
HETEROBICYCLIC PYRAZOLE COMPOUNDS AND METHODS OF USE
PRIORITY OF THE INVENTION [0001] This application
claims priority to United States Provisional
Application Number 60/779,805 that was filed on 7
March 2006 and United States Provisional Application
Number 60/874,832 that was filed on 14 December 2006.
The entire content of these provisional applications
is hereby incorporated herein by reference. FIELD OF
THE INVENTION [0002] The invention relates to
heterobicyclic pyrazole compounds having protein
tyrosine kinase activity. The heterobicyclic pyrazole
compounds may be useful in the treatment of
hyperproliferative disorders, such as cancer, in
mammals. The invention also relates to pharmaceutical
compositions and formulations, methods of synthesis,
and methods of use such as treating hyperproliferative
disorders. BACKGROUND OF THE INVENTION [0003] Met
tyrosine kinase is a high-affinity transmembrane
receptor for the hepatocyte growth factor (HGF,
Bottaro et al. (1991) Science 251:802-804). Met was
cloned, named (Cooper et al. (1984) 3 11:29-33) and
identified as an oncogene (Park et al. (1986) Cell
45:895-904). When deregulated by overexpression or
mutations, Met receptor tyrosine kinase leads to tumor
growth and invasion (Cristiani et al. (2005) Biochem.
44:141 10-141 19). Stimulation of Met by the ligand
HGF, also known as Scatter Factor, initiates numerous
physiological processes, including cell proliferation,
scattering, morphogenic differentiation, angiogenesis,
wound healing, tissue regeneration, and embryological
development (Parr et al. (2004) CHn. Cancer Res. 10(1,
Pt. 1) 202-211; Comoglio et al. (2002) J . Clin.
Invest. 109:857-862; Maul k et al. (2002) Cytokine
Growth Factor Reviews 13:41- 59; Hecht et al. (2004)
Cancer Res. 64(1 7):61 09-61 18). Receptor c-Met is
rapidly internalized via clathrin-coated vesicles and
traffics through an early endosomal compartment after
hepatocyte growth factor stimulation. c-Met
accumulates progressively in perinuclear compartments,
which in part include the Golgi (Kermorgant et al.
(2003) J. of Biol. Chem. 278(3 1):28921 -28929).
[0004] The phenomena of: deregulation or dysregulation
of Met and/or HGF; Met overexpression; and Met
mutations are implicated in uncontrolled cell
proliferation and survival, and play a key role in
early-stage tumorigenesis, invasive growth of cancer
cells, and metastasis (Danilkovitch-Miagkova et al.
(2002) J. Clin. Invest. 109(7):863-867; Di Renzo et
al. (1994) Int. J. Cancer 58:658-662; Matsumoto et al.
(1994) J. Biol. Chem. 269:31807-31813; Tusolino et al.
(1998) J. Cell Biol. 142:1 145-1 156; Jeffers et al.
(1996) MoI. Cell. Biol. 16:1 115-1 125; Wong et al.
(2004) Exper. Cell Res. 299(l):248-256; Konda et al.
(2004) J . Urology 171(6), Pt. 1:2166-2170; Heideman
et al. (2004) J. Gene Med. 6(3):317-327; Ma et al.
(2003) Cancer Res. 63(19):6272-6281; Maulik et al.
(2002) Clin. Cancer Res. 8:620-627), making Met an
important target for anticancer drugdevelopment
(Cohen, P. (2002) Nat. Rev. Drug Discovery 1:309-315).
Overexpression of Met and HGF is associated with poor
prognosis. [0005] Recent data demonstrating the
suppression of cancer cell proliferation, survival,
and invasion upon inhibition of Met binding to HGF and
Met receptor dimerization (Furge et al. (2001) Proc.
Natl. Acad. Sci. USA 98:10722-10727; Michieli et al.
(2004) Cancer Cell 6:61-73) confirm the relevance of
Met in neoplasia and provide further proof of concept
for the development of smallmolecule compounds for
antineoplastic therapy, e.g. against multiple myeloma
(Hov et al. (2004) Clin, Cancer Res.
10(19):6686-6694). Inhibition of Met results in
slowing tumor growth in tumor xenograft mouse models.
Antibodies specific for c-Met have been expressed to
block binding of HGF to c-Met (US 2005/003743 1;US
2004/01 66544). [0006] Protein kinases (PK) are
enzymes that catalyze the phosphorylation of hydroxy
groups on tyrosine, serine and threonine residues of
proteins by transfer o f the terminal (gamma)
phosphate from ATP. Through signal transduction
pathways, these enzymes modulate cell growth,
differentiation and proliferation, i.e., virtually all
aspects of cell life in one way or another depend on
PK activity. Furthermore, abnormal PK activity has
been related to a host of disorders, ranging from
relatively non-life threatening diseases such as
psoriasis to extremely virulent diseases such as
glioblastoma (brain cancer). Protein kinases include
two classes; protein tyrosine kinases (PTK) and
serine-threonine kinases (STK). [0007] One of the
prime aspects of PTK activity is their involvement
with growth factor receptors which are cell-surface
proteins. When bound by a growth factor ligand, growth
factor receptors are converted to an active form which
interacts with proteins on the inner surface of a cell
membrane. This leads to phosphorylation on tyrosine
residues of the receptor and other proteins and to the
formation inside the cell of complexes with a variety
of cytoplasmic signaling molecules that, in turn,
effect numerous cellular responses such as cell
division (proliferation), cell differentiation, cell
growth, expression of metabolic effects to the
extracellular microenvironment, etc. For a more
complete discussion, see Schlessinger and Ullrich,
(1992) Neuron 9:303-391. [0008] Growth factor
receptors with PTK activity are known as receptor
tyrosine kinases (RTK, Plowman et al. (1994) DN&P,
7(6):334-339), which comprise a large family of
transmembrane receptors with diverse biological
activity. At present, at least nineteen (19) distinct
subfamilies of RTK have been identified. An example of
these is the subfamily designated the "HER" RTK, which
include EGFR (epithelial growth factor receptor),
HER2, HER3 and HER4. These RTK consist of an
extracellular glycosylated ligand binding domain, a
transmembrane domain and an intracellular cytoplasmic
catalytic domain that can phosphorylate tyrosine
residues on proteins. Another RTK subfamily consists
of insulin receptor (IR), insulin-like growth factor I
receptor (IGF-IR) and insulin receptor related
receptor (IRR). IR and IGF-IR interact with insulin,
IGF-I and IGF-II to form aheterotetramer of two
entirely extracellular glycosylated alpha subunits and
two beta subunits which cross the cell membrane and
which contain the tyrosine kinase domain. A third RTK
subfamily is referred to as the platelet derived
growth factor receptor (PDGFR) group, which includes
PDGFRalpha, PDGFR-beta, CSFlR, c-kit and c-fms. These
receptors consist of glycosylated extracellular
domains composed of variable numbers of
immunoglobin-like loops and an intracellular domain
wherein the tyrosine kinase domain is interrupted by
unrelated amino acid sequences. Another group which,
because of its similarity to the PDGFR subfamily, is
sometimes subsumed into the later group is the fetus
liver kinase (flk) receptor subfamily. This group is
believed to be made up of kinase insert
domain-receptor fetal liver kinase-1 (KDR/FLK-1),
fik-lR, flk-4 and fms-like tyrosine kinase 1 (flt- 1).
Another member of the tyrosine kinase growth factor
receptor family is the fibroblast growth factor
("FGF") receptor subgroup. This group consists of four
receptors, FGFRl -4, and seven ligands, FGFl -7. While
not yet well defined, it appears that these receptors
consist of a glycosylated extracellular domain
containing a variable number of immunoglobin-like
loops and an intracellular domain in which the
tyrosine kinase sequence is interrupted by regions of
unrelated amino acid sequences. Still another member
of the tyrosine kinase growth factor receptor family
is the vascular endothelial growth factor (VEGF)
receptor subgroup. VEGF is a dimeric glycoprotein
similar to PDGF but has different biological functions
and target cell specificity in vivo. In particular,
VEGF is presently thought to play an essential role is
vasculogenesis and angiogenesis. [0009] Met is still
another member of the tyrosine kinase growth factor
receptor family, and 



often referred to as c-Met or human hepatocyte growth
factor receptor tyrosine kinase (hHGFR). The
expression of c-Met is thought to play a role in
primary tumor growth and metastasis (Kim et al. CHn.
Cancer Res. (2003) 9(14):5161-5170). [0010] Modulation
of the HGF/c-Met signaling pathway may be effected by
regulating binding of HGF beta chain to cMet. In
particular embodiments, the zymogen-like form of HGF
beta mutant was shown to bind Met with 14-fold lower
affinity than the wild-type serine protease-like form,
suggesting optimal interactions result from
conformational changes upon cleavage of the
single-chain form (US 2005/0037431). Extensive
mutagenesis of the HGF beta region corresponding to
the active site and activation domain of serine
proteases showed that 17 of the 38 purified two-chain
HGF mutants resulted in impaired cell migration or Met
phosphorylation but no loss in Met binding. However,
reduced biological activities were well correlated
with reduced Met binding of corresponding mutants of
HGF beta itself in assays eliminating dominant
alpha-chain binding contributions. [0011]
Protein-tyrosine kinases (PTK) are critical components
of signaling pathways that control cellular
proliferation and differentiation. PTK are subdivided
into two large families, receptor tyrosine kinases
(RTK) and non-receptor tyrosine kinases (NRTK). RTK
span the plasma membraneand contain an extra-cellular
domain, which binds iigand, and an intracellular
portion, which possesses catalytic activity and
regulatory sequences. Most RTK, like the hepatocyte
growth factor receptor c-met, possess a single
polypeptide chain and are monomeric in the absence of
a Iigand. Ligand binding to the extracellular portion
of RTK5 dimerizes monomeric receptors, resulting in
autophosphorylation of specific tyrosine residues in
the cytoplasmic portion (for review see: Blume-
Jensen, P., and Hunter, T., Nature (2001) 4
11:355-365; Hubbard, S. R., et al., J. Biol. Chem. 273
(1998) 11987-11990; Zwick, E., et al., Trends MoI.
Med. (2002) 8:17-23). In general, tyrosine
autophosphorylation either stimulates the intrinsic
catalytic kinase activity of the receptor or generates
recruitment sites for downstream signaling proteins
containing phosphotyrosinerecognition domains, such as
the Src homology 2 (SH2) domain or the
phosphotyrosine-binding (PTB) domain. [0012] PTK have-
become primary targets for the development of novel
therapeutics designed to block cancer cell
proliferation, metastasis, and angiogenesis and
promote apoptosis. The strategy that has progressed
farthest in clinical development is the use of
monoclonal antibodies to target growth factor receptor
tyrosine kinases. The use of small molecule tyrosine
kinase inhibitors however could have significant
theoretical advantages over monoclonal antibodies.
Small molecule inhibitors could have better tissue
penetration, could have activity against intracellular
targets and mutated targets and could be designed to
have oral bioavailability. Several lead compounds have
shown promising activity against such targets as the
EGFR, the vascular endothelial cell growth factor
receptor and bcr-abl. The hepatocyte growth factor
receptor c-Met was first identified as an activated
oncogene in an N-methyl-N'-nitrosoguanidinic treated
human osteogenic sarcoma cell line (MUNG-HOS) by its
ability to transform NIH 3T3 mouse fibroblasts. The
receptor encoded by the c-Met protooncogene (located
on chromosome 7) is a two-chain protein composed of 50
kDa (alpha) chain disulfide linked to a 145 kDa (beta)
chain in an alpha-beta complex of 190 kDa. The
alpha-chain is exposed at the cell surface while the
beta chain spans the cell membrane and possesses an
intracellular tyrosine kinase domain. The presence of
this intracellular tyrosine kinase domain groups c-Met
as a member of the receptor tyrosine kinase (RTK)
family of cell surface molecules. [0013] Much evidence
supports the role of HGF as a regulator of
carcinogenesis, cancer invasion and metastasis (for
review see: Herynk, M. H., and Radinsky, R. (2000) In
Vivo 14:587-596; Jiang et al. (1999) Crit. Rev. Oncol.
Hematol. 29:209-248; Longati (2001) Curr. Drug Targets
2:41-55; Maulik et al., (2002) Cytokine Growth Factor
Rev. 13:41-59; Parr, C , and Jiang, W. G., (2001)
Histol. Histopathol. 16:251-268). HGF binds to and
induces tyrosine phosphorylation of the mature c-met
receptor beta-chain. Such events are thought to
promote binding of intracellular signaling proteins
containing src homology (SH) regions such as
PLC-gamma, Ras-GAP, PI-3 kinase pp6Oc-src and the
GRB-2 Socs complex to the activated receptor. Each
SH2-containing protein may activate adifferent subset
of signaling phosphopeptides, thus eliciting different
responses within the cell. c-Met mutations have been
well-described in hereditary and sporadic human
papillary renal carcinomas and have been reported in
ovarian cancer, childhood hepatocellular carcinoma,
metastatic head and neck squamous cell carcinomas, and
gastric cancer. c-Met is also over-expressed in both
non-small cell lung cancer and small cell lung cancer
cells, in lung, breast, colon and prostate tumors
(Herynk et al. (2Q03) Cancer Res. 63(ll):2990-2996;
Maulik et al. (2002) Clin. Cancer Res. 8:620-627).
Since c- Met appears to play an important role in
oncogenesis of a variety of tumors, various inhibition
strategies have been employed to therapeutically
target this receptor tyrosine kinase. The usefulness
of inhibiting the protein-tyrosine kinase c-Met for
inhibiting tumor growth and invasion has been shown in
many well documented preclinical experiments
(Abounader et al. (1999) J. Natl. Cancer Inst. 9
1:1548-1556; Laterra et al. (1997) Lab. Invest.
76:565-577; Tomioka, D. (2001) Cancer Res. 6
1:7518-7524; Wang et al. (200I) J. Cell Biology
153:1023-1033). [0014] c-Met inhibitors have been
reported (US 2004/0242603; US 2004/01 10758; US
2005/0009845; WO 2003/000660; WO 98/007695; US
5,792,783; US 5,834,504; US 5,880,141; US
2003/0125370; US 6,599,902; WO 2005/030140; WO
2005/070891; US 2004/0198750; US 6,790,852; WO
2003/087026; US 6,790,852; WO 2003/097641; US
6,297,238; WO 2005/005378; WO 2004/076412; WO
2005/004808; WO 2005/010005; US 2005/0009840; WO
2005/121 125; WO 2006/014325). PHA-665752 is a small
molecule, ATP-competitive, active-site inhibitor of
the catalytic activity of c-Met, as well as phenotypes
such as cell growth, cell motility, invasion, and
morphology of a variety of tumor cells (Ma et al.
(2005) Clin. Cancer Res. 11:2312-2319; Christensen et
al. (2003) Cancer Res. 63:7345-7355). SUMMARY OF THE
INVENTION [0015] In one aspect, the invention relates
to heterobicyclic pyrazole compounds that are
inhibitors of receptor tyrosine kinases (RTK),
including c-Met. Certain hyperproliferative disorders
are characterized by the overactivation of c-Met
kinase function, for example by mutations or
overexpression of the protein. Accordingly, the
compounds of the invention are useful in the treatment
of hyperproliferative disorders such as cancer. [0016]
More specifically, one aspect of the invention
provides heterobicyclic pyrazole compounds of Formulas
Ia and Ib:[0017] and stereoisomers, geometric isomers,
tautomers, solvates, metabolites and pharmaceutically
acceptable salts and prodrugs thereof, wherein R1, R2,
R3, X5 Z2 and Z3 are as defined herein. [0018] Another
aspect of the invention provides a pharmaceutical
composition comprising a heterobicyclic pyrazole
compound of Formulas Ia or I b and a pharmaceutically
acceptable carrier. The pharmaceutical composition may
further comprise one or more additional therapeutic
agents selected from anti-proliferative agents,
anti-inflammatory agents, immunomodulatory agents,
neurotropic factors, agents for treating
cardiovascular disease, agents for treating liver
disease, anti viral agents, agents for treating blood
disorders, agents for treating diabetes, and agents
for treating immunodeficiency disorders. 



[0019] Another aspect of the invention provides
methods of inhibiting or modulating receptor tyrosine
kinase activity, comprising contacting the kinase with
an effective inhibitory amount of a compound of
Formula Ia or Ib. [0020] Another aspect of the
invention provides methods of inhibiting c-Met kinase
activity, comprising contacting a c-Met kinase with an
effective inhibitory amount of a compound of Formula
Ia or Ib, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof. [0021] Another
aspect of the invention provides methods of preventing
or treating a disease or disorder modulated by c-Met
kinases, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
Formula Ia or Ib, or a stereoisomer, geometric isomer,
tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof. Examples of such
diseases, conditions and disorders include, but are
not limited to, hyperproliferative disorders (e.g.,
cancer, including melanoma and other cancers of the
skin), neurodegeneration, cardiac hypertrophy, pain,
migraine, neurotraumatic diseases, stroke, diabetes,
hepatomegaly, cardiovascular disease, Alzheimer's
disease, cystic fibrosis, viral diseases, autoimmune
diseases, atherosclerosis, restenosis, psoriasis,
allergic disorders, inflammation, neurological
disorders, hormone-related diseases, conditions
associated with organ transplantation,
immunodeficiency disorders, destructive bone
disorders, proliferative disorders, infectious
diseases, conditions associated with cell death,
thrombin-induced platelet aggregation, chronic
myelogenous leukemia (CML), liver disease, pathologic
immune conditions involving T cell activation, and CNS
disorders. [0022] Another aspect of the invention
provides methods of preventing or treating a
hyperproliferative disorder, comprising administering
to a mammal in need of such treatment an effective
amount of a compound of Formula Ia or Ib, or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, alone or in combination with one or
more additional compounds having
anti-hyperproliferative properties.(0023] In a further
aspect the present invention provides a method of
using a compound of this invention to treat a disease
or condition modulated by c-Met in a mammal. [0024] An
additional aspect of the invention is the use of a
compound of this invention in the preparation of a
medicament for the treatment or prevention of a
disease or condition modulated by c- Met in a mammal.
10025] Another aspect of the invention includes kits
comprising a compound of Formula I a or Ib, or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, a container, and optionally a package
insert or label indicating a treatment. [0026] Another
aspect of the invention includes methods of preparing,
methods of separating, and methods of purifying
compounds of Formula Ia and Ib. [0027] Additional
advantages and novel features of this invention shall
be set forth in part in the description that follows,
and in part will become apparent to those skilled in
the art upon examination of the following
specification or may be learned by the practice of the
invention. The advantages of the invention may be
realized and attained by means of the
instrumentalities, combinations, compositions, and
methods particularly pointed out in the appended
claims. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0028] Reference will now be made in detail to certain
embodiments of the invention, examples of which are
illustrated in the accompanying structures and
formulas. While the invention will be described in
conjunction with the enumerated embodiments, it will
be understood that they are not intended to limit the
invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives,
modifications, and equivalents which may be included
within the scope of the present invention as defined
by the claims. One skilled in the art will recognize
many methods and materials similar or equivalent to
those described herein, which could be used in the
practice ofthe present invention. The present
invention is in no way limited to the methods and
materials described. In the event that one or more
ofthe incorporated literature, patents, and similar
materials differs from or contradicts this
application, including but not limited to defined
terms, term usage, described techniques, or the like,
this application controls. DEFINITIONS [0029] The term
"alkyl" as used herein refers to a saturated linear or
branched-chain monovalent hydrocarbon radical of one
to twelve carbon atoms, wherein the alkyl radical may
be optionally substituted independently with one or
more substituents described below. Examples of alkyl
groups include, but are not limited to, methyl (Me,
-CHs) ethyl (Et, -CH CH ), 1-propyl (n-Pr, n-propyl,
-CH2CH2CH3), 2-propyl (i-Pr, i-propyl, -CH(CH3)2),
1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3),
2-methyl-l-propyl (i-Bu, i-butyl, -CH2CH(CH3)2),
2-butyl (s-Bu, s-butyl,
-CH(CH3)CH2CH3),2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CHs)
2-pentyl (-CH(CH3)CH2CH2CH3) 3-pentyl (-CH(CH2CH3)2),
2-methyl-2-butyl (-C(CHa)2CH2CH3) 3-methyl- 2-butyl
(-CH(CH3)CH(CH3)2), 3-methyl-l -butyl
(-CH2CH2CH(CHa)2), 2-methyl-l -butyl
(-CH2CH(CH3)CH2CH3) 1-hexyl (-CH 2CH2CH2CH2CH2CH3),
2-hexyl (-CH(CH 3)CH 2CH2CH2CH3) 3-hexyl (-CH(CH
2CH3)(CH 2CH2CH3)), 2-tnethyl-2-pentyl
(-C(CH3)2CH2CH2CH3) 3-methyl-2- pentyl (-CH(CH 3)CH(CH
3)CH 2CH3), 4-methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2),
3-methyI-3- pentyl (-C(CH3)(CH2CH3)2),
2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2),
2,3-dimethyl-2-butyl (- C(CH3)2CH(CH3)2),
3,3-dimethyl-2-butyl (-CH(CH3)C(CH3):,, 1-heptyl,
1-octyl, and the like. [0030] The term "alkyl"
includes saturated linear or branched-chain monovalent
hydrocarbon radicals of one to six carbon atoms (e.g.,
Ci-C alkyl), wherein the alkyl radical may be
optionally substituted independently with one or more
substituents described below. [0031] The term "Ci -C
fluoroalkyl" includes an alkyl group of 1-6 carbons
substituted with a fluoro group. The fluoro group can
be substituted at any place on the alkyl group.
Examples include, but are not limited to, CH2F,
CH2CH2F, CH2CH2CH2F, CH2CH2CH2CH2F CH2CH2CH2CH2CH2F,
and the like. [0032] The term "alkenyl" refers to
linear or branched-chain monovalent hydrocarbon
radical of two to twelve carbon atoms with at least
one site of unsaturation, i.e., a carbon-carbon, sp2
double bond, wherein the alkenyl radical may be
optionally substituted independently with one or more
substituents described herein, and includes radicals
having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. Examples
include, but are not limited to, ethylenyl or vinyl
(-CH=CH2), allyl (-CH2CH=CH2), and the like. [0033]
The term "alkynyl" refers to a linear or branched
monovalent hydrocarbon radical of two to twelve carbon
atoms with at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl
radical may be optionally substituted independently
with one or more substituents described herein.
Examples include, but are not limited to, ethynyl (-C
CH), propynyl (propargyl, -CH2CsCH), and the like.
[0034] The terms "carbocycle", "carbocyclyl",
"carbocyclic ring" and "cycloalkyl" refer to a
monovalent non-aromatic, saturated or partially
unsaturated ring having 3 to 12 carbon atoms as a
monocyclic ring or 7 to 12 carbon atoms as a bicycHc
ring. Bicyclic carbocycles having 7 to 12 



atoms can be arranged, for example, as a bicyclo
[4,5], [5,5], [5,6] or [6,6] system, and bicyclic
carbocycles having 9 or 10 ring atoms can be arranged
as a bicyclo [5,6] or [6,6] system, or as bridged
systems such as bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane and bicyclo[3.2.2]nonane.
Examples of monocyclic carbocycles include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-l-enyl, 1-cyclopent-2-enyl,
1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-lenyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, cyclododecyl, and the like. [0035]
"Aryl" means a monovalent aromatic hydrocarbon radical
of 6-20 carbon atoms derived by the removal of one
hydrogen atom from a single carbon atom of a parent
aromatic ring system. Some aryl groups are represented
in the exemplary structures as "Ar". Aryl includes
bicyclic radicals comprising an aromatic ring fused to
a saturated, partially unsaturated ring, or aromatic
carbocyclic or heterocyclic ring. Typical aryl groups
include, but are not limited to, radicals derived from
benzene, substituted benzenes, naphthalene,
anthracene, biphenyl, indenyl, indanyl, 1,2-
dihydronapthalene, 1,2,3,4-tetrahydronapthyl, and the
like. [0036] The terms "heterocycle," "hetercyclyl"
and "heterocyclic ring" are used interchangeably
herein and refer to a saturated or a partially
unsaturated (i.e., having one or more double and/or
triple bonds within the ring) carbocyclic radical of 3
to 20 ring atoms in which at least one ring atom is a
heteroatom selected from nitrogen, oxygen and sulfur,
the remaining ring atoms being C, where one or more
ring atoms is optionally substituted independently
with one or more substituents described below. A
heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 3 heteroatoms
selected from N, O, P, and S) or a bicycle having 7 to
10 ring members (4 to 9 carbon atoms and 1 to 3
heteroatoms selected from N, O, P, and S), for
example: a bicyclo [4,5], [5,5], [5,6], or [6,6]
system. Heterocycles are described in Paquette, Leo
A.; "Principles of Modern Heterocyclic Chemistry"
(W.A. Benjamin, New York, 1968), particularly Chapters
1, 3, 4, 6, 7, and 9; "The Chemistry of Heterocyclic
Compounds, A series of Monographs" (John Wiley & Sons,
New York, 1950 to present), in particular Volumes 13,
14, 16, 19, and 28; and J. Am. Chem. Soc. (1960)
82:5566. The heterocyclyl may be a carbon radical or
heteroatom radical. The term "heterocycle" includes
heterocycloalkoxy. "Heterocyclyl" also includes
radicals where heterocycle radicals are fused with a
saturated, partially unsaturated ring, or aromatic
carbocyclic or heterocyclic ring. Examples of
heterocyclic rings include, but are not limited to,
pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2- pyrrolinyl, 3-pyrrolinyl,
indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl,
3-azabicyco[3.1.0Jhexanyl,
3-azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl,
3H-indolyl qunolizinyl and N-pyridyl ureas. Spiro
moieties are also included within the scope of this
definition. Examples of a heterocyclic group wherein 2
ring carbon atoms are substituted with oxo (=O)
moieties are pyrimidinonyl and
1,1-dioxo-thomorpholinyl. The heterocycle groups
herein are optionally substituted independently with
one or more substituents described herein.[0037] The
term "heteroaryl" refers to a monovalent aromatic
radical of 5-, 6-, or 7-membered rings, and includes
fused ring systems (at least one of which is aromatic)
of 5-20 atoms, containing one or more heteroatoms
independently selected from nitrogen, oxygen, and
sulfur. Examples of heteroaryl groups are pyridinyl
(including, for example, 2-hydroxypyridi pyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including,
for example, 4-hydroxypyrimidinyl), pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazoJyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. Heteroaryl groups
are optionally substituted independently with one or
more substituents described herein. [0038] The
heterocycle or heteroaryl groups may be C-attached or
N-attached where such is possible. By way of example
and not limitation, carbon bonded heterocycles or
heteroaryls are bonded at position 2, 3, 4, 5, or 6 of
a pyridine, position 3, 4, 5, or 6 of a pyridazine,
position 2, 4, 5, or 6 of a pyrimidine, position 2, 3,
5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a
furan, tetrahydrofuran, thiofuran, thiophene, pyrrole
or tetrahydropyrrole, position 2, 4, or 5 of an
oxazole, imidazole or thiazole, position 3, 4, or 5 of
an isoxazole, pyrazole, or isothiazole, position 2 or
3 of an aziridine, position 2, 3, or 4 of an
azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an
isoquinoline. [0039] By way of example and not
limitation, nitrogen bonded heterocycles or
heteroaryls are bonded at position 1 of an aziridine,
azetidine, pyrrole, pyrrolidine, 2-ryrroline,
3-pyrroline, imidazole, imidazolidine, 2-imidazoline,
3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline,
lH-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholne, and position 9
of a carbazole, or b-carboline. [0040] "Substituted
alkyl", "substituted alkenyl", "substituted alkynyl",
"substituted aryl", "substituted heteroaryl",
"substituted heterocyclyl" and "substituted
cycloalkyl" mean alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl and cycloalkyl, respectively,
in which one or more hydrogen atoms are each
independently replaced with a substituent. Typical
substituents include, but are not limited to, F, Cl,
Br, I, CN, CF3, OR, R, =O, =S, =NR, = (0 )0 ), =N(OR),
N+(O)(OR), =N-NRR\ -C(=0)R, -C(=O)OR, -C(=O)NRR\
-NRR', -N+RR1R", -N(R)C(=O)R', -N(R)CO=O)OR1,
-N(R)C(=O)NR'R", -SR, -OC(=O)R, -OC(=O)OR,
-OC(=O)NRR', -OS(O)2(OR), -OP(=O)(OR)(OR'),
-OP(OR)(OR'), -P(=O)(OR)(OR'), -P(=O)(OR)NR'R",
-S(O)R, -S(O)2R, -S(O)2NR, -S(O)(OR), -S(O)2(OR),
-SC(=O)R, -SC(=O)OR, =O and -SC(=O)NRR'; wherein each
R, R' and R" is independently selected from H, Ci-C 12
alkyl, C - C8 alkenyl, C2- C8 alkynyl, C6- C2Oaryl and
C2- C2O heterocyclyl. Substituents may also be
combinations of alkyl, alkenyl, alkynyl,carbocycle,
aryl, and heteroaryl radicals, such as
cyclopropylmethyl, cyclohexylethyl, benzyl, and
Nethylmorpholino, and substituted forms thereof.
[0041] The terms "treat" and "treatment" refer to both
therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow
down (lessen) an undesired physiological change or
disorder, such as the development or spread of cancer.
For purposes of this invention, beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0042] The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or 



disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. In the case of cancer,
the therapeutically effective amount of the drug may
reduce the number of cancer cells; reduce the tumor
size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing
the time to disease progression (TTP) and/or
determining the response rate (RR)- [0043] The term
"bioavailability" refers to the systemic availability
(i.e., blood/plasma levels) of a given amount of drug
administered to a patient. Bioavailability is an
absolute term that indicates measurement of both the
time (rate) and total amount (extent) of drug that
reaches the general circulation from an administered
dosage form. [0044] The terms "cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth. A "tumor" comprises one or more cancerous
cells. Examples of cancer include, but are not limited
to, carcinoma, lymphoma, blastoma, sarcoma, and
leukemia or lymphoid malignancies. More particular
examples of such cancers include squamous cell cancer
(e.g., epithelial squamous cell cancer), lung cancer
including small- cell lung cancer, non-small cell lung
cancer ("NSCLC"), adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or
stomachcancer including gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, rectal cancer,
colorectal cancer, endometrial or uterine carcinoma,
salivary gland carcinoma, kidney or renal cancer,
prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, anal carcinoma, penile carcinoma,
as well as head and neck cancer. [0045] A
"chemotherapeutic agent" is a chemical compound useful
in the treatment of cancer. Examples of
chemotherapeutic agents include Erlotinib (TARCEV
A(r), Genentech/OSI Pharm.), Bortezomib (VELCADE(r),
Millennium Pharm.), Fulvestrant (FASLODEX(r),
AstraZeneca), Sutent (SUl 1248, Pfizer), Letrozole
(FEMARA(r), Novartis), Imatinib mesylate (GLEEVEC(r),
Novartis), PTK787/ZK 222584 (Novartis), Oxaliplatin
(Eloxatin(r), Sanofi), 5-FU (5-fluorouracil),
Leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth),
Lapatinib (GSK572016, Glaxo Smith Kline), Lonafarnib
(SCH 66336), Sorafenib (BAY43-9006, Bayer Labs), and
Gefitinib (IRESSA(r), AstraZeneca), AG1478, AG1571 (SU
5271; Sugen), alkylating agents such as thiotepa and
CYTOXAN(r) cyclosphosphamide; alkyl sulfonates such as
busulfan, improsulfan and piposulfan; aziridines such
as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethyleneth ophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analog topotecan);
bryostatin; callystatin; CC- 1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogs); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs, KW-2189 and
CBl-TMl); eleutherobin; pancrati statin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRAMYCIN(r)
(doxorubicin), morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogs such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6- mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6- azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; antiadrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansam tocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichIorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridn A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
(pacHtaxel; Bristol-Myers Squibb Oncology, Princeton,
NJ.), ABRAXANE(r) (Cremophor-free), albumin-engineered
nanoparticle formulations of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) (doxetaxel; Rhdne-Poulenc Rorer, Antony,
France); chloranbucil; GEMZAR(r) (gemcitabine);
6-thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP-1 6); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) (vinorelbine);
novantrone; teniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; CPT-I l ;
topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0046] Also included in the definition of
"chemotherapeutic agent" are: (i) anti-hormonal agents
that act to regulate or inhibit hormone action on
tumors such as anti -estrogens and selective estrogen
receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX(r); tamoxifen citrate),
raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, LYl 1701 8, onapristone, and
FARESTON(r) (toremifne citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)- imidazoles,
aminoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RIVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIM1DEX(r) (anastrozole;
AstraZeneca); (iii) anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin;
as well as troxacitabine (a 1,3-dioxolane nucleoside
cytosine 



analog); (iv) protein kinase inhibitors; (v) lipid
kinase inhibitors; (vi) antisense
oligonucleotides,particularly those which inhibit
expression of genes in signaling pathways implicated
in aberrant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; (vii) ribozymes such as
VEGF expression inhibitors (e.g., ANGIOZYME(r)) and
HER2 expression inhibitors; (viii) vaccines such as
gene therapy vaccines, for example, ALLOVECTIN(r),
LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2; a
topoisomerase 1 inhibitor such as LURTOTECAN(r);
ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as
bevacizumab (AVASTIN(r), Genentech); and (x)
pharmaceutically acceptable salts, acids and
derivatives of any of the above. [0047] The term
"prodrug" as used in this application refers to a
precursor or derivative form of a compound of the
invention that is less cytotoxic to cells compared to
the parent compound or drug and is capable of being
enzymatically or hydrolytically activated or converted
into the more active parent form. See, e.g., Wilman,
"Prodrugs in Cancer Chemotherapy" Biochemical Society
Transactions, 14, pp. 375-382, 615th Meeting Belfast
(1986) and Stella et al. "Prodrugs: A Chemical
Approach to Targeted Drug Delivery," Directed Drug
Delivery, Borchardt et al., (ed.), pp. 247-267, Humana
Press (1985). The prodrugs of this invention include,
but are not limited to, phosphatecontaining prodrugs,
thiophosphate-containing prodrugs, sulfate-containing
prodrugs, peptidecontaining prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, compounds
of the invention and chemotherapeutic agents such as
described above. [0048] A "metabolite" is a product
produced through metabolism in the body of a specified
compound or salt thereof. Metabolites of a compound
may be identified using routine techniques known in
the art and their activities determined using tests
such as those described herein. Such products may
result for example from the oxidation, reduction,
hydrolysis, amidation, deamidation, esterification,
deesterification, enzymatic cleavage, and the like, of
the administered compound. Accordingly, the invention
includes metabolites of compounds of the invention,
including compounds produced by a process comprising
contacting a compound of this invention with a mammal
for a period of time sufficient to yield a metabolic
product thereof. [0049] A "liposome" is a small
vesicle composed of various types of lipids,
phospholipids and/or surfactant which is useful for
delivery of a drug (such as the cMet inhibitors
disclosed herein and, optionally, a chemotherapeutic
agent) to a mammal. The components of the liposome are
commonly arranged in a bilayer formation, similar to
the lipid arrangement of biological membranes. [0050]
The term "package insert" is used to refer to
instructions customarily included in commercial
packages of therapeutic products, that contain
information about the indications, usage,dosage,
administration, contraindications and/or warnings
concerning the use of such therapeutic products.
[0051] The term "chiral" refers to molecules which
have the property of non-superimposability of the
mirror image partner, while the term "achiral" refers
to molecules which are superimposable on their mirror
image partner. [0052] The term "stereoisomers" refers
to compounds which have identical chemical
constitution, but differ with regard to the
arrangement of the atoms or groups in space. [0053]
"Diastereomer" refers to a stereoisomer with two or
more centers of chirality and whose molecules are not
mirror images of one another. Diastereomers have
different physical properties, e.g. melting points,
boiling points, spectral properties, and reactivities.
Mixtures of diastereomers may separate under high
resolution analytical procedures such as
electrophoresis and chromatography. [0054]
"Enantiomers" refer to two stereoisomers of a compound
which are non-superimposable mirror images of one
another. [0055] Stereochemical definitions and
conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984)
McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., "Stereochemistry of Organic Compounds",
John Wiley & Sons, Inc., New York, 1994. The compounds
of the invention may contain asymmetric or chiral
centers, and therefore exist in different
stereoisomeric forms. It is intended that all
stereoisomeric forms of the compounds of the
invention, including but not limited to,
diastereomers, enantiomers and atropisomers, as well
as mixtures thereof such as racemic mixtures, form
part of the present invention. Many organic compounds
exist in optically active forms, i.e., they have the
ability to rotate the plane of plane-polarized light.
In describing an optically active compound, the
prefixes D and L, or R and S, are used to denote the
absolute configuration of the molecule about its
chiral center(s). The prefixes d and 1or (+) and (-)
are employed to designate the sign of rotation of
planepolarized light by the compound, with (-) or 1
meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these stereoisomers are identical
except that they are mirror images of one another. A
specific stereoisomer may also be referred to as an
enantiomer, and a mixture of such isomers is often
called an enantiomeric mixture. A 50:50 mixture of
enantiomers is referred to as a racemic mixture or a
racemate, which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity.
[0056] The term "tautomer" or "tautomeric form" refers
to structural isomers of different energies which are
interconvertible via a low energy barrier. For
example, proton tautomers (alsoknown as prototropic
tautomers) include interconversions via migration of a
proton, such as keto-enol and imine-enamine
isomerizations. Valence tautomers include
interconversions by reorganization of some of the
bonding electrons. [0057] The phrase "pharmaceutically
acceptable salt," as used herein, refers to
pharmaceutically acceptable organic or inorganic salts
of a compound of the invention. Exemplary salts
include, but are not limited, to sulfate, citrate,
acetate, oxalate, chloride, bromide, iodide, nitrate,
bisulfate, phosphate, acid phosphate, isonicotinate,
lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
ptoluenesulfonate, and pamoate (i.e.,
l.l'-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 counter ion. The counter ion
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
counter ions. Hence, a pharmaceutically acceptable
salt can have one.or more charged atoms and/or one or
more counter ion. [0058] The compounds of Formulas Ia
and Ib also include other salts of such compounds
which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for
preparing and/or purifying compounds of Formulas Ia or
Ib and/or for separating enantiomers of 



compounds of Formulas Ia or Ib. [0059] If the compound
of the invention is a base, the desired
pharmaceutically acceptable salt may be prepared by
any suitable method available in the art, for example,
treatment of the free base with an inorganic acid,
such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid and the like, or
with an organic acid, such as acetic acid, maleic
acid, succinic acid, mandelic acid, fumaric acid,
malonic acid, pyruvic acid, oxalic acid, glycolic
acid, salicylic acid, a pyranosidyl acid, such as
glucuronic acid or galacturonic acid, an alpha hydroxy
acid, such as citric acid or tartaric acid, an amino
acid, such as aspartc acid or glutamic acid, an
aromatic acid, such as benzoic acid or cinnamic acid,
a sulfonic acid, such as p-toluenesulfonic acid or
ethanesulfonic acid, or the like. [0060] If the
compound of the invention is an acid, the desired
pharmaceutically acceptable salt may be prepared by
any suitable method, for example, treatment of the
free acid with an inorganic or organic base, such as
an amine (primary, secondary or tertiary), an alkali
metal hydroxide or alkaline earth metal hydroxide, or
the like. Illustrative examples of suitable salts
include, but are not limited to, organic salts derived
from amino acids, such as glycine and arginine,
ammonia, primary, secondary, and tertiary amines, and
cyclic amines, such as piperidine, morpholine and
piperazine, andinorganic salts derived from sodium,
calcium, potassium, magnesium, manganese, iron,
copper, zinc, aluminum and lithium. [0061] The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. [0062] A "solvate" refers to an
association or complex of one or more solvent
molecules and a compound of the invention. Examples
of-solvents that form solvates include, but are not
limited to, water, isopropanol, ethanol, methanol,
DMSO, ethyl acetate, acetic acid, and ethanolamine.
The term "hydrate" refers to the complex where the
solvent molecule is water. [0063] The term "protecting
group" or "Pg" refers to a substituent that is
commonly employed to block or protect a particular
functionality while reacting other functional groups
on the compound. For example, an "amino-protecting
group" is a substituent attached to an amino group
that blocks or protects the amino functionality in the
compound. Suitable amino-protecting groups include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBZ) and 9-
fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a
"hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy
functionality. Suitable protecting groups include
acetyl and silyl. A "carboxy-protecting group" refers
to a substituent of the carboxy group that blocks or
protects the carboxy functionality. Common
carboxy-protecting groups include - CH2CH2SO2Ph,
cyanoethyl, 2-(trimethyls lyl)ethyl,
2-(trimethylsilyl)ethoxymethyl, 2-(ptoluenesulfonyl)
ethyl, 2-(p-nitrophenylsulfenyl)ethyl,
2-(diphenylphosphino)-ethyl, nitroethyl and the like.
For a general description of protecting groups and
their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.
[0064] The terms "compound of this invention," and
"compounds of the present invention" and "compounds of
Formula Ia and Ib" include compounds of Formulas Ia
and Ib and stereoisomers, geometric isomers,
tautomers, solvates, metabolites, and pharmaceutically
acceptable salts and prodrugs thereof [0065] The term
"mammal" includes, but is not limited to, humans,
dogs, cats, horses, cows, pigs, sheep, and poultry.
C-MET INHIBITOR COMPOUNDS [0066] The present invention
provides heterobicyclic pyrazole compounds, and
pharmaceutical formulations thereof, that are
potentially useful in the treatment of diseases,
conditions and/or disorders modulated by c-Met. More
specifically, the present invention provides compounds
of Formulas Ia and IbI S I a Ib [0067] and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites and pharmaceutically acceptable salts and
prodrugs thereof, wherein: [0068] X is O, S or NR10 ;
[0069] Z2 and Z3 are independently selected from CR4
and N, wherein zero or one of Z2 and Z3 is N; [0070]
R1 is H, C1-Ci 2 alkyl, C2- C8 alkenyl, C2- C8
alkynyl, -C(O)NR 10R1 1, or -(CR 14R15XNR10R", or
[0071] R1 is C3-C12 carbocyclyl, C2- C20 heterocyclyl,
C6- C2Oaryl or C1-C20 heteroaryl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, CN,
CF3, oxo,. -OR 10, SR10, -C(=Y)R 10, -C(=Y)OR 10,
-C(=Y)NR 10R", -(CR 14R15VNR 10R1 1, -NR 10CC=Y)R13,
-NR 10CC=Y)OR1 1, -NR 12CC=Y)NR10R11, -NR 12SO2R10,
-OC(=Y)R 10 , -OC(=Y)OR 10, -OCC=Y)NR 0R11,
-OSCO)2(OR10), -OPC=Y)(OR 10XOR1 1), -OP(OR 1)(OR"),
-S(O)R 10, -S(O) 2R10, -S(O) 2NR10R1 1, -S(O)(OR 10 ),
-S(O) 2(OR10), -SC(=Y)R 10 , -SC(=Y)OR 10,
-SC(^=Y)NR10R1 1, C1- C12 alkyl, C -Cs alkenyl, C - C
alkynyl, C3-C12 cycloalkyl, C2- C2Oheterocyclyl, Ce-C
20 aryl, C]-C 0 heteroaryl, -(CR 14R15)-NR 12C(=O)(CR
I4RI5)NR I0Rp , and (CR14R15XNR10R1 1, or [0072] R1 is
NRxRy; [0073] R2 is H, CF3 CN, -C(=Y)R 10 -C(=Y)OR 10
, -C(=Y)NR 10Rp , -C(=O)NR 12(CR14R15),NR10Rn , -SR10
, -S(O)R 10, -S(O)2R10, S(O)2NR10R11, -SC(=Y)R 10 ,
-SC(=Y)OR 10, Ci-Ci 2 alkyl, C2-C8 alkenyl, C2-C8
alkynyl, C3-Ct2 carbocyclyl, C2-C20 heterocyclyl,
CO-C2O aryl, or Ci-C2Oheteroaryl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I,
(CH2)nOR10, (CHa)nNR10R1 1, heteroaryl and
heterocyclyl; [0074] R3 is C3-C12 carbocyclyl, C2-
C2Oheterocyclyl, C6- C2Oaryl o r C - C2 heteroaryl,
wherein said carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, CI, Br, 1, CN,
CF3, OR10, SR10, -C(=Y)R 10, -C(=Y)OR 10 , -CC=Y)NR
10R1 1, -NR 10R1 1, -NR 10CC=Y)R 3, -NR 10CC=Y)OR1 1,
-NR 12CC=Y)NR10R11,-NR 12CC=O)CC=O)R10R1 1, -NR
I2C(=O)C(=O)OR a, -NR 12SO2R10 , -NR 12CC=V)(CR
14R15)nC(=Y2)NR 10R", - NR C Y NR C XCR R15), 1, -NR
12CC=Y1) CCR14R15)nC(=Y2)(CR 14R15)mR10, -OC(=Y)R 10,
-OCC=Y)OR 10, -OCC=Y)NR 10R1 1, -OSCO)2COR )3
-OPC=Y)(OR 10XOR1 1) -OPCOR10XOR1 1), -S(O)R 10, -S(O)
2R10, -S(O) 2NR10R1 1 , -S(O)(OR 10), -S(O) 2(OR 10),
-SC(=Y)R 10, -SC(=Y)OR 10, -SC(=Y)NR 10R1 1, C1- C12
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3-C 12
cycloalkyl, C2- C20 heterocyclyl, C - C Oaryl and Ci-C
2Oheteroaryl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted with one or more groups
independently selected from F, Cl5 Br5 I5 OH, Ci-Ci 2
alkyl, NR10R1 1, and (CR 14R15)n-aryl; [0075] R4 is H,
F, Cl, Br, CF3, CN, -C(=Y)R 10, -C(=Y)OR 10, -C(=Y)NR
10Rn , -NR 10R1 1, NR10CC=Y)R", NR10CC=Y)OR1 1 ,
NR12CC=Y)NR10R1 1 , -NR12SO2NR10R1 1, -OR10,
-OCC=Y)R10, 



-OC(=Y)OR 10 , -OC(=Y)NR 10Rp , -C(=O)NR
12(CR14R15),NR10Ru , -OPC=Y)COR10XOR1 1), -OP(OR
10XOR1 1), -SR 10, -SCO)R10, -SCO)2R10, -SCO)2NR10R1
1, -SCC=Y)R10, -SCC=Y)OR10, Ci-C 12 alkyl, C2-C
alkenyl, C2-C alkynyl, C -Ci 2 carbocyclyl, C2-C2O
heterocyclyl, Cg-C2 aryl, or Ci-C 2O heteroaryl;
[0076] R10, R" and R12 are independently H5 C - Ci
alkyl, C2- C alkenyl, C2-Cg alkynyl, C3- C 2
carbocyclyl, (CR 14R15)nC2- C20 heterocyclyl, CCR14R
)nC6- C20 aryl, or C1- C20 heteroaryl, wherein said
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl are optionally substituted with
one or more groups independently selected from F, Cl5
Br, I, SO R0, CN, ORa, NRaRb, C(=O)NR aR , CRaCC=O)Rb,
C1- C12 alkyl, C2- C alkenyl, C2- C8 alkynyl, C3- C12
carbocyclyl, C - C Oaryl, and C - C2Oheteroaryl,
[0077] or R10 and R1 1 together with the nitrogen to
which they are attached optionally form a saturated,
partially unsaturated or fully unsaturated C3- C2O
heterocyclic ring optionally containing one or more
additional ring atoms selected from N, O or S, wherein
said heterocyclic ring is optionally substituted with
one or more groups independently selected from oxo,
CCH2)nORa, NRaRb, CF3, F, Cl, Br, I, SO2Ra, CC=O)R ,
NR10CC=Y)R1 1, CC=Y)NR10R1 1, C1- C 2 .alkyl, C2- C8
alkenyl, C2-Cg alkynyl, Cs-Ci 2 cycloalkyl, C2- C2
heterocyclyl, Ce-C 2 aryl and C - C2O heteroaryl,
[0078] or R10 and R12 together with the atoms to which
they are attached ' form an oxo-substituted C3- C2O
heterocyclic ring optionally fused to a benzene ring;
[0079] R13 is H, C - Ci2 alkyl, C2- C8 alkenyl, C2- C8
alkynyl, (CR 14R15)n-cydoalkyl, (CR 14R15)n
-heterocyclyl, (CR14RI5)n-aryl, (CR
14R15)n-heteroaryl, (CR14R15)n-O-(CR 14Ris)m-aryl, (CR
14R15)n -OR 10 , (CR 14R1VNR 10R", (CR14R15)n-NR
10C(=O)R n , or (CR14R15)n-NR10(SO2Me)-R p , wherein
said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, and heteroaryl portions are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, oxo, SO2RC,
CN, ORa,C(=O)Ra, C(=O)ORa, NRaRb, NRaC(=O)Rb, Ci-Ci 2
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
cycloalkyl, C - C O heterocyclyl, C - C2O aryl, C -
C2Oheteroaryl; [0080] each R14 and R15 is
independently H, C1- C12 alkyl, or (CH2)r aryl, [0081]
or R14 and R15 together with the atoms to which they
are attached form a saturated or partially unsaturated
G - Ci2 carbocyclic ring, [0082] or R10 and R15
together with the atoms to which they are attached
form an oxo-substituted saturated or partially
unsaturated monocyclic or bicyclic Ci-C 2O
heterocyclic ring optionally further substituted with
one or more groups independently selected from F, Cl,
Br I, ORa, C - Ci2 alkyl, C2- C8 alkenyl, C2-Cg
alkynyl, C3- C 2 cycloalkyl, C2- C20 heterocyclyl,
Ce-C2Oaryl, or Ci-C 2O heteroaryl, wherein said alkyl
and aryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, and I,
[0083] or R14 is null and R10 and R15 together with
the atoms to which they are attached form a Ci-C 20
heteroaryl ring having one or more heteroatoms; [0084]
Ra and Rb are independently H, C1-Ci 2 alkyl, C2- C
alkenyl, C2- C8 alkynyl, C3- C 2 carbocyclyl, C2- C
Oheterocyclyl, C6- C2Oaryl, or C - C2Oheteroaryl,
wherein said alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl, aryl, and heteroaryl are optionally
substituted with one or more groups independently
selected from C -C alkyl and halogen; [0085] Rc is
Ci-C 12 alkyl or Ce-C2O aryl, wherein said alkyl and
aryl are optionally substituted with one or more
groups independently selected from F, Cl5Br 1, ORa and
C(=O)NRaRb; [0086] Rx is H or C -C6 alkyl; [0087] Ry
is (i) (C -C6 alkyl)NRJRk wherein Rj and Rk are
independently H or C -C6 alkyl; (ii) Cs-C6 cycloalkyl
optionally substituted with OH or -OC(=O)CF3; or (iii)
a 5-6 membered heterocyclic ring having 1 to 2 ring
heteroatoms independently selected from N and O and
optionally substituted with a halogen group, C1-C6
alkyl, (C1-C6 alkyl)OH, (C -C6 alkyl)O(C -C6 alkyl),
or C1-C6 fluoroalkyl; [0088] Y, Y1 and Y2 are
independently O or S; [0089] t is 1, 2, 3, 4, 5 or 6;
and [0090] n and m are independently 0, 1, 2, 3, 4, 5
or 6. [0091] Compound of Formula Ia and Ib include
compounds wherein: [0092] X is O, S or NR10 ; [0093]
Z2 and Z3 are independently selected from CR4 and N
wherein zero or one of Z2 and Z3 is N; [0094] R1 is H,
C1- C12 alkyl, C2- C8 alkenyl, C2- C8 alkynyl,
-C(=O)NR 10Ru , or -(CR14R15XNR10R1 1, or[0095] R' is
C3- C12 carbocyclyl, C - C O heterocyclyl, Q-C 20 aryl
or Ci-C 20 heteroaryl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, CN,
CF3, oxo, -OR 10, SR10 , -CC=Y)R 10, -CC=Y)OR 10,
-CC=Y)NR 10R1' , -(CR 14R15VNR 10R1 1, -NR 10C(=Y)R
13, -NR 10CC=Y)OR1 1, -NR 12CC=Y)NR10R", -NR 12SO2R10,
-OC(=Y)R 10 , -OCC=Y)OR 10, -OCC=Y)NR 10R", -OSCO)2(OR
10), -OPC=Y)(OR 10XOR1 1), -OP(OR 1)(OR n ), -S(O)R
10, -S(O) 2R10, -SCO)2NR10R11 , -S(O)COR 10), -S(O)
2COR10), -SCC=Y)R 10, -SCC=Y)OR 10, -SCC=Y)NR 10R1 1,
C1- C12 alkyl, C2- C8 alkenyl, C2-Cs alkynyl, C3-Ci 2
cycloalkyl, C2- C2Oheterocyclyl, C6- C2Oaryl, Ci-C 2O
heteroaryl, -(CR 14R 5)-NR 12CC=O)CCR14R15)NR 10Rp ,
and CCR4R5 NR10R1\ or R2 is H, CF3, CN, -CC=Y)R10 ,
-CC=Y)OR10 , -C(=Y)NR 10Rp ,
-CC=O)NR12CCR14R15)tNR10Rn , -SR 10 , -S(O)R 10 ,
-S(O)2R10, S(O)2NR10R11, -SC(=Y)R 10, -SCC=Y)OR10,
C1-C12 alkyl, C2-C alkenyl, C2-C8 alkynyl, C3-C]2
carbocyclyl, C2-C Oheterocyclyl, Ce-C2Qaryl, or Ci-C
2O heteroaryl, wherein said alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, (CH2)nOR10,
(CHa)nNR10R1' , heteroaryl and heterocyclyl; [0096] R3
is C3- C]2 carbocyclyl, C2- C2O heterocyclyl, Q-C 20
aryl or Ci-C 20 heteroaryl, wherein said carbocyclyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, CN, CF3, OR10 , SR10
-C(=Y)R 10, -C(=Y)OR 10 , -C(=Y)NR 10Rn , -NR 10R1 1,
-NR 10C(=Y)R 13 , -NR 10C(=Y)OR n , -NR 12CC=Y)NR10R1
1, -NR l2C(=O)C(=O)R 10Rp , -NR 12C(=O)C(=O)OR a, -NR
12SO2R10, -NR 12C(=Y l)(CR 14R15)nC(=Y2)NR 10Ru , -NR
12C(=Y 1)NR 10C(=Y2)(CR 14R15)nR1 1, -NR 12C(=Y 1)(CR
14Rls)nC(=Y 2)(CR 14R15)mR10, -OCC=Y)R 10, -OCC=Y)OR
10 , -OCC=Y)NR 10R1 1, -OSCO)2COR10), -OP(=Y)(OR
10)(OR p ), -OP(OR IO)(OR' '), -S(O)R 10, -S(O) 2R10,
-S(O) 2NR10R1 1, -SCO)(OR 10), -S(O) 2(OR 10),
-SC(=Y)R 10 , -SC(=Y)OR 10, -SCC=Y)NR 10R1 1 C1- C12
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C 2
cycloalkyl, C2 C20 heterocyclyl, Ce-C 2O aryl and C -
C20 heteroaryl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OH, C - Ci2
alkyl, NR10R1 1, and (CR 14RIS)n-aryl; [0097] R4 is H,
F, Cl, Br, CF3, CN, -C(=Y)R 10, -C(=Y)OR 10,
-CC=Y)NR10R1 1, -NR 10R1 1, NR10CC=Y)R1 1,
NR10CC=Y)OR1 1, NR12CC=Y)NR10R1 1, -NR 12SO2NR10R1 1,
-OR10 , -OC(=Y)R 10, -OCC=Y)OR10 , -OCC=Y)NR10R1 1,
-CC=O)NR 2CCR14R15),NR10Rn , -OPC=Y)COR10XOR1'), 



-OPCOR10XOR11 -SR 10, -SCO)R10, -SCO)2R10,
-SCO)2NR10R11 , -SCC=Y)R10, -SCC=Y)OR10, C-C 12alkyl,
C2-C8 alkenyl, C2-C8 alkynyl, C3-Ci2 carbocyclyl,
C2-C20 heterocyclyl, C6-C20 aryl, or Ci-C20
heteroaryl; [0098] R10 R1 1 and R12 are independently
H, Ci-C 12 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3-
C12 carbocyclyl, C2- C2O heterocyclyl, Cn-C2O aryl, or
C-- C2o heteroaryl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I,
SO2RC, CN, ORa, NRaRb, C(=O)NRaRb, CRaC(=O)Rb, Ci-C 12
alkyl, C2- C alkenyl, C2- C8 alkynyl, C3-Ci 2
carbocyclyl, C6- C20 aryl, and C - C2Oheteroaryl,
[0099] or R10 and R1 1 together with the nitrogen to
which they are attached optionally form a saturated,
partially unsaturated or fully unsaturated C3-
C2Oheterocyclic ring optionally containing one or more
additional ring atoms selected from N, O or S, wherein
said heterocyclic ring is optionally substituted with
one or more groups independently selected from oxo,
(CH2)nORa, NRaRb, CF3, F5 Cl, Br, I, SO2R , C(=O)Ra,
NR10C(=Y)Rn , C(=Y)NR10Rn , Ci-C 12 alkyl, C2- C8
alkenyl, C - C alkynyl, C -Ci 2 cycloalkyl, C2-
C2Oheterocyclyl, C6- C O aryl and Ci-C 2Oheteroaryl,
[00100] or R10 and R12 together with the atoms to
which they are attached form an oxo-substituted C -
C2Oheterocyclic ring optionally fused to a benzene
ring; [00101] R13 is H, C1- C12 alkyl, C2- C8 alkenyl,
C2- C alkynyl, (CRI4R15)n-cydoalkyl, (CR14R1V
heterocyclyl, (CR14R15)n-aryl, (CR14R15)n-heteroaryl,
(CR14Rls)n-O-(CR14RI5)m-aryl, (CR14R15)n-OR10,
(CR14R15VNR 10R1 1 , (CR14R1s)n-NR10(SO2Me)-Rn ,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, and heteroaryl portions are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, oxo, SO2R0,
CN OR3, C(=O)R\ C(=O)ORa, NRaRb, NRaC(=O)Rb, C1- C12
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
cycloalkyl, C2- C2Oheterocyclyl, C - C2Oaryl, and C -
C2Oheteroaryl; [00102] each R14 and R15 is
independently H, C1- C12 alkyl, or (CH2)r aryl,
[00103] or R14 and R15 together with the atoms to
which they are attached form a saturated or partially
unsaturated C3-Ci 2 carbocyclic ring, [00104] or R10
and R15 together with the atoms to which they are
attached form an oxo-substituted saturated or
partially unsaturated Ci-C 2Oheterocyclic ring
optionally further substituted with one or more groups
independently selected from F, Cl, Br, 1, ORa, Ci-C 12
alkyl, C2-Cg alkenyl, C2- C8 alkynyl, C3- C12
cycloalkyl, C2- C20 heterocyclyl, C6- C2O aryl, or
Ci-C 2O heteroaryl, wherein said alkyl and aryl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, and 1, [00105]
or R14 is null and R10 and R15 together with the atoms
to which they are attached form a Ci-C 2O heteroaryl
ring having one or more heteroatoms;[00106] Ra and Rb
are independently H Ci-Ci 2 alkyl, C2- C8 alkenyl, C2-
C8 alkynyl, C3-C] 2 carbocyclyl, C2-C 20 heterocyclyl,
C6-C 20 aryl, or Ci-C 2Oheteroaryl, wherein said
alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, and heteroaryl are optionally substituted with
one or more alkyl groups; [00107] Rc is Ci-Ci 2 alkyl
or C - C2O aryl, wherein said alkyl and aryl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, ORa and
C(=O)NR aRb; [00108] Y, Y1 and Y2 are independently O
or S; [00109] t is 1, 2, 3, 4, 5 or 6; and [00110] n
and m are independently 0, 1, 2, 3, 4, 5 or 6. [00111]
Compounds of Formula Ia and Ib further include
compounds of Formula Ia' and Ib': Ia1 Ib wherein R1 is
H, C1-Ci 2 alkyl, C2- C8 alkenyl, C2- C8 alkynyl,
-C(=O)NR 10R", or -(CR I4R15),NR 10Rp , or R1 is
C3-C12 carbocyclyl, C2-C20 heterocyclyl, C6-C 20 aryl
or C1-C20 heteroaryl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, CN,
CF3, oxo, -OR 10, SR10, -CC=Y)R 10, -C(=Y)OR 10,
-CC=Y)NR 10R", -CCR14R15)n-NR 10Rp , -NR 10CC=Y)R13,
-NR 10CC=Y)OR1 1 , -NR 12CC=Y)NR10R1 1, -NR 12SO2R10,
-OCC=Y)R 10, -OCC=Y)OR 10, -OCC=Y)NR 10R1' ,
-OSCO)2COR10), -OPC=Y)(OR 10)(OR n ), -OPCOR10XOR1 1),
-SCO)R10, -SCO)2R10, -SCO)2NR10R1 1, -SCO)COR10 ),
-SCO)2(OR 10), -SCC=Y)R 10, -SCC=Y)OR 10, -SCC=Y)NR
10R1 1, C1-Ci 2 alkyl, C2- C8 alkenyl, C2- C8 alkynyl,
C3- C 2 cycloalkyl, C2- C20 heterocyclyl, C - C2O
aryl, Ci-C 2O heteroaryl, -CCR14R15)-NR
I2C(=O)CCR14R15)NR 10Rp , and CCR14Rl s),NR 10Rl !, or
R1 is NRxRy; and R3 is C - C1 carbocyclyl, C2-
C2Oheterocyclyl, Ce-C 20 aryl or C1-C 20 heteroaryl,
wherein said carbocyclyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one or more
groups independently selected from F, CJ, Br, I, CN,
CF3, OR10, SR10, -CC=Y)R 10, -CC=Y)OR 10, -CC=Y)NR
10R", -NR 10R", -NR 10CC=Y)R13 -NR 10CC=Y)OR1 1, -NR
12CC=Y)NR10R1 1, -NR 12CC=O)CC=O)R10R1 1 , -NR
12CC=O)CC=O)OR8, -NR 12SO2R10, -NR 12CC=Y1)(CR
14R15)nC C=Y2)NR 10R", -NR I2CC=YI)NR
10CC=Y2)CCRI4RI5)nR", -NR 12C(=Y 1)(CR
14R15)nCC=Y2)(CR14R15XnR10, -OC(=Y)R !0, -OC(=Y)OR 10,
-OC(=Y)NR I0R! I, -OS(O) 2(OR10), -OP(=Y)(OR 10)(OR p
), -OP(OR 10XOR11), -S(O)R 10, -S(O) 2R10 , -S(O) 2NR
0R1 1, -S(O)(OR 10) -S(O) 2(OR 10), -SC(=Y)R 10,
-SC(=Y)OR 10, -SC(=Y)NR 10Rp , Ci-Ci 2 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 cycloalkyl, C - C2O
heterocyclyl, C6-C20 aryl and C]-C 2Oheteroaryl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, OH, Ci- C alkyl, NR10R.1'
and (CR14R15)n-aryl. [00112] In certain embodiments, X
is O. [00113] In certain embodiments, X is S. [00114]
In certain embodiments, X is NR10. In certain
embodiments, R10 is C -Ce alkyl. In certain
embodiments, X is NH. [00115] In certain embodiments,
X is NR10 . In certain embodiments, R10 is
(CRI4RI5)nC2- C20 heterocyclyl. In certain
embodiments, R14 and R15 are hydrogen. In certain
embodiments n is 2. In certain embodiments R10 is
(CH2CHa)C heterocyclyl. In certain embodiments, the
heterocyclyl is a morpholinyl group. [00116] Exemplary
embodiments of X include the following structures:
wherein the wavy lines indicate the points of
attachment to the pyrazolo[3,4-b]pyridine and R3.
100117] In certain embodiments, Z2 is CH, CCl, CF, or
CC(=O)NH2. [00118] In certain embodiments, Z3 is CH.
[00119] Formula Ia and Ib compounds are regioisomers,
differing by the attachment of R2 at the
non-equivalent nitrogen atoms of the pyrazole ring.
Formula Ia and Ib compounds include embodiments
wherein:[00120] Exemplary embodiments of Formula Ia
and Ib compounds include, but are not limited to, the
following structures: [00121] In certain embodiments,
R2 is H C1-C4 alkyl, CF3, CHF2 or CH2F. [00122] In
particular embodiments, R2 is Ci-C alkyl. [00123] In
other embodiments, R2 is H. 



[00124] In certain embodiments, R1 is H, C1-C4 alkyl,
CF3, CHF2 or CH2F. [00125] In certain embodiments, R1
is optionally substituted alkynyl. For example, in
certain embodiments R1 is alkynyl optionally
substituted by -(CR I4R15)-NR 12C(=O) (CR14R15)NR10Rn
or -(CR 4R5XNR10R11, wherein t, R10, Rn , R12, R14 ,
and R15 are as defined herein. [00126] In certain
embodiments, t is 1. [00127] In certain embodiments,
R10 is H or C1-C6 alkyl. [00128] In certain
embodiments, R1' is H or Ci-Ce alkyl. [00129] In other
embodiments, R10 and R" together with the nitrogen
atom to which they are attached form a 5-6 membered
heterocyclic ring optionally having a second ring
heteroatom selected from N, O, SO and SO and
optionally substituted with one or two groups
independently selected from N(Ci-C6 alkyl)2, OH, CF3
and C(=O)( C -C6 alkyl).[00130] In certain
embodiments, R12 is H or C1-C6 alkyl. [00131] In
certain embodiments, R14 and R15 are H or Me. [00132]
Exemplary embodiments include the following
structures: [00133] In certain embodiments, R1 is an
optionally substituted aryl or heteroaryl. [00134] In
certain embodiments, R1 is phenyl optionally
substituted with halogen (e.g., F or Cl), C-C 6 alkyl,
alkyl), CH2-heteroaryl (wherein said heteroaryl is a 5
membered ring having 2-3 ring nitrogen atoms),
CH2-hetCyc (wherein hetCyc is a 6 membered ring having
1 to 2 ring heteroatoms independently selected from N
and O and optionally substituted with Ci-C6 alkyl),
C(=O)NH(CH2)2-hetCyc wherein hetCyc is a 6 membered
ring having 1 to 2 ring heteroatoms independently
selected from and O), Sq 2NH(C -C6 alkyl), NMeOMe,
C(=O)NrRhR', or NRhR wherein Rh and R' are
independently H or Ci-C6 alkyl. [00135] In certain
embodiments, R1 is a phenyl group fused to a 6, 7, or
8 membered azacyclic ring (such as a piperidinyl ring)
optionally substituted with oxo. [00136] In certain
embodiments, R1 is a 5-6 membered heteroaryl having a
ring heteroatom selected from N and O and optionally
substituted with C(=O)NH( Ci-C6 alkyl) or CH2-hetCyc
wherein hetCyc is a 6 membered azacycle (such as a
piperazinyl group) optionally substituted with Ci-C6
alkyl. [00137] Exemplary embodiments of R1 include the
following structures:00138] and substituted forms
thereof. [00139] Further exemplary embodiments of R1
include the following structures: [00140] In certain
embodiments, R1 is a 5 membered heteroaryl having at
least one N heteroatom and optionally substituted with
Ci-C alkyl. [00141] Exemplerary embodiments of R1
include the following structures:CVf- O [00142] In
certain embodiments, R1 is -C(=O)NR 10Rn or
-(CR14R15)tNRI0Rn . [00143] In certain embodiments,
R14 and R15 are H. [00144] In certain embodiments, R10
is H or C - alkyl. [00145] In certain embodiments, R1
1 is Ci-C alkyl or (C C6 alkyl)ORh wherein Rh is H or
C-C 6 alkyl. [00146] In certain embodiments, R10 and
Rp together with the nitrogen atom to which they are
attached form a 6 membered ring optionally having a
second ring heteroatom selected from N and O
optionally substituted with Ci-C alkyl. [00147]
Exemplary embodiments of R1 include the following
structures: [00148] and substituted forms thereof.
[00149] Further exemplary embodiments of R1 include
the following structures: [00150] Further exemplary
embodiments of Rl include the following structure:
[00151] In certain embodiments of compounds of Formula
Ia and Ib, R1 is alkyl optionally substituted with one
or more groups independently selected from OR10,
(CHb)nNR10R1 1, heterocyclyl and heteroaryl. [00152]
In certain embodiments, R1 is alkyl substituted with a
6 membered heterocyclic group having a ring nitrogen
atom and optionally having a second ring heteroatom
selected from N and O, wherein said heterocyclic ring
is optionally substituted with -0(Ci-C alkyl) or C -C6
alkyl. [00153] In certain embodiments, R1 is alkyl
substituted with a 5 membered heteroaryl group having
one or two ring nitrogen heteroatoms. [00154]
Exemplary embodiments of R1 include, but are not
limited to, methyl, CH OH, CH2CH2OH, CH2CH2CH2OH,
CH(OH)CH2OH,[00155] A further exemplary embodiment
includes [00156] A further exemplary embodiment of R1
includes the structure: [00157] In certain embodiments
of compounds of Formula I a and Ib, R! is optionally
substituted heteroaryl. [00158] In certain
embodiments, R1 is a 5-6 membered heteroaryl ring
having 1 to 2 ring heteroatoms independently selected
from N and O and optionally substituted with one or
two groups independently selected from Br, hetCyc and
CH2-hetCyc, wherein hetCyc is a 6 membered
heterocyclic ring having a ring nitrogen atom and
optionally having a second ring heteroatom selected
from N and O, wherein hetCyc is optionally substituted
with Ci-Ce alkyl or (C)-C alkyl)OH. [00159] Exemplary
embodiments of R1 include, but are not limited to, the
following structures: [00160] Further exemplary
embodiments of R1 include, but are not limited to, the
following structures:[00161] In certain embodiments of
compounds of Formula Ia and Ib, R1 is a saturated or
partially unsaturated 5-10 membered monocyclic or
bicyclic heterocyclic ring, wherein said ring has one
or two ring atoms independently selected from N and O
and is optionally substituted with C -Ce alkyl, -
(C1-C6 alkyl)O(Ci-C 6 alkyl), NR10R1 1 or CH2NR10R1 1
wherein R10 and R1 1 are independently H, C,- C alkyl,
hetCyc or CHahetCyc wherein hetCyc is a 5-6 membered
ring having one or 2 ring nitrogen atoms. Exemplary
embodiments of R1 include, but are not limited to, the
following structures: [00162] In certain embodiments
of compounds of Formula I a and Ib, R1 isNRxRy.
[00163] In certain embodiments, Rx is H or Me. [00164]
In certain embodiments, Ry is (i) (Ci-C6 alkyl)NRjRk
wherein Rj and Rk are independently H or Ci-Cg alkyl;
(ii) cyclohexyl optionally substituted with OH or
OC(=O)CF3; or (iii) a 5-6 membered heterocyclic ring
having a ring heteroatom selected from N and O and
optionally substituted with F, (C1-C6 alkyl), (C -C6
alkyl)OH, (Cr C6 alkyl)O(C r C6 alkyl) or (Ci-C 6
fluoroalkyl). [00165] Exemplary embodiments of R1
include, but are not limited to, the following
structures:[00166] In certain embodiments of compounds
of Formula Ia and Ib, R1 is -(CR 14R15 NR10R1 1. In
certain embodiments, t is 0. In certain embodiments,
R10 is H. In certain embodiments R1 1 is an 8 membered
bicyclic heterocyclic ring having a N heteroatom and
optionally substituted with CrQ alkyl. [00167]
Exemplary embodiments of Rl include the structure:
[00168] In certain embodiments of compounds of Formula
Ia and Ib, R1 is -CC=Y)OR10. In certain embodiments, Y
is O. In certain embodiments, R10 is C]-C alkyl. A
particular example is -C(O)OCH3. [00169] In certain
embodiments of compounds of Formula Ia and Ib, R3 has
the structure: [00170] wherein the wavy line indicates
the point of attachment to X; 



[00171] Z4, Z5, Z6, and Z7 are independently CR4a or N
and O5 1, or 2 of Z4 Z5 Z6, and Z7 is N, wherein when
Z4 and Z5 or Z6 and Z7 are CR4a, then Z4 and Z5 or Z6
and Z7 optionally form a saturated, partially
unsaturated or fully unsaturated carbocyclic or
heterocyclic ring; [00172] each R4a is independently
H, F, Cl, Br, CF3, CN5 -CC=Y)R10, -CC=Y)OR 10,
-C(=Y)NR 10Rn , -NR 10R1 1, NR10C(=Y)R", NR10CC=Y)OR",
NRI2C(=Y)NR 10R p , -NR 12SO2NR10R 11, -OR 10,
-OC(=Y)R 10, -OCC=Y)OR 10, -OCC=Y)NR 10R1 , -CC=O)NR
12CCRI4R15)tNR10Ru , -OPC=Y)COR10XOR 11), -OPCOR1)CORn
), -SR 10, -S(O)R 10, -S(O) 2R 10, -S(O) 2NR10R1 1
-SC(=Y)R 10, -SC(=Y)OR 10, Ci-Ci 2 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, C3-Ci 2 carbocyclyl, C2-C20
heterocyclyl, C6-C20 aryl, or C1-C20 heteroaryl; and
[00173] R5 is F, Cl5 Br, I, CN5 CF3 OR 10 , SR 10 ,
-CC=Y)R 10 -CC=Y)OR 10, -CC=Y)NR 10R1\ -NR 10R11 , -NR
10CC=Y)R13 , -NR 10CC=Y)OR 1 1, -NR 12CC=Y)NR10R1 1,
-NR 12CC=O)CC=O)R10R1 1, -NR 12CC=O)CC=O)OR , -NR
12SO2R10, -NR 12CC=Y1)(CR 14R15)nC(=Y 2)NR 10R1\-NR
12C(=Y 1)NR 10C(=Y2)(CR 14R15)nRl l 5 -NR 12C(=Y 1)(CR
u R15)nC(=Y2)(CR 14Rl5)mR10 -OC(=Y)R 10, -OC(=Y)OR 10,
-OCC=Y)NR 10R1 1, -OSCO)2COR10 ) -OPC=Y)COR10)(OR p ),
-OPCOR 10XOR 1 1) -SCO)R 10, -S(O) 2R10, -S(O) 2NR
10R1 1, -SCO)COR10), -SCO)2COR10) -SCC=Y)R 10 ,
-SCC=Y)OR 10 -SCC=Y)NR 10R1 1, C1-Ci 2 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 cycloalkyl, C2- C2O
heterocyclyl, Ce-C 2O aryl and C - C2O heteroaryl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one or more groups independently
selected from alkyl, NR10R1 1, and CCR14R15)n-aryl.
[00174] In certain embodiments of R3 as defined above,
R4a is CH or N. [00175] For example, in certain
embodiments of Formula I a and I b compounds, R3 is
selected from the structures: j N [00176] and
substituted forms thereof, wherein the wavy line
indicates the point of attachment to X, and R5 is as
defined herein. Exemplary embodiments of R3 include
the following structures: [00177] In certain
embodiments of compounds of Formula Ia and Ib, R3 is a
bicyclic heteroaryl ring substituted with an R5 group,
wherein R5 is as defined above. An exemplary
embodiment is the structure: [00178] In certain
embodiments of Formula Ia and Ib compounds, R3 is
selected from the structure:[00179] wherein the wavy
line indicates the point of attachment to X and R4a
and R5. are as defined herein. [00180] In certain
embodiments, each R4a is independently selected from
H, F, Cl, Ci-C alkyl, O- (Ci-C6 alkyl); and CN.
[00181] Exemplary embodiments of R3 include the
following structures: [00182] wherein the wavy line
indicates the point of attachment to X and R5 is as
defined herein. [00183] Additional exemplary
embodiments of R3 include the structures: [00184]
Further exemplary embodiments of Formula Ia and Ib
compounds include compounds wherein R3 is[001851
wherein R4a and R5 are as defined herein and two
adjacent R4a groups together with the atoms to which
they are attached form a saturated, partially
unsaturated or fully unsaturated carbocyclic or
heterocyclic ring. For example, in certain embodiments
R3 is selected from the following structures: [00186]
Exemplary embodiments of compounds of Formulas Ia and
Ib include the following structures:[00187] In certain
embodiments of compounds of Formulas Ia and Ib, R5 has
the structure: [00188] wherein R10 , R1 1 R12 R 4,
R15, Y1 and Y2 are as defined herein. [00189J In
certain embodiments, Y1 is O. [00190] In certain
embodiments, Y2 is O. [00191] In certain embodiments,
R12 is H or C -C alkyl. [00192] In certain
embodiments, R14 is H. [00193] In certain embodiments,
R15 is H. [00194] In certain embodiments, R10 is H.
[00195] In certain embodiments, R1 1 is phenyl
optionally substituted with a halogen group. [00196]
Exemplary embodiments of Rs include the structure
[00197] In further exemplary embodiments, R14 and R15
together with the atom to which they are attached form
an optionally substituted carbocyclic ring. In certain
embodiments, R14 and R15 together with the carbon atom
to which they are attached form a cyclopropyiidine
group. [00198] For example, in certain embodiments R5
is: [00199] In further exemplary embodiments, R15 and
R10 together with the atom to which they are attached
form an oxo- substituted heterocyclic ring, wherein
said heterocyclic ring is optionally further
substituted.[00200] In certain embodiments, R10 and
R15 together with the atoms to which they are attached
form an oxo-substituted 5, 6, or 7 membered azacyclic
ring. [00201] For example, in certain embodiments R5
is selected from the structures: [00202] In certain
embodiments, R12 is H. [00203] In certain embodiments,
R14 is H, methyl or benzyl. [00204] In certain
embodiments, R1 1 is H C -C alkyl, or phenyl
optionally substituted with one or two groups
independently selected from F and Cl. [00205] For
example, in certain embodiments R5 is selected from
the structures: [00206] Further exemplary embodiments
of R5 include the structures:[00207] In further
exemplary embodiments, R15 and R10 together with the
atoms to which they are attached form an
oxo-substituted bicyclic azacyclic ring, for example
an oxo-substituted 6 membered bicyclic azacyclic ring
such as an azabioyclo[3.1.0]hexane group. An exemplary
embodiment of R5 includes the structure: [00208] In
further exemplary embodiments, R14 is null and R10 and
R15 together with the atoms to which they are attached
form a heteroaryl ring having a ring nitrogen atom and
substituted with =Y, wherein said heteroaryl ring
optionally has one or more additional heteroatoms
independently selected from N, O and S [00209] In
certain embodiments, R10 and R15 together with the
atoms to which they are attached form an
oxo-substituted 6 membered heteroaryl ring having one
or two ring nitrogen atoms. [00210] For example, in
certain embodiments R5 is selected from the
structures: and substituted forms thereof, wherein Y1,
Y2 and R1 1 are as defined herein. In certain
embodiments, R1 1 is optionally substituted aryl,
cycloalkyl, or alkyl. [00211] In certain embodiments,
Y1 is O. [00212] In certain embodiments, Y2 is O.
[00213] In certain embodiments, Rn is phenyl
optionally substituted with F. [00214] In certain
embodiments, R1 s benzyl. [00215] In certain
embodiments, R1 1 is Ci-C6 alkyl. [00216] For example,
in certain embodiments R5 is selected from the
structures:[00217] wherein the phenyl and cyclohexyl
groups are optionally substituted with one or more Rd
groups independently selected from F, Cl, Br, I SO2RC,
CN OR\ NRaRb, C(=O)NRaRb 



CRaC(=O)Rb, Ci-Ci 2 alkyl, C2- C8 alkenyl, C2- C8
alkynyl, C6- C2Oaryl, and Ci-C 2Oheteroaryl. In
certain embodiments, the phenyl and cyclohexyl groups
are optionally substituted with one Rd group. In
certain embodiments, Rd is F. [00218] Exemplary
embodiments of R5 include the structures: [00219]
Further exemplary embodiments of R5 include the
structure:[00220] In certain embodiments, R1 1 is an
optionally substituted heteroaryl, such as a pyridyl
group. An exemplary embodiment of R5 includes the
structure: [00221] In certain embodiments of compounds
of Formula Ia and Ib, R5 has the structure: [00222]
wherein R10, R12, R14, R15 , Y1 and Y2 are as defined
herein. In certain embodiments, R14 and R15 together
with the atoms to which they are attached form an
optionally substituted carbocyclic ring. [00223] A
particular example of R5 is the structure: [00224]
wherein R10, R12, Y1 and Y2 are as defined herein and
R14a and R15a together with the carbon atom to which
they are both attached form a spirocyclic carbocycle,
such as a cyclopropylidine group. [00225] In certain
embodiments, Y1 is O. [00226] In certain embodiments,
Y2 is O. [00227] In certain embodiments, R14 and R13
are H. [00228] In certain embodiments, R10 is phenyl
optionally substituted with a halogen group. In
certain embodiment, said phenyl is substituted with F.
[00229] For example, in certain embodiments R5 is
selected from the structures: [00230] In certain
embodiments of compounds of Formula Ia and Ib, R5 has
the structure:[00231] wherein Y1, Y2, R10 , R1 1 R12 ,
R and R!5 are as defined herein. In certain
embodiments, R1 1 is optionally substituted aryl.
[00232] In certain embodiments, R12 is H or C1-C
alkyl. [00233] In certain embodiments, R10 is H or
C1-C alkyl. [00234] In certain embodiments, R14 is H.
[00235] In certain embodiments, R15 is H. [00236] In
certain embodiments, R1' is phenyl optionally
substituted with halogen, for example a fluoro group.
[00237] For example, in certain embodiments R5 is:
[00238] A further exemplary embodiment of R is:
[00239] In certain embodiments of compounds of Formula
Ia and Ib, R5 has the following structure: [00240]
wherein Y, R10 and R13 are as defined herein. [00241]
In certain embodiments, Y is O. [00242] In certain
embodiments, R10 is H. [00243] In certain embodiments,
R10 is CH2Ph. [00244] In certain embodiments, R13 is
alkyl, (CR14R15)n-O-(CR 14R15)m-aryl, (CR14R15)-aryl,
(CR14R15>heteroaryl, (CR14R15)-heterocyclyl,
(CR14R15)-N(SO2Ra)(CR14R15)Rn , or (CR14R15)NR
10C(=O)-aryl, wherein said alkyl, aryl, heteroaryl and
heterocyclyl portions are optionally substituted.
[00245] In particular embodiments, R13 is
CR14R15O(CH2)m-phenyl, wherein phenyl is optionally
substituted with halogen (for example Cl), R14 and R15
are independently H or methyl and m is 0 or 1.[00246]
In particular embodiments, R13 is ORa wherein Ra is
Ci-C alkyl or phenyl. [00247] In particular
embodiments, R13 is (C1-C3 alkyl)-phenyl. [00248] In
particular embodiments, R13 is (C1-C alkyl)-hetAr
wherein hetAr is a 6 membered heteroaryl ring having
one or two ring nitrogen atoms. A particular example
of R13 is (C]-C2 alkyl)- pyridyl. [00249] In
particular embodiments, R13 is a 5-6 membered
heteroaryl ring having 1 to 2 ring atoms independently
selected from N, O and S and optionally substituted
with one or two groups independently selected from
NH-phenyl, morpholinyl, phenyl, and Ci-Ce alkyl.
[00250] In particular embodiments, R13 is phenyl
optionally substituted with one or two groups
independently selected from CN, F, phenyl, O-phenyl,
N(C -C6 alkyl)2, and NHC( O)(C -C6 alkyl). [00251] In
particular embodiments, R13 is CH2-N(C1-C4 alkyl)SO2Ra
or CH2-N(CH2Ph)SO2Ra. In particular embodiments, Ra is
Ci-C alkyl, phenyl or a 5 membered heteroaryl ring
having one or two ring heteroatoms independently
selected from N and O and optionally substituted with
C1-C6 alkyl. [00252] In certain embodiments, R13 is
(CH )n-hetCyc wherein n is 0 or 1 and hetCyc is a
saturated or partially saturated 6 membered
heterocyclic ring having a - ring nitrogen atom and
optionally substituted with oxo, Ct=O)(C 1-C6 alkyl),
SO2(C1-C5 alkyl), SO2-phenyl or C(O)O(C -C6 alkyl).
[00253] In particular embodiments, R13 is C]-C alkyl
optionally substituted with (C3- C6)cycloalkyl or 0
-(C -C6 alkyl). [00254] In particular embodiments, R13
is CH2N(C1-C6 alkyl)C(=O)phenyl. [00255] For example,
in certain embodiments R5 is selected from the
structures: V g 0MEMBRANE AND PROCESS FOR THE RECOVERY
OF ACID FIELD OF THE INVENTION [0001] The present
invention relates generally to polymeric membranes for
separating acid from water. More particularly, it
relates to particularly adapted polymeric membranes
and their use in separating and recovering acids,
including sulfuric acid. BACKGROUND OF THE INVENTION
[0002] Numerous industrial processes use acids in
their processing that dilute or contaminate the acid
with water. These contaminated acids are commonly
referred to as "spent acid". Industrial chemical and
petroleum processes are prime examples. Many of these
processes require purification or regeneration of the
process acid to remove impurities, and reconstitute
the acid which often require costly processing.
Handling spent acid also raises safety and
environmental concerns. Accordingly, there is ample
need for a separation process to efficiently and
effectively reconstitute the acid and, where needed,
remove impurities from process contaminated acids, to
restore the acid to or near its original process
specification. It would also be beneficial if that
process could be deployed "in situ" with the process
that produced the spent acid. The present invention is
directed to a polymeric membrane that is suitable for
use in regenerating process acids. The polymeric
membrane withstands the acid environment and
preferentially diffuses the water over the retentate
acid. The process can be used "in-situ" with common
chemical petroleum and petrochemical processes. Though
particularly described hereinafter in relation to use
in a petroleum processing stream, the polymeric
membrane has application to varied acid/water
separations. 



[0003] Acids are widely used in industrial chemical
and petroleum refining applications that require acid
"regeneration," which generally means removal ofwater
from the spent acid to restore the acid to, or near
to, its original process specification or
requirements. An exemplary acid use to illustrate the
present invention is sulfuric acid, which is used in a
number of chemical, petrochemical and petroleum
refining processes. [0004] Sulfuric acid is widely
used in industrial chemical and petroleum refining
processes. Depending on the use, commercial "fresh"
acid is typically supplied in strengths of 70-99.5 wt%
sulfuric acid with the remainder typically being
water. Many uses generate a waste or spent acid stream
containing a higher percentage of water. This spent
acid stream is typically reprocessed to remove the
water. Incineration and reconstitution of the sulfuric
acid is conventionally used to remove the water and
other contaminant organic material. [0005]
Conventional methods for spent acid regeneration
involve generally combustion of the spent acid to form
sulfur dioxide, conversion of the sulfur dioxide to
sulfur trioxide, and absorption of the sulfur trioxide
in water. While this technology is widely used to
produce high strength acid (>98 wt% H2SO4), it is
capital intensive. Thus, it is usually more economical
for low volume users of sulfuric acid to transfer
spent sulfuric acid by various means such as rail,
truck, ship, or pipeline to a central regeneration
facility rather than construct their own facilities
for acid regeneration. Freight costs can be a
significant part of the total costs for regenerating
spent acid. [0006] Sulfuric acid can also be
regenerated from about 70 wt% H2SO4 to about 85 wt% or
about 96 wt% sulfuric acid by using evaporation with
one or two stages. The evaporation method is highly
energy intensive as the acid/water mixture must be
heated to a high temperature to vaporize the water. It
also requires special materials such as glass lined
vessels and tantalum heaters to prevent corrosion. An
improved, less expensive method for regenerating spent
sulfuric acid is needed, preferably a method that may
be employed in situ.SUMMARY OF THE INVENTION [0007J
The present invention, relates generally to an
improved polymeric membrane and its use in
regenerating spent acid. One embodiment of the present
invention relates to particularly adapted polymer
membranes that are capable of withstanding an acid
environment and their use in a method for recovering
an acid such as sulfuric acid from a feed mixture
comprising predominantly acid and water. The method
comprises processing the acid/water mixture using a
polymeric membrane to form a first retentate
containing a substantially greater concentration of
acid than the feed mixture and a first permeate
containing a substantially greater concentration of
water than the feed mixture. In another embodiment,
the method comprises processing the first permeate
using a second polymeric membrane to form a second
retentate containing a substantially greater
concentration of acid than the first permeate and a
second permeate containing a substantially greater
concentration of water than the first permeate, and
recovering the first and second retentate. A further
embodiment includes processing of the feed, first
and/or second retentate to remove other than water
contaminants, e.g. organic contaminants. [0008] Yet
another aspect of the present invention relates to a
combination of reverse osmosis ("RO") membrane
separation, combined with pervaporation membrane
separation. BRIEF DESCRIPTION OF THE DRAWINGS [0009]
Figures 1to 3 are simplified schematics of different
embodiments of the present invention. [0010] Figure 4
is a graph of feed vs. permeate for reverse osmosis
and/or nanofiltration separation embodiments of the
present invention. [0011] Figure 5 is a graph of feed
vs. permeate for a pervaporation separation embodiment
of the present invention.DETAILED DESCRIPTION OF THE
INVENTION MEMBRANES AND MEMBRANE/SUPPORT [0012] The
present invention relates generally to polymeric
membranes for separating acid from acid-water
mixtures. More particularly, it relates to
particularly adapted polymeric membranes and their use
in separating and recovering acids, including sulfuric
acid from acid-water streams. These streams comprise
acid and water, and may have any combination of
hydrocarbons and/or other organic or inorganic
contaminants. The membranes of the present invention
comprise polymeric membranes. More particularly, the
membrane is a crosslinked polyvinyl alcohol membrane
characterized by its crosslink density. Crosslink
density as used herein, is defined as percent of
available alcohol groups reacted with a crosslinking
agent, e.g., 5% crosslinking means that about 5% of
the vinyl alcohol groups have been reacted with the
chemical crosslinking agent. The membrane crosslink
density ranges from about 1.0% to about 25.0%. In a
preferred embodiment the crosslink density ranges from
about 2.5% to about 20.0%, and most preferably ranges
from about 5.0% to about 10.0%. While not fully
understood, the crosslink density, as taught herein,
produces a membrane that may be adapted to withstand
acid environments typically encountered in petroleum
processing applications such as sulfuric acid
alkylation for example. The degree of crosslinking is
also believed to influence the selectivity and flux
characteristics of the membrane, in addition to its
mechanical and structural stability. The PVA membrane
is preferably crosslinked using 1,4 diisocyanatohexane
before use in an acid environment. Preferably the
membranes are made of crosslinked PVA, PVS and other
oxoanion modified PVAs. Other suitable crosslinking
agents include 1,4 diisocyanatobutane, 1,8
diisocyanatooctane, 1,12 diisocyanatododecane, 1,5
diisocyanateo-2-methyl pentane, and 4,4'
diisocyanato-diphenylmethane. In a preferred
embodiment, the crosslinked PVA membrane described
above is contacted with a sulfurcontaining agent such
as sulfuric acid, sufficient to react with the
hydroxyl groups of the PVA membrane to form sulfate
groups. The crosslinked polymer thereby becomes a
polyvinyl sulfate membrane ("PVS"), or a copolymer of
vinyl sulfate and vinyl alcohol, ("PVS/PVA"). The PVS
and/or PVS/PVA membranes are suitable for membrane
application in acid environments, such as sulfuric
acid membrane application where acid strength may
range from about 70% to about 98 wt% acid. The term
"acid environment", when used herein, means a liquid
or 



fluid substance containing about 70% to about 98 wt%
acid. In addition to poly(vinyl sulfate), other
membrane materials can be poly(vinyl phosphate) and or
other vinyl groups which may have affinity to sulfuric
acid or an affinity to the particular acid comprising
the acid environment. [0013] In addition to the
formation of polyvinylsulfate (PVS) from the reaction
of polyvinyl alcohol with sulfuric acid, other
inorganic oxoanion modified polymer membranes may be
used. They include polyvinyl phosphate membranes made
from PVA membranes. [0014] In addition to the
phosphate, one can also use arsenate, antimonate, or
bismuthate to form polyvinyl arsenate, polyvinyl
antimonate, and polyvinyl bismuthate, respectively.
Calcogenic oxides, such as polyvinyl selenate and
polyvinyl telurate, formed from the reaction of
selenic and teluric acids with PVA may also be used.
[0015] Another suitable membrane is formed by reacting
PVA with boric acid. [0016] In alternative
embodiments, other polymerized alcohols and their
oxoanion modified compounds, referred herein as
oxoanion modified polymerized alcohols may be used in
the practice of the present invention. Examples of
suitable polymerized alcohols include polypropyl
alcohol, polybutyl alcohol, and the like. These
structures also may include polymerizedalcohol
copolymers, polymerized terpolymers, oxoanion modified
polymerized alcohol copolymers, oxoanion modified
polymerized alcohol terpolymers and the like. These
also would form the corresponding modified polymers.
[0017] Other membranes suitable for use in the present
invention comprise perfluorinated ionomer membranes
characterized by the presence of active anionic
groups. The term "perfluorinated", as used herein,
refers to the replacement of hydrogen atoms in an
organic compound by fluorine (except where the
identity of a functional group would be altered
thereby, such as in the case of
per-fluoro-1-propanol). As used herein the term
"perfluorinated ionomer membrane" refers to an
ion-exchange membrane prepared from a perfluorinated
ion-exchange polymer. [0018] This class of ion
exchange polymers is generally characterized by the
presence of anionic groups attached to the polymer
chains which are associated with protons and/or metal
ions. The former exhibit acidic character while the
latter exhibit salt-like character. The anionic groups
form a continuous or nearly continuous microphase
within the polymer matrix. Examples of active anionic
groups are carboxylate, sulfonate, and phosphonate.
[0019] The concentration of anionic groups can be
expressed in units designated as EW (equivalent
weight) which is defined as the mass in grams of the
dry polymer in the acid form that would neutralize one
equivalent of base. The EW of poly (acrylic acid) is
64, which is the molecular weight of the monomer
acrylic acid. The EW of commercially available
Nafion(r), a perfluorinated copolymer manufactured by
DuPont, typically ranges between 950 to 1,800.
Additional description of this membrane may be found
in W. Y. Hsu and T. C. Giercke, "Ion Transport and
Clusters in Nafion(r) Perfluorinate Membranes," J.
Membrane Science, 13 [1983], 307-326.[0020] A
preferred membrane for use in the present process is
identified in the trade as Nafion(r), which is a
copolymer of perfluoroethylene and
perfluorovinylether, the latter component having
pendant sulfonic or carboxylic acid groups. The
structure of Nafion(r) is represented as follows, in
the case of a sulfonated Nafion(r) in its acidic form:
where m 5 to 13.5; and n = 1,000; Equivalent Weight
(EW) Ranges 950-1,800 Cation Exchange Capacity
1.05-0.55 meq/m [0021] Nafion(r) membranes can be
symmetric or asymmetric. Asymmetric Nafion(r)
membranes are comprised of material which is processed
so as to produce two membrane sides having different
properties such as, for example, a layer of carboxylic
acid-containing resin in association with a layer of
sulfonic acid-containing resin. More preferred
Nafion(r) membranes are Nafion(r) 1100 and Nafion(r)
800 marketed by DuPont, Fluoropolymers, Wilmington,
Delaware. [0022] In a preferred embodiment, the
membrane is supported by a secondary membrane such as
teflon or Gore-Tex(tm) for example, having a membrane
pore size selected to compliment the pore
characteristics of the primary membrane. The secondary
membrane may also serve as a suitable substrate for
the formation, deposition or coating thereon of the
primary membrane. [0023] In separating acid from acid
waste streams the flow rate of the feed across the
membrane surface should be sufficient to prevent undue
selectivity loss by concentration polarization. The
flow rate of the feed depends on theparticular
geometry and configuration of the membrane and any
supporting or containment vessel used, as well as on
temperature. Generally, higher tempera tures, lower
flow rates can be tolerated. Establishing the optimum
flow rate for a membrane configuration and set of
operating conditions can be readily determined by a
skilled practitioner. [0024] High flux can be achieved
by operating with the thinnest membrane that will
maintain its physical integrity under the operating
conditions. To help the membrane maintain its physical
integrity, a composite membrane may be used. For
example, a thin selective polymeric layer (or
membrane) may be supported on a non-selective, porous
membrane, to produce a laminate structure. The
selective membrane layer is preferably securely
attached on top of, or coating the surface of, the
porous membrane material which constitutes a physical
support. The thin polymeric layer may range in
thickness from submicron to 50 microns, preferably 0.5
microns to 10 microns, most preferably 0.5 microns to
4 microns. [0025] The membranes used in the process of
the present invention may be utilized in the form of
hollow fibers, tubes, films, sheets, etc. The process
may conveniently be carried out in a test cell which
is divided into compartments by means of a membrane or
membranes. The compartments will each have means for
removing the contents therefrom. The process may be
carried out continuously or batchwise, but preferably
in a continuous manner. MEMBRANE SEPARATION SYSTEMS
FOR ACID REGENERATION 



[0026] In one embodiment, the membrane separation
process is a reverse osmosis or nanofiltration
process, whereby the dilute acid feed is pressurized.
The reverse osmosis process and nanofiltration process
are known to those skilled in the art and are
described, for example, by Richard W. Baker inMembrane
Technology and'Applications, Second edition, John
Wiley and Sons, Ltd., at pages 191 et seq. [0027]
Referring to Figure 1, a dilute acid feed (10) is
conveyed and pressurized by pump means (12) to
membrane unit (14). In the reverse osmosis ("RO")
embodiment, the feed is pressurized between about 100
psi and 5000 psi, preferably 300 psi and 1500 psi, and
most preferably 600 psi to 1200 psi. The membrane unit
(14) comprises a polymeric membrane (16) that
preferentially excludes acids, such a sulfuric acid
for example, as described hereinabove. In a preferred
embodiment, membrane (16) comprises an acidic feed
compatible hydrophilic material such as cross-linked
poly(vinyl alcohol), ionic polymer such as Nafion(r),
for example, cellulose acetate, polysulfone, etc. In a
preferred embodiment, membrane (16) is supported by a
contiguous support membrane (16a) such as Teflon, for
example. Membrane support (16a) may preferably
comprise of an acid stable porous material such as
polytetrafluoroethylene, polyvinylidene fluoride, etc.
Membrane (16) preferentially excludes acid over water,
whereby retentate (20) is acid rich and permeate (18)
is predominantly water. In the RO and nanof ltration
embodiment, the spent or dilute acid feed, excluding
contaminants, typically contains less than about 50
wt% acid (i.e. about 50% water), preferably less than
about 40 wt% acid (i.e. about 60% water), and most
preferably less than about 25 wt% acid (i.e. about 75%
water). Referring momentarily to Figure 4, there is
shown a graph of feed water content versus permeate
water content for one embodiment. As noted from the
graph, in the RO or nanof ltration embodiment, the
membrane preferentially excludes acid for feed content
of acid less than about 25 wt%. For feed acid content
greater than about 25%, acid permeates the membrane in
approximately linearly increasing amounts with
increasing feed acid content. [0028] In an alternate
embodiment, the membrane system for acid regeneration
operates in a pervaporation configuration, illustrated
in Figure 2.[0029] In this embodiment, the feed to a
membrane unit is maintained under conditions of
pressure such that substantially all of the acid is in
liquid phase. The permeate is withdrawn under a
vacuum, which is generally maintained in the range of
1to 50 mm Hg, preferably in the range of 2 mm to 25 mm
Hg., and most preferably 5 mm to 15 mm Hg. The
permeated phase will be in a vapor phase, and
subsequently condensed by cooling in a condenser (not
shown). This process is generally known in the art as
pervaporation. [0030] In this preferred embodiment,
the separation mechanism is understood to be the
"solution-diffusion" type. According to this mechanism
feed components which have higher solubility in the
polymer material get preferentially sorbed and then
diffuse through the membrane to the permeate side.
Separation is based primarily on sorption and
diffusion. [0031] The vacuum on the permeate side of
the membrane can affect both selectivity and flux. The
selectivity and the flux generally increase as the
vacuum pressure on the permeate increases. In yet
another embodiment, a sweep gas may be passed across
the membrane at a rate sufficient to increase the
permeation rate. Suitable sweep gases include carbon
dioxide, nitrogen, hydrogen, air, or low boiling
hydrocarbons such as methane, ethane or propane.
Alternatively, the permeate side of the membrane may
be swept by a liquid perstraction solvent in which the
permeate is soluble and which is noncorrosive with
respect to the membrane, at a rate sufficient to
enhance the permeation rate of the permeable component
or components through the membrane. Suitable
perstraction solvents include alcohols . [0032]
Referring now to Figure 2, a spent acid stream (20)
such as a spent sulfuric acid stream comprising acid,
and predominantly water, is fed via a pump (22) or
other means to a membrane unit (24). The membrane unit
comprises a polymeric membrane (26) that is
selectively permeable to water relative to acid. In a
preferred embodiment, membrane (26) comprises an acid
feed compatiblehydrophilic materials such as
cross-linked poly(vinyl alcohol), ionic polymer
(Nafion(r)) and polytetrtafuoroethylene, for example.
In a preferred embodiment, membrane (26) is supported
by a contiguous support membrane (26a). In a preferred
embodiment, membrane support (26a) comprises of an
acid stable porous material such as
polytetrafluoroethylene, polyvinylidene fluoride, etc.
The selectively permeable membrane (26) separates the
feed into two products, a first permeate stream (28)
and a first retentate stream (29). The first permeate
stream (28) has increased water concentration and
substantially reduced acid content. The first
retentate stream (29) has increased acid content.
Referring momentarily to Figure 5, there is shown a
graph of Feed Water content versus Permeate Water
content for several exemplary vacuum levels (permeate
vacuum) for the embodiment illustrated in Figure 2. As
reflected in this graph, for the embodiment
illustrated in Figure 2, the feed (20) water content
ranges from about 3 wt% to about 95 wt%, preferably
about 5 wt% to about 80 wt%, and most preferably 10
wt% to about 70 wt%. Vacuum means (25) maintains
sufficient vacuum in the permeate side of the membrane
to achieve suitable selectivity and flux of the
permeate. In a preferred embodiment, the vacuum is
maintained in the range of one to about 50 mm.
Condenser means (27) functions to condense permeate
vapor into liquid which comprises water rich permeate.
[0033] To illustrate an application of the invention,
a feed that simulates two variants of a spent acid
stream was run on a single membrane embodiment as
illustrated in Figure 2. Feed versus permeate data for
two different acid feeds is shown in Table 1.TABLE 1
DATA FOR THE EMBODIMENT OF FIGURES 1AND 2 Membrane
used is Nation(r) 1035 f3.5 mil thick. 1035 EW - Feed
is Acid:Water Solution [0034] The RO embodiment
illustrated in Figure 1 may be combined with the
solution diffusion/pervaporation embodiment
illustrated in Figure 2. The combined system is
illustrated in Figure 3. [00351 Referring to Figure 3,
the spent acid (30) is fed via pump means (32) to
first membrane unit (34) which is an RO or
nanofiltration membrane system. 



Though not illustrated, a preliminary filtration
means, such as an additional membrane, may be
interposed before membrane unit (34) to remove organic
or inorganic contaminants, such as hydrocarbons.
Preferred filtration means comprise the acid tolerant
membrane systems taught in co-pending application
2005/0173345 published August 11, 2005. Membrane (36)
selectively excludes acid as described in respect of
Figure 4, for feed (30) acid concentrations less than
about 50 wt% and preferably for feed (30) acid
concentrations of less than about 20 wt%. For feed
(30) acid concentrations in excess of about 20 wt%,
acid permeates the membrane in increasing amounts
illustrated in the graph of Figure 4. This in turn
results in water in the retentate (39). Acid purity is
further improved by processing retentate to the second
membrane unit (3 1), which is a pervaporation membrane
system as described in respect of Figure 2. The second
membrane unit (31) comprises a membrane (33) is
selectively permeable to water over the acid. Passing
the first retentate (39) through the second membrane
unit (31), the membrane (33) produces a second
permeate (35) and asecond retentate stream (37). The
second permeate is water rich acid which can be
recycled back to the feed (30). The second retentate
stream (37) is high purity acid. Membranes (36) and
(33) may be preferably supported by membrane supports
(36a) and (33a), respectively. [0036] In the
embodiments of Figures 1, 2 and 3, the membranes are
preferably operated at conditions of temperature and
pressure sufficient to maintain the acid in the liquid
phase, e.g., temperature in the range of about -100C
to about 3000C, more preferably from about 00C to
about 500C, and most preferably from about 4C to about
400C. Preferably, the RO or nanofiltration membrane is
operated from about 100 to about 5000 psig, more
preferably from 800 to 1200 psig on the feed side. The
pressure on the permeate side is typically atmospheric
pressure, but it could be operated at higher pressure
so long as the pressure difference across the membrane
is sufficient for permeation purposes. The
pervaporation membrane is preferably operated in
pervaporation mode with the feed pressure typically
atmospheric and the permeate side under vacuum. The
predominantly water product (35) (permeate) will
preferably contain greater than about 95 percent by
weight water, and less than about 10 percent sulfuric
acid. The high purity acid product (37) (retentate)
will preferably contain greater than about 70 percent
by weight acid, less than about 10 percent by weight
water. [0037] The above preferred embodiments are
provided for purposes of illustrating the invention
and should not be construed as limiting the scope of
the invention as delineated by the following
claims.CLAIMS: 1. A method for recovering acid from a
feed mixture comprising predominantly acid and water,
the method comprising: processing said mixture using a
polymeric membrane to form a first retentate
containing a substantially greater concentration of
acid than said feed mixture and a first permeate
containing a substantially greater concentration of
water than said feed mixture, said polymeric membrane
selectively excluding permeance of acid over the water
in the feed mixture and further characterized as a
crosslinked polyvinyl membrane having a crosslinking
density from about 1.0% to about 25.0%, or a
perfluorinated ionomer membrane. 2. A method for
reconstituting an acid from a feed comprising a
mixture of acid and water, said method comprising: a.
processing said feed using a first polymeric membrane
that preferentially excludes permeance of the acid
over permeance of water; b. processing the permeance
of the first membrane with a second polymeric membrane
that selectively permeates water relative to the acid;
and c. collecting retentate of each membrane. 3. The
method of claims 1 or 2 wherein said polymeric
membrane is crosslinked PVA, crosslinked PVS or a
combination thereof. 4. The method of claims 1 or 2
wherein said feed mixture contains from about 5 to
about 70 percent by weight sulfuric acid strength
acid.5. The method of claims 1 or 2 wherein said
membrane comprises the following copolymer: where m =
5 to 13.5; and n = 1,000. 6. The method of claims 1 or
2 wherein the polymeric membrane has a polymeric layer
made of a polymer selected from the group consisting
of PVA, PVS, PVA phosphate, PVA arsenate, PVA
selenate, PVA tellurate, PVA nitrate, and PVA borate.
7. The method of claim 2 wherein the membrane is
further characterized as having a crosslinking density
ranging from about 1.0% to about 25.0%. 8. The method
of claims 1 or 7 wherein the membrane crosslinking
density ranges from about 2.5% to about 20.0%. 9. The
method of claim 8 wherein the membrane crosslinking
density ranges from about 5% to about 10%. 10. The
method of claim 9 wherein the polymeric membrane is
crosslinked with a crosslinking agent comprising: (a)
aliphatic diisocyanate (b) non-aliphatic diisocyanate
(c) mixtures of (a) and (b) (d) blends of (a) and (b)
(e) combinations of (c) and (d)11. The method of claim
2 wherein said feed comprises less than about 50 wt%
acid and said retentate comprises greater than about
70 wt% acid. 12. The method of claim 11wherein said
retentate comprises less than about 10 wt% water. 13.
The method of claim 1wherein the retentate is further
processed with a second membrane that selectively
excludes permeance of water over acid, and, collecting
the permeance of the second membrane. 


