
COMPOUNDS USEFUL AS RAF KINASE INHIBITORS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The
present invention claims priority to United States
provisional patent application serial number
60/947,291, filed June 29, 2007, the entirety of which
is hereby incorporated herein by reference. TECHNICAL
FIELD OF THE INVENTION [0002] The present invention
relates to compounds useful as inhibitors of protein
kinases. The invention also provides pharmaceutically
acceptable compositions comprising compounds of the
present invention and methods of using said
compositions in the treatment of various disorders.
BACKGROUND OF THE INVENTION [0003] Cancer results from
the deregulation of the normal processes that control
cell division, differentiation and apoptotic cell
death. Protein kinases play a critical role in this
regulatory process. A partial non-limiting list of
such kinases includes abl, ATK, bcr-abl, BIk, Brk,
Btk, c-kit, c-met, c-src, CDKl, CDK2, CDK4, CDK6,
cRafl, CSFlR, CSK, EGFR, ErbB2, ErbB3, ErbB4, ERK,
Fak, fes, FGFRl, FGFR2, FGFR3, FGFR4, FGFR5, Fgr,
FLK4, fit-1, Fps, Frk, Fyn, Hck, IGF-IR, INS-R, Jak,
KDR, Lck, Lyn, MEK, p38, PDGFR, PIK, PKC, PYK2, ros,
tiei, tie , TRK, Yes and Zap70. In mammalian biology,
such protein kinases comprise mitogen activated
protein kinase (MAPK) signalling pathways. MAPK
signalling pathways are inappropriately activated by a
variety of common disease-associated mechanisms such
as mutation of ras genes and deregulation of growth
factor receptors (Magnuson et ah, Seminars in Cancer
Biology; 1994 (5), 247-252). [0004] Additionally,
protein kinases have been implicated as targets in
central nervous system disorders (such as
Alzheimer's), inflammatory disorders (such as
psoriasis, arthritis), bone diseases (such as
osteoporosis), atherosclerosis, restenosis,
thrombosis, metabolic disorders (such as diabetes) and
infectious diseases (such as viral and fungal
infections).[0005] One of the most commonly studied
pathways involving kinase regulation is intracellular
signalling from cell suface receptors to the nucleus.
One example of this pathway includes a cascade of
kinases in which members of the Growth Factor receptor
Tyrosine Kinases (such as EGF-R, PDGF-R, VEGF-R,
IGFl-R, the Insulin receptor) deliver signals through
phosphorylation to other kinases such as Src Tyrosine
kinase, and the Raf, Mek and Erk serine/threonine
kinase families. Each of these kinases is represented
by several family members, which play related, but
functionally distinct roles. The loss of regulation of
the growth factor signalling pathway is a frequent
occurrence in cancer as well as other disease states.
[0006] The signals mediated by kinases have also been
shown to control growth, death and differentiation in
the cell by regulating the processes of the cell
cycle. Progression through the eukaryotic cell cycle
is controlled by a family of kinases called cyclin
dependent kinases (CDKs). The regulation of CDK
activation is complex, but requires the association of
the CDK with a member of the cyclin family of
regulatory subunits. A further level of regulation
occurs through both activating and inactivating
phosphorylations of the CDK subunit. The coordinate
activation and inactivation of different cyclin/CDK
complexes is necessary for normal progression through
the cell cycle. Both the critical Gl-S and G2-M
transitions are controlled by the activation of
different cyclin/CDK activities. In Gl, both cyclin
D/CDK4 and cyclin E/CDK2 are thought to mediate the
onset of S-phase. Progression through S-phase requires
the activity of cyclin A/CDK2 whereas the activation
of cyclin A/cdc2 (CDKl) and cyclin B/cdc2 are required
for the onset of metaphase. It is not surprising,
therefore, that the loss of control of CDK regulation
is a frequent event in hyperproliferative diseases and
cancer. [0007] Raf protein kinases are key components
of signal transduction pathways by which specific
extracellular stimuli elicit precise cellular
responses in mammalian cells. Activated cell surface
receptors activate ras/rap proteins at the inner
aspect of the plasma membrane which in turn recruit
and activate Raf proteins. Activated Raf proteins
phosphorylate and activate the intracellular protein
kinases MEKl and MEK2. In turn, activated MEKs
catalyze phosphorylation and activation of p42/p44
mitogen-activated protein kinase (MAPK). Various
cytoplasmic and nuclear substrates of activated MAPK
are known which directly or indirectly contribute to
the cellular response to environmental change. Three
distinct genes have been identified in mammals that
encode Raf proteins; A-Raf, B-Raf and C-Raf (also
known as Raf- 1) and isoformic variants that result
from differential splicing of mRNA are known.[0008]
Inhibitors of Raf kinases have been suggested for use
in disruption of tumor cell growth and hence in the
treatment of cancers, e.g., histiocytic lymphoma, lung
adenocarcinoma, small cell lung cancer, and pancreatic
and breast carcinoma; and also in the treatment and/or
prophylaxis of disorders associated with neuronal
degeneration resulting from ischemic events, including
cerebral ischemia after cardiac arrest, stroke and
multi-infarct dementia and also after cerebral
ischemic events such as those resulting from head
injury, surgery, and/or during childbirth. [0009]
Accordingly, there is a great need to develop
compounds useful as inhibitors of protein kinases. In
particular, it would be desirable to develop compounds
that are useful as Raf inhibitors. SUMMARY OF THE
INVENTION [0010] It has now been found that compounds
of this invention, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
one or more protein kinases. Such compounds are of
formula I : I or a pharmaceutically acceptable salt
thereof, wherein each of Rx, Ry, R1, L1, L2, Cy1, and
Cy2 are as defined in classes and subclasses herein,
and pharmaceutical compositions thereof, as described
generally and in subclasses herein, which compounds
are useful as inhibitors of protein kinase (e.g.,
Raf), and thus are useful, for example, for the
treatment of Raf-mediated diseases. [0011] In certain
other embodiments, the invention provides
pharmaceutical compositions comprising a compound of
the invention, wherein the compound is present in an
amount effective to inhibit Raf activity. In certain
other embodiments, the invention provides
pharmaceutical compositions comprising a compound of
the invention and optionally furthercomprising an
additional therapeutic agent. In yet other
embodiments, the additional therapeutic agent is an
agent for the treatment of cancer. [0012] In yet
another aspect, the present invention provides methods
for inhibiting kinase (e.g., Raf) activity in a
patient or a biological sample, comprising
administering to said patient, or contacting said
biological sample with, an effective inhibitory amount
of a compound of the invention. In still another
aspect, the present invention provides methods for
treating any disorder involving Raf activity,
comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of
the invention. DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION 1. General Description of
Compounds of the Invention: [0013] In certain
embodiments, the present invention provides a compound
of formula I : I or a pharmaceutically acceptable salt
thereof, wherein: Cy1 is an optionally substituted
phenyl or 5-6 membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; Cy2 is an optionally substituted 5-14 membered
saturated, partially unsaturated, or aromatic
monocyclic, bicyclic, or tricyclic ring having 0-4
heteroatoms, independently selected from nitrogen,
oxygen, or sulfur; L1 is a direct bond or an
optionally substituted, straight or branched Ci_6
alkylene chain; L2 is a direct bond, or is an
optionally substituted, straight or branched Ci_
alkylene chain wherein 1 or 2 methylene units of L2
are optionally and independently replaced by -O-, -S-,
-N(R)-, -C(O)-, -C(O)N(R)-, -N(R)C(O)N(R)-,
-N(R)C(O)-, -N(R)C(O)O-, -OC(O)N(R)- 



, -SO 2- , -SO 2N(R)-, -N(R)SO 2- , -OC(O)-, -C(O)O-,
or a 3-6 membered cycloalkylene;each R is
independently hydrogen or an optionally substituted
Ci_6 aliphatic group; R1 is hydrogen or an optionally
substituted Ci_6 aliphatic group; each of Rx and Ry is
independently selected from - R2, -halo, -NO 2, -CN,
-OR 2, -SR 2, -N(R 2)2, -C(O)R 2, -CO 2R2, -C(O)C(O)R
2, -C(O)CH 2C(O)R 2, -S(O)R 2, -S(O) 2R2, -C(O)N(R
2)2, -SO2N(R 2)2, -OC(O)R 2, -N(R 2)C(O)R 2, -N(R
2)N(R2)2, -N(R2)-C(=NR 2)N(R 2)2, -C(=NR 2)N(R 2)2,
-C=NOR 2, -N(R2)C(O)N(R 2)2, -N(R 2)SO2N(R 2)2, -N(R
2)SO2R2, or -OC(O)N(R 2)2; and each R2 is
independently hydrogen or an optionally substituted
group selected from Ci_6 aliphatic, a C io monocyclic
or bicyclic aryl ring, or a 5-10 membered saturated,
partially unsaturated, or aromatic monocyclic or
bicyclic ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or two R2
on the same nitrogen are taken together with the
nitrogen to form an optionally substituted 5-8
membered saturated, partially unsaturated, or aromatic
ring having 1- 4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. [0014] Compounds of
this invention include those generally set forth above
and described specifically herein, and are illustrated
in part by the various classes, subgenera and species
disclosed herein. Additionally, the present invention
provides pharmaceutically acceptable derivatives of
the compounds of the invention, and methods of
treating a subject using these compounds,
pharmaceutical compositions thereof, or either of
these in combination with one or more additional
therapeutic agents. 2. Compounds and Definitions:
[0015] Definitions of specific functional groups and
chemical terms are described in more detail below. For
purposes of this invention, the chemical elements are
identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and
Physics, 75th Ed., inside cover, and specific
functional groups are generally defined as described
therein. Additionally, general principles of organic
chemistry, as well as specific functional moieties and
reactivity, are described in Organic Chemistry, Thomas
Sorrell, University Science Books, Sausalito, 1999;
Smith and March March 's Advanced Organic Chemistry,
5th Edition, John Wiley & Sons, Inc., New York, 2001;
Larock, Comprehensive Organic Transformations, VCH
Publishers, Inc., New York, 1989; Carruthers, Some
Modern Methods of Organic Synthesis, 3rdEdition,
Cambridge University Press, Cambridge, 1987; the
entire contents of each of which are incorporated
herein by reference. [0016] Certain compounds of the
present invention can comprise one or more asymmetric
centers, and thus can exist in various isomeric forms,
e.g., stereoisomers and/or diastereomers. Thus,
compounds of the invention and pharmaceutical
compositions thereof may be in the form of an
individual enantiomer, diastereomer or geometric
isomer, or may be in the form of a mixture of
stereoisomers. In certain embodiments, the compounds
of the invention are enantiopure compounds. In certain
other embodiments, mixtures of stereoisomers or
diastereomers are provided. [0017] Furthermore,
certain compounds, as described herein, may have one
or more double bonds that can exist as either the Z or
E isomer, unless otherwise indicated. The invention
additionally encompasses the compounds as individual
isomers substantially free of other isomers and
alternatively, as mixtures of various isomers, e.g.,
racemic mixtures of stereoisomers. In addition to the
above-mentioned compounds per se, this invention also
encompasses pharmaceutically acceptable derivatives of
these compounds and compositions comprising one or
more compounds. [0018] Where a particular enantiomer
is preferred, it may, in some embodiments be provided
substantially free of the corresponding enantiomer,
and may also be referred to as "optically enriched."
"Optically-enriched," as used herein, means that the
compound is made up of a significantly greater
proportion of one enantiomer. In certain embodiments
the compound is made up of at least about 90% by
weight of a preferred enantiomer. In other embodiments
the compound is made up of at least about 95%, 98%, or
99% by weight of a preferred enantiomer. Preferred
enantiomers may be isolated from racemic mixtures by
any method known to those skilled in the art,
including chiral high pressure liquid chromatography
(HPLC) and the formation and crystallization of chiral
salts or prepared by asymmetric syntheses. See, for
example, Jacques, et al., Enantiomers, Racemates and
Resolutions (Wiley Interscience, New York, 1981);
Wilen, et al., Tetrahedron 33:2725 (1977); Eliel, E.L.
Stereochemistry of Carbon Compounds (McGraw-Hill, NY,
1962); Wilen, S.H. Tables of Resolving Agents and
Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of
Notre Dame Press, Notre Dame, IN 1972). [0019] The
term "heteroatom" means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon (including, any
oxidized form of nitrogen, sulfur, phosphorus, or
silicon; thequaternized form of any basic nitrogen or;
a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in
pyrrolidinyl) or NR+ (as in N-substituted
pyrrolidinyl)). [0020] As used herein a "direct bond"
or "covalent bond" refers to a single, double or
triple bond. In certain embodiments, a "direct bond"
refers to a single bond. [0021] The terms "halo" and
"halogen" as used herein refer to an atom selected
from fluorine (fluoro, -F), chlorine (chloro, -Cl),
bromine (bromo, -Br), and iodine (iodo, -I). [0022]
The term "aliphatic" or "aliphatic group", as used
herein, denotes a hydrocarbon moiety that may be
straight-chain (i.e., unbranched), branched, or cyclic
(including fused, bridging, and spiro-fused
polycyclic) and may be completely saturated or may
contain one or more units of unsaturation, but which
is not aromatic. Unless otherwise specified, aliphatic
groups contain 1-6 carbon atoms. In some embodiments,
aliphatic groups contain 1-4 carbon atoms, and in yet
other embodiments aliphatic groups contain 1-3 carbon
atoms. Suitable aliphatic groups include, but are not
limited to, linear or branched, alkyl, alkenyl, and
alkynyl groups, and hybrids thereof such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. [0023] The term "unsaturated", as
used herein, means that a moiety has one or more units
of unsaturation. [0024] The terms "cycloaliphatic",
"carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic", used alone or as part of a larger
moiety, refer to a saturated or partially unsaturated
cyclic aliphatic monocyclic or bicyclic ring systems,
as described herein, having from 3 to 10 members,
wherein the aliphatic ring system is optionally
substituted as defined above and described herein.
Cycloaliphatic groups include, without limitation,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, cyclooctenyl, and cyclooctadienyl. In some
embodiments, the cycloalkyl has 3-6 carbons. The terms
"cycloaliphatic", "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" also include aliphatic
rings that are fused to one or more aromatic or
nonaromatic rings, such as decahydronaphthyl or
tetrahydronaphthyl, where the radical or point of
attachment is on the aliphatic ring. [0025] As used
herein, the term "cycloalkylene" refers to a bivalent
cycloalkyl group. In certain embodiments, a
cycloalkylene group is a 1,1 -cycloalkylene group
(i.e., a spiro-fusedring). Exemplary 1,1-cycloalkylene
groups include - . In other embodiments, a
cycloalkylene group is a 1,2-cycloalkylene group or a
1,3-cycloalkylene group. Exemplary 1,2- cycloalkylene
groups include [0026] The term "alkyl," as used
herein, refers to saturated, straight- or
branched-chain hydrocarbon radicals derived from an
aliphatic moiety containing between one and six carbon
atoms by removal of a single hydrogen atom. In some
embodiments, the alkyl group employed in the invention
contains 1-5 carbon atoms. In another embodiment, the
alkyl group employed contains 1-4 carbon atoms. In
still other embodiments, the alkyl group contains 1-3
carbon atoms. In yet another embodiment, the alkyl
group contains 1-2 carbons. Examples of alkyl radicals
include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl,
sec-pentyl, iso-pentyl, tert-butyl, n-pentyl,
neopentyl, n-hexyl, sec-hexyl, n-heptyl, n-octyl,
n-decyl, n-undecyl, dodecyl, and the like. 



[0027] The term "alkenyl," as used herein, denotes a
monovalent group derived from a straight- or
branched-chain aliphatic moiety having at least one
carbon-carbon double bond by the removal of a single
hydrogen atom. In certain embodiments, the alkenyl
group employed in the invention contains 2-6 carbon
atoms. In certain embodiments, the alkenyl group
employed in the invention contains 2-5 carbon atoms.
In some embodiments, the alkenyl group employed in the
invention contains 2-4 carbon atoms. In another
embodiment, the alkenyl group employed contains 2-3
carbon atoms. Alkenyl groups include, for example,
ethenyl, propenyl, butenyl, 1- methyl-2-buten-l-yl,
and the like. [0028] The term "alkynyl," as used
herein, refers to a monovalent group derived from a
straight- or branched-chain aliphatic moiety having at
least one carbon-carbon triple bond by the removal of
a single hydrogen atom. In certain embodiments, the
alkynyl group employed in the invention contains 2-6
carbon atoms. In certain embodiments, the alkynyl
group employed in the invention contains 2-5 carbon
atoms. In some embodiments, the alkynyl group employed
in the invention contains 2-4 carbon atoms. In another
embodiment, the alkynyl group employed contains 2-3
carbon atoms. Representative alkynyl groups include,
but are not limited to, ethynyl, 2-propynyl
(propargyl), 1-propynyl, and the like.[0029] The term
"aryl" used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl", refers to
monocyclic and bicyclic ring systems having a total of
five to 10 ring members, wherein at least one ring in
the system is aromatic and wherein each ring in the
system contains three to seven ring members. The term
"aryl" may be used interchangeably with the term "aryl
ring". In certain embodiments of the present
invention, "aryl" refers to an aromatic ring system
which includes, but not limited to, phenyl, biphenyl,
naphthyl, anthracyl and the like, which may bear one
or more substituents. Also included within the scope
of the term aryl", as it is used herein, is a group in
which an aromatic ring is fused to one or more
non-aromatic rings, such as indanyl, phthalimidyl,
naphthimidyl, phenantriidinyl, or tetrahydronaphthyl,
and the like. [0030] The terms "heteroaryl" and
"heteroar-", used alone or as part of a larger moiety,
e.g., "heteroaralkyl", or "heteroaralkoxy", refer to
groups having 5 to 10 ring atoms, preferably 5, 6, or
9 ring atoms; having 6, 10, or 14 p electrons shared
in a cyclic array; and having, in addition to carbon
atoms, from one to five heteroatoms. The term
"heteroatom" refers to nitrogen, oxygen, or sulfur,
and includes any oxidized form of nitrogen or sulfur,
and any quaternized form of a basic nitrogen.
Heteroaryl groups include, without limitation,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, purinyl, naphthyridinyl, and pteridinyl.
The terms "heteroaryl" and "heteroar-", as used
herein, also include groups in which a heteroaromatic
ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Nonlimiting
examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido[2,3-b]-l,4-oxazin-
3(4H)-one. A heteroaryl group may be mono- or
bicyclic. The term "heteroaryl" may be used
interchangeably with the terms "heteroaryl ring",
"heteroaryl group", or "heteroaromatic", any of which
terms include rings that are optionally substituted.
The term "heteroaralkyl" refers to an alkyl group
substituted by a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally
substituted. [0031] As used herein, the terms
"heterocycle", "heterocyclyl", "heterocyclic radical",
and "heterocyclic ring" are used interchangeably and
refer to a stable 4- to 7-membered monocyclicor
7-10-membered bicyclic heterocyclic moiety that is
either saturated or partially unsaturated, and having,
in addition to carbon atoms, one or more, preferably
one to four, heteroatoms, as defined above. When used
in reference to a ring atom of a heterocycle, the term
"nitrogen" includes a substituted nitrogen. As an
example, in a saturated or partially unsaturated ring
having 0-3 heteroatoms selected from oxygen, sulfur or
nitrogen, the nitrogen may be N (as in 3,4-dihydro-2
-pyrrolyl), NH (as in pyrrolidinyl), or NR (as in
LZ-substituted pyrrolidinyl). [0032] A heterocyclic
ring can be attached to its pendant group at any
heteroatom or carbon atom that results in a stable
structure and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially
unsaturated heterocyclic radicals include, without
limitation, tetrahydrofuranyl, tetrahydrothienyl,
pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, and quinuclidinyl. The terms
"heterocycle", "heterocyclyl", "heterocyclyl ring",
"heterocyclic group", "heterocyclic moiety", and
"heterocyclic radical", are used interchangeably
herein, and also include groups in which a
heterocyclyl ring is fused to one or more aryl,
heteroaryl, or cycloaliphatic rings, such as
indolinyl, 3 -indolyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical or point of
attachment is on the heterocyclyl ring. A heterocyclyl
group may be mono- or bicyclic. The term
"heterocyclylalkyl" refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [0033] As used herein, the term
"partially unsaturated" refers to a ring moiety that
includes at least one double or triple bond between
ring atoms. The term "partially unsaturated" is
intended to encompass rings having multiple sites of
unsaturation, but is not intended to include aryl or
heteroaryl moieties, as herein defined. [0034] The
term "alkylene" refers to a bivalent alkyl group. An
"alkylene chain" is a polymethylene group, i.e.,
-(CH2)n-, wherein n is a positive integer, preferably
from 1 to 6, from 1 to 4, from 1 to 3, from 1 to 2, or
from 2 to 3. A substituted alkylene chain is a
polymethylene group in which one or more methylene
hydrogen atoms are replaced with a substituent.
Suitable substituents include those described below
for a substituted aliphatic group. [0035] As defined
herein, an alkylene chain also can be optionally
replaced by a functional group. An alkylene chain is
"replaced" by a functional group when an internal
methylene unit isreplaced with the functional group.
Examples of suitable "interrupting functional groups"
are described in the specification and claims herein.
[0036] As described herein, compounds of the invention
may contain "optionally substituted" moieties. In
general, the term "substituted", whether preceded by
the term "optionally" or not, means that one or more
hydrogens of the designated moiety are replaced with a
suitable substituent. Unless otherwise indicated, an
"optionally substituted" group may have a suitable
substituent at each substitutable position of the
group, and when more than one position in any given
structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned under this invention are preferably those
that result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and, in certain embodiments,
their recovery, purification, and use for one or more
of the purposes disclosed herein. [0037] Suitable
monovalent substituents on a substitutable carbon atom
of an "optionally substituted" group are independently
halogen; -(CH2V 4R0; -(CH2V 4OR0; -0-(CH 2V 4C(O)OR 0;
-(CH2)o^CH(OR 0)2; -(CH2V 4SR0; -(CH2V 4Ph, which may
be substituted with R; -(CH2V 4O(CH2)0 iPh which may
be substituted with R; -CH=CHPh, which may be
substituted with R; -NO2; -CN; -N3; -(CH2)0^N(R) 2;
-(CH2)0 4N(R)C(O)R; -N(R)C(S)R; -(CH2)0 4N(R)C(O)NR 2;
-N(R)C(S)NR 2; -(CH2)0 4N(R)C(O)OR; -N(R)N(R)C(0)R;
-N(R 0)N(R)C(0)NR 2; -N(R)N(R)C(0)0R; -(CH2)0 4C(O)R;
-C(S)R 0; -(CH2)0^C(O)OR; -OC(O)(CH 2V 4SR-, SC(S)SR
0; -(CH2)0 4C(O)NR 2; -C(S)NR 2; -C(S)SR 0; -SC(S)SR
0, -(CH2)0 4OC(O)NR 2; -C(0)N(0R)R; -C(O)C(O)R 0;
-C(O)CH 2C(O)R 0; -C(NOR)R; -(CH2)0^SSR; -S(O) 2NR 2;
-(CH2)0 4S(O)R; 



-N(R)S(O) 2NR 2; -N(R)S(O) 2R; -N(0R)R; -C(NH)NR 2;
-P(O) 2R0; -P(O)R 2; -OP(O)R 2; -OP(O)(OR 0V SiR3; -(C
1-4 straight or branched alkylene)O-N(R) 2; or -(Ci_4
straight or branched alkylene)C(O)O-N(R) 2, wherein
each R0 may be substituted as defined below and is
independently hydrogen, Ci_6 aliphatic, -CH2Ph, -0(CH
2ViPh, or a 4-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen,oxygen, or
sulfur, or, notwithstanding the definition above, two
independent occurrences of R0, taken together with
their intervening atom(s), form a 3-12-membered
saturated, partially unsaturated, or aryl mono- or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, which may
be substituted as defined below. [0038] Suitable
monovalent substituents on R0 (or the ring formed by
taking two independent occurrences of R0 together with
their intervening atoms), are independently halogen,
-(CH2V-2R*, -(haloR*), -(CH2V 2OH, -(CH2V 2OR ,
-(CH2)0 2CH(OR*) 2; -O(haloR'), -CN, -N3, -(CH2V
2C(O)R*, -(CH2V 2C(O)OH, -(CH2V 2C(O)OR*, -(CH2V 2SR*,
-(CH2V 2SH, -(CH2VzNH 2, -(CH2V 2NHR*, -(CH2)0 2NR*2,
-NO2, -SiR*3, -OSiR*3, -C(O)SR*, -(Ci 4 straight or
branched alkylene)C(O)OR*, or -SSR* wherein each R* is
unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently selected from C1 4 aliphatic, -CH2Ph,
-0(CH 2V 1Ph, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Suitable divalent substituents on a saturated
carbon atom of R0 include =0 and =S. [0039] Suitable
divalent substituents on a saturated carbon atom of an
"optionally substituted" group include the following:
=0, =S, =NNR * 2, =NNHC(0)R *, =NNHC(0)0R *, =NNHS(O)
2R*, =NR*, =N0R *, -O(C(R * 2))2 30-, or -S(C(R * 2))2
3S-, wherein each independent occurrence of R is
selected from hydrogen, Ci_6 aliphatic which may be
substituted as defined below, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0- 4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable
carbons of an "optionally substituted" group include:
-O(CR * 2)2 3O-, wherein each independent occurrence
of R* is selected from hydrogen, Ci_6 aliphatic which
may be substituted as defined below, or an
unsubstituted 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0040] Suitable substituents on the aliphatic
group of R include halogen, -R*, -(haloR*), -OH, -OR*,
-O(haloR'), -CN, -C(O)OH, -C(O)OR*, -NH2, -NHR*,
-NR*2, or -NO2, wherein each R* is unsubstituted or
where preceded by "halo" is substituted only with one
or more halogens, and is independently Ci_4 aliphatic,
-CH2Ph, -0(CH 2V 1Ph, or a 5-6-memberedsaturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0041] Suitable substituents on a
substitutable nitrogen of an "optionally substituted"
group include -S(O) 2NR , -C(S)NR^, -C(NH)NR^, or -N(R
t)S(O) 2Rt ; wherein each R is independently hydrogen,
Ci_6 aliphatic which may be substituted as defined
below, unsubstituted -OPh, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or, notwithstanding
the definition above, two independent occurrences of
taken together with their intervening atom(s) form an
unsubstituted 3-12-membered saturated, partially
unsaturated, or aryl mono- or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0042] Suitable substituents on the
aliphatic group of R1 are independently halogen, -R*,
-(haloR*), -OH, -OR*, -O(haloR'), -CN, -C(O)OH,
-C(O)OR*, -NH2, -NHR*, -NR*2, or -NO2, wherein each R*
is unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently Ci_4 aliphatic, -CH2Ph, -O(CH 2)0 iPh,
or a 5-6-membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. 3.
Description of Exemplary Compounds: [0043] As defined
generally above, each of Rx and Ry is independently
selected from - R2, -halo, -NO 2, -CN, -OR 2, -SR 2,
-N(R 2)2, -C(O)R 2, -CO 2R2, -C(O)C(O)R 2, -C(O)CH
2C(O)R 2, -S(O)R 2, -S(O) 2R2, -C(O)N(R 2)2, -SO2N(R
2)2, -OC(O)R 2, -N(R 2)C(O)R 2, -N(R 2)N(R 2)2, -N(R
2)-C(=NR 2)N(R 2)2, -C(=NR 2)N(R 2)2, -C=NOR 2, -N(R
2)C(O)N(R 2)2, -N(R 2)SO2N(R 2)2, or, -OC(O)N(R )2,
wherein R is as defined above and described herein.
[0044] In certain embodiments, each of Rx and Ry is
independently selected from - R , halo, -OR 2, -N(R
2)2, -OC(O)R 2, -N(R 2)C(O)R 2, -N(R 2)N(R 2)2, -N(R
2)C(O)N(R 2)2, -N(R 2)SO2N(R 2)2, -N(R 2)SO2R2, or
-OC(O)N(R 2)2; wherein R2 is as defined above and
described herein. In some embodiments, each of Rx and
Ry is independently selected from - R2, halo,-OR 2,
and -N(R 2)2. In other embodiments, each of Rx and Ry
is independently hydrogen, halo, -OR 2, -N(R 2)2, or
an optionally substituted group selected from Ci_6
aliphatic or a 5-10membered saturated, partially
unsaturated, or aromatic monocyclic or bicyclic ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. [0045] In certain
embodiments, Rx is selected from - R2, -halo, -CN, or
-CO R2. [0046] In certain embodiments, Rx is R2 or
halo. In some embodiments, Rx is hydrogen, CN, an
optionally substituted Ci_6 aliphatic group, or halo.
In certain embodiments, Rx is hydrogen. In certain
embodiments, Rx is fluoro, chloro or bromo. In other
embodiments, Rx is chloro. [0047] In certain
embodiments, Rx is an optionally substituted Ci_6
aliphatic group. In some embodiments, Rx is an
optionally substituted Ci_6 alkyl group. In other
embodiments, Rx is an optionally substituted Ci_3
alkyl group. In certain embodiments, Rx is an
optionally substituted methyl, ethyl, n-propyl or
isopropyl group. According to one embodiment, Rx is an
optionally substituted methyl group. According to
another embodiment, one or more substituents present
on the Ci_6 aliphatic, Ci_6 alkyl, Ci_3 alkyl,
n-propyl, isopropyl, ethyl or methyl group include
-N(R 2)2, wherein R2 is as defined above and described
herein. In certain embodiments, Rx is -CF3. [0048]
Exemplary Rx groups include those set forth in Tables
1, 3, 4, and 5 in the Examples section, infra. [0049]
In certain embodiments, Ry is selected from - R2, -OR
2, or -N(R 2)2. In certain embodiments, Ry is
independently selected from hydrogen, -OR 2, -N(R 2)2,
or an optionally substituted group selected from Ci_6
aliphatic or a 5-10 membered saturated, partially
unsaturated, or aromatic monocyclic or bicyclic ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. [0050] In certain
embodiments, Ry is hydrogen. [0051] In some
embodiments, Ry is an optionally substituted Ci_6
aliphatic group. In other embodiments, Ry is an
optionally substituted C2_6 aliphatic group. In
certain embodiments, Ry is an optionally substituted
C2_6 alkenyl group. In certain embodiments, Ry is an
optionally substituted C2_6 alkynyl group. According
to one embodiment, Ry is an optionally substituted
C2_5 alkynyl group. According to another embodiment,
substituents present on the Ci_6 aliphatic, C2_6
aliphatic, C2_6 alkenyl, C2_6 alkynyl or C2_5 alkynyl
Ry group include-(CH 2)o 4q R or -(CH 2)o N(R0)2
groups, wherein R0 is as defined above and
herein.[0052] In certain embodiments, Ry is an
optionally substituted C io monocyclic or bicyclic
aryl ring. In certain embodiments, Ry is an optionally
substituted Cg io bicyclic aryl ring. In some
embodiments, Ry is an optionally substituted phenyl
ring. [0053] According to one embodiment, Ry is an
optionally substituted 5-10 membered saturated
monocyclic or bicyclic ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In certain embodiments, Ry is an optionally
substituted 5,6- or 6,6- fused saturated bicyclic ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, Ry
is an optionally substituted 5-6 membered 



saturated monocyclic ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In other embodiments, Ry is an optionally
substituted 5-6 membered saturated monocyclic ring
having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. [0054] In certain
embodiments, Ry is an optionally substituted
5-membered saturated monocyclic ring having 1-2
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is an
optionally substituted 5-membered saturated monocyclic
ring having 2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In other embodiments, Ry
is an optionally substituted 5-membered saturated
monocyclic ring having 2 heteroatoms independently
selected from nitrogen or oxygen. [0055] In certain
embodiments, Ry is an optionally substituted
6-membered saturated monocyclic ring having 1-2
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is an
optionally substituted 6-membered saturated monocyclic
ring having 2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In other embodiments, Ry
is an optionally substituted 6-membered saturated
monocyclic ring having 2 heteroatoms independently
selected from nitrogen or oxygen. [0056] Exemplary Ry
groups include optionally substituted
octahydroazocinyl, thiocyclopentanyl,
thiocyclohexanyl, pyrrolidinyl, piperidinyl,
piperazinyl, tetrahydrothiopyranyl,
tetrahydrothiophenyl, dithiolanyl, tetrahydrofuranyl,
tetrahydropyranyl, dioxanyl, thioxanyl, morpholinyl,
oxathiolanyl, imidazolidinyl, oxathiolanyl,
oxazolidinyl, or thiazolidinyl groups. In certain
embodiments, Ry is an optionally substituted
imidazolidinyl, oxathiolanyl, oxazolidinyl, or
thiazolidinyl group. In some embodiments, Ry is an
optionallysubstituted piperidinyl, piperazinyl,
morpholinyl, or pyrrolidinyl group. In other
embodiments, Ry is an optionally substituted
morpholinyl group. [0057] In certain embodiments, Ry
is an optionally substituted 5-membered heteroaryl
ring having 1-3 heteroatoms selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is an
optionally substituted 5-membered heteroaryl ring
having 1-2 heteroatoms selected from nitrogen, oxygen,
or sulfur. In other embodiments, Ry is an optionally
substituted 5-membered heteroaryl ring having 2
heteroatoms selected from nitrogen, oxygen, or sulfur.
According to one aspect, Ry is an optionally
substituted 5-membered heteroaryl ring having 1
heteroatom selected from nitrogen, oxygen, or sulfur.
In certain embodiments, Ry is an optionally
substituted 5-membered heteroaryl ring having 1
nitrogen atom, and an additional heteroatom selected
from sulfur or oxygen. Exemplary Ry groups include
optionally substituted pyrrolyl, pyrazolyl,
imidazolyl, triazolyl, tetrazolyl, thiophenyl,
furanyl, thiazolyl, isothiazolyl, thiadiazolyl,
oxazolyl, isoxazolyl, or oxadiaziolyl group. [0058] In
certain embodiments, Ry is an optionally substituted
6-membered heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In some embodiments, Ry is an optionally
substituted 6-membered heteroaryl ring having 1-3
nitrogen atoms. In other embodiments, Ry is an
optionally substituted 6-membered heteroaryl ring
having 1-2 nitrogen atoms. According to one aspect, Ry
is an optionally substituted 6-membered heteroaryl
ring ring having 2 heteroatoms nitrogen atoms.
Exemplary Ry groups include an optionally substituted
pyridinyl, pyrimidinyl, pyrazolyl, pyrazinyl,
pyridazinyl, triazinyl, or tetrazinyl group. In
certain embodiments, Ry is an optionally substituted
pyridinyl group. [0059] In certain embodiments, Ry is
an optionally substituted 5-10 membered partially
unsaturated monocyclic or bicyclic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is an
optionally substituted 5-6 membered partially
unsaturated monocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In other embodiments, Ry is an optionally
substituted tetrahydropyridinyl group. [0060] In
certain embodiments, Ry is an optionally substituted
8-10 membered aromatic bicyclic heteroaryl ring having
1-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is an
optionally substituted 5,6-fused heteroaryl ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In other embodiments,Ry
is an optionally substituted 5,6-fused heteroaryl ring
having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In certain embodiments,
Ry is an optionally substituted 5,6-fused heteroaryl
ring having 1 heteroatom independently selected from
nitrogen, oxygen, or sulfur. [0061] In certain
embodiments, Ry is an optionally substituted 6,6-fused
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In some
embodiments, Ry is an optionally substituted 6,6-fused
heteroaryl ring having 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In other
embodiments, Ry is an optionally substituted 6,6-fused
heteroaryl ring having 1 heteroatom independently
selected from nitrogen, oxygen, or sulfur. According
to one aspect, Ry is an optionally substituted 6,6-
fused heteroaryl ring having 2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Exemplary Ry groups include an optionally
substituted benzofuranyl, thianaphthenyl,
pyyrolizinyl, indolyl, quinolinyl, isoquinolinyl,
benximidazolyl, imidazopyridinyl, purinyl, indazolyl,
pyrrolopyridinyl, cinnolinyl, quinazolinyl,
phthalazinyl, napthyridinyl, or quinoxalinyl group. In
some embodiments, Ry is a pyrrolylpyridinyl,
imidazopyridinyl, or purinyl group. In other
embodiments, Ry is a pyrrolylpyridinyl group. [0062]
In certain embodiments, Ry is -OR 2, wherein R2 is
defined above and described herein. In certain
embodiments, Ry is -OR 2, wherein R2 is hydrogen or an
optionally substituted Ci_6 aliphatic group. In some
embodiments, Ry is -OR 2, wherein R2 is an optionally
substituted Ci_6 aliphatic group. In other
embodiments, Ry is -OR 2, wherein R2 is an optionally
substituted Ci_6 alkyl group. According to one aspect,
Ry is -OR 2, wherein R2 is an optionally substituted
Ci_3 alkyl group. In other embodiments, Ry is -OR 2,
wherein R2 is an optionally substituted Ci_2 alkyl
group. In some embodiments, Ry is -OCH 3. In other
embodiments, Ry is -OH. In yet other embodiments, Ry
is -OR 2, wherein R2 is -(CH 2)0 3CH2N(R O)2, and
wherein each R0 is defined and described herein.
[0063] In certain embodiments, Ry is -N(R 2)2, wherein
R2 is defined above and described herein. In other
embodiments, Ry is -N(R 2)2, wherein each R2 is
independently hydrogen or an optionally substituted
Ci_6 aliphatic group. [0064] In certain embodiments,
Ry is -NH 2. [0065] In certain embodiments, Ry is -NHR
2, wherein R2 is an optionally substituted Ci_6
aliphatic group. In some embodiments, Ry is -NHR 2,
wherein R2 is an optionally substituted C16alkyl
group. In other embodiments, Ry is -NHR 2, wherein R2
is an optionally substituted Ci_3 alkyl group.
According to one aspect, Ry is -NHR 2, wherein R2 is
an optionally substituted methyl or ethyl. Exemplary
Ry groups include -NHCH 3, -NHCH 2CH3, -NHCH 2CH2CH3,
-NHCH(CH 3)2, or -NH(C 3H5), NHCH 2CH2CH2OH, and -N(CH
2CH2)2O, -NHCH2CH2CH2NH(CH3)2. [0066] In certain
embodiments, Ry is -N(R 2)2, wherein each R2 is
independently hydrogen or an optionally substituted C
monocyclic or bicyclic aryl ring. In certain
embodiments, Ry is - NHR2, wherein R2 is an optionally
substituted C io monocyclic or bicyclic aryl ring. In
certain embodiments, Ry is -NHR 2, wherein R2 is an
optionally substituted C monocyclic aryl ring. In
certain embodiments, Ry is -NHR 2, wherein R2 is an
optionally substituted Cg io bicyclic aryl ring.
[0067] In certain embodiments, Ry is -NHR 2, wherein
R2 is an optionally substituted 5-10 membered
monocyclic or bicyclic heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is -NHR 2,
wherein R2 is an optionally substituted 5-6 membered
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In other
embodiments, Ry is -NHR 2, wherein R2 is an optionally
substituted 5-6 membered heteroaryl ring having 1-2
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In certain aspects, Ry is -NHR 2,
wherein R2 is an optionally substituted 5-6 membered
heteroaryl ring having 1-2 nitrogen atoms. 



[0068] In certain embodiments, Ry is -NHR 2, wherein
R2 is an optionally substituted 5 membered heteroaryl
ring having 1-2 heteroatoms selected from nitrogen,
oxygen, or sulfur. In some embodiments, Ry is -NHR 2,
wherein R2 is an optionally substituted 5 membered
heteroaryl ring having 2 heteroatoms selected from
nitrogen, oxygen, or sulfur. In other embodiments, Ry
is -NHR 2, wherein R2 is an optionally substituted 5
membered heteroaryl ring having 1 heteroatom selected
from nitrogen, oxygen, or sulfur. In certain
embodiments, Ry is -NHR 2, wherein R2 is an optionally
substituted 5 membered heteroaryl ring having a
nitrogen atom, and another heteroatom selected from
sulfur or oxygen. [0069] In certain embodiments, Ry is
-NHR 2, wherein R2 is an optionally substituted 6
membered heteroaryl ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In certain embodiments, Ry is -NHR 2, wherein
R2 is an optionally substituted 6 membered heteroaryl
ring having 1 heteroatom independently selected from
nitrogen, oxygen,or sulfur. In certain embodiments, Ry
is -NHR 2 wherein R2 is an optionally substituted 6
membered heteroaryl ring having 2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In certain embodiments, Ry is -NHR 2, wherein
R2 is an optionally substituted 6 membered heteroaryl
ring having 1 heteroatom selected from nitrogen, and 1
heteroatom selected from sulfur or oxygen. [0070] In
certain embodiments, Ry is -NHR 2, wherein R2 is an
optionally substituted 5,6- fused heteroaryl ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, Ry
is -NHR 2, wherein R2 is an optionally substituted
5,6-fused heteroaryl ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In other embodiments, Ry is -NHR 2, wherein R2
is an optionally substituted 5,6-fused heteroaryl ring
having 1 heteroatom independently selected from
nitrogen, oxygen, or sulfur. In certain aspects, Ry is
-NHR 2, wherein R2 is an optionally substituted
5,6-fused heteroaryl ring having 2 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0071] In certain embodiments, Ry is -NHR 2,
wherein R2 is an optionally substituted 6,6- fused
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In some
embodiments, Ry is -NHR 2, wherein R2 is an optionally
substituted 6,6-fused heteroaryl ring having 1-2
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In other embodiments, Ry is -NHR 2,
wherein R2 is an optionally substituted 6,6-fused
heteroaryl ring having 1 heteroatom independently
selected from nitrogen, oxygen, or sulfur. In certain
aspects, Ry is -NHR 2, wherein R2 is an optionally
substituted 6,6-fused heteroaryl ring having 2
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0072] In certain embodiments, Ry
is -NHR 2, wherein R2 is an optionally substituted
pyrrolyl, pyrazolyl, imidazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl,
tetrazinyl, tetrazolyl, pyyrolizinyl, indolyl,
quinolinyl, isoquinolinyl, benzidmidazolyl,
pyrrolylpyridinyl, indazolyl, cinnolinyl,
quinazolinyl, phthalazinyl, napthyridinyl,
quinoxalinyl, thiophenyl, thiepinyl, thianaphthenyl,
furanyl, benzofuranyl, thiazolyl, isothiazolyl,
thiadiazolyl, oxazolyl, isoxazolyl, or oxadiaziolyl
group. In other embodiments, Ry is -NHR 2, wherein R2
is an optionally substituted pyridinyl, thiazolyl,
isothiazolyl, oxazolyl, or isoxazolyl group. In
certain embodiments, Ry is -NHR 2, wherein R2 is an
optionally substituted pyridinyl, thiazolyl or
isoxazolyl group.[0073] In certain embodiments, Ry is
-N(R 2)2, wherein two R2 groups on the same nitrogen
are taken together with the nitrogen to form a 5-8
membered saturated, partially unsaturated, or aromatic
mono- or bicyclic ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In some embodiments, Ry is -N(R 2)2, wherein
two R2 on the same nitrogen are taken together with
the nitrogen to form an optionally substituted
piperidinyl, piperazinyl, pyrrolidinyl,
octahydroazocinyl or morpholinyl group. In other
embodiments, Ry is -N(R 2)2, wherein two R2 on the
same nitrogen are taken together with the nitrogen to
form an optionally substituted piperidinyl,
piperazinyl, morpholinyl, or pyrrolidinyl group. In
certain aspects, Ry is -N(R 2)2, wherein two R2 on the
same nitrogen are taken together with the nitrogen to
form an an optionally substituted morpholinyl group.
[0074] Exemplary Ry groups include those set forth in
the Examples section, infra. [0075] In certain
embodiments, R1 is hydrogen. In other embodiments, R1
is an optionally substituted Ci_6 aliphatic group. In
certain embodiments, R1 is an optionally substituted
Ci_6 alkyl group. In some embodiments, R1 is an
optionally substituted Ci_3 alkyl group. In certain
aspects, R1 is an optionally substituted methyl or
ethyl group. In certain embodiments, R1 is an
optionally substituted methyl group. [0076] As defined
above, L1 is a direct bond or an optionally
substituted, straight or branched Ci_6 alkylene chain.
In some embodiments, L1 is a direct bond. In certain
embodiments, L1 is an optionally substituted, straight
or branched Ci_5 alkylene chain. In some embodiments,
L1 is an optionally substituted, straight or branched
C1 t alkylene chain. In other embodiments, L1 is an
optionally substituted, straight or branched Ci_3
alkylene chain. According to some embodiments, L1 is
an optionally substituted, straight or branched Ci_2
alkylene chain. [0077] In certain embodiments, L1 is
an optionally substituted, straight or branched Ci
alkylene chain. In some embodiments, L1 is an
optionally substituted, straight or branched C2
alkylene chain. In other embodiments, L1 is an
optionally substituted, straight or branched C3
alkylene chain. According to some embodiments, L1 is
an optionally substituted, straight or branched C
alkylene chain. In certain aspects, L1 is an
optionally substituted, straight or branched C 5
alkylene chain. In other aspects, L1 is an optionally
substituted, straight or branched C alkylene chain.
[0078] In certain embodiments, L1 is an optionally
substituted, straight Ci_6 alkylene chain. In some
embodiments, L1 is a straight Ci_ alkylene chain. In
other embodiments, L1 is anoptionally substituted,
branched Ci_6 alkylene chain. In certain aspects, L1
is a branched Ci_6 alkylene chain. In certain
embodiments, L1 is -CH(Ci_ 6alkyl)-, -CH(Ci_salkyl)-,
-CH(C 1 4alkyl)-, -CH(Ci_ 3alkyl)-, or -CH(Ci_
2alkyl)-. In certain embodiments, L1 is -CH(CH 3)-.
Exemplary L1 groups include -CH2-, -C(CHs) 2- , -CH(CF
3)-, -CH(CHF 2)-, -CH(CH 2F)-, -CH(CH 2OH)-, -CH(CH
2NH2)-, -CH(OCH 3)-, -CH(NHCH 3)-, -CH(N(CH 3)2)-,
-CH(SCH 3)-, -CH(O)-, and -C(OH 2)-. [0079] Exemplary
L1 groups include those set forth in Tables 2, 3, 4,
and 5 in the Examples section, infra. [0080] As
defined generally above, Cy1 is an optionally
substituted phenyl or an optionally substituted 5-6
membered saturated, partially unsaturated, or aromatic
ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. In some embodiments,
Cy1 is optionally substituted phenyl. In certain
embodiments, Cy1 is an optionally substituted 6
membered saturated, partially unsaturated, or aromatic
ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. In other
embodiments, Cy1 is an optionally substituted
5-membered saturated, partially unsaturated, or
aromatic ring having 1-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In certain
aspects, Cy 1 is an optionally substituted 5-membered
heteroaryl ring having 2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In other
embodiments, Cy1 is an optionally substituted
5-membered heteroaryl ring having 2 heteroatoms
independently selected from nitrogen and oxygen. In
some embodiments, Cy1 is an optionally substituted
5-membered heteroaryl ring having 2 heteroatoms
independently selected from nitrogen and sulfur.
[0081] Exemplary Cy1 groups include an optionally
substituted pyrrolyl, pyrazolyl, imidazolyl,
triazolyl, tetrazolyl, thiophenyl, furanyl, thiazolyl,
isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl, or
oxadiaziolyl group. In certain embodiments, Cy1 is an
optionally substituted thiazolyl or isoxazolyl group.
In other embodiments, Cy1 is an optionally substituted
thiazolyl group. In some embodiments, Cy1 is an
unsubstituted thiazolyl group. In certain aspects, Cy1
is an optionally substituted isoxazolyl group.
According to another aspect, Cy 1 is an unsubstituted
isoxazolyl group. [0082] In other embodiments, Cy1 is
an optionally substituted 5-6 membered saturated ring
having 1-2 heteroatoms independently selected from
nitrogen and oxygen. In certain 



embodiments, Cy1 is optionally substituted piperidinyl
or pyrrolidinyl.[0083] In other embodiments, Cy1 is an
optionally substituted 6-membered saturated, partially
unsaturated or aryl ring having 1-2 nitrogens. In
certain embodiments, Cy1 is an optionally substituted
pyridine or pyrimidine ring. [0084] Exemplary Cy1
groups include those set forth in the Examples
section, infra. [0085] As defined generally above, L2
is a direct bond, or is an optionally substituted,
straight or branched Ci_ alkylene chain wherein 1 or 2
methylene units of L2 are optionally and independently
replaced by -O-, -S-, -N(R)-, -C(O)-, -C(O)N(R)-,
-N(R)C(O)N(R)-, -N(R)C(O)-, -N(R)C(O)O-, -OC(O)N(R)-,
-SO 2- , -SO 2N(R)-, -N(R)SO 2- , -OC(O)-, -C(O)O-, or
a 3-6 membered cycloalkylene. In certain embodiments,
L2 is a direct bond. [0086] In certain embodiments, L2
is an optionally substituted, straight or branched Ci_
alkylene chain wherein 1 or 2 methylene units of L2
are replaced by -O-, -S-, -N(R)-, -C(O)-, -C(O)N(R)-,
-N(R)C(O)N(R)-, -N(R)C(O)-, -N(R)C(O)O-, -OC(O)N(R)-,
-SO 2- , -SO 2N(R)-, -N(R)SO 2- , -OC(O)-, or -C(O)O-;
wherein each R is as defined above and described
herein. In some embodiments, L2 is an optionally
substituted, straight or branched C1 t alkylene chain
wherein 1 or 2 methylene units of L2 are replaced by
-0-, -S-, -N(R)-, -C(O)-, -C(O)N(R)-, -N(R)C(O)N(R)-,
-N(R)C(O)-, -N(R)C(O)O-, -OC(O)N(R)-, -SO 2- , -SO
2N(R)-, -N(R)SO2- , -OC(O)-, or -C(O)O-. In other
embodiments, L2 is an optionally substituted, straight
or branched Ci_2 alkylene chain wherein 1 methylene
unit of L2 is replaced by -0-, -S-, -N(R)-, -C(O)-,
-C(O)N(R)-, -N(R)C(O)N(R)-, -N(R)C(O)-, -N(R)C(O)O-,
-OC(O)N(R)-, -SO 2- , -SO2N(R)-, -N(R)SO2- , -OC(O)-,
or -C(O)O-. In certain aspects, L2 is -0-, -S-,
-N(R)-, -C(O)-, -C(O)N(R)-, -N(R)C(O)-, -SO2- , -SO
2N(R)-, -N(R)SO 2- , -OC(O)-, or -C(O)O-. In other
embodiments, L2 is -C(O)N(R)-, -N(R)C(O)-, -SO2N(R)-,
-N(R)SO 2- , -OC(O)-, or -C(O)O-. In certain aspects,
L2 is -C(O)N(R)- or -N(R)C(O)-. In certain
embodiments, L2 is -C(O)N(H)- or -N(H)C(O)-. In
certain embodiments, L2 is -C(O)N(H)-. [0087]
Exemplary L2 groups include those set forth in the
Examples section, infra. [0088] As defined generally
above, Cy2 is an optionally substituted 5-14 membered
saturated, partially unsaturated, or aromatic
monocyclic, bicyclic, or tricyclic ring having 0-4
heteroatoms, independently selected from nitrogen,
oxygen, or sulfur. [0089] In some embodiments, Cy2 is
optionally substituted phenyl. [0090] In certain
embodiments, Cy2 is an optionally substituted 5-10
membered saturated, partially unsaturated, or aromatic
monocyclic ring having 1-4 heteroatoms,
independentlyselected from nitrogen, oxygen, or
sulfur. In other embodiments, Cy2 is an optionally
substituted 5-6 membered saturated, partially
unsaturated, or aromatic monocyclic ring having 1-4
heteroatoms, independently selected from nitrogen,
oxygen, or sulfur. [0091] In certain embodiments, Cy2
is an optionally substituted 5-membered saturated,
partially unsaturated, or aromatic monocyclic ring
having 1-3 heteroatoms, independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, Cy2
is an optionally substituted 5-membered saturated,
partially unsaturated, or aromatic monocyclic ring
having 1-2 heteroatoms, independently selected from
nitrogen, oxygen, or sulfur. In other embodiments, Cy2
is an optionally substituted 5-membered heteroaryl
ring having 1-3 heteroatoms, independently selected
from nitrogen, oxygen, or sulfur. In still other
embodiments, Cy2 is an optionally substituted
5-membered heteroaryl ring having 1-2 heteroatoms,
independently selected from nitrogen. Exemplary Cy2
groups include an optionally substituted pyrrolyl,
pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiophenyl, furanyl, thiazolyl, isothiazolyl,
thiadiazolyl, oxazolyl, isoxazolyl, or oxadiaziolyl
group. [0092] In certain embodiments, Cy2 is an
optionally substituted 6-membered saturated, partially
unsaturated, or aromatic monocyclic ring having 1-4
heteroatoms, independently selected from nitrogen,
oxygen, or sulfur. In some embodiments, Cy2 is an
optionally substituted 6-membered saturated, partially
unsaturated, or aromatic monocyclic ring having 1-2
heteroatoms, independently selected from nitrogen,
oxygen, or sulfur. In other embodiments, Cy2 is an
optionally substituted 6-membered heteroaryl ring
having 1-4 nitrogen atoms. In certain aspects, Cy2 is
an optionally substituted 6-membered heteroaryl ring
having 1-3 nitrogen atoms. In some embodiments, Cy2 is
an optionally substituted 6-membered heteroaryl ring
having 1-2 nitrogen atoms. Exemplary Cy2 groups
include an optionally substituted pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, or
tetrazinyl group. In some embodiments, Cy2 is an
optionally substituted pyridinyl, pyrimidinyl or
pyridazinyl group. [0093] In certain embodiments, Cy2
is an optionally substituted 8-10 membered saturated,
partially unsaturated, or aromatic bicyclic ring
having 1-4 heteroatoms, independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, Cy2
is an optionally substituted 5,5- fused, 5,6-fused, or
6,6-fused saturated, partially unsaturated, or
aromatic bicyclic ring having 1-4 heteroatoms,
independently selected from nitrogen, oxygen, or
sulfur. In other embodiments, Cy2 is an optionally
substituted 5,5-fused, 5,6-fused, or 6,6-fused
heteroaryl ringhaving 1-4 heteroatoms, independently
selected from nitrogen, oxygen, or sulfur. In certain
aspects, Cy2 is an optionally substituted 5,5-fused,
5,6-fused, or 6,6-fused heteroaryl ring having 1-4
nitrogen atoms. In other embodiments, Cy2 is an
optionally substituted 5,6-fused heteroaryl ring
having 1-4 nitrogen atoms. Exemplary Cy2 groups
include an optionally substituted pyyrolizinyl,
indolyl, quinolinyl, isoquinolinyl, benzimidazolyl,
imidazopyridinyl, indazolyl, purinyl, cinnolinyl,
quinazolinyl, phthalazinyl, naphthridinyl,
quinoxalinyl, thianaphtheneyl, or benzofuranyl group.
In certain aspects, Cy2 is an optionally substituted
benzimidazolyl, imidazopyridinyl or purinyl group.
[0094] In certain embodiments, Cy2 is an optionally
substituted 5-10 membered saturated, partially
unsaturated, or aromatic monocyclic or bicyclic
carbocyclic ring. In some embodiments, Cy2 is an
optionally substituted 5-10 membered saturated,
partially unsaturated, or aromatic monocyclic or
bicyclic carbocyclic ring. In other embodiments, Cy2
is an optionally substituted 5-6 membered saturated,
partially unsaturated, or aromatic monocyclic
carbocyclic ring. In certain aspects, Cy2 is an
optionally substituted 5-membered saturated or
partially unsaturated carbocyclic ring. According to
one embodiment, Cy2 is an optionally substituted 6
membered saturated, partially unsaturated, or aromatic
ring. In still other embodiments, Cy2 is an optionally
substituted phenyl group. [0095] In certain
embodiments, Cy2 is an optionally substituted
5,5-fused-, 5,6-fused, or 6,6-fused saturated,
partially unsaturated, or aromatic bicyclic ring. In
some embodiments, Cy2 is an optionally substituted
5,5-fused, 5,6-fused, or 6,6-fused aromatic bicyclic
ring. In other embodiments, Cy2 is optionally
substituted naphthalenyl, indanyl or indenyl group.
[0096] In certain embodiments, Cy2, as described above
and herein, is optionally substituted with one or more
groups selected from - R0, -halo, -NO 2, -CN, -OR 0,
-SR 0, -N(R) 2, -C(O)R 0, -CO2R0, -C(O)C(O)R 0,
-C(O)CH 2C(O)R 0, -S(O)R 0, -S(O) 2R0, -C(O)N(R) 2,
-SO 2N(R) 2, -OC(O)R 0, -N(R)C(O)R, -N(R)N(R) 2,
-C=NN(R) 2, -C=NOR 0, -N(R)C(0)N(R) 2, -N(R)SO 2N(R)
2, -N(R)SO 2R, or -OC(O)N(R) 2; wherein R0 is as
defined above and described herein. In other
embodiments, Cy2 is optionally substituted with Ci_6
aliphatic or halogen. In some embodiments, Cy2 is
optionally substituted with Cl, F, CF3, or Ci_4 alkyl.
Exemplary substituents on Cy2 include methyl,
tert-butyl, and 1-methylcyclopropyl. In other
embodiments, Cy2 is mono- or di-substituted. In
certain aspects, Cy2 is optionally substituted at the
meta or the para position with any one of the
above-mentioned substituents. In someembodiments, Cy2
is substituted with R0, wherein R0 is a 4-6-membered
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, [0097] Exemplary Cy2 groups include
those set forth in Tables 2, 3, 4, and 5 in the
Examples section, infra. [0098] According to one
aspect, the present invention provides a compound of
formula II: I I or a pharmaceutically acceptable salt
thereof, wherein: each of R1, Rx, and Ry is as defined
above and described in classes and subclasses herein;
Cy1 is an optionally substituted 5-membered saturated,
partially unsaturated, or aromatic ring 



having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur; and Cy2 is optionally
substituted phenyl or an optionally substituted
6-membered aromatic ring having 1-3 nitrogen atoms.
[0099] According to another aspect, the present
invention provides a compound of formula II': II' or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; each of X,
Y, and Z is independently -CH-, nitrogen, oxygen, or
sulfur, wherein at least one of X, Y, or Z is a
heteroatom and the circle depicted within the ring
containing X, Y, and Z indicates that said ring is
aromatic; andCy2 is optionally substituted phenyl or
an optionally substituted 6-membered aromatic ring
having 1-3 nitrogen atoms. [00100] Yet another aspect
of the present invention provides a compound of
formulae II-a and II-b: II-a II-b or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; Cy1 is an
optionally substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms. [00101] In certain embodiments,
the present invention provides a compound of formulae
II-a' and II-b': II-a' II-b' or a pharmaceutically
acceptable salt thereof, wherein: each of Rx, and Ry
is as defined above and described in classes and
subclasses herein; Cy1 is an optionally substituted
5-membered saturated, partially unsaturated, or
aromatic ring having 1-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; and Cy2 is
optionally substituted phenyl or an optionally
substituted 6-membered aromatic ring having 1-3
nitrogen atoms. [00102] In certain embodiments, the
present invention provides a compound of formula II-a
or II-b wherein Cy1 is a 5-membered heteroaryl ring
having 1-3 heteroatoms independentlyselected from
nitrogen, oxygen, or sulfur. Such compounds are
represented by formulae II-c and II-d: II-c II-d or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; each of X,
Y, and Z is independently -CH-, nitrogen, oxygen, or
sulfur, wherein at least one of X, Y, or Z is a
heteroatom and the circle depicted within the ring
containing X, Y, and Z indicates that said ring is
aromatic; and Cy2 is optionally substituted phenyl or
an optionally substituted 6-membered aromatic ring
having 1-3 nitrogen atoms. [00103] According to
another embodiment, the present invention provides a
method for preparing a compound of formula II-a':
II-a' or a pharmaceutically acceptable salt thereof,
wherein: each of Rx and Ry is as defined above and
described in classes and subclasses herein; Cy1 is an
optionally substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms, wherein said method comprises the
steps depicted in Scheme II, below.Scheme II H-/ H-H
W-Hi p-iv ii-v II-vi-a II-vi-b wherein each Cy1 and
Cy2 is as defined above and described in classes and
subclasses herein and A is a suitable chiral anion.
[0100] At step S-I, above, a compound of formula H-/
is coupled to a compound of formula H-H. Such coupling
of a carboxylic acid group with an amine can be
performed using methods well known to one of ordinary
skill in the art. In certain embodiments, the
carboxylic acid moiety of formula H-/ is activated
prior to coupling. In some embodiments, the carboxylic
acid moiety is converted to an acyl halide group prior
to coupling. In another embodiment, the carboxylic
acid moiety is treated with a suitable reagent to form
the acyl chloride thereof which is then coupled to the
amine moiety of compound H-H to form a compound of
formula W-Ui. Such reagents for forming acyl halides
are well known to one of ordinary skill in the art and
include oxalyl chloride and thionyl chloride, to name
a few. In certain embodiments, the acyl halide of
formular W-Ui can be used directly in step S-2 without
isolation or purification. [00104] At step S-2, the
ketone moiety of formula W-Hi is converted to the
oxime moiety of formula W-iv. In some embodiments, the
compound of formula W-Hi is treated with hydroxylamine
to form a compound of formula W-iv. In certain
embodiments, the compound of formula W-iv is about 1:1
E:Z configuration with respect to the -C=N- bond. In
some embodiments, the present invention provides a
compound of formula W-iv that is at least about50%,
60%, 70%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%
in the E configuration with respect to the -C=N- bond.
In certain embodiments, the present invention provides
a compound of formula II-iv that is at least about
50%, 60%, 70%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or
100% in the Z configuration with respect to the -C=N-
bond. [00105] At step S-3, the oxime moiety of formula
l-iv is converted to the amine group of formula II-v.
In certain embodiments, the compound of formula  l-iv
is treated with zinc dust and acetic acid in an
alcohol to form a compound of formula II-v. In certain
embodiments, the alcohol is a C alkanol. In some
embodiments, the alcohol is 1-butanol or pentanol.
[00106] At step S-4 (a), the racemic compound II-v is
treated with a chiral agent to form a diastereomeric
salt of formula II-v/- . In certain embodiments, the
chiral acid has two carboxylate moieties as with, for
example, tartaric acid or a derivative thereof. In
some embodiments, the chiral acid is ditoluoyl
tartaric acid. The term "chiral agent" means an
enantiomerically enriched group which may be ionically
or covalently bonded to the nitrogen of a compound of
formula II-v to form II-v/- . As used herein, the term
"enantiomerically enriched", as used herein means that
one enantiomer makes up at least 85% of the
preparation. In certain embodiments, the term
enantiomerically enriched means that at least 90% of
the preparation is one of the enantiomers. In other
embodiments, the term means that at least 95% of the
preparation is one of the enantiomers. [00107] Chiral
agents that are ionically bonded to said nitrogen
include, for example, chiral acids. When the chiral
agent is a chiral acid, the acid forms a
diastereomeric salt with the nitrogen. The resulting
diastereomers are then separated by suitable physical
means. Examples of chiral acids include, but are not
limited to, tartaric acid and tartaric acid
derivatives, mandelic acid, malic acid,
camphorsulfonic acid, and Mosher's acid, among others.
In certain embodiments, the chiral acid is
ditoluoyl-D-tartaric acid. In other embodiments, the
chiral acid is ditoluoyl-L-tartaric acid. Other chiral
agents that may be covalently bonded to the nitrogen
are known in the art. Exemplary chiral acids include
camphorsulfonic acid (-); tartaric acid (+); malic
acid (-); N-acetyl-L-leucine (-);
di-toluloyl-L-tartaric acid (-); deoxycholic acid (+);
quinic acid (-); camphoric acid (+); N-BOC-alanine
(-); tartaric acid (-); di-toluloyl-D-tartaric acid
(+); camphorsulfonic acid (+); dibenzoyl-D-tartaric
acid (+); L(+)citramalic; S-acetyl mandelic acid (+);
and BOC-isoleucine(+).[00108] At step S-4 (b), a
diastereomeric salt of formula  l-vi-b is obtained via
suitable 



physical means, In some embodiments, "suitable
physical means" refers to preferential
crystallization, trituration, or slurry of a
diastereomeric salt formed at step S-4 (a) above. In
certain embodiments, a diastereomeric salt of formula
l-vi-b is obtained via slurry. In other embodiments,
the crystallization is achieved from a protic solvent.
In still other embodiments, the protic solvent is an
alcohol. It will be appreciated that the
crystallization may be achieved using a single protic
solvent or a combination of one or more protic
solvents. Such solvents and solvent mixtures are well
known to one of ordinary skill in the art and include,
for example, one or more straight or branched alkyl
alcohols. In certain embodiments, the crystallization
is achieved from isopropyl alcohol and water. [00109]
At step S-4(a), a chiral acid is added to a compound
of formula II-v to form a compound of formula  l-vi-a.
In certain embodiments, an equimolar amount of chiral
acid is added. In other embodiments, a
substoichiometric amount of chiral acid is added. In
some embodiments, about 0.5 to about 0.75 molar
equivalents of chiral acid are added. As used herein,
the term "substoichiometric amount" denotes that the
chiral acid is used in less than 1 mole equivalent
relative to the compound of formula II-v. [00110] In
certain embodiments, the diastereomeric salt of
formula II-v/ comprises an equimolar amount of chiral
acid and amine. In other embodiments, the
diastereomeric salt of formula II-v/ comprises a
substoichiometric amount of chiral acid. In some
embodiments, the diastereomeric salt of formula II-v/
is a dihydrate. [00111] It should be readily apparent
to those skilled in the art that enantiomeric
enrichment of one enantiomer in compound  l-vi-b (ie
resulting from preferential crystallization,
trituration, or reslurry) causes an enantiomeric
enrichment in the mother liquor of the other
enantiomeric form. Therefore, according to another
embodiment, the invention relates to a method of
enhancing the percent enantiomeric excess ("%ee") of a
racemic compound of formula  l-vi-a or
enantiomerically enriched compound of formula  l-vi-b.
[00112] At step S-5, the diastereomeric salt of
formula Vl-vi-b is treated with a suitable base obtain
a compound of formula  l-vii. Free bases according to
the invention are also prepared, for example, by
contacting a compound of formula W-vi-b with a
suitable base in the presence of a solvent suitable
for free base formation. In certain embodiments, the
suitable solvent is one or more polar aprotic solvent
optionally mixed with a protic solvent. In some
embodiments, thesuitable solvent is an ether mixed
with an alcohol. In other embodiments, the suitable
solvent is tert-butylmethyl ether and methanol or
tert-butylmethyl ether and acetone. Such suitable
bases include strong inorganic bases, i.e., those that
completely dissociate in water under formation of
hydroxide anion. Exemplary suitable bases include
metal hydroxides, including sodium hydroxide and
potassium hydroxide. In some embodiments, the base is
a carbonate base, e.g. sodium bicarbonate. [00113] At
step S-6, a compound of formula II- vii is coupled
with a compound of formula IIviii to form a compound
of formula II-a. Such coupling reactions are well
known in the art. In certain embodiments, the coupling
is achieved with a suitable coupling reagent. Such
reagents are well known in the art and include, for
example, DCC, HATU, and EDC, among others. In other
embodiments, the carboxylic acid moiety is activated
for use in the coupling reaction. Such activation
includes formation of an acyl halide, use of a
Mukaiyama reagent, and the like. These methods, and
others, are known to one of ordinary skill in the art,
e.g., see, "Advanced Organic Chemistry," Jerry March,
5th Ed., pp. 351-357, John Wiley and Sons, N.Y.
[00114] According to another embodiment, the present
invention provides a method for preparing a compound
of formula II-a': II-a' or a pharmaceutically
acceptable salt thereof, wherein: each of Rx and Ry is
as defined above and described in classes and
subclasses herein; Cy1 is an optionally substituted
5-membered saturated, partially unsaturated, or
aromatic ring having 1-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; and Cy2 is
optionally substituted phenyl or an optionally
substituted 6-membered aromatic ring having 1-3
nitrogen atoms, comprising the step of coupling a
compound of formula II-VM :ll-viii wherein each of Rx
and Ry is as defined above and described in classes
and subclasses herein; with a compound of formula
II-vii: II-VH wherein: Cy1 is an optionally
substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms, to form the compound of formula
II-a'. [00115] In certain embodiments, the compound of
formula II-vii: II-VH wherein: Cy1 is an optionally
substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms, is prepared from a compound of
formula  l-vi-b:ll-vi-b wherein A is a suitable chiral
anion, comprising the step of treating the compound of
formula ll-vi-b with a suitable base to form a
compound of formula 11-vii. [00116] In certain
embodiments, the compound of formula ll-vi-b: ll-vi-b
wherein: A is a suitable chiral anion; Cy1 is an
optionally substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms, is prepared from a compound of
formula II-v: II-v, comprising the steps of: (a)
treating the compound of formula II-v with a chiral
agent to form a compound of formula IIvi- a: l-vi-a
and (b) separating the resulting diastereomers by
suitable physical means to obtain a compound of
formula  l-vi-b. [00117] In certain embodiments, the
compound of formula II-v: ii-v wherein: Cy1 is an
optionally substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and 



Cy2 is optionally substituted phenyl or an optionally
substituted 6-membered aromatic ring having 1-3
nitrogen atoms, is prepared from a compound of formula
II-iv: p-iv comprising the step of converting the
oxime moiety of formula II-iv to the amine group of
formula II-v. [00118] In some embodiments, the present
invention provides a method for preparing a compound
of formula II-iv: p-ivwherein: Cy1 is an optionally
substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and Cy2 is optionally substituted phenyl or an
optionally substituted 6-membered aromatic ring having
1-3 nitrogen atoms, comprising the step of treating a
compound of formula H-Hi: W-Hi with hydroxylamine to
form the compound of formula W-iv. [00119] In certain
embodiments, the compound of formula W-Hi: W-Hi
wherein: Cy1 is an optionally substituted 5-membered
saturated, partially unsaturated, or aromatic ring
having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur; and Cy2 is optionally
substituted phenyl or an optionally substituted
6-membered aromatic ring having 1-3 nitrogen atoms, is
prepared by coupling a compound of formula H-/: H-/
wherein Cy1 is an optionally substituted 5-membered
saturated, partially unsaturated, or aromatic ring
having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, with a compound of
formula W-H:U-U wherein Cy2 is optionally substituted
phenyl or an optionally substituted 6-membered
aromatic ring having 1-3 nitrogen atoms. [00120] In
certain embodiments, the present invention provides a
compound of formula  l-via ovll-vi-b: 11-vi-a n-vi-b
wherein each of Cy1, Cy2 and A is as defined herein.
[00121] In some embodiments, the present invention
provides a compound of formula  l-iv: p-iv wherein
each of Cy1 and Cy2 is as defined herein. [00122]
According to another aspect, the present invention
provides a compound of formula III: III or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; Cy1 is an
optionally substituted 5-membered saturated, partially
unsaturated, or aromatic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; andCy2 is an optionally substituted 8-10
membered saturated, partially unsaturated, or aromatic
bicyclic ring having 1-4 heteroatoms, independently
selected from nitrogen, oxygen, or sulfur. [00123]
According to certain embodiments, the present
invention provides a compound of formula III': IIP or
a pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; each of X,
Y, and Z is independently -CH-, nitrogen, oxygen, or
sulfur, wherein at least one of X, Y, or Z is a
heteroatom and the circle depicted within the ring
containing X, Y, and Z indicates that said ring is
aromatic; and Cy2 is optionally substituted phenyl or
an optionally substituted 6-membered aromatic ring
having 1-3 nitrogen atoms. [00124] In certain aspects,
the present invention provides a compound of formulae
III-a and III-b: III-a III-b or a pharmaceutically
acceptable salt thereof, wherein: each of R1, Rx, and
Ry is as defined above and described in classes and
subclasses herein; Cy1 is an optionally substituted
5-membered saturated, partially unsaturated, or
aromatic ring having 1-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; andCy2 is
an optionally substituted 8-10 membered saturated,
partially unsaturated, or aromatic bicyclic ring
having 1-4 heteroatoms, independently selected from
nitrogen, oxygen, or sulfur. [00125] In certain
embodiments, the present invention provides a compound
of formula III-a or III-b wherein Cy1 is a 5-membered
heteroaryl ring having 1-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. Such
compounds are represented by formulae III-c and III-d:
III-c III-d or a pharmaceutically acceptable salt
thereof, wherein: each of R1, Rx, and Ry is as defined
above and described in classes and subclasses herein;
each of X, Y, and Z is independently -CH-, nitrogen,
oxygen, or sulfur, wherein at least one of X, Y, or Z
is a heteroatom and the circle depicted within the
ring containing X, Y, and Z indicates that said ring
is aromatic; and Cy2 is optionally substituted phenyl
or an optionally substituted 6-membered aromatic ring
having 1-3 nitrogen atoms. [00126] In certain
embodiments, each of R1, Rx, Ry, L1, L2, Cy1, and Cy2
is selected from those groups depicted in Tables 1-5,
infra. [00127] According to one aspect, the present
invention provides a compound of formula IV: IV or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein;Cy1 is an
optionally substituted 5-6 membered saturated,
partially unsaturated, or aromatic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; and Cy2 is optionally substituted
phenyl or an optionally substituted 6-membered
aromatic ring having 1-3 nitrogen atoms. [00128] Yet
another aspect of the present invention provides a
compound of formulae IV-a and IV-b: IV-a IV-b or a
pharmaceutically acceptable salt thereof, wherein:
each of R1, Rx, and Ry is as defined above and
described in classes and subclasses herein; Cy1 is an
optionally substituted 5-6 membered saturated,
partially unsaturated, or aromatic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; and Cy2 is optionally substituted
phenyl or an optionally substituted 6-membered
aromatic ring having 1-3 nitrogen atoms. [00129] In
certain embodiments, the present invention provides a
compound of formula IV, IV-a, or IV-b wherein Cy1 is a
5-membered heteroaryl ring having 1-3 heteroatoms 



independently selected from nitrogen, oxygen, or
sulfur. [00130] Exemplary compounds of the present
invention are set forth in the Examples at Tables 3,
4, and 5, infra. In certain embodiments, the present
invention provides a compound selected from those set
forth in Table 3, or a pharmaceutically acceptable
salt thereof. In some embodiments, the present
invention provides a compound selected from those set
forth in Table 4, or a pharmaceutically acceptable
salt thereof. In other embodiments, the present
invention provides a compound selected from those set
forth in Table 5, or a pharmaceutically acceptable
salt thereof.4. Uses, Formulation and Administration
Pharmaceutically acceptable compositions [0101] As
discussed above, the present invention provides
compounds that are inhibitors of protein kinases
{e.g., Raf kinase), and thus the present compounds are
useful for the treatment of diseases, disorders, and
conditions mediated by Raf kinase. In certain
embodiments, the present invention provides a method
for treating a Raf-mediated disorder. As used herein,
the term "Raf-mediated disorder" includes diseases,
disorders, and conditions mediated by Raf kinase. Such
Raf-mediated disorders include melanoma, leukemia, or
cancers such as colon, breast, gastric, ovarian, lung,
brain, larynx, cervical, renal, lymphatic system,
genitourinary tract (including bladder and prostate),
stomach, bone, lymphoma, melanoma, glioma, papillary
thyroid, neuroblastoma, and pancreatic cancer. [0102]
Raf-mediated disorders further include diseases
afflicting mammals which are characterized by cellular
proliferation. Such diseases include, for example,
blood vessel proliferative disorders, fibrotic
disorders, mesangial cell proliferative disorders, and
metabolic diseases. Blood vessel proliferative
disorders include, for example, arthritis and
restenosis. Fibrotic disorders include, for example,
hepatic cirrhosis and atherosclerosis. Mesangial cell
proliferative disorders include, for example,
glomerulonephritis, diabetic nephropathy, malignant
nephrosclerosis, thrombotic microangiopathy syndromes,
organ transplant rejection, and glomerulopathies.
Metabolic disorders include, for example, psoriasis,
diabetes mellitus, chronic wound healing,
inflammation, and neurodegenerative diseases. [0103]
In another aspect of the present invention,
pharmaceutically acceptable compositions are provided,
wherein these compositions comprise any of the
compounds as described herein, and optionally comprise
a pharmaceutically acceptable carrier, adjuvant or
vehicle. In certain embodiments, these compositions
optionally further comprise one or more additional
therapeutic agents. [0104] It will also be appreciated
that certain of the compounds of present invention can
exist in free form for treatment, or where
appropriate, as a pharmaceutically acceptable
derivative thereof. According to the present
invention, pharmaceutically acceptable derivatives
include, but are not limited to, pharmaceutically
acceptable salts, esters, salts of such esters, or any
other adducts or derivatives that, upon administration
to a patient in need, are capable of
providing,directly or indirectly, a compound as
otherwise described herein, or a metabolite or residue
thereof. [0105] As used herein, the term
"pharmaceutically acceptable salt" refers to those
salts that are, within the scope of sound medical
judgement, suitable for use in contact with the
tissues of humans or animals without undue toxicity,
irritation, allergic response, or the like, and are
offer with a reasonable benefit/risk ratio. A
"pharmaceutically acceptable salt" means any at least
substantially non-toxic salt or salt of an ester of a
compound of this invention that, upon administration
to a recipient, is capable of providing, either
directly or indirectly, a compound of this invention
or an inhibitorily active metabolite or residue
thereof. As used herein, the term "inhibitory
metabolite or residue thereof means that a metabolite
or residue thereof is also an inhibitor of a Raf
kinase. [0106] Pharmaceutically acceptable salts are
well known in the art. For example, S. M. Berge et al.
describe pharmaceutically acceptable salts in detail
in J. Pharmaceutical Sciences, 1977, 66, 1-19,
incorporated herein by reference. Pharmaceutically
acceptable salts of the compounds of this invention
include those derived from suitable inorganic and
organic acids and bases. Examples of pharmaceutically
acceptable, nontoxic acid addition salts are salts of
an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid and perchloric acid or with organic
acids such as acetic acid, oxalic acid, maleic acid,
tartaric acid, citric acid, succinic acid or malonic
acid or by using other methods used in the art such as
ion exchange. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate,
thiocyanate, p-toluenesulfonate, undecanoate, valerate
salts, and the like. Salts derived from appropriate
bases include alkali metal, alkaline earth metal,
ammonium and N+(Ci_4alkyl)4 salts. This invention also
envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed
herein. Water or oil-soluble or dispersable products
may be obtained by such quaternization.Representative
alkali or alkaline earth metal salts include sodium,
lithium, potassium, calcium, magnesium, and the like.
Further pharmaceutically acceptable salts include,
when appropriate, nontoxic ammonium, quaternary
ammonium, and amine cations formed using counterions
such as halide, hydroxide, carboxylate, sulfate,
phosphate, nitrate, loweralkyl sulfonate and aryl
sulfonate. [0107] As described above, the
pharmaceutically acceptable compositions of the
present invention additionally comprise a
pharmaceutically acceptable carrier, adjuvant, or
vehicle, which, as used herein, includes any and all
solvents, diluents, or other liquid vehicle,
dispersion or suspension aids, surface active agents,
isotonic agents, thickening or emulsifying agents,
preservatives, solid binders, lubricants and the like,
as suited to the particular dosage form desired.
Remington's Pharmaceutical Sciences, Sixteenth
Edition, E. W. Martin (Mack Publishing Co., Easton,
Pa., 1980) discloses various carriers used in
formulating pharmaceutically acceptable compositions
and known techniques for the preparation thereof.
Except insofar as any conventional carrier medium is
incompatible with the compounds of the invention, such
as by producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any
other component(s) of the pharmaceutically acceptable
composition, its use is contemplated to be within the
scope of this invention. Some examples of materials
which can serve as pharmaceutically acceptable
carriers include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid,
or potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone,
polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, wool
fat, sugars such as lactose, glucose and sucrose;
starches such as corn starch and potato starch;
cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil; safflower
oil; sesame oil; olive oil; corn oil and soybean oil;
glycols; such a propylene glycol or polyethylene
glycol; esters such as ethyl oleate and ethyl laurate;
agar; buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer's solution; ethyl alcohol, and
phosphate buffersolutions, as well as other non-toxic
compatible lubricants such as sodium lauryl sulfate
and magnesium stearate, as well as coloring agents,
releasing agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and
antioxidants can also be present in the composition,
according to the judgment of the formulator. 



Uses of Compounds and Pharmaceutically acceptable
compositions [0108] According to the present
invention, provided compounds may be assayed in any of
the available assays known in the art for identifying
compounds having kinase inhibitory activity. For
example, the assay may be cellular or non-cellular, in
vivo or in vitro, high- or low-throughput format, etc.
[0109] In certain exemplary embodiments, compounds of
this invention were assayed for their ability to
inhibit protein kinases, more specifically Raf. [0110]
Thus, in one aspect, compounds of this invention which
are of particular interest include those which: . are
inhibitors of protein kinases; . exhibit the ability
to inhibit Raf kinase;  are useful for treating
mammals {e.g., humans) or animals suffering from an
Raf-mediated disease or condition, and for helping to
prevent or delay the onset of such a disease or
condition; . exhibit a favorable therapeutic profile
{e.g., safety, efficacy, and stability). [0111] In
certain embodiments, compounds of the invention are
Raf kinase inhibitors. In certain exemplary
embodiments, compounds of the invention are Raf
inhibitors. In certain exemplary embodiments,
compounds of the invention have CellICso values <100
mM. In certain other embodiments, compounds of the
invention have CellICso values < 75 mM. In certain
other embodiments, compounds of the invention have
CellICso values < 50 mM. In certain other embodiments,
compounds of the invention have CellICso values < 25
mM. In certain other embodiments, compounds of the
invention have CellICso values < 10 mM. In certain
other embodiments, compounds of the invention have
CellICso values < 7.5 mM. In certain other
embodiments, of the invention compounds have CellICso
values < 5 mM. In certain other embodiments, of the
invention compounds have CellICso values < 2.5 mM. In
certain other embodiments, of the invention compounds
have CellICso values < 1 mM. In certain other
embodiments, of the invention compounds have CellICso
values < 800 nM. In certain otherembodiments, of the
invention compounds have CellICso values < 600 nM. In
certain other embodiments, inventive compounds have
CellICso values < 500 nM. In certain other
embodiments, compounds of the invention have CellICso
values < 300 nM. In certain other embodiments,
compounds of the invention have CellICso values < 200
nM. In certain other embodiments, of the invention
compounds have CellICso values < 100 nM. [0112] In yet
another aspect, a method for the treatment or
lessening the severity of an Rafmediated disease or
condition is provided comprising administering an
effective amount of a compound, or a pharmaceutically
acceptable composition comprising a compound to a
subject in need thereof. In certain embodiments of the
present invention an "effective amount" of the
compound or pharmaceutically acceptable composition is
that amount effective for treating or lessening the
severity of a Raf-mediated disease or condition. The
compounds and compositions, according to the method of
the present invention, may be administered using any
amount and any route of administration effective for
treating or lessening the severity of a Raf-mediated
disease or condition. The exact amount required will
vary from subject to subject, depending on the
species, age, and general condition of the subject,
the severity of the infection, the particular agent,
its mode of administration, and the like. In certain
embodiments, compounds of the invention are formulated
in dosage unit form for ease of administration and
uniformity of dosage. The expression "dosage unit
form" as used herein refers to a physically discrete
unit of agent appropriate for the patient to be
treated. It will be understood, however, that the
total daily usage of the compounds and compositions of
the present invention will be decided by the attending
physician within the scope of sound medical judgment.
The specific effective dose level for any particular
patient or organism will depend upon a variety of
factors including the disorder being treated and the
severity of the disorder; the activity of the specific
compound employed; the specific composition employed;
the age, body weight, general health, sex and diet of
the patient; the time of administration, route of
administration, and rate of excretion of the specific
compound employed; the duration of the treatment;
drugs used in combination or coincidental with the
specific compound employed, and like factors well
known in the medical arts. The term "patient", as used
herein, means an animal, preferably a mammal, and most
preferably a human. [0113] The pharmaceutically
acceptable compositions of this invention can be
administered to humans and other animals orally,
rectally, parenterally, intracisternally,
intravaginally,intraperitoneally, topically (as by
powders, ointments, or drops), bucally, as an oral or
nasal spray, or the like, depending on the severity of
the infection being treated. In certain embodiments,
the compounds of the invention may be administered
orally or parenterally at dosage levels of about 0.01
mg/kg to about 50 mg/kg and preferably from about 1
mg/kg to about 25 mg/kg, of subject body weight per
day, one or more times a day, to obtain the desired
therapeutic effect. [0114] Liquid dosage forms for
oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions,
solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage
forms may contain inert diluents commonly used in the
art such as, for example, water or other solvents,
solubilizing agents and emulsifiers such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethylformamide, oils
(in particular, cottonseed, groundnut, corn, germ,
olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof.
Besides inert diluents, the oral compositions can also
include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, and
perfuming agents. [0115] Injectable preparations, for
example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known
art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation
may also be a sterile injectable solution, suspension
or emulsion in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in
1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution, U.S.P. and isotonic sodium chloride
solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil can be
employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in
the preparation of injectables. [0116] The injectable
formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter, or by
incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved or
dispersed in sterile water or other sterile injectable
medium prior to use. [0117] In order to prolong the
effect of a compound of the present invention, it is
often desirable to slow the absorption of the compound
from subcutaneous or intramuscular injection.This may
be accomplished by the use of a liquid suspension of
crystalline or amorphous material with poor water
solubility. The rate of absorption of the compound
then depends upon its rate of dissolution that, in
turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a
parenterally administered compound form is
accomplished by dissolving or suspending the compound
in an oil vehicle. Injectable depot forms are made by
forming microencapsule matrices of the compound in
biodegradable polymers such as
polylactidepolyglycolide. Depending upon the ratio of
compound to polymer and the nature of the particular
polymer employed, the rate of compound release can be
controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by
entrapping the compound in liposomes or microemulsions
that are compatible with body tissues. [0118]
Compositions for rectal or vaginal administration are
preferably suppositories which can be prepared by
mixing the compounds of this invention with suitable
non-irritating excipients or carriers such as cocoa
butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or 



vaginal cavity and release the active compound. [0119]
Solid dosage forms for oral administration include
capsules, tablets, pills, powders, and granules. In
such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable
excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders
such as starches, lactose, sucrose, glucose, mannitol,
and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, c)
humectants such as glycerol, d) disintegrating agents
such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates, and
sodium carbonate, e) solution retarding agents such as
paraffin, f) absorption accelerators such as
quaternary ammonium compounds, g) wetting agents such
as, for example, cetyl alcohol and glycerol
monostearate, h) absorbents such as kaolin and
bentonite clay, and i) lubricants such as talc,
calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof. In the case of capsules, tablets and
pills, the dosage form may also comprise buffering
agents. [0120] Solid compositions of a similar type
may also be employed as fillers in soft and hardfilled
gelatin capsules using such excipients as lactose or
milk sugar as well as high molecularweight
polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such
as enteric coatings and other coatings well known in
the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be
of a composition that they release the active
ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions that can be
used include polymeric substances and waxes. Solid
compositions of a similar type may also be employed as
fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugar as well as
high molecular weight polethylene glycols and the
like. [0121] The active compounds can also be in
micro-encapsulated form with one or more excipients as
noted above. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared
with coatings and shells such as enteric coatings,
release controlling coatings and other coatings well
known in the pharmaceutical formulating art. In such
solid dosage forms the active compound may be admixed
with at least one inert diluent such as sucrose,
lactose or starch. Such dosage forms may also
comprise, as is normal practice, additional substances
other than inert diluents, e.g., tableting lubricants
and other tableting aids such a magnesium stearate and
microcrystalline cellulose. In the case of capsules,
tablets and pills, the dosage forms may also comprise
buffering agents. They may optionally contain
opacifying agents and can also be of a composition
that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal
tract, optionally, in a delayed manner. Examples of
embedding compositions that can be used include
polymeric substances and waxes. [0122] Dosage forms
for topical or transdermal administration of a
compound of this invention include ointments, pastes,
creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed
under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or
buffers as may be required. Ophthalmic formulation,
ear drops, and eye drops are also contemplated as
being within the scope of this invention.
Additionally, the present invention contemplates the
use of transdermal patches, which have the added
advantage of providing controlled delivery of a
compound to the body. Such dosage forms can be made by
dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to
increase the flux of the compound across theskin. The
rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in
a polymer matrix or gel. [0123] As described generally
above, the compounds of the invention are useful as
inhibitors of protein kinases. In one embodiment, the
compounds of the invention are Raf kinase inhibitors,
and thus, without wishing to be bound by any
particular theory, the compounds and compositions are
particularly useful for treating or lessening the
severity of a disease, condition, or disorder where
activation of Raf kinase is implicated in the disease,
condition, or disorder. When activation of Raf kinase
is implicated in a particular disease, condition, or
disorder, the disease, condition, or disorder may also
be referred to as a "Raf-mediated disease".
Accordingly, in another aspect, the present invention
provides a method for treating or lessening the
severity of a disease, condition, or disorder where
activation of Raf kinase is implicated in the disease
state. [0124] The activity of a compound utilized in
this invention as an Raf kinase inhibitor, may be
assayed in vitro, in vivo, ex vivo, or in a cell line.
In vitro assays include assays that determine
inhibition of either the phosphorylation activity or
ATPase activity of activated Raf. Alternate in vitro
assays quantitate the ability of the inhibitor to bind
to Raf. Inhibitor binding may be measured by
radiolabelling the inhibitor (e.g., synthesizing the
inhibitor to include a radioisotope) prior to binding,
isolating the inhibitor/Raf, complex and determining
the amount of radiolabel bound. Alternatively,
inhibitor binding may be determined by running a
competition experiment where new inhibitors are
incubated with Raf bound to known radioligands. [0125]
The term "measurably inhibit", as used herein means a
measurable change in Raf activity between a sample
comprising said composition and a Raf kinase and an
equivalent sample comprising Raf kinase in the absence
of said composition. [0126] It will also be
appreciated that the compounds and pharmaceutically
acceptable compositions of the present invention can
be employed in combination therapies, that is, the
compounds and pharmaceutically acceptable compositions
can be administered concurrently with, prior to, or
subsequent to, one or more other desired therapeutics
or medical procedures. The particular combination of
therapies (therapeutics or procedures) to employ in a
combination regimen will take into account
compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be
achieved. It will also be appreciated that the
therapiesemployed may achieve a desired effect for the
same disorder (for example, compound of the invention
may be administered concurrently with another agent
used to treat the same disorder), or they may achieve
different effects (e.g., control of any adverse
effects). As used herein, additional therapeutic
agents that are normally administered to treat or
prevent a particular disease, or condition, are known
as "appropriate for the disease, or condition, being
treated". [0127] For example, other therapies,
chemotherapeutic agents, or other anti-proliferative
agents may be combined with the compounds of this
invention to treat proliferative diseases and cancer.
Examples of therapies or anticancer agents that may be
used in combination with the inventive anticancer
agents of the present invention include surgery,
radiotherapy (e.g., gammaradiation, neutron beam
radiotherapy, electron beam radiotherapy, proton
therapy, brachytherapy, and systemic radioactive
isotopes), endocrine therapy, biologic response
modifiers (e.g., interferons, interleukins, and tumor
necrosis factor (TNF)), hyperthermia and cryotherapy,
agents to attenuate any adverse effects (e.g.,
antiemetics), and other approved chemotherapeutic
drugs. Examples of chemotherapeutic anticancer agents
that may be used as second active agents in
combination with compounds of the invention
include,but are not limited to, alkylating agents
(e.g. mechlorethamine, chlorambucil, cyclophosphamide,
melphalan, ifosfamide), antimetabolites (e.g.,
methotrexate), purine antagonists and pyrimidine
antagonists (e.g. 6-mercaptopurine, 5-fluorouracil,
cytarabine, gemcitabine), spindle poisons (e.g.,
vinblastine, vincristine, vinorelbine, paclitaxel),
podophyllotoxins (e.g., etoposide, irinotecan,
topotecan), antibiotics (e.g., doxorubicin,
daunorubicin, bleomycin, mitomycin), nitrosoureas
(e.g., carmustine, lomustine), inorganic ions (e.g.,
platinum complexes such as cisplatin, carboplatin),
enzymes (e.g., asparaginase), hormones (e.g.,
tamoxifen, leuprolide, flutamide, and megestrol),
topoisomerase II inhibitors or poisons, EGFR (Herl,
ErbB-1) inhibitors (e.g., gefitinib), antibodies
(e.g., rituximab), IMIDs (e.g., thalidomide,
lenalidomide), various targeted agents (e.g., HDAC
inhibitors such as vorinostat , Bcl-2 inhibitors, VEGF
inhibitors); proteasome 



inhibitors (e.g., bortezomib), cyclin-dependent kinase
inhibitors, and dexamethasone. [0128] For a more
comprehensive discussion of updated cancer therapies
see, The Merck Manual, Seventeenth Ed. 1999, the
entire contents of which are hereby incorporated by
reference. See also the National Cancer Institute
(CNI) website (www.nci.nih.gov) and the Foodand Drug
Administration (FDA) website for a list of the FDA
approved oncology drugs
(www.fda.gov/cder/cancer/druglistframe - See
Appendix). [0129] Other examples of agents the
inhibitors of this invention may also be combined with
include, without limitation: treatments for
Alzheimer's Disease such as Aricept(r) and Excelon(r);
treatments for Parkinson's Disease such as
L-DOPA/carbidopa, entacapone, ropinrole, pramipexole,
bromocriptine, pergolide, trihexephendyl, and
amantadine; agents for treating Multiple Sclerosis
(MS) such as beta interferon (e.g., Avonex(r) and
Rebif(r)), Copaxone(r), and mitoxantrone; treatments
for asthma such as albuterol and Singulair(r); agents
for treating schizophrenia such as zyprexa, risperdal,
seroquel, and haloperidol; anti-inflammatory agents
such as corticosteroids, TNF blockers, IL-I RA,
azathioprine, cyclophosphamide, and sulfasalazine;
immunomodulatory agents, including immunosuppressive
agents, such as cyclosporin, tacrolimus, rapamycin,
mycophenolate mofetil, interferons, corticosteroids,
cyclophosphamide, azathioprine, and sulfasalazine;
neurotrophic factors such as acetylcholinesterase
inhibitors, MAO inhibitors, interferons,
anti-convulsants, ion channel blockers, riluzole, and
anti-Parkinson's agents; agents for treating
cardiovascular disease such as beta-blockers, ACE
inhibitors, diuretics, nitrates, calcium channel
blockers, and statins; agents for treating liver
disease such as corticosteroids, cholestyramine,
interferons, and anti-viral agents; agents for
treating blood disorders such as corticosteroids,
anti-leukemic agents, and growth factors; and agents
for treating immunodeficiency disorders such as gamma
globulin. [0130] Those additional agents may be
administered separately from composition containing a
compound of the invention, as part of a multiple
dosage regimen. Alternatively, those agents may be
part of a single dosage form, mixed together with a
compound of this invention in a single composition. If
administered as part of a multiple dosage regime, the
two active agents may be submitted simultaneously,
sequentially or within a period of time from one
another normally within five hours from one another.
[0131] The amount of additional therapeutic agent
present in the compositions of this invention will be
no more than the amount that would normally be
administered in a composition comprising that
therapeutic agent as the only active agent. Preferably
the amount of additional therapeutic agent in the
presently disclosed compositions will range from about
50% to 100% of the amount normally present in a
composition comprising that agent as the only
therapeutically active agent.[0132] The compounds of
this invention or pharmaceutically acceptable
compositions thereof may also be incorporated into
compositions for coating implantable medical devices,
such as prostheses, artificial valves, vascular
grafts, stents and catheters. Accordingly, the present
invention, in another aspect, includes a composition
for coating an implantable device comprising a
compound of the present invention as described
generally above, and in classes and subclasses herein,
and a carrier suitable for coating said implantable
device. In still another aspect, the present invention
includes an implantable device coated with a
composition comprising a compound of the present
invention as described generally above, and in classes
and subclasses herein, and a carrier suitable for
coating said implantable device. [0133] Vascular
stents, for example, have been used to overcome
restenosis (re-narrowing of the vessel wall after
injury). However, patients using stents or other
implantable devices risk clot formation or platelet
activation. These unwanted effects may be prevented or
mitigated by pre-coating the device with a
pharmaceutically acceptable composition comprising a
kinase inhibitor. Suitable coatings and the general
preparation of coated implantable devices are
described in US Patents 6,099,562; 5,886,026; and
5,304,121. The coatings are typically biocompatible
polymeric materials such as a hydrogel polymer,
polymethyldisiloxane, polycaprolactone, polyethylene
glycol, polylactic acid, ethylene vinyl acetate, and
mixtures thereof. The coatings may optionally be
further covered by a suitable topcoat of
fluorosilicone, polysaccarides, polyethylene glycol,
phospholipids or combinations thereof to impart
controlled release characteristics in the composition.
[0134] Another aspect of the invention relates to
inhibiting Raf activity in a biological sample or a
patient, which method comprises administering to the
patient, or contacting said biological sample with a
compound of the present invention or a composition
comprising said compound. The term "biological
sample", as used herein, includes, without limitation,
cell cultures or extracts thereof; biopsied material
obtained from a mammal or extracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body
fluids or extracts thereof. [0135] Inhibition of Raf
kinase activity in a biological sample is useful for a
variety of purposes that are known to one of skill in
the art. Examples of such purposes include, but are
not limited to, blood transfusion,
organ-transplantation, biological specimen storage,
and biological assays.TREATMENT KIT [0136] In other
embodiments, the present invention relates to a kit
for conveniently and effectively carrying out the
methods in accordance with the present invention. In
general, the pharmaceutical pack or kit comprises one
or more containers filled with one or more of the
ingredients of the pharmaceutical compositions of the
invention. Such kits are especially suited for the
delivery of solid oral forms such as tablets or
capsules. Such a kit preferably includes a number of
unit dosages, and may also include a card having the
dosages oriented in the order of their intended use.
If desired, a memory aid can be provided, for example
in the form of numbers, letters, or other markings or
with a calendar insert, designating the days in the
treatment schedule in which the dosages can be
administered. Alternatively, placebo dosages, or
calcium dietary supplements, either in a form similar
to or distinct from the dosages of the pharmaceutical
compositions, can be included to provide a kit in
which a dosage is taken every day. Optionally
associated with such container(s) can be a notice in
the form prescribed by a governmental agency
regulating the manufacture, use or sale of
pharmaceutical products, which notice reflects
approval by the agency of manufacture, use or sale for
human administration. EQUIVALENTS [0137] The
representative examples that follow are intended to
help illustrate the invention, and are not intended
to, nor should they be construed to, limit the scope
of the invention. Indeed, various modifications of the
invention and many further embodiments thereof, in
addition to those shown and described herein, will
become apparent to those skilled in the art from the
full contents of this document, including the examples
which follow and the references to the scientific and
patent literature cited herein. It should further be
appreciated that the contents of those cited
references are incorporated herein by reference to
help illustrate the state of the art. [0138] The
following examples contain important additional
information, exemplification and guidance that can be
adapted to the practice of this invention in its
various embodiments and the equivalents thereof.
EXAMPLES [0139] As depicted in the Examples below, in
certain exemplary embodiments, compounds are prepared
according to the following general procedures. It will
be appreciated that, although the synthetic methods
and Schemes depict the synthesis of certain compounds
of the presentinvention, the following methods and
other methods known to one of ordinary skill in the
art can be applied to all compounds and subclasses and
species of each of these compounds, as described
herein. Synthesis of the Pyrimidine ("Left-Side")
Groups Scheme 1. 1.3 1a [0140] Synthesis of Compound
1.1. To a stirred solution of diethyl
acetylenedicarboxylate (20 g, 0.1 17 mol) and
formamidine hydrochloride (9.4 g, 0.1 17 mol) in
acetonitrile (400 mL) was added triethylamine (16.3
mL, 0.1 17 mol) dropwise at room temperature (RT) and
the 



reaction mixture was heated at reflux for 16 hours
(hr). The reaction mixture was cooled to 0 0C and the
obtained solid was filtered and purified by silica gel
column chromatography to furnish compound 1.1 (Hg,
55.6%). 1H NMR (200 MHz, DMSO-d 6) : d 12.7 (bs, IH),
8.25 (s, IH), 6.85 (s, IH), 4.28 (q, J = 7 Hz, 2H),
1.25 (t, J = 7 Hz, 3H); LCMS: m/z 169 [M+l] +. [0141]
Synthesis of Compound 1.2. To a stirred solution of
compound 1.1 (8 g, 0.047 mol) in DMF (22 mL) was added
l,3-dichloro-5,5-dimethyl hydantoin (NDDH; 5.6 g,
0.028 mol) in DMF (14.7 ml) and the reaction mixture
stirred at RT for 1 hr. After complete consumption of
the starting material was observed by TLC analysis,
the reaction mixture was cooled to 0 0C and SOCl (5.3
mL, 0.062) was added dropwise. After warming to RT and
stirring for 1 hr, the reaction mixture was diluted
with water (120 mL) and extracted with ether (3 x 200
mL). The combined organic layers were dried (Na2SO ),
concentrated under reduced pressure and purified by
column chromatography to give compound 1.2 (4.6g,
40.7%). 1H NMR (200 MHz, DMSOd 6) : d 9.15 (s, IH),
4.42 (q, J = 7 Hz, 2H), 1.41 (t, J = 7 Hz, 3H). 13C
NMR (125 MHz, DMSOd6) : 162.293, 159.731, 156.087,
155.993, 126.329, 62.962 and 13.803. LCMS: m/z: m/z
221 [M+l] +. [0142] Synthesis of Compound 1.3. To a
stirred solution of compound 1.2 (500 mg, 0.0022 mol)
in 1,4-dioxane (5 mL) was added ethanolamine (152 mg,
0.0024 mol) and the reaction mixture was stirred at RT
overnight. The progress of the reaction was monitored
by TLC. After consumption of the starting material,
the reaction mixture was concentrated under reduced
pressure and purified by column chromatography (5%
MeOH/ DCM) to give compound 1.3 (220 mg, 40%). 1H NMR
(200 MHz, DMSO-d 6) : d 8.40 (s, IH), 7.70 (bs, N-H),
4.78 (bs, O-H), 4.28 (q, J = 7.4 Hz, 2H), 3.58-3.42
(m, 4H), 1.25 (t, J = 7.4 Hz, 3H); LCMS: m/z 246 [M+l]
+. [0143] Synthesis of Compound Ia. To a solution of
ester 1.3 in THF (10 equiv.) and water (30 equiv.) was
added LiOH (2.0 equiv.). The reaction mixture was
stirred at RT for 1-3 hr and monitored by LCMS. THF
was removed under reduced pressure and the resulting
aqueous solution was neutralized with 2 N HCl.
Precipitates were collected and dried to give the
corresponding acid. In cases where precipitation did
not occur, the mixture was lyophilized to give a crude
product which was used for coupling without further
purification. [0144] Compounds la-It. Using different
amines and compound 1.2, the following acids can be
synthesized by the general method depicted in Scheme 1
:1s 1t [0145] Synthesis of Compound 2.1. A mixture of
compound 1.2 (250 mg, 0.001 1 mol) and 4-amino
pyridine (106 mg, 0.001 1 mol) in acetonitrile (2.5
mL) was stirred in a sealed tube at 95 0C for 3 hr.
After the reaction was judged to be complete by TLC
analysis, the reaction mixture was cooled to 0 0C. The
obtained solid was filtered and purified by column
chromatography (50% ethyl acetate / hexane) to give
compound 2.1 (100 mg, 33%). 1H NMR (500 MHz, CDCl3) :
d 8.78 (s, IH), 8.57 (d, J = 7.0 Hz, 2H), 7.70 (d, J =
6.0 Hz, 2H), 7.60 (bs, N-H), 4.50 (q, J = 7.0 Hz, 4H),
1.43 (t, J = 7.0 Hz, 3H); LCMS: m/z 279 [M+l] +.
[0146] Synthesis of Compound 2a. Compound 2.1 was
hydrolyzed as described for compound 1 to afford 2
which was used without further purification. 1H NMR
(500 MHz, DMSO-de): d 10.50 (bs, IH), 8.88-8.36 (m,
5H). LCMS: 251 [M+l] +. [0147] Compounds 2a-2g. Using
different anilines and compound 1.2, the following
acids can be synthesized as by the general method
depicted in Scheme 2 :1.2 3.1 3a [0148] Synthesis of
Compound 3.1. A solution of compound 1.2 (250 mg,
0.001 13 mol) in MeOH (5 niL) in a sealed tube was
stirred at 60 0C overnight. After consumption of the
starting material, MeOH was removed under reduced
pressure. The obtained crude material was purified by
column chromatography (30% ethyl acetate / hexanes) to
give compound 3.1 (78 mg, 31%). 1 NMR (200 MHz,
CD3OD): d 8.69 (s, IH), 4.51 (s, 3H), 3.99 (s, 3H);
LCMS: m/z 203 [M+l] +. [0149] Synthesis of Compound
3a. Compound 3.1 was hydrolyzed as described for
compound 1 to afford 3a as a crude product which was
used without further purification. 1H NMR (200 MHz,
DMSO-d 6) : d 8.58 (s, IH), 3.98 (s, 3H); LCMS: 188
[M+l] +. [0150] Compounds 3a-3c. Using different
alcohols and compound 1.2, the following acids can be
synthesized as exemplified in Scheme 3 :Scheme 4.
[0151] Synthesis of Compound 4.1 was synthesized using
the approach shown in Scheme 1, except omitting the
chlorination step using NDDH. [0152] Synthesis of
Compound 4a. To a microwave vial was added
6-chloro-pyrimidine- 4-carboxylic acid ethyl ester
(250 mg, 0.0013 mol), 4-(4,4,5,5-tetramethyl-
[l,3,2]dioxaborolan-2-yl)-pyridine (275 mg, 0.00134
mol), 1,2-dimethoxyethane (5.0 mL, 0.048 mol),
saturated sodium bicarbonate solution (0.9 mL, 0.009
mol), and tetrakis(triphenylphosphine)palladium(0)
(150 mg, 0.00013 mol). The vial was purged with
nitrogen, and sealed with a rubber septum. The
reaction mixture was heated in the microwave (300
watts, 1100C) for 2 hr. LCMS indicated consumption of
starting material. The major product was found to be
the hydrolysis product [by LCMS (M+1 = 202)]. The
reaction mixture was diluted with 50% MeOH/CH2Cl2 (20
mL), and filtered through Celite(r). The filtrate was
concentrated under reduced pressure and the resultant
residue was triturated with water (3 x 20 mL). The
aqueous mixture was collected and washed with ethyl
acetate EtOAc (3 x 10 mL) to remove residual ligand.
The solution was neutralized with IN HCl and
lyophilized to give acid 4 as a light purple powder
(160 mg, 50%) which was used without further
purification. LCMS: m/z 202 [M+l] +. [0153] Compounds
4a-4z. Using different boronic acids or esters, and
compound 1.4, the following acids can be synthesized
by the general method depicted in Scheme 4 :NMDA
RECEPTOR ANTAGONISTS FOR NEUROPROTECTION CROSS
REFERENCE TO RELATED APPLICATIONS This application
claims priority to U.S. Provisional Application No.
60/947,276, filed June 29, 2007; U.S. Provisional
Application No. 60/949,120, filed July 11, 2007; U.S.
Provisional Application No. 60/985,082, filed November
2, 2007; and U.S. Provisional Application No.
61/127,105, filed May 9, 2008. FIELD OF THE INVENTION
The present invention is in the area of NMDA receptor
blockers, including pHsensitive NMDA receptor
blockers, as neuroprotective drugs, and includes
methods and compositions for the treatment of
neurodegeneration resulting from NMDA-receptor
activation. BACKGROUNDOF THE INVENTION The NMDA
subtype of glutamate-gated ion channels mediates
excitatory synaptic transmission between neurons in
the central nervous system (Dingledine et al. (1999),
Pharmacological Reviews 51:7-61). Animal models of
stroke and brain trauma confirm that glutamate
released from affected neurons can overstimulate
N-methyl-D-aspartate (NMDA) receptors, which in turn
causes neuronal death. Therefore, compounds that block
NMDA receptors have been considered candidates for
treatment of stroke and head injuries. NMDA receptors
are composed of NRl, NR2 (A, B, C, and D), and NR3 (A
and B) subunits, which determine the functional
properties of native NMDA receptors. Expression of the
NRl subunit alone does not produce a functional
receptor. Co-expression of one or more NR2 subunits is
required to form functional channels. In addition to
glutamate, the NMDA receptor requires the binding of a
co-agonist, glycine, to allow the receptor to
function. A glycine binding site is found on the NRl
and NR3 subunits, whereas the glutamate binding site
is found on NR2 subunits. At resting membrane
potentials, NMDA receptors are largely inactive due to
a voltage-dependent block of the channel pore by
magnesium ions. Depolarization releases this channel
block and permits passage of calcium as well as other
ions. The NMDA receptor is modulated by a number of
endogenous and exogenouscompounds including, sodium,
potassium and calcium ions that can not only pass
through the NMDA receptor channel but also modulate
the activity of receptors. Zinc blocks the channel
through NR2A- and NR2B-containing receptors
noncompetitive and voltage-independent manner.
Polyamines can also either potentiate or inhibit
glutamate-mediated responses. 



Stroke is the third leading cause of death in the
United States and the most common cause of adult
disability. In an ischemic stroke, which is the cause
of approximately 80% of strokes, a blood vessel
becomes occluded and the blood supply to part of the
brain is blocked. Ischemic stroke is commonly divided
into thrombotic stroke, embolic stroke, systemic
hypoperfusion (Watershed or Border Zone stroke), or
venous thrombosis. NMDA antagonists have been studied
as neuroprotective agents for acute stroke. However,
these agents, including Dextrorphan, Selfotel and
aptiganel HCl (Cerestat) all showed certain toxicity
profiles that required halting trials of these agents.
Early clinical studies suggest that psychomimetic side
effects occur less frequently with glycine site NMDA
antagonists, however clinical studies have not
supported a protective role for these agents
(http://www.emedicine.com/neuro/topic488.htm, Lutsep &
Clark "Neuroprotective Agents in Stroke", Apr. 30,
2004). Epilepsy has also long been considered a
potential therapeutic target for glutamate receptor
antagonists. NMDA receptor antagonists are known to be
anti-convulsant in many experimental models of
epilepsy (Bradford (1995) Progress in Neurobiology 4
r:477-51 1; McNamara, J . O. (2001) Drugs effective in
the therapy of the epilepsies. In Goodman & Gliman's:
The pharmacological basis of therapeutics [Eds. J . G.
Hardman and L. E. Limbird] McGraw Hill, New York).
NMDA receptor antagonists may also be beneficial in
the treatment of chronic pain. Chronic pain, including
neuropathic pain such as that due to injury of
peripheral or central nerves, has often proved very
difficult to treat. Treatment of chronic pain with
ketamine and amantadine has proven beneficial, and it
is believed that the analgesic effects of ketamine and
amantadine are mediated by block ofNMDA receptors.
Several case reports have indicated that systemic
administration of amantadine or ketamine substantially
reduces the intensity of trauma-induced neuropathic
pain. Small-scale double blind, randomized clinical
trials corroborated that amantadine could
significantly reduce neuropathic pain in cancer
patients (Pud et al. (1998), Pain 75:349-354) and
ketamine could reduce pain in patients with peripheral
nerve injury (Felsby et al. (1996), Pain 64:283-291),
peripheral vascular disease (Perrson et al. (1998),
Acta Anaesthesiol Scand 42:750-758), or kidney donors
(Stubhaug etal. (1997), Acta Anaesthesiol Scand 41:1
124-1 132). "Wind-up pain" produced by repeated
pinpricking was also dramatically reduced. These
findings suggest that central sensitization caused by
nociceptive inputs can be prevented by administration
of NMDA receptor anatagonists. NMDA receptor
antagonists can also be beneficial in the treatment of
Parkinson's Disease (Blandini and Greenamyre (1998),
Fundam Clin Pharmacol 12:4-12). The anti parkinsonian
drug, amantadine, is an NMDA receptor channel blocker
(Blanpied et al. (1997), J Neurophys 77:309-323). In a
small clinical trial, Amantadine reduced the severity
of dyskinesias by 60% without reducing the
antiparkinsonian effect of L-DOPA (Verhagen Metman et
al. (1998), Neurology 50:1323-1326). Likewise, another
NMDA receptor antagonist, CP-101, 606, potentiated the
relief of Parkinson's symptoms by L-DOPA in a monkey
model (Steece-Collier et al., (2000) Exper. Neurol,
163:239-243). NMDA receptor antagonists may in
addition be beneficial in the treatment of brain
cancers. Rapidly-growing brain gliomas can kill
adjacent neurons by secreting glutamate and
overactivating NMDA receptors such that the dying
neurons make room for the growing tumor, and may
release cellular components that stimulate tumor
growth. Studies show NMDA receptor antagonists can
reduce the rate of tumor growth in vivo as well as in
some in vitro models (Takano, T., et al. (2001),
Nature Medicine 7:1010-1015; Rothstein, J . D. and
Bren, H. (2001) Nature Medicine 7:994-995; Rzeski, W.,
et al. (2001), Proc. Nat'l Acad. Sci 98:6372). While
NMDA-receptor antagonists might be useful to treat a
number of very challenging disorders, to date,
dose-limiting side effects have prevented clinical use
of NMDA receptor antagonists for these conditions.
Thus, despite the tremendous potential for glutamate
antagonists to treat many serious diseases, the
severity of the side effects have caused many to
abandon hope that a well-tolerated NMDA receptor
antagonist could be developed (Hoyte L. et al (2004)
"The Rise and Fall of NMDA Antagonists for Ischemic
Stroke Current Molecular Medicine" 4(2): 131-136;
Muir, K. W. and Lees, K. R. (1995) Stroke 26:503-513;
Herrling, P. L., ed. (1997) "Excitatory amino acid
clinical results with antagonists" Academic Press;
Parsons et al. (1998) Drug News Perspective II: 523
569).pH Sensitive NMDA Receptors Two of the most
prevalent subtypes of NMDA receptors (including the
NR2A and NR2B subunits or an alternatively spliced NRl
subunit) have the unusual property of being normally
inhibited by protons by about 50% at physiological pH
(Traynelis, S. F. and Cull- Candy, S. G. (1990) Nature
345:347; Traynelis et al. (1995) Science 268: 873-876;
Traynelis et al. (1998), JNeurosci 18:6163-6175). The
extracellular pH is highly dynamic in mammalian brain,
and influences the function of a multitude of
biochemical processes and proteins, including
glutamate receptor function. The pH-sensitivity of the
NMDA receptor has received increasing attention for at
least two reasons. First, the IC50 value for proton
inhibition of pH 7.4 places the receptor under tonic
inhibition at physiological pH. Second, pH changes are
extensively documented in the central nervous system
during synaptic transmission, glutamate receptor
activation, glutamate receptor uptake, and prominently
during pathological states such as ischemia and
seizures (Siesjo, BK (1985), Progr Brain Res
63:121-154; Chesler, M (1990), Prog Neurobiol
34:401-427; Chesler and Kaila (1992), Trends Neurosci
15:396-402; Amato et al. (1994), J Neurophysiol
72:1686-1696). During stroke, transient ischemia leads
to a dramatic drop of pH to 6.4-6.5 in the core region
of the infarct, with a modest drop in regions
surrounding the core. The penumbral region, which
surrounds the core and extends outward, suffers
significant neuronal loss. The pH in this region drops
to around pH 6.9. The pH-induced drops are exaggerated
in presence of excess glutamate, and attenuated in
hypoglycemic condition (see, for example, Mutch &
Hansen (1984) J Cereb Blood Flow Metab 4 : 17-27,
Smith et al. (1986) J Cereb Blood Flow Metab 6 :
574-583; Nedergaard et al. (1991) Am J Physiol
260(Pt3): R581-588; Katsura et al (1992a) Euro J
Neursci 4 : 166-176; and Katsura & Siesjo (1998) "Acid
base metabolism in ischemia" in pH and Brain function
(Eds Kaila & Ransom) Wiley-Liss, New York). In
addition to ischemia, there are various other examples
of conditions in which pH changes can be associated
with pathological processes, including neuropathic
pain, Parkinsons disease, epilepsy and traumatic brain
injuries. Neuropathic pain, which is due to
hyperactivity of nerve fibers in the dorsal horn of
the spinal chord can be associated with pH changes in
the spinal cord. Single electrical stimulation of
isolated spinal cord from rat pups produces an
alkaline shift of 0.05 pH units, and a 0.1 pH unit
shift following 10 Hz stimulation which is followed by
acidification after cessation of the stimuli. This
acidification is greater in older animals (Jendelova &
Sykova (1991) GHa 4 : 56-63), indicating an increased
pH differential underlying the stimuli.Similarly,
30-40 Hz stimulation of the dorsal root in frog
produced in vivo a transient extracellular
acidification reaching a maximum ceiling of 0.25 pH
unit reduction in the lower dorsal horn. Extracellular
pH changes increased with stimulus intensity and
frequency (Chvatal et al. (1988) Physiol Bohemoslov
37: 203-212). Further, high frequency (10-100 Hz)
nerve stimulation in adult rat spinal cord in vivo
produced triphasic alkaline-acid-alkaline shifts in
extracellular pH (Sykova et al. (1992) Can J Physiol
Pharmacol 70: Suppl S301- 309). Additionally, it has
been shown that acute nociceptive stimuli (pinch,
press, heat) applied to the rat hindpaw produced
transient acidification of 0.01-0.05 pH units in the
lower dorsal horn in vivo (laminae III-VII). Chemical
or thermal peripheral injury produced prolonged 2 hour
decreases in interstitial pH of 0.05-0.1 pH units.
High frequency nerve stimulation produced an alkaline
pH shift followed by a dominating 0.2 pH unit acid
shift 



(Sykova & Svoboda (1990) Brain Res 512: 181-189).
Thus, increased firing of pain fibers can cause a
decrease in pH (acidification) of the dorsal horn of
the spinal cord. Subthalamic neurons are overactive in
Parkinson's disease, which may result in a lower local
pH. There is a correlation in brain regions between
neuronal activity and extracellular pH, with activity
causing acidification. High frequency stimulation of
brain slices gives an initial acidification followed
by an alkalinization, followed by a slow acidification
(See, for example, Chesler (1990) Prog Neurobiol 34:
401-427, Chesler & Kaila (1992) Tr Neurosci 15:
396-402, and Kaila & Chesler (1998) "Activity evoked
changes in extracellular pH" in pH and Brain function
(eds Kaila and Ransom). Wiley-Liss, New York).
Acidification also occurs during seizures.
Electrographic seizures in a wide range of
preparations have been shown to cause a change in
extracellular pH. For example, up to a 0.2-0.36 drop
in pH can occur in cat fascia dentata or rat
hippocampal CAl or dentate during an electrically or
chemically evoked seizure. Deeper drops in pH
approaching 0.5 can occur under hypoxic conditions
(Siesjo et al (1985) J Cereb Blood Flow Metab 5 :
47-57; Balestrino & Somjen (1988) J Physiol 396:
247-266; and Xiong & Stringer (2000) J Neurophysiol
83: 3519-3524). In addition, other types of brain
injury can result in acidification. "Spreading
depression" is a term used to describe a slowly moving
wave of electrical inactivity that occurs following a
number of traumatic insults to brain tissue. Spreading
depression can occur during a concussion or migraine.
Acidic pH changes occur with spreading depression.
Systemic alkalosis can occur with reduction in overall
carbon dioxide content (hypocapnia) through, for
example, hyperventilation. Conversely, systemic
acidosis can occur with an increase in blood carbon
dioxide (hypercapnia) during respiratory distress or
conditions thatimpair gas exchange or lung function.
Diabetic ketoacidosis and lactic acidosis represent
three of the most serious acute complications of
diabetes and can result in brain acidification.
Further, fetal asphyxia during parturition occurs in
25 per 1000 births at term. It involves hypoxia and
brain damage that is similar but not identical to
ischemia. The acidification associated with
pathological situations can partially inhibit NMDA
receptors, which provides negative feedback that
reduces their contribution to neurotoxicity and
seizure maintenance (Kaku et al. (1993), Science
260:1516-1518; Munir and McGonigle (1995), JNeurosci
15:7847-7860; Vornov et al. (1996), JNeurochem
67:2379-2389; Gray et al. (1997), JNeurosurg
Anesthesiol 9:180-187; O'Donnell and Bickler (1994),
Stroke 25:171- 177; reviewed by Tombaugh and Sapolsky
(1993), J Neurochem 61:793-803; (Balestrino and Somjen
(1988), J Physiol (Lond) 396:247-266; Velisek et al.
(1994), Exp Brain Res 101:44-52). However, the pH
sensitivity of glutamate transporters increases the
likelihood that extracellular glutamate levels will be
high during a period of acidification (Billups and
Attwell (1996), Nature (Lond) 379: 171-173), which
enhances the opportunity for post-insult treatment of,
for example, stroke with NMDA receptor antagonists
(Tombaugh and Sapolsky (1993), JNeurochem 61:793-803).
Until 1995, it was not known whether the
proton-sensitive property of the NMDA receptor could
be exploited as a target for small molecule modulation
of the receptor to develop therapeutics. Traynelis et
al. (1995 Science 268:873) reported for the first time
that the small molecule spermine could modulate NMDA
receptor function through relief of proton inhibition.
Spermine, a polyamine, shifts the pKa of the proton
sensor to acidic values, reducing the degree of tonic
inhibition at physiological pH, which appears as a
potentiation of function (Traynelis et al. (1995),
Science 268:873-876; Kumamoto, E (1996), Magnes Res
9(4):3 17-327). In 1998, it was determined that the
mechanism of action of the phenylethanolamine NMDA
antagonists involved the proton sensor. Ifenprodil and
CP- 10 1,606 increased the sensitivity of the receptor
to protons, thereby enhancing the proton inhibition.
By shifting the pKa for proton block of NMDA receptors
to more alkaline values, ifenprodil binding causes a
larger fraction of receptors to be protonated at
physiological pH and, thus, inhibited. In addition,
ifenprodil was found to be more potent at lower pH
(6.5) than higher pH (7.5) as tested in an in vitro
model of NMDA-induced excitotoxicity in primary
cultures of rat cerebral cortex (Mott et al. 1998
Nature Neuroscience 1:659). These compounds have
exhibited neuroprotective properties in preclinical
models and lack the severe side-effectliability of
other types of NMDA antagonists (e.g. PCP-like
psychotic symptoms and cardiovascular effects). Other
NMDA receptor-selective derivatives of ifenprodil are
being considered for clinical development, including
CPlOl, 606 (Menniti et al. (1997), Eur J Pharmacol 33
1:1 17-126), Ro 25-6981 (Fischer et al. (1997), J
Pharmacol Exp Ther 283:1285-1292) and Ro 8-4304 (Kew
et al. (1998), Br J Pharmacol 123:463-472).
Unfortunately, ifenprodil and several of its analogs,
including eliprodil and haloperidol (Lynch and
Gallagher (1996), J Pharmacol Exp Ther 279:154-161;
Brimecombe et al. (1998), J Pharmacol Exp Ther
286(2):627-634), block certain serotonin receptors and
calcium channels in addition to NMDA receptors,
limiting their clinical usefulness (Fletcher et al.
(1995), Br J Pharmacol 116(7):2791-2800; McCool and
Lovinger (1995), Neuropharmacology 34:621-629; Barann
et al. (1998), Naunyn Schmiedebergs Arch Pharmacol
358:145-152). WO 02/072542 to Emory University
describes a class of pH-dependent NMDA receptor
antagonists that exhibit pH sensitivity tested in
vitro using an oocyte assay and in an experimental
model of epilepsy. WO 06/023957 to Emory University
describes processes for selection of a compound which
may be useful in the treatment of an ischemic injury
or a disorder that lowers the pH in a manner that
activates the NMDA receptor antagonist. There remains
a need for improved neuroprotective compounds and
methods for the treatment of neuropathologies that
have reduced toxicity. In particular there is a need
for improved treatments for neuropathic pain,
inflammatory pain, stroke, traumatic brain injury,
global ischemia, hypoxia, spinal cord trauma,
epilepsy, and other neurodegenerative diseases and
disorders. It is therefore an object of the present
invention to provide new compounds, pharmaceutical
compositions and methods for the treatment of
neuropathic and neurodegenerative diseases and
disorders. SUMMARY OF THE INVENTION NMDA receptor
antagonists of Formula I, II, III, IV and V are
provided, as well as compositions and methods of use
of these compounds in the treatment or prophylaxis of
neuropathic pain, stroke, traumatic brain injury,
epilepsy, and neurologic events or neurodegeneration
resulting from NMDA receptor activation. In
particular, the compounds described herein are useful
as neuroprotective agents. In one embodiment, the
compounds,compositions and methods are useful in the
treatment of neuropathic pain. Compounds described
herein are also useful in preventing neurodegeneration
in patients with Parkinson's, Alzheimer's,
Huntington's chorea, ALS, and other neurodegenerative
conditions known to the art to be responsive to
treatment using NMDA receptor antagonists. In
particular embodiments, certain NMDA receptor
antagonists described herein have enhanced activity in
brain tissue having lower-than-normal pH due to
pathological conditions. Conditions that can alter the
regional pH include hypoxia resulting from stroke,
traumatic brain injury, global ischemia that may occur
during cardiac surgery, hypoxia that may occur
following cessation of breathing, pre-eclampsia,
spinal cord trauma, epilepsy, status epilepticus,
neuropathic pain, inflammatory pain, chronic pain,
vascular dementia or glioma tumors. In one embodiment,
compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke,
traumatic brain injury, epilepsy, and other neurologic
events or neurodegeneration resulting from NMDA
receptor activation comprising administering a
compound to a host in need thereof are provided,
wherein the 



compounds is of Formula I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof:
Formula I wherein: each L is independently C1-C6
alkyl, C1-C6 alkoxy, C(O)-(C 1-C6)-alkyl, C1-C6
haloalkyl, hydroxy, fluoro, chloro, bromo, iodo,
nitro, or cyano; or two L groups may be taken together
with Ar1to form: a dioxolane ring or a cyclobutane
ring; k = 0, 1, 2, 3, 4 or 5; each Ar1 and Ar2 is
independently aryl or heteroaryl; W is a bond, C1-C4
alkyl, or C2-C4 alkenyl; X is a bond, NR1 or O; each
R1 and R2 is independently H, C1-C6 alkyl, C -C6
alkenyl or C6-Ci2 aralkyl; or R1 and R2 can be taken
together to form a 5-8 membered ring; each R3 and R4
is independently H, C1-C6 alkyl, C1-C6 alkoxy, C(O)-(C
1-C6)-alkyl, C1-C6 haloalkyl, hydroxy, fluoro, chloro,
bromo, iodo, nitro, or cyano; or CR3R4 is C=O;n = 1,
2, 3 or 4; each R5 and R6 is independently H, C1-C6
alkyl, C1-C6 alkoxy, C(=O)-(C1-C6)-alkyl, C1-C6
haloalkyl, hydroxy, fluoro, chloro, bromo, iodo,
nitro, or cyano; or CR5R6 is C=O or C=C ; or wherein
-NR2- (CR5R6)P- can be CH2- ; Y is a bond, O, S, SO,
SO2, CH2, NH, N(C -C6 alkyl), orNHC(=O); Z is OH,
NR6R7, NR8SO2(C1-C6 alkyl), NR8C(O)NR6R7,
NR8C(S)NR6R7, NR8C(O)O(C1-C6 alkyl),
NR8-dihydrothiazole, or NR8-dihydroimidazole; wherein
each R6 , R7 and R8 is independently H, C1-C6 alkyl or
C6-Ci2 aralkyl; or C1-C6 alkyl, aralkyl. In certain
embodiments, it has been found that certain aryl
substitutions enhance activity and safety of
tri-cyclic substituted amine NMDA receptor antagonist
compounds by decreasing secondary effects such as hERG
binding and al adrenergic receptor activation. Thus,
in certain embodiments, compounds, pharmaceutical
compositions and methods of treatment or prophylaxis
of neuropathic pain, stroke, traumatic brain injury,
epilepsy, and other neurologic events or
neurodegeneration resulting from NMDA receptor
activation are provided comprising administering a
compound to a host in need thereof are provided,
wherein the compound is of Formula V, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof: Ar' W B' W" r Ar- z' Formula V
wherein B' is selected from the group consisting of:W
is a bond or C1-C4 alkyl; W" is C1-C4 alkyl, C1-C4
hydroxyalkyl, C1-C4 haloalkyl or CC=O)-C1-C4 alkyl; Y'
is selected from a bond, O, S, CH2 and N; Ar' is an
substituted or unsubstituted aromatic or nonaromatic
cycloalkyl which optionally may include 0-3
heteroatoms; Ar" is an aromatic or nonaromatic
cycloalkyl which optionally may include 0-3
heteroatoms; Z' is NRC(O)NR 2 wherein each R is
independently selected from H, C1-Ce alkyl or C -CI 2
aralkyl; or Ar" -Z' are taken together and selected
from the group consisting In one embodiment, Ar' is
substited by (L') k wherein each L' is independently
C1-Ce alkyl, C1-C6 alkoxy, C(=O)-(C 1-C6)-alkyl, C1-C6
haloalkyl, alkaryl, hydroxy, -O-alkyl, -Oaryl, -SH,
-S-alkyl, -S-aryl, fluoro, chloro, bromo, iodo, nitro,
or cyano; or two L' groups may be taken together with
Ar to form a dioxolane ring or a cyclobutane ring; and
k' = 1, 2, 3, 4 or 5. In certain embodiments, the
compounds are used for the treatment of neuropathic
pain, stroke, traumatic brain injury, epilepsy, other
neurologic events or neurodegeneration resulting from
NMDA receptor activation, Parkinson's disease,
Alzheimer's disease, Huntington's chorea, ALS, and
other neurodegenerative conditions known to the art to
be responsive to treatment using NMDA receptor
blockers. In particular embodiments, the compounds are
used for the prophylaxis of neuropathic pain, stroke,
traumatic brain injury, epilepsy, other neurologic
events or neurodegeneration resulting from NMDA
receptor activation, Parkinson's disease, Alzheimer's
disease, Huntington's chorea, ALS, and
otherneurodegenerative conditions known to the art to
be responsive to treatment using NMDA receptor
blockers. The compounds can be administered on a
prophylactic basis to a patient at risk of a disorder
associated with NMDA receptor overactivation, and in
particular a disorder associated with a reduced pH. In
particular embodiments, the compounds act as
neuroprotective agents. In certain embodiments, the
compounds are administered to a host in need thereof.
In certain other embodiments, the compounds are
administered in combination or alternation with other
compounds that are useful in the treatment or
prophylaxis of other neurologic events or
neurodegeneration resulting from NMDA receptor
activation, Parkinson's disease, Alzheimer's disease,
Huntington's chorea, ALS, and other neurodegenerative
conditions known to the art to be responsive to
treatment using NMDA receptor blockers. DETAILED
DESCRIPTION OF THE INVENTION It has been discovered
that certain NMDA receptor antagonists are useful in
the treatment or prophylaxis of neuropathic pain,
stroke, traumatic brain injury, epilepsy, and other
neurologic events or neurodegeneration resulting from
NMDA receptor activation as well as Parkinson's
disease, Alzheimer's disease, Huntington's chorea,
ALS, and other neurodegenerative conditions known in
the art to be responsive to treatment using NMDA
receptor blockers. In particular, compounds described
below are useful as neuroprotective agents. In one
specific embodiment, the compounds, compositions and
methods are useful in the treatment of neuropathic
pain. In certain embodiments, the compounds provided
herein are allosteric NMDA inhibitors. In one
embodiment, the IC50 value of the compound is 0.01 to
10 mM, 0.01 to 9 mM, 0.01 to 8 mM, 0.01 to 7 mM, 0.01
to 6 mM, 0.01 to 5 mM, 0.01 to 4 mM, 0.01 to 3 mM,
0.01 to 2 mM, 0.01 to 1 mM, 0.05 to 7 mM, 0.05 to 6
mM, 0.05 to 5 mM, 0.05 to 4 mM, 0.05 to 3 mM, 0.05 to
2 mM, 0.05 to 1 mM, 0.05 to 0.5 mM, 0.1 to 7 mM, 0.1
to 6 mM, 0.1 to 5 mM, 0.1 to 4 mM, 0.1 to 3 mM, 0.1 to
2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM, 0.1 to 0.4 mM, 0.1
to 0.3 mM, or 0.1 to 0.2 mM. Certain NMDA receptor
antagonists described herein have enhanced activity in
tissue having lower-than-normal pH. The acidic
environment generated by ischemic tissue during stroke
or by other disorders is harnessed as a switch to
activate the neuroprotective agents described herein.
In this way side effects are minimized in unaffected
tissue since drug at these sites are less active.In
particular embodiments, the compound is pH sensitive.
In specific embodiments, the compound exhibits a
potency boost of at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15 or at least 20 when
comparing the IC50 at physiological pH versus the IC50
diseased pH (i.e., (IC50 at phys pH/ICso at Dis pH)).
In certain embodiments, the compound exhibits at least
a 30%, 35%, 40%, 45%, 50%, 55%, or 60% decrease in
infarct volume when a patient is suffering from a
stroke or related condition. In one embodiment, the
compound has an IC50 value of less than 10 mM at a pH
of about 6 to about 9. In one embodiment, the compound
has an IC50 value of less than 10 mM at a pH of about
6.9. In another embodiment, the compound has an IC50
value of less than 10 mM at a pH of about 7.6. In one
embodiment, the compound has an IC50 value of less
than 10 mM at physiological pH. In one embodiment, the
compound has an IC50 value of less than 10 mM at
diseased pH. 



In one embodiment, the IC50 value of the compound at
pH 6.9 is 0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8 mM,
0.01 to 7 mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to 4
mM, 0.01 to 3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05 to
7 mM, 0.05 to 6 mM, 0.05 to 5 mM, 0.05 to 4 mM, 0.05
to 3 mM, 0.05 to 2 mM, 0.05 to 1 mM, 0.05 to 0.5 mM,
0.1 to 7 mM, 0.1 to 6 mM, 0.1 to 5 mM, 0.1 to 4 mM,
0.1 to 3 mM, 0.1 to 2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM,
0.1 to 0.4 mM, 0.1 to 0.3 mM, or 0.1 to 0.2 mM, and
the ratio of the IC50 values at pH 7.6 to pH 6.9 for
the compound is greater than 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, or 100.
In one embodiment, the IC50 value of the compound at
pH 6.9 is 0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8 mM,
0.01 to 7 mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to 4
mM, 0.01 to 3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05 to
7 mM, 0.05 to 6 mM, 0.05 to 5 mM, 0.05 to 4 mM, 0.05
to 3 mM, 0.05 to 2 mM, 0.05 to 1 mM, 0.05 to 0.5 mM,
0.1 to 7 mM, 0.1 to 6 mM, 0.1 to 5 mM, 0.1 to 4 mM,
0.1 to 3 mM, 0.1 to 2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM,
0.1 to 0.4 mM, 0.1 to 0.3 mM, or 0.1 to 0.2 mM, and
the ratio of the IC50 values at pH 7.6 to pH 6.9 for
the compound is between 1 and 100, 2 and 100, 3 and
100, 4 and 100, 5 and 100, 6 and 100, 7 and 100, 8 and
100, 9 and 100, 10 and 100, 15 and 100, 20 and 100, 25
and 100, 30 and 100, 40 and 100, 50 and 100, 60 and
100, 70 and 100, 80 and 100, or 90 and 100. In other
embodiments, the IC50 value of the compound at pH
about 7.6 is 0.01 to 10 mM, 0.01 to 9 mM, 0.01 to 8
mM, 0.01 to 7 mM, 0.01 to 6 mM, 0.01 to 5 mM, 0.01 to
4 mM, 0.01 to 3 mM, 0.01 to 2 mM, 0.01 to 1 mM, 0.05
to 7 mM, 0.05 to 6 mM, 0.05 to 5 mM, 0.05 to 4 mM,
0.05 to 3 mM, 0.05 to 2 mM, 0.05 to 1 mM, 0.05 to 0.5
mM, 0.1 to 7 mM, 0.1 to 6 mM,0.1 to 5 mM, 0.1 to 4 mM,
0.1 to 3 mM, 0.1 to 2 mM, 0.1 to 1 mM, 0.1 to 0.5 mM,
0.1 to 0.4 mM, 0.1 to 0.3 mM, or 0.1 to 0.2 mM, In
certain of these embodiments, the compound exhibits a
ratio of the IC50 values at pH 7.6 to pH 6.9 between 1
and 100, 2 and 100, 3 and 100, 4 and 100, 5 and 100, 6
and 100, 7 and 100, 8 and 100, 9 and 100, 10 and 100,
15 and 100, 20 and 100, 25 and 100, 30 and 100, 40 and
100, 50 and 100, 60 and 100, 70 and 100, 80 and 100,
or 90 and 100. In certain other embodiments, the
compound exhibits a ratio below 10, or below 5, or 4,
3, 2 or 1. Compounds Formula I In one embodiment,
compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke,
traumatic brain injury, epilepsy, and other neurologic
events or neurodegeneration resulting from NMDA
receptor activation, comprising administering to a
host in need thereof a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof are provided: FORMULA I wherein:
each L is independently C1-C6 alkyl, C1-C6 alkoxy,
C(=O)-(C 1-C6)-alkyl, C1-C6 haloalkyl, alkaryl,
hydroxy, -O-alkyl, -O-aryl, -SH, -S-alkyl, -S-aryl,
fluoro, chloro, bromo, iodo, nitro, or cyano; or two L
groups may be taken together with Ar1 to form: a
dioxolane ring or a cyclobutane ring; k = 0, 1, 2, 3,
4 or 5; each Ar1 and Ar2 is independently aryl or
heteroaryl; W is a bond, Ci-C alkyl, or C2-C4 alkenyl;
X is a bond, NR1 or O; each R1 and R2 is independently
H, C1-C6 alkyl, C2-C6 alkenyl or C6-C aralkyl; or R1
and R2 can be taken together to form a 5-8 membered
ring; each R3 and R4 is independently H, C1-C6 alkyl,
C1-C6 alkoxy, C(=O)-(C 1-C6)-alkyl, C1-C6 haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano;
or CR3R4 is C=O;n = 1, 2, 3 or 4; each R5 and R6 is
independently H, C1-C6 alkyl, C1-C6 alkoxy,
C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl, hydroxy, fluoro,
chloro, bromo, iodo, nitro, or cyano; or CR5R6 is C=O
or C=C ; or wherein -NR2- (CR5R6)P- can be CH2- ; Y is
a bond, O, S, SO, SO2, CH2, NH, N(C -C6 alkyl),
orNHC(=O); Z is OH, NR6R7, NR8SO2(C1-C6 alkyl),
NR8C(O)NR6R7,NR8C(S)NR6R7,NR8C(O)O(C1-C6 alkyl),
NR8-dihydrothiazole, or NR8-dihydroimidazole; wherein
each R6 , R7 and R8 is independently H, C1-C6 alkyl or
C6-Ci2 aralkyl; or alkyl, aralkyl. In specific
embodiments of the Formula I when X is a bond, Y is O
and Ar is phenyl, Z is not NR8SO2(C1-C6 alkyl); and
when X is O, -NR2-(CR5R6)P- is not -NH-C(O)-. In one
embodiment, when Y is NHC(O), Z is not OH or
NR8SO2(C1-C6 alkyl). In one subembodiment, when R1 and
R2 are taken together to form a 5-8 membered ring so
that (CR3R4) - N N- -NR^(CR 3RVNR 2- is R 1 R 2 ,
Y-Ar2 is not NH-heteroaryl. In another subembodiment,
when R1 and R2 are taken together to form a 5-8
membered ring so that - (CR3R4) - N NNR^( CR 3RVNR 2-
is R 1 2 Y is not NHC(O). In one embodiment, X is NR1.
In another embodiment, X is O. In another embodiment,
X is a bond. In a particular subembodiment, X is a
bond, n is 1, R3 and R4 are both H, and W is C2
alkenyl. In certain embodiments, X is not a bond.In
particular subembodiment, Ar1 is phenyl, pyridyl,
pyrimidinyl, thiophenyl, imidazolyl, furanyl, indolyl,
benzothiophenyl, benzofuranyl, or benzoimidazolyl. In
another particular subembodiment, L is C1-C4 alkyl,
C1-C4 alkoxy, C(ND)-(C1-C4)- alkyl, C1-Ce haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano.
In a further subembodiment, L is methyl,
trifluoromethyl, methoxy, nitro, fluoro, chloro or
hydroxy. In one further subembodiment, there are one,
two or three L groups substituting Ar1. In one
subembodiment, Ar1 is substituted with one fluoro
group. In one subembodiment, Ar1 is substituted with
two fluoro groups. In one subembodiment, Ar1 is
substituted with one fluoro group and one chloro
group. In one subembodiment, Ar1 is substituted with
one chloro group. In one subembodiment, Ar1 is
substituted with two chloro groups. In one
subembodiment, Ar1 is substituted with one methyl
group. In one subembodiment, Ar1 is substituted with
one trifluoromethyl group. In one subembodiment, Ar1
is phenyl. In one subembodiment, Ar1 is phenyl and is
substituted with an L group at the 2, 3, or 4
position. In another subembodiment, Ar1 is phenyl and
is substituted with L groups at the 2 and 4 positions.
In another subembodiment, Ar1 is phenyl and is
substituted with L groups at the 3 and 4 positions. In
one subembodiment, Ar1 is pyridyl. In another
subembodment, Ar1 is 2-pyridyl, 3- pyridyl, or
4-pyridyl. In one embodiment, Ar1 is a bicyclic group
wherein the W group is attached to the heterocyclic
ring. In one embodiment, W is a bond. In another
embodiment, W is CH2. In another embodiment, W is
C2-C4 alkenyl. In one embodiment, each R1 and R2 is
independently H or C1-C4 alkyl, for example, methyl,
ethyl, w-propyl, isopropyl, w-butyl, sec-butyl or
tert-butyl. In one embodiment, R1 and R2 are both H.
In one embodiment, R1 and R2 are both C1-C4 alkyl, for
example w-butyl. In another embodiment, R1 and R2 can
be taken together to form a 5-8 membered ring so that
(CR3R4) - N N- -NR^(CR 3R4 -NR2- is R 1 R 2 . In One
subembodiment, when R1 and R2 are taken (CR3R4 ) - N
Ntogether 



to form a 5-8 membered ring so that -NR1-(CR3R4)n-NR2-
is R 1- 2 g _Ar2 is not NH-heteroaryl. In another
subembodiment, when R1 and R2 are taken together to
form a5-8 membered ring so that -NR1 CR3RVNR 2- Y is
not NHC(=0). In one embodiment, n is 2. In one
embodiment, n is 3. In another embodiment, R1 and R2
are each CH2. In a subembodiment, CR3R4 is CH2 and n
is 2. In a subembodiment, CR3R4 in CH2 and n is 3. In
a subembodiment, CR3r R>4 is C=O and n is 1.
embodiment, In one embodiment, each R5 and R6 is
independently H, C1-C alkyl, C1-C alkoxy, C(=O)-(C
1-C4)-alkyl, C1-C4 haloalkyl, hydroxy, fluoro, chloro,
bromo, iodo, nitro, or cyano. In one embodiment, CR5R6
is C=O or C=CH2. In one embodiment, p is 2, 3, or 4.
In another embodiment, p is 3. In one embodiment, R5
and R6 are H. In another embodiment, one of R5 and R6
is hydroxy. In another embodiment, CR5R6 is C=CH2. In
another embodiment, CR5R6 is C=O. In one embodiment,
(CR5R6)P is selected from the group consisting of.
Compounds of Formula I can include compounds wherein
when p is greater than 1, each (CR>5R6) can be
independently selected, for example, in one embodiment
p is 2 and one (CR5R6) is C=O and the other (CR5R6) is
CH2. In one embodiment, R5 is not fluoro. In another
embodiment, R6 is not fluoro. subembodiment, the
compound is . In another particular subembodiment, the
compound is In one embodiment, Y is a bond, O or CH2.
In one embodiment, Y is O. In another embodiment, Y is
CH2. In one embodiment, Y is not NH. In another
embodiment, Y is not NHC(O). In one embodiment, Ar is
aryl. In one embodiment, Ar is aryl, but not phenyl or
heteroaryl. In one embodiment Ar2 is phenyl. In one
subembodiment, Ar2 is phenyl and is substituted with a
Z group at the 4 position. In one embodiment, Ar2 is
not heteroaryl. In one embodiment, Ar is aryl, but not
phenyl or heteroaryl. In one embodment, Z is OH,
NR6R7, NR8SO2(C1-C6 alkyl), NR8C(O)NR6R7,
NR8C(S)NR6R7, NR8C(O)O(C1-C6 alkyl),
NR8-dihydrothiazole, or NR8-dihydroimidazole. In one
embodiment, Ar2 - Z issubembodiment, R9 and R10 are
each H. In one embodiment, Z is NR8C(O)NR 6R7, for
example NHC(O)NH 2 or NHC(O)N(CH 3)2. In another
embodiment, Z and Ar2 are taken together and selected
from the group consisting of: In one embodiment, the
compound is a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof, wherein: L is C1-C6 alkyl, C1-C6
alkoxy, C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl, alkaryl,
hydroxy, -Oalkyl, -O-aryl, -SH, -S-alkyl, -S-aryl,
fluoro, chloro, bromo, iodo, nitro, or cyano; or two L
groups may be taken together with Ar1to form a
dioxolane ring or a cyclobutane ring; k = 0, 1, 2, 3,
4 or 5; Ar1 is phenyl, pyridyl, pyrimidinyl,
thiophenyl, imidazolyl, furanyl, indolyl,
benzothiophenyl, benzofuranyl, benzoimidazolyl; Ar2 is
phenyl; W is a bond, C1-C alkyl, or C2-C alkenyl; each
R1 and R2 is independently H, C1-C4 alkyl; or R1 and
R2 can be taken together to form a 5-8 membered ring;
each R3 and R4 is independently H, C1-C6 alkyl, C1-C6
alkoxy, C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, nitro, or cyano; or CR3R4
is C=O;n = 1, 2, 3 or 4; each R5 and R6 is
independently H, C1-C6 alkyl, C1-C6 alkoxy,
C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl, hydroxy, fluoro,
chloro, bromo, iodo, nitro, or cyano; or CR5R6 is C=O,
C=CH2; Y is a bond, O, S, SO, SO2, CH2, NH, N(C -C6
alkyl), NHC(=0); Z is OH, NH2, NHSO2(C1-C4 alkyl),
NHC(O)NR6R7, NR8C(S)NR6R7, NHC(O)O(C 1-C4 alkyl),
NH-dihydrothiazole, or NH-dihydroimidazole; wherein
each R6 and R7 is independently H, C1-C6 alkyl; or Or
; wherein R9 and R10 are each independently H or C1-C4
alkyl. In one embodiment, the compound is a compound
of Formula I, or a pharmaceutically acceptable salt,
ester, prodrug or derivative thereof, wherein: L is
C1-C6 alkyl, C1-C6 alkoxy, C(=O)-(C 1-C6)-alkyl, C1-C6
haloalkyl, alkaryl, hydroxy, -Oalkyl, -O-aryl, -SH,
-S-alkyl, -S-aryl, fluoro, chloro, bromo, iodo, nitro,
or cyano; or two L groups may be taken together with
Ar1to form a dioxolane ring or a cyclobutane ring; k =
0, 1, 2, 3, 4 or 5; Ar1 is phenyl, pyridyl,
pyrimidinyl, thiophenyl, imidazolyl, furanyl, indolyl,
benzothiophenyl, benzofuranyl, benzoimidazolyl; Ar2 is
phenyl; W is a bond, C1-C4 alkyl, or C2-C4 alkenyl;
each R1 and R2 is independently H, C1-C4 alkyl; or R1
and R2 can be taken together to form a 5-8 membered
ring; each R3 and R4 is independently H, C1-C6 alkyl,
C1-C6 alkoxy, C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl,
hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano;
or CR3R4 is C=O; n = 1, 2, 3 or 4; each R5 and R6 is
independently H, C1-C6 alkyl, C1-C6 alkoxy,
C(=O)-(C1-C6)-alkyl, C1-C6 haloalkyl, hydroxy, fluoro,
chloro, bromo, iodo, nitro, or cyano; or CR5R6 is C=O,
C=CH2; Y is a bond, O, S, SO, SO2, CH2, NH, N(C -C6
alkyl), NHC(=0);Z is OH, N H 2 , NHSO 2(C 1 -C4
alkyl), NHC(O)NR 6R 7 , N R 8C(S)NR 6R 7 , NHC(O)O(C 1
-C4 alkyl), NH-dihydrothiazole, or
NH-dihydroimidazole; wherein each R 6 and R 7 is
independently H , C 1-Ce alkyl; o r ; wherein R 9 and
R 10 are each independently H o r C 1 -C4 alkyl. In
one embodiment, the compound is a compound o f Formula
I , or a pharmaceutically acceptable salt, ester,
prodrug o r derivative thereof, wherein: L i s C 1 -C4
alkyl, C 1-C4 alkoxy, C(=O)-(C 1 -C4 )-alkyl, C 1-C4
haloalkyl, alkaryl, hydroxy, -Oalkyl, -O-aryl, -SH,
-S-alkyl, -S-aryl, fluoro, chloro, bromo, iodo, o r
nitro; o r two L groups may b e taken together t o
form a dioxolane ring with A r 1; k = 0 , 1, 2 , 3 , 4
o r 5 ; A r 1 is phenyl o r pyridyl; A r 2 is phenyl;
W is a bond or C 1 -C4 alkyl; X is N R 1; each R 1 and
R 2 is independently H or C 1 -C4 alkyl; or R 1 and R
2 can b e taken together t o form a 5-8 membered ring;
each R 3 and R4 is independently H or C 1 -C4 alkyl;
or CR 3R 4 is C=O; n = 2 o r 3 ; eeaacchh R 5 aannd< R
6 is independently H , C 1-C4 alkyl or OH; o r CR 4R 5
is C=O or C=CH 2 ; Y is O or CH 2 ; Z is OH, N H 2 ,
NHSO 2(C 1 -C4 alkyl), NHC(O)NR 6R 7 , N R 8C(S)NR 6R
7 , NHC(O)O(C 1 -C4 alkyl), NH-dihydrothiazole, or
NH-dihydroimidazole; wherein each R 6 and R 7 is
independently H o r C 1 -C4 alkyl; o r R 9 is H or C 1
-C4 alkyl.In one embodiment, the compound is a
compound of Formula I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof,
wherein: L is C1-C4 alkyl, C1-C4 alkoxy,
C(=O)-(C1-C4)-alkyl, C1-C4 haloalkyl, alkaryl,
hydroxy, -Oalkyl, -O-aryl, -SH, -S-alkyl, -S-aryl,
fluoro, chloro, bromo, iodo, or nitro; or two L groups
may be taken together to form a dioxolane ring with
Ar1; 



k = 0, 1, 2, 3, 4 or 5; Ar1 is phenyl or pyridyl; Ar2
is phenyl; W is a bond or C1-C4 alkyl; X is O; R2 is H
or C1-C4 alkyl; each R3 and R4 is independently H or
C1-C4 alkyl; or CR3R4 is C=O; n = 2 or 3; each R5 and
R6 is independently H, C1-C4 alkyl or OH; or CR4R5 is
C=O or C=CH2; Y is O or CH2; Z is OH, NH2, NHSO2(C1-C4
alkyl), NHC(O)NR6R7, NHC(O)O(C 1-C4 alkyl),
NHdihydrothiazole, or NH-dihydroimidazole; wherein
each R6 and R7 is independently H or C1- C4 alkyl; or
R9 is H or C1-C4 alkyl. In one embodiment, the
compound is a compound of Formula I, or a
pharmaceutically acceptable salt, ester, prodrug or
derivative thereof, wherein: L is C1-C4 alkyl, C1-C4
alkoxy, C(=O)-(C1-C4)-alkyl, C1-C4 haloalkyl, hydroxy,
fluoro, chloro, bromo, iodo, or nitro; or two L groups
may be taken together to form a dioxolane ring with
Ar1; k = 0, 1, 2, 3, 4 or 5; Ar1 is phenyl or pyridyl;
Ar2 is phenyl; W is C2-C4 alkenyl; X is a bond;R 2 is
H or C 1 -C4 alkyl; each R 3 and R4 is independently H
or C 1 -C4 alkyl; or CR 3R 4 is C=O; n = 1, 2 o r 3 ;
eeaacchh R 5 aanndd R 6 is independently H , C 1-C4
alkyl or OH; o r CR 4R 5 is C=O or C=CH 2; Y is O or
CH 2 ; Z is OH, N H 2, NHSO 2(C 1 -C4 alkyl), NHC(O)NR
6R 7, N R 8C(S)NR 6R 7, NHC(O)O(C 1 -C4 alkyl),
NH-dihydrothiazole, or NH-dihydroimidazole; wherein
each R 6 and R 7 is independently H o r C 1 -C4 alkyl;
o r R 9 is H or C1 -C4 alkyl. In one embodiment, the
compound is selected from the compounds in Table 1.
Table 1.PORTABLE DETECTION SYSTEM AND METHOD [0001]
This application claims benefit to U.S. provisional
patent application no. 60/929,577, filed July 3, 2007
to Lewington et ah, which is hereby incorporated by
reference in its entirety. FIELD [0002] This invention
is related in general to the field of portable
detection systems. More particularly, the invention is
related to a method and system for providing a
communications capability for a portable detection
device so that the portable detection device can
receive data from and transmit data to a server, and
to enable the portable detection device to determine a
position and height to be used in an assay analysis
computation. The ability to send and receive data also
can be used, for example, to determine what type of
analysis to be performed or the parameters to be used
to perform the analysis. The results can be
transmitted to a server. BACKGROUND [0003] Portable
detection units are becoming very useful in today's
society, with the threat of terrorism being more and
more prominent. In more detail, bioterrorism and
biological warfare pose both physical and
psychological threats to military and civilian forces,
as well as to civilian populations. [0004] The
difficulty and time needed to identify potentially
dangerous biological or chemical agents exacerbates
the risks and fear associated with biological warfare.
For example, potential threats may be an unknown
liquid left at a subway station or an unknown gas
emanating from a building. Because of the time needed
to assess potential threats, first responders are left
with a choice. People can be permitted to continue
traveling and risk further spreading the biological
agents, or the area can be isolated causing
potentially large disruptions and expense for what may
be nothing more than spilled coffee creamer.[0005] In
an effort to more quickly identify biological agents
and respond to attacks, efforts have been made to
develop portable detection units, such as portable
Polymerase Chain Reaction (PCR) units. However, these
portable units often can only be used by highly
trained personnel making field use difficult. Thus, a
need exists for a portable detection unit that can be
used easily and effectively by field personnel with
little training. SUMMARY [0006] An aspect of the
present invention relates to a method and apparatus
for providing updating assay information to a portable
detection unit, by way of a remote server. The remote
server can also provide corrected annealing
temperatures for strain differentiating assays to the
portable detection unit. [0007] Another aspect of the
invention relates to a consumable for use with a
portable detection unit. The consumable has a memory
unit that can provide information to the portable
detection unit. The information can include what
detection protocol should be used, the assay
parameters, or the detection parameters, for example.
The consumable may also have a communications unit,
such as a microprocessor. This communications unit can
send information from the memory unit to the portable
detection unit or a remote server or receive
information, such as from the portable detection unit
or remote server. For example, the communications unit
may receive data from a remove server and then
communicate this data to the portable detection unit.
[0008] A consumable can also be labeled with an
identification device, such as, for example, a
barcode, for use with a portable detection unit. The
identification device can provide information to the
portable detection unit. For example, the
identification device can specify assay parameters are
used, including assay temperatures, timing, and
detection parameters. The identification device can
also simply identify the reagents or the quantity of
reagents, so the portable detection unit can make the
appropriate analysis or properly analyze results. The
identification device can be used in place of the
memory unit or in addition to the memory unit. For
example, aconsumable can contain an identification
device to identify the type of detection protocol and
a memory unit containing the detection protocol
parameters. Any type of barcode, including linear
barcodes, matrix barcodes (otherwise known as 2D
barcodes), and stacked barcodes, can be used. The
identification device also may contain assay
parameters including assay temperatures, timing, and
detection parameters. [0009] Another aspect of the
present invention relates to maintaining cycling data
specific to a reaction on a consumable by a remote
server and transmitting the cycling data to a portable
detection unit. [0010] Yet another aspect of the
present invention relates to providing Global
Positioning System (GPS) information to a portable
detection unit, so that the unit can determine its
current altitude and adjust a melt temperature used
during a PCR procedure performed of an unknown
substance, so as to avoid boiling, for example, during
a denaturation phase of the PCR procedure. The assay
parameters, such as 



temperature, timing, and detection parameters can be
selected based on the geographic location of the
portable detection system as determined by the GPS.
For example, a first set of assay parameters can be
used in the United States and a second set of assay
parameters can be used in Europe. It may be desirable
to select different detection protocols or parameters
based on the laws and regulations that differ by
geographic region. [0011] In accordance with one
aspect of the invention, there is provided a system
for testing an unknown sample, which includes a
portable detection unit having stored therein assay
parameter information for testing the unknown sample
with respect to a plurality of assays. The system also
includes a remote server providing updated assay
parameter information to the portable detection unit.
[0012] In accordance with another aspect of the
invention, there is provided a system for testing an
unknown sample, which includes a portable detection
unit that stores cycling data specific to a reaction
on a consumable. The system also includes a remote
server providing updated cycling data to the portable
detection unit.[0013] In accordance with yet another
aspect of the invention, there is provided a portable
detection unit for testing an unknown sample. The unit
includes a memory having stored therein assay
parameter information for testing the unknown sample
with respect to a plurality of assays, the assay
parameter information including a minimum melt
temperature for each of the plurality of assays. The
unit can also include a height determining unit
configured to determine a current height of the
portable detection unit with respect to sea level. The
unit can further include a melting temperature
recalculating unit configured to recalculate the melt
temperature for the plurality of assays based on the
current height of the portable detection unit. [0014]
It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are not restrictive
of the invention as claimed. BRIEF DESCRIPTION OF THE
DRAWINGS [0015] The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate several embodiments of the
invention and, together with the description, serve to
explain the principles of the invention. [0016] FIG. 1
is a diagram showing a system for updating assay
parameter information of a portable detection unit,
according to a first embodiment of the invention.
[0017] FIG. 2 is a diagram showing a system for
updating cycling data information of a portable
detection unit, according to another embodiment of the
invention. [0018] FIG. 3 is a diagram showing a
portable detection unit tray according to at least the
first embodiment of the invention. [0019] FIG. 4 is a
block diagram showing a system for determining a
correct melt temperature based on a current position
of a portable detection unit, according to yet another
embodiment of the invention.[0020] FIG. 5 is a diagram
showing a canister containing a consumable that can be
utilized in any of the embodiments of the invention.
DETAILED DESCRIPTION [0021] Reference will now be made
in detail to embodiments of the invention, examples of
which are illustrated in the accompanying drawings. An
effort has been made to use the same reference numbers
throughout the drawings to refer to the same or like
parts. [0022] Unless explicitly stated otherwise,
"and" can mean "or," and "or" can mean "and." For
example, if a feature is described as having A, B, or
C, the feature can have A, B, and C, or any
combination of A, B, and C. Similarly, if a feature is
described as having A, B, and C, the feature can have
only one or two of A, B, or C. [0023] Unless
explicitly stated otherwise, "a" and "an" can mean
"one or more than one." For example, if a device is
described as having a feature X, the device may have
one or more of feature X. [0024] Figure 1 shows a
portable detection unit 100 in communication with a
remote server 110, according to a first embodiment of
the invention. Any portable detection unit can be
used. In some embodiments, the portable detection unit
can be designed to perform PCR analysis. The portable
detection can also be designed to perform some other
type of analysis, such as ion mobility spectrometry
(IMS), mass spectrometry, or affinity-based analysis.
Examples of affinity-based analysis include protein
affinity analyses, such as analysis of antibody
binding or use of protein arrays. The portable
detection units perform more than one type of
analysis. For example, the portable detection device
may evaluate analyte based on size followed by some
other type of analysis, such as PCR, mass
spectrometry, or affinity-based analysis depending on
the type and size of the analyte. In one embodiment,
the portable detection unit first determines the size
of the analyte, such as by using mass spectrometry,
followed by PCR, if the analyte meets threshold
criteria.[0025] In some embodiments, the portable
detection unit 100 may correspond to a Bioseeq(tm)
unit (Smiths Detection Inc.), such as, for example a
Bioseeq Plus(tm) unit. The portable detection unit 100
may alternatively correspond to an enhanced
Bioseeq(tm) unit, with those enhancements to be
described hereinbelow in detail. In either the
enhanced Bioseeq(tm) unit or the Bioseeq Plus(tm)
unit, a user (or operator) does not need to perform
any complex functions in order to analyze a sample;
rather, the user need only collect an unknown sample,
select a particular assay or assays (on Bioseeq2, for
example, the memory chip can contain the details of
the assay) to be run by the portable detection unit
100, and then await the results of those assays as
provided on a display of the portable detection unit
100. [0026] The portable unit can accommodate multiple
simultaneous assays. The number of simultaneous assays
will depend on the application and the specific
device. For example, the Bioseeq Plus(tm) unit
supports up to six independent simultaneous assays,
includes thermocycler heaters for temperature
stability, a keyboard for user entry of information,
and an internal battery that can be recharged. The
assays that are available for use with Bioseeq
Plus(tm) unit include, for example, a) Anthrax, b)
Tularemia, 3) Plague, 4) Orthopox, 5) Ricin, and 6)
Training consumables. Other assays can be used
depending on the desired use. The assays protocols are
stored within a memory of the Bioseeq Plus(tm) unit.
Again, although a Bioseeq(tm) unit may be used as the
portable detection unit, other types of portable
detection devices can be also be used. [0027] While
the Bioseeq(tm) unit can be used as the portable
detection unit, any portable detection unit can be
used. The portable detection unit can be designed to
perform PCR analysis. The portable detection can also
be designed to perform some other type of analysis. In
some embodiments, the portable detection units perform
more than one type of analysis. For example, the
portable detection device may evaluate analyte based
on size followed by either PCR or mass spectrometry or
affinity-based analysis depending on the type and size
of the analyte.[0028] In the first embodiment, the
communication between the portable detection unit 100
and the remote server 110 is made by way of a wireless
communication link, whereby that wireless
communications link may provide a link to the remote
server 110 via the Internet 120, or the link may
provide a direct link to the remote server 110. The
portable detection unit 100 and the remote server 110
can communicate via a satellite or one or more
intermediary devices, such as workstations. The
intermediary device can be set up at a site remote
from the site of both the portable detection unit 100
and the remote server 110. For example, portable
detection unit 



100 may be used at the site of a potential
bioterrorist attack and communicate, such as by a
wireless communications link, with workstations
located at a command site outside the area of
potential contamination. These workstations can then
communicate with the remote server 110 to send
information to or from the portable detection unit
100. [0029] The information received by the portable
detection unit 100 can be the information used to
analyze the sample. For example, the remote server 110
can specify the types of assays to perform. In some
embodiments, the remote server 110 can communicate
with the portable detection unit 110 to instruct the
portable detection unit 100 to perform a particular
PCR assay, such as an assay for anthrax. In some
embodiments, the portable detection unit 100 can
communicate the results of the assay to the portable
detection unit 110. Based on this information, the
remote server 110 can send instructions for performing
additional assays or modifying the prior assay in some
manner. For example, if the results of the first assay
are negative, additional assays to be performed. In
this manner, the remote server 110 can send
instructions to perform the assays necessary to
identify the sample or rule out that the sample
contains a particular agent. [0030] The remote server
110 can also specify the conditions under which assays
can be performed by the portable detection unit 100.
The conditions can include, for example, the types and
amounts of reagents, the reactions to be performed,
the timing of each of the steps, the temperatures that
should be maintained, and the detection parameters. In
some embodiments, the assay is a PCR assay, and the
remote server110 provides the portable detection unit
100 with the reagents to use, the number of cycles,
the time of each cycle, the temperature for each
cycle, temperature profiles, detection temperatures,
or detection excitation and emission wavelengths.
[0031] By providing information to the portable
detection unit 100, the portable detection unit 100
can be operated by personnel with very limited
training. In one embodiment, the portable detection
unit 100 is a Bioseeq Plus(tm) unit. The remote server
110 can provide information to the Bioseeq Plus(tm)
unit to specify what assays to perform and the
conditions that should be used to perform the assays.
In some embodiments, the user does not need to provide
any input to the Bioseeq(tm) other than the sample to
be tested. [0032] In the first embodiment, assay
parameters are provided to the portable detection unit
100 from the remote server 110 (that is, remotely
located with respect to the portable detection unit
100) via the wireless communications link, so that a
user of the portable detection unit 100 has the latest
information downloaded to the portable detection unit
100 in order to analyze gases, liquids and/or solids
by way of the portable detection unit 100. Not shown
in Figure 1 is a memory provided in the portable
detection unit 100, for storing assay parameters and
for storing program code for performing PCR steps on
unknown samples that have been collected for analysis
by the portable detection unit 100. [0033] The remote
server 110 is provided with a link, preferably a
secure link (e.g., using encryption and decryption
algorithms), to a central facility, such as a medical
research facility, so that updated assay information
is provided to the remote server 110 periodically from
the medical research facility, whereby that
information can be downloaded to the portable
detection unit 100 when needed. The remote server 110
can receive information at fixed intervals, such as
hourly, once per day, or once per week. The remote
server 110 can also receive information on demand,
such as when the remote server receives information
that a portable detection unit is activated or when it
is about to perform an assay.[0034] In the first
embodiment, when a user turns on his/her portable
detection unit 100, the portable detection unit 100
outputs an "awake" signal, which may be a radio
frequency (RF) signal that is received by a local
communications system (e.g., cellular, satellite or
WI-FI system). The remote server 110 is notified of
this awakening by the awake signal being provided to
it over-the-air and/or via the Internet from the local
communications system. The remote server 110 then
checks its latest assay information with the assay
information that was previously sent to the portable
detection unit 100 the last time the portable
detection unit 100 was awakened, and an update of
assay information is automatically provided to the
portable detection unit 100 from the remote server 110
if needed. Alternatively, the updated assay
information is provided to the portable detection unit
100 only when a consumable (e.g., a canister
containing the consumable) is placed into a particular
bay of the portable detection unit 100, to initiate
the running of an assay on a collected sample. [0035]
By way of example, assume that the portable detection
unit 100 is being used to check flu viruses of
patients at a hospital. A flu differentiating assay
containing the parameters for detecting the latest
threat virus would be stored at the remote server 110,
and then downloaded to the portable detection unit
100, along with the correct annealing temperatures for
performing the strain differentiating assay or assays.
Once the updated information has been downloaded to
the portable detection unit 100, a notification is
made (e.g. via a message on a display of the portable
detection unit 100, and/or via an audible beep, or
both), to notify the user that he/she can begin to
test patients for a potentially deadly new flu virus.
This updating of assay parameter data stored in the
portable detection unit 100 is performed without
changing the chemistry in the stockpiled consumables
of the portable detection unit 100. The stockpiled
consumables correspond to reagents that are stored
(e.g., in canisters) for use by the portable detection
unit 100 in performs various assays (e.g., consumable
A is used as a reagent to perform an assay to
determine if a collected sample is anthrax, and
consumable B is used to perform an assay to determine
if a collected sample is plague).[0036] In one
possible implementation, the portable detection unit
100 is housed on a tray, on which a plurality (e.g.,
three or more) of canisters containing consumables for
performing particular assays are housed. In order to
run a particular assay requiring a particular
consumable, the canister for that particular
consumable is placed on a particular bay of the tray,
to initiate running of that particular assay. If a
canister containing a particular consumable is empty
(whereby that indication can be made via a message on
the display of the portable detection unit 100, for
example), the user has to remove the empty canister
from the bay and insert a new canister containing that
same consumable, in order to be able to perform a
particular assay requiring that particular consumable
as a reagent. [0037] In a second embodiment, a
consumable contains information to be supplied to the
portable detection unit 100. The information can be
stored on the consumable using a memory unit,
identification device, or any other suitable
information storage tool. The identification device
can be, for example, a barcode or RF ID. The
information can be communicated to the portable
detection unit 100 or the remote server 110 or
information can be received from the portable
detection unit 100 or the remote server 110 and stored
on the memory, as described in greater detail below.
[0038] The consumable can contain the different
reagents needed to perform an assay or the probes used
to detect analyte. For example, the consumable can be
a PCR consumable that contains the reagents, primers,
and probes used to perform a PCR assay. The consumable
can be specific for a particular type of assay. For
example, the consumable can be a PCR consumable for
use in an assay to detect a particular biological
agent, such as, for example anthrax, plague, foot and
mouth 



disease virus, avian influenza, swine fever, Barrett's
esophagus, MRSA, HIV, HCV, HPV, or tularemia. When a
memory unit is used, the memory can be attached to the
consumable in any manner (e.g., on an outer surface of
a canister in which consumable is provided). For
example, the memory can be embedded in the consumable
or attached to the consumable using an adhesive, for
example. The memory can be provided in the form of an
electronic chip. Similarly, a identification device,
such as a barcode can be placed anywhere on the
consumable. The onlylimitation is that the
identification device must be capable of being read by
the portable detection unit. [0039] The memory can be
any form of memory, such as random access memory,
flash memory, or any other of memory suitable for
storing information. The memory can be in
communication with one or more electronic components,
such as a microprocessor. For example, the memory can
be part of an electronic chip that includes a
microprocessor and device for communicating the data
stored in the memory to the portable detection unit
100 or remote server 110. hi some embodiments, the
memory is provided in the form of an radio frequency
identification (RP ID) chip. For ease of reference,
the terms "memory" and "chip" will be used
interchangeably. [0040] The memory can contain
information to identify the type of consumable. For
example, the memory can identify the consumable as the
consumable to be used to identify a particular
biological agent, such as plague, anthrax, smallpox,
influenza, or tularemia. The memory can also identify
the consumable generally, such as by the types of
reagents or probes contained within the consumable.
Based on this information, the user of the portable
detection unit 100 can select specific detection
parameters. For example, the consumable can identify
itself to the portable detection unit 100 as a PCR
consumable for the detection of plague, and the user
can then select specific parameters, such as the
number of cycles. [0041] The memory can also contain
information used to perform an assay. This information
can include the type of assay to be performed, the
assay parameters, and the detection parameters. For
example, the memory can specify the reaction steps,
the amounts and types of reagents to be used, and the
reaction conditions, such as time and temperature.
Thus, the memory can provide all of the information
necessary for the portable detection unit 100 to
perform an assay and detect sample. In some
embodiments, the user can have the option of changing
the parameters provided by the memory. This allows
sophisticated users to optimize settings, correct
settings that have been incorrectly provided by the
memory, or perform maintenance.[0042] Information can
also be stored on the consumable using a barcode. A
barcode can be used to store the same types of
information as the memory, as discussed above. In some
embodiments, both a barcode and a memory can be used.
For example, a barcode can identify the type and
quantity of consumable, and the memory can contain
testing parameters. A barcode can also be used to
corroborate at least a portion of the information on
the memory. [0043] In some embodiments, the consumable
is a PCR consumable, and the information contained in
the memory or identification device contains the
information needed for the portable detection unit 100
to perform a PCR assay. The memory can specify, for
example, the reagents to use, the number of thermal
cycles, the time of each cycle, the temperature for
each cycle, temperature profiles, detection
temperatures, or detection excitation and emission
wavelengths. hi some embodiments, the information on
the PCR consumable provides all of the information
necessary for the portable detection unit 100 to
perform an assay such that a user does not need to
provide any information. In other embodiments, the
information provides only a portion of the necessary
parameters, and a user provides additional parameters
to the portable detection unit. hi further
embodiments, all information or supplemental
information will be provided by communication of the
portable detection device with a remote server. [0044]
Because the consumable can provide all, or
substantially all, of the information needed to
perform an assay to the portable detection unit 100
using the memory or identification device, the
consumable allows the portable detection unit to be
operated by personnel with very limited training. For
example, the portable detection unit 100 could be
operated by soldiers or emergency medical personnel
with no formal scientific training. Errors are also
minimized, because parameters are provided by the
consumable rather than users, which may incorrectly
enter parameters. [0045] In some embodiments, the
consumable with memory can send and receive
information from the remote server 110, as described
above in relation to the firstembodiment, but whereby
the portable detection unit 100 is not involved in
this information transfer. In those embodiments, only
when the consumable is to be utilized to perform a
particular assay by the portable detection unit 100
would the information provided by the remote server
110 to the consumable be transferred from the memory
of the consumable to the portable detection unit 100
(via a communications unit of the consumable). Thus,
the remote server 110 can receive information provided
by the memory or provide information to be stored on
the consumable's memory. For example, if assay
parameters are optimized after the manufacture of a
consumable, a wireless communication link can be used
to change the parameters stored in the memory of
consumables to comport with the optimized parameters.
The memory of consumables can also be read to
determine the type of consumable. Such reading could
be performed using an RF ID communication protocol.
This may be useful in inventorying consumables stored
in a warehouse, for example. [0046] In some
embodiments, the portable detection unit 100 can read
the information on the identification device of a
consumable an transmit the information to the remote
server 110. The remote server 110 can then specify the
types of testing or testing parameters to be performed
by portable detection unit 100. [0047] In some
embodiments, both the consumable and the remote server
110 provide information to the portable detection unit
100. For example, the consumable's memory or
identification device can provide the type of
consumable and reagents contained, and the remote
server 110 can provide the assay and detection
parameters. As another example, the consumable's
memory or identification device can provide all of the
information needed to perform an assay to the portable
detection unit, and the remote server 110 can confirm
that the information is the most up to date
information or update the information, if necessary.
[0048] The consumable with memory or a identification
device and portable detection unit 100 can be designed
to communicate automatically or a user may initiate
the exchange of information. For example, once the
consumable is loadedinto the portable detection unit
100, the portable detection unit 100 can automatically
read the information from the consumable. The portable
detection unit can also ask the user whether it wishes
to use the information stored on the consumable or
enter other information. [0049] In one embodiment, the
consumable is in the form of a canister and the memory
is part of a chip attached to the canister. When the
portable detection unit 100 detects the presence of
the chip on the canister when the canister is provided
within the bay, and when the portable detection unit
100 thereby determines that a particular assay is to
be performed using that consumable, updated assay
parameter data is provided to the portable detection
unit 100, from the remote server 110, 



without any inputs required from the user. Thus, all
the user has to do is to collect the sample, put the
consumable into the bay of the portable detection unit
100, and allow the portable detection unit 100 to
automatically detect the chip on the consumable in the
bay and then to automatically perform an assay using
that consumable and the latest assay parameter
information. Once that automatic updating has been
completed, whereby such an indication may be made via
an audible and/or visible indication, the user need
only start running a particular assay by making an
appropriate selection (e.g., engage a "run ricin test"
button, or engage a "run plague test" button, or make
a suitable selection on a touch screen display) on the
portable detection unit 100. In another possible
implementation, the results of an assay, the date and
time it was performed, the location where it was
performed, and user input date provided for running
the assay (e.g., log numbers) are stored on the chip.
[0050] In one possible implementation of the first
embodiment, the consumable chip is an RF ID chip,
whereby its presence at a particular bay within a tray
of the portable detection unit 100 is detected,
information (e.g., computer software stored in a
memory of the RF ID chip) is obtained from the chip,
and the portable detection unit 100 performs a
particular assay using the information obtained from
the chip. Such information may include, for example,
cycle time, cycle temperature, temperature profiles,
cycle number, detection temperatures, detection
excitation parameters, andemission wavelengths. Again,
the actual steps of running a particular assay are not
described in detail below, as these steps are
well-known. [0051] In a third embodiment of the
invention, the remote server 110 maintains data
specific to a reaction on a consumable. When the
portable detection unit 100 is to perform a particular
assay, updated data is then provided to the portable
detection unit 100 by way of the remote server 110.
Updated data can also be provided to the consumable's
memory either directly from the remote server 110 or
via the portable detection unit 100. That way, product
updates are invisible to the user of the portable
detection unit 100. Furthermore, any new reaction
optimizations can be identified (e.g., by scientists
who work at research hospitals) and provided directly
the remote server 110, and whereby that information is
then downloaded to the portable detection unit 100 or
the memory of a consumable, as needed. These downloads
can be made based on the manufacture data of the
portable detection unit 100, the identity of the
assays and the consumables, or the date of manufacture
of the consumables. By way of example, when the remote
server 110 is provided with updated data for a
particular PCR procedure (e.g., the annealing
temperature used during cycle two has changed from 93
degrees C to 95 degrees C, as determined by a
scientist performing optimization tests at a
laboratory for a particular PCR procedure, whereby
that updated information is provided to the remote
server 110 via a dedicated communications link between
the laboratory and the remote server 110), that
information is provided to the portable detection unit
100 via the wireless communications link. Accordingly,
all future PCR procedures performed on samplesto-
be-tested by using a particular consumable housed
within a canister having a chip (e.g., RF ID chip)
provided thereon, will utilize the updated cycling
data. [0052] Figure 2 shows the remote server 110
having a memory 125 that stores the latest data, and
whereby that data is provided to the portable
detection unit 110 either when the portable detection
unit 100 is turned on (via an "awake" signal output by
the portable detection unit 100, as described
previously) or when that data has been updated in the
memory 125. That way, when the data has been updated
in the memory 125 of the remote server 110 after the
portable detection unit 110 has beenturned on, that
event will automatically cause a download of the
updated data from the remote server 110 to the
portable detection unit 100 (which, since it is turned
on, will receive and store that updated cycling data).
Alternatively, the data is only be provided to the
portable detection unit 100 when a canister containing
a particular consumable to be used for running a
particular assay is placed into a bay of the portable
detection unit 100, whereby the chip on the exterior
surface of the canister is then detected, which causes
the portable detection unit 100 to send out a signal
requesting updated cycling data from the remote server
110. The detection of the canister within the bay may
be made via a low-power antenna provided nearby the
tray. For example, the low-power antenna may be
located 1 inch from the bay, whereby it will only
detect signals from an RF ID chip provided on a
canister within the bay, and not from RF ID chips
provided on other unused canisters provided further
away from the antenna on the tray. The remote server
110 then sends, via a wireless signal, the latest
cycling data to the portable detection unit 100, which
then uses that latest data in performing an assay
using the consumable. [0053] Figure 3 shows the
portable detection unit 100 having three storages bays
310, and one usage bay 305. The number of storage bays
310 is based on the number of different consumables
(and thus, the number of different canisters) required
for running different types of assays by the portable
detection unit 100, whereby only three storage bays
310 are shown in Figure 3 for sake of simplicity.
However, the portable detection unit 100 can have any
number of storage bays 310. For example, the portable
detection unit can have one, two, three, four, five,
six, or more storage bays 310. When a particular assay
is to be performed using a particular consumable, the
canister containing the particular consumable is moved
from one of the storage bays 310 to the usage bay 305.
An RF antenna 315 can detect an RF ID chip provided on
the exterior surface of the canister provided within
the usage bay 305, and assay information stored in the
chip is then provided to a thermocycler unit 320, for
example, of the portable detection unit 100. As
explained earlier, prior to the portable detection
unit 100 running a particular assay using the
particular consumable, it can notify the remote server
110, which then provides updated assay parameter
(and/or cycling data) information to the portable
detection unit 100. Once thatdownload is complete, the
portable detection unit 100 runs the particular assay
on a collected sample using the updated information.
[0054] A fourth embodiment of the invention will be
described below, with reference to Figure 4. In the
fourth embodiment, a portable detection unit 400
includes a global positioning satellite (GPS)
receiver, so that the current position of the portable
detection unit 400 can be determined. The method of
determining a position of a unit based on GPS data is
well known in the art, and will not be discussed
herein for sake of brevity (e.g., by use of GPS data
from at least three different GPS satellites, one can
obtain precise position coordinates at any location on
the Earth's surface). In the fourth embodiment, the
GPS data is utilized by the portable detection unit
400 in order to modify and/or control the assay
parameters stored in the portable detection unit 400
or the memory of a consumable. [0055] In more detail,
by way of example, even though very high melt
temperatures (e.g., 95 degrees C) are used during a
PCR procedure performed by the portable detection unit
400, a minimum melt temperature for an assay would be
encoded on a consumable. This encoding may be made via
a chip (e.g., RF ID chip) provided on the canister
containing the consumable, and may alternatively be
made by way of a bar code or other type of permanent
or semi-permanent indicia provided on an outer surface
of the canister, whereby a scan of that bar code by
the portable detection unit 400 will be read and
stored by the portable detection unit 400, so that a
proper PCR procedure can be performed to obtain enough
of the collected sample to perform one or more assays.
[0056] In more detail, a PCR procedure involves three
steps: a denaturation phase, 



an annealing phase, and an extension phase. The
denaturation phase is a phase whereby DNA fragments of
a collected sample are heated at high temperatures,
which reduce the DNA double helix to single strands,
and whereby these single strands become accessible to
primers. The annealing phase is whereby the reaction
mixture is cooled down, and primers anneal to the
complementary regions in the DNA template strands, and
double strands are formed again between primers and
complementarysequences. The extension phase is whereby
the DNA polymerase synthesizes a complementary strand,
whereby an enzyme reads the opposing strand sequence
and extends the primers by adding nucleotides in the
order in which they can pair. This three-step PCR
process is repeated over and over, whereby the cycling
of temperatures results in copying of copies, and so
on, leading to an exponential increase in the number
of copies of specific sequences (that is, an increase
in the amount of a sample to be tested). Once an ample
amount of sequences is obtained, the portable
detection unit 300 can perform an analysis of a
sufficient amount of the sample to determine if it
poses a threat or not. [0057] Based on the GPS data
provided to the portable detection unit 400, the
portable detection unit 400 can readily determine its
current altitude and thereby modify the melt
temperature to avoid boiling. In one possible
implementation of the fourth embodiment, the portable
detection unit 400 has an internal memory (e.g., Read
Only Memory, or ROM) that stores altitude data based
on a particular GPS position (latitude and longitude
in degrees, minutes and seconds), or a remote server
(not shown, but see Figures 1 and 2) can provide the
precise altitude information to the portable detection
unit 400 based on the GPS data being wirelessly
communicated to the remote server from the portable
detection unit 400. For example, if the portable
detection unit 400 is at 10,000 feet altitude, then
the temperature to cause a liquid to boil is less than
it would be at sea level, whereby the exact boiling
temperature based on altitude is known in the art and
will not be discussed herein for sake of brevity.
Computer program code for calculating the correct
boiling temperature based on temperature is stored in
a melting temperature calculating unit 420 of the
portable detection unit 400 (see Figure 4). [0058]
With reference to Figure 4, the portable detection
unit 400 has a GPS receiver 430 that receives GPS
information from GPS satellites, whereby that
information is provided to a height determining unit
440. The height determining unit 440 determines the
current height of the portable detection unit 400 with
respect to sea level. The current height is provided
to an assay analyzer 410, which sends that information
to a melting temperature calculating unit 420, along
with information asto a particular assay, so that a
corrected melting temperature based on the current
height for the assay can be determined. Based on the
corrected melting temperature provided to the assay
analyzer 410 by the melting temperature calculating
unit 420, the assay analyzer can perform a proper
assay (in more detail, the assay analyzer can perform
a proper denaturation phase of a PCR procedure by
heating DNA fragments of a sample at a temperature
that is sufficiently high enough, but not too high to
cause boiling to occur). [0059] Based on well known
computations relating altitude and boiling
temperature, the melt temperature can be readily
determined by the portable detection unit 400, no
matter its current height (e.g., use on a mountain or
underwater). If the minimum melt temperature is
determined to be above the calculated boiling point
for water at the GPS-determined location of the
portable detection unit 400, the portable detection
unit 400 will issue a warning message on a display
(can also be an audible alert) and prevent the assay
from running on the portable detection unit 400.
Otherwise, the assay is allowed to run on the portable
detection unit 400, whereby the heating temperature of
the denaturation phase of the PCR procedure is
lessened if necessary to avoid boiling. Thus, the
third embodiment provides an added safety feature that
is not currently available for conventional portable
detection units. [0060] GPS information, such as
geographical location, also can be used, either
automatically or via user instructions, to make
determinations regarding assay parameters, such as
temperature, timing, and detection protocols. For
example, a first set of assay parameters can be used
in a first country and a second set of assay
parameters can be used outside another country. It may
be desirable to select different detection protocols
or parameters based on the laws and regulations that
differ by geographic region. By way of example, assay
protocol A can be used when in a defined geographic
region, but assay protocol B can be used in all other
regions. Selection of assay methods and parameters
based on geographic regions may be useful for a
variety of reasons. For example, different methods or
parameters may be required to comply with the laws and
regulations in different geographic regions. Selection
of different testing methods and parameters based on
geographic regionsalso may be useful to avoid
infringing intellectual property rights that exist
only in certain jurisdictions. As yet another example,
testing methods and parameters may be tailored based
on the prevalence of different analytes in different
regions. The portable detection unit 400 may be
configured to select the testing protocol or
parameters based on the data provided by the GPS. In
the alternative, the GPS data can be transmitted to a
remote server that in turn provides the testing
protocol or parameters to the portable detection unit
100 based on the GPS data. In another embodiment, the
testing method or parameters are selected based on
both the GPS data and information provided by the
consumable in the form of memory or a barcode, as
discussed above. [0061] In some embodiments,
information provided via the consumable can be used to
select the testing method, such as, a nucleic acid
identification method, a protein identification
method, or a combination thereof. Nucleic acid
identification methods include, for example, PCR or
Linear After the Exponential PCR (LATEPCR), and
reverse transcriptase PCR (RT-PCR). Protein
identification methods include, for example, affinity
binding-based methods such as antibody-antigen assays.
[0062] In a fifth embodiment, the portable detection
unit performs one or more assays based on the result
of the first assay. The detection unit, either
directly or via communication with a remote server,
can evaluate the result of a first assay and determine
whether or not to perform a second assay and, if a
second assay is performed, what type of assay is
performed. For example, the portable detection unit
can perform an antibody assay that screens for
multiple targets, and depending of whether a what
target is detected, a subsequent assay, such as PCR,
is performed. It also would be possible that further
assays would be dictated depending on subsequent
results. As another example, the portable detection
unit can determine the size or quantity of an analyte
in a sample. Based on the size, quantity or type of
the analyte, a subsequent test can be performed. The
parameters also can be selected based on the results
of an earlier test. For example, following an
inconclusive assay, parameters may be adjusted in an
effort to obtain conclusive results.[0063] The
decision as to whether to perform a second test or
what second test to perform can be made by the
portable detection unit. The decision can be made by
the portable detection unit based on software present
in unit, for example. The portable detection unit can
also transmit data from the first test to a remote
server, as discussed above, either alone or in
combination with GPS data, and the remote server can
specify what, if any, test should be performed next.
In this manner, it is the remote server that
determines what, if any, subsequent analysis to
perform. The portable detection unit can also use the
results of a first test in conjunction with
information stored on a consumable to determine which,
if any, subsequent analysis to perform. 



For example, a subsequent analysis can be selected
based on (a) a failed first analysis (b) using a
consumable for the detection of a defined set of
analytes. The subsequent analysis can be made using a
consumable for the detection of second set of defined
analytes. [0064] While the fourth embodiment has been
described primarily as it relates to PCR analysis, the
fourth embodiment can be used with any assay. For
example, the fourth embodiment can be used with mass
spectroscopy, IMS, or binding affinitybased
techniques, such as antibody binding. A difference in
altitude can affect tests that rely on any parameter
dependent on altitude, such as atmospheric pressure or
melting and boiling points. Moreover, different
geographic regions may call for different methods or
parameters for reasons completely independent of
altitude, as discussed above. [0065] Figure 5 shows a
canister 500 having a chip 510 provided on an exterior
surface thereof, in accordance with the first through
fourth embodiments of the invention. In another
possible implementation, there are two chips provided
at opposite positions on the canister 500, so that the
antenna 315 (see Figure 3) can detect the RF ID chip
no matter the disposition of the canister 500 within
the usage tray 305 of the portable detection unit. The
chip 510 is preferably fixedly attached to the
exterior surface of the canister 500, such as by
screwing it in place, welding it in place, or gluing
it in place.[0066] The embodiments described above
have been set forth herein for the purpose of
illustration. This description, however, should not be
deemed to be a limitation on the scope of the
invention. Various modifications, adaptations, and
alternatives may occur to one skilled in the art
without departing from the claimed inventive concept.
For example, sample preparation parameters, as well as
PCR parameters, may be provided to the portable
detection unit from a remote server. For example, a
consumable may incubate a sample in a particular
buffer for five minutes, then perform some operations,
and then incubate the sample for a further five
minutes. Based on that, the remote sensor will provide
optimal parameters for going forward with an assay to
be performed by the portable detection unit. Also,
with respect to the third embodiment and with use of a
temperature sensor, it is possible to adjust
consumable incubation times to account for a lower
operating temperature (as incubation times are related
to operating temperature). Still further, changing the
cycling parameters may have an affect on the analysis
parameters to be used for running an assay, and vice
versa, whereby the appropriate cycling parameters and
analysis parameters will be provided to a portable
detection unit from a remote sensor accordingly. The
spirit and scope of the invention are indicated by the
following claims.WHAT IS CLAIMED IS: 1. A system for
testing an unknown sample, comprising: a portable
detection unit having stored therein assay parameter
information for testing the unknown sample with
respect to a plurality of assays; and a remote server
providing updated assay parameter information to the
portable detection unit. 2. The system according to
claim 1, wherein the portable detection unit
comprises: a wireless transceiver for wireless
communicating with the remote server. 3. The system
according to claim 2, wherein the portable detection
unit further comprises: means for notifying the remote
server whenever the portable detection unit is turned
on, and wherein the remote server comprises: means for
determining whether or not current assay parameter
information stored therein is different from the assay
parameter information stored at the portable detection
unit, and for outputting the current assay parameter
information to the portable detection unit if there is
a difference. 4. A system for testing an unknown
sample, comprising: a portable detection unit having
stored therein data specific to a reaction on a
consumable; and a remote server providing updated data
to the portable detection unit. 5. The system
according to claim 4, wherein the portable detection
unit comprises: a wireless transceiver for wireless
communication with the remote server.6. The system
according to claim 5, wherein the portable detection
unit further comprises: means for notifying the remote
server whenever the portable detection unit is turned
on, and wherein the remote server comprises: means for
determining whether or not current data stored therein
is different from the cycling data stored at the
portable detection unit, and for outputting the
current cycling data to the portable detection unit if
there is a difference. 7. A portable detection unit
for testing an unknown sample, comprising: a memory
having stored therein assay parameter information for
testing the unknown sample with respect to a plurality
of assays, the assay parameter information including a
minimum melt temperature for each of the plurality of
assays; an altitude determining unit configured to
determine a current altitude of the portable detection
unit with respect to sea level; and a melting
temperature recalculating unit configured to
recalculate the melt temperature for the plurality of
assays based on the current height of the portable
detection unit. 8. The portable detection unit
according to claim 7, further comprising: a prevention
unit configured to prevent a particular assay from
being run using the portable detection unit, when the
recalculated melt temperature is determined to be
higher than the minimum melt temperature for the
particular assay. 9. The portable detection unit
according to claim 7, further comprising: a prevention
unit configured to prevent a particular assay from
being run using the portable detection unit, based on
predetermined criteria. 10. The portable detection
unit according to claim 8, wherein prevention unit
outputs at least one of an audible or textual warning
on a display of the portable detection unit, to inform
a user of the prevention of running the particular
assay.11. A method of testing an unknown sample,
comprising: storing, at a portable detection unit,
assay parameter information for testing the unknown
sample with respect to a plurality of assays; and
providing, via a remote server, updated assay
parameter information to the portable detection unit.
12. The method according to claim 11, wherein the
providing step comprises: wirelessly communicating the
updating assay parameter information from the remote
server to the portable detection unit. 13. The method
according to claim 12, further comprising: notifying,
by the portable detection unit, the remote server
whenever the portable detection unit is turned on, and
determining, by the remote server, whether or not
current assay parameter information stored therein is
different from the assay parameter information stored
at the portable detection unit, and outputting the
current assay parameter information to 



the portable detection unit if there is a difference.
14. A method of testing an unknown sample, comprising:
storing, at a portable detection unit, cycling data
specific to a reaction on a consumable; and providing,
by a remote server, updated cycling data to the
portable detection unit. 15. The method according to
claim 14, wherein the providing step comprises:
wirelessly communicating the updating assay parameter
information from the remote server to the portable
detection unit. 16. The method according to claim 15,
wherein the portable detection unit further comprises:
notifying, by the portable detection unit, the remote
server whenever the portable detection unit is turned
on, anddetermining, by the remote server, whether or
not current cycling data stored therein is different
from the cycling data stored at the portable detection
unit, and outputting the current cycling data to the
portable detection unit if there is a difference. 17.
A method of testing an unknown sample by a portable
detection unit, comprising: storing, in a memory,
assay parameter information for testing the unknown
sample with respect to a plurality of assays, the
assay parameter information including a minimum melt
temperature for each of the plurality of assays;
determining a current altitude of the portable
detection unit with respect to sea level; and
recalculating the melt temperature for the plurality
of assays based on the current altitude of the
portable detection unit as determined by the
determining step. 18. The method according to claim
17, further comprising: preventing a particular assay
from being run using the portable detection unit, when
the recalculated melt temperature is determined to be
higher than the minimum melt temperature for the
particular assay. 19. The method according to claim
18, wherein prevention step comprises: outputting at
least one of an audible or textual warning on a
display of the portable detection unit, to inform a
user of the prevention of running the particular
assay. 20. A consumable for use with a portable
detection unit, comprising a memory or a barcode,
wherein the memory or the barcode contains information
for performing an assay. 21. The consumable of claim
20, wherein the consumable is a PCR consumable. 22.
The consumable of claim 20, wherein the information
for performing an assay includes all of the
information needed by the portable detection unit to
perform the assay.23. The consumable of claim 20,
wherein the memory is an RF ID chip. 24. The
consumable of claim 21, wherein the memory identifies
the reagents to use, the number of cycles, the time of
each cycle, the temperature for each cycle,
temperature profiles, detection temperatures, and
detection excitation and emission wavelengths. 25. The
consumable of claim 20, further comprising: a
communications unit configured to receive information
from a remote server; and a transfer unit configured
to transfer the information received by the
communications unit to the memory. 26. The consumable
of claim 20, wherein the consumable comprises both a
memory and a barcode. 27. A system for testing an
unknown sample, comprising: a portable detection unit
for testing an unknown sample using at least one
assay; and a consumable having information for
performing the assay, wherein the portable detection
unit can read the information stored on the
consumable. 28. The system of claim 27, wherein the
information is stored on the consumable using a memory
or a barcode. 29. The system of claim 27, wherein the
portable detection unit can perform at least two
assays. 30. The system of claim 29, wherein one of the
assays is PCR. 31. A system for testing an unknown
sample, comprising: a portable detection unit that can
perform at least two assays for testing a sample,
wherein the at least two assays can be of the same
assay type or different assay types andsoftware or
firmware that controls the detection unit. 32. The
system of claim 31, wherein the assays comprise PCR.
33. The system of claim 32, wherein the assays
comprise a binding affinity-based assay. 34. The
system of claim 33, wherein the binding affinity-based
assay is an antibody binding assay. 35. The system of
claim 31, wherein the assays comprise a first assay
and a second assay, wherein the first assay comprises
a binding affinity-based assay and wherein the second
assay comprises a PCR assay. 36. The system of claim
31, wherein the assays are of the same type. 37. The
system of claim 31, wherein the software or firmware
is present on the portable detection unit. 38. The
system of claim 31, wherein the software or firmware
is present on a remote server in communication with
the portable detection unit. 39. The system of claim
31, wherein the firmware or software comprises assay
parameters. 40. The system of claim 31, wherein a
result from a first assay is used to determine an
assay type of a second assay, and wherein the second
assay type is determined by the firmware or software.
41. The system of claim 31, wherein a result from a
first assay is used to determine an assay parameter of
a second assay, and wherein the second assay parameter
is determined by the firmware or software. 


