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ALKYNYL ALCOHOLS AS KINASE INHIBITORS

FIELD OF THE INVENTION
This invention is in the field of pharmaceutical agents and specifically relates to

compounds, compositions, uses and methods for treating inflammation and inflammatory

disorders.
BACKGROUND OF THE INVENTION
- NIK is a member of the mitogen-activated protein kinase kinase kinase (MAP3K)
family. It was originally identified as a serine/threonine protein kinase that interacts with

TNF-receptor associated factor 2 (TRAF2) and stimulates the activation of the “classical” NF-
kB pathway (Malinin, N.L., et al., (1997) Nature 385:540-4). NF-xB is a group of conserved

eukaryotic transcription factors that regulate the expression of genes critical for both innate and

adaptive immune responses (Hayden, M.S., and Ghosh, S. (2008) Cell 132, 344-362). The
most prevalent or “classical” form of NF-kB is a heterodimer of p50 (also known as NF-xB1)
.and p65 (RelA), which normally retains in the cytoplasm as an inactive complex with the
inhibitory proteins termed IkB. A wide variety of extracellular stimuli including the pro-
inflammatory cytokine TNF can activate NF-kB by rapidly inducing the degradation of IxB
(Chen, G., and D.V. Goeddel (2002) Science 296:1634-5). This allows NF-kB to translocate
into the nucleus, where it activates the transcription of downstream genes. The degradation of
IxB is dependent on the [kB-kinase (IKK) complex that phosphorylates IxB and tags it for
proteasome-mediated degradation shortly after stimulation.

NIK has been suggested as an upstream kinase of IKK in the NF-xB pathway, as 1t
binds and stimulates the enzyme activity of the IKK complex (see Regnier, C.H., et al. (1997)
Cell 90:373-83; Woronicz, J.D., et al. (1997) Science 278:866-9; and Ling, L., Z. Cao, and
D.V. Goeddel. (1998) Proc Natl Acad Sci USA 95:3792-7). However, gene-targeting
experiments have clearly demonstrated that both IKK and NF-xB activation by various signals

" including TNF are normal in NIK-deficient cells (Yin, L., et al. (2001) Science 291:2162-5).

To date, considerable evidence has accrued indicating that NIK is dispensable for the

activation of the “classical”’ NF-xB pathway. Instead, it is indispensable for the activation of a

second major form of NF-xB, consisting of a heterodimer of p52 (NF-xB2) and RelB (see
Hayden, M.S., and Ghosh, S. (2008) Cell 132, 344-362; Pomerantz, J.L., and D. Baltimore.
(2002) Mol Cell 10:693-5; and Dixit, V., and T.W. Mak. (2002) Cel/ 111:615-9). In most

types of cells, only a small amount of p52 is present relative to its precursor p100. Like IxB,

unprocessed p100 can function as a cytoplasmic inhibitor for NF-xB (Hayden, M.S., and
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Ghosh, S. (2008) Cell 132, 344-362). Overexpression of NIK promotes the processing of NF-
kB2 precursor p100 to its active form p52 (Xiao, G., et al. (2001) Mol Cell 7:401-9), which
together with RelB binds DNA and activates the transcription of targeted genes. Moreover,

p100 processing or NF-xB2 activation is defective in the absence of functional NIK (see
Pomerantz, J.L., and D. Baltimore. (2002) Mol Cell 10:693-5; and Dixit, V., and T.W. Mak.
(2002) Cell 111:615-9).

NIK controls B cell maturation and secondary lymphoid organogenesis

NIK” mice are grossly normal but show abnormal development of B cells and
secondary lymphoid organs (Yin, L., et al. (2001) Science 291:2162-5). NIK " mice lack all
peripheral lymph nodes (LN) and fail to form Peyer’s patches. The spleen and thymus also
exhibit disrupted architecture. The number of mature B cells in NIK " mice is reduced ~60%
comparing to that in wild type (WT) mice. In contrast, the numbers of other types of immune
cells, including T cells and macrophages, are essentially normal. N/K ” mice have
undetectable levels of serum immunoglobulin A (IgA) and greatly reduced (>60 fold) levels of
[gGap. NIK " mice are severely compromised in their capacity to mount antibody responses to

foreign antigen challenge. In spite of these defects, NF-kB activation in response to TNF and

many other stimuli are normal in the absence of NIK.

NIK™ mice share many deficits with alymphoplasia (aly/aly) mice (Miyawaki, S., et al
(1994) Eur J Immunol 24:429-34), a natural mutant strain that carries a single point mutation
near the carboxyl-terminus of NIK (Shinkura, R., et al. (1999) Nat Genet 22:74-7, Fagarasan,
S., et al. (2000) J Exp Med 191:1477-86; and Yamada, T., et al. (2000) J Immunol 165:804-
12). aly/aly mice are characterized by the systemic absence of LN and Peyer’s patches, and the
disorganized spleen and thymus structures. In addition, they have a decreased level ot IgM
and extremely low levels of IgG and IgA. Mature B cell numbers are markedly reduced in
aly/aly mice, which are deficient in both humoral and cell-mediated immune responses.

However, the mutant mice are still sensitive to lipopolysaccharide (LPS)-induced endotoxic
shock. Up-regulation of the NF-kB-mediated genes in response to TNF and other pro-

inflammatory cytokines is also intact in aly/aly mice.

NIK is required for BAFF-R signaling to B cell maturation
BAFF (also known as BLyS, TALL-1, THANK, and zZTNF4) is a member of the TNF-

family and primarily produced by macrophages, monocytes, and dendritic cells (Mackay, F., ef
al. (2003) Annu Rev Immunol 21:231-64; Locksley, R M., et al. (2001) Cell 104:487-501,

-9



CA 02728767 2010-12-21
WO 2009/158011 PCT/US2009/003803

Fagarasan, S., and T. Honjo. (2000) Science 290:89-92; and Waldschmidt, T.J., and R.J.
Noelle. (2001) Science 293:2012-3). The binding of BAFF to its cognate receptor BAFF-R,
which is almost exclusively expressed on B cells, stimulates B cell growth and function
(Moore, P.A., et al. (1999) Science 285:260-3; Schneider, P., et al. (1999) J Exp Med
189:1747-56; Thompson, J.S., et al. (2001) Science 293:2108-11; and Yan, M., et al. (2002)
Curr Biol 12:409-13). Evidence from extensive genetic and biochemical studies have made it

clear that BAFF signals its activity through BAFF-R, which in turn initiates a NIK-dependent

process, ultimately leading to the activation of the NF-xB2 pathway.

The production of p52 appears to correlate with the process of B cell maturation as its
levels progressively increase in the mature and terminally differentiated B cells (Liou, H.C., et
al. (1994) Mol Cell Biol 14:5349-59). The treatment of B cells with BAFF readily induces the
processing of p100 to p52 (Claudio, E., ef al. (2002) Nat Immunol 3:958-65). In contrast,
administration of BAFF-neutralizing soluble receptor proteins to mice inhibits p100 processing
in vivo and lowers the basal p52 levels in B cells (Kayagaki, N., ef al. (2002) Immunity
17:515-24). Moreover the enzyme activity of NIK is essential for BAFF-induced p100
processing to p52 (Xiao, G., et al. (2001) Mol Cell 7:401-9; and Senftleben, U., et al. (2001)
Science 293:1495-9). Therefore, a NIK-specific small molecule inhibitor will provide a
powerful tool for blocking BAFF/BAFF-R signaling activity.

NIK is required for LT3R signaling to secondary lymphoid organogenesis
Lymphotoxin B receptor (LTB-R) signaling represents a second pathway that signals 1ts

activity by promoting NIK-dependent p100 processing (Pomerantz, J.L., and D. Baltimore.
(2002) Mol Cell 10:693-5; Dixit, V., and T.W. Mak. (2002) Cell 111:615-9; and Locksley,

R.M., et al. (2001) Cell 104:487-501). The binding of agonistic LT3-R antibody or its natural

ligand, which is a heterotrimer of LTa and LT (LTo/2), induces the processing of p100 to

p52 (Dejardin, E., et al. (2002) Immunity 17:525-35; Muller, J.R., and U. Siebenlist. (2003). J
Biol Chem 278:12006-12; Yilmaz, Z.B., et al. (2003) Embo J 22:121-30; and Fu, Y.X., and

D.D. Chaplin. (1999) Annu Rev Immunol 17:399-433). LTB-R 1s expressed predominantly on
the non-lymphoid cells such as stromal cells, while the expression of its ligand is restricted to

the activated lymphocytes (Crowe, P.D., et al. (1994) Science 264:707-10; and Browning, J.L.,

et al. (1993) Cell 72:847-56). Administration of LTa in vivo or Tg mice overexpressing LTa

leads to the ectopic formation of lymph node-like tissues (Rennert, P.D., et al. (1998) Immunity
9:71-9; and Luther, S.A., et al. (2000) Immunity 12:471-81). The blockade of LT§3-R signaling

by LT-neutralizing soluble receptor proteins results in the loss of secondary lymphoid organs
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(Schrama, D., et al. (2001) Immunity 14:111-21). Mice with targeted disruption of genes

encoding LTB-R or its ligand do not develop secondary lymphoid organs (Rennert, P.D., et al.
(1996) J Exp Med 184:1999-2006; De Togni, P., et al. (1994) Science 264:703-7; and Futterer,
A., et al. (1998) Immunity 9:59-70), a phenotype that is qualitatively similar to that of NIK g

mice. A stromal defect caused by impaired NIK-dependent LTB-R signaling may account for

abnormal development of secondary lymphoid organs in NIK ” mice.

NIK is required for RANK signaling to osteoclastogenests

NIK has also been known to play a critical role in the signaling pathways elicited by
several other TNF-family cytokines, including CD27L, CD40L, TWEAK and RANKL
(receptor activator of NF-kappaB ligand) (Ramakrishnan, P., et al. (2004) Immunity 21, 47°7-
489). Mice lacking functional NIK have impaired RANKL-stimulated formation of osteoclasts
(Novack, D.V., et al. (2003) J Exp Med 198, 771-781), which are multinucleated cells from
bone marrow responsible for removing the mineralized matrix of bone tissues. In the absence
of NIK, p100 expression is increased by RANKL, but its conversion to p52 is blocked, leading
to cytosolic accumulation of p100. High levels of unprocessed p100 in osteoclast precursors
from NIK” mice or a nonprocessable form of the protein in wild-type cells impair RANKL-
mediated osteoclastogenesis. NIK is also required for osteoclastogenesis in response to
pathologic stimuli. Tumor-induced osteolysis in NIK " mice is completely blocked while
growth of tumor cells in the bone marrow is similar to WT controls (Vaira, S., et al. (2008)

Proc Natl Acad Sci USA 105, 3897-3902).

Excess NIK-mediated NF-xB2 signaling leads to autoimmunity

Overproduction of BAFF is known to associate with the pathogenesis of various

autoimmune conditions in humans and animals (Kalled, S.L. (2002) Curr Opin Investig Drugs
3:1005-10). Transgenic mice overexpressing BAFF exhibit vastly increased numbers of B
cells with severely enlarged secondary lymphoid organs and abnormally elevated levels of
serum immunoglobulins. They also develop a systemic lupus erythematosus (SLE)-like
autoimmune phenotype (Mackay, F., et al. (1999) J Exp Med 190:1697-710; Gross, J.A., et al.
(2000) Nature 404:995-9; and Khare, S.D., ef al. (2000) Proc Natl Acad Sci USA 97:3370-35).
As BAFF Tg mice age, they develop a secondary pathology reminiscent of Sjogren’s syndrome
(SS), in which end organ damages are in the inflamed salivary and lacnimal glands (Groom, J.,
et al. (2002) J Clin Invest 109:59-68). In humans, BAFF levels correlate with the disease

severity of autoimmune syndromes, including SLE, SS and rheumatoid arthntis (RA) (Groom,
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J., et al. (2002) J Clin Invest 109:59-68; Zhang, J., et al. (2001) J Immunol 166:6-10; and
Cheema, G.S., et al. (2001) Arthritis Rheum 44:1313-9).

The formation of secondary lymphoid organ-like tissues is a prototypic feature of many
chronic inflammatory and autoimmune conditions, including RA and inflammatory bowel
diseases (IBD) (Fu, Y.X., and D.D. Chaplin. (1999) Annu Rev Immunol 17:399-433).
Administration of soluble LT-neutralizing receptor proteins reverses the formation of lymphoid
organ-like structures and prevents the development of colitis, arthritis, and insulin-dependent
diabetes mellitus in mouse models (Shao, H., et al. (2003) Eur J Immunol 33:1736-43;
Ettinger, R., et al. (2001) J Exp Med 193:1333-40; and Wu, Q., et al. (2001) J Exp Med
193:1327-32). NIK” mice were completely resistant to antigen-induced arthritis (AIA) and to
a genetic, spontaneous form of arthritis (Aya, K., et al. (2005) J Clin Invest 115, 1848-1854).
These mice also showed significantly less osteoclastogenesis and bone erosion in the serum
transfer arthritis model. NIK is important in both the immune and bone-destructive
components of inflammatory arthritis, indicating that NIK-specific inhibitors have the potential

for the treatment of these chronic inflammatory diseases.

Excess NIK-mediated NF-xB2 activities lead to malignancy

Intense B lymphocyte activities caused by excess NIK-mediated NF-kB2 activities -
have been implicated in various types of cancer, in particular lymphoma, leukemia and
multiple myeloma (Mackay, F., et al. (2003) Annu Rev Immunol 21:231-64, Saitoh, Y., et al.
(2008) Blood 111, 5118-5129; Annunziata, C.M., et al. (2007) Cancer Cell 12, 115-130; and
Keats, J.J., et al. (2007) Cancer Cell 12, 131-144). For example, the BAFF gene 1s located on
a human chromosome locus frequently involved in chromosomal translocations in patients
with Burkitt lymphoma-leukemia and elevated levels of BAFF are detected in sera from non-
Hodgkin’s lymphoma (NHL) patients. Overexpression of BAFF in mice causes the
development of a submaxillary gland tumor that is composed essentially of hyperplastic B cells
(Groom, J., et al. (2002) J Clin Invest 109:59-68). The NF-xB2 gene was cloned from a B cell
lymphoma-associated chromosomal translocation (Neri, A., et al. (1991) Cell 67:1075-87).
The translocation results in the production of a carboxyl-terminal truncated protein that 1s
constitutively active and tumorigenic (Ciana, P., et al. (1997) Oncogene 14:1805-10; and
Fracchiolla, N.S., et al. (1993) Oncogene 8:2839-45). NF-kB2 rearrangements are present 1n
~2% of human lymphoid tumors. Overexpression of NIK also contributes to the tumongenesis
of adult T-cell leukemia and Hodgkin Reed-Stemberg cells (Saitoh, Y., ef al. (2008) Blood
111,5118-5129). NIK is also involved in the pathogenesis of multiple myeloma (MM)

5.
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(Annunziata, C.M., et al. (2007) Cancer Cell 12, 115-130; and Keats, J.J., et al. (2007) Cancer
Cell 12, 131-144). Two independent studies demonstrate that MM derived cell lines or clinical
samples frequently have elevated expression of NIK due to genetic or epigenetic alterations,

leading to the constitutive activation of the NF-kB2 pathway.

DESCRIPTION OF THE INVENTION
A class of compounds useful in treating inflammation is defined by formula I

A compound of formula I

enantiomers, diastereomers and salts thereot wherein

R' is selected from

R4
R4 R4 R* ‘711
\
Ra;g'\;@}i RS@C(' /
Ra
Rb Rb
| N
/
RS e RS Rd Al
b J p | b
R4
N=—
Q 5 4
U / R4 T

! U)Ijﬁ%’ . | U CJO;%
R \, N

3 ) )
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A L _%\/@/ SN NG
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optionally substituted with one or more R" groups as allowed by valance;

any of which may be
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9
Rfj}z
8 / . 6 - 5 .
, where Uis CH and R" 1s H, then R’ 1s

provided that when R'is R

\o/\/lW/u\ﬁ/z’—
NF ;

N
other than

R? is alkyl or haloalkyl;

R} is alkyl, cycloalkyl, haloalkyl, -C(=0)R’, -C(=0)OR’, -C(=0)NR°R’, aryl or heteroaryl
wherein either of said aryl or heteroaryl may be optionally substituted with one or more
R* as allowed by valance;

or R? and R’ together with the carbon atom to which they are attached may combine to form

which may be optionally substituted with one or more R” groups as allowed by valance;
R* and R** are independently

i) pyridyl, pyrimidyl, pyrazinyl, triazinyl, purinyl, pyrrolopyrimidyl, triazolopyrimidyl,
furopyrimidyl, thienopyrimidyl, oxazolopyrimidyl, or thiazolopyrimidyl, each of
which is substituted with at least one R'° group, and any of which may be optionally
substituted with one or more R* groups as allowed by valance; or

i1) oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, or -C(=0)R’*
any of which may be optionally substituted with one or more R" groups as allowed by

valance;

provided R* is other than -C(=O)R"* when R' is

R® , where U 1s CH and R® is H, and R’ is either
—(CH)-NR*)(RY or «(CH2)-R%;
R’ is (CH2)-R?, ~(CH-NR®)(RY), -(CH2)k-OR?, -(CH2)i-C(=O)R"; -(CH2),-C(=0)OR’,
-(CH2)k-C(=0)N(R®)(R*) or -(CH)x-NR®-(C=O)R",
RS is H, halo, alkyl, -(CH,)x-OR ", -(CH)-N(R'H)(R"), -(CH2)-C(=O)R "',
-(CH,)-C(=O)OR'’;
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R’,R" and R" are each independently

(1) H, or

(ii) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkylalkyl,

heterocyclylalkyl, arylalkyl, heteroarylalkyl, alkoxyalkyl, hydroxyalky! or NR®R’-alkyl

any of which may be optionally substituted with one or more R" groups as allowed by
valance;
R® R’, R®* and R’ are each independently

(1) H;

(ii) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkylalkyl,
heterocyclylalkyl, arylalkyl, heteroarylalky, alkoxyalkyl, hydroxyalkyl or
(NR'*R")-alkyl, any of which may be optionally substituted with one or more
R* groups as allowed by valance;

(iii) or R® and R’ together with the nitrogen atom to which they are attached may
combine to form a heterocyclyl ring optionally substituted with one or more R”

groups as allowed by valance;

(iv) or R®" and R’ together with the nitrogen atom to which they are attached may
combine to form a heterocyclyl ring optionally substituted with one or more R”
groups as allowed by valance;

R isH, -NR"R", or -C(=0)NR"R";
R' is

(1) H, or

(i1) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkylalkyl,
heterocyclylalkyl, arylalkyl or heteroarylalkyl any of which may be optionally

substituted with one or more R* groups as allowed by valance;

R'? and R" are each independently

(1) H;

(i1) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkylalkyl,
heterocyclylalkyl, arylalkyl, heteroarylalkyl, alkoxyalkyl, hydroxyalkyl or
(NR°R?)-alkyl, any of which may be optionally substituted with one or more R*
groups as allowed by valance;

(iii) or R'? and R" together with the nitrogen atom to which they are attached may

combine to form a heterocyclyl ring optionally substituted with one or more R”

groups as allowed by valance;
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R'* and R" are each independently
(1) H;
(i1) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, cycloalkylalkyl,
heterocyclylalkyl, arylalkyl, heteroarylalkyl, alkoxyalkyl, hydroxyalkyl or
(NR'“R")-alkyl, any of which may be optionally substituted with one or more

R* groups as allowed by valance;
(111) or R'* and RP together with the nitrogen atom to which they are attached may
combine to form a heterocyclyl ring optionally substituted with one or more R”

groups as allowed by valance;
R? R® R°R%and R’ are each independently H or R*

or R* and R® together with the carbon atom to which they are attached may combine to

form a carbonyl group;
or R” together with either R® or R’ may combine to form a bond;

or R* and R®, together with the atoms to which they are respectively attached, may

combine to form

R10

P which may be optionally substituted with one or more R”

groups as allowed by valance;

or R? and R**, together with the atoms to which they are respectively attached, may

combine to form

NG

Y

W\ )
I

1 which may be optionally substituted with one or more R”

groups as allowed by valance;

or R® and R together with the carbon atom to which they are each attached may

combine to form



CA 02728767 2010-12-21
WO 2009/158011 PCT/US2009/003803

which may be optionally substituted with one or more R" groups as

allowed by valance;

R¢is H, R%, or R*:

R* is an optional substituent independently selected at each occurrence from halo, cyano, nitro,
oxo, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclo, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl, -(alkylene)q-OR7+,
-(alkylene),-S(O),R”*, -(alkylene)-NR*R”, -(alkylene),-C(=O)R™, -(alkylene)-C(=S)R",
-(alkylene),-C(=0)OR™, -(alkylene),-OC(=0)R"”*, -(alkylene),-C(=S)OR",
—(alkylene)-C(=0)NR¥R®*, -(alkylene),-C(=S)NR*R”*, -(alkylene),-N(R"’)C(=O)NR*'R™",
-(alkylene)-N(R'*)C(=S)NR*R**, -(alkylene),-N(R"*)C(=O)R",
_(alkylene)-N(R"*)C(=S)R™, -(alkylene),-OC(=0)NR*R*", -(alkylene),-OC(=S)NR*'R™",
-(alkylene),-SO,NR¥R**, -(alkylene),-N(R"*)SO,R”", -(alkylene)-N(R'*)SO,NR*'R™,
_(alkylene),-N(R"*)C(=0)OR”", -(alkylene),-N(R'*)C(=S)OR"", or -(alkylene)-N(R*)SO,R";

wherein alkylene, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with one or more -(alkylene)q-CN,
_(alkylene),-OR”", -(alkylene)-S(O).R™, -(alkylene)-NR*'R™, -(alkylene)-C(=O)R",
-(alkylene)-C(=S)R”*, -(alkylene),-C(=O)OR”’, -(alkylene),-OC(=O)R",
-(alkylene),-C(=S)OR™, —(alkylene),-C(=O)NR*R”*, -(alkylene),-C(=S)NR*'R”",
(alkylene)-N(R'*)C(=0)NR*R”*, -(alkylene)-N(R"*)C(=S)NR*R™,
-(alkylene)-N(R"*)C(=0)R"*, -(alkylene)-N(R"*)C(=S)R™", -(alkylene),-OC(=O)NR*'R™",
-(alkylene)-OC(=S)NR*'R%*, -(alkylene),-SO,NR*'R™, -(alkylene)-N(R'*)SO,R",
-(alkylene)-N(R*)SO,NR*R”*, -(alkylene)-N(R")C(=0)OR"”,
-(alkylene)e-N(R'*)C(=S)OR™, or -(alkylene)-N(R"*)SO,R";

J and W are independently —CH;-, -N(RS)-, -O-, or -S(=0),-,

X 15 =0O- or -S(=0),-

U and U' are independently CH or N

k at each occurrence is independently O, 1, 2 or 3;

misl,2or3

- 10 -
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nis0, 1or?2

pisl,2or3

q at each occurrence is independently O or 1
risQ, 1,2 or 3;

sis 1,2 or3

tis 0,1 or?2

v at each occurrence 1s independently O, 1 or 2

: : : : 1 -
Preferred compounds of the current invention include compounds wherein R" 1s

selected from
R4*
R4 R4 R*
NSO e oae O
RP RP N
e/
R¢ Rd Rc Rd ’ R
R4
N—=
St
5
N R U ‘771
[
Ra

1
AN

More preferred compounds of the current invention include compounds wherein

p

and R

R! is selected from

R4

R“\ R R* ‘&Z

) 3 )
PN % ol
R® R N
R¢ R¢ d Re/
Rd : R . ; and
R4

R°/N

- 11 -
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Preferred compounds of the present invention include compounds wherein

R? is alkyl; and

R’ is pyrrolyl, furanyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, phenyl, pyridyl, pyrimidyl, pyrazinyl, or oxadiazolyl any of which may be
optionally substituted with one or more R" as allowed by valance.

or R? and R’ together with the carbon atom to which they are attached may combine to form

which may be optionally substituted with one or more R* groups as allowed by valance;
(especially preferred compounds include those where R? is alkyl; and
R is pyrrolyl, furanyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, phenyl, pyridyl, pyrimidyl, pyrazinyl, or oxadiazolyl any of which may be
optionally substituted with one or more R" as allowed by valance;

or R? and R’ together with the carbon atom to which they are attached may combine to form

which may be optionally substituted with one or more R* groups as allowed by

valance).

Preferred compounds of the present invention include those wherein R* R’ and the

carbon atom to which they are attached are selected from

- 12 -
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wherein

U* and U’ are each independently N or CH
X' is NH, O or S(0),

r* is O or an integer up to three as allowed by valance.

Preferred compounds of the present invention further include compounds wherein RY is

/\ R‘IO
{ 7 Ut—
R10/u2 rsss J I / (SSS R10 .// J
2
\=)2 N )\

- 13 -
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any of which may be optionally substituted, as allowed by valance, with up to three R"
groups independently selected from halo, cyano, alkyl, haloalkyl, alkenyl, alkynyl,
aryl, -(alkylene),-NR**R**, —(alkylene),-C(=O)NR*'R”, -(alkylene)-OR",

wherein R' is H, -NR'*R", or -C(=O)NR'“R"”; and

U! U® and U’ are independently CH or N.

Preferred compounds of the present invention further include compounds wherein R is

& : R10
N U
10/U2/ ;55 I / R10 /l/J1“"'-J
R J ASS U\z
\::=U2 \\ &

: , Or
any of which may be optionally substituted, as allowed by valance, with up to three R
groups independently selected from halo, cyano, alkyl, haloalkyl, alkenyl, alkynyl,
aryl, -(alkylene)-NR¥R"*, —(alkylene),-C(=O)NR*'R™, -(alkylene)-OR™,
wherein R'% is H, -NR'R", or -C(=0)NR'*R"; and
U!, U? and U” are independently CH or N.

Preferred compounds of the present invention include compounds wherein R* is

Q I S S T
\ Afé R* R R0 Re \ .fjor
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Preferred compounds of the present invention include compounds having the tfollowing

formula IA
Rz R’
R4
\N 4 OH
Ra
\

R IA

Preferred compounds of the present invention further include compounds having the

following formula IB

IB
Preferred compounds of the present invention further include compounds having the

following formula IC

IC

Preferred compounds of the present invention also include compounds having any and
all combinations and sub-combinations of the preferred groups listed above.
Preferred compounds of the present invention include the compounds exemplified
herein.
The present invention also relates to pharmaceutical compositions containing the above
compounds, together with a pharmaceutically acceptable vehicle or carrier.
The present present invention also relates to a method of treating inflammation and/or
inflammatory disorders in a subject using the above compounds.

The invention also relates to a method of treating NIK-mediated disorders in a subject

using the above compounds.

- 15 -
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INDICATIONS
Compounds of the present invention are useful in the treatment of
inflammatory and autoimmune disorders, including RA and inflammatory bowel diseases
(IBD), asthma, COPD, multiple sclerosis, colitis, arthritis, and insulin-dependent diabetes
mellitus. Compounds of the present invention may also be useful in treating lymphoma,

leukemia and multiple myeloma.

DEFINITIONS
The terms "agonist” and "agonistic" when used herein refer to or describe a molecule
which is capable of, directly or indirectly, substantially inducing, promoting or enhancing HGF
biological activity or HGF receptor activation.

The terms "treating," "treatment,” and "therapy" as used herein refer to curative

therapy, prophylactic therapy, and preventative therapy.

The term "mammal” as used herein refers to any mammal classified as a mammal,
including humans, cows, horses, dogs and cats. In a preferred embodiment of the invention, the
mammal is a human.

The term "treatment"” includes therapeutic treatment as well as prophylactic treatment
(either preventing the onset of disorders altogether or delaying the onset of a pre-clinically
evident stage of disorders in individuals).

A "pharmaceutically-acceptable derivative " denotes any salt, ester of a compound of
this invention, or any other compound which upon administration to a patient is capable of
providing (directly or indirectly) a compound of this invention, or a metabolite or residue
thereof, characterized by the ability to inhibit angiogenesis.

The phrase "therapeutically-effective" is intended to qualify the amount of each agent,
which will achieve the goal of improvement in disorder severity and the frequency of incidence
over treatment of each agent by itself, while avoiding adverse side effects typically associated
with alternative therapies. For example, effective neoplastic therapeutic agents prolong the
survivability of the patient, inhibit the rapidly proliferating cell growth associated with the
neoplasm, or effect a regression of the neoplasm. -

The term "H" denotes a single hydrogen atom. This radical may be attached, for
example, to an oxygen atom to form a hydroxyl radical.

Where the term "alkyl" is used, either alone or within other terms such as "haloalkyl"

and "alkylamino", it embraces linear or branched radicals having one to about twelve carbon

- 16 -
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atoms. More preferred alkyl radicals are "lower alkyl" radicals having one to about six carbon
atoms. Examples of such radicals include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isoamyl, hexyl and the like. Even more preferred are lower alkyl
radicals having one or two carbon atoms. The term *“‘alkylenyl” embraces bridging divalent
alkyl radicals such as methylenyl and ethylenyl. The term "lower alkyl substituted with R*"
does not include an acetal moiety.

The term "alkenyl" embraces linear or branched radicals having at least one carbon-
carbon double bond of two to about twelve carbon atoms. More preferred alkenyl radicals are
"lower alkenyl" radicals having two to about six carbon atoms. Most preterred lower alkenyl
radicals are radicals having two to about four carbon atoms. Examples of alkenyl radicals
include ethenyl, propenyl, allyl, propenyl, butenyl and 4-methylbutenyl. The terms "alkenyl"
and "lower alkenyl", embrace radicals having "cis" and "trans" orientations, or alternatively,
"E" and "Z" orientations.

The term "alkynyl" denotes linear or branched radicals having at least one carbon-
carbon triple bond and having two to about twelve carbon atoms. More preferred alkynyl
radicals are "lower alkynyl"” radicals having two to about six carbon atoms. Most preferred are
lower alkynyl radicals having two to about four carbon atoms. Examples ot such radicals
include propargyl, butynyl, and the like.

Alkyl, alkylenyl, alkenyl, and alkynyl radicals may be optionally substituted with one
or more functional groups such as halo, hydroxy, nitro, amino, cyano, haloalkyl, aryl,
heteroaryl, heterocyclo and the like.

The term "halo" means halogens such as fluorine, chlorine, bromine or 10dine atoms.

The term "haloalkyl" embraces radicals wherein any one or more of the alkyl carbon
atoms is substituted with halo as defined above. Specifically embraced are monohaloalkyl,
dihaloalkyl and polyhaloalkyl radicals including perhaloalkyl. A monohaloalkyl radical, for
one example, may have either an iodo, bromo, chloro or fluoro atom within the radical. Dihalo
and polyhaloalkyl radicals may have two or more of the same halo atoms or a combination of
different halo radicals. "Lower haloalkyl" embraces radicals having 1-6 carbon atoms. Even
more preferred are lower haloalkyl radicals having one to three carbon atoms. Examples of
haloalkyl radicals include fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, pentafluoroethyl, heptatluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difluoroethyl, difluoropropyl, dichloroethyl and dichloropropyl.

"Perfluoroalkyl" means alkyl radicals having all hydrogen atoms replaced with fluoro atoms.

Examples include trifluoromethyl and pentatluoroethyl.

.17 -
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The term "hydroxyalkyl" embraces linear or branched alkyl radicals having one to
about ten carbon atoms any one of which may be substituted with one or more hydroxyl
radicals. More preferred hydroxyalkyl radicals are "lower hydroxyalkyl" radicals having one
to six carbon atoms and one or more hydroxyl radicals. Examples of such radicals include
hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxybutyl and hydroxyhexyl. Even more
preferred are lower hydroxyalkyl radicals having one to three carbon atoms.

The term "alkoxy" embraces linear or branched oxy-containing radicals each having
alkyl portions of one to about ten carbon atoms. More preferred alkoxy radicals are "lower
alkoxy" radicals having one to six carbon atoms. Examples of such radicals include methoxy,
ethoxy, propoxy, butoxy and tert-butoxy. Even more preferred are lower alkoxy radicals
having one to three carbon atoms. Alkoxy radicals may be further substituted with one or more
halo atoms, such as fluoro, chloro or bromo, to provide "haloalkoxy" radicals. Even more
preferred are lower haloalkoxy radicals having one to three carbon atoms. Examples of such

radicals include fluoromethoxy, chloromethoxy, trifluoromethoxy, trifluoroethoxy,

fluoroethoxy and fluoropropoxy.

The term "aryl", alone or in combination, means a carbocyclic aromatic system
containing one or two rings wherein such rings may be attached together in a fused manner.
The term "aryl" embraces aromatic radicals such as phenyl, naphthyl, indenyl,
tetrahydronaphthyl, and indanyl. More preferred aryl is phenyl. Said "aryl" group may have 1
or more substituents such as lower alkyl, hydroxyl, halo, haloalkyl, nitro, cyano, alkoxy, lower
alkylamino, and the like. Phenyl substituted with -O-CH,-O- forms the aryl benzodioxolyl
substituent.

The term "heterocyclyl" (or “heterocyclo’) embraces saturated, and partially saturated
and heteroatom-containing ring radicals, where the heteroatoms may be selected from nitrogen,
sulfur and oxygen. It does not include rings containing -O-0-,-O-S- or -S-S- portions. Said
"heterocyclyl”" group may have 1 to 3 substituents such as hydroxyl, Boc, halo, haloalkyl,
cyano, lower alkyl, lower aralkyl, oxo, lower alkoxy, amino, lower alkylamino, and the like.

Examples of saturated heterocyclic radicals include saturated 3 to 6-membered
heteromonocyclic groups containing 1 to 4 nitrogen atoms [e.g. pyrrolidinyl, imidazolidinyl,
piperidinyl, pyrrolinyl, piperazinyl]; saturated 3 to 6-membered heteromonocyclic group
containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms [e.g. morpholinyl]; saturated 3 to 6-
membered heteromonocyclic group containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms

[e.g., thiazolidinyl]. Examples of partially saturated heterocyclyl radicals include
dihydrothienyl, dihydropyranyl, dihydrofuryl, dihydrothiazolyl, and the like.
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Particular examples of partially saturated and saturated heterocyclyl include
pyrrolidinyl, imidazolidinyl, piperidinyl, pyrrolinyl, pyrazolidinyl, piperazinyl, morpholinyl,
tetrahydropyranyl, thiazolidinyl, dihydrothienyl, 2,3-dihydro-benzo[1,4]dioxanyl, indolinyl,
isoindolinyl, dihydrobenzothienyl, dihydrobenzofuryl, isochromanyl, chromanyl, 1,2-
dihydroquinolyl, 1,2,3,4-tetrahydro-isoquinolyl, 1,2,3,4-tetrahydro-quinolyl, 2,3,4,4a,9,9a-
hexahydro-1H-3-aza-fluorenyl, 5,6,7-trihydro-1,2,4-triazolo[3,4-a)isoquinolyl, 3,4-dihydro-
2H-benzo[1,4]oxazinyl, benzo[1,4]dioxanyl, 2,3-dihydro-1H-1A'-benzo[d]isothiazol-6-yl,
dihydropyranyl, dihydrofuryl and dihydrothiazolyl, and the like.

The term heterocyclyl, (or heterocyclo) also embraces radicals where heterocyclic
radicals are fused/condensed with aryl radicals: unsaturated condensed heterocyclic group
containing 1 to 5 nitrogen atoms, for example, indolyl, isoindolyl, indolizinyl, benzimidazolyl,
quinolyl, isoquinolyl, indazolyl, benzotriazolyl, tetrazolopyridazinyl [e.g., tetrazolo [1,5-
b]pyridazinyl]; unsaturated condensed heterocyclic group containing 1 to 2 oxygen atoms and
1 to 3 nitrogen atoms [e.g. benzoxazolyl, benzoxadiazolyl]; unsaturated condensed
heterocyclic group containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms [e.g.,
benzothiazolyl, benzothiadiazolyl]; and saturated, partially unsaturated and unsaturated
condensed heterocyclic group containing 1 to 2 oxygen or sulfur atoms [e.g. benzofuryl,
benzothienyl, 2,3-dihydro-benzo[1,4]dioxinyl and dihydrobenzofuryl].

The term "heteroaryl" denotes aryl ring systems that contain one or more heteroatoms
selected from the group O, N and S, wherein the ring nitrogen and su<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>