LC/MS (Method F, ESI): RT = 1.12 min,
m/z=401.2 [M +H]".

Example 25: Imidazo[1,2-a]pyridine-6-carboxylic acid 4-[4-(2,2,2-trifluoro-ethyl)-

piperazine-1-sulfonyl]-benzylamide

/_ C F3
0 N
A~y ()
| H N
N g o

Step 1. 4-(4-Cyano-benzenesulfonyl)-piperazine-1-carboxylic acid tert-butyl

ester. A solution of 4-cyanobenzene-1-sulfonyl chloride (2 g, 9.92 mmol, 1.00 equiv),
tert-butyl piperazine-1-carboxylate (1.86 g, 9.99 mmol, 1.00 equiv), and DIPEA (3.87
g, 29.94 mmol, 3.00 equiv) in dichloromethane (40 mL) was stirred for 12 h at 25 °C.
The resulting solution was washed with 1x50 mL of water and 1x50 mL of brine. The
organic layer was dried over anhydrous sodium sulfate and concentrated under
vacuum and the residue was purified on a silica gel column eluted with
dichloromethane/ethyl acetate (25%) to give 2.7 g (77%) of the title compound as a
white solid. LC/MS (Method B, ESI): RT=2.12 min, m/z = 252.0 [M-100+H]".

Step 2. 4-(Piperazine-1-sulfonyl)-benzonitrile. To a solution 4-(4-cyano-

benzenesulfonyl)-piperazine-1-carboxylic acid tert-butyl ester (2.7 g, 7.68 mmol, 1.00
equiv) in dichloromethane (50 mL) was added TFA (10 mL) dropwise with stirring at
25°Cin 10 min. The resulting solution was stirred for 5 h at 25 °C and then
concentrated under vacuum. The residue was dissolved in 100 mL of
dichloromethane then washed sequentially with aqueous sodium bicarbonate solution

(1x100 mL), water (1x100 mL), and brine (1x100 mL). The organic layer was dried
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over anhydrous sodium sulfate and concentrated under vacuum to give 1.8 g (93%) of
the title compound as a white solid. LC/MS (Method J, ESI): RT=1.03 min, m/z =
252.0 [M+H]".

Step 3. 4-[4-(2,2.2-Trifluoro-ethyl)-piperazine-1-sulfonyl]-benzonitrile. To a

solution of 4-(piperazine-1-sulfonyl)-benzonitrile (150 mg, 0.60 mmol, 1.00 equiv)
and DIPEA (232 mg, 1.80 mmol, 3.00 equiv) in DMF (5 mL) was added 2,2,2-
trifluoroethyl trifluoromethanesulfonate (208 mg, 0.90 mmol, 1.50 equiv) dropwise
with stirring in 10 min. The resulting solution was stirred for 12 h at 25 °C and then
quenched by the addition of 30 mL of water. The resulting solution was extracted
with 2x20 mL of dichloromethane. The combined organic layers were washed with
2x50 mL of brine, dried over anhydrous sodium sulfate, and concentrated under
vacuum. The residue was purified on a silica gel column with eluted 20% ethyl
acetate/petroleum ether to give 150 mg (75%) of the title compound as a white solid.
LC/MS (Method I, ESI): RT= 1.05 min, m/z = 334.0 [M+H]".

Step 4. 4-[4-(2,2,2-Trifluoro-ethyl)-piperazine-1-sulfonyl]-benzylamine. To a

solution of 4-[4-(2,2,2-trifluoro-ethyl)-piperazine-1-sulfonyl]-benzonitrile (150 mg,
0.45 mmol, 1.00 equiv) in methanolic ammonia solution (10 mL) was added Raney Ni
(300 mg). The reaction mixture was stirred under 1 atmosphere of hydrogen for 2 h at
25 °C. The catalyst was removed by filtration and the filtrate was concentrated under
vacuum. The residue was purified on a silica gel column eluted with
dichloromethane/methanol (95/5) to give 80 mg (53%) of the title compound as a
white solid. LC/MS (Method I, ESI): RT= 1.12 min, m/z = 338.0 [M+H]".

Step 5. A solution of imidazo[1,2-a]pyridine-6-carboxylic acid (58 mg, 0.36
mmol, 1.50 equiv), EDCI (55 mg, 0.29 mmol, 1.20 equiv), HOBt (39 mg, 0.29 mmol,
1.20 equiv), and DIPEA (93 mg, 0.72 mmol, 3.00 equiv) in DMF (10 mL) was stirred
at 25 °C for 10 min. 4-[4-(2,2,2-Trifluoro-ethyl)-piperazine-1-sulfonyl]-benzylamine
(82 mg, 0.24 mmol, 1.00 equiv) was then added and the mixture was stirred for 12 h at
25 °C. The reaction was then quenched by the addition of 50 mL of water and the
resulting solution was extracted with 2x50 mL of dichloromethane. The combined
organic layers were washed with 100 mL of brine, dried over anhydrous sodium

sulfate, and concentrated under vacuum. The residue was purified on a silica gel
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column eluted with dichloromethane/methanol (100/5) to give 24.1 mg (21%) of the
title compound as a white solid. 'H NMR (400 MHz, CDCls) & 8.93 (s, 1H), 7.69-
7.28 (m, 9H), 4.75 (s, 2H), 3.03-2.88 (m, 6H), 2.84-2.68 (m, 4H). LC/MS (Method B,
ESI): RT= 1.93 min, m/z = 482.2 [M+H]".

Example 47: Furo[2.3-c]pyridine-2-carboxylic acid 4-[1-(tetrahydro-pyran-4-yl)-

piperidine-4-sulfonyl]-benzylamide

Step 1. 4-Hydroxy-piperidine-1-carboxylic acid tert-butyl ester. To a solution
of piperidin-4-ol (50.5 g, 499.27 mmol, 1.00 equiv) and triethylamine (75 g, 741.18

mmol, 1.16 equiv) in dichloromethane (800 mL) was added di-tert-butyl dicarbonate
(130 g, 595.66 mmol, 1.19 equiv) at 0 °C. The mixture was warmed to rt and then
stirred overnight. The resulting solution was concentrated to 300 mL in volume under
vacuum then washed with 3x100 mL of water and 3x100 mL of brine. The organic
layer was dried over anhydrous sodium sulfate and concentrated under vacuum to give
110 g of crude title product as light yellow oil. TLC: 1:1 ethyl acetate/petroleum
ether, R¢= 0.6.

Step 2. 4-(4-Bromo-phenylsulfanyl)-piperidine-1-carboxylic acid tert-butyl

ester. To a solution of 4-bromobenzene-1-thiol (46 g, 243.29 mmol, 1.22 equiv), 4-
hydroxy-piperidine-1-carboxylic acid tert-butyl ester (40 g, 198.75 mmol, 1.00 equiv),
and triphenylphosphine (72 g) in THF (800 mL) maintained under nitrogen
atmosphere was added diethyl azodicarboxylate (50 g, 287.11 mmol, 1.44 equiv)
dropwise within 30 min. The reaction mixture was stirred for 16 h at rt then
concentrated under vacuum. The residue was dissolved in 1000 mL of ethyl acetate
then washed with 2x400 mL of water and 2x400 mL of brine. The organic layer was
dried over anhydrous sodium sulfate and concentrated under vacuum. The residue

was purified on a silica gel column with ethyl acetate/petroleum ether (1:9) to give 30
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g (41%) of the title compound as a colorless oil. TLC: 1:10 ethyl acetate/petroleum
ether, R¢= 0.4.
Step 3. 4-(4-Bromo-benzenesulfonyl)-piperidine-1-carboxylic acid tert-butyl

ester. To a solution of 4-(4-bromo-phenylsulfanyl)-piperidine-1-carboxylic acid tert-
butyl ester (30 g, 80.58 mmol, 1.00 equiv) in dichloromethane (500 mL) was added
m-chloroperoxybenzoic acid (50 g, 289.74 mmol, 3.02 equiv) in several portions. The
resulting solution was stirred for 2 h at rt. After the reaction completed, the reaction
mixture was washed sequentially with 2x200 mL of saturated potassium carbonate
solution, 2x200 mL of water, and 2x200 mL of brine. The organic layer was dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was
purified on a silica gel column eluted with ethyl acetate/petroleum ether (1:6) to afford
27 g (83%) of the title compound as a white solid. LC/MS (Method C, ESI): RT =
1.55 min, m/z = 348.0, 350.0 [M-56+H]".

Step 4. 4-(4-Cyano-benzenesulfonyl)-piperidine-1-carboxylic acid tert-butyl

ester. A mixture of 4-(4-bromo-benzenesulfonyl)-piperidine-1-carboxylic acid tert-
butyl ester (25 g, 61.83 mmol, 1.00 equiv), tetrakis(triphenylphosphine)palladium (7
g, 6.06 mmol, 0.10 equiv), and zinc cyanide (8.6 g) in DMF (400 mL) was stirred
overnight at 85 °C under nitrogen atmosphere. The reaction mixture was quenched
with 1 L of ice/water. The precipitate was collected by filtration and washed with
water. The solid was dissolved in a minimal amount of methylene chloride and then
purified on a silica gel column eluted with ethyl acetate/petroleum ether (6:4) to give
19 g (88%) of the title compound as a white solid. TLC: 1:2 ethyl acetate/petroleum
ether, R¢=0.5.

Step 5. 4-(Piperidine-4-sulfonyl)-benzonitrile hydrochloride. To a saturated

solution of hydrogen chloride in 1,4-dioxane (60 mL) was added 4-(4-cyano-
benzenesulfonyl)-piperidine-1-carboxylic acid tert-butyl ester (2.5 g, 7.13 mmol, 1.00
equiv). The resulting solution was stirred for 2 h at rt. After the reaction completed,
the precipitate was collected by filtration and washed with ether. The solid was dried
under vacuum to yield 1.6 g (78%) of the title compound as a white solid. TLC: 1:5

methanol/dichloromethane, R¢= 0.2.
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Step 6. 4-[1-(Tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-benzonitrile. A

solution of 4-(piperidine-4-sulfonyl)-benzonitrile hydrochloride (2 g, 6.97 mmol, 1.00
equiv), oxan-4-one (700 mg, 6.99 mmol, 1.00 equiv), triethylamine (1 g, 9.88 mmol,
1.42 equiv), and titanium tetraisopropoxide (2 g, 7.04 mmol, 1.01 equiv) in ethanol
(100 mL) was stirred for 2 h at 60 °C. Sodium cyanoborohydride (2 g) and acetic acid
(1.5 mL) were then added and the resulting solution was stirred overnight at 60 °C.
The reaction mixture was concentrated under vacuum. The pH value of the solution
was adjusted to 1 with 5% aqueous hydrochloric acid solution. The solution was
stirred for 1 h at rt and the pH of the solution was then adjusted to 9-10 by adding
saturated aqeuous sodium carbonate solution. The resulting solution was extracted
with 200 mL of ethyl acetate. The organic layer was washed with 100 mL of water
then dried over anhydrous sodium sulfate and concentrated under vacuum. The
residue was purified on a silica gel column eluted with dichloromethane/methanol
(20:1) to give 0.6 g (26%) of the title compound as a white solid. LC/MS (Method I,
ESI): RT = 1.02 min, m/z = 335.0 [M+H]".

Step 7. 4-[1-(Tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-benzylamine. To

a solution of 4-[ 1-(tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-benzonitrile (600 mg,
1.79 mmol, 1.00 equiv) in methanolic ammonia solution (150 mL) was added Raney
Ni (2 g). The reaction mixture was stirred under 1 atmosphere of hydrogen for 2 h at
rt. The catalyst was removed by filtration and the filtrate was concentrated under
vacuum to yield 0.55 g (91%) of the title compound as a gray solid. LC/MS (Method
C, ESI): RT = 0.99 min, m/z = 339.0 [M+H]".

Step 8. Furo[2,3-c]pyridine-2-carboxylic acid 4-[1-(tetrahydro-pyran-4-yl)-

piperidine-4-sulfonyl]-benzylamide. A solution of 4-furo[2,3-c]pyridine-2-carboxylic
acid (70 mg, 0.43 mmol, 1.45 equiv), EDCI (70 mg, 0.37 mmol, 1.24 equiv), HOBt
(52 mg, 0.38 mmol, 1.30 equiv), and triethylamine (0.5 mL) in DMF (4 mL) was

stirred for 10 min at rt. 4-[1-(Tetrahydro-pyran-4-yl)-piperidine-4-sulfonyl]-
benzylamine (100 mg, 0.30 mmol, 1.00 equiv) was then added and the resulting
solution was stirred overnight at 40 °C. The reaction mixture was diluted with 120
mL of ethyl acetate then washed with 2x100 mL of water. The organic layer was

dried over anhydrous sodium sulfate and concentrated under vacuum. The crude
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product was purified by Preparative HPLC (column: Xbridge Phenyl 19*150,
detection: UV 254 nm, mobile phase A: H,O containing NHsHCO3; 10 mmol/L,
mobile phase B: CH3CN; flow rate: 20 mL/min; B/A = 20%~57%/10 min). This
resulted in 19 mg (13%) of the title compound as a light yellow solid. "H NMR (300
MHz, DMSO-dy) 6 9.65 (t, J= 6.0 Hz, 1H), 9.06 (s, 1H), 8.47 (d, /= 5.4 Hz, 1H),
7.84-7.79 (m, 3H), 7.67-7.60 (m, 3H), 4.60 (d, /= 6.0 Hz, 2H), 3.85-3.82 (m, 2H),
3.29-3.17 (m, 3H), 2.95-2.86 (m, 2H), 2.45-2.38 (m,1H), 2.17-1.99 (m, 2H), 1.83-1.79
(m, 2H), 1.60-1.56 (m, 2H), 1.43-1.34 (m, 4H). LC/MS (Method C, ESI): RT =1.13
min, m/z = 484.3 [M+H]".

Example 48: Pyrazolo[1,5-a]pyridine-5-carboxylic acid 4-(piperidine-1-sulfonyl)-

0]
WN&©\< \
\ H N
N/N = S/

g o

benzylamide

A solution pyrazolo[1,5-a]pyridine-5-carboxylic acid (100 mg, 0.62 mmol,
1.00 equiv), 4-(piperidine-1-sulfonyl)-benzylamine (190 mg, 0.75 mmol, 1.20 equiv),
DIPEA (240 mg, 3.00 equiv), EDCI (143 mg, 0.75 mmol, 1.20 equiv), and HOBt (101
mg, 0.75 mmol, 1.20 equiv) in DMF (10 mL) was stirred for 12 h at rt. The resulting
mixture was concentrated under vacuum. The residue was purified on a silica gel
column eluted with dichloromethane/methanol (20:1) to give 110 mg (45%) of the
title compound as a white solid. 'H NMR (300 MHz, CDCls) & 8.59 (d, J = 6.9 Hz,
1H), 8.14 (s, 1 H), 8.06 (s, 1H), 7.70 (d, J = 8.1 Hz, 2H), 7.50 (d, /= 8.1 Hz, 2H), 7.23
(d, J=6.9 Hz, 1H), 6.90 (br, 1H), 6.74 (d, /= 1.8 Hz, 1H), 4.77 (d, J=3.6 Hz, 2H),
3.00-2.96 (m, 4H), 1.67-1.61 (m, 4H), 1.47-1.43 (m, 2H). LC/MS (Method D, ESI):
RT= 1.81 min, m/z =399.0 [M+H]".

Example 49: 1H-Pyrazolo[4,3-b]pyridine-6-carboxylic acid 4-(piperidine-1-sulfonyl)-

benzylamide
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A solution of 4-(piperidine-1-sulfonyl)-benzylamine (130 mg, 0.51 mmol, 1.04
equiv), 1H-pyrazolo[4,3-b]pyridine-6-carboxylic acid (80 mg, 0.49 mmol, 1.00 equiv),
HOBt (140 mg, 1.04 mmol, 2.11 equiv), EDCI (200 mg, 1.04 mmol, 2.63 equiv), and
DIPEA (0.5 mL) in DMF (5 mL) was stirred overnight at rt. The resulting mixture
was concentrated under vacuum. The residue was purified on a silica gel column
eluted with ethyl acetate/hexane (5:1) to give 42.3 mg (22%) of the title compound as
an off-white solid. 'H NMR (300 MHz, DMSO-ds) § 13.62 (s, 1H), 9.41 (t, J= 6.0
Hz, 1H), 8.97 (d, J = 1.8 Hz, 1H), 8.45 (s, 1H), 8.35 (s,1H), 7.65 (d, /= 8.4 Hz, 2H),
7.55 (d, J=8.4 Hz, 2H), 4.61(d, /= 6.0 Hz, 2H), 2.82 (t, /= 5.4 Hz, 4H), 1.49-1.45
(m, 4H), 1.32-1.30 (m, 2H). LC/MS (Method J, ESI): RT= 1.58 min, m/z = 400.0
[M+H]".

Example 97: Imidazo[1,2-a]pyridine-6-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide

A
O O

Step 1. Imidazo[1,2-a]pyridine-6-carboxylic acid benzylamide. To a mixture

of benzylamine (2.62 g, 23.9 mmol), benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (6.42 g, 11.96 mmol), and imidazo[1,2-a]pyridine-6-carboxylic
acid (2.00 g, 11.96 mmol) in methylene chloride (100 mL), was added triethylamine
(10.5 mL, 59.8 mmol). The reaction mixture was stirred at rt for 24 h and then
concentrated to dryness under vacuum. The crude material was washed with an
aqueous solution of saturated sodium bicarbonate (2x), water (2x), and ether (2x).

The crude white solid was collected by filtration to yield the title compound (2.67 g,
89%). This material was used in the next step without further purification. 'H NMR
(400 MHz, DMSO-ds) 6 9.15 (s, 1H), 9.11 (t, J= 5.8 Hz, 1H), 8.06 (s, 1H), 7.73-7.54
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(m, 3H), 7.34 (d, /=4.7 Hz, 4H), 7.28-7.16 (m, 1H), 4.51 (d, J= 5.9 Hz, 2H).
LC/MS (Method L, ESI): RT = 0.54 min, m/z = 252.2 [M + H]".
Step 2. 4-{[(Imidazo| 1,2-a]pyridine-6-carbonyl)-amino]-methyl}-

benzenesulfonyl chloride. Imidazo[1,2-a]pyridine-6-carboxylic acid benzylamide

(2.00 g, 7.80 mmol) was added portionwise to a cooled flask containing chlorosulfonic
acid (6.51 ml, 97.5 mmol). The reaction mixture was kept at ice bath temperature for
another 30 min, then warmed to at rt, and stirred for 2 h. The reaction mixture was
slowly poured into 25 mL of ice-water, and the newly formed milky suspension was
allowed to set for 30 min. The water layer was decanted off and the remaining oil was
washed with ether (2x), and concentrated in vacuo to give the title compound as glass
solid (1.93 g, 71%). This material was used in the next step without further
purification.

Step 3. Imidazo[1,2-alpyridine-6-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide. 4-{[(Imidazo[1,2-a]pyridine-6-carbonyl)-

amino]-methyl}-benzenesulfonyl chloride (0.049 g, 0.14 mmol) was added to a
mixture of 4-pyrrolidin-1-yl-piperdine hydrochloride (57 mg, 0.30 mmol) and triethyl
amine (0.10 mL, 0.70 mmol) in methylene chloride (1 mL). The reaction mixture was
stirred at rt for 24 h and then concentrated to dryness under vacuum to give the crude
title product. The compound was purified by preparative chiral SFC to remove a
small amount of contaminating imidazo[1,2-a]pyridine-6-carboxylic acid 3-(4-
pyrrolidin-1-yl-piperidine-1-sulfonyl)-benzylamide (column: Lux Cellulose-3, 3 x 25
cm, 5 um; detection: UV 254 nm, mobile phase A: CO,, mobile phase B: MeOH
containing 0.1% NH4OH; flow rate: 200 mL/min; gradient: isocratic, A:B = 70:30).
The desired compound was then further purified by preparative HPLC (column:
Gemini-NX, 3 x 10 cm, 10 um; detection: UV 254 nm; mobile phase A: H,O
containing 0.1% NH4OH, mobile phase B: Acetonitrile; flow rate: 60 mL/min,
gradient: 0-1 min 5% B, 1-10 min. 5-50% B, 10-11 min. 50% B, 11-11.2 min. 50-95%
B, 11.2-13 min. 95% B, 13-13.2 min 95-5% B, 13.2-15 min. 5% B). Isolation and
concentration of the appropriate fractions afforded the title product as a white solid
(4.1 mg, 6%). 'H NMR (400 MHz, DMSO-ds) § 9.25 (t, J = 8 Hz, 1H), 9.18 (s, 1H),
8.08 (s, 1H), 7.75-7.55 (m, 6H), 4.61 (d, /= 8 Hz, 2H), 3.47-3.36 (m, 2H), 2.48-
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2.35 (m, 6H), 1.96-1.77 (m, 3H), 1.66-1.54 (m, 4H), 1.49-1.33 (m, 2H). LC/MS
(Method K, ESI): RT = 3.70 min, m/z = 468.2 [M + H]".

Example 127: [7-(4-{[(Imidazo[1,2-a]pyridine-6-carbonyl)-amino]-methyl}-

benzenesulfonyl)-7-aza-spiro[ 3.5 |non-2-yl]-carbamic acid tert-butyl ester

H
N_ _O
Yoihh)
N\ _N
NN S\\o

(0]
4-{[(Imidazo[1,2-a]pyridine-6-carbonyl)-amino]-methyl}-benzenesulfonyl

chloride (45.0 mg, 0.13 mmol) was added to a mixture of (7-aza-spiro[3.5]non-2-yl)-
carbamic acid tert-butyl ester (47.8 mg, 0.19 mmol) and triethyl amine (0.09 mL, 0.64
mmol) in methylene chloride (2 mL). The reaction mixture was stirred at rt for 24 h
and then concentrated to dryness under vacuum to give the crude title product. The
residue was purified by preparative HPLC (column: Gemini-NX, 3 x 10 cm, 10 um;
detection: UV 254 nm; mobile phase A: H,O containing 0.1% NH4OH, mobile phase
B: Acetonitrile; flow rate: 60 mL/min, gradient: 0-1 min 5% B, 1-10 min. 5-50% B,
10-11 min. 50% B, 11-11.2 min. 50-95% B, 11.2-13 min. 95% B, 13-13.2 min 95-5%
B, 13.2-15 min. 5% B), then by preparative chiral SFC to remove a small amount of
contaminating [7-(3-{[(imidazo[1,2-a]pyridine-6-carbonyl)-amino]-methyl }-
benzenesulfonyl)-7-aza-spiro[3.5]non-2-yl]-carbamic acid tert-butyl ester (Column:
Lux Cellulose-3, 3 x 25 ¢cm, 5 um; detection: UV 254 nm, mobile phase A: CO,,
mobile phase B: MeOH containing 0.1% NH4OH; flow rate: 200 mL/min; gradient:
isocratic, A:B = 75:25). Isolation and concentration of the appropriate fractions
afforded the desired product as a white solid (31 mg, 42%). 'H NMR (400 MHz,
DMSO-ds) 6 9.21 (t, J=6.0 Hz, 1H), 9.17 (s, 1H), 8.07 (s, 1H), 7.73-7.65 (m, 4H),
7.63 (d,J=9.5Hz, 1H), 7.58 (d, J = 8.1 Hz, 2H), 7.01 (d, J= 7.8 Hz, 1H), 4.61 (d, J
= 5.9 Hz, 2H), 3.88-3.77 (m, 1H), 2.86 (t, /= 5.4 Hz, 2H), 2.78 (t, J = 5.3 Hz, 2H),
1.98-1.88 (m, 3H), 1.60-1.47 (m, SH), 1.33 (s, 9H). LC/MS (Method K, ESI): RT =
4.11 min, m/z = 5542 [M + H]".
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Example 156: 1H-Pyrazolo[3,4-b]pyridine-5-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide
(@]
< {0

N y
7\
ko)

Step 1. 1H-Pyrazolo[3,4-b]pyridine-5-carboxylic acid benzylamide. To a

mixture of benzylamine (2.80 g, 26.0 mmol), benzotriazol-1-yl-
oxytripyrrolidinophosphonium hexafluorophosphate (14.0 g, 27.0 mmol), and 1H-
pyrazolo[3,4-b]pyridine-5-carboxylic acid (4.0 g, 25.0 mmol) in methylene chloride
(340 mL), was added DIPEA (8.6mL, 49.0 mmol). The reaction mixture was stirred
at rt for 24 h. To the reaction mixture was added saturated aqueous sodium
bicarbonate solution, and the resulting solid was collected by vacuum filtration. The
crude solid was washed with water and ether to yield the title compound as a white
solid (4.60 g, 74.0%). This material was used in the next step without further
purification. 'H NMR (400 MHz, DMSO-d5)  13.91 (s, 1H), 9.22 (t, J = 6.0 Hz, 1H),
9.03 (d,/J=1.8 Hz, 1H), 8.76 (d, J= 1.9 Hz, 1H), 8.29 (s, 1H), 7.35 (m, 4H), 7.30-
7.17 (m, 1H), 4.53 (d, /= 5.8 Hz, 2H). LC/MS (Method L, ESI): RT = 0.75 min, m/z
=253.1 [M+H]".

Step 2. 4-{[(1H-Pyrazolo[3.4-b]pyridine-5-carbonyl)-amino]-methyl}-

benzenesulfonyl chloride. 1H-Pyrazolo[3,4-b]pyridine-5-carboxylic acid benzylamide

(3.0 g, 11.9 mmol) was added portionwise to a cooled flask containing chlorosulfonic
acid (9.92 mL, 149 mmol). The reaction mixture was kept at ice bath temperature for
another 30 min, then warmed to rt and stirred for 6 h. The reaction mixture was
slowly poured into 30 mL of ice-water. The resulting sticky suspension was left to
stand for 30 min, then the aqueous layer was decanted. The oily residue was washed
with ether (2x), then dried under vacuum to give the title compound as glass solid
(3.60 g, 86%). This material was used in the next step without further purification.
Step 3. 1H-Pyrazolo[3.,4-b]pyridine-5-carboxylic acid 4-(4-pyrrolidin-1-yl-

piperidine-1-sulfonyl)-benzylamide. 4-{[(1H-Pyrazolo[3,4-b]pyridine-5-carbonyl)-
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amino]-methyl}-benzenesulfonyl chloride (0.049 g, 0.14 mmol) was added to a
mixture of 4-pyrrolidin-1-yl-piperdine hydrochloride (57 mg, 0.30 mmol) and
triethylamine (0.10 mL, 0.70 mmol) in methylene chloride (1 mL). The reaction
mixture was stirred at rt for 24 h and then concentrated to dryness under vacuum to
give the crude title product. The compound was purified by preparative HPLC
(column: Gemini-NX, 3 x 10 cm, 10 um; detection: UV 254 nm; mobile phase A: H,O
containing 0.1% NH4OH, mobile phase B: Acetonitrile; flow rate: 60 mL/min,
gradient: 0-1 min 5% B, 1-10 min. 5-50% B, 10-11 min. 50% B, 11-11.2 min. 50-95%
B, 11.2-13 min. 95% B, 13-13.2 min 95-5% B, 13.2-15 min. 5% B), then by
preparative chiral SFC to remove a small amount of contaminating 1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic acid 3-(4-pyrrolidin-1-yl-piperidine-1-sulfonyl)-benzylamide
(Column: Lux Cellulose-3, 21.2 x 150 mm, 5 um; detection: UV 230 nm, mobile
phase A: CO,, mobile phase B: MeOH containing 0.1% NH4OH; flow rate: 70
mL/min; gradient: isocratic, A:B = 70:30). Isolation and concentration of the
appropriate fractions afforded the title as a white solid (14.6 mg, 22%). 'H NMR (400
MHz, DMSO-dy) 6 13.96 (br s, 1H), 9.34 (t,J = 8 Hz, 1H), 9.04 (s, 1H), 8.78 (s, 1H),
8.32 (s, 1H), 8.18 (S, 1H), 7.71 (d, J = 8 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 4.63 (d, J =
4 Hz, 2H), 3.47-3.36 (m, 2H), 2.48-2.35 (m, 6H), 2.09-1.98 (m, 1H), 1.90-1.80 (m,
2H), 1.66-1.54 (m, 4H), 1.49-1.33 (m, 2H). LC/MS (Method K, ESI): RT =2.96 min,
m/z=469.2 [M +H]".

Example 157: Furo[2.3-c]pyridine-2-carboxylic acid 4-(4-pyrrolidin-1-yl-piperidine-

(0]
A
ATV

ESSS N\
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1-sulfonyl)-benzylamide

Step 1. Furo[2,3-c]pyridine-2-carboxylic acid benzylamide. To a flask

containing furo[2,3-c]pyridine-2-carboxylic acid (2.50 g, 13.8 mmol), was added
thionyl chloride (20 ml), followed by a few drops of DMF. The reaction mixture was
heated at 85 °C for 2 h. The mixture was then cooled to rt and concentrated under

vacuum. The crude furo[2,3-c]pyridine-2-carbonyl chloride was suspended in
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methylene chloride (30 mL), then treated with a solution of benzylamine (1.35 ml,
12.4 mmol) and triethylamine (4.81 mL, 27.5 mmol) in methylene chloride (10 mL).
The reaction mixture was stirred at rt for 24 h and then washed with a saturated
solution of aqueous sodium bicarbonate, dried over MgSQOy4, and concentrated to
dryness under vacuum to give the crude title product as yellow solid (3.60 g, 100%).
'H NMR (400 MHz, DMSO-ds) § 9.57 (t, J = 5.9 Hz, 1H), 9.07 (s, 1H), 8.48 (d, J =
5.2 Hz, 1H), 7.84 (d, /= 5.2 Hz, 1H), 7.67 (s, 1H), 7.35 (d, /= 4.4 Hz, 4H), 7.30-7.19
(m, 1H), 4.50 (d, /= 6.1 Hz, 2H). LC/MS (Method L, ESI): RT = 0.64 min, m/z =
253.1 [M +H]".

Step 2. 4-{[(Furo[2,3-c]pyridine-2-carbonyl)-amino]-methyl}-

benzenesulfonyl chloride. Furo[2,3-c]pyridine-2-carboxylic acid benzylamide (500

mg, 1.98 mmol) was added portionwise to a cooled flask containing chlorosulfonic
acid (1.65 mL, 24.8 mmol). The reaction mixture was kept in an ice bath for another
30 mins, then warmed to at rt and continued stirring for 2 h. The reaction mixture was
slowly poured into 10 mL ice-water, and the resulting mixture was allowed to stand
for 30 min. The water layer was removed, washed with ether twice, and dried in
vacuo to give 4-{[(furo[2,3-c]pyridine-2-carbonyl)-amino]-methyl}-benzenesulfonyl
chloride as glassy solid (120 mg, 17%). The crude material was used in the next step
without further purification.

Step 3. Furo[2,3-c]pyridine-2-carboxylic acid 4-(4-pyrrolidin-1-yl-piperidine-

1-sulfonyl)-benzylamide. 4-{[(Furo[2,3-c]pyridine-2-carbonyl)-amino]-methyl}-

benzenesulfonyl chloride (0.049 g, 0.14 mmol) was added to a mixture of 4-
pyrrolidin-1-yl-piperdine hydrochloride (57 mg, 0.30 mmol) and triethylamine (0.10
mL, 0.70 mmol) in methylene chloride (1 mL). The reaction mixture was stirred at rt
for 24 h and then concentrated to dryness under vacuum to give the crude title
product. The compound was purified by preparative HPLC (column: Gemini-NX, 3 x
10 cm, 10 um; detection: UV 254 nm; mobile phase A: H,O containing 0.1% NH4OH,
mobile phase B: Acetonitrile; flow rate: 60 mL/min, gradient: 0-1 min 5% B, 1-10
min. 5-50% B, 10-11 min. 50% B, 11-11.2 min. 50-95% B, 11.2-13 min. 95% B, 13-
13.2 min 95-5% B, 13.2-15 min. 5% B), then by preparative chiral SFC to remove a

small amount of contaminating furo[2,3-c]pyridine-2-carboxylic acid 3-(4-pyrrolidin-
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1-yl-piperidine-1-sulfonyl)-benzylamide (Column: Lux Cellulose-3, 21.2 x 150 mm, 5
um; detection: UV 230 nm, mobile phase A: CO,, mobile phase B: MeOH containing
0.1% NH4OH; flow rate: 70 mL/min; gradient: isocratic, A:B = 70:30). Isolation and
concentration of the appropriate fractions afforded the title product as a white solid
(17.4 mg, 27%). "H NMR (400 MHz, DMSO-dy) 8 9.67 (t, J = 8 Hz, 1H), 8.49 (d, J =
8.0 Hz, 1H), 8.19 (s, 1H), 7.83 (d, J=4.0Hz, 1H), 7.71 (d, J= 8.0 Hz, 2 H), 7.67 (s,
1H), 7.59 (d, J=Hz, 2H), 4.61 (d, /= 4 Hz, 2H), 3.47-3.36 (m, 2H), 2.48-2.35 (m,
6H), 2.09-1.98 (m, 1H), 1.90-1.80 (m, 2H), 1.66-1.54 (m, 4H), 1.49-1.33 (m, 2H).
LC/MS (Method K, ESI): RT = 2.73 min, m/z = 469.2 [M + H]".

Example 189: Furo[2,3-c]pyridine-2-carboxylic acid 4-(1-isobutyl-piperidine-4-

sulfinyl)-benzylamide

Step 1. 4-(4-Bromo-benzenesulfinyl)-piperidine-1-carboxylic acid tert-butyl

ester. A solution of 4-(4-bromo-phenylsulfanyl)-piperidine-1-carboxylic acid tert-
butyl ester (6 g, 16.12 mmol, 1.00 equiv), catalytic H,SO4/i-PrOH (0.1 g per 2 mL; 6
g), and H,O, (10 mL) in dichloromethane (100 mL) was stirred for 2 h at 50 °C. The
reaction mixture was diluted with 300 mL of dichloromethane and washed with 50 mL
of brine. The mixture was dried over anhydrous sodium sulfate and concentrated
under vacuum. The residue was applied onto a silica gel column and eluted with ethyl
acetate/petroleum ether (1:10), affording 2.7 g (43%) of the title compound as a white
solid. TLC: 1:1 petroleum ether/ethyl acetate, Ry = 0.15.

Step 2. 4-(4-Cyano-benzenesulfinyl)-piperidine-1-carboxylic acid tert-butyl

ester. A solution of 4-(4-bromo-benzenesulfinyl)-piperidine-1-carboxylic acid tert-
butyl ester (3.5 g, 9.01 mmol, 1.00 equiv), 1,1'-bis(diphenylphosphino)ferrocene (350
mg, 0.63 mmol, 0.07 equiv), tris(dibenzylideneacetone)dipalladium (350 mg, 0.38
mmol, 0.04 equiv), and zinc cyanide (1.7 g, 14.47 mmol, 1.61 equiv) in DMF (25 mL)

was stirred under nitrogen for 2 h at 100 °C. The solid material was removed by
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filtration. The filtrate was diluted with 80 mL of ethyl acetate then washed with 2x20
mL of water. The organic layer was dried over anhydrous sodium sulfate and
concentrated under vacuum. The residue was purified on a silica gel column eluted
with ethyl acetate/petroleum ether (1:30) to give 1.5 g (50%) of the title compound as
a light yellow solid. TLC: 1:1 petroleum ether/ethyl acetate, R¢= 0.1.

Step 3. 4-(Piperidine-4-sulfinyl)-benzonitrile. Thionyl chloride (10 mL) was

added dropwise to methanol (100 mL) at 0 °C. After stirring for 5 min, 4-(4-cyano-
benzenesulfinyl)-piperidine-1-carboxylic acid tert-butyl ester (2.3 g, 6.88 mmol, 1.00
equiv) was added in several portions. The reaction mixture was stirred for another 30
min at rt and then concentrated under reduced pressure. The residue was dissolved in
10 mL of water and the pH value of the solution was adjusted to 10 with saturated
aqueous sodium carbonate solution. The mixture was extracted with dichloromethane
(3x20 mL). The combined organic layers were dried over anhydrous sodium sulfate
and concentrated under reduced pressure to give 1.7 g (crude) of title compound as a
light yellow solid. LC/MS (Method G, ESI), RT= 1.03 min, m/z = 235.0 [M+H]".
Step 4. 4-(1-Isobutyl-piperidine-4-sulfinyl)-benzonitrile. A solution of 4-

(piperidine-4-sulfinyl)-benzonitrile (1.7 g, 7.26 mmol, 1.00 equiv), 2-methylpropanal,
(2.6 g, 36.06 mmol, 5.00 equiv) and titanium isopropoxide (2.5 g) in acetic acid (2
mL) and ethanol (20 mL) was stirred for 2 h at 60 °C. Sodium cyanoborohydride (4.6
g) was then added and the resulting solution was stirred for 1 h at 60 °C. The resulting
mixture was concentrated under vacuum. The residue was dissolved in 60 mL of ethyl
acetate and 10 mL of water. The pH value of the solution was adjusted to 4 with | M
HCI. The organic layer was discarded and the aqueous layer was adjusted to pH 8
with saturated aqueous sodium carbonate solution. The aqueous layer was then
extracted with ethyl acetate (3x20 mL). The combined organic layers were dried over
anhydrous sodium sulfate and concentrated under vacuum. The residue was purified
on a silica gel column eluted with ethyl acetate/petroleum ether (1:1) to give 0.9 g
(43%) of the title compound as a light yellow solid. LC/MS (Method C, ESI), RT =
0.34 min, m/z =291.0 [M+H]".

Step 5. 4-(1-Isobutyl-piperidine-4-sulfinyl)-benzylamine. To a solution of 4-

(1-isobutyl-piperidine-4-sulfinyl)-benzonitrile (800 mg, 2.75 mmol, 1.00 equiv) in
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methanol (150 mL) was added Raney Ni (1 g). The reaction mixture was stirred under
1 atmosphere of hydrogen for 30 min at rt. The nickel catalyst was removed by
filtration and the filtrate was concentrated under vacuum. The residue was purified on
a silica gel column eluted with dichloromethane/methanol (10:1) to yield 478 mg
(59%) of the title compound as an off-white solid. LC/MS (Method H, ESI), RT =
0.81 min, m/z =295.1 [M+H]".

Step 6. Furo[2,3-c]pyridine-2-carboxylic acid 4-(1-isobutyl-piperidine-4-

sulfinyl)-benzylamide. A solution of furo[2,3-c]pyridine-2-carboxylic acid (65 mg,
0.40 mmol, 1.47 equiv), HOBt (50 mg, 0.37 mmol, 1.36 equiv), EDCI (80 mg, 0.42
mmol, 1.53 equiv), DIPEA (129 mg, 1.00 mmol, 3.67 equiv), and 4-(1-isobutyl-

piperidine-4-sulfinyl)-benzylamine (80 mg, 0.27 mmol, 1.00 equiv) in DMF (3 mL)
was stirred for 30 min at rt. The reaction mixture was diluted with 30 mL of ethyl
acetate then washed with 2x10 mL of water and 1x10 mL of brine. The organic layer
was dried over anhydrous sodium sulfate and concentrated under vacuum. The
residue was first purified on a silica gel column eluted with dichloromethane/methanol
(1:10) and the partially purified product was further purified by preparative HPLC
with the following conditions (IntelFlash-1: Column, C;s column; mobile phase,
water:acetonitrile = 1:20 increasing to water:acetonitrile = 1:10 within 2 hr; Detector,
UV 254 nm) to give 10 mg (8%) of the title compound as a white solid. LC/MS
(Method I, ESI): RT= 1.06 min, m/z = 440.0 [M+H]". 'H NMR (300 MHz, DMSO-
de) 6 9.55 (t,J=6.0 Hz, 1H), 9.01 (s, 1H), 8.43 (d, J=5.1 Hz, 1H), 7.78 (dd, J = 5.1,
0.9 Hz, 1H), 7.62 (s, 1H), 7.53 (d, J= 8.4 Hz, 2H), 7.48 (d, /= 8.4 Hz, 2H), 4.52 (d, J
= 6.3 Hz, 2H), 2.78-2.70 (m, 2H), 2.68-2.61 (m, 1H), 1.93-1.91 (m, 2H), 1.84-1.75 (m,
4H), 1.67-1.47 (m, 2H), 1.39-1.31 (m, 1H), 0.76 (d, J = 6.3 Hz, 6H).

Examples 192 and 193: Enantiomers of Furo[2,3-c]pyridine-2-carboxylic acid 4-(1-

1sobutyl-piperidine-4-sulfinyl)-benzylamide

The two enantiomers of furo[2,3-c]pyridine-2-carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide (Example 189) were separated by preparative
HPLC using the following conditions: Column, Chiralpak IC2*25 c¢cm, 5 um Chiral-
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P(IC)0011C0O0CJ-L0016; mobile phase, Phase A: Hex (0.2% diethylamine), Phase B:
EtOH (0.2% diethylamine); A/B = 6/4, Flow Rate, 20 mL/min; Wavelength, 220/254
nm; Pressure, 80~90 bar, Temperature: 25 °C. The retention time of Example 192 and

Example 193 are RT = 11.23 min and RT = 15.37 min, respectively.

Example 228. N-[[4-(1-Acetylpiperidine-4-sulfonyl)phenyl]methyl]-1H-pyrazolo[3.4-

b]pyridine-5-carboxamide.

O 0
AN %
oY s
N
y N K@\

g0

Step 1. tert-Butyl 4-hydroxypiperidine-1-carboxylate. To a solution of
piperidin-4-ol (50.5 g, 499.27 mmol, 1.00 equiv) and triethylamine (75 g, 741.18
mmol, 1.16 equiv) in DCM (800 mL) at 0°C was added di-tert-butyl dicarbonate (130

g, 595.66 mmol, 1.19 equiv). The mixture was warmed to rt and stirred overnight. The
reaction mixture was washed with 3x100 mL of water and 3x100 mL of brine. The
organic layer was dried over anhydrous sodium sulfate and concentrated under
vacuum to give 110 g of crude tert-butyl 4-hydroxypiperidine-1-carboxylate as a light
yellow oil. The crude product was used directly without further purification. TLC:
DCM/MeOH = 10:1, R¢=0.4.

Step 2. tert-Butyl 4-[(4-bromophenyl)sulfanyl]piperidine-1-carboxylate. To a

solution of 4-bromobenzene-1-thiol (46 g, 243.29 mmol, 1.22 equiv), tert-butyl 4-
hydroxypiperidine-1-carboxylate (40 g, 198.75 mmol, 1.00 equiv) and PPhs (72 g) in
THF (800 mL) maintained under nitrogen at rt was added a solution of
diethylazodicarboxylate (50 g, 287.11 mmol, 1.44 equiv) in THF (200 mL) dropwise
within 30 min. The resulting solution was stirred at rt for 16 h and then concentrated
under vacuum. The residue was redissolved in 1000 mL of ethyl acetate then washed
with 2x400 mL of water and 2x400 mL of brine. The organic layer was dried over
anhydrous sodium sulfate and concentrated under vacuum. The residue was purified

on a silica gel column eluted with ethyl acetate/petroleum ether (1:9) to give 30 g
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(41%) of tert-butyl 4-[(4-bromophenyl)sulfanyl]piperidine-1-carboxylate as a
colorless oil. TLC: ethyl acetate/petroleum ether = 1:5, R¢= 0.6.
Step 3. tert-Butyl 4-[(4-bromobenzene)sulfonyl]piperidine-1-carboxylate. To

a stirred solution of tert-butyl 4-[(4-bromophenyl)sulfanyl]piperidine-1-carboxylate
(30 g, 80.58 mmol, 1.00 equiv) in DCM (500 mL) was added 3-chloroperoxybenzoic
acid (50 g, 289.74 mmol, 3.02 equiv) in small portions. The reaction mixture was
stirred at rt for 2 h. The mixture was washed sequentially with 2x200 mL of saturated
potassium carbonate solution, 2x200 mL of water and 2x200 mL of brine. The organic
layer was dried over anhydrous sodium sulfate and concentrated under vacuum. The
residue was purified on a silica gel column with ethyl acetate/petroleum ether (1:6) to
give 27 g (83%) of tert-butyl 4-[(4-bromobenzene)sulfonyl]piperidine-1-carboxylate
as a white solid. TLC: ethyl acetate/petroleum ether = 1:4, Rr=0.3.

Step 4. tert-Butyl 4-[(4-cyanobenzene)sulfonyl]piperidine-1-carboxylate. A

mixture of tert-butyl 4-[(4-bromobenzene)sulfonyl]piperidine-1-carboxylate (25 g,
61.83 mmol, 1.00 equiv), Pd(PPhs)4 (7 g, 6.06 mmol, 0.10 equiv) and Zn(CN), (8.6 g)
in DMF (400 mL) was stirred under nitrogen overnight at 85°C. The reaction mixture
was cooled to rt. Ice/water (1000 mL) was added to precipitate the product. The solid
was collected by filtration then washed with water. The solid was dissolved in a small
amount of methylene chloride then loaded onto a silica gel column. The column was
eluted with ethyl acetate/petroleum ether (6:4) to give 19 g (88%) of tert-butyl 4-[(4-
cyanobenzene)sulfonyl]piperidine-1-carboxylate as a white solid. TLC: ethyl
acetate/petroleum ether = 1:2, Ry = 0.4.

Step 5. 4-(Piperidine-4-sulfonyl)benzonitrile hydrochloride. Hydrogen

chloride gas was bubbled into a solution of tert-butyl 4-[(4-
cyanobenzene)sulfonyl]piperidine-1-carboxylate (2.5 g, 7.13 mmol, 1.00 equiv) in
1,4-dioxane at 0°C (60 mL) for 20 min. The reaction mixture was stirred at rt for 2 h.
The precipitate was collected by filtration, washed with ether and then dried in
vacuum to give 1.6 g (78%) of 4-(piperidine-4-sulfonyl)benzonitrile hydrochloride as
a white solid.

Step 6. 4-(1-Acetylpiperidine-4-sulfonyl)benzonitrile. To a stirred solution of

4-(piperidine-4-sulfonyl)benzonitrile hydrochloride (1.6 g, 5.58 mmol, 1.00 equiv)
and DIPEA (1.5 g, 11.61 mmol, 2.08 equiv) in DCM (40 mL) at 0°C was added a
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solution of acetyl chloride (500 mg, 6.37 mmol, 1.14 equiv) in DCM (10 mL)
dropwise. The resulting solution was stirred at rtfor 30 min. The reaction mixture was
washed with 2x20 mL of water and 2x20 mL of brine. The organic layer was dried
over anhydrous sodium sulfate and concentrated under vacuum to givel.5 g (92%) of
4-(1-acetylpiperidine-4-sulfonyl)benzonitrile as a white solid. TLC: ethyl acetate:
petroleum ether = 1:1, R¢= 0.6.

Step 7. 1-(4-[[4-(Aminomethyl)benzene]sulfonyl]piperidin-1-yl)ethan-1-one.

To a mixture of 4-(1-acetylpiperidine-4-sulfonyl)benzonitrile (1.5 g, 5.13 mmol, 1.00
equiv), and Raney Ni (0.5 g) in MeOH (150 mL) was added a 7N solution of NH3 in
MeOH (3 mL). The mixture was stirred under 1 atmosphere of H; atrt for 2 h. The
catalyst was removed by filtration and the filtrate was concentrated under vacuum.
The residue was purified on a silica gel column eluted with DCM/MeOH (90/10) to
give 1 g (66%) of 1-(4-[[4-(aminomethyl)benzene]sulfonyl|piperidin-1-yl)ethan-1-one
as a white solid. TLC: MeOH/CH,CL, = 1:10, R¢=0.1.

Step 8. A solution of 1H-pyrazolo[3,4-b]pyridine-5-carboxylic acid (120 mg,
0.74 mmol, 1.45 equiv), 1-(4-[[4-(aminomethyl)benzene]sulfonyl]piperidin-1-
yl)ethan-1-one (150 mg, 0.51 mmol, 1.00 equiv), EDCI (130 mg, 0.68 mmol, 1.34
equiv), HOBt (90 mg, 0.67 mmol, 1.32 equiv) and DIPEA (0.5 mL) in DMF (5 mL)
was stirred at rt overnight. The reaction mixture was diluted with 50 mL of DCM then
washed with 2x50 mL of water and 2x50 mL of brine. The organic layer was dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was
purified on a silica gel column eluted with DCM/MeOH (94/6) to give 65 mg (29%)
of N-[[4-(1-acetylpiperidine-4-sulfonyl)phenyl|methyl]-1H-pyrazolo[3,4-b]pyridine-
5-carboxamide as a white solid. LC/MS (Method C, ESI): RT = 1.31 min, m/z =
442.0 [M+1]". "H NMR (300MHz, DMSO-ds, ppm): 8 9.33 (t, J = 6.0 Hz, 1H), 9.05 (
d,J=2.1 Hz, 1H), 8.78 (d, /= 2.1 Hz, 1H), 8.31 (s, 1H), 7.83 (d, J = 8.4 Hz, 2H),
7.66 (d, J= 8.4 Hz, 2H), 4.66 (d, J = 6.0 Hz, 2H), 4.45 (d, /= 13.2 Hz, 1H), 4.38 (d, J
=13.2 Hz, 1H), 3.56-3.47 (m, 1H), 3.03-2.96 (m, 1H), 2.51-2.44 ( m, 1H), 1.96 (s,
3H), 1.87-1.80 (m, 2H), 1.52-1.38 (m, 1H), 1.34-1.28 (m, 1H).
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Example 294. N-[[4-(Morpholine-4-sulfonyl)phenyl|methyl]-1H,2H,3H-pyrrolo[3.,4-

c|pyridine-2-carboxamide.

(0]

"/ H 0
N\H/N
o

Step 1. [4-(Morpholine-4-sulfonyl)phenylmethanamine. A mixture of 4-

(morpholine-4-sulfonyl)benzonitrile (200 mg, 0.79 mmol, 1.00 equiv) and Raney Ni
(2 g) in MeOH (30 mL) was stirred at rt under 1 atmosphere of H, for 20 min. The
catalyst was removed by filtration. The filtrate was concentrated under vacuum to give
0.15 g (74%) of [4-(morpholine-4-sulfonyl)phenyl]methanamine as a light yellow
solid. LC/MS (Method F, ESI): RT = 0.9 1min, m/z =257.0 [M+H]".

Step 2. 4-Nitrophenyl N-[[4-(morpholine-4-

sulfonyl)phenyl]methyl]carbamate. A solution of [4-(morpholine-4-

sulfonyl)phenyl]methanamine (150 mg, 0.59 mmol, 1.00 equiv) and 4-nitrophenyl
chloroformate (130 mg, 0.64 mmol, 1.10 equiv) in toluene (30 mL) was stirred under
nitrogen at 110°C for 50 min. The reaction mixture was cooled to 0°C. The precipitate
was collected by filtration and air-dried to give 0.12 g (49%) of 4-nitrophenyl N-[[4-
(morpholine-4-sulfonyl)phenyl|methyl]carbamate as a light yellow solid. TLC:
petroleum ether/ethyl acetate = 1:1, Rg=0.2.

Step 3. A solution of 4-nitrophenyl N-[[4-(morpholine-4-
sulfonyl)phenyl]methyl]carbamate (0.10 g, 0.24 mmol, 1.00 equiv) and 1H,2H,3H-
pyrrolo[3.,4-c]pyridine (60 mg, 0.50 mmol, 2.10 equiv) in ethanol (20 mL) was stirred
at 90°C for 1 h. The reaction mixture was cooled to rt and concentrated under vacuum.
The residue was purified on a silica gel column eluted with ethyl acetate/petroleum
ether (5:1) to yield 0.04 g (42%) of N-[[4-(morpholine-4-sulfonyl)phenyl|methyl]-
1H,2H,3H-pyrrolo[3,4-c]pyridine-2-carboxamide as a light yellow solid. LC/MS
(Method D, ESI): RT = 2.63 min, m/z = 403.0 [M+H]". 'H NMR (300 MHz, DMSO-
ds, ppm): 8 8.54 (s, 1H), 8.43 (d, J = 4.8 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.54 (d, J
= 8.4 Hz, 2H), 7.36 (d, J = 5.1 Hz, 1H), 7.14 (d, J = 6.0 Hz, 1H), 4.65 (m, 4H), 4.37
(d,J=5.7Hz, 2H), 3.57 (t,J = 4.6 Hz, 4H), 2.79 (t, J = 4.6 Hz, 4H).
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Additional examples were prepared using methods analogous to those
described above. In particular, certain exemplified compounds were prepared
according to the methods described in, for example, Examples 5, 24, 25, 47, 97, 156,
228, and 294.

Analytical Characterization:

Each of the specifically exemplified compounds described herein was prepared
using the methods analogous to those described above, and were analyzed by LC/MS.
Data for each compound, along with the LC/MS method used to generate the data, if
applicable, is provided in Tables 1a and 1b (NA = not available).

Table 1a. LC/MS Data for Example Compounds.

Ex. Retentlgn tme m/z LC/MS Method
(min)
2 1.35 427.2 C
3 1.33 444.1 G
4 1.34 427.0 I
5 1.20 400.0 H
6 1.88 400.0 B
7 1.44 430.0 A
8 1.63 402.2 C
9 1.45 402.3 E
10 2.35 401.0 J
11 1.34 418.2 C
12 1.42 425.0 A
13 1.97 439.2 F
14 1.20 401.1 I
15 1.52 402.2 C
16 2.03 400.2 C
17 1.56 414.2 C
18 1.70 414.2 C
19 1.13 415.0 I
20 3.13 401.0 A
21 1.08 401.1 F
22 1.26 400.0 A
23 1.27 400.0 A
24 1.12 401.2 F
25 1.93 482.2 B
26 1.78 428.0 C




170

27 1.52 428.2 C
28 1.25 415.0 A
29 1.24 416.0 A
30 1.88 416.0 A
31 1.16 414.9 J
32 1.70 416.0 C
33 2.05 416.2 C
34 1.18 416.0 I
35 1.72 415.2 C
36 1.69 431.0 H
37 1.09 479.2 F
38 1.15 416.0 I
39 1.09 473.2 F
40 1.13 482.0 I
41 1.08 400.0 I
42 1.01 416.0 I
43 1.06 456.0 I
44 1.08 457.1 G
45 3.01 400.1 B
46 3.13 445.2 G
47 1.12 484.3 C
48 1.58 399.0 D
49 1.58; 400.0 J
50 1.16 415.0 I
51 1.16 416.0 I
52 1.15 415.0 I
53 1.14 415.0 I
54 1.16 415.2 J
55 3.80 514.2 K
56 1.23 484.3 C
57 2.63 468.2 J
58 2.78 400.0 I
59 1.12 404.0 I
60 1.13 428.0 I
61 1.03 429.0 I
62 1.25 442.2 C
63 1.52 482.0 H
64 1.34 482.0 H
65 1.41 481.2 C
66 2.40 481.2 C
67 1.37 482.0 H
68 1.13 483.2 C
69 1.48 483.2 C
70 3.62 461.1 K
71 3.62 461.1 K
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72 3.02 427.1 K
73 3.69 461.1 K
74 3.69 461.1 K
75 1.13 386.0 H
76 1.11 387.0 H
77 1.11 386.0 H
78 5.11 484.2 C
79 1.40 386.0 H
80 1.35 387.1 J
81 1.24 386.0 E
82 1.18 416.0 I
&3 1.54 510.0 I
84 2.83 413.1 K
85 2.17 442.2 C
86 2.24 442.2 C
87 1.09 387.2 F
88 1.25 387.2 F
89 1.09 387.2 F
90 1.25 387.1 F
91 0.94 399.0 I
92 1.08 456.2 C
93 2.87 442.1 K
94 247 444.1 K
95 3.19 424.1 K
96 3.17 429.1 K
97 3.70 468.2 K
98 3.51 458.1 K
99 3.35 421.1 K
100 2.88 456.1 K
101 3.29 456.1 K
102 4.15 554.2 K
103 4.13 554.2 K
104 2.58 453.1 K
105 2.58 471.2 K
106 2.85 415.1 K
107 2.85 415.1 K
108 2.52 428.1 K
109 2.71 525.2 K
110 2.52 497.2 K
111 3.66 453.1 K
112 3.55 435.1 K
113 1.54 441.0 A
114 1.04 455.0 C
115 1.27 455.0 A
116 1.28 456.0 A
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117 1.20 457.0 C
118 1.10 456.0 C
119 1.03 457.0 I
120 1.09 472.0 C
121 4.29 568.3 K
122 4.21 568.2 K
123 4.46 568.2 K
124 4.09 570.2 K
125 4.19 554.2 K
126 4.01 570.2 K
127 4.11 554.2 K
128 3.70 512.2 K
129 3.96 526.2 K
130 3.87 542.2 K
131 4.35 568.2 K
132 3.69 512.2 K
133 3.70 542.2 K
134 3.94 542.2 K
135 3.89 526.2 K
136 3.86 526.2 K
137 3.81 526.2 K
138 2.66 457.1 K
139 2.88 415.1 K
140 2.92 457.1 K
141 3.51 447.1 K
142 242 456.1 K
143 2.52 440.1 K
144 2.49 440.1 K
145 3.04 429.1 K
146 3.19 441.1 K
147 3.59 447.1 K
148 1.62 400.2 F
149 1.84 457.0 B
150 2.93 416.1 K
151 2.94 416.1 K
152 2.66 454.2 K
153 3.06 428.1 K
154 1.97 399.8 C
155 2.07 400.9 C
156 2.96 469.2 K
157 2.73 469.2 K
158 3.36 428.1 K
159 3.25 397.1 K
160 3.41 397.1 K
161 2.83 415.1 K




173

162 248 456.1 K
163 2.80 454.1 K
164 3.27 429.1 K
165 242 440.1 K
166 3.29 397.1 K
167 3.10 457.1 K
168 1.22 401.0 H
169 1.25 399.9 C
170 1.06 485.0 I
171 1.24 441.0 A
172 3.24 414.1 K
173 2.95 459.2 K
174 3.30 430.1 K
175 3.81 422.1 K
176 4.12 462.1 K
177 4.07 462.1 K
178 3.43 428.1 K
179 1.26 440.3 C
180 1.06 440.0 I
181 1.25 440.2 C
182 1.32 439.3 C
183 4.28 568.2 K
184 3.99 584.2 K
185 4.13 554.2 K
186 4.77 616.2 K
187 1.57 439.3 C
188 1.26 440.3 C
189 1.06 440.0 I
190 1.25 440.2 C
191 1.32 439.3 C
192 1.10 439.9 C
193 1.11 440.0 C
194 3.09 441.1 K
195 2.50 440.1 K
196 0.98 486.0 I
197 0.54 441.0 L
198 3.13 401 A
199 1.08 401.1 F
200 1.26 400 A
201 1.27 400 A
202 1.12 401.2 F
203 1.08 400 I
204 1 416 I
205 1.12 484.3 C
206 1.23 484.3 C
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207 1.25 442.2 C
208 1.52 482 H
209 1.34 482 H
210 1.6 481.2 O
211 24 481.2 C
212 1.37 482 H
213 1.13 483.2 C
214 1.48 483.2 C
215 2.52 426.1 S
216 248 440.1 S
217 2.90 454.1 S
218 3.14 441.1 S
219 3.27 441.1 S
220 2.97 427.1 S
221 1.13 386 H
222 1.11 387 H
223 1.11 386 H
224 5.11 484.2 C
225 1.4 386 H
226 1.35 387.1 J
227 1.24 386 E
228 1.31 442 C
229 2.24 442 C
230 1.09 387.2 F
231 1.25 387.2 F
232 1.09 387.2 F
233 1.25 387.1 F
234 0.94 399 I
235 4.16 554.2 S
236 4.16 554.2 S
237 4.08 540.2 S
238 4.01 540.2 S
239 3.28 407.1 S
240 2.99 371.1 S
241 4.01 540.2 S
242 4.11 540.2 S
243 4.17 554.2 S
244 2.93 442.1 S
245 2.71 387.1 S
246 2.62 497.1 S
247 1.54 441 A
248 1.04 455 C
249 1.27 455 A
250 1.28 456 A
251 1.1 456 C
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252 1.09 472 C
253 244 440.2 S
254 2.62 440.2 S
255 245 440.2 S
256 2.57 454.2 S
257 2.39 440.2 S
258 2.63 440.2 S
259 2.85 454.1 S
260 1.15 419.2 F
261 2.50 440.1 S
262 2.61 440.1 S
263 3.23 442.1 S
264 1.66 402 A
265 1.35 442.9 C
266 1.97 399.8 C
267 2.07 400.9 C
268 1.51 402 C
269 3.53 442.1 S
270 3.63 447.1 S
271 2.60 454.1 S
272 2.60 456.1 S
273 2.59 440.1 S
274 3.28 427.1 S
275 1.22 401 H
276 1.25 399.9 C
277 1.55 418 A
278 0.98 486 I
279 1.24 441 A
280 1.57 458.2 O
281 3.73 408 S
282 3.23 455.1 S
283 2.90 441.1 S
284 3.71 442.1 S
285 3.35 414.1 S
286 1.52 485.3 P
287 1.54 457.1 B
288 1.02 514.9 C
289 1.12 485 C
290 2.59 441.2 T
291 3.73 443.2 T
292 1.08 470 C
294 2.63 403.0 D
296 4.52 462.2 S
297 4.47 462.2 S
298 3.33 459.2 S
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299 3.74 430.2 S
300 4.22 422.1 S
301 4.10 408.1 S
302 3.87 428.2 S
303 4.08 442.2 S
304 3.65 414.1 S
305 4.00 428.2 S
306 1.12 417 I
307 1.11 417 I
308 1.43 399 I
309 0.86 415.1 G
310 1.71 442.1 B
311 1.25 457 A
312 1.45 456.2 C
313 1.23 470.2 C
314 1.98 470.2 C
315 1.22 441 J
316 1.34 443.1 J
317 3.11 414.2 S
318 1.07 417 C
319 3.31 470.2 S
320 3.15 412.2 S
321 3.25 454.2 S
322 3.28 470.2 S
323 3.44 454.2 S
324 3.41 468.3 S
325 3.42 468.3 S
326 3.37 468.3 S
327 3.18 442.2 S
328 3.15 426.2 S
329 3.10 426.2 S
330 3.93 516.3 S
331 3.35 454.2 S
332 3.04 426.2 S
333 2.94 442.2 S
334 3.43 468.2 S
335 3.13 442.2 S
336 3.42 468.2 S
337 2.92 412.2 S
338 3.48 468.2 S
339 3.04 426.2 S
340 1.46 440.9 C
341 1.14 455.9 C
342 1.1 441.9 C
344 1.53 504.1 C
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345 2.89 540 I
346 1.7 526 I
347 1.37 442 I
348 1.28 428 I
349 1.34 478.1 N
350 1.6 504 I
351 1.39 490.2 Q
352 1.78 540.3 F
353 1.47 478 I
354 1.39 463.9 I

Table 1b. MS Data for Example Compounds.

Ex.

MS Data

355

m/z: 439.19 (100.0%), 440.20 (26.4%),
441.19 (4.8%), 441.20 (4.2%), 440.19
(1.9%), 442.19 (1.2%)

356

m/z: 465.13 (100.0%), 466.14 (24.2%),
467.13 (4.8%), 467.14 (3.6%), 466.13
(1.9%), 468.13 (1.1%)

357

m/z: 425.18 (100.0%), 426.18 (26.1%),
427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

358

m/z: 425.18 (100.0%), 426.18 (26.1%),
427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

359

m/z: 439.19 (100.0%), 440.20 (26.4%),
441.19 (4.8%), 441.20 (4.2%), 440.19
(1.9%), 442.19 (1.2%)

360

m/z: 439.19 (100.0%), 440.20 (26.4%),
441.19 (4.8%), 441.20 (4.2%), 440.19
(1.9%), 442.19 (1.2%)

361

m/z: 467.19 (100.0%), 468.19 (28.3%),
469.19 (4.9%), 469.18 (4.5%), 470.19
(1.3%), 468.18 (1.1%)

362

m/z: 424.19 (100.0%), 425.20 (25.3%),
426.19 (4.9%), 426.20 (3.7%), 425.19
(2.3%), 427.19 (1.2%)

363

m/z: 426.21 (100.0%), 427.21 (27.2%),
428.20 (4.5%), 428.22 (3.1%), 429.21
(1.2%)

364

m/z: 464.15 (100.0%), 465.15 (26.1%),
466.15 (5.5%), 466.16 (2.8%), 467.15
(1.1%)

365

m/z: 468.22 (100.0%), 469.22 (29.4%),
470.22 (5.8%), 470.23 (3.6%), 471.22
(1.3%)
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366

m/z: 425.19 (100.0%), 426.19 (26.8%),
427.18 (4.5%), 427.20 (2.8%), 428.19
(1.2%), 427.19 (1.1%)

367

m/z: 465.14 (100.0%), 466.15 (23.0%),
467.14 (4.5%), 467.15 (3.6%), 466.14
(2.6%), 468.14 (1.1%)

368

m/z: 425.18 (100.0%), 426.18 (26.1%),
427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

369

m/z: 425.18 (100.0%), 426.18 (26.1%),
427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

370

m/z: 410.18 (100.0%), 411.18 (25.0%),
412.17 (4.5%), 412.18 (3.7%), 411.17
(1.5%), 413.18 (1.2%)

371

m/z: 396.16 (100.0%), 397.17 (23.1%),
398.16 (5.1%), 398.17 (3.0%), 397.16
(2.3%), 399.16 (1.1%)

372

m/z: 398.18 (100.0%), 399.18 (23.9%),
400.17 (4.5%), 400.18 (3.4%), 399.17
(1.5%), 401.18 (1.1%)

373

m/z: 411.17 (100.0%), 412.18 (23.1%),
413.17 (5.0%), 413.18 (3.1%), 412.17
(2.6%), 414.17 (1.1%)

374

m/z: 440.22 (100.0%), 441.23 (26.4%),
442.22 (4.9%), 442.23 (4.0%), 441.22
(2.3%), 443.22 (1.2%)

375

m/z: 424.19 (100.0%), 425.20 (25.3%),
426.19 (4.9%), 426.20 (3.7%), 425.19
(2.3%), 427.19 (1.2%)

376

m/z: 466.17 (100.0%), 467.17 (24.2%),
468.16 (4.5%), 468.17 (3.8%), 467.16
(2.3%), 469.16 (1.1%)

377

m/z: 426.21 (100.0%), 427.21 (27.2%),
428.20 (4.5%), 428.22 (3.1%), 429.21
(1.2%)

378

m/z: 425.19 (100.0%), 426.19 (26.8%),
427.18 (4.5%), 427.20 (2.8%), 428.19
(1.2%), 427.19 (1.1%)

379

m/z: 397.15 (100.0%), 398.15 (23.9%),
399.14 (4.5%), 399.15 (3.5%), 400.15
(1.2%), 398.14 (1.1%)

380

m/z: 411.16 (100.0%), 412.17 (24.2%),
413.16 (5.0%), 413.17 (3.4%), 412.16
(1.9%), 414.16 (1.1%)
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m/z: 467.20 (100.0%), 468.20 (28.7%),
381 469.19 (4.5%), 469.21 (3.3%), 469.20
(1.3%), 470.20 (1.3%)

m/z: 425.18 (100.0%), 426.18 (26.1%),
382 427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

m/z: 425.18 (100.0%), 426.18 (26.1%),
383 427.17 (4.5%), 427.18 (4.1%), 428.18
(1.4%), 426.17 (1.1%)

m/z: 466.20 (100.0%), 467.21 (27.5%),
384 468.20 (4.9%), 468.21 (4.5%), 467.20
(2.3%), 469.20 (1.3%)

m/z: 412.19 (100.0%), 413.20 (24.2%),
385 414.19 (4.9%), 414.20 (3.4%), 413.19
(2.3%), 415.19 (1.2%)

m/z: 424.19 (100.0%), 425.20 (25.3%),
386 426.19 (4.9%), 426.20 (3.7%), 425.19

(2.3%), 427.19 (1.2%)

It is understood that the person skilled in the art will be able to prepare the
compounds of using methods known in the art along with the general method of

synthesis described herein.

Assay 1: Biochemical Inhibition Assay

NAMPT protein purification. Recombinant His-tagged NAMPT was produced

in E.coli cells, purified over a Ni column, and further purified over a size-exclusion
column by XTAL Biostructures.

The NAMPT enzymatic reaction. The NAMPT enzymatic reactions were
carried out in Buffer A (50mM Hepes pH 7.5, 50 mM NaCl, 5 mM MgCl,, and 1 mM

THP) in 96-well V-bottom plates. The compound titrations were performed in a
separate dilution plate by serially diluting the compounds in DMSO to make a 100X
stock. Buffer A (89 pL) containing 33 nM of NAMPT protein was added to 1 pL of
100X compound plate containing controls (e.g. DMSO or blank). The compound and
enzyme mixture was incubated for 15 min at rt, then 10 pL of 10X substrate and co-
factors in Buffer A were added to the test well to make a final concentration of 1 uM
NAM, 100 uM 5-Phospho-D-ribose 1-diphosphate (PRPP), and 2.5 mM Adenosine
5'-triphosphate (ATP). The reaction was allowed to proceed for 30 min at rt, then
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was quenched with the addition of 11 pL of a solution of formic acid and L-
Cystathionine to make a final concentration of 1% formic acid and 10 uM L-
Cystathionine. Background and signal strength was determined by addition (or non-
addition) of a serial dilution of NMN to a pre-quenched enzyme and cofactor mix.

Quantification of NMN. A mass spectrometry-based assay was used to

measure the NAMPT reaction product, B-nicotinamide mononucleotide (NMN), and
the internal control (L-Cystathionine). NMN and L-Cystathionine were detected using
the services of Biocius Lifesciences with the RapidFire system. In short, the NMN
and L-Cystathionine were bound to a graphitic carbon cartridge in 0.1% formic acid,
eluted in 30% acetonitrile buffer, and injected into a Sciex 4000 mass spectrometer.
The components of the sample were ionized with electrospray ionization and the
positive ions were detected. The Q1 (parent ion) and Q3 (fragment ion) masses of
NMN were 334.2 and 123.2, respectively. The Q1 and Q3 for L-Cystathionine were
223.1 and 134.1, respectively. The fragments are quantified and the analyzed by the
following method.

Determination of ICsy Values. First, the NMN signal was normalized to the L-

Cystathionine signal by dividing the NMN signal by the L-Cystathionine signal for
each well. The signal from the background wells were averaged and subtracted from
the test plates. The compound treated cells were then assayed for percent inhibition
by using this formula:
% Inh =100 — 100*x/y
wherein x denotes the average signal of the compound treated wells and y denotes the
average signal of the DMSO treated wells.
ICso values were then determined using the following formula:
ICso =10MLOG1o(X) + (((50-% Inh at Cmpd Concentration 1)/(XX -
YY)*(LOGo(X)-LOG10(Y))))
wherein X denotes the compound concentration 1, Y denotes the compound
concentration 2, XX denotes the % inhibition at compound concentration 1 (X), and

YY denotes the % inhibition at compound concentration 2 (Y).
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The compounds have ICs, values that are preferably under 1pM, more
preferably under 0.1uM, and most preferably under 0.01 uM. Results for the

compounds tested in this assay are provided in Table 2 below.

Assay 2: In-Vitro Cell Proliferation Assay

Assay Method. A2780 cells were seeded in 96-well plates at 1 x 10° cells/well
in 180 pL of culture medium (10% FBS, 1% Pen/Strep Amphotecricin B, RPMI-
1640) with and without the addition of either NMN or nicotinamide (NAM). After

overnight incubation at 37 °C and 5% CO,, the compound titrations were performed in
a separate dilution plate by serially diluting the compounds in DMSO to make a
1000X stock. The compounds were then further diluted to 10X final concentration in
culture media, whereupon 20 pL of each dilution was added to the plated cells with
controls (e.g. DMSO and blank) to make a final volume of 200 pL.. The final DMSO
concentration in each well was 0.1%. The plates were then incubated for 72 hours at
37 °C in a 5% CO; incubator. The number of viable cells was then assessed using
sulforhodamine B (SRB) assay. Cells were fixed at 4 °C for 1 hour with the addition
of 50 uL 30% trichloroacetic acid (TCA) to make a final concentration of 6 % TCA.
The plates were washed four times with H,O and allowed to dry for at least 1 hour,
whereupon 100 pL of a 4% SRB in 1% acetic acid solution was added to each well
and incubated at rt for at least 30 min. The plates were then washed three times with
1% acetic acid, dried, and treated with 100 pL. of 10mM Tris-Base solution. The
plates were then read in a microplate reader at an absorbance of 570 nm. Background
was generated on a separate plate with media only.

Determination of ICso Values. First, the signals from the background plate

were averaged, then the background was subtracted from the test plates. The
compound-treated cells were then assayed for % inhibition by using the following
formula:

% Inh =100 — 100*x/y
wherein x denotes the average signal of the compound-treated cells and y denotes the
average signal of the DMSO-treated cells.

ICso values were then determined using the following formula:
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ICs0 =10NLOG1o(X)+H(((50-% Inh at Cmpd Concentration 1)/(XX-
YY)*(LOGo(X)-LOG10(Y))))
wherein X denotes the compound concentration 1, Y denotes the compound
concentration 2, XX denotes the % inhibition at compound concentration 1 (X), and
YY denotes the % inhibition at compound concentration 2 (Y).

Specificity of cytotoxicity. Inhibition of NAMPT could be reversed by the

addition of NAM or NMN. The specificity of the compounds were determined via
cell viability assay in the presence of the compound and either NAM or NMN.
Percent inhibitions were determined using the method given above.

The compounds have ICs, values that are preferably under 1uM, more
preferably under 0.1uM, and most preferably under 0.01 uM. Most preferable
compounds are compounds that have 1Csy values in the enzymatic assay and the cell
proliferation assay that are both under 1 uM, more preferably both of the values are
under 0.1 pM, and most preferably both of the values are under 0.01 pM. Results for
the compounds tested in this assay are provided in Table 2 (NT = not tested).

Table 2. Biochemical and Cell Proliferation Assay Results.

Ex Biochemical Cell Proliferation
' (ICso) [uM] (ICso) [uM]

1 8.1000 19.1000
2 0.0281 0.0138

3 0.0126 0.0064

4 0.0720 0.0074

5 0.0094 0.0292
6 0.0035 0.1290

7 0.0109 0.0133

8 0.0315 0.0641

9 0.1050 0.2780
10 0.0251 0.0148
11 0.0208 0.0171
12 0.0262 0.1860
13 0.0126 0.0338
14 0.0770 0.0365
15 0.0068 0.6240
16 0.0220 0.1630
17 0.1010 0.0534
18 0.0484 0.0129
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19 0.0181 0.0253
20 0.3080 0.4520
21 0.0087 0.1850
22 0.0345 0.0142
23 0.1040 0.0469
24 0.0322 0.0444
25 0.0242 0.0105
26 0.0046 0.1350
27 0.1420 0.1320
28 0.0235 0.0276
29 0.0075 0.5450
30 0.1780 0.2050
31 0.0550 0.0482
32 0.0077 0.8610
33 0.1690 0.1840
34 0.0257 0.0519
35 0.0383 0.0351
36 0.0113 0.0463
37 0.0441 0.0139
38 0.0265 0.0621
39 0.0835 0.0947
40 0.0171 0.0069
41 0.6690 0.7310
42 0.0660 0.1370
43 0.0216 0.0072
44 0.0058 0.0232
45 0.0172 1.0000
46 0.0435 0.0044
47 0.0080 0.0022
48 0.0461 2.0000
49 2.0000 NT

50 0.0362 0.0239
51 0.0222 0.0397
52 0.0276 0.0186
53 0.0169 0.0226
54 0.0156 0.0114
55 0.0077 0.0043
56 0.0592 0.0211
57 0.0648 0.0555
58 0.2400 2.0000
59 0.0107 0.0030
60 0.0294 0.0152
61 0.0215 0.0233
62 0.0293 0.0250
63 0.0477 0.0108
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64 0.0037 0.0088
65 0.0124 0.0021
66 0.0154 0.0032
67 0.0135 0.0054
68 0.0207 0.0073
69 0.0136 0.0047
70 0.0064 0.0080
71 0.0167 0.0064
72 0.0143 0.0057
73 0.0030 0.0008
74 0.0050 0.0027
75 0.1250 0.3470
76 0.0098 0.4230
77 0.0642 0.1050
78 0.0040 0.0479
79 0.1180 0.3200
80 0.0089 0.4570
81 0.0513 0.0984
82 0.0261 0.0348
83 0.0077 0.0026
84 0.0374 0.0166
85 0.2070 0.1510
86 0.0051 0.5270
87 0.0738 0.2430
88 0.3150 0.9770
89 0.1750 0.4450
90 0.2270 1.8000
91 0.0906 0.1300
92 0.0294 0.0075
93 0.0224 0.0130
94 0.0759 0.0290
95 0.0410 0.0335
96 0.0247 0.0094
97 0.0144 0.0054
98 0.0461 0.0101
99 0.0158 0.0077
100 0.0257 0.0254
101 0.0203 0.0097
102 0.0345 0.0051
103 0.0295 0.0394
104 0.0269 0.0088
105 0.0068 0.0090
106 0.0486 0.0577
107 0.0237 0.0154
108 0.0256 0.0053
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109 0.0027 0.0039
110 0.0031 0.0033
111 0.0056 0.0025
112 0.0259 0.0205
113 0.0642 0.0446
114 0.0194 0.0056
115 0.0373 0.0115
116 0.0178 0.0146
117 0.2290 0.0445
118 0.0041 0.1210
119 0.0044 0.3520
120 0.0043 0.0015
121 0.0058 0.0011
122 0.0255 0.0026
123 0.0374 0.0172
124 0.0405 0.00465
125 0.0112 0.00137
126 0.0175 0.00125
127 0.01451 0.00277
128 0.0469 0.0114
129 0.034 0.00875
130 0.0758 0.0113
131 0.0404 0.0058
132 0.0194 0.00322
133 0.33 0.0969
134 0.166 0.0495
135 0.0202 0.00552
136 0.0437 0.0391
137 0.0105 0.00423
138 0.0288 0.0249
139 0.0145 0.0103
140 0.0464 0.0141
141 0.0148 0.0095
142 0.1130 0.0286
143 0.1000 0.0204
144 0.0540 0.0096
145 0.0284 0.0125
146 0.0127 0.0031
147 0.0137 0.0125
148 NT NT
149 0.0283 0.0230
150 0.0315 0.0458
151 0.0274 0.0450
152 0.0321 0.0305
153 0.0165 0.0489
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154 0.0331 0.0185
155 0.2190 0.1760
156 0.0941 0.0351
157 0.0179 0.0149
158 0.1500 0.1820
159 0.0120 0.0133
160 0.0047 0.0153
161 0.0521 0.0472
162 0.1220 0.0598
163 0.0815 0.0581
164 0.0081 0.0124
165 0.0958 0.0220
166 0.0172 0.0096
167 0.0237 0.0088
168 0.0304 0.0503
169 0.0329 0.0199
170 0.0304 0.0119
171 0.0398 0.0422
172 0.2110 0.3540
173 0.1830 0.0862
174 0.1520 0.0844
175 0.0652 0.1270
176 0.0379 0.0227
177 0.0203 0.1050
178 0.1330 0.1720
179 0.0076 0.0311
180 0.0093 0.0037
181 0.1300 0.0230
182 0.0263 0.0056
183 0.00899 0.00076
185 0.283 0.118
186 NT NT
187 0.0142 0.0058
188 0.0077 0.0311
189 0.0093 0.0037
190 0.1300 0.0230
191 0.0263 0.0056
192 1.7000 2.000
193 0.0047 0.0025
194 0.0103 0.00345
195 0.0142 0.0256
196 0.0124 0.00952
197 0.00283 0.0168
198 0.308 0.452
199 0.00865 0.185




200 0.0345 0.0142
201 0.104 0.0469
202 0.0322 0.0755
203 0.669 0.731
204 0.066 0.137
205 0.0146 0.00326
206 0.0592 0.0211
207 0.0293 0.025
208 0.0477 0.0108
209 0.00372 0.00884
210 0.0177 0.00347
211 0.0154 0.00323
212 0.0135 0.00535
213 0.0207 0.00728
214 0.0136 0.00473
215 0.0815 0.166
216 0.0304 0.0137
217 0.016 0.0101
218 0.0103 0.00345
219 0.00845 0.00217
220 0.025 0.0168
221 0.125 0.347
222 0.00977 0.423
223 0.0642 0.105
224 0.00398 0.0479
225 0.118 0.32
226 0.00888 0.457
227 0.0513 0.0984
228 0.207 0.151
229 0.00512 0.527
230 0.0738 0.243
231 0.315 0.977
232 0.175 0.445
233 0.227 1.59
234 0.0906 0.13
235 0.0164 0.0363
236 0.0133 0.00179
237 0.109 0.0388
238 0.0118 0.00183
239 0.0333 0.0356
240 0.041 0.14
241 0.0144 0.00414
242 0.00634 0.00299
243 0.0149 0.0433
244 0.0141 0.0144
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245 0.0523 0.274
246 0.00703 0.0273
247 0.0642 0.0446
248 0.0194 0.00558
249 0.0373 0.0115
250 0.0178 0.0139
251 0.00413 0.121
252 0.00427 0.00148
253 0.0274 0.0313
254 NT NT
255 0.057 0.0362
256 0.0537 0.0669
257 0.0468 0.0265
258 NT NT
259 0.0378 0.07
260 NT NT
261 0.0142 0.0256
262 0.0649 0.106
263 0.0182 0.0234
264 0.0212 0.0351
265 0.0326 0.106
266 0.0331 0.0185
267 0.219 0.176
268 0.0173 0.0315
269 0.113 0.0451
270 0.00877 0.00607
271 0.0275 0.0121
272 0.0336 0.01
273 0.0254 0.0104
274 0.019 0.00593
275 0.0304 0.0503
276 0.0329 0.0199
277 2 2
278 0.0124 0.00952
279 0.0398 0.0422
280 0.0507 0.0456
281 0.0956 0.378
282 0.101 0.233
283 0.199 0.129
284 0.0709 0.0429
285 0.206 2
286 0.0145 0.000488
287 0.0172 0.00743
288 0.058 0.0708
289 0.0124 0.00703
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290 0.00283 0.0168
291 0.0236 0.00989
292 0.00736 0.00564
294 0.0667 0.0676
296 0.00984 0.0101
297 0.0166 0.0512
298 0.0906 0.0246
299 0.0244 0.0111
300 0.0214 0.0215
301 0.0467 0.0836
302 0.0418 0.0271
303 0.0227 0.0154
304 0.0652 0.0419
305 0.0414 0.0178
306 0.0282 0.0697
307 0.0815 0.151
308 1.42 2
309 0.0478 0.0988
310 0.0431 0.049
311 0.0397 0.0535
312 0.113 0.0489
313 0.035 0.0538
314 0.0203 0.0519
315 0.089 0.0303
316 0.0565 0.0262
317 0.0821 0.0877
318 0.0447 0.098
319 0.106 0.102
320 0.0687 0.0619
321 0.0651 0.054
322 0.0434 0.039
323 0.0177 0.0133
324 0.0192 0.0248
325 0.0256 0.0275
326 0.107 0.0601
327 1.3 2
328 1.68 2
329 0.0793 0.0933
330 0.0222 0.0428
331 0.355 0.774
332 0.174 0.171
333 0.32 0.286
334 0.0267 0.026
335 0.965 2
336 0.379 0.399
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337 NT NT
338 NT NT
339 NT NT
340 0.0885 0.0266
341 0.0366 0.0249
342 0.0203 0.023
344 0.302 0.451
345 0.118 0.307
346 0.102 0.198
347 0.381 0.64
348 2 2
349 0.0735 0.0522
350 0.3 0.258
351 0.0711 0.107
352 0.018 0.0203
353 3.97 2
354 0.413 0.726
355 0.00933 0.00374
356 0.0135 0.00325
357 0.0472 0.0187
358 0.0193 0.00458
359 1.6 2.0
360 0.00723 0.00186
361 0.0185 0.0061
362 0.035 0.0221
363 0.0537 0.0456
364 0.00293 0.00351
365 0.00202 0.020
366 0.029 0.0776
367 0.0881 0.015
368 2.0 2.0
369 0.0258 0.00799
370 0.0434 0.0134
371 0.038 0.0124
372 0.0576 0.0612
373 0.113 0.0154
374 0.0152 0.00283
375 0.0275 0.0245
376 0.00582 0.00854
377 0.0249 0.0241
378 0.594 0.143
379 0.114 0.0414
380 0.0683 0.499
381 0.29 0.201
382 2.0 2.0
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383 0.0357 0.00646
384 0.0362 0.0391
385 0.0302 0.0567
386 0.060 0.0706
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CLAIMS

1. A compound of Formula (I):

O R?2 RS

R)J\N ()
Hx©\ R1
s~

7N

O E

in which:
5 Eis O oris absent;

R is (a) an 8- or 9-membered bicyclic heteroaryl selected from the group consisting of:

H =
N\N\ N|\§-/ \ s 7 \_/N\i{

N H
N
SO RO NESS|
Vaxs — _
= /‘_rr{’ x-N-N . /;\,andN /;\

3

in which the bicyclic heteroaryl is unsubstituted or is substituted with one or more
substituents selected from the group consisting of deuterium, amino, alkylamino,

10 dialkylamino, halo, cyano, haloalkyl, hydroxy, hydroxyalkyl, and alkoxy, and in
which one or more N atoms of the bicyclic heteroaryl is optionally an N-oxide; or

(b) a five-membered nitrogen-linked heterocycloalkyl ring fused to a phenyl or

monocyclic six-membered heteroaryl, in which the phenyl or heteroaryl is
unsubstituted or is substituted with one or more substituents selected from the

15 group consisting of deuterium, amino, alkylamino, dialkylamino, alkyl, halo,
cyano, haloalkyl, hydroxy, hydroxyalkyl, and alkoxy;

R' is (1) a saturated, monocyclic heterocycloalkyl, which is unsubstituted or substituted with

one or more substituents R*;
in which each R* substituent is independently selected from the group consisting

20 of: deuterium, halo, hydroxy, cyano, -NR*R®, -alkylenyl-NR*R®, oxo, alkyl,
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hydroxyalkyl, cyanoalkyl, haloalkyl, alkoxy, haloalkoxy, alkoxyalkyl-, -S-
alkyl, alkenyl, alkynyl, aryl, arylalkyl-, aryloxy-, arylalkoxy-, cycloalkyl,
cycloalkoxy, (cycloalkyl)alkyl-, heterocycloalkyl, (heterocycloalkyl)alkyl-,
(heterocycloalkyl)alkoxy-, -C(O)alkyl, -CO,alkyl, -CO,H, -C(O)cycloalkyl, -
C(O)heterocycloalkyl, -S(O)-alkyl, -SO,-alkyl, -SO,-aryl, -SO,-(haloalkyl), -
CONH;, C(O)NH(alkyl), -C(O)NH(haloalkyl), -C(O)N(alkyl),,
-C(O)NH(cycloalkyl), heteroaryl, (heteroaryl)alkyl-, -N(R®)-C(O)-alkyl,
-N(R)-C(O)-aryl, -N(R)-CO»-alkyl, -SO,NH,, -SO,NH(alkyl),
-SO,N(alkyl),, -SO,NH(cycloalkyl), and -N(H)(SO,alkyl), or two adjacent R*
substituents taken together form a phenyl ring,
in which each of the cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and phenyl
substituents within R* is independently unsubstituted or substituted with
one or more substituents selected from the group consisting of alkyl, halo,
hydroxy, cyano, alkoxy, amino, -C(O)alkyl, and -CO»alkyl;
in which R* and R” are each independently H, alkyl, alkoxy, alkoxyalkyl,
cyanoalkyl, or haloalkyl; and
R®is H or alkyl; or
(2) a saturated, bicyclic or tricyclic, nitrogen-linked heterocycloalkyl, in which the
heterocycloalkyl comprises a fused, bridged, or spiro bicyclic system, and the
heterocycloalkyl is unsubstituted or substituted with one or more substituents
independently selected from the group consisting of: alkyl, halo, haloalkyl,
hydroxy, hydroxyalkyl, alkoxy, cyano, cyanoalkyl, oxo, -NRR®, -alkylenyl-
NRIR, -C(0O)alkyl, -CO,alkyl, and ~SO»alkyl;
in which R is H or alkyl; and
R® is H, alkyl, haloalkyl, -C(O)alkyl, -COsalkyl, or -SOsalkyl; and
R and R’ are each independently H or deuterium;
or a pharmaceutically acceptable salt thereof,

with the proviso that the compound of Formula I is not one of the following compounds:
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2. A compound according to Claim 1, in which E is O.
3. A compound according to Claim 1, in which E is absent.

4. A compound according to Claim 1, in which R is an unsubstituted or substituted bicyclic

heteroaryl.

5. A compound according to Claim 1, in which R is an unsubstituted or substituted 8- or 9-

membered heteroaryl.

6. A compound according to Claim 1, in which R is a five-membered nitrogen-linked
heterocycloalkyl ring fused to an unsubstituted or substituted phenyl or monocyclic

heteroaryl.
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H,N_ N
N7 2
PP G L S S
7. A compound according to Claim 1, in which R is or X .

8. A compound according to Claim 1, in which R' is a saturated, monocyclic, nitrogen-

linked heterocycloalkyl, unsubstituted or substituted as in Claim 1.

9. A compound according to Claim 7, in which the saturated, monocyclic, nitrogen-linked
heterocycloalkyl is azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl, azepanyl, or

diazepanyl, unsubstituted or substituted as in Claim 8.

10. A compound according to Claim 8, in which the saturated, monocyclic, nitrogen-linked
heterocycloalkyl is substituted with one or more R* groups independently selected from the
group consisting of: hydroxy, methoxy, cyano, cyanomethyl, amino, difluoroethylamino,
methoxyethylamino, cyanoethylamino, hydroxymethyl, pyrrolidinyl, methyl, ethyl, isopropyl,
isobutyl, trifluoroethyl, trifluoromethyl, cyclohexyl, tetrahydropyranyl, pyrrolidinyl, oxetanyl,
fluoro, -C(O)(4-methyl-piperazin-1-yl), 4-methylpiperazinyl, -NH(Boc), acetyl, hydroxyethyl,
dimethylaminoethyl, cyanoethyl, methoxyethyl, -N(Me)(acetyl), dimethylamino, -
C(0O)(dimethylamino), and oxo, and where two adjacent substituents taken together form a

phenyl ring.

11. A compound according to Claim 8, in which the saturated, monocyclic, nitrogen-linked
heterocycloalkyl is substituted with 1, 2, or 3 R groups independently selected from the group
consisting of: methyl, ethyl, isopropyl, hydroxy, methoxy, amino, cyano, fluoro, and

trifluoromethyl.

12. A compound according to Claim 1, in which R' is a saturated, monocyclic, carbon-

linked heterocycloalkyl, unsubstituted or substituted as in Claim 1.

13. A compound according to Claim 12, in which the saturated, monocyclic, carbon-linked
heterocycloalkyl is tetrahydropyranyl, pyrrolidinyl, piperidinyl, or tetrahydrofuranyl,

unsubstituted or substituted as described in Claim 12.

14. A compound according to Claim 12, in which the saturated, monocyclic, carbon-linked
heterocycloalkyl is tetrahydropyran-4-yl, tetrahydropyran-3-yl, piperidin-3-yl, piperidin-4-yl,

or tetrahydrofuran-3-yl, unsubstituted or substituted as described in Claim 12.
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15. A compound according to Claim 12, in which the saturated, monocyclic, carbon-linked
heterocycloalkyl is substituted with one or more substituents independently selected from the
group consisting of methyl, ethyl, propyl, isopropyl, isobutyl, tert-butyl, trifluoromethyl,
trifluoroethyl, acetyl, tert-butoxycarbonyl, tetrahydropyranyl, and oxetanyl.

16. A compound according to Claim 1, in which R' is a saturated, bicyclic or tricyclic,
nitrogen-linked heterocycloalkyl, in which the heterocycloalkyl comprises a fused, bridged, or

spiro bicyclic system, and is unsubstituted or substituted as described in Claim 1.

17. A compound according to Claim 16, in which R' is a bridged, bicyclic, nitrogen-linked

heterocycloalkyl, unsubstituted or substituted as described for Claim 16.

18. A compound according to Claim 16, in which R' is an azetidine, pyrrolidine, piperidine,
morpholine, azepane, 1,4-diazepane, or azocane ring, substituted with two substituents on the
same or different carbons that together form a C;_salklenyl group, in which one carbon atom
of the alkylenyl group is optionally replaced with one or two O, S, or NH groups, and the
resulting bicyclic heterocycloalkyl is optionally further substituted as described for Claim 16.

19. A compound according to Claim 16, in which R' is substituted with one or more
substituents independently selected from the group consisting of: methyl, ethyl, isopropyl,
acetyl, fluoro, oxo, hydroxy, tert-butoxycarbonyl, amino, aminomethyl, tert-

butoxycarbonylamino, and tert-butoxycarbonyl-aminomethyl.
20. A compound according to Claim 1, in which both R* and R? are H.

21. A compound selected from the group consisting of:

HN=N"X 5H-Imidazo[1,2-b]pyrazole-

/Yli
N
V_N H/\Q 2-carboxylic acid 4-(piperidine-1-
05~ NO
o)

sulfonyl)-benzylamide;
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N=
\_/
N 1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(8-oxa-3-aza-
o)
" o bicyclo[3.2.1]octane-3-sulfonyl)-
b\ ((/h benzylamide;
o5
o
=N
\_/
S Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(8-oxa-3-aza-
0
i o bicyclo[3.2.1]octane-3-sulfonyl)-
K@\ d(Q benzylamide;
o5
o
N
»
[ /N Imidazo[1,2-a]pyridine-6-
o carboxylic acid 4-(8-oxa-3-aza-
NH
o bicyclo[3.2.1]octane-3-sulfonyl)-
K(\JQ benzylamide;
o
o
Furo[2,3-c]pyridine-2-
/ \ ) carboxylic acid 4-(piperidine-1-

//\

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(piperidine-1-
sulfonyl)-benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-methoxy-
piperidine- 1-sulfonyl)-

benzylamide;
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(morpholine-4-

sulfonyl)-benzylamide;

Furo[2,3-c]pyridine-2-

N
carboxylic acid 4-(4-cyano-
piperidine-1-sulfonyl)-
benzylamide;
Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-cyanomethyl-
" piperidine-1-sulfonyl)-
benzylamide;
O
§ (_ 0 1H-Pyrrolo[3,2-c]pyridine-
= | ”/\Q\ /N_) 2-carboxylic acid 4-(morpholine-4-
\N / g0 sulfonyl)-benzylamide;
T (—O Imidazo[1,2-a]pyrimidine-6-
z
)N\ | ”/\©\ NJ carboxylic acid 4-(morpholine-4-
7 /
A P30 sulfonyl)-benzylamide;
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Imidazo[1,2-b]pyridazine-6-
carboxylic acid 4-(piperidine-1-
sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-methyl-
piperazine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-isopropyl-
piperazine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-hydroxy-
piperidine-1-sulfonyl)-benzylamide

(racemic);

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(tetrahydro-
pyran-4-sulfonyl)-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(tetrahydro-
pyran-4-sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(tetrahydro-
pyran-4-sulfonyl)-benzylamide;

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(tetrahydro-
pyran-4-sulfonyl)-benzylamide;
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-(tetrahydro-
pyran-4-sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2,2,2-
trifluoro-ethyl)-piperazine-1-

sulfonyl]-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(8-oxa-3-aza-
bicyclo[3.2.1]octane-3-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(8-oxa-3-aza-
bicyclo[3.2.1]octane-3-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(4-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(3-hydroxy-
piperidine-1-sulfonyl)-benzylamide

(racemic);

1H-Pyrazolo[3,4-b]pyridine-

a N 1 ”n O\ 5-carboxylic acid 4-(3-hydroxy-
\H NZ o”s\i N OH piperidine-1-sulfonyl)-benzylamide
(racemic);
o Furo[2,3-c]pyridine-2-
~ N carboxylic acid 4-(3-hydroxy-
/ Yo " /\©\s’ O\OH piperidine-1-sulfonyl)-benzylamide
" "o (racemic);
o 1H-Pyrrolo[3,2-c]pyridine-
~ N 2-carboxylic acid 4-(3-hydroxy-
/_\ nH /\©\/ s¢ 'O\OH piperidine-1-sulfonyl)-benzylamide
o (racemic);
o NH, Thieno[2,3-c]pyridine-2-
S N @ carboxylic acid 4-(4-amino-
\_ y I : /\©\//s§ . piperidine- 1-sulfonyl)-
© benzylamide;
o LF 1H-Pyrazolo[3,4-b]pyridine-
S~ N N \)\F 5-carboxylic acid 4-[4-(2,2-
" N | NZ H/\©o\//s\( '\O/ difluoro-ethylamino)-piperidine-1-

sulfonyl]-benzylamide;
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-hydroxy-
piperidine- 1-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-[4-(2-methoxy-
ethylamino)-piperidine-1-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-cyclohexyl-
piperazine-1-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(piperidine-4-
sulfonyl)-benzylamide;

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(piperidine-4-
sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-isobutyl-
piperazine-1-sulfonyl)-

benzylamide;

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-((1R,3R,5S)-3-
amino-8-aza-bicyclo[3.2.1]octane-

8-sulfonyl)-benzylamide;
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[1,2,4]Triazolo[1,5-
a]pyridine-6-carboxylic acid 4-
(piperidine-1-sulfonyl)-

benzylamide;

N7 N S
\=n °
o)
s
v\ H 2
— Sy

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-((3R,55)-3,5-
dimethyl-piperazine-1-sulfonyl)-

benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

= 7o benzylamide;
i O Pyrazolo[1,5-a]pyridine-5-
=z
\ | H/\Q\ N carboxylic acid 4-(piperidine-1-
NV J o sulfonyl)-benzylamide;
o 1H-Pyrazolo[4,3-b]pyridine-
N ¢ )
NG | P H/\©\ N 6-carboxylic acid 4-(piperidine-1-
N g o sulfonyl)-benzylamide;

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-((R)-3-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-((S)-3-hydroxy-
piperidine-1-sulfonyl)-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-

0
\ N “11OH 2-carboxylic acid 4-((S)-3-hydroxy-
7 N\\~NH H/\©\ N iperidi
N X piperidine- 1-sulfonyl)-
P 2o}
© benzylamide;
o Imidazo[1,2-a]pyridine-6-
N/ ﬁ/\©\ S/(/) carboxylic acid 4-((R)-3-hydroxy-
N =N
= S Q piperidine- 1-sulfonyl)-
OH benzylamide;
Q Imidazo[1,2-a]pyridine-6-
N/ ﬂ/\©\ S/(/) carboxylic acid 4-((S)-3-hydroxy-
N =N
= o Q piperidine- 1-sulfonyl)-
;6H benzylamide;
o
C ) 1H-Pyrazolo[3,4-b]pyridine-
0 N 5-carboxylic acid 4-[1-(tetrahydro-
N7 | N H/\©\ S ; pyran-4-yl)-piperidine-4-sulfonyl]-
NN 230 benzylamide;
o
o 1H-Pyrazolo[3,4-b]pyridine-
H
a SN /\@\ O/N\/\\\N 5-carboxylic acid 4-[4-(2-cyano-
N s ethylamino)-piperidine-1-sulfonyl]-
o)

benzylamide;

Pyrazolo[1,5-a]pyrimidine-
5-carboxylic acid 4-(piperidine-1-

, N
"\ 7750 sulfonyl)-benzylamide;
0
¢ ) Imidazo[1,2-a]pyridine-6-
o (N carboxylic acid 4-[4-(tetrahydro-
ffk N /\©\ N J pyran-4-yl)-piperazine-1-sulfonyl]-
N \/_;JN 7o benzylamide;
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cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-((3R,55)-3,5-
dimethyl-piperazine-1-sulfonyl)-

benzylamide;

cis-Furo[2,3-c]pyridine-2-
carboxylic acid 4-((3R,55)-3,5-
dimethyl-piperazine-1-sulfonyl)-

benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;




1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-[1-(2,2,2-
trifluoro-ethyl)-piperidine-4-

sulfonyl]-benzylamide;

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-((3aR,6aS)-5,5-
difluoro-hexahydro-
cyclopenta[c]pyrrole-2-sulfonyl)-

benzylamide;

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-[(3aR,6aS)-
(tetrahydro-furo[3,4-c]pyrrol-5-
yl)sulfonyl]-benzylamide;
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Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(hexahydro-
furo[2,3-c]pyrrole-5-sulfonyl)-

benzylamide (mixture of

diastereomers);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(4,4-difluoro-
hexahydro-cyclopenta[c]pyrrole-2-

sulfonyl)-benzylamide (isomer A);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(4,4-difluoro-
hexahydro-cyclopenta[c]pyrrole-2-

sulfonyl)-benzylamide (isomer B);

0 1H-Pyrrolo[3,2-c]pyridine-
~ N/\@\ QO 2-carboxylic acid 4-[(S)-
H
N N —NH g (tetrahydro-furan-3-yl)sulfonyl]-
— / \\O
0 benzylamide;
(0]

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[(S)-(tetrahydro-
furan-3-yl)sulfonyl]-benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[1-(tetrahydro-
pyran-4-yl)-piperidine-4-sulfonyl]-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-

0]
~" >N ¢ 9 2-carboxylic acid 4-[(R)-
H
N N—NH /\©\S\< (tetrahydro-furan-3-yl)sulfonyl]-
— 70
o benzylamide;
(0]

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-[(R)-(tetrahydro-

N\:J 0 furan-3-yl)sulfonyl]-benzylamide;
7 ° Imidazo[1,2-a]pyridine-6-
@)k”/\@\ \C/ carboxylic acid 4-[(R)-(tetrahydro-
N\;_JN O//S So furan-3-yl)sulfonyl]-benzylamide;
o Furo[2,3-c]pyridine-2-
\ N/\©\ (t><0H carboxylic acid 4-((R)-3-hydroxy-
H
/N0 S’N piperidine-1-sulfonyl)-
N= 4o

benzylamide;

o)

= N

jen
N7 N
\—/

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[(3R,55)-3,5-
dimethyl-4-(2,2,2-trifluoro-ethyl)-
piperazine-1-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[(1S,4S)-(2-oxa-
5-aza-bicyclo[2.2.1]hept-5-

o\ N
yl)sulfonyl]-benzylamide;
>: o 1H-Pyrazolo[3,4-b]pyridine-
o}
N 5-carboxylic acid 4-(1-acetyl-
2 N N
N P H/\©\ piperidine-4-sulfonyl)-
NT N

benzylamide;
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Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

N O//s ~o benzylamide;
0 o Furo[2,3-c]pyridine-2-
7\ \o ”/\©\ Q carboxylic acid 4-[(S)-(tetrahydro-
N= g S0 furan-3-yl)sulfonyl]-benzylamide;
o 1H-Pyrazolo[3,4-b]pyridine-
SIS ”/\O\ QO 5-carboxylic acid 4-[(S)-
‘” NZ 5% (tetrahydro-furan-3-yl)sulfonyl]-
© benzylamide;
i o Furo[2,3-c]pyridine-2-
7\ \O H \\C/ carboxylic acid 4-[(R)-(tetrahydro-
N= O//S\\o furan-3-yl)sulfonyl]-benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-[(R)-
(tetrahydro-furan-3-yl)sulfonyl]-

So
benzylamide;
i NH Imidazo[1,2-a]pyridine-6-
=z
Q)‘\H/\@\ </:) carboxylic acid 4-(piperidine-4-
%
N\aN O//S So sulfonyl)-benzylamide;
0 . o
P Imidazo[1,2-a]pyridine-6-
o (—N carboxylic acid 4-(4-oxetan-3-yl-
=z
Q)k N /\O\ N_) piperazine-1-sulfonyl)-
N 7 N /\
o

benzylamide;
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o) 0
/NN NJ\
7\
00

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-acetyl-
piperazine-1-sulfonyl)-

benzylamide;

V/A\Y
o}

0
/N N NSO
o)

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-hydroxy-
ethyl)-piperazine-1-sulfonyl]-

benzylamide;

7 N
=z
N = S/

7\
O O

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-cyano-
piperidine-1-sulfonyl)-

benzylamide;

AN
(¢}

0]
‘onacVon,
N s
0]

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-
hydroxymethyl-piperidine-1-

sulfonyl)-benzylamide;

I (>
N
N N
N I
//S\\
0 O

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-pyrrolidin-1-
yl-piperidine-1-sulfonyl)-

benzylamide;

o)
o
N N/\@\ (\N/\/ ~
(N;QAH s’N\)

N\
(O]

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-methoxy-
ethyl)-piperazine- 1-sulfonyl]-

benzylamide;

(0]
X

/7 \
(O]

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3,3-difluoro-
pyrrolidine-1-sulfonyl)-

benzylamide;
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Imidazo[1,2-a]pyridine-6-

o
O . .
(\N X H/\Q\ (\N% carboxylic acid 4-(4-acetyl-
NS N [1,4]diazepane-1-sulfonyl)-
7N
o benzylamide;
o Imidazo[1,2-a]pyridine-6-

carboxylic acid 4-[3-(acetyl-methyl-
amino)-pyrrolidine-1-sulfonyl]-

benzylamide (racemic);

7-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,7-

diaza-spiro[4.5]decane-2-carboxylic

acid tert-butyl ester (racemic);

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,8-
diaza-spiro[4.5]decane-2-carboxylic

acid tert-butyl ester;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-cyano-
ethyl)-piperazine- 1-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(2-
dimethylamino-ethyl)-piperazine-1-

sulfonyl]-benzylamide;
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Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((R)-2-
hydroxymethyl-pyrrolidine-1-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((S)-2-
hydroxymethyl-pyrrolidine-1-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-((S)-3-
dimethylamino-pyrrolidine-1-

sulfonyl)-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-methyl-
piperazine-1-carbonyl)-piperidine-

1-sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-[4-(4-methyl-
piperazin-1-yl)-piperidine-1-

sulfonyl]-benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-
trifluoromethyl-pyrrolidine-1-

sulfonyl)-benzylamide (racemic);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4,4-difluoro-
piperidine-1-sulfonyl)-

benzylamide;
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1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(1-oxetan-3-yl-

piperidine-4-sulfonyl)-

N\__JN o benzylamide;
O . .
p 1H-Pyrrolo[3,2-c]pyridine-
O N 2-carboxylic acid 4-(1-oxetan-3-yl-
2\ \NH N Q piperidine-4-sulfonyl)-
— P o benzylamide;
0 1
p Furo[2,3-c]pyridine-2-
7 N carboxylic acid 4-(1-oxetan-3-yl-
= N . .-
7S Sg:) piperidine-4-sulfonyl)-
N= o benzylamide;

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(1-oxetan-3-yl-
piperidine-4-sulfonyl)-

benzylamide;
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Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;

Thieno[2,3-c]pyridine-2-
carboxylic acid 4-(1-oxetan-3-yl-

piperidine-4-sulfonyl)-

N= O//S\o benzylamide;
0
N Z "N .
9 g N \ 9-(4-{[(Imidazo[ 1,2-
Q" \ S
E § a]pyridine-6-carbonyl)-amino]-

methyl}-benzenesulfonyl)-3,9-
diaza-spiro[5.5]undecane-3-

carboxylic acid tert-butyl ester;

%

N Z N
0 H
OQIS' N

9-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,9-

diaza-spiro[5.5]undecane-2-

carboxylic acid tert-butyl ester;

8-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1,8-

diaza-spiro[5.5]undecane-1-
carboxylic acid tert-butyl ester

(racemic);
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see

I
Nar ™S ;i
AT
o

7

6}

o=

4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1-oxa-
4,9-diaza-spiro[5.5Jundecane-9-

carboxylic acid tert-butyl ester;

o

N & 2~o

AT
(o]

8-(4-{[(Imidazo[1,2-

a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1,8-
diaza-spiro[4.5]decane-1-carboxylic

acid tert-butyl ester;

N:: O‘}
N
\840
N\ X N\
< g °
N__~ N
(0]

4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1-oxa-
4,8-diaza-spiro[5.5Jundecane-8-
carboxylic acid tert-butyl ester

(racemic);

0
O\\»OU
N X A
“ ¢ °
N\_N__A__N

o)

<
7<

[7-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-7-aza-
spiro[3.5]non-2-yl]-carbamic acid

tert-butyl ester;

(0]
o [
N Sy °©
voUTeL A
(@]

cis-3-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-3,6-
diaza-bicyclo[3.2.0]heptane-6-
carboxylic acid tert-butyl ester

(racemic);
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N\ X S\\O
H
Q\/N G N
(6]

[2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2-aza-
bicyclo[2.1.1]hex-1-ylmethyl]-

carbamic acid tert-butyl ester;

Nt XN
xUYO

HN

O=?=O

cis-4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-carboxylic acid

tert-butyl ester (racemic);

2-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-2,9-

diaza-spiro[5.5]undecane-9-

carboxylic acid tert-butyl ester;

cis-[3-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-3-aza-
bicyclo[3.1.0]hex-1-yl]-carbamic

acid tert-butyl ester (racemic);
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cis-7-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-9-oxa-
3,7-diaza-bicyclo[3.3.1]nonane-3-
carboxylic acid tert-butyl ester

(racemic);

cis-4-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-
b][1,4]oxazine-6-carboxylic acid

tert-butyl ester (racemic);

cis-1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-b]pyrrole-5-
carboxylic acid tert-butyl ester

(racemic);

cis-5-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-b]pyrrole-1-
carboxylic acid tert-butyl ester

(racemic);

N\
@jﬁ(

cis-5-(4-{[(Imidazo[ 1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
hexahydro-pyrrolo[3,4-c]pyrrole-2-

carboxylic acid tert-butyl ester
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(racemic);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(9-hydroxy-3-
oxa-7-aza-bicyclo[3.3.1]nonane-7-
sulfonyl)-benzylamide (mixture of

diastereomers);

trans-Imidazo[1,2-
a]pyridine-6-carboxylic acid 4-(3-
hydroxy-4-methyl-pyrrolidine-1-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(7-hydroxy-3-
oxa-9-aza-bicyclo[3.3.1]nonane-9-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5,5-difluoro-2-
aza-bicyclo[2.2.1]heptane-2-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(7-methyl-9-
oxa-3,7-diaza-
bicyclo[3.3.1]nonane-3-sulfonyl)-

benzylamide (racemic);

2
NH N
N_
7 IO

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5-methyl-
hexahydro-pyrrolo[3,4-b]pyrrole-1-

sulfonyl)-benzylamide (racemic);
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P4
=
\_z

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(1-methyl-
hexahydro-pyrrolo[3,4-b]pyrrole-5-

sulfonyl)-benzylamide (racemic);

(@}

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(4-hydroxy-4-
methyl-piperidine-1-sulfonyl)-

benzylamide;

z
\

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(hexahydro-
furo[3,2-c]pyridine-5-sulfonyl)-
benzylamide (mixture of

diastereomers);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(6,6-difluoro-3-
aza-bicyclo[3.2.0]heptane-3-

sulfonyl)-benzylamide (racemic);

Pyrazolo[1,5-a]pyrazine-2-
carboxylic acid 4-(piperidine-1-

sulfonyl)-benzylamide;

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(4-oxetan-3-yl-
piperazine-1-sulfonyl)-

benzylamide;
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N=
\ 7/ %
FN\_0 Furo[2,3-c]pyridine-2-
HN carboxylic acid 4-((S)-3-hydroxy-
HO piperidine-1-sulfonyl)-
; benzylamide;
CN ~S=o
0
N=
\ 7% N
ZN\_0 Furo[2,3-c]pyridine-2-
HN carboxylic acid 4-((R)-3-hydroxy-
HO piperidine-1-sulfonyl)-
C\ benzylamide;
N~5<o
0

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,8-diaza-
spiro[4.5]decane-8-sulfonyl)-

benzylamide;

Furo[2,3-c]pyridine-2-

(0]
o o) carboxylic acid 4-(tetrahydro-
all N/\©\ Egl furo[3,4-c]pyrrole-5-sulfonyl)-
= O//S\\ benzylamide (mixture of
diastereomers);
o 1H-Pyrrolo[3,2-c]pyridine-
X N/\©\ o] 2-carboxylic acid 4-(tetrahydro-
H
N N)NH g pyran-3-sulfonyl)-benzylamide
— 730
o (racemic);
o 1H-Pyrazolo[3,4-b]pyridine-
| N N/\©\ 0 5-carboxylic acid 4-(tetrahydro-
N H Q
NN P 5 pyran-3-sulfonyl)-benzylamide
0

(racemic);




1H-Pyrazolo[3,4-b]pyridine-

¥ | A ”/\©\ O/ 5-carboxylic acid 4-(4-pyrrolidin-1-
NN 5 N yl-piperidine-1-sulfonyl)-
o benzylamide;
Furo[2,3-c]pyridine-2-
o N 'D carboxylic acid 4-(4-pyrrolidin-1-
NN I " /\©\ s 'O/ yl-piperidine-1-sulfonyl)-
- 0" benzylamide;
1H-Pyrazolo[3,4-b]pyridine-
o 5-carboxylic acid 4-(tetrahydro-
N\/ | j ”/\©\ r\/lﬁ furo[3,4-c]pyrrole-5-sulfonyl)-
NN o//S\\/ benzylamide (mixture of

diastereomers);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2-aza-
bicyclo[2.1.1]hexane-2-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-aza-
bicyclo[3.1.0]hexane-3-sulfonyl)-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(3-hydroxy-3-
methyl-pyrrolidine-1-sulfonyl)-

benzylamide (racemic);

N Z

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(9-methyl-3-
oxa-7,9-diaza-

bicyclo[3.3.1]nonane-7-sulfonyl)-
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benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5-acetyl-2,5-
diaza-bicyclo[2.2.1]heptane-2-

sulfonyl)-benzylamide (racemic)

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(5-fluoro-2-aza-
bicyclo[2.2.1]heptane-2-sulfonyl)-

benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(3-methyl-3,6-
diaza-bicyclo[3.2.1]octane-6-

sulfonyl)-benzylamide (racemic);

cis-Imidazo[1,2-a]pyridine-
6-carboxylic acid 4-(2-aza-
bicyclo[3.1.0]hexane-2-sulfonyl)-

benzylamide (racemic);

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(2,6-dioxa-9-aza-
spiro[4.5]decane-9-sulfonyl)-

benzylamide (racemic);

Furo[2,3-c]pyridine-2-

o carboxylic acid 4-(tetrahydro-

/ \ © < pyran-3-sulfonyl)-benzylamide
// 0 (racemic);

o Imidazo[1,2-a]pyridine-6-

fj)LN Qo carboxylic acid 4-(tetrahydro-

N\;N | H/\©;,/S\\o pyran-3-sulfonyl)-benzylamide

(racemic);
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Furo[2,3-c]pyridine-2-
carboxylic acid 4-[4-(tetrahydro-
pyran-4-yl)-piperazine-1-sulfonyl]-

benzylamide;

Imidazo[1,2-a]pyridine-6-
carboxylic acid 4-(1-acetyl-
piperidine-4-sulfonyl)-

benzylamide;

cis-1H-Pyrazolo[3,4-
b]pyridine-5-carboxylic acid 4-(2-
oxa-5-aza-bicyclo[2.2.1]heptane-5-

sulfonyl)-benzylamide (racemic);

1H-Pyrazolo[3,4-b]pyridine-

™ A N/\@\ (\N/\/O\ 5-carboxylic acid 4-[4-(2-methoxy-
N H \)

\ﬁ i Py N ethyl)-piperazine- 1-sulfonyl]-
benzylamide;
o 1H-Pyrazolo[3,4-b]pyridine-
N | X N/\©\ O/\OH 5-carboxylic acid 4-(4-
N N SC N hydroxymethyl-piperidine-1-
7\
° sulfonyl)-benzylamide;
o 1H-Pyrazolo[3,4-b]pyridine-
7 | SN ”/\©\ ®<F 5-carboxylic acid 4-(3,3-difluoro-
\H N7 s\ F pyrrolidine-1-sulfonyl)-
7\
© benzylamide;
0 F cis-1H-Pyrazolo[3,4-
N N ”/\©\ /ﬁ b]pyridine-5-carboxylic acid 4-(4,4-
\ N
N Nig O,/S\\; difluoro-hexahydro-

cyclopenta[c]pyrrole-2-sulfonyl)-
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benzylamide (racemic);

cis-1H-Pyrazolo[3,4-

2 . b]pyridine-5-carboxylic acid 4-(5,5-
X
N\/ | _ H/\©\ Nﬁp difluoro-hexahydro-
N -
HoN O//S % cyclopenta[c]pyrrole-2-sulfonyl)-
benzylamide (racemic);
0 cis-1H-Pyrazolo[3,4-
¥ | N N/\Q\ 0 b]pyridine-5-carboxylic acid 4-
\” N s N/j—? (hexahydro-furo[2,3-c]pyrrole-5-
/7 \
o}

sulfonyl)-benzylamide (racemic);

Imidazo[1,2-a]pyrimidine-6-
carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

Furo[2,3-c]pyridine-2-
carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

1H-Pyrazolo[3,4-b]pyridine-
5-carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);

1H-Pyrrolo[3,2-c]pyridine-
2-carboxylic acid 4-(1-isobutyl-
piperidine-4-sulfinyl)-benzylamide

(racemic);
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8-(4-{[(Imidazo[1,2-

0
0 N L\ a]pyridine-6-carbonyl)-amino]-
O\\%I’ NS methyl}-benzenesulfonyl)-1,8-

" diaza-spiro[4.6]undecane-1-
%70)_,\, carboxylic acid tert-butyl ester

© (racemic);
0
ol g i i 1 3-[(4-{[(Imidazo[1,2-
Ss N

NH

a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonylamino)-
methyl]-1-oxa-8-aza-
spiro[4.5]decane-8-carboxylic acid

tert-butyl ester (racemic);

1-(4-{[(Imidazo[1,2-
a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-1,8-
diaza-spiro[4.5]decane-8-carboxylic

acid tert-butyl ester;

3-[1-(4-{[(Imidazo[1,2-

a]pyridine-6-carbonyl)-amino]-

methyl}-benzenesulfonyl)-2,3-
dihydro-1H-indol-3-yl]-piperidine-

mn 0 1-carboxylic acid tert-butyl ester
5 (mixture of diastereomers);
4§ N-(4-(1-isobutylpiperidin-4-
0

ylsulfinyl)benzyl)H-imidazo[1,2-
a]pyridine-6-carboxamide

(racemic);
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N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]i
midazo[ 1,2-a]pyrimidine-6-

carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]fu

ro[2,3-c]pyridine-2-carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]-
1H-pyrrolo[3,2-c]pyridine-2-

carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]fu
ro[2,3-c]pyridine-2-carboxamide

(single isomer);

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]methyl]fu
ro[2,3-c]pyridine-2-carboxamide

(single isomer);

N-[[4-(8-oxa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenylmethyl]imidazo[

1,2-a]pyridine-6-carboxamide;
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/7 \

N-[[4-(2,8-
diazaspiro[3.5]nonan-2-
ylsulfonyl)phenylmethyl]imidazo[

1,2-a]pyridine-6-carboxamide;

N-[[4-(4-tetrahydropyran-4-
ylpiperazin-1-
yl)sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-2-

carboxamide;

N-[[4-[(6-methyl-2,6-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]furo[2,3-

c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-
4-ylsulfonylphenyl)methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[(4-tetrahydropyran-
4-
ylsulfonylphenyl)methyl]imida

N \’J as zo[1,2-a]pyrimidine-6-
— ° carboxamide;
N-[(4-tetrahydropyran-
o 4_
= N ..
| H ylsulfonylphenyl)methyl]imida
\/J A 20[1,2-a]pyridine-6-

carboxamide;
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N-[(4-tetrahydropyran-
4-ylsulfonylphenyl)methyl]-
1H-pyrrolo[3,2-c]pyridine-2-

carboxamide;

N-[(4-tetrahydropyran-
4-
ylsulfonylphenyl)methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-(3-
piperidylsulfonyl)phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-(3-
piperidylsulfonyl)phenyl]meth
yl]thieno[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;




N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenyl]meth
yl]imidazo[1,2-a]pyrimidine-6-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenylJmeth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenylJmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;
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N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenylJmeth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-(2,6-
diazaspiro[3.4]octan-6-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenylmethyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]nonan-7-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-
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carboxamide;

N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide

\Z

N-[[4-(6-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(39)-
tetrahydrofuran-3-
yl]sulfonylphenyljmethyl]-1H-
pyrrolo[3,2-c]pyridine-2-

carboxamide;

N-[[4-[(39)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyrimidine-6-

carboxamide;

N-[[4-[(39)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;




N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfonyl]phenyl]meth

)\ ’ yl]imidazo[ 1,2-a]pyrimidine-6-
/ N S,
“\; o// o carboxamide;
] N-[[4-[(3R)-
C/O tetrahydrofuran-3-
IS
- N yl]sulfonylphenyljmethyl]-1H-
: L //S\\\O pyrrolo[3,2-c]pyridine-2-
carboxamide;
0 N-[[4-[(3R)-
_ C/O tetrahydrofuran-3-
)N\ ‘ N /\©\ \ yl]sulfonylphenyl|methyl]imid
N //S\\\\o azo[1,2-a]pyrimidine-6-
\J © carboxamide;
0 N-[[4-[(3R)-

tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenylJmeth

J X N
N | H yl]-1H-pyrazolo|[3,4-
\N -
H " A b]pyridine-5-carboxamide;
[e)
>~ N-[[4-[(1-acetyl-4-
(o}
" piperidyl)sulfonyl]phenylJmeth
W

yl]imidazo[1,2-a]pyrimidine-6-

carboxamide;
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Iz
\EO>

N-[[4-[(39)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-[(3S)-
tetrahydrofuran-3-
yl]sulfonylphenyljmethyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(3R)-
tetrahydrofuran-3-
yl]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-[(3R)-
tetrahydrofuran-3-
yl]sulfonylphenyljmethyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(3-
piperidylsulfonyl)phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[4.5]decane-8-

carboxylate;
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tert-butyl 7-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-1,7-
diazaspiro[4.4]nonane-1-

carboxylate;

tert-butyl 1-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-1,7-
diazaspiro[4.4]nonane-7-

carboxylate;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,8-
diazaspiro[3.5]nonane-8-

carboxylate;

N-[[4-(3,3-
difluoroazetidin-1-
yl)sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(azetidin-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,7-
diazaspiro[4.4]nonane-7-

carboxylate;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,9-
diazaspiro[4.5]decane-9-

carboxylate;

tert-butyl 2-[4-
[(imidazo[1,2-a]pyridine-6-
carbonylamino)methyl]phenyl]
sulfonyl-2,6-
diazaspiro[4.5]decane-6-

carboxylate;

N-[[4-[3-
(dimethylcarbamoyl)azetidin-
1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(3-
hydroxyazetidin-1-
yl)sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[3-(4-
methylpiperazine-1-
carbonyl)azetidin-1-

yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[[1-(oxetan-3-y])-
4-
piperidyl]sulfonyl]phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[[1-(oxetan-3-y])-

4-
piperidyl]sulfonyl]phenylJmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;




N-[[4-[[1-(oxetan-3-y])-
4-
piperidyl]sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(oxetan-3-y])-

4-
piperidyl]sulfonyl]phenylJmeth
yl]limidazo[1,2-a]pyrimidine-6-

carboxamide;

N-[[4-[[1-(oxetan-3-y])-
4-
piperidyl]sulfonyl]phenylJmeth
yl]thieno[2,3-c]pyridine-2-

carboxamide;

N-[[4-(2,8-
diazaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,7-

AN diazaspiro[4.4]nonan-1-
@ N VO/ \ ylsulfonyl)phenyl]methyl]imid
" " azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(1,7-
diazaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(2,8-
diazaspiro[4.5]decan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

ZT

N-[[4-(1,7-
diazaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,7-
diazaspiro[4.4]nonan-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

Iz

N-[[4-[(6-acetyl-2,6-
diazaspiro[3.3]heptan-2-
yl)sulfonyl]phenylmethyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;
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HN

N-[[4-(2,7-
diazaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

ZT

N-[[4-(2,7-
diazaspiro[4.4]nonan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-
3-ylsulfonylphenyl)methyl]-
1H-pyrrolo[3,2-c]pyridine-2-

carboxamide;

N-[(4-tetrahydropyran-
3-ylsulfonylphenyl)methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;
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N-[[4-[(6,6-difluoro-2-
azaspiro[3.3]heptan-2-
yl)sulfonyl]phenyl]methyl]imi

I\ dazo[1,2-a]pyridine-6-
carboxamide;
N-[[4-[(7-methyl-2,7-
i v diazaspiro[3.5]nonan-2-
C N : H/\Q\ ) N/j@ yl)sulfonyl]phenylmethyl]imi
O//S\\O dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[(8-methyl-5-
oxa-2,8-diazaspiro[3.5]nonan-
2-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

\

\
\ N A
F /\Q\S/”QQ
o// \\o

N-[[4-[(5-methyl-2,5-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenylmethyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

\

N-[[4-(5-0xa-2-
azaspiro[3.4]octan-2-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[(4-tetrahydropyran-
3-
ylsulfonylphenyl)methyl]furo[

2,3-c]pyridine-2-carboxamide;
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N-[(4-tetrahydropyran-
3-
ylsulfonylphenyl)methyl]imida
zo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-acetyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[4-(oxetan-3-
yl)piperazin-1-
yl]sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

N-[[4-(3,3-
difluoroazetidin-1-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-0x0-2,7-
diazaspiro[4.4]nonan-7-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-

carboxamide;
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N-[[4-(1-oxa-7-
azaspiro[4.4]nonan-7-
ylsulfonyl)phenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(6-0xa-1-
azaspiro[3.3]heptan-1-
ylsulfonyl)phenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(3S,5R)-3,5-
dimethyl-4-(oxetan-3-
yl)piperazin-1-
yl]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N /
\_/ A
o)
N o

0 H | 7 N\
o§g __

y

éﬁ

N-[[4-[(7-methyl-2,7-
diazaspiro[3.4]octan-2-
yl)sulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide;

N-[[4-[(4,4-difluoro-
1,3,3a,5,6,6a-
hexahydrocyclopenta[c]pyrrol-
2-
yl)sulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide;
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N-[[4-[(5,5-difluoro-
1,3,3a,4,6,6a-
hexahydrocyclopenta[c]pyrrol-
2-
yl)sulfonyl]phenyl]methyl]furo
[2,3-c]pyridine-2-carboxamide;

N-[[4-[4-2-
methoxyethyl)piperazin-1-
yl]sulfonylphenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-[[4-
(hydroxymethyl)-1-
piperidyl]sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-(3,3-
difluoropyrrolidin-1-
yl)sulfonylphenyl]methyl]furo[

o o//\\o ’ 2,3-c]pyridine-2-carboxamide;
0 N-[[4-(3,3-
° " DL difluoroazetidin-1-
7\ / AQ\S N ] yl)sulfonylphenyl|methyl]furo[
T o//\\o 2,3-c]pyridine-2-carboxamide;
0 N-[[4-(2,3,3a,4,6,6a-
° . /jj hexahydrofuro[2,3-c]pyrrol-5-
VAR , /\Q\S AN ylsulfonyl)phenyl]methyl]furo[
— o//\\o

2,3-c]pyridine-2-carboxamide;
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N-[[4-(1-oxa-7-

azaspiro[4.4]nonan-7-

VAR l . /O@ ylsulfonyl)phenyl]methyl]furo[
— VAN ?

I 2,3-c]pyridine-2-carboxamide;

Q N-[[4-(2-0xa-5-

° o azabicyclo[2.2.1]heptan-5-
N/ A / N ylsulfonyl)phenyl]methyl]furo[
— J \\o 2,3-c]pyridine-2-carboxamide;

0 N-[[4-(8-0xa-3-

° o azabicyclo[3.2.1]octan-3-
N/ \ I /\Q\S N ylsulfonyl)phenyl]methyl]furo[

2,3-c]pyridine-2-carboxamide;

N-[[4-(1-
piperidylsulfonyl)phenyl]meth
yl]imidazo[ 1,5-a]pyridine-7-

carboxamide;

Iz

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(2-
methylpropanoyl)-4-
piperidyl]sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;




N-[[4-[(1-butanoyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[(4-amino-1-
piperidyl)sulfonyl]phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-(1-0xa-4,9-
diazaspiro[5.5]undecan-4-
ylsulfonyl)phenyl]methyl]imid
azo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[(5-amino-3-
azabicyclo[3.1.0]hexan-3-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,8-
diazaspiro[4.5]decan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;




250

N-[[4-(1-0xa-4,8-
diazaspiro[5.5]undecan-4-
ylsulfonyl)phenyl|methyl]imid
azo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[(2-amino-7-
azaspiro[3.5]nonan-7-
yl)sulfonyl]phenyl]methyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,9-
diazaspiro[5.5]undecan-3-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

fox
)
V4

N-[[4-(2,9-
diazaspiro[5.5]undecan-9-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

HN o)

N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,4a,5,6,7,7a-
hexahydro-2H-pyrrolo[3,4-
b][1,4]oxazin-4-
ylsulfonyl)phenyl]methyl]imid
azo[ 1,2-a]pyridine-6-
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carboxamide;

N-[[4-[[4-
(aminomethyl)-3-
azabicyclo[2.1.1]hexan-3-
yl]sulfonyl]phenylJmethyl]imi
dazo[1,2-a]pyridine-6-

carboxamide;

/

N_[[4'(273 ,33,4,6,63-
hexahydro-1H-pyrrolo[3,4-

’ X c]pyrrol-5-
N ylsulfonyl)phenyl]methyl]imid

\Q/ azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-[3-(3-
piperidyl)indolin-1-
yl]sulfonylphenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,8-
diazaspiro[4.5]decan-1-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

/

N-[[4-(2,3,3a,4,6,6a-
hexahydro-1H-pyrrolo[3,4-
b]pyrrol-5-
ylsulfonyl)phenyl|methyl]imid

\Q/ azo[1,2-a]pyridine-6-

carboxamide;
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N-[[4-(9-oxa-3,7-
diazabicyclo[3.3.1]nonan-3-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,9-
diazaspiro[4.6]undecan-9-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,4a,5,6,7,7a-
hexahydro-2H-pyrrolo[3,4-
b][1,4]oxazin-4-
ylsulfonyl)phenyl|methyl]imid
azo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-(1,8-
diazaspiro[5.5]undecan-8-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;

N-[[4-(3,6-
diazabicyclo[3.2.0]heptan-3-
ylsulfonyl)phenyl]methyl]imid
azo[1,2-a]pyridine-6-

carboxamide;
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¥ N-[[4-(2,9-
o diazaspiro[5.5]undecan-2-
H)‘\[j ylsulfonyl)phenyl]methyl]imid
“\S Q/\ ‘ N azo[1,2-a]pyridine-6-
7 N \Q/N carboxamide;

N-[[4-(3,32,4,5,6,6a-

o hexahydro-2H-pyrrolo[2,3-
H)‘\(j c]pyrrol-1-
erj/ﬁ }S <©/\ | N \\\/ . ylsulfonyl)phenyl].m.ethyl]imid
< o — azo[1,2-a]pyridine-6-
carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-propyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-benzoyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;
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8 VAN

N-[[4-[[1-
(benzenesulfonyl)-3-
piperidyl]sulfonyl]phenylJmeth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[(1-acetyl-3-
piperidyl)sulfonyl]phenylJmeth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[[1-
(benzenesulfonyl)-4-
piperidyl]sulfonyl]phenyl]meth
yl]-1H-pyrazolo|[3,4-

b]pyridine-5-carboxamide;

N-[[4-[(1-isobutyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;
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N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenyl]meth

T
\ / ¢ ﬁ yl]furo[2,3-c]pyridine-2-
) ° carboxamide;
. j/ N-[[4-[(1-isobutyl-4-
~ ' /\@\ /@ piperidyl)sulfinyl]phenyl]meth
/s . yl]furo[2,3-c]pyridine-2-
. ! carboxamide;
. j/ N-[[4-[(1-isobutyl-4-
~ H/\Ej\ /@ piperidyl)sulfinyl]phenyl]meth
/o . yl]furo[2,3-c]pyridine-2-
T |°| carboxamide;
N-[[4-[(1-
i /O’ tetrahydropyran-4-yl-4-
S u/\©\ /O piperidyl)sulfinyl]phenyl]meth
\ /) :

yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl]meth
yl]imidazo[ 1,2-a]pyridine-6-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1H-pyrazolo[3,4-
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b]pyridine-5-carboxamide;

N-[[4-[[1-(2,2,2-
trifluoroethyl)-4-
piperidyl]sulfinyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[(R)-(1-
isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;
0 / N-[[4-[(1-ethyl-4-
s g < > piperidyl)sulfinyl]phenyl]meth
s ‘ ) yl]imidazo[ 1,2-a]pyridine-6-
\; |c|> carboxamide;
0 / N-[[4-[(1-methyl-4-
7 ‘ . < ) piperidyl)sulfinyl]phenyl]meth
s < yl]imidazo[ 1,2-a]pyridine-6-
\;/ o| carboxamide;
0 N-[[4-[(1-ethyl-4-
) /Ij)‘\u/\Q\ N piperidyl)sulfinyl]phenylmeth
NN i yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;




i N-[[4-[(1-propyl-4-
_ " piperidyl)sulfinyl]phenyl]meth
‘ H/\©\ yl]imidazo[ 1,2-a]pyridine-6-
/ N S

N\; | carboxamide;

N-[[4-[[1-(2,2,2-

)J\ o trifluoroethyl)-4-
—¢ E/\Q\ /O'/ﬂ/ piperidyl]sulfinyl]phenyl]meth
\—/ i y1]-1,3-dihydropyrrolo[3 4-
c]pyridine-2-carboxamide;
: N-[[4-[(1-propyl-4-
N)J\u N piperidyl)sulfinyl]phenylmeth
\_ Y. /\Q\s yl]-1,3-dihydropyrrolo[3,4-

z

(o}

c]pyridine-2-carboxamide;

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-ethyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;

N-[[4-[(1-
tetrahydropyran-4-yl-4-
piperidyl)sulfinyl]phenyl]meth

yl]-1H-pyrazolo[3,4-
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b]pyridine-5-carboxamide;

N-[[4-[(1-propyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]furo[2,3-c]pyridine-2-

carboxamide;
o N-[[4-[(S)-(1-propyl-4-
~ N piperidyl)sulfinyl]phenylmeth
\N_ / ° /\O\j O yl]furo[2,3-c]pyridine-2-
° carboxamide;
N-[[4-[(1-
i /@ tetrahydropyran-4-yl-4-
fj)‘\”/\@\ /O piperidyl)sulfinyl]phenylJmeth
N\/;JN J yl]imidazo[1,2-a]pyridine-6-
carboxamide;

N-[[4-[(1-isopropyl-4-
_ ; / H/\O\ /O.)\ piperidyl)sulfinyl]phenyl]meth
\ / s yl]-1H-pyrrolo[3,2-c]pyridine-

2-carboxamide;

and pharmaceutically acceptable salts thereof.
22. A pharmaceutical composition comprising: (a) an effective amount of at least one

compound of Formula I of Claim land (b) a pharmaceutically acceptable carrier.

23. A pharmaceutical composition according to Claim 22, further comprising

therapeutically effective amounts of one or more additional adjunctive active agents.

24. A pharmaceutical composition according to Claim 23, in which the one or more
additional adjuctive active agents are selected from the group consisting of cytotoxic agent,
cisplatin, doxorubicin, taxotere, taxol, etoposide, irinotecan, camptostar, topotecan, paclitaxel,
docetaxel, the epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, temozolomide,
cyclophosphamide, SCH 66336, tipifarnib (Zarnestra™), R115777, L778,123, BMS 214662,

Iressa”, Tarceva®™, C225, GLEEVEC®, intron®, Peg-Intron®, aromatase combinations, ara-C,
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adriamycin, cytoxan, gemcitabine, Uracil mustard, Chlormethine, Ifosfamide, Melphalan,
Chlorambucil, Pipobroman, Triethylenemelamine, Triethylenethiophosphoramine, Busulfan,
Carmustine, Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine, 6-
Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, oxaliplatin, leucovirin, oxaliplatin
(ELOXATIN®), Pentostatine, Vinblastine, Vincristine, Vindesine, Bleomycin, Dactinomycin,
Daunorubicin Epirubicin, Idarubicin, Mithramycin™, Deoxycoformycin, Mitomycin-C, L-
Asparaginase, Teniposide 17a-Ethinylestradiol, Diethylstilbestrol, Testosterone, Prednisone,
Fluoxymesterone, Dromostanolone propionate, Testolactone, Megestrol acetate,
Methylprednisolone, Methyltestosterone, Prednisolone, Triamcinolone, Chlorotrianisene,
Hydroxyprogesterone, Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate,
Leuprolide, Flutamide, Toremifene, goserelin, Carboplatin, Hydroxyurea, Amsacrine,
Procarbazine, Mitotane, Mitoxantrone, Levamisole, Navelbene, Anastrazole, Letrazole,
Capecitabine, Reloxafine, Droloxafine, Hexamethylmelamine, Avastin, herceptin, Bexxar,
Velcade, Zevalin, Trisenox, Xeloda, Vinorelbine, Porfimer, Erbitux, Liposomal, Thiotepa,
Altretamine, Melphalan, Trastuzumab Fulvestrant, Exemestane, Ifosfomide, Rituximab,
Campath, leucovorin, and dexamethasone, bicalutamide, carboplatin, chlorambucil, letrozole,

megestrol, valrubicin, and NIASPAN®.

25. A pharmaceutical composition according to Claim 22 further comprising a rescuing

agent.

26. A pharmaceutical composition according to Claim 25, in which the rescuing agent is
selected from the group consisting of nicotinamide, nicotinic acid, and nicotinamide

mononucleotide (NMN).

27. A compound according to Claim 1 for use in a method of treating a subject suffering

from or diagnosed with a disease or medical condition mediated by NAMPT activity.

28. A compound according to Claim 27 for a use as specified therein, in which the method
comprises administering to the subject in need of such treatment an effective amount of at

least one compound of Formula I according to Claim 1.

29. A compound according to Claim 27 or 28 for a use as specified therein, in which the
disease or medical condition is a solid or liquid tumor, non-small cell lung cancer, leukemia,
lymphoma, ovarian cancer, glioma, breast cancer, uterine cancer, colon cancer, cervical

cancer, lung cancer, prostate cancer, skin cancer, rhino-gastric tumors, colorectal cancer, CNS
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cancer, bladder cancer, pancreatic cancer, Hodgkin’s disease, rheumatoid arthritis, diabetes,

atherosclerosis, sepsis, aging, inflammation.

30. A compound according to Claim 27, 28 or 29 for a use as specified therein, in which the
method further comprises administering to the subject an effective amount of at least one
compound selected from the group consisting of: a cytotoxic agent, cisplatin, doxorubicin,
taxotere, taxol, etoposide, irinotecan, camptostar, topotecan, paclitaxel, docetaxel, the
epothilones, tamoxifen, 5-fluorouracil, methoxtrexate, temozolomide, cyclophosphamide,
SCH 66336, tipifarnib (Zarnestra®™), R115777, L778,123, BMS 214662, Iressa”, Tarceva”,
(225, GLEEVEC®, intron®, Peg-Intron®, aromatase combinations, ara-C, adriamycin,
cytoxan, gemcitabine, Uracil mustard, Chlormethine, Ifosfamide, Melphalan, Chlorambucil,
Pipobroman, Triethylenemelamine, Triethylenethiophosphoramine, Busulfan, Carmustine,
Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine, 6-Mercaptopurine, 6-
Thioguanine, Fludarabine phosphate, leucovirin, oxaliplatin (ELOXATIN®™), Pentostatine,
vincristine, Vindesine, Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,
Idarubicin, Mithramycin™, Deoxycoformycin, Mitomycin-C, L-Asparaginase, Teniposide
17a-Ethinylestradiol, Diethylstilbestrol, Testosterone, Prednisone, Fluoxymesterone,
Dromostanolone propionate, Testolactone, Megestrol acetate, Methylprednisolone,
Methyltestosterone, Prednisolone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate, Leuprolide, Flutamide,
Toremifene, goserelin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levamisole, Navelbene, Anastrazole, Letrazole, Capecitabine, Reloxafine,
Droloxafine, Hexamethylmelamine, Avastin, herceptin, Bexxar, Velcade, Zevalin, Trisenox,
Xeloda, Vinorelbine, Porfimer, Erbitux, Liposomal, Thiotepa, Altretamine, Melphalan,
Trastuzumab, Lerozole, Fulvestrant, Exemestane, Ifosfomide, Rituximab, C225, Campath,
leucovorin, dexamethasone, bicalutamide, chlorambucil, letrozole, megestrol, valrubicin,

vinblastine, and NIASPAN®.

31. A compound according to any of Claims 27 to 30 for a use as specified therein, in which

the method further comprises administering an effective amount of a rescuing agent.

32. A compound according to Claim 31 for a use as specified therein, in which the rescuing
agent is selected from the group consisting of nicotinamide, nicotinic acid, and nicotinamide

mononucleotide (NMN).
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33. A compound selected from the group consisting of:

0
o /@A m)@ [1-(4- {[(Tmidazof[ 1,2-
N N
3 a]pyridine-6-carbonyl)-amino]-
methyl}-benzenesulfonyl)-
OYNH piperidin-4-yl]-carbamic acid
o \\/ tert-butyl ester;
o . 2-amino-N-[(4-
N)LN ( ) morpholinosulfonylphenyl)met
{ ? A©\ / hyl]-5,7-dihydropyrrolo[3,4-
\—/ /o

d]pyrimidine-6-carboxamide;

)‘]\ o N-[(4-tetrahydropyran-4-
N N ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

>¥ N-[[4-[(1-acetyl-4-

piperidyl)sulfonyl]phenylJmeth

— | ”/\©\ Q yl]-1,3-dihydropyrrolo[3,4-

\ / A c]pyridine-2-carboxamide;

N-[(4-tetrahydropyran-3-
N)}\N 0 ylsulfonylphenyl)methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

2-amino-N-[(4-

)L ° tetrahydropyran-4-
N=— | ”A©\ ; ; ylsulfonylphenyl)methyl]-5,7-
%\ / TN dihydropyrrolo[3,4-

d]pyrimidine-6-carboxamide;




N-[[4-(4-tetrahydropyran-4-
ylpiperazin-1-
yl)sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

N-[[4-[[1-(oxetan-3-yl)-4-
piperidyl]sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-(4-methylpiperazin-1-
yl)sulfonylphenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-(7-0xa-2-
azaspiro[3.5]nonan-2-
ylsulfonyl)phenyl]methyl]-1,3-
dihydropyrrolo[3,4-c]pyridine-

2-carboxamide;
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N-[[4-[(4-pyrrolidin-1-yl-1-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[(4-
morpholinosulfonylphenyl)met
hyl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[[(3R)-3-hydroxy-1-
piperidyl]sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[[(3S)-3-hydroxy-1-
piperidyl]sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

/

\ / /%o
B A@Q‘
\_/ a
— /N
N a

1 {
\ / "

N-[[4-[(1-methyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;




N-[[4-[(1-propanoyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(4-hydroxy-1-
piperidyl)sulfonyl]phenylJmeth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[1-

(benzenesulfonyl)pyrrolidin-3-

yl]sulfonylphenyljmethyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-(1-acetylpyrrolidin-3-
yl)sulfonylphenyljmethyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-methylsulfonyl-4-

0. /O ) )

/ AN " N>\S< piperidyl)sulfonyl]phenylJmeth

N\ | Z /\©\s /Q yl]-1H-pyrazolo[3,4-
7
o b]pyridine-5-carboxamide;

. N-[[4-[(1-benzoyl-3-

J | NN piperidyl)sulfonyl]phenylJmeth

N\ !

NN K yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;
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N-[[4-(1-benzoylpyrrolidin-3-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-methylsulfonyl-3-
piperidyl)sulfonyl]phenyl]meth
yl]-1H-pyrazolo[3,4-

b]pyridine-5-carboxamide;

N-[[4-(1-
methylsulfonylpyrrolidin-3-
yl)sulfonylphenyl]methyl]-1H-
pyrazolo[3,4-b]pyridine-5-

carboxamide;

N-[[4-[(1-isopropyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(1-tetrahydropyran-4-
yl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;

N-[[4-[(1-methyl-4-
piperidyl)sulfinyl]phenyl]meth
yl]-1,3-dihydropyrrolo[3,4-

c]pyridine-2-carboxamide;
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N-[[4-[(1-isobutyl-4-

S

N g Hh piperidyl)sulfinyl]phenyl]meth
S )/ yl]-1,3-dihydropyrrolo[3,4-
e

c]pyridine-2-carboxamide;

N-[[4-[(1-ethyl-4-

N)J\”/\Q /O/\ piperidyl)sulfinyl]phenylmeth
<i/§/ SI yl]-1,3-dihydropyrrolo[3,4-

o

c]pyridine-2-carboxamide;

and pharmaceutically acceptable salts thereof, stereoisomers thereof, and pharmaceutically

acceptable salts of stereoisomers thereof.




