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(57) Abrege(suite)/Abstract(continued):
or N, where C may be unsubstituted or substituted by halo or C,-C alkyl; R and RY are independently selected from the group

consisting of H, C.-C, alkyl, hydroxy(C,-C alkyl), phenyl(C.-C alkyl), and -(CH,) -W, where W Is C.-C, cycloalkyl, phenyl,
naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1 -3 N, S and/or 0 atoms, -SO,-R’, -NHSO,-R’, -NR"SO.-R" and
SR’, where R" and R" are independently C,-C. alkyl or C,-C, cycloalkyl, etc.; wherein each of said alkyl, cycloalkyl, heterocyclic,
phenyl, naphthyl or heteroaryl may be unsubstituted or substituted by phenyl, heteroaryl, etc.; or, R and R, and the N atom fo
which they are bonded together form a monocyclic or bicyclic heterocyclic ring which may be unsubstituted or substituted by (a)
halo, hydroxy, heteroaryl, C.-C, alkyl, C,-C, alkoxy, etc., or (b) -(CH.) -W, where W is C,-Ccycloalkyl, phenyl, etc.; R'is H, halo or
cyano: R? and R? are independently H, C,-Cg alkyl, cyano, C,-C alkoxy, C,-C alkylthio, or C,-C, cycloalkyl where alkyl, alkoxy, or
cycloalkyl Is optionally substituted by one or more fluorine atoms; X is a bond, -CO-, -CONH-, -S0,-, -SONH-, or -(CH,) -; R3is H.
C,-C, alkyl, phenyl, naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1 -3 N atoms, a 5>-membered heteroaryl or
heterocyclic, etc., or (¢) 2 O or S atoms and 0-2 N atoms; wherein each of said phenyl, naphthyl, heteroaryl or heterocyclic Is
optionally substituted by alkyl, 1 substituent -Y-R* and/or 1 -4 substituents each independently selected from R>: with the proviso
that when X is -CO- or -SO.-, R® is not H; Y is a bond, -(CH,) - or -O-; R*is (a) H, C,-C, alkyl, C,-C, cycloalkl, halo, oxo, -OR®,
-NR’R®, -SR°® -SOR?, -SO,R?, -COR®, -OCOR®, -COOR®, -NR°COR®, -CONR'R?®, etc.; (b) phenyl or naphthyl, said phenyl and
naphthyl being optionally substituted with 1 -5 substituents selected from C,-C alkyl, C,-C, cycloalkyl, halo, cyano, -OR® -NR'RS8,
etc.: or (¢) a 3 to 8-membered saturated or partially unsaturated monocyclic heteroaryl, etc.: RCis H, C,-C, alkyl or C.-C, cycloalkyl,
etc.: R’ and R® are each independently H, C,-C, alkyl or C.-C, cycloalkyl or are taken together with the nitrogen atom to which
they are attached to form a 4-, 5- or 6-membered saturated heterocyclic ring containing 1 -2 nitrogen atoms or 1 nitrogen and 1
oxygen atom, said C,-C alkyl Is optionally substituted by C,-C, cycloalkyl, ha lo, etc., and said heterocyclic ring being optionally
substituted by one or more C.-C. alkyl or C,-C, cycloalkyli groups; RY is C,-C, alkyl or C,-C, cycloalkyl; and, m and n are
Independently 0, 1, 2 or 3. The Invention also relates to pharmaceutically acceptable salts of these compounds and to
pharmaceutically acceptable solvates thereof; to compositions containing such compounds; and to the uses of such compounds In
the treatment of various diseases, particularly asthma and COPD.
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(57) Abstract: A compound having the structure: A compound having the structure (I) or a pharmaceutically acceptable salt thereof,
or a pharmaceutically acceptable solvate of said compound or pharmaceutically acceptable salt, wheremn A and A' are independently

C or N, where C may be unsubstituted or substituted by halo or C;-Cs alkyl; R and R’ are independently selected from the group
consisting of H, C,-Cs alkyl, hydroxy(C,-Cs alkyl), phenyl(C;-Cs alkyl), and -(CH,),-W, where W 1s Cs-Cg cycloalkyl, phenyl, naph-

thyl, 5- or 6-membered heteroaryl or heterocyclic containing 1 -3 N, S and/or 0 atoms, -SO»-R', -NHSO:-R', -NR"SO,-R" and SR’,
where R' and R" are independently C,-C¢ alkyl or C;-Cs cycloalkyl, etc.; wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl,
naphthyl or heteroaryl may be unsubstituted or substituted by phenyl, heteroaryl, etc.; or, R and R, and the N atom to which they are
bonded together form a monocyclic or bicyclic heterocyclic ring which may be unsubstituted or substituted by (a) halo, hydroxy, het-

eroaryl, C;-Cs alkyl, C;-Cs alkoxy, etc., or (b) -(CH:).-W, where W is Cs-Cscycloalkyl, phenyl, etc.; R'is H, halo or cyano; R* and
R* are independently H, C,-Cs alkyl, cyano, C;-Cs alkoxy, C,-Cs alkylthio, or Cs-Cs cycloalkyl where alkyl, alkoxy, or cycloalkyl is
optionally substituted by one or more fluorine atoms; X is a bond, -CO-, -CONH-, -S0,-, -SONH-, or -(CH»)u-; R? is H, C;-C4 alkyl,

etc., or (¢) 2 O or S atoms and 0-2 N atoms; wherein each of

phenyl, naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1 -3 N atoms, a S-membered heteroaryl or heterocyclic,

[Continued on next page]
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said phenyl, naphthyl, heteroaryl or heterocyclic is optionally substituted by alkyl, 1 substituent -Y-R* and/or 1 -4 substituents
each independently selected from R’; with the proviso that when X is -CO- or -SO»-, R* is not H; Y is a bond, -(CH;)u- or -O-; R*
is (a) H, C-C¢ alkyl, Cs-Cs cycloalkl, halo, oxo, -OR°, -NR’R®, -SR®* -SOR”, -SO,R”, -COR®, -OCOR®, -COOR®, -NR°COR®,
-CONR'R?, etc.; (b) phenyl or naphthyl, said phenyl and naphthyl being optionally substituted with 1 -5 substituents selected from
C1-Cs alkyl, C3-Cs cycloalkyl, halo, cyano, -OR®, -NR'R® etc.; or (¢) a 3 to 8-membered saturated or partially unsaturated mono -
cyclic heteroaryl, etc.; R® is H, C;-Cs alkyl or Cs-Cs cycloalkyl, etc.; R” and R® are each independently H, C;-Cs alkyl or Cs-Cs cyc-
loalkyl or are taken together with the nitrogen atom to which they are attached to form a 4-, 5- or 6-membered saturated heterocyc-
lic ring containing 1 -2 nitrogen atoms or 1 nitrogen and 1 oxygen atom, said C-Cs alkyl 1s optionally substituted by Cs-Cs cyc-
loalkyl, ha lo, etc., and said heterocyclic ring being optionally substituted by one or more C;-Cs alkyl or C;-Cs cycloalkyli groups;
R” is C;-Cs alkyl or Cs-Cs cycloalkyl; and, m and » are independently O, 1, 2 or 3. The invention also relates to pharmaceutically
acceptable salts of these compounds and to pharmaceutically acceptable solvates thereof; to compositions containing such com -
pounds; and to the uses of such compounds in the treatment of various diseases, particularly asthma and COPD.
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PYRAZOLOPYRIDINES AND PYRAZOLOPYRIMIDINES

Field of the Invention

The present invention relates to pyrazolopyridines and pyrazolopyrimidines,

t AN

pharmaceutical compositions comprising such compounds and their use as
medicaments. More particularly, the present Invention provides 6-phenyl-1H-
pyrazolopyridines derivatives and 6-phenyl-1H-pyrazolopyrimidines derivatives which
are Janus Kinase (JAK) inhibitors and useful for the treatment of allergic and respiratory
conditions, particularly chronic obstructive pulmonary disease.
10 Background
Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of
death in the US and is characterized by airflow obstruction that i1s not fully reversible
with bronchodilators. The airflow limitation i1s usually progressive and i1s associated with
an abnormal inflammatory response of the lungs to noxious particles or gases, primarily
15 cigarette smoke. Symptoms are typically breathing-related (e.g. chronic cough,
exertional dyspnea, expectoration and wheeze). Patients experience periods of stable
disease interspersed with inflammatory exacerbations resulting in acute decline in lung
function and often hospitalization.
Current treatment guidelines recommend bronchodilators as the mainstay of
20 COPD drug treatment. However, anti-inflammatory inhaled corticosteroids (ICS) and
bronchodilator/inhaled corticosteroid combination products, are extensively used.
Whilst inhaled corticosteroids do provide some benefits with respect to short term lung
function 1mprovements and exacerbation frequency, they do not address the

corticosteroid-refractory inflammation which is characteristic of this disease and thought

(R
t N

to play a key role in disease progression. There 1S a clear medical need for anti-
inflammatory therapies in COPD that will address the chronic inflammatory component
of the disease and ultimately provide symptomatic relief, a reduction In exacerbation
frequency and an amelioration of exacerbation severity.

The Janus kinase (JAK) family of receptor associated tyrosine kinases, JAK 1,
30 JAK 2, JAK 3 and tyrosine kinase 2 (TYKZ2), are involved in signal transduclion
associated with a variety of inflammatory cytokines. JAK kinases can function as either
hetero or homo-dimers, phosphorylating STAT transcription factors which regulate

inflammatory gene transcription. Oral JAK 1/JAK 3 inhibitors such as CP-690550 have
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shown Impressive anti-inflammatory activity in inflammatory diseases such as
rheumatoid arthritis and psoriasis.

Many JAK dependent cytokines are thought to play key roles in the pathology of
COPD which involves the interplay of multiple inflammatory cells such as T
lymphocytes, neutrophils, macrophages and lung epithelium. For example the JAK
1/JAK 3 heterodimer plays a key role in T lymphocyte survival and activation whereas
JAK 2 is thought to be critical for regulation of neutrophil activation and apoptosis. JAK
1 and JAK 2 play an important role in IL-13 mediated inflammatory signaling in
macrophages, which is thought to link acute inflammatory events to chronic progressive
disease. Importantly JAK 1, JAK 2 and TYK 2 also play an important role in signaling
mediated by IFNv, a cytokine associated with the chronic inflammation observed In
COPD, which modulates the activity of T cells, epilthelium and macrophages whilst not
being modulated by corticosteroids.

Macrophage phagocytosis of bacteria is impaired in the lungs of COPD patients,

potentially in part due to high local IFNy levels. In vitro studies with i1solated patient cells

have shown that JAK inhibitors increase phagocytotic rate in the presence of IFNy.

Consequently, as well as exerting a direct anti-inflammatory effect, JAK inhibitors may
also increase the ability of the lung to maintain a sterile environment.

JAK inhibitors are therefore likely to have utility in the treatment of a range of
Inflammatory diseases. including lung diseases such as COPD, asthma and pulmonary
vascular disease. Compounds which have a broad inhibitory activity across the range of
Janus kinases, in particular, are likely to have a potent anti-inflammatory effect.
However, such a selectivity profile can also lead to undesirable side-effects In
systemically circulating compounds, particularly anemia and neutropenia associated
with JAK 2 Inhibition. For the treatment of lung diseases, it i1s therefore particularly
favorable to provide JAK inhibitors which can be administered by inhalation and which
iInhibit Janus kinases locally in the lung without having a significant systemic exposure.

There is thus a need to provide new JAK inhibitors that are potent, selective
inhibitors of Janus kinases with appropriate metabolic stability and pharmacokinetic
properties, particularly compounds which can be administered by inhalation and are

active in lung tissue whilst having poor systemic penetration or high systemic lability.

)
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Summary of the Invention
The present invention provides pyrazolopyridines and pyrazolopyrimidines which
are potent and selective inhibitors of Janus kKinases, including a compound having the

structure:

(1)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt. wherein A and A’ are
Independently C or N, where C may be unsubstituted or substituted by halo or C-Cg
alkyl;

R and R are independently selected from the group consisting of H, C4-Cs alkyl,
hydroxy(C1-Cs alkyl), phenyl(C1-Cgs alkyl), and -(CH»)n-W. where W is C3-Cg cycloalkyl,
phenyl, naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1-3 N, S
and/or O atoms, -SO,-R’, -NHSO,-R'. -NR'SO,-R" and SR’, where R’ and R are
independently C,-Cgs alkyl or C;-Cs cycloalkyl, amino, C;-Cg alkylamino, di(C,-Cs
alkybamino, phenyl heteroaryl, or heterocyclic, wherein each of said alkyl, cycloalkyl,
heterocyclic, phenyl, naphthyl or heteroaryl may be unsubstituted or substituted by
phenyl, hetercaryl, heterocyclic, halo, cyano, hydroxy, C;,-Cgs alkyl, C,-Cgs alkoxy,
aryloxy, -S0O,-R’, -CONR'R", NR'COR", -NR'CONR'R", -NR'CO;R", -(CH;),-SO»-R’, -
NHSO,-R’, -NR"SO2-R’ or SR where R and R are independently C,-Cg alkyl, C3-Cg
cycloalkyl, phenyl, amino, hydroxyalkylamino, heterocyclic, or -(CH),-W’', where W' is
hydroxy, C3-Cg cycloalkyl, phenyl, naphthyl, heterocyclic, or 5- or 6-membered
heteroaryl containing 1-3 N, S and/or O atoms;

or, R and R” and the N atom to which they are bonded together form a
monocyclic or bicyclic heterocyclic ring which may be unsubstituted or substituted by (a)
halo, hydroxy, heteroaryl, C,-Cg alkyl, C4-Cg alkoxy, (C1-Cg alkoxy)C4-Cg alkoxy. aryl(C;-
Cs alkoxy), aryloxy, amino, aminoacyl, C,-Cs alkylaminoacyl, arylalkylaminoacyl, di(C,-
Cos alkyllaminoacyl, -S02-R’, -SO2-NR"-(CH2)n-W, -NHSO2-R’, -NR"'SO»-R’ or SR’ where
R and R i1s independently amino, C-Cs alkylamino, di(C-Cg alkyl)amino, C,-Cgz alkyl or
Ci-Cjs cycloalkyl, or (b) -(CH»),-W, where W is C;3-Cs cycloalkyl, phenyl, naphthyl,

oy
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heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N atoms, -SO;-R’, -NHSO,-R’,
-NR"'S0O,-R" or SR’, where R" and R" 15 independently alkyl or cycloalkyl; wherein each
of said phenyl, aryl, or heteroaryl may be unsubstituted or substituted by halo, C,-Csg
alkyl, C4-Cg alkoxy, cyano, or hydroxy;

R'is H, cyano or halo; R® and R* are independently H, C4-Cg alkyl, cyano, C1-Cqg
alkoxy, C1-Cg alkylthio, or C3-Cg cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally
substituted by one or more fluorine atoms;

X is a bond, -CO-, -CONH-, -S0O;-, -SONH-, or =(CH5)p,--;

R is H C4-C, alkyl, phenyl, naphthyl, 6-membered heteroaryl or heterocyclic
containing 1-3 N atoms, a 5-membered heteroaryl or heterocyclic containing either (a)
1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, a 10-membered bicyclic heteroaryl
or heterocyclic containing 1-4 N atoms, a 9-membered bicyclic heteroaryl or
heterocyclic containing either (a) 1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, or
an 8-membered bicyclic heteroaryl or heterocyclic containing (a) 1-4 N atoms or (b) 1 O
or S atom and 1-3 N atoms or (¢) 2 O or S atoms and 0-2 N atoms; wherein each of
said phenyl, naphthyl, heteroaryl or heterocyclic is optionally substituted by alkyl, 1
substituent -Y-R* and/or 1-4 substituents each independently selected from R: with the
proviso that when X is -CO- or -SO;-, R” is not H:

Y is a bond, -(CH»),,- or -O-;

R*is (a) H, C41-Cg alkyl, C,;-Cg cycloalkyl, halo, oxo, -OR®, -NR'R®, -SR®, -SOR?, -
SO,R’, -COR®, -OCOR®, -COOR®, -NR°COR®, -CONR'R®, -NR°SO,R’ -SO,NR'R”, -
NR°CONR'R®, -NR°COOR® and -NR°SO,NR'R®: (b) phenyl or naphthyl, said phenyl
and naphthyl being optionally substituted with 1-5 substituents selected from C;-Cg
alkyl, C+-Cs cycloalkyl, halo, -CN, -OR®, -NR’'R?, -SR® -SOR?, -SO,R*, -COR"®, -OCOR®,
-COOR?®, -NR°COR®, -CONR'R?, -NR°SO;R’, -SO,NR'R®, -NR°CONR'R® -NR°COOR’
and -NR°SO,NR'R® or (c) a 3 to 8-membered saturated or partially unsaturated
monocyclic heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said
heteroaryl being optionally substituted by 1-5 substituents selected from C1-Cg alkyl, Cs-
Cs cycloalkyl, halo, oxo, -OR® -NR'R® -SR® -SOR’, -SO;R’ -COR®, -OCOR°®, -COOR®,
-NR°COR® -CONR'R® -NR°SO;R° -SO;NR'R®, -NR°CONR'R® -NR°COOR’ and -
NR°SO;NR'R®;

R® is C4-Cg alkyl, C;-Cs cycloalkyl, halo, cyano, -OR®, -NR'R®, -SR°®, -SOR”®, -
SO,R’, -COR®, -OCOR®, -COOR®, -NR°COR®, -CONR'R®, -NR°SO;R’, -SO;NR'R®, -
NR°CONR'R®, -NR°COOR® or -NR°SO;NR'R®;

1
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R® is H, C4-Cg alkyl or Cs-Cs cycloalkyl, said C:-Cg alkyl is optionally substituted
by -NR'R® or a 3 to 8-membered saturated or partially unsaturated monocyclic
heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said heteroaryl being
optionally substituted by 1-5 substituents selected from C,-Cg alkyl, C5-Cg cycloalkyl,
halo, cyano, hydroxy and cyano;

R” and R® are each independently H, C1-Cs alkyl or C3-Cg cycloalkyl or are taken
together with the nitrogen atom to which they are attached to form a 4-, 5- or 6-
membered saturated heterocyclic ring containing 1-2 nitrogen atoms or 1 nitrogen and 1
oxygen atom, said C4-Cg alkyl is optionally substituted by C3-Cg cycloalkyl, halo, cyano,
hydroxy, amino, (C,-Cgs alkyhamino or di(C-Cs alkyhamino and said heterocyclic ring
being optionally substituted by one or more C,-C; alkyl or C;-Cg cycloalkyl groups;

R® is C4-Cg alkyl or C5-Cg cycloalkyl; and, m and n are independently 0, 1, 2 or 3.

The invention also provides a compound of formula (la) having the structure:

NH \\C/
R= N7 N\
- | N,N
A ]
HO R-
(la)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt, wherein:

A, A" and A" are Iindependently C or N, where C may be unsubstituted or
substituted by halo or C1-Cg alkyl;

R' is H, cyano or halo:

R? and R* are independently H, C1-Cg alkyl, cyano, C;-Cg alkoxy, C1-Cs alkylthio,
or C;-Cjs cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by one or
more fluorine atoms;

R’ is H, C,-C. alkyl, phenyl, naphthyl, 6-membered heteroaryl or heterocyclic
containing 1-3 N atoms, a 5-membered heteroaryl or heterocyclic containing either (a)
1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, a 10-membered bicyclic heteroaryl
or helerocyclic containing 1-4 N atoms, a 9-membered bicyclic heteroaryl or

heterocyclic containing either (a) 1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, or

«l\
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an 8-membered bicyclic heteroaryl or heterocyclic containing (a) 1-4 N atoms or (b) 1 O
or S atom and 1-3 N atoms or (¢c) 2 O or S atoms and 0-2 N atoms; wherein each of
said phenyl, naphthyl, heteroaryl or heterocyclic is optionally substituted by alkyl, 1
substituent -Y-R* and/or 1-4 substituents each independently selected from R>;

Y is a bond, -(CH32)4- Or -O-;

R*is (a) H, C4-C¢ alkyl, C3-Cs cycloalkyl, halo, oxo, -OR®, -NR'R®, -SR® -SOR?, -
SO;R’, -COR®, -OCOR®, -COOR®, -NR°COR®, -CONR'R®, -NR°SO;R”, -SO;NR'R® -
NR°CONR’R®, -NR°COOR® and -NR°SO,NR’R®; (b) phenyl or naphthyl, said phenyl
and naphthyl being optionally substituted with 1-5 substituents selected from C,-Cg
alkyl, C53-Cs cycloalkyl, halo, -CN, -OR®, -NR'R®, -SR®, -SOR?, -SO,R®, -COR", -OCOR®,
-COOR?®, -NR°COR?®, -CONR'R?, -NR°SO,R’, -SO,NR'R?, -NR°CONR'R? -NR°COOR?
and -NR°SO,NR'R?® or (c) a 3 to 8-membered saturated or partially unsaturated
monocyclic heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said
heteroaryl being optionally substituted by 1-5 substituents selected from C;-Cs alkyl, Cs-
Cs cycloalkyl, halo, oxo, -OR®, -NR'R®, -SR®, -SOR”, -SO;R’, -COR", -OCOR"®, -COOR",
-NR°COR®, -CONR'R®, -NR°SO;R’ -SO;NR'R®, -NR°CONR'R®, -NR°COOR’ and -
NR°SQO;NR'R?

R® is C4-Cg alkyl, C3-Cs cycloalkyl, halo, cyano, -OR®, -NR'R®, -SR®, -SOR”®, -
SO;R’ -COR®, -OCOR®, -COOR® -NR°COR®, -CONR'R®, -NR°SO;R” -SO,NR'R® -
NR°CONR'R®, -NR°*COOR” or -NR*SO;NR'R®;

R® is H, C4-C¢ alkyl or C,;-Cg cycloalkyl, said C4-Cg alkyl is optionally substituted
by -NR'R® or a 3 to 8-membered saturated or partially unsaturated monocyclic
heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said heteroaryl being
optionally substituted by 1-5 substituents selected from C4-Cg alkyl, C3-Cg cycloalkyil,
halo, hydroxy and cyano:;

R’ and R® are each independently H, C;-Cs alkyl or Cs-Csg cycloalkyl or are taken
together with the nitrogen atom to which they are attached to form a 4-, 5- or 6-
membered saturated heterocyclic ring containing 1-2 nitrogen atoms or 1 nitrogen and 1
oxygen atom, said C,-Cg alkyl i1s optionally substituted by Cs-Cs cycloalkyl, halo, cyano,
hydroxy, amino, (C1-Cs alkyhamino or di(C+-Ce alkyhamino and said heterocyclic ring
being optionally substituted by one or more C,-Cg alkyl or C3-Cg cycloalkyl groups;

RY is C-Cg alkyl or C5-Cg cycloalkyl;

R is -NHSO,-R', -NR"'SO,-R" or SR’ where R’ and R are independently
hydrogen, C4-Cg alkyl, C3-Cs cycloalkyl, phenyl, amino, C41-Cg alkylamino, di(C41-Cg

6
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alkylamino, heterocyclic, -(CH,),-W', where W 1S hydroxy, Cs-Cg cycloalkyl, phenyl,
naphthyl, heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N and/or O atoms;
wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl, naphthyl or heteroaryl may
be unsubstituted or substituted by phenyl, heteroaryl, heterocyclic, halo, cyano,
hydroxy, C4-Cs alkyl, C1-Cs alkoxy, aryloxy, -SO;-R’, -NHSO,-R’, -NR"SO;-R’ or SR’
where R" and R" are independently phenyl, C+-Cs alkyl or C;-Cg cycloalkyl;

R'" and R'? are each independently H, hydroxy, halo, cyano, C,-Cg alkyl or C5-Cs
cycloalkyl; and. mmand n are independently 0, 1, 2, or 3.

The invention further provides a compound of formula (Ib) having the structure:

(1)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate

of said compound or pharmaceutically acceptable salt, wherein:

A" and A" are independently C or N, where C may be unsubstituted or
substituted by halo or C1-Cg alkyl,

R'is H, cyano or halo:

R¢ and R? are independently H, C,-C; alkyl, cyano, C4-Cg alkoxy, C,-Cs alkylthio,
or C;-Cs cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by one or
more fluorine atoms;

R is H, C4-C, alkyl, phenyl, naphthyl, 6-membered heteroaryl or heterocyclic
containing 1-3 N atoms, a 5-membered heteroaryl or heterocyclic containing either (a)
1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, a 10-membered bicyclic heteroaryl
or heterocyclic containing 1-4 N atoms, a 9-membered bicyclic heteroaryl or
heterocyclic containing either (a) 1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, or
an 8-membered bicyclic heteroaryl or heterocyclic containing (a) 1-4 N atoms or (b) 1 O
or S atom and 1-3 N atoms or (¢c) 2 O or S atoms and 0-2 N atoms; wherein each of
said phenyl, naphthyl, heteroaryl or heterocyclic is optionally substituted by alkyl, 1

substituent -Y-R* and/or 1-4 substituents each independently selected from R>.

/
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Y is a bond, -(CH»),- or -O-;

R*is (a) H, C41-C; alkyl, C3-Cs cycloalkyl, halo, oxo. -OR®, -NR'R® -SR® -SOR?, -
SO;R° -COR® -OCOR® -COOR°® -NR°COR® -CONR'R® -NR°SO;R’ -SO,NR'R®, -
NR°CONR'R?, -NR°COOR” and -NR°SO,NR'R®: (b) phenyl or naphthyl, said phenyl
and naphthyl being optionally substituted with 1-5 substituents selected from C-Cs;
alkyl, Cs-Cs cycloalkyl, halo, -CN, -OR® -NR'R®, -SR®, -SOR” -SO;R*, -COR"®, -OCOR®,
-COOR?®, -NR°COR®, -CONR'R® -NR°SO;R’, -SO;NR'R® -NR’CONR'R® -NR°COOR”
and -NR°SO,NR'R® or (c) a 3 to 8-membered saturated or partially unsaturated
monocyclic heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said
heteroaryl being optionally substituted by 1-5 substituents selected from C-Cg alkyl, Cs-
Cs cycloalkyl, halo, oxo, -OR®, -NR‘R?, -SR®, -SOR”, -SO;R’ -COR?®, -OCOR"®, -COOR®,
-NR’COR®, -CONR'R®, -NR°SO,R? -SO;NR’'R®, -NR°CONR'R® -NR°COOR® and -
NR°SO,NR'R®;

R’ is C4-Cs alkyl, C5-Cs cycloalkyl, halo, cyano, -OR®, -NR'R?®, -SR®, -SOR®, -
SO;R° -COR®, -OCOR"®, -COOR® -NR°COR® -CONR'R® -NR°SO;R’ -SO;NR'R® -
NR°CONR'R® -NR*COOR” or -NR"SO,NR'R°®;

R® is H, C1-Ce alkyl or C3-Cg cycloalkyl, said C+-Cg alkyl is optionally substituted
by -NR'R® or a 3 to 8-membered saturated or partially unsaturated monocyclic
heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said heteroaryl being
optionally substituted by 1-5 substituents selected from C4-C¢ alkyl, C;-Cg cycloalkyl,
halo, hydroxy and cyano;

R’ and R® are each independently H, C,-C;s alkyl or C3-Cs cycloalkyl or are taken
together with the nitrogen atom to which they are attached to form a 4-, 5- or 6-
membered saturated heterocyclic ring containing 1-2 nitrogen atoms or 1 nitrogen and 1
oxygen atom, said C4-Cg alkyl i1s optionally substituted by C,-Cg cycloalkyl, halo, cyano,
hydroxy, amino. (C-Cs alkyl)amino or di(C1-Cs alky)amino and said heterocyclic ring
being optionally substituted by one or more C,-Cg alkyl or C5-Cg cycloalkyl groups;

R® is C1-Cs alkyl or C;-Cg cycloalkyl;

R' is -NHSO,-R’, -NR"SO,-R’ or SR’ where R’ and R” are independently
hydrogen, C1-Cs alkyl, C3-Cs cycloalkyl, phenyl, amino, C1-Ce alkylamino, di(C1-Ce
alkyhamino, heterocyclic, -(CH,),-W', where W IS hydroxy, C;-Cs cycloalkyl, phenyl,
naphthyl, heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N and/or O atoms;
wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl, naphthyl or heteroaryl may

be unsubstituted or substituted by phenyl, heteroaryl, heterocyclic, halo, cyano,

&
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hydroxy, C+.-Cg alkyl, C4-Cg alkoxy, aryloxy, -S0O,-R’, -NHSO,-R’, -NR"'S0,-R’" or SR’
where R and R" are independently phenyl, C,-C; alkyl or C;-Cg cycloalkyl;

R' and R'¢ are each independently H, hydroxy, halo, cyano, C,-Cg alkyl or C3-Cs
cycloalkyl: and, m and n are independently G, 1, 2 or 3. In another embodiment, the

invention provides the compound of formula Ib wherein R is -NR"SO,-R’ and R’ and
R are both C1-Cg alkyl.

The invention also provides a compound of formula (Ic) having the structure:

R'l'l

(I0)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate

of said compound or pharmaceutically acceptable salt, wherein:

R'is H, cyano or halo:

R and R® are independently H, C,-Cg alkyl, cyano, C,-Cg alkoxy, C1-Cg alkylthio,
or C3-Cs cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by one or
more fluorine atoms;

R is H, C4-C, alkyl, phenyl, naphthyl, 6-membered heteroaryl or heterocyclic
containing 1-3 N atoms, a 5-membered heteroaryl or heterocyclic containing either (a)
1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, a 10-membered bicyclic heteroaryl
or heterocyclic containing 1-4 N atoms, a 9-membered bicyclic heteroaryl or
heterocyclic containing either (a) 1-4 N atoms or (b) 1 O or S atom and 0-3 N atoms, or
an 8-membered bicyclic heteroaryl or heterocyclic containing (a) 1-4 N atoms or (b) 1 O
or S atom and 1-3 N atoms or (¢c) 2 O or S atoms and 0-2 N atoms; wherein each of
said phenyl, naphthyl, heteroaryl or heterocyclic is optionally substituted by alkyl, 1
substituent -Y-R* and/or 1-4 substituents each independently selected from R>:

Y is a bond, -(CH>),- or -O-;

R*is (a) H, C1-Cs alkyl, C;-Cs cycloalkyl, halo, oxo, -OR®, -NR'R°®, -SR® -SOR’, -
SO;R’ -COR®, -OCOR®, -COOR® -NR°COR® -CONR'R® -NR°SO;R’, -SO,NR'R°®, -
NR°CONR’R?®, -NR°COOR® and -NR°SO,NR'R®; (b) phenyl or naphthyl, said phenyl

9
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and naphthyl being optionally substituted with 1-5 substituents selected from C-Csg
alkyl, C3-C; cycloalkyl, halo, -CN, -OR®, -NR'R®, -SR®, -SOR? -SO,R", -COR®, -OCOR"®
-COOR?®, -NR°COR", -CONR'R®, -NR°SQO;R’, -SO,NR'R®, -NR°CONR'R® -NR°COOR?
and -NR°SO,NR'R®; or (c) a 3 to 8-membered saturated or partially unsaturated
monocyclic heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said
heteroaryl being optionally substituted by 1-5 substituents selected from C;-Cs alkyl, Cs-
C; cycloalkyl, halo, oxo, -OR®, -NR’'R®, -SR®, -SOR?, -SO,R’ -COR®, -OCOR"®, -COOR®
-NR’COR® -CONR'R® -NR°SO;R° -SO,NR’'R®, -NR°CONR'R® -NR°COOR’ and -
NR°SO;NR'R®,

R® is C;-Cg alkyl, C;-Cs cycloalkyl, halo, cyano, -OR®, -NR'R®, -SR®, -SOR”, -
SO,R? -COR®, -OCOR® -COOR°®, -NR°COR®, -CONR'R®, -NR°SO;R?, -SO:NR'R?, -
NR°CONR'R®, -NR°COOR?” or -NR°SO;NR'R?;

R® is H, C4-Cg alkyl or C5-Cs cycloalkyl, said C+-Cg alkyl is optionally substituted
by -NR'R° or a 3 to 8-membered saturated or partially unsaturated monocyclic
heteroaryl, containing 1 or 2 heteroatoms selected from O and N, said heteroaryl being
optionally substituted by 1-5 substituents selected from C,-Cg alkyl, C5-Cg cycloalkyl,
halo, cyano, hydroxy and cyano;

R’ and R® are each independently H, C1-Cs alkyl or C3-Cg cycloalkyl or are taken
together with the nitrogen atom to which they are attached to form a 4-, 5- or 6-
membered saturated heterocyclic ring containing 1-2 nitrogen atoms or 1 nitrogen and 1
oxygen atom, said C4,-Cg alkyl is optionally substituted by Cs-Cg cycloalkyl, halo, cyano,
hydroxy, amino, (C,-Cg alkybhamino or di(C4-Cg alkyhamino and said heterocyclic ring
being optionally substituted by one or moare C-Cg alkyl or C;-Cg cycloalkyl groups;

R* is C1-Cg alkyl or C3-Cs cycloalkyl:

R is -NHSOxR’, -NR'SO,-R’ or SR’ where R’ and R’ are independently
hydrogen, C4-Cg alkyl, C3-Cs cycloalkyl, phenyl, amino, C4-Cg alkylamino, di(C1-Cg
alky)amino, heterocyclic, -(CH,),-W’'. where W 1s hydroxy, C;-Cgs cycloalkyl, phenyl,
naphthyl, heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N and/or O atoms;
wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl, naphthyl or heteroaryl may
be unsubstituted or substituted by phenyl, heteroaryl, heterocyclic, halo, cyano,
hydroxy, C.-Cg alkyl, C4-Cg alkoxy, aryloxy, -S0O,-R’, -NHSO,-R’, -NR'S0,-R" or SR’
where R" and R are independently phenyl, C-C;s alkyl or C5-Cg cycloalkyl;

R'" and R'* are each independently H, hydroxy, halo, cyano, C4-Cg alkyl or C3-Cg

cycloalkyl, and, m and n are independently 0. 1, 2 or 3. In certain embodiments, the
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invention provides a compound of formula Ic wherein R' is -NR"SO,-R’ and R’ and R”
are both C,-Cg alkyl.
The invention additionally provides the compound of formula (ld) having the

structure:

(Id)
or a pharmaceutically acceplable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt, wherein:

A and A’ are independently C or N, where C may be unsubstituted or substituted
by C,-Cs alkyl:

R and R® are independently selected from the group consisting of H, C4-Cg alkyl,
hydroxy(C1-Cg alkyl), phenyl(C,-Cg alkyl), and -(CH,),-W. where W 1s C3-Cg cycloalkyl,
phenyl, naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1-3 N, S
and/or O atoms, -50;-R’, -NHSO;-R’, -NR'S0;-R" and SR’, where R" and R are
independently C4-Cs alkyl or C;-Cg cycloalkyl, amino, C;-Cg alkylamino, di(C,-Cs
alkybamino, phenyl heteroaryl, or heterocyclic, wherein each of said alkyl, cycloalkyl,
heterocyclic, phenyl, naphthyl or heteroaryl may be unsubstituted or substituted by
phenyl, heteroaryl, heterocyclic, halo, cyano, hydroxy, Ci-Cs alkyl, C-Cg alkoxy,
aryloxy, -S0O,-R’, -CONR’'R"”, NR'COR", -NR'CONR'R", -NR'CO;R", -(CH;),-SO»-R’, -
NHSO,-R’, -NR"SO»-R" or SR where R" and R" are independently C,-Cg alkyl, C;-Cg
cycloalkyl, phenyl, amino, hydroxyalkylamino, heterocyclic, or -(CH»),-W’', where W' Is
hydroxy, C3-Csg cycloalkyl, phenyl, naphthyl, heterocyclic, or 5- or 6-membered
heteroaryl containing 1-3 N, S and/or O atoms;

or, R and R® and the N atom to which they are bonded together form a
monocyclic or bicyclic heterocyclic ring which may be unsubstituted or substituted by (a)
halo, hydroxy, heterocaryl, C,-Cg alkyl, C1-Cg alkoxy, (C1-Cg alkoxy)C1-Cg alkoxy, aryl(C-
Cs alkoxy), aryloxy, amino, aminoacyl, C,-Cs alkylaminoacyl, arylalkylaminocacyl, di(C;-
Cs alkyllaminoacyl, -50,-R’, -S0O,-NR"-(CH5),-W, -NHSO,-R’, -NR"SO;-R’ or SR’ where
R and R i1s independently amino, C-C;s alkylamino, di(C-Cg alkyl)amino, C,-Cjz alkyl or
Ci3-Cs cycloalkyl, or (b) -(CH3),-W, where W is C;3-Cg cycloalkyl, phenyl, naphthyl,

I
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heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N atoms, -SO;-R’, -NHSO,-R’,
-NR"'S0O,-R" or SR’, where R" and R" 15 independently alkyl or cycloalkyl; wherein each
of said phenyl, aryl, or heteroaryl may be unsubstituted or substituted by halo, C,-Csg
alkyl, C4-Cg alkoxy, cyano, or hydroxy;

R'is H, cyano or halo; R® and R* are independently H, C4-Cg alkyl, cyano, C1-Cqg
alkoxy, C1-Cg alkylthio, or C3-Cg cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally
substituted by one or more fluorine atoms; and, nis 0, 1, 2 or 3.

The invention additionally provides the compound of formula (le) having the

structure:

RT A7 D
R’ \JI;N

A H
HO R*-

(le)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt, wherein:

A, A, AV and A" are independently C or N, where C may be unsubstituted or
substituted by halo or C4-Cg alkyl;

R'is H, cyano or halo:
R? and R? are independently H, C4-Cg¢ alkyl, cyano, C4-Cg alkoxy, C+-Cg alkylthio, or Cs-
Cs cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by one or more
fluorine atoms;

R is -NHSO,-R’. -NR"S0O.-R’ or SR’ where R’ and R" is independently C1-Cg
alkyl or C1-Cg cycloalkyl: and,

R'" and R' are each independently H, hydroxy, halo, cyano, C1-Cg alkyl or C3-Cs
cycloalkyl. In certain embodiments, the invention provides a compound having the

structure:
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(I7)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate

of said compound or pharmaceutically acceptable salt, wherein:

A" and A" are independently C or N, where C may be unsubstituted or
substituted by halo or C4-Cg alkyl;

R" is H, cyano or halo:

R? and R? are independently H, C,-Cg alkyl, cyano, C4-Cg alkoxy, C4-Cg alkylthio,
or C;-Cg cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by ocne or
more fluorine atoms;

R' is -NHSO,-R’, -NR’SO,-R’ or SR’ where R’ and R” are independently
hydrogen, C4-Cg alkyl, C5-Cg cycloalkyl, phenyl, amino, C,-Cg alkylamino, di(C,-Cg
alkyamino, heterocyclic, -(CH»),-W', where W 15 hydroxy, C3-Cs cycloalkyl, phenyl,
naphthyl, heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N and/or O atoms;
wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl, naphthyl or heteroaryl may
be unsubstituted or substituted by phenyl, heteroaryl heterocyclic, halo, cyano,
hydroxy, Cq-Cg alkyl, C.-Cg alkoxy, aryloxy, -SO,-R’, -NHS0O,-R’, -NR'S0,-R’ or SR’
where R and R are independently phenyl. C.-Cgs alkyl or C5-Cg cycloalkyl;

R' and R'? are each independently H, hydroxy, halo, cyano, C;-Cg alkyl or C3-Cs
cycloalkyl; and, mand n are independently 0, 1, 2 or 3.

The also provides the compound of formula (Ig) having the structure:
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(I9)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt, wherein:

R'is H, cyano or halo:

R* and R® are independently H, C1-Cg alkyl, cyano, C1-Cg alkoxy, C1-Cg alkylthio,
or C3;-Cg cycloalkyl where alkyl, alkoxy, or cycloalkyl is optionally substituted by ocne or
more fluorine atoms;

R s -NHSO,-R’, -NR'SO,-R" or SR’ where R" and R" are independently
hydrogen, C4,-Cg alkyl, C,-Cg cycloalkyl, phenyl, amino, C4,-Cg alkylamino, di(C,-Cg
alky)amino, heterocyclic, -(CH,),-W’'. where W 1s hydroxy, C;-Cg cycloalkyl, phenyl,
naphthyl, heterocyclic, 5- or 6-membered heteroaryl containing 1-3 N and/or O atoms;
wherein each of said alkyl, cycloalkyl, heterocyclic, phenyl, naphthyl or heteroaryl may
be unsubstituted or substituted by phenyl, heteroaryl, heterocyclic, halo, cyano,
hydroxy, C+.-Cg alkyl, C4-Cg alkoxy, aryloxy, -S0O,-R’, -NHSO,-R’, -NR"'S0O,-R" or SR’
where R"and R are independently phenyl, C-Cg alkyl or C5-Cs cyclo alkyl; and, ni1s 0,
1, 2 or 3. In certain embodiments, the invention provides the compound of formula Ig
wherein R' is -NR"SO,-R’ and R’ and R” are both C;-Cg alkyl.

The invention also provides the compound of formula (Ih) having the structure:

(Ih)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable solvate
of said compound or pharmaceutically acceptable salt, wherein:

A and A" are independently C or N, where C may be unsubstituted or substituted
by halo or C4-Cg alkyl:

R and R are independently selected from the group consisting of H, C,-C; alkyl,
hydroxy(Cq-Cg alkyl), phenyl(C,-Cg alkyl), and -(CH;),-W. where W 1s C3-Cg cycloalkyl,
phenyl, naphthyl, 5- or 6-membered heteroaryl or heterocyclic containing 1-3 N, S
and/or O atoms, -S0O;-R’. -NHSO»-R'. -NR'S0O,-R" and SR, where R" and R are
iIndependently C4-Cg alkyl or C;-Cs cycloalkyl, amino, C,-Cg alkylamino, di(C,-Cg

alkyhamino, phenyl heteroaryl, or heterocyclic, wherein each of said alkyl, cycloalkyl,

4
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heterocyclic, phenyl, naphthyl or heteroaryl may be unsubstituted or substituted by
phenyl, heteroaryl, heterocyclic, halo, cyano, hydroxy, C,-Cgs alkyl, C:-Cs alkoxy,
aryloxy, -SO,-R’, -CONR'R", NR'COR", -NR'CONR'R", -NR'CO;R", -(CH;),-SO,-R’, -
NHSO,-R', -NR"'SO,-R’ or SR where R and R are independently C,-Cg alkyl, C3-Cj
cycloalkyl. phenyl, amino, hydroxyalkylamino, heterocyclic, or -(CH3),-W’', where W' Is
hydroxy, C3;-Cg c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>