
Certain Imidazo[l,2-a]pyrazin-8-ylamines, Method of
Making, and Method of Use Thereof [0001] This
application claims priority to U.S. Application
No.10/985,023, filed November 10, 2004; Application
No. 60/630,860, filed November 24, 2004; Application
No. 60/630,645, filed November 24, 2004; and
Application No. 60/630,861, filed November 24, 2004,
each of which is incorporated herein by reference.
[0002] Provided herein are certain
imidazo[l,2-a]pyrazinylamines and related compounds,
compositions comprising such compounds, and methods of
their use. [0003] Protein kinases, the largest family
of human enzymes, encompass well over 500 proteins.
Bruton's Tyrosine Kinase (Btk) is a member of the Tec
family of tyrosine kinases, and is a regulator of
early B-cell development as well as mature Bcell
activation, signaling and survival. [0004] B-cell
signaling through the B-cell receptor (BCR) leads to a
wide range of biological outputs, which in turn depend
on the developmental stage of the B-cell. The
magnitude and duration of BCR signals must be
precisely regulated. Aberrant BCR-mediated signaling
can cause disregulated B-cell activation and/or the
formation of pathogenic auto-antibodies leading to
multiple autoimmune and/or inflammatory diseases.
Mutation of Btk in humans results in X-linked
agammaglobulinemia (XLA). This disease is associated
with the impaired maturation of B-cells, diminished
immunoglobulin production, compromised
T-cellindependent immune responses and marked
attenuation of the sustained calcium sign upon BCR
stimulation. [0005] Evidence for the role of Btk in
allergic disorders and/or autoimmune disease and/or
inflammatory disease has been established in
Btk-deficient mouse models. For example, in standard
murine preclinical models of systemic lupus
erythematosus (SLE), Btk deficiency has been shown to
result in a marked amelioration of disease
progression. Moreover, Btk deficient mice are also
resistant to developing collagen-induced arthritis and
are less susceptible to Staphylococcusinduced
arthritis.[0006] A large body of evidence supports the
role of B-cells and the humoral immune system in the
pathogenesis of autoimmune and/or inflammatory
diseases. Protein-based therapeutics (such as Rituxan)
developed to deplete B-cells, represent an important
approach to the treatment of a number of autoimmune
and/or inflammatory diseases. Because of Btk's role in
B-cell activation, inhibitors of Btk can be useful as
inhibitors of B-cell mediated pathogenic activity
(such as autoantibody production). [0007] Btk is also
expressed in mast cells and monocytes and has been
shown to be important for the function of these cells.
For example, Btk deficiency in mice is associated with
impaired IgE-mediated mast cell activation (marked
diminution of TNF-alpha and other inflammatory
cytokine release), and Btk deficiency in humans is
associated with greatly reduced TNF-alpha production
by activated monocytes. [0008] Thus, inhibition of Btk
activity can be useful for the treatment of allergic
disorders and/or autoimmune and/or inflammatory
diseases including, but not limited to: SLE,
rheumatoid arthritis, multiple vasculitides,
idiopathic thrombocytopenic purpura (ITP), myasthenia
gravis, allergic rhinitis, multiple sclerosis (MS),
transplant rejection, Type I diabetes, membranous
nephritis, inflammatory bowel disease, autoimmune
hemolytic anemia, autoimmune thyroiditis, cold and
warm agglutinin diseases, Evan's syndrome, hemolytic
uremic syndrome/thrombotic thrombocytopenic purpura
(HUS/TTP), sarcoidosis, Sjogren's syndrome, peripheral
neuropathies (e.g. Guillain-Barre syndrome), pemphigus
vulgaris, and asthma. [0009] hi addition, Btk has been
reported to play a role in controlling B-cell survival
in certain B-cell cancers. For example, Btk has been
shown to be important for the survival of
BCR-Abl-positive B-cell acute lymphoblastic leukemia
cells. Thus inhibition of Btk activity can be useful
for the treatment of B-cell lymphoma and leukemia.
[0010] Modulators of kinase activity which may
generally be described as
imidazo[l,2-a]pyrazinylamines are provided herein.
[0011] Provided is at least one chemical entity chosen
from compounds of Formula 1:(Formula 1) and
pharmaceutically acceptable salts, solvates, crystal
forms, chelates, non-covalent complexes, prodrugs, and
mixtures thereof, wherein R1 is chosen from optionally
substituted phenylene, optionally substituted
pyridylidene, optionally
2-oxo-l,2-dihydropyridinyl,wherein indicates the point
of attachment to the group -L-G and the broken bond
indicates the point of attachment to the amino group;
and wherein X1 is chosen from N and CR7; X2 is chosen
from N and CR7; and X3 is chosen from N and CR7;
wherein no more than one of X1, X2, and X3 is N and
wherein R7 is chosen from hydrogen, hydroxy, cyano,
halo, optionally substituted lower alkyl, and
optionally substituted lower alkoxy;L is chosen from a
covalent bond, optionally substituted Ci-C4alkylene,
-O-, -O- (optionally substituted C1-C4alkylene)-,
-(C=O)-, -(optionally substituted C1-
C4alkylene)(C=O)-, (SO)-, -(optionally substituted Cr
C4alkylene)(SO)-; (SO2)-, -(optionally substituted
C1-C4alkylene)(SO2)-; -(C=NR9)-, and - (optionally
substituted Ci-C4alkylene)(C=NR9)- wherein R9 is
chosen from hydrogen, optionally substituted alkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; G is chosen from hydrogen,
halo, hydroxy, alkoxy, nitro, optionally substituted
alkyl, -NRi6R17, optionally substituted
heterocycloalkyl, optionally substituted cycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl wherein R16 and R17 are
independently chosen from hydrogen, optionally
substituted acyl, optionally substituted alkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; or when L is chosen from
-(C=NR9)- and - (optionally substituted
C1-C4alkylene)(C=NR9) then-R9 and R16, together with
the nitrogen to which they are bound, form an
optionally substituted 5- to 7- membered nitrogen
containing heterocycloalkyl which optionally further
includes one or two additional heteroatoms chosen from
N, O, and S and R17 is chosen from hydrogen,
optionally substituted acyl, optionally substituted
alkyl, optionally substituted aryl, and optionally
substituted heteroaryl; 



T, V, andW are chosen from C and N and U is chosen
from -CH and N, provided that at most one of T, U, V
andW isN; R2, R3, and R4 are independently chosen from
hydrogen, optionally substituted lower alkyl,
optionally substituted lower alkoxy, halo, and
hydroxy, provided that at least one of R2, R3, and R4
is not hydrogen when A is a covalent bond, G is -
NR16R1 and L is not chosen from -(C=NR9)- and
-(optionally substituted C1- C4alkylene)(C=NR9)-, and
R2, R3, or R4 is absent when the respective T, V, or W
to which it is bound, is N; Q is chosen from R1O 1
R13 -C-N- -N-C- -N- C- -N- -N- C- N- I I I I I , and
R11 R12 R12 R1-I R-I3 O Ri4 Ri5wherein R1 and R1 1 are
independently chosen from hydrogen, C1-C6 alkyl, and
C1-C6 haloalkyl; and R12, R13 ,R14, and R1 are each
independently chosen from hydrogen, C1-C6 alkyl, C1-C6
haloalkyl, phenyl, substituted phenyl chosen from
mono-, di-, and trisubstituted phenyl wherein the
substituents are independently chosen from hydroxy,
nitro, cyano, amino, halo, C1-C6 alkyl, C1-C alkoxy,
(C1-C6 alkyloxy)d-C 6 alkoxy, C1-C6 perfluoroalkyl,
C1-C6 perfluoroalkoxy, mono- (C1-C6 alkyl)amino,
di(Ci-C 6 alkyl)amino, and 3TnInO(C1-C6 alkyl),
heteroaryl, and substituted heteroaryl chosen from
mono-, di-, and trisubstituted heteroaryl wherein the
substituents are independently chosen from hydroxy,
nitro, cyano, amino, halo, C1-C6 alkyl, C1-C6 alkoxy,
(C1-C6 alkyloxy)d-C 6 alkoxy, C1-C6 perfluoroalkyl,
Ci-C 6 perfluoroalkoxy, mono- (C1-C6 alkyl)amino, di(C
1-C6 alkyl)amino, and 3TnUK)(C1-C6 alkyl); A is chosen
from a covalent bond and -(CH=CH)-; R5 is chosen from
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl and optionally substituted heteroaryl; and R6 is
chosen from hydrogen, optionally substituted alkyl,
cycloalkyl, and heterocycloalkyl.[0012] Also provided
is a pharmaceutical composition comprising at least
one chemical entity described herein, together with at
least one pharmaceutically acceptable vehicle chosen
from carriers, adjuvants, and excipients. [0013] Also
provided is a packaged pharmaceutical composition,
comprising a pharmaceutical composition comprising at
least one chemical entity described herein, together
with at least one pharmaceutically acceptable vehicle
chosen from carriers, adjuvants, and excipients; and
instructions for using the composition to treat a
patient suffering from a disease responsive to
inhibition of Btk activity. [0014] Also provided is a
method for treating a patient having a disease
responsive to inhibition of Btk activity, comprising
administering to the patient an effective amount of at
least one chemical entity described herein. [0015]
Also provided is a method for treating a patient
having a disease chosen from cancer, autoimmune
diseases, inflammatory diseases, acute inflammatory
reactions, and allergic disorders comprising
administering to the patient an effective amount of at
least one chemical entity described herein. [0016]
Also provided is a method for increasing sensitivity
of cancer cells to chemotherapy, comprising
administering to a patient undergoing chemotherapy
with a chemotherapeutic agent an amount of at least
one chemical entity described herein, sufficient to
increase the sensitivity of cancer cells to the
chemotherapeutic agent. [0017] Also provided is a
method of reducing medication error and enhancing
therapeutic compliance of a patient being treated for
a disease responsive to inhibition of Btk activity,
the method comprising providing a packaged
pharmaceutical preparation described herein wherein
the instructions additionally include contraindication
and adverse reaction information pertaining to the
packaged pharmaceutical composition. [0018] Also
provided is a method for inhibiting ATP hydrolysis,
the method comprising contacting cells expressing Btk
with at least one chemical entity described herein in
an amount sufficient to detectably decrease the level
of ATP hydrolysis in vitro. [0019] Also provided is a
method for determining the presence of Btk in a
sample, comprising contacting the sample with at least
one chemical entity describedherein under conditions
that permit detection of Btk activity, detecting a
level of Btk activity in the sample, and therefrom
determining the presence or absence of Btk in the
sample. [0020] Also provided is a method for
inhibiting B-cell activity comprising contacting cells
expressing Btk with at least one chemical entity
described herein, in an amount sufficient to
detectably decrease B-cell activity in vitro. [0021]
Also provided is the use of at least one chemical
entity described herein for the manufacture of a
medicament for the treatment of a patient having a
disease responsive to inhibition of Btk activity.
[0022] Also provided is a method for the manufacture
of a medicament for the treatment of a patient having
a disease responsive to inhibition of Btk activity,
comprising including in said medicament at least one
chemical entity described herein. [0023] As used
herein, when any variable occurs more than one time in
a chemical formula, its definition on each occurrence
is independent of its definition at 



every other occurrence. In accordance with the usual
meaning of "a" and "the" in patents, reference, for
example, to "a" kinase or "the" kinase is inclusive of
one or more kinases. [0024] Formula 1 includes all
subformulae thereof. For example Formula 1 includes
compounds of Formulae 1 to 4. [0025] A dash ("-") that
is not between two letters or symbols is used to
indicate a point of attachment for a substituent. For
example, -CONH2 is attached through the carbon atom.
[0026] By "optional" or "optionally" is meant that the
subsequently described event or circumstance may or
may not occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not. For example,
"optionally substituted alkyl" encompasses both
"alkyl" and "substituted alkyl" as defined below. It
will be understood by those skilled in the art, with
respect to any group containing one or more
substituents, that such groups are not intended to
introduce any substitution or substitution patterns
that are sterically impractical, synthetically
non-feasible and/or inherently unstable.[0027] "Alkyl"
encompasses straight chain and branched chain having
the indicated number of carbon atoms, usually from 1
to 20 carbon atoms, for example 1 to 8 carbon atoms,
such as 1 to 6 carbon atoms. For example Q-Coalkyl
encompasses both straight and branched chain alkyl of
from 1 to 6 carbon atoms. Examples of alkyl groups
include methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, pentyl, 2-pentyl, isopentyl,
neopentyl, hexyl, 2-hexyl, 3-hexyl, 3-methylpentyl,
and the like. Alkylene is another subset of alkyl,
referring to the same residues as alkyl, but having
two points of attachment. Alkylene groups will usually
have from 2 to 20 carbon atoms, for example 2 to 8
carbon atoms, such as from 2 to 6 carbon atoms. For
example, Co alkylene indicates a covalent bond and C1
alkylene is a methylene group. When an alkyl residue
having a specific number of carbons is named, all
geometric isomers having that number of carbons are
intended to be encompassed; thus, for example, "butyl"
is meant to include n-butyl, sec-butyl, isobutyl and
t-butyl; "propyl" includes n-propyl and isopropyl.
"Lower alkyl" refers to alkyl groups having one to
four carbons. [0028] "Alkenyl" refers to an
unsaturated branched or straight-chain alkyl group
having at least one carbon-carbon double bond derived
by the removal of one hydrogen atom from a single
carbon atom of a parent alkene. The group may be in
either the cis or trans conformation about the double
bond(s). Typical alkenyl groups include, but are not
limited to, ethenyl; propenyls such as prop-1-en-l-yl,
prop-l-en-2-yl, prop-2-en-l-yl (allyl),
prop-2-en-2-yl, cycloprop-1-en-l-yl;
cycloprop-2-en-l-yl; butenyls such as but-1-en-l-yl,
but-l-en-2-yl, 2-methyl-prop-l-en-l-yl, but-2-en-l-yl,
but-2-en-l-yl, but-2-en-2-yl, buta-l,3-dien-l-yl,
buta-l,3-dien-2-yl, cyclobut-1-en-l-yl,
cyclobut-l-en-3-yl, cyclobuta-l,3-dien-l-yl; and the
like. In certain embodiments, an alkenyl group has
from 2 to 20 carbon atoms and in other embodiments,
from 2 to 6 carbon atoms. [0029] "Alkynyl" refers to
an unsaturated branched or straight-chain alkyl group
having at least one carbon-carbon triple bond derived
by the removal of one hydrogen atom from a single
carbon atom of a parent alkyne. Typical alkynyl groups
include, but are not limited to, ethynyl; propynyls
such as prop-1-yn-l-yl, prop-2-yn-l-yl; butynyls such
as but-1-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl; and
thelike. In certain embodiments, an alkynyl group has
from 2 to 20 carbon atoms and in other embodiments,
from 3 to 6 carbon atoms. [0030] "Cycloalkyl"
indicates a non-aromatic carbocyclic ring, usually
having from 3 to 7 ring carbon atoms. The ring may be
saturated or have one or more carbon-carbon double
bonds. Examples of cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, and cyclohexenyl, as well as bridged and
caged saturated ring groups such as norbornane. [0031]
By "alkoxy" is meant an alkyl group of the indicated
number of carbon atoms attached through an oxygen
bridge such as, for example, methoxy, ethoxy, propoxy,
isopropoxy, n-butoxy, sec-butoxy, tert-butoxy,
pentoxy, 2-pentyloxy, isopentoxy, neopentoxy, hexoxy,
2-hexoxy, 3-hexoxy, 3-methylpentoxy, and the like.
Alkoxy groups will usually have from 1 to 6 carbon
atoms attached through the oxygen bridge. "Lower
alkoxy" refers to alkoxy groups having one to four
carbons. [0032] "Mono- and di-alkylcarboxamide"
encompasses a group of the formula -(C=O)NRaR b where
Ra and Rb are independently chosen from hydrogen and
alkyl groups of the indicated number of carbon atoms,
provided that Ra and Rb are not both hydrogen. [0033]
By "alkylthio" is meant an alkyl group of the
indicated number of carbon atoms attached through a
sulfur bridge. [0034] "Acyl" refers to the groups
(alkyl)-C(O)-; (cycloalkyl)-C(O)-; (aryl)- C(O)-;
(heteroaryl)-C(O)-; and (heterocycloalkyl)-C(O)-,
wherein the group is attached to the parent structure
through the carbonyl functionality and wherein alkyl,
cycloalkyl, aryl, heteroaryl, and heterocycloalkyl are
as described herein. Acyl groups have the indicated
number of carbon atoms, with the carbon of the keto
group being included in the numbered carbon atoms. For
example a C2 acyl group is an acetyl group having the
formula CH3(C=O)-. [0035] By "alkoxycarbonyl" is meant
an ester group of the formula (alkoxy)(C=O)- attached
through the carbonyl carbon wherein the alkoxy group
has the indicated number of carbon atoms. Thus a
Q-Qalkoxycarbonyl group is an alkoxy group having from
1 to 6 carbon atoms attached through its oxygen to a
carbonyl linker. [0036] By "amino" is meant the group
-NH2.[0037] "Mono- and di-(alkyl)amino" encompasses
secondary and tertiary alkyl amino groups, wherein the
alkyl groups are as defined above and have the
indicated number of carbon atoms. The point of
attachment of the alkylamino group is on the nitrogen.
Examples of mono- and di-alkylamino groups include
ethylamino, dimethylamino, and methyl-propyl-amino.
[0038] "Mono- and di-(alkyl)aminoalkyl" encompasses
mono- and di- (alkyl)amino as defined above linked to
an alkyl group. [0039] By "amino(alkyl)" is meant an
amino group linked to an alkyl group having the
indicated number of carbons. Similarly "hydroxyalkyl"
is a hydroxy group linked to an alkyl group. [0040]
The term "aminocarbonyl" refers to the group -CONRbRc,
where Rb is chosen from H, optionally substituted
C1-C6 alkyl, optionally substituted 



aryl, and optionally substituted heteroaryl; and R is
independently chosen from hydrogen and optionally
substituted C1-C4 alkyl; or Rb and Rc taken together
with the nitrogen to which they are bound, form an
optionally substituted 5- to 7-membered
nitrogen-containing heterocycloalkyl which optionally
includes 1 or 2 additional heteroatoms selected from
O, N, and S in the heterocycloalkyl ring; where each
substituted group is independently substituted with
one or more substituents independently selected from
C1-C4 alkyl, aryl, heteroaryl, 3TyI-C1-C4 alkyl-,
heteroaryl-Q-Q alkyl-, C1-C4 haloalkyl-, -OC1-C4
alkyl, -OC1-C4 alkylphenyl, -C1-C4 alkyl-OH, -OC1-C4
haloalkyl, halo, -OH, -NH2, -C1-C4 alkyl-NH2, -N(C
1-C4 alkyl)(C C4 alkyl), -NH(C 1-C4 alkyl), -N(C1-C4
alkyl)(Ci-C 4 alkylphenyl), -NH(C1-C4 alkylphenyl),
cyano, nitro, oxo (as a substituted for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OC 1-C4
alkyl, -CON(C 1-C4 alkyl)(C r C4 alkyl), -CONH(C 1-C4
alkyl), -CONH2, -NHC(O)(C 1-C4 alkyl),
-NHC(O)(phenyl), -N(C 1-C4 alkyl)C(O)(C 1-C4 alkyl),
-N(C1-C4 alkyl)C(O)(phenyl), -C(O)C 1-C4 alkyl, -C(O)C
1-C4 phenyl, -C(O)Cj-C 4 haloalkyl, -OC(O)C 1-C4
alkyl, -SO2(C1-C4 alkyl), -SO2(phenyl), - SO2(C1-C4
haloalkyl), -SO2NH2, -SO2NH(C 1-C4 alkyl),
-SO2NH(phenyl), - NHSO2(C1-C4 alkyl), -NHSO2(phenyl),
and -NHSO2(C1-C4 haloalkyl).[0041] "Aryl" encompasses:
5- and 6-membered carbocyclic aromatic rings, for
example, benzene; bicyclic ring systems wherein at
least one ring is carbocyclic and aromatic, for
example, naphthalene, indane, and tetralin; and
tricyclic ring systems wherein at least one ring is
carbocyclic and aromatic, for example, fluorene. For
example, aryl includes 5- and 6-membered carbocyclic
aromatic rings fused to a 5- to 7-membered cycloalkyl
ring or a 5- to 7-membered heterocycloalkyl ring
containing 1 or more heteroatoms chosen from N, O, and
S. For such fused, bicyclic ring systems wherein only
one of the rings is a carbocyclic aromatic ring, the
point of attachment may be at the carbocyclic aromatic
ring or the other ring. Bivalent radicals formed from
substituted benzene derivatives and having the free
valences at ring atoms are named as substituted
phenylene radicals. Bivalent radicals derived from
univalent polycyclic hydrocarbon radicals whose names
end in "-yl" by removal of one hydrogen atom from the
carbon atom with the free valence are named by adding
"-idene" to the name of the corresponding univalent
radical, e.g., a naphthyl group with two points of
attachment is termed naphthylidene. Aryl, however,
does not encompass or overlap in any way with
heteroaryl, separately defined below. Hence, if one or
more carbocyclic aromatic rings is fused with a
heterocycloalkyl aromatic ring, the resulting ring
system is heteroaryl, not aryl, as defined herein.
[0042] The term "aryloxy" refers to the group -O-aryl.
[0043] The term "halo" includes fiuoro, chloro, bromo,
and iodo, and the term "halogen" includes fluorine,
chlorine, bromine, and iodine. [0044] "Haloalkyl"
indicates alkyl as defined above having the specified
number of carbon atoms, substituted with 1 or more
halogen atoms, up to the maximum allowable number of
halogen atoms. Examples of haloalkyl include, but are
not limited to, trifluoromethyl, difluoromethyl,
2-fluoroethyl, and pentafluoroethyl. [0045]
"Heteroaryl" encompasses: 5- to 7-membered aromatic,
monocyclic rings containing one or more, for example,
from 1 to 4, or in certain embodiments, from 1 to
3,heteroatoms chosen from N, O, and S, with the
remaining ring atoms being carbon; and bicyclic
heterocycloalkyl rings containing one or more, for
example, from 1 to 4, or in certain embodiments, from
1 to 3, heteroatoms chosen from N, O, and S3with the
remaining ring atoms being carbon and wherein at least
one heteroatom is present in an aromatic ring. For
example, heteroaryl includes a 5- to 7-membered
heterocycloalkyl, 'aromatic ring fused to a 5- to
7-membered cycloalkyl or heterocycloalkyl ring. For
such fused, bicyclic heteroaryl ring systems wherein
only one of the rings contains one or more
heteroatoms, the point of attachment may be at either
ring. When the total number of S and O atoms in the
heteroaryl group exceeds 1, those heteroatoms are not
adjacent to one another. In certain embodiments, the
total number of S and O atoms in the heteroaryl group
is not more than 2. In certain embodiments, the total
number of S and O atoms in the aromatic heterocycle is
not more than 1. Examples of heteroaryl groups
include, but are not limited to, (as numbered from the
linkage position assigned priority 1), 2-pyridyl,
3-pyridyl, 4-pyridyl, 2,3-pyrazinyl, 3,4-pyrazinyl,
2,4- pyrimidinyl, 3,5-pyrimidinyl, 2,3-pyrazolinyl,
2,4-imidazolinyl, isoxazolinyl, oxazolinyl,
thiazolinyl, thiadiazolinyl, tetrazolyl, thienyl,
benzothiophenyl, furanyl, benzofuranyl,
benzoimidazolinyl, indolinyl, pyridizinyl, triazolyl,
quinolinyl, pyrazolyl, and
5,6,7,8-tetrahydroisoquinoline. Bivalent radicals
derived from univalent heteroaryl radicals whose names
end in "-yl" by removal of one hydrogen atom from the
atom with the free valence are named by adding
"-idene" to the name of the corresponding univalent
radical, e.g., a pyridyl group with two points of
attachment is a pyridylidene. Heteroaryl does not
encompass or overlap with aryl, cycloalkyl, or
heterocycloalkyl, as defined herein [0046] Substituted
heteroaryl also includes ring systems substituted with
one or more oxide (-0 ) substituents, such as
pyridinyl N-oxides. [0047] In the term
"heteroaralkyl," heteroaryl and alkyl are as defined
herein, and the point of attachment is on the alkyl
group. This term encompasses, but is not limited to,
pyridylmethyl, thiophenylmethyl, and (pyrrolyl)l
-ethyl. [0048] By "heterocycloalkyl" is meant a
single, non-aromatic ring, usually with 3 to 7 ring
atoms, containing at least 2 carbon atoms in addition
to 1-3heteroatoms independently selected from oxygen,
sulfur, and nitrogen, as well as combinations
comprising at least one of the foregoing heteroatoms.
The ring may be saturated or have one or more
carbon-carbon double bonds. Suitable heterocycloalkyl
groups include, for example (as numbered from the
linkage position assigned priority 1), 2-pyrrolinyl,
2,4-imidazolidinyl, 2,3-pyrazolidinyl, 2-piperidyl,
3-piperidyl, Apiperdyl, and 2,5-piperzinyl.
Morpholinyl groups are also contemplated, including 2-
morpholinyl and 3-morpholinyl (numbered wherein the
oxygen is assigned priority 1). Substituted
heterocycloalkyl also includes ring systems
substituted with one or more oxo (=0) or oxide (-O )
substituents, such as piperidinyl N-oxide,
morpholinyl-Noxide, 



1-oxo-l-thiomorpholinyl and
1,1-dioxo-l-thiomorpholinyl. [0049] "Heterocycloalkyl"
also includes bicyclic ring systems wherein one
non-aromatic ring, usually with 3 to 7 ring atoms,
contains at least 2 carbon atoms in addition to 1-3
heteroatoms independently selected from oxygen,
sulfur, and nitrogen, as well as combinations
comprising at least one of the foregoing heteroatoms;
and the other ring, usually with 3 to 7 ring atoms,
optionally contains 1-3 heteratoms independently
selected from oxygen, sulfur, and nitrogen and is
not-aromatic. [0050] As used herein, "modulation"
refers to a change in kinase activity as a direct or
indirect response to the presence of compounds of
Formula 1, relative to the activity of the kinase in
the absence of the compound. The change may be an
increase in activity or a decrease in activity, and
may be due to the direct interaction of the compound
with the kinase, or due to the interaction of the
compound with one or more other factors that in turn
affect kinase activity. For example, the presence of
the compound may, for example, increase or decrease
kinase activity by directly binding to the kinase, by
causing (directly or indirectly) another factor to
increase or decrease the kinase activity, or by
(directly or indirectly) increasing or decreasing the
amount of kinase present in the cell or organism.
[0051] The term "sulfanyl" includes the groups: -S-(
optionally substituted (C1-C6)alkyl), -S-(optionally
substituted aryl), -S-(optionally substituted
heteroaryl), and -S-(optionally substituted
heterocycloalkyl). Hence, sulfanyl includes the group
C1-C6 alkylsulfanyl. [0052] The term "sulfmyl"
includes the groups: -S(O)-(optionally substituted (C
-C6)alkyl), -S(O)-optionally substituted aryl),
-S(O)-optionally substitutedheteroaryl),
-S(O)-(optionally substituted heterocycloalkyl); and
-S(O)-(optionally substituted amino). [0053] The term
"sulfonyl" includes the groups: -S(O2)-(optionally
substituted (d-C^alkyl), -S(O2)-optionally substituted
aryl), -S(O2)-optionally substituted heteroaryl),
-S(O2)-(optionally substituted heterocycloalkyl)
,-S(O2)-(optionally substituted alkoxy),
-S(O2)-optionally substituted aryloxy),
-S(O2)-optionally substituted heteroaryloxy),
-S(O2)-(optionally substituted heterocyclyloxy); and
-S(O2)-(optionally substituted amino). [0054] The term
"substituted", as used herein, means that any one or
more hydrogens on the designated atom or group is
replaced with a selection from the indicated group,
provided that the designated atom's normal valence is
not exceeded. When a substituent is oxo (i.e., =0)
then 2 hydrogens on the atom are replaced.
Combinations of substituents and/or variables are
permissible only if such combinations result in stable
compounds or useful synthetic intermediates. A stable
compound or stable structure is meant to imply a
compound that is sufficiently robust to survive
isolation from a reaction mixture, and subsequent
formulation as an agent having at least practical
utility. Unless otherwise specified, substituents are
named into the core structure. For example, it is to
be understood that when (cycloalkyl)alkyl is listed as
a possible substituent, the point of attachment of
this substituent to the core structure is in the alkyl
portion. [0055] The terms "substituted" alkyl,
cycloalkyl, aryl, heterocycloalkyl, and heteroaryl,
unless otherwise expressly defined, refer respectively
to alkyl, cycloalkyl, aryl, heterocycloalkyl, and
heteroaryl wherein one or more (such as up to 5, for
example, up to 3) hydrogen atoms are replaced by a
substituent independently chosen from: -Ra, -ORb, -0(C
1-C2 alkyl)O- (e.g., methylenedioxy-), -SRb,
guanidine, guanidine wherein one or more of the
guanidine hydrogens are replaced with a loweralkyl
group, -NRbR, halo, cyano, nitro, oxo (as a
substitutent for cycloalkyl, heterocycloalkyl, and
heteroaryl), -CORb, -CO2Rb, -CONRbRc, -OCORb, -OCO2Ra,
-OCONRbRc, -NRcCORb, -NRcCO2Ra, -NRcCONRbRc, -CO2Rb,
-CONRbRc, -NRcCORb, -SORa, -SO2R , -SO2NRbRc, and -NR
SO2R ,where Ra is chosen from optionally substituted
C1-C6 alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
aryl, and optionally substituted heteroaryl; Rb is
chosen from H, optionally substituted C1-C6 alkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; and Rc is independently chosen
from hydrogen and optionally substituted C1-C4 alkyl;
or Rb andR c, and the nitrogen to which they are
attached, form an optionally substituted
heterocycloalkyl group; and where each optionally
substituted group is unsubstituted or independently
substituted with one or more, such as one, two, or
three, substituents independently selected from C1-C4
alkyl, aryl, heteroaryl, aryl-CrC 4 alkyl-,
heteroaryl-Ci-C 4 alkyl-, C1-C4 haloalkyl-, -OC1-C4
alkyl, -OC1-C4 alkylphenyl, -C1-C4 alkyl-OH, -OC1-C4
haloalkyl, halo, -OH, -NH2, -C1-C4 alkyl-NH2, -N(C1-C4
alkyl)(Ci-C4 alkyl), -NH(C1-C4 alkyl), -N(Cr C4
a&yl)(Ci-C4 alkylphenyl), -NH(C1-C4 alkylphenyl),
cyano, nitro, oxo (as a substitutent for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OC1-C4
alkyl, -CON(C1-C4 alkyl)(C1-C4 alkyl), -CONH(C1-C4
alkyl), -CONH2, -NHC(O)(C 1-C4 alkyl),
-NHC(O)(phenyl), -N(C1-C4 alkyl)C(O)(C r C4 alkyl),
-N(C1-C4 alkyl)C(O)(phenyl), -C(O)Ci-C4 alkyl,
-C(O)C1-C4 phenyl, -C(O)Ci-C4 haloalkyl, -OC(O)Ci-C 4
alkyl, -SO2(Ci-C4 alkyl), - SO2(phenyl), -SO2(Ci-C4
haloalkyl), -SO2NH2, -SO2NH(Ci-C 4 alkyl),
-SO2NH(phenyl), -NHSO2(Ci-C4 alkyl), -NHSO2(phenyl),
and -NHSO2(Ci-C4 haloalkyl). [0056] The term
"substituted acyl" refers to the groups (substituted
alkyl)- C(O)-; (substituted cycloalkyl)-C(O)-;
(substituted aryl)-C(O)-; (substituted
heteroaryl)-C(O)-; and (substituted
heterocycloalkyl)-C(O)-, wherein the group is attached
to the parent structure through the carbonyl
functionality and wherein substituted alkyl,
cycloalkyl, aryl, heteroaryl, and heterocycloalkyl,
refer respectively to alkyl, cycloalkyl, aryl,
heteroaryl, and heterocycloalkyl wherein one or more
(such as up to 5, for example, up to 3) hydrogen atoms
are replaced by a substituent independently chosen
from:-Ra, -ORb, -0(C 1-C2 alkyl)O- (e.g.,
methylenedioxy-), -SRb, guanidine, guanidine wherein
one or more of the guanidine hydrogens are replaced
with a loweralkyl group, -NRbRc, halo, cyano, nitro,
-CORb, -CO2Rb, -CONRbRc, -OCORb, -OCO2R , -OCONRbRc,
-NRcC0R b, -NRcC0 2Ra, -NRcC0NR bRc, -CO2Rb, -CONRbRc,
-NRcC0R b, -SORa, -SO2Ra, -SO2NRbRc, and -NRcSO2Ra,
where Ra is chosen from optionally substituted C1-C6
alkyl, optionally 



substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, and optionally
substituted heteroaryl; Rb is chosen from H,
optionally substituted C1-C6 alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and Rc is independently chosen from
hydrogen and optionally substituted C1-C4 alkyl; or Rb
andR c, and the nitrogen to which they are attached,
form an optionally substituted heterocycloalkyl group;
and where each optionally substituted group is
unsubstituted or independently substituted with one or
more, such as one, two, or three, substituents
independently selected from C1-C4 alkyl, aryl,
heteroaryl, aryl-C1-C4 alkyl-, heteroaryl-Ci-C 4
alkyl-, C1-C4 haloalkyl-, -OC1-C4 alkyl, -OC1-C4
alkylphenyl, -C1-C4 alkyl-OH, -OC1-C4 haloalkyl, halo,
-OH, -NH2, -C1-C4 alkyl-NH2, -N(C1-C4 alkyl)(C r C4
alkyl), -NH(C1-C4 alkyl), -N(C1-C4 alkyl)(C C4
alkylphenyl), -NH(C1-C4 alkylphenyl), cyano, nitro,
oxo (as a substitutent for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OCi-C 4
alkyl, -CON(C1-C4 alkyl)(C1-C4 alkyl), -CONH(C 1-C4
alkyl), -CONH2, -NHC(O)(Ci-C 4 alkyl),
-NHC(O)(phenyl), -N(Ci-C4 alkyl)C(O)(Ci-C 4 alkyl),
-N(Ci-C4 alkyl)C(O)(phenyl), -C(O)Ci-C 4 alkyl,
-C(O)Ci-C 4 phenyl, -C(O)Ci-C 4 haloalkyl, -OC(O)Ci-C
4 alkyl, -SO2(Ci-C4 alkyl), - SO2(phenyl), -SO2(Ci-C4
haloalkyl), -SO2NH2, -SO2NH(C 1-C4 alkyl),
-SO2NH(phenyl), -NHSO2(C1-C4 alkyl), -NHSO2(phenyl),
and -NHSO2(C1-C4 haloalkyl). [0057] The term
"substituted alkoxy" refers to alkoxy wherein the
alkyl constituent is substituted (i.e.,
-0-(substituted alkyl)) wherein "substituted alkyl"
refers to alkyl wherein one or more (such as up to 5,
for example, up to 3) hydrogen atoms are replaced by a
substituent independently chosen from:-Ra, -ORb, -0(C
1-C2 alkyl)O- (e.g., methylenedioxy-), -SRb,
guanidine, guanidine wherein one or more of the
guanidine hydrogens are replaced with a loweralkyl
group, -NRbRc, halo, cyano, nitro, -CORb, -CO2Rb
-CONRbRc, -OCORb, -OCO2R , -OCONRbR, -NRcCORb, -NR
CO2R , -NRcC0NR bRc, -CO2Rb, -CONRbRc, -NRcC0R b,
-SOR3, -SO2R , -S0 2NRbR, and -NR SO2R3, where Ra is
chosen from optionally substituted C1-C6 alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, and optionally
substituted heteroaryl; Rb is chosen from H,
optionally substituted C1-C alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and Rc is independently chosen from
hydrogen and optionally substituted C1-C4 alkyl; or R
andR c, and the nitrogen to which they are attached,
form an optionally substituted heterocycloalkyl group;
and where each optionally substituted group is
unsubstituted or independently substituted with one or
more, such as one, two, or three, substituents
independently selected from C1-C4 alkyl, aryl,
heteroaryl, 8TyI-C1-C4 alkyl-, heteroaryl-Ci-C 4
alkyl-, C1-C4 haloalkyl-, -Od-C 4 alkyl, -OCi-C 4
alkylphenyl, -Ci-C 4 alkyl-OH, -OCi-C 4 haloalkyl,
halo, -OH, -NH2, -C1-C4 alkyl-NH 2, -N(Ci-C 4
alkyl)(Ci-C 4 alkyl), -NH(C 1-C4 alkyl), -N(C 1-C4
alkyl)(Ci-C 4 alkylphenyl), -NH(Ci-C 4 alkylphenyl),
cyano, nitro, oxo (as a substitutent for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OCi-C 4
alkyl, -CON(Ci-C 4 a&ylXQ-Q alkyl), -CONH(C 1-C4
alkyl), -CONH 2, -NHC(O)(Ci-C 4 alkyl),
-NHC(O)(phenyl), -N(Ci-C 4 alkyl)C(O)(Ci-C 4 alkyl),
-N(C 1-C4 alkyl)C(O)(phenyl), -C(O)C 1-C4 alkyl,
-C(O)Ci-C 4 phenyl, -C(O)Ci-C 4 haloalkyl, -OC(O)Ci-C
4 alkyl, -SO2(Ci-C 4 alkyl), - SO2(rhenyl), -SO2(Ci-C
4 haloalkyl), -SO2NH2, -SO2NH(Ci-C 4 alkyl),
-SO2NH(phenyl), -NHSO2(C1-C4 alkyl), -NHSO2(phenyl),
and -NHSO 2(C1-C4 haloalkyl). In some embodiments, a
substituted alkoxy group is "polyalkoxy" or
-O-(optionally substituted alkylene)-(optionally
substituted alkoxy), and includes groups such as
-OCH2CH2OCH3, and residues of glycol ethers such as
polyethyleneglycol, and -0(CH 2CH2O)xCH3, where x is
an integer of 2-20, such as 2- 10, and for example,
2-5. Another substituted alkoxy group is hydroxyalkoxy
or-OCH2(CH2)yOH, where y is an integer of 1-10, such
as 1-4. [0058] The term "substituted alkoxycarbonyl"
refers to the group (substituted alkyl)-O-C(O)-
wherein the group is attached to the parent structure
through the carbonyl functionality and wherein
substituted refers to alkyl wherein one or more (such
as up to 5, for example, up to 3) hydrogen atoms are
replaced by a substituent independently chosen from:
-Ra, -ORb, -0(C 1-C2 alkyl)O- (e.g., methylenedioxy-),
-SRb, guanidine, guanidine wherein one or more of the
guanidine hydrogens are replaced with a loweralkyl
group, -NRbR, halo, cyano, nitro, -CORb, -CO2Rb, -C0NR
bRc, -OCORb, -OCO2R , -OCONRbRc, -NRcCORb, -NR0CO2R3,
-NRcC0NR bRc, -CO2Rb, -CONRbR, -NRcC0R b, -SOR3,
-SO2R3, -SO2NRbRc, and -NR SO2R3, where Ra is chosen
from optionally substituted C1-C6 alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, and optionally
substituted heteroaryl; Rb is chosen from H,
optionally substituted C1-C6 alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and R is independently chosen from
hydrogen and optionally substituted C1-C4 alkyl; or Rb
andR c, and the nitrogen to which they are attached,
form an optionally substituted heterocycloalkyl group;
and where each optionally substituted group is
unsubstituted or independently substituted with one or
more, such as one, two, or three, substituents
independently selected from C1-C4 alkyl, aryl,
heteroaryl, 3TyI-C1-C4 alkyl-, heteroaryl-C 1-C4
alkyl-, C1-C4 haloalkyl-, -OC1-C4 alkyl, -OC1-C4
alkylphenyl, -C1-C4 alkyl-OH, -OC1-C4 haloalkyl, halo,
-OH, -NH2, -C1-C4 alkyl-NH 2, -N(C1-C4 alkyl)(C C4
alkyl), -NH(Ci-C 4 alkyl), -N(C 1-C4 alkyl)(C r C4
alkylphenyl), -NH(C 1-C4 alkylphenyl), cyano, nitro,
oxo (as a substitutent for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OC 1-C4
alkyl, -CON(C 1-C4 alkyl)(Ci-C 4 alkyl), -CONH(C 1-C4
alkyl), -CONH2, -NHC(O)(C 1-C4 alkyl),
-NHC(O)(phenyl), -N(C 1-C4 alkyl)C(O)(d-C 4 alkyl),
-N(C 1-C4 alkyl)C(O)(phenyl), -C(O)C 1-C4 alkyl,
-C(O)C 1-C4 phenyl, -C(O)C 1-C4 haloalkyl, -OC(O)C
1-C4 alkyl, -SO2(C1-C4 alkyl), - SO2(phenyl),
-SO2(Ci-C 4 haloalkyl), -SO2NH2, -SO2NH(C 1-C4
alkyl),-SO2NH(phenyl), -NHSO2(C1-C4 alkyl),
-NHSO2(rhenyl), and 



-NHSO2(C1-C4 haloalkyl). [0059] The term "substituted
amino" refers to the group -NHR d or -NR dRe wherein
Rd is chosen from: hydroxy, optionally substitued
alkoxy, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted acyl,
optionally substituted aryl, optionally substituted
heterdaryl, optionally substituted heterocycloalkyl,
alkoxycarbonyl, sulfmyl and sulfonyl, and wherein Re
is chosen from: optionally substituted alkyl,
optionally substituted cycloalkyl, optionally
substituted acyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted heterocycloalkyl, alkoxycarbonyl, sulfmyl
and sulfonyl, and wherein substituted alkyl,
cycloalkyl, aryl, heterocycloalkyl, and heteroaryl
refer respectively to alkyl, cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl wherein one or more
(such as up to 5, for example, up to 3) hydrogen atoms
are replaced by a substituent independently chosen
from: -Ra, -ORb, -0(C 1-C2 alkyl)O- (e.g.,
methylenedioxy-), -SRb, guanidine, guanidine wherein
one or more of the guanidine hydrogens are replaced
with a loweralkyl group, -NRbRc, halo, cyano, nitro,
-CORb, -CO2Rb, -CONRbRc, -OCORb, -OCO2Ra, -OCONRbRc,
-NRcCORb, -NR0CO2R , -NRcCONRbRc, -CO2Rb, -CONRbRc,
-NRcCORb, -SORa, -SO2R , -SO2NRbRc, and -NRcSO2Ra,
where Ra is chosen from optionally substituted C1-C6
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted aryl, and
optionally substituted heteroaryl; Rb is chosen from
H, optionally substituted C1-C6 alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and Rc is independently chosen from
hydrogen and optionally substituted Ci-C4 alkyl; or Rb
andR c, and the nitrogen to which they are attached,
form an optionally substituted heterocycloalkyl group;
and where each optionally substituted group is
unsubstituted or independently substituted with one or
more, such as one, two, or three, substituents
independently selected from Ci-C4 alkyl, aryl,
heteroaryl, aryl-Ci-C4 alkyl-, heteroaryl-Ci-C 4
alkyl-, Ci-C4 haloalkyl-, -OC1-C4 alkyl, -OCi-C4
alkylphenyl, -C C4 alkyl-OH,-OC1-C4 haloalkyl, halo,
-OH, -NH2, -C1-C4 alkyl-NH2, -N(C1-C4 alkyl)(d-C 4
alkyl), -NH(C1-C4 alkyl), -N(C1-C4 alkyl)(Ci-C4
alkylphenyl), -NH(C1-C4 alkylphenyl), cyano, nitro,
oxo (as a substituted for cycloalkyl,
heterocycloalkyl, or heteroaryl), -CO2H, -C(O)OC1-C4
alkyl, -CON(C1-C4 alkyl)(C1-C4 alkyl), -CONH(C1-C4
alkyl), -CONH2, -NHC(O)(C1-C4 alkyl), -NHC(O)(phenyl),
-N(C1-C4 alkyl)C(O)(d-C 4 alkyl), -N(C1-C4
alkyl)C(O)(phenyl), -C(O)C1-C4 alkyl, -C(O)C 1-C4
phenyl, -C(O)C1-C4 haloallcyl, -OC(O)C1-C4 alkyl,
-SO2(C1-C4 alkyl), - SO2(phenyl), -SO2(C1-C4
haloalkyl), -SO2NH2, -SO2NH(C1-C4 alkyl),
-SO2NH(phenyl), -NHSO2(C1-C4 alkyl), -NHSO2(phenyl),
and -NHSO2(C1-C4 haloalkyl); and wherein optionally
substituted acyl, alkoxycarbonyl, sulfinyl and
sulfonyl are as defined herein. [0060] The term
"substituted amino" also refers to N-oxides of the
groups- NHR , and NRdR each as described above.
N-oxides can be prepared by treatment of the
corresponding amino group with, for example, hydrogen
peroxide or mchloroperoxybenzoic acid. The person
skilled in the art is familiar with reaction
conditions for carrying out the N-oxidation. [0061]
"Carbamimidoyl" refers to the group -C(=NH)-NH2.
[0062] "Substituted carbamimidoyl" refers to the group
-C(=NRe)-NRfRg where Re, Rf, and Rg is independently
chosen from: hydrogen optionally substituted alkyl,
optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
and optionally substituted heterocycloalkyl, provided
that at least one of Re, Rf, and Rg is not hydrogen
and wherein substituted alkyl, cycloalkyl, aryl,
heterocycloalkyl, and heteroaryl refer respectively to
alkyl, cycloalkyl, aryl, heterocycloalkyl, and
heteroaryl wherein one or more (such as up to 5, for
example, up to 3) hydrogen atoms are replaced by a
substituent independently chosen from: -Ra, -0R b,
-0(C 1-C2 alkyl)O- (e.g., methylenedioxy-), -SRb,
guanidine, guanidine wherein one or more of the
guanidine hydrogens are replaced with a loweralkyl
group, -NRbRc, halo, cyano, nitro, -C0R b, -CO2Rb,
-C0NR bR, -OCORb, -0C0 2Ra, -0C0NR bRc, -NRcC0R b,
-NRcC0 2Ra, -NRcC0NR bRc, -CO2Rb, -C0NR bRc, -NRcCORb,
-SORa, -SO2Ra, -S0 2NRbR, and -NRcS0 2Ra,where Ra is
chosen from optionally substituted C1-C6 alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, and optionally
substituted heteroaryl; Rb is chosen from H,
optionally substituted C1-C6 alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and Rc is independently chosen from
hydrogen and optionally substituted C1-C4 alkyl; or Rb
andR c, and the nitrogen to which they are attached,
form an optionally substituted heterocycloalkyl group;
and where each optionally substituted group is
unsubstituted or independently substituted with one or
more, such as one, two, or three, substituents
independently selected from C1-C4 alkyl, aryl,
heteroaryl, aryl-Q-Q alkyl-, heteroaryl-d-C 4 alkyl-,
C1-C4 haloalkyl-, -OC1-C4 alkyl, -OC1-C4 alkylphenyl,
-C1-C4 alkyl-OH, -OC1-C4 haloalkyl, halo, -OH, -NH2,
-C1-C4 alkyl-NH2, -N(C1-C4 alkyl)(Cr C4 alkyl),
-NH(C1-C4 alkyl), -N(C1-C4 alkyl)(C1-C4 alkylphenyl),
-NH(C1-C4 alkylphenyl), cyano, nitro, oxo (as a
substitutent for cycloalkyl, heterocycloalkyl, or
heteroaryl), -CO2H, -C(O)OC1-C4 alkyl, -CON(C1-C4
alkyl)(Ci-C4 alkyl), -CONH(C 1-C4 alkyl), -CONH2,
-NHC(O)(C 1-C4 alkyl), -NHC(O)(phenyl), -N(C1-C4
alkyl)C(O)(Ci-C 4 alkyl), -N(C1-C4 alkyl)C(O)(phenyl),
-C(O)Ci-C4 alkyl, -C(O)C1-C4 phenyl, -C(O)C1-C4
haloalkyl, -OC(O)C1-C4 alkyl, -SO2(C1-C4 alkyl), -
SO2(phenyl), -SO2(C1-C4 haloalkyl), -SO2NH2, -SO2NH(C
1-C4 alkyl), -SO2NH(phenyl), -NHSO2(C1-C4 alkyl),
-NHSO2(phenyl), and -NHSO2(C1-C4 haloalkyl). [0063]
Compounds of Formula 1 include, but are not limited
to, optical isomers of compounds of Formula 1,
racemates, and other mixtures thereof, hi those
situations, the single enantiomers or diastereomers,
i.e., optically active forms, can be obtained by
asymmetric synthesis or by resolution of the
racemates. Resolution of the racemates can be
accomplished, for example, by conventional methods
such as 



crystallization in the presence of a resolving agent,
or chromatography, using, for example a chiral
high-pressure liquid chromatography (HPLC) column. In
addition, compounds of Formula 1 include Z- and E-
forms (or cis- and trans- forms) of compounds with
carbon-carbon double bonds. Where compounds of Formula
1 existsin various tautomeric forms, chemical entities
of the present invention include all tautomeric forms
of the compound. [0064] Chemical entities of the
present invention include, but are not limited to
compounds of Formula 1 and all pharmaceutically
acceptable forms thereof. Pharmaceutically acceptable
forms of the compounds recited herein include
pharmaceutically acceptable salts, solvates, crystal
forms (including polymorphs and clathrates), chelates,
non-covalent complexes, prodrugs, and mixtures
thereof. In certain embodiments, the compounds
described herein are in the form of pharmaceutically
acceptable salts. Hence, the terms "chemical entity"
and "chemical entities" also encompass
pharmaceutically acceptable salts, solvates, chelates,
noncovalent complexes, prodrugs, and mixtures. [0065]
"Pharmaceutically acceptable salts" include, but are
not limited to salts with inorganic acids, such as
hydrochlorate, phosphate, diphosphate, hydrobromate,
sulfate, sulfmate, nitrate, and like salts; as well as
salts with an organic acid, such as malate, maleate,
fumarate, tartrate, succinate, citrate, acetate,
lactate, methanesulfonate, p-toluenesulfonate,
2-hydroxyethylsulfonate, benzoate, salicylate,
stearate, and alkanoate such as acetate,
HOOC-(CH2)n-COOH where n is 0-4, and like salts.
Similarly, pharmaceutically acceptable cations
include, but are not limited to sodium, potassium,
calcium, aluminum, lithium, and ammonium. [0066] In
addition, if the compound of Formula 1 is obtained as
an acid addition salt, the free base can be obtained
by basifying a solution of the acid salt. Conversely,
if the product is a free base, an addition salt,
particularly a pharmaceutically acceptable addition
salt, may be produced by dissolving the free base in a
suitable organic solvent and treating the solution
with an acid, in accordance with conventional
procedures for preparing acid addition salts from base
compounds. Those skilled in the art will recognize
various synthetic methodologies that may be used to
prepare non-toxic pharmaceutically acceptable addition
salts. [0067] As noted above, prodrugs also fall
within the scope of chemical entities, for example
ester or amide derivatives of the compounds of Formula
1. The term "prodrugs" includes any compounds that
become compounds of Formula 1 when administered to a
patient, e.g., upon metabolic processing of the
prodrug. Examples of prodrugs include, but are not
limited to, acetate, formate, and benzoate and
likederivatives of functional groups (such as alcohol
or amine groups) in the compounds of Formula 1. [0068]
The term "solvate" refers to the chemical entity
formed by the interaction of a solvent and a compound.
Suitable solvates are pharmaceutically acceptable
solvates, such as hydrates, including monohydrates and
hemi-hydrates. [0069] The term "chelate" refers to the
chemical entity formed by the coordination of a
compound to a metal ion at two (or more) points.
[0070] The term "non-covalent complex" refers to the
chemical entity formed by the interaction of a
compound and another molecule wherein a covalent bond
is not formed between the compound and the molecule.
For example, complexation can occur through van der
Waals interactions, hydrogen bonding, and
electrostatic interactions (also called ionic
bonding). [0071] The term "active agent" is used to
indicate a chemical entity which has biological
activity. In certain embodiments, an "active agent" is
a compound having pharmaceutical utility. For example
an active agent may be an anti-cancer therapeutic.
[0072] The term "therapeutically effective amount" of
a chemical entity of this invention means an amount
effective, when administered to a human or non-human
patient, to provide a therapeutic benefit such as
amelioration of symptoms, slowing of disease
progression, or prevention of disease e.g., a
therapeutically effective amount may be an amount
sufficient to decrease the symptoms of a disease
responsive to Btk inhibition. In some embodiments, a
therapeutically effective amount is an amount
sufficient to reduce cancer symptoms, the symptoms of
an allergic disorder, the symptoms of an autoimmune
and/or inflammatory disease, or the symptoms of an
acute inflammatory reaction. In some embodiments a
therapeutically effective amount is an amount
sufficient to decrease the number of detectable
cancerous cells in an organism, detectably slow, or
stop the growth of a cancerous tumor. In some
embodiments, a therapeutically effective amount is an
amount sufficient to shrink a cancerous tumor. In
certain circumstances a patient suffering from cancer
may not present symptoms of being affected. In some
embodiments, a therapeutically effective amount of a
chemical entity is an amount sufficient to prevent a
significant increase or significantly reduce the
detectable level of cancerous cells or cancermarkers
in the patient's blood, serum, or tissues. In methods
described herein for treating allergic disorders
and/or autoimmune and/or inflammatory diseases and/or
acute inflammatory reactions, a therapeutically
effective amount may also be an amount sufficient,
when administered to a patient, to detectably slow
progression of the disease, or prevent the patient to
whom the chemical entity is given from presenting
symptoms of the allergic disorders and/or autoimmune
and/or inflammatory disease, and/or acute inflammatory
response hi certain methods described herein for
treating allergic disorders and/or autoimmune and/or
inflammatory diseases and/or acute inflammatory
reactions, a therapeutically effective amount may also
be an amount sufficient to produce a detectable
decrease in the amount of a marker protein or cell
type in the patient's blood or serum. For example, in
some embodiments a therapeutically effective amount is
an amount of a chemical entity described herein
sufficient to significantly decrease the activity of
B-cells. hi another example, in some embodiments a
therapeutically effective amount is an amount of a
chemical entity described herein sufficient to
significantly decrease the number of B-cells. In
another example, in some embodiments a therapeutically
effective amount is an amount of a chemical entity
described herein sufficient to decrease the level of
anti- acetylcholine receptor antibody in a patient's
blood with the disease myasthenia gravis. [0073] The
term "inhibition" indicates a significant decrease in
the baseline activity of a biological activity or
process. "Inhibition of Btk activity" refers to a
decrease in Btk activity as a direct or indirect
response to the presence of at least one chemical
entity described herein, relative to the activity of
Btk in the absence of the at 



least one chemical entity. The decrease in activity
may be due to the direct interaction of the compound
with Btk, or due to the interaction of the chemical
entity(ies) described herein with one or more other
factors that in turn affect Btk activity. For example,
the presence of the chemical entity(ies) may decrease
Btk activity by directly binding to the Btk, by
causing (directly or indirectly) another factor to
decrease Btk activity, or by (directly or indirectly)
decreasing the amount of Btk present in the cell or
organism. [0074] Inhibition of Btk activity also
refers to observable inhibition of Btk activity in a
standard biochemical assay for Btk activity, such as
the ATP hydrolysisassay described below. In some
embodiments, the chemical entity described herein has
an ICs0 value less than or equal to 10 micromolar. In
some embodiments, the chemical entity has an IC50
value less than or equal to less than 1 micromolar. In
some embodiments, the chemical entity has an IC50
value less than or equal to 0.1 micromolar. [0075]
"Inhibition of B-cell activity" refers to a decrease
in B-cell activity as a direct or indirect response to
the presence of at least one chemical entity described
herein, relative to the activity of B-cells in the
absence of the at least one chemical entity. The
decrease in activity may be due to the direct
interaction of the compound with Btk or with one or
more other factors that in turn affect B-cell
activity. [0076] Inhibition of B-cell activity also
refers to observable inhibition of CD86 expression in
a standard assay such as the assay described below. In
some embodiments, the chemical entity described herein
has an IC50 value less than or equal to 10 micromolar.
In some embodiments, the chemical entity has an IC50
value less than or equal to less than 1 micromolar. In
some embodiments, the chemical entity has an IC50
value less than or equal to 500 nanomolar. [0077] "B
cell activity" also includes activation,
redistribution, reorganization, or capping of one or
more various B cell membrane receptors, or
membrane-bound immunoglobulins, e.g, IgM, IgG, and
IgD. Most B cells also have membrane receptors for Fc
portion of IgG in the form of either antigen-antibody
complexes or aggregated IgG. B cells also carry
membrane receptors for the activated components of
complement, e.g., C3b, C3d, C4, and CIq. These various
membrane receptors and membrane-bound immunoglobulins
have membrane mobility and can undergo redistribution
and capping that can initiate signal transduction.
[0078] B cell activity also includes the synthesis or
production of antibodies or immunoglobulins.
Immunoglobulins are synthesized by the B cell series
and have common structural features and structural
units. Five immunoglobulin classes, i.e., IgG, IgA,
IgM, IgD, and IgE, are recognized on the basis of
structural differences of their heavy chains including
the amino acid sequence and length of the polypeptide
chain. Antibodies to a given antigen may be detected
in all or several classes of immunoglobulins or may be
restricted to a single class or subclass of
immunoglobulin. Autoantibodies or autoimmune
antibodies may likewise belong toone or several
classes of immunoglobulins. For example, rheumatoid
factors (antibodies to IgG) are most often recognized
as an IgM immunoglobulin, but can also consist of IgG
or IgA. [0079] In addition, B cell activity also is
intended to include a series of events leading to B
cell clonal expansion (proliferation) from precursor B
lymphocytes and differentiation into
antibody-synthesizing plasma cells which takes place
in conjunction with antigen-binding and with cytokine
signals from other cells. [0080] "Inhibition of B-cell
proliferation" refers to inhibition of proliferation
of abnormal B-cells, such as cancerous B-cells, e.g.
lymphoma B-cells and/ or inhibition of normal,
non-diseased B-cells. The term "inhibition of B-cell
proliferation" indicates any significant decrease in
the number of B-cells, either in vitro or in vivo.
Thus an inhibition of B-cell proliferation in vitro
would be' any significant decrease in the number of
B-cells in an in vitro sample contacted with at least
one chemical entity described herein as compared to a
matched sample not contacted with the chemical
entity(ies). [0081] Inhibition of B-cell proliferation
also refers to observable inhibition of B-cell
proliferation in a standard thymidine incorporation
assay for B-cell proliferation, such as the assay
described herein. In some embodiments, the chemical
entity has an ICso value less than or equal to 10
micromolar. In some embodiments, the chemical entity
has an IC50 value less than or equal to less than 1
micromolar. In some embodiments, the chemical entity
has an IC50 value less than or equal to 500 nanomolar.
[0082] An "allergy" or "allergic disorder" refers to
acquired hypersensitivity to a substance (allergen).
Allergic conditions include eczema, allergic rhinitis
or coryza, hay fever, bronchial asthma, urticaria
(hives) and food allergies, and other atopic
conditions. [0083] "Asthma" refers to a disorder of
the respiratory system characterized by inflammation,
narrowing of the airways and increased reactivity of
the airways to inhaled agents. Asthma is frequently,
although not exclusively associated with atopic or
allergic symptoms. [0084] By "significant" is meant
any detectable change that is statistically
significant in a standard parametric test of
statistical significance such as Student's Ttest,
where p < 0.05. [0085] A "disease responsive to
inhibition of Btk activity" is a disease in which
inhibiting Btk kinase provides a therapeutic benefit
such as an amelioration of symptoms, decrease in
disease progression, prevention or delay of disease
onset, or inhibition of aberrant activity of certain
cell-types (monocytes, B-cells, and mast cells).
[0086] "Treatment or treating means any treatment of a
disease in a patient, including: a) preventing the
disease, that is, causing the clinical symptoms of the
disease not to develop; b) inhibiting the disease; c)
slowing or arresting the development of clinical
symptoms; and/or d) relieving the disease, that is,
causing the regression of clinical symptoms. [0087]
"Patient" refers to an animal, such as a mammal, that
has been or will be the object of treatment,
observation or experiment. The methods of the
invention can be useful in both human therapy and
veterinary applications. In some embodiments, the
patient is a mammal; in some embodiments the patient
is human; 



and in some embodiments the patient is chosen from
cats and dogs. [0088] In certain embodiments, the
invention provides at least one chemical entity chosen
from compounds of Formula 1:(Formula 1) and
pharmaceutically acceptable salts, solvates, crystal
forms, chelates, non-covalent complexes, prodrugs, and
mixtures thereof, wherein R1 is chosen from optionally
substituted phenylene, optionally substituted
pyridylidene, optionally
2-oxo-l,2-dihydropyridinyl,wherein indicates the point
of attachment to the group -L-G and the broken bond
indicates the point of attachment to the amino group;
and wherein X1 is chosen from N and CR7; X2 is chosen
from N and CR7; and X3 is chosen from N and CR7;
wherein no more than one OfX1, X2, and X3 is N and
wherein R7 is chosen from hydrogen, hydroxy, cyano,
halo, optionally substituted lower alkyl, and
optionally substituted lower alkoxy;L is chosen from a
covalent bond, optionally substituted d-C 4alkylene,
-O-, -O- (optionally substituted CrC 4alkylene)-,
-(C=O)-, -(optionally substituted C1-
C4alkylene)(C=O)-, (SO)-, -(optionally substituted d-C
4alkylene)(SO)-; (SO2)-, -(optionally substituted
C1-C4alkylene)(SO2)-; -(C=NR9)-, and - (optionally
substituted CrC 4alkylene)(C=NRg)- wherein R9 is
chosen from hydrogen, optionally substituted alkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; G is chosen from hydrogen,
halo, hydroxy, alkoxy, nitro, optionally substituted
alkyl, -NRi6R17, optionally substituted
heterocycloalkyl, optionally substituted cycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl wherein R16 and R17 are
independently chosen from hydrogen, optionally
substituted acyl, optionally substituted alkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; or when L is chosen from
-(C=NRg)- and - (optionally substituted
C1-C4alkylene)(C=NR9) then-Rg and R16, together with
the nitrogen to which they are bound, form an
optionally substituted 5- to 7- membered nitrogen
containing heterocycloalkyl which optionally further
includes one or two additional heteroatoms chosen from
N, O, and S and R17 is chosen from hydrogen,
optionally substituted acyl, optionally substituted
alkyl, optionally substituted aryl, and optionally
substituted heteroaryl; T, V, and W are chosen from C
andN and U is chosen from -CH and N, provided that at
most one of T, U, V and W is N; R2, R3, and R4 are
independently chosen from hydrogen, optionally
substituted lower alkyl, optionally substituted lower
alkoxy, halo, and hydroxy, provided that at least one
of R2, R3, and R4 is not hydrogen when A is a covalent
bond, G is - NR16R17 and L is not chosen from
-(C=NRg)- and -(optionally substituted C1-
C4alkylene)(C=NRg)-, and R2, R3, or R4 is absent when
the respective T, V, or W to which it is bound, is N;
Q is chosen fromwherein R10 and R1 1 are independently
chosen from hydrogen, C1-C6 alkyl, and C1-C6
haloalkyl; and R I2J Ri3 Ri4 d R15 are each
independently chosen from hydrogen, C1-C6 alkyl, C1-C6
haloalkyl, phenyl, substituted phenyl chosen from
mono-, di-, and trisubstituted phenyl wherein the
substituents are independently chosen from hydroxy,
nitro, cyano, amino, halo, C1-C6 alkyl, C1-C6 alkoxy,
(Ci-C 6 alkyloxy)C 1-C6 alkoxy, C1-C6 perfluoroalkyl,
C1-C6 perfluoroalkoxy, mono- (Ci-C 6 alkyl)amino, di(C
1-C6 alkyl)amino, and amino(Ci-C 6 alkyl), heteroaryl,
and substituted heteroaryl chosen from mono-, di-, and
trisubstituted heteroaryl wherein the substituents are
independently chosen from hydroxy, nitro, cyano,
amino, halo, Ci-C 6 alkyl, C1-C6 alkoxy, (Ci-C 6
alkyloxy)Ci-C 6 alkoxy, Ci-C 6 perfluoroalkyl, Ci-C 6
perfluoroalkoxy, mono- (Ci-C 6 alkyl)amino, di(Ci-C 6
alkyl)amino, and 3HiUIo(C1-C6 alkyl); A is chosen from
a covalent bond and -(CH=CH)-; R is chosen from
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl and optionally substituted heteroaryl; and R6 is
chosen from hydrogen, optionally substituted alkyl,
cycloalkyl, and heterocycloalkyl. [0089] In some
embodiments, A is a covalent bond. In some
embodiments, Ais -(CH=CH)-. [0090] In some
embodiments, R12 , R13, R14, and Ri5 are independently
chosen from hydrogen, Ci-C6 alkyl, Ci-C6 haloalkyl,
and phenyl. Li some embodiments, Ri3 is chosen from
hydrogen and Ci-C6 alkyl. [0091] In some embodiments,
Q is wherein R13 is chosen from hydrogen and C1-C6
alkyl. [0092] In some embodiments, R5 is chosen from
phenyl, substituted phenyl chosen from mono-, di-, and
tri-substituted phenyl wherein the substituents are
independently chosen from hydroxy, lower alkyl,
sulfanyl, sulfonyl, optionally substituted amino,
lower alkoxy, lower alkyl substituted with one or more
halo, lower alkoxy substituted with one or more halo,
lower alkyl substituted with hydroxy, and heteroaryl,
pyridyl, substituted pyridyl chosen from mono-, di-,
and tri-substituted pyridyl wherein the substituents
are independently chosen from hydroxy, lower alkyl,
sulfonyl, halo, lower alkoxy, and heteroaryl,
pyrimidinyl, 



substituted pyrimidinyl chosen from mono-, di-, and
tri-substituted pyridyl wherein the substituents are
independently chosen from hydroxy, lower alkyl,
sulfonyl, halo, lower alkoxy, and heteroaryl,
pyrazinyl, substituted pyrazinyl chosen from mono-,
di-, and tri-substituted pyridyl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, pyridazinyl, substituted pyridazinyl
chosen from mono-, di-, and tri-substituted pyridyl
wherein the substituents are independently chosen from
hydroxy, lower alkyl, sulfonyl, halo, lower alkoxy,
and heteroaryl,oxazol-2-yl, substituted oxazol-2-yl
1chosen from mono-, di-, and tri-substituted oxazol-2-
yl wherein the substituents are independently chosen
from hydroxy, lower alkyl, sulfonyl, halo, lower
alkoxy, and heteroaryl, 2H-pyrazol-3-yl, substituted
2H-pyrazol-3-yl chosen from mono-, di-, and
tri-substituted 2Hpyrazol- 3-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, [l,2,3]thiadiazol-4-yl, substituted
[l,2,3]thiadiazol-4-yl chosen from mono-, di-, and
tri-substituted [l,2,3]thiadiazol-4-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, isoxazol-5-yl, substituted isoxazol-5-yl
chosen from mono-, di-, and tri-substituted isoxazol-
5-yl wherein the substituents are independently chosen
from hydroxy, lower alkyl, sulfonyl, halo, lower
alkoxy, and heteroaryl,
4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl, substituted
4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl chosen from
mono-, di-, and tri-substituted
4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, 4,5,6,7-tetrahydrobenzofuran-2-yl,
substituted 4,5,6,7-tetrahydrobenzofuran-2-yl chosen
from mono-, di-, and trisubstituted
4,5,6,7-tetrahydrobenzofuran-2-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, 4,5,6,7-tetrahydro-lH-indol-2-yl,
substituted 4,5,6,7-tetrahydro-lH-indol-2-yl chosen
from mono-, di-, and trisubstituted
4,5,6,7-tetrahydro-lH-indol-2-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl and wherein the amine nitrogen of theindole
ring is optionally substituted with an optionally
substituted lower alkyl group, lH-indol-2-yl,
substituted lH-indol-2-yl chosen from mono-, di-, and
tri-substituted IHindol- 2-yl wherein the substituents
are independently chosen from hydroxy, lower alkyl,
sulfonyl, halo, lower alkoxy, and heteroaryl and
wherein the amine nitrogen of the indole ring is
optionally substituted with an optionally substituted
lower alkyl group, lH-indol-3-yl, substituted
lH-indol-3-yl chosen from mono-, di-, and
tri-substituted IHindol- 3-yl wherein the substituents
are independently chosen from hydroxy, lower alkyl,
sulfonyl, halo, lower alkoxy, and heteroaryl and
wherein the amine nitrogen of the indole ring is
optionally substituted with an optionally substituted
lower alkyl group, benzofuran-2-yl, substituted
benzofuran-2-yl chosen from mono-, di-, and
tri-substituted benzofuran-2-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl, benzo[b]thiophen-2-yl, substituted
benzo[b]thiophen-2-yl chosen from mono-, di-, and
tri-substituted benzo[b]thiophen-2-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl; quinolin-3-yl, and substituted
quinolin-3-yl chosen from mono-, di-, and
tri-substituted quinolin- 3-yl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl. [0093] In some embodiments, R5 is chosen
from phenyl and substituted phenyl wherein substituted
phenyl is chosen from mono-, di-, and tri-substituted
phenyl wherein the substituents are independently
chosen from hydroxy, lower alkyl, sulfanyl, sulfonyl,
optionally substituted amino, lower alkoxy, lower
alkyl substitutedwith one or more halo, lower alkoxy
substituted with one or more halo, lower alkyl
substituted with hydroxy, and heteroaryl. [0094] In
some embodiments, R5 is substituted phenyl chosen from
mono-, di- , and tri-substituted phenyl wherein the
substituents are independently chosen from hydroxy,
lower alkyl, sulfonyl, halo, lower alkoxy, and
heteroaryl. m some embodiments, R5 is 4-lower
alkyl-phenyl-. In some embodiments, R5 is 4-t r
-butylphenyl. [0095] In some embodiments, R1 is chosen
from ortho-phenylene, metaphenylene, para-phenylene,
ortho-pyridylidene, meta-pyridylidene,
para-pyridylidene, In some embodiments, R1 is chosen
from ortho-phenylene, meta-phenylene, paraphenylene,
ortho-pyridylidene, meta-pyridylidene, and
para-pyridylidene. In some embodiments, R1 is chosen
from para-phenylene and meta-phenylene. In some
embodiments, R1 is para-phenylene. [0096] In some
embodiments, L is chosen from a covalent bond,
-(C=O)-, - CH2-, -SO2-, -CH2(C=O)-, -CH(CH3)(C=O)-,
-CH2CH2(C=O)-, -(C=NR9)-, and - (optionally
substituted C1-C4alkylene)(C=NR9)-. In some
embodiments, L is chosen from -(C=O)-, -CH2-, -SO2-,
-CH2(C=O)-, and -CH(CH3)(C=O)-. In some 



embodiments, L is -(C=O)-. [0097] In some embodiments,
G is chosen from hydrogen, hydroxy, -NR16R17,
optionally substituted heterocycloalkyl, optionally
substituted 5,6-dihydro-8H-imidazo[l,2-a]pyrazin-7-yl,
lower alkoxy, and lH-tetrazol-5-yl.[0098] In some
embodiments, G is chosen from hydrogen, hydroxy,
N-methylethanolamino, optionally substituted
4,5-dihydro-lH-imidazol-2-yl; optionally substituted
morpholin-4-yl, optionally substituted piperazin-1-yl,
and optionally substituted homopiperazinl-yl. [0099]
In some embodiments, G is chosen from hydrogen,
morpholin-4-yl, 4-acyl-piperazin- 1-yl, 4-lower
alkyl-piperazin-1-yl, 3-oxo-piperazin-1-yl,
homopiperazin-1-yl, and 4-lower
alkyl-homopiperazin-1-yl. [00100] m certain
embodiments, G is chosen from -NR16R17 and optionally
substituted heterocycloalkyl. In certain embodiments,
G is chosen from optionally substituted morpholin-4-yl
and optionally substituted piperazin-1-yl. In certain
embodiments, G is morpholin-4-yl. [00101] m some
embodiments, L is chosen from -(C=NR )-, and
-(optionally substituted C1-C4alkylene)(C=NR9)- and G
is -NR16R17 . [00102] In certain embodiments, R16 and
R17 are independently chosen from hydrogen and
optionally substituted alkyl. In certaine mbodiments,
when L is chosen from -(C=NR9)- and -(optionally
substituted C1-C4alkylene)(C=NR9) then-R9 and R16,
together with the nitrogen to which they are bound,
form an optionally substituted 5- to 7-membered
nitrogen containing heterocycloalkyl which optionally
further includes one or two additional heteroatoms
chosen from N, O, and S and R17 is chosen from
hydrogen, optionally substituted alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; [00103] In some embodiments, R9 is chosen
from hydrogen and lower alkyl. In some embodiments, R9
is chosen from hydrogen and methyl.[00104] In some
embodiments, R6 is hydrogen. [00105] In some
embodiments, R2 is chosen from methyl,
trifluoromethyl, difluoromethyl, methoxy,
trifluoromethoxy, difluoromethoxy, and fluoro. In some
embodiments, R2 is methyl. In some embodiments, R3 and
R4 are hydrogen. [00106] In some embodiments, R3 is
chosen from methyl, trifluoromethyl, difluoromethyl,
methoxy, trifluoromethoxy, difluoromethoxy, and
fluoro. In some embodiments, R3 is methyl. In some
embodiments, R2 and R4 are hydrogen. [00107] In some
embodiments, R4 is chosen from methyl,
trifluoromethyl, difluoromethyl, methoxy,
trifluoromethoxy, difluoromethoxy, and fluoro. In some
embodiments, R4 is methyl. In some embodiments, R2 and
R3 are hydrogen. [00108] In some embodiments, T, V,
and W are C and U is -CH. [00109] Also provided is at
least one chemical entity chosen from compounds of
Formula 2: (Formula 2).and pharmaceutically acceptable
salts, solvates, crystal forms, chelates, non-covalent
complexes, prodrugs, and mixtures thereof, wherein R5,
R2, R3, R4, T, U, V,W, R6, L5 and G are as described
for compounds of Formula 1. [00110] Also provided is
at least one chemical entity chosen from compounds of
Formula 3: (Formula 3) and pharmaceutically acceptable
salts, solvates, crystal forms, chelates, non-covalent
complexes, prodrugs, and mixtures thereof, wherein R2,
R3, R4, T, U, V,W, R6, L, and G are as described for
compounds of Formula 1; and wherein X is chosen from
O, S, NR18, -CH=N-, and -N=CH-;R18 is chosen from
hydrogen, optionally substituted alkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and R20 represents 0 to 3 substituents
independently chosen from hydroxy, nitro, cyano,
amino, halo, C1-C6 alkyl, C1-C2 haloalkyl, C1-C2
haloalkoxy, C1-C6 alkoxy, HiOnO-(C1-C4 alkyl)amino,
di-(C 1-C4 alkyl)amino, and amino(C 1-C4 alkyl).
[00111] In some embodiments, X is chosen from O, NR1 ,
-CH=N-, and - N=CH. In some embodiments, X is chosen
from O and NR18. [00112] In some embodiments, R2ois
absent. [00113] Also provided is at least one chemical
entity chosen from compounds of Formula 4: (Formula
4)and pharmaceutically acceptable salts, solvates,
crystal forms, chelates, non-covalent complexes,
prodrugs, and mixtures thereof, wherein R2, R3, R4, T,
U, V, W, R6, L, and G are as described for compounds
of Formula 1; and wherein Y and Z are independently
chosen from CH and N; R19 is chosen from hydrogen,
hydroxy, lower alkyl, sulfonyl, optionally substituted
amino, lower alkoxy, lower alkyl substituted with one
or more halo, lower alkoxy substituted with one or
more halo, lower alkyl substituted with hydroxy, and
heteroaryl; and R20 is chosen from hydrogen, lower
alkyl, halo, lower alkoxy, and hydroxy. [00114] In
some embodiments, Y and Z are CH. [00115] In some
embodiments, R1 is chosen from hydrogen and lower
alkyl. In some embodiments, R1 is chosen from
hydrogen, zso-propyl, and ert-butyl. In some
embodiments, R19 is t rt-butyl. [00116] In some
embodiments, R20 is absent. [00117] In some
embodiments, at least one chemical entity is chosen
from 4-
{6-[3-(4-tert-Butyl-benzoylamino)-4-methyl-phenyl]-imi
dazo[l,2-a]pyrazin-8- ylamino} -benzoic acid; 



4-tert-Butyl-N-(2-methyl-5-{8-[4-(morpholine-4-carbony
l)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide; N-(5- {8-[4-(4-Acetyl-piperazine-
1-carbonyl)-phenylamino]-imidazo[ 1,2-a]pyrazin-6-
yl}-2-methyl-phenyl)-4-tert-butyl-benzamide;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(N-methyl-hydroxyethy
l-4-carbonyl)- . phenylamino]-imidazo[
1,2-a]pyrazin-6-yl} -ph.enyl)-benzamide;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(NNdimethyl-l-carbony
l)- rhenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide; 4-tert-Butyl-N-(2-methyl-5
-{8-[4-(N-methyl-1-carbonyl)-phenylamino]
-imidazo[1,2- a]pyrazin-6-yl} -phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-5-
{8-[4-(amide)-phenylamino]-imidazo[ 1,2-a]pyrazin-6-
yl} -phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(4-methyl-piperazine-
l-carbonyl)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;N-(5- {8-[4-(4-Acetyl-piperazin-
1-yl)-phenylamino] -imidazo[1,2-a]pyrazin-6-yl} -2-
methyl-phenyl)-4-tert-butyl-benzamide;
4-tert-Butyl-N-(2-fluoro-5-{8-[4-(morpholine-4-carbony
l)-phenylamino]- imidazo[
1,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-{2-methyl-5-[8-(4-morpholin-4-ylmethyl-
phenylamino)-imidazo[l,2-
a]pyrazin-6-yl]-phenyl}-benzamide;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(3-oxo-piperazin-l-yl
methyl)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
N-(5-{8-[4-(4-Acetyl-piperazm-l-ylmeth.yl)-phenylamino
]-imidazo[l,2-a]pyrazin-6-
yl}-2-methyl-phenyl)-4-tert-butyl-benzamide;
4-tert-Butyl-N-(5- {8-[4-(5,6-dihydro-8H-imidazo[
1,2-a]pyrazin-7-ylmethyl)- phenylamino]-imidazo[
1,2-a]pyrazin-6-yl} -2-methyl-phenyl)-benzamide; (4-
{6-[3-(4-tert-Butyl-benzoylamino)-4-methyl-phenyl]-imi
dazo[ 1,2-a]pyrazin-8- ylamino}-phenyl)-acetic acid;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(2-morpholin-4-yl-2-o
xo-ethyl)-phenylammo]- imidazo[
1,2-a]pyrazin-6-yl}-phenyl)-benzamide; 4-tert-Butyl-N-
{5-[8-(4-
{[(2-hydroxy-ethyl)-methyl-carbamoyl]-methyl} -
phenylamino)-imidazo[
1,2-a]pyrazin-6-yl]-2-methyl-phenyl} -benzamide;
4-tert-Butyl-N-[2-methyl-5-(8-{4-[2-(4-methyl-piperazi
n-l-yl)-2-oxo-ethyl]-
phenylamino}-imidazo[l,2-a]pyrazin-6-yl)-phenyl]-benza
niide; (3-
{6-[3-(4-tert-Butyl-benzoylamino)-4-methyl-phenyl]-imi
dazo[ 1,2-a]pyrazin-8- ylamino}-phenyl)-acetic acid;
4-tert-Butyl-N-(2-methyl-5-{8-[3-(2-morpholin-4-yl-2-o
xo-ethyl)-plienylamino]- imidazo[
1,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-[2-methyl-5-(8-{3-[2-(4-methyl-pi
rerazin-l-yl)-2-oxo-ethyl]- phenylamino}
-imidazo[1,2-a]pyrazin-6-yl)-phenyl]-benzamide;
4-tert-Butyl-N-{5-[8-(3-dimethylcarbamoylmethyl-phenyl
amino)-imidazo[l,2-
a]pyrazin-6-yl]-2-methyl-phenyl}-benzamide;
2-(3-{6-[3-(4-tert-Butyl-benzoylamino)-4-methyl-phenyl
]-imidazo[l,2-a]pyrazin-8- ylatnino}-phenyl)-propionic
acid;
4-{6-[3-(4-tert-Butyl-benzoylamino)-4-methoxy-phenyl]-
imidazo[l,2-a]pyrazin-8- ylamino} -benzoic acid;
4-tert-Butyl-N-(2-methyl-5-{8-[4-(l-methyl-2-morpholin
-4-yl-2-oxo-ethyl)- phenylamino] -imidazo[
1,2-a]pyrazin-6-yl} -phenyl)-benzamide;
4-{6-[3-(4-tert-Butyl-benzoylamino)-4-fluoro-phenyl]-i
midazo[l,2-a]pyrazin-8- ylamino} -benzoic acid; 4-
{6-[3-(4-tert-Butyl-benzoylamino)-2-methyl-phenyl]-imi
dazo[ 1,2-a]pyrazin-8- ylamino} -benzoic acid;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(morpholine-4-carboii
yl)-plienylaniino]-
imidazo[l,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(4-methyl-piperazine-
l-carbonyl)-phenylamino]-
imidazo[l,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(N-methylhydroxyethyl
-l-carbonyl)-phenylamino]-
imidazo[l,2-a]pyrazin-6-yl}-plienyl)-benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(N-methylethyl-l-carb
onyl)-phenylamino]-
imidazo[l,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-{6-[5-(4-tert-Butyl-benzoylamino)-2-methyl-phenyl]-i
midazo[l,2-a]pyrazin-8- ylamino} -benzoic acid;
4-tert-Butyl-N-(4-methyl-3
-{8-[4-(Nmethylhydroxyethyl-4-carbonyl)-phenylamino] -
imidazo[ 1,2-a]pyrazin-6-yl} -phenyl)-benzamide;
4-{6-[3-(4-tert-Butyl-benzoylamino)-2-methyl-phenyl]-i
midazo[ 1,2-a]pyrazin-8- ylamino} -benzoic acid ethyl
ester;
4-tert-Butyl-N-(2-fluoro-3-{8-[4-(morpholine-4-carbony
l)-phenylammo]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(morpholine-4-carbony
l)-phenylammo]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
6-tert-Butyl-N-(2-methyl-3-{8-[4-(morpholine-4-carbony
l)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-nicotinamide; [l,2,3]Thiadiazole-4-carboxylic
acid (2-methyl-3-{8-[4-(morpholine-4-carbonyl)-
phenylamino]-imidazo[l,2-a]pyrazin-6-yl}-phenyl)-amide
; Isoxazole-5-carboxylic acid (2-methyl-3-
{8-[4-(morpholine-4-carbonyl)-
phenylamino]-imidazo[l,2-a]pyrazin-6-yl}-phenyl)-amide
; Pyridine-2-carboxylic acid (2-methyl-3-
{8-[4-(morpholine-4-carbonyl)- phenylamino]-imidazo[
1,2-a]pyrazin-6-yl} -phenyl)-amide;6-tert-Butyl-N-
{2-methyl-3-[8-(4-morpholin-4-ylmethyl-phenylamino)-im
idazo[ 1,2- a]pyrazin-6-yl]-phenyl}-nicotinamide;
4-tert-Butyl-N-{2-methyl-3-[8-(4-mo f
holin-4-ylmethyl-phenylamino)-imidazo[l,2-
a]pyrazin-6-yl]-phenyl} -benzamide;
4-Isopropyl-N-{2-methyl-3-[8-(4-morpholin-4-ylmethyl-p
henylamino)-imidazo[l,2- a]pyrazin-6-yl]-phenyl}
-benzamide; 6-Hydroxy-N-(2-methyl-3-{8-[4-(mo f
holine-4-carbonyl)-phenylamino]- imidazo[
1,2-a]pyrazin-6-yl} -phenyl)-nicotinamide;
5-tert-Butyl-oxazole-2-carboxylic acid (2-methyl-3-
{8-[4-(morpholine-4-carbonyl)- phenylamino]-imidazo[
1,2-a]pyrazin-6-yl} -phenyl)-amide;
N-(2-Methyl-3-{8-[4-(mo f
holme-4-carbonyl)-phenylamino]-imidazo[l,2-a]pyrazin-
6-yl}-phenyl)-4-methylsulfanyl-benzamide;
4-(lH-Imidazol-2-yl)-N-(2-niethyl-3-{8-[4-(niorpholine
-4-carbonyl)-phenylamino]- 



imidazo[ 1,2-a]pyrazin-6-yl} -phenyl)-benzamide;
4-tert-Butyl-N-(2-metliyl-3-{8-[4-(lH-tetrazol-5-yl)-
rhenylamino]-imidazo[l,2- a]pyrazin-6-yl}
-phenyl)-benzamide;
4-Methanesulfonyl-N-(2-methyl-3-{8-[4-(morpholine-4-ca
rbonyl)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
2-Hydroxy-6-methyl-N-(2-methyl-3-{8-[4-(mo f
holine-4-carbonyl)-phenylamino]- imidazo[
1,2-a]pyrazin-6-yl} -phenyl-nicotinamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(lH-tetrazol-5-ylmeth
yl)-phenylamino]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
2,5-Dimethyl-2H-pyrazole-3-carboxylic acid
(2-methyl-3-{8-[4-(mo f holine-4-
carbonyl)-phenylamino]-imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-amide; 4-tert-Butyl-N-
{2-methyl-5-[8-(4-sulfamoyl-phenylamino)-imidazo[
1,2-a]pyrazin-6- yl]-phenyl} -benzamide;
N-(2-Methyl-3- {8-[4-(mof
holine-4-carbonyl)-phenylamino]-imidazo[
1,2-a]pyrazin- 6-yl} -phenyl)-nicotinamide;
4-tert-Butyl-N-
{3-[8-(4-carbamimidoyl-phenylamino)-imidazo[
1,2-a]pyrazin-6-yl]- phenyl} -benzamide;
4-tert-Butyl-N-(3
-{8-[4-(N,N'-dimethyl-carbamimidoyl)-phenylamino]
-imidazo[1,2- a]pyrazin-6-yl} -phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(imino-morpholin-4-yl-methyl)-
phenylammo]-imidazo[l,2- a]pyrazin-6-yl}
-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(N,N-dimethyl-carbamimidoyl)-p
henylamino]-imidazo[l,2-
a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(2-imino-2-morpholin-4-yl-ethy
l)-phenylammo]-imidazo[l,2-
a]pyrazin-6-yl}-2-methyl-phenyl)-benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(N-methylcarbamimidoy
l)-phenylamino]-
imidazo[l,2-a]pyrazin-6-yl}-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(N,N
l-dimethyl-carbamimidoyl)-phenylamino]-imidazo[l,2-
a]pyrazin-6-yl}-2-methyl-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(4,5-dihydro-lH-iniidazol-2-yl
)-phenylamino]-imidazo[l,2-
a]pyrazin-6-yl}-2-methyl-phenyl)-benzamide;
4-tert-Butyl-N-{3-[8-(4-carbamimidoyl-phenylamino)-imi
dazo[l,2-a]pyrazin-6-yl]-2- methyl-phenyl} -benzamide;
4-tert-Butyl-N-
{3-[8-(4-carbamimidoylmetliyl-phenylainino)-imidazo[
1,2-a]pyrazin- 6-yl]-2-methyl-phenyl} -benzamide;
4-tert-Butyl-N-(2-methyl-3-{8-[4-(N-methylcarbamimidoy
lmethyl)-phenylammo]- imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(N,N'-dimethyl-carbamimidoylni
ethyl)-plienylaniino]- imidazo[ 1,2-a]pyrazin-6-yl}
-2-methyl-phenyl)-benzamide;
4-tert-Butyl-N-(3-{8-[4-(N,N-dimethyl-carbamimidoylmet
hyl)-phenylammo]- imidazo[1,2-a]pyrazin-6-yl}
-2-methyl-phenyl)-benzamide; Benzofuran-2-carboxylic
acid (2-methyl-3- {8-[4-(morpholine-4-carbonyl)-
phenylamino]-imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-amide;
N-(2-Methyl-3-{8-[4-(morpholine-4-carbonyl)-phenylamin
o]-imidazo[l,2-a]pyrazin-
6-yl}-phenyl)-3-pyridin-3-yl-acrylamide;
Quinoline-3-carboxylic acid (2-methyl-3-
{8-[4-(morpholine-4-carbonyl)- phenylamino]-imidazo[
1,2-a]pyrazin-6-yl} -phenyl)-amide; 1-Methyl-
lH-indole-3-carboxylic acid
(2~methyl-3-{8-[4-(morpholine-4-carbonyl)-
phenylamino]-imidazo[ 1,2-a]pyrazin-6-yl}
-phenyl)-amide; lH-Indole-3-carboxylic acid
(2-methyl-3- {8-[4-(morpholine-4-carbonyl)-
phenylamino] -imidazo[1,2-a]pyrazin-6-yl}
-phenyl)-amide,6-tert-Butyl-N-(2-methyl-3-{8-[4-(l-oxo
-114-thiomorpholm-4-yl)-phenylamino]-
imidazo[1,2-a]pyrazin-6-yl} -phenyl)-nicotinamide;
N-{3-[8-(3-Amino-phenylamino)-imidazo[l,2-a]pyrazin-6-
yl]-2-methyl-phenyl}-4- tert-butyl-benzamide; and
Tetxahydro-furan-2-carboxylic acid (3-
{6-[3-(4-tert-butyl-benzoylamino)-2-methylphenyl]-
imidazo[l,2-a]pyrazin-8-ylamino}-phenyl)-amide, and
pharmaceutically acceptable salts, solvates, crystal
forms, chelates, non-covalent complexes, prodrugs, and
mixtures thereof. [00118] Methods for obtaining the
novel compounds described herein will be apparent to
those of ordinary skill in the art, suitable
procedures being described, for example, in the
reaction schemes and examples below, and in the
references cited herein. See, also, PCT/US04/18227;
and PCT7US04/025884. Reaction Scheme 1SYSTEM AND
METHOD OF UTILIZING A MACHINE READABLE MEDICAL MARKING
FOR MANAGING SURGICAL PROCEDURES COPYRIGHT AND LEGAL
NOTICES [0001] A portion of the disclosure of this
patent document contains material which is subject to
copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of
the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all
copyrights whatsoever. CROSS-REFERENCE TO CO-PENDING
APPLICATIONS [0002] The present application is related
to and claims priority to U.S. Patent Application
Serial No. , filed November 7, 2005 as Attorney Docket
No. 2662-0005 and U.S. Provisional Patent Application
Serial No. 60/626,834, filed November 10, 2004. The
entire contents of both of those applications are
incorporated herein by reference. BACKGROUND OF THE
INVENTION Field of the Invention [0003] The present
invention relates generally to a system and method for
using a machinereadable medical marking for managing
medical actions or procedures, and more particularly,
to generating and using machine-readable medical
markings that are used for accessing up-to-date data
associated with a patient's medical information (e.g.,
pre-operative and post-operative information as well
as information on the surgical procedure itself).
Discussion of the Background [0004] During known
surgical procedures, it is possible for mistakes to be
made because a doctor incorrectly identifies any one
of (1) a patient, (2) a procedure to be performed, (3)
allergies of the patient, (4) site of the surgery, (5)
level of the surgery, (6) diagnostic reports (e.g.,
lab reports for test results, blood results, etc.).
Such a mistake may occur because there isan
insufficient connection between (1) the patient (who
may be unconscious), (2) the patient's information,
and (3) the information about the patient's procedure.
Accordingly, a need exists for providing a greater
connection between (1) the patient (who may be
unconscious), (2) the patient's information, and (3)
the information about the patient's procedure. 



SUMMARY OF THE INVENTION [0005] According to an
embodiment of the present invention, a method is
provided for verifying information associated with a
medical action (e.g., a surgical event or an
administration of a medication) using a scanner device
and at least one machine-readable medical marking
applied to a patient (e.g., on the skin in close
proximity to the surgical site or near where
medication is to be administered). The information is
verified prior to performing the medical action
associated with the person. [0006] The exemplary
method comprises reading, using a scanner device, a
machine-readable medical marking that is applied to
the person, whereby patient information is accessed
(e.g., by the scanner or a separate controller). The
patient information is then compared with recorded
information associated with the patient to verify that
the correct action is about to be taken (e.g. "Is this
the right patient?', "Is the right surgery about to be
performed?", "Is the correct location about to be
cut?", "Is a medicine about to be
injected/administered that the patient is allergic
to?"). Such a method may be performed by any one or a
combination of: medical personnel during pre-operative
procedures, medical personnel during surgical
procedures, medical personnel during post-operative
procedures, and medical personnel prior to
administering medications. As used herein, "medical
personnel" shall be understood to include surgical
team members, pre-operative team members,
post-operative team members as well as hospital
doctors, nurses, nurses' aides, and generally anyone
that administers medicine or medical procedures to a
patient. [0007] According to another embodiment of the
present invention, the patient's medical information
is displayed to one or more medical personnel. The
medical information may include, but is not limited
to, patient identity information (e.g., patient name,
code, age, etc.), type of surgical procedure to be
performed, required surgical equipment or kits,
equipment set up, medical history, allergies, surgical
area, patient medical test information (e.g., x-rays,
charts,MRI, lab tests), administrative resource
information (e.g., staff and/or physician names,
duration of procedure, operating room identifier),
and/or surgical procedure information (e.g.,
procedure, blood type, surgical kit, etc.). [0008]
According to another embodiment of the present
invention, verifying the one or more characteristics
of the medical action may include comparing the
accessed medication information with one or more of
(1) machine-readable medical information associated
with the medical action (e.g., barcoded x-rays,
barcoded test results, barcoded wristbands on the
patient, etc.), (2) visual indicators (e.g., the
operating room number, the type of equipment present
for the medical action, etc.), and (3) records
associated with the patient (e.g., medical charts or
electronic medical history). [0009] According to
another embodiment of the present invention, a method
is provided, using a scanner device, for verifying one
or more characteristics of a medical action prior to
the occurrence of the action. The method comprises
reading, using the scanner device, a machine readable
medical marking applied to the patient receiving a
medical action for accessing the information
associated with the patient. A pre-event check is then
conducted prior to the occurrence of the medical
action, whereby the pre-event check comprises
verifying that the characteristics of the action
correspond to the accessed information before
commencing the medical action. [0010] According to
another embodiment of the present invention, the
medical status information is accessed by a surgical
scheduling program. [001 1] According to another
embodiment, additional medical information that may be
verified includes, but is not limited to, information
obtained from visual checks of the operating room.
[0012] According to another embodiment of the present
invention, the machine-readable medical marking
comprises a first encoded region and one or more other
identical encoded regions that are readable by the bar
code scanner when the first encoded region becomes
unreadable. [0013] According to another embodiment of
the present invention, a method of utilizing a medical
marking (e.g., a bar code) having a plurality of
regions each comprising a machinereadable medical
sub-marking for managing a medical action associated
with one or more individuals is provided. The method
comprises providing at least one machine-readable
marking each having encoded thereon information (e.g.,
a unique record number) associated with at least one
individual's medical action information, wherein at
least one such machine-readable medical marking is
applied to the individual's body (e.g., as a decal,
tattoo or other semi-permanent marking). The patient's
information records are encoded with corresponding
information such that the at least one
machine-readable medical marking and the patient's
information can be compared and verified. [0014]
According to another embodiment of the present
invention, a surgical operating room contains a first
copy of the at least one machine-readable medical
marking so that the medical action can be verified
prior to surgery. [0015] According to another
embodiment of the present invention, the patient's
medical charts also include a second copy of the at
least one machine-readable medical marking so that the
medical action can be verified prior to surgery. [001
6] According to another embodiment of the present
invention, at least one medical personnel member
accesses the patient's surgical information using the
machine-readable medical marking applied to the
patient and at least one of the first and second
copies. [0017] According to another embodiment of the
present invention, a display device is provided for
displaying the generated medical status information on
the display device. [001 8] According to another
embodiment of the present invention, a
machine-readable medical marking comprises a plurality
of cell regions organized into a plurality of encoding
regions such that the plurality of encoding regions
are spatially distributed. The plurality of encoding
regions provide an indication of whether the machine
readable medical marking has become corrupted. [0019]
According to another embodiment of the present
invention, the plurality of encoding regions comprise
redundant encoded regions. [0020] According to another
embodiment of the present invention, an orientation
indicator located circumferentially to the plurality
of cell regions is provided, where the orientation
indicator provides orientation information associated
with decoding each of the spatially distributed
plurality of encoding regions.[0021] According to
another embodiment of the present invention, the
plurality of encoding regions generates a numerical
code that is encoded using a modulo-n based number
system (e.g., a modulo-2 based number system). [0022]
According to another embodiment of the present
invention, the plurality of spatially distributed
encoding regions comprises at least two encoding
regions that each generate an identical code. A
difference between each generated code associated with
each one of the two encoding regions determines the
existence of one or more corrupted regions associated
with the machine-readable medical marking. [0023]
According to another embodiment of the present
invention, a machine-readable medical 



marking comprising a plurality of cell regions is
organized into a plurality of encoding regions. The
plurality of encoding regions are spatially
distributed and comprise at least two encoding regions
each generating an identical code. The difference
between each generated code associated with each one
of the two encoding regions determines the existence
of one or more corrupted regions associated with the
machine-readable medical marking. [0024] According to
another embodiment of the present invention, each of
the machine readable medical markings may also include
error detection and/or correction information to
further increase the resilience of the symbols to
error. BRIEF DESCRIPTION OF THE DRAWINGS [0025] For a
more complete understanding of the present invention,
and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with
the accompanying drawings, in which [0026] Figure 1 is
an illustration of an exemplary environment in which
the present invention can be utilized; [0027] Figure 2
is an illustration of an exemplary screenshot of a
hypothetical medical scheduling system which includes
patient information and its associated bar code
information; [0028] Figure 3 is an illustration of a
multi-part decal including plural copies of plural
medical markings to be used according to the present
invention where the plural medical markings can each
carry different types of information;[0029] Figure 4
is an illustration of a multi-part decal including
plural copies of a medical marking to be used
according to the present invention; [0030] Figure 5A
is an illustration showing a medical marking utilizing
a first encoding scheme providing four-way redundancy;
[003 1] Figure 5B is an illustration showing a medical
marking utilizing a second encoding scheme providing
four-way redundancy; [0032] Figure 6 is an
illustration showing a medical marking utilizing
four-way redundancy which encodes a value of 641; and
[0033] Figure 7 is an illustration showing an
alternate medical marking format. DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS [0034] Dramatic
consequences can occur when a surgical procedure is
performed on the wrong site or surgery location (e.g.,
left side instead of right side), on the wrong
patient, or involves the wrong procedure. Thus, the
method (and system) of the present invention includes
marking a surgery site (e.g., location of surgical
incision) or a site of other medical action with a
machinereadable medical marking (e.g., bar code or a
dot pattern), which may be used in conjunction with a
scanner for reading the machine-readable medical
marking and a controller for controlling medical
actions in response to the read machine-readable
medical marking. The system and method of the present
invention ensures the validation of the surgical
procedure, the patient awaiting the surgical
procedure, and the site or location on the patient
where the surgery is to be performed. A protocol may
also be established which makes the scanning or
reading of the machine-readable medical marking an
integral part of the surgical method. Through the use
of this protocol, a scanning device for reading
machine-readable medical marking, and a computer
system, there are additional means to check and double
check the medical action before the actual medical
action (e.g., surgery) is performed. [0035] The
protocol and system described herein facilitates the
performance of certain checks, and establishes a
verifiable path to decisions about the patient, the
surgical site on the patient, and the surgical
procedures. Thus, the medical personnel are guided to
correct information associated with the patient and
the corresponding surgical procedure. The system and
method described herein, therefore, generally relate
to the field of health care, and may be used to
warnand prevent health care providers from
inadvertently performing a medical action on the wrong
site, the wrong patient, or with the wrong procedure.
The system and method described herein may be employed
in, but is not limited to, hospitals, acute care
centers, emergency rooms, doctor's offices, nursing
homes, convalescent hospitals, field hospitals, and
all other medical and health-care facilities were
surgical procedures may be performed. [0036] Figure 1
illustrates a medical operating room in which the
present invention can illustratively be utilized. In
Figure 1, the patient on which surgery is to be
performed has been pre-marked with a machine readable
medical marking. In addition, based on the medical
marking read from the patient, information about the
patient can be recalled on the monitor to ensure that
the surgeon is performing the correct procedure.
Similarly, the anesthesiologist can confirm from the
monitor that the anesthetic that is about to be
administered is correct. Likewise, the surgeon can
verify that the patient and the x-rays being inspected
are encoded with the same information (e.g., patient
identifier or patient record identifier). [0037] The
system according to an embodiment of the present
invention comprises a scheduler computer program, a
computer or display device in the Operating Room (OR),
and a scanner device for reading the machine-readable
medical marking, which is also present in the OR. The
scheduler program can be a "Surgical Scheduler"
program as illustrated in Figure 2, which produces or
correlates a machine-readable medical marking (which
is applied to the surgical site or other medical
action site) with other patient and medical
information. As shown in Figure 2, the scheduler
information may include the surgical procedure, the
location, the blood type of the patient and all the
other information illustrated on Figure 2. As such,
prior to performing a medical action, the medical
personnel may scan the medical marking and access the
information corresponding to the patient by calling up
the record (illustrated as record 16,437)
corresponding to the number (or other information)
read from the medical marking. [0038] Thus, the
surgical scheduler program allows medical personnel to
enter pertinent information about the patient and the
associated procedure to be performed. It may also
provide an opportunity to enter vital information for
the successful outcome of the surgery including, but
not limited to, a patient's medical records, lab
tests, x-rays, charts, required prosthetic devices,
required surgical kits, staffing requirements, date
and time, etc. In a hospital or other healthcare
facility where several operating rooms are used
simultaneously, the scheduler program may alsoallow
entry of the determined time and place of the surgical
procedure in addition to entered information,
materials, and staff requirement assignments (e.g.,
needed presence of anesthetist). [0039] In the
operating room during the "time-out" phase, the
surgeon may be required to use a machine-readable
medical marking scanner for reading the information
from the patient's machine-readable medical marking.
The scanned information (e.g., number) is then fed
into the "Scheduling Software" running on a computer,
whereby the patient's record is displayed on a monitor
device in the operating room based on the scanned
number. The surgical team's "time out" would include a
review of this record, which includes a list of
requirements for the procedure including, but not
limited to, patient name, procedure, surgical kits,
test result information (e.g., x-rays), procedure
code, and other requirements. Only after confirmation
of such information would the operating room nurse
hand the scalpel to the surgeon in order to commence
surgery. The "Time-out" is generally performed
immediately prior to starting the surgical procedure
in order to prevent medical error by conducting a
final verification of the 



correct patient, procedure, and site. This provides
active (two-way) communication among all
surgical/procedural team members prior to all
procedures. [0040] Additionally, the scheduling
program may be extended to act as a "controller" and
provide active monitoring of medical sub-actions
during a medical action. For example, by encoding the
type and order that medical devices are to be used in,
and by actively monitoring the use of the medical
devices, other mistakes may be avoided. An exemplary
use of active monitoring is described below. [0041] In
an exemplary use of the present invention, when a
patient is admitted, the machinereadable medical
marking is associated with the patient's physical
chart and electronic surgery schedule, preferably by
scanning a decal that is affixed to or printed on the
patient's physical chart. Then, the patient's blood
type and a list of known allergies are recorded using
computer readable codes (e.g., blood type O-negative
is encoded with a WoOd1 code, and an allergy to
anesthetic is encoded with a codej). Moreover, the
fact that a patient is to have a hip replacement that
is designed to last 15 years instead of 10 years is
encoded by recording the part number of the hip
replacement to be used in the replacement. The
location of where the medical action is to be
performed is then associated with the patient's
records as well. [0042] After recording the
information during or prior to patient intake, the
patient is taken to have the machine readable medical
marking applied to his or her skin in an area
surrounding orin close proximity to where the medical
action (i.e., hip replacement surgery in the example)
is to be performed. Later, the patient is taken to
where the medical action is to be performed. Before
entering, the medical marking and the machine readable
location code on the door or doorframe of the room are
both scanned. The enhanced scheduler then notifies the
orderly if the patient is about to be brought into the
correct location. [0043] Similarly, prior to inserting
the anesthetic in the dispenser, the anesthesiologist
scans the medical marking on the patient and then a
machine readable drug marking on the anesthetic. If
there is a conflict with a previously entered allergy
as signified by the machine readable drug marking
matching COdC1 for anesthetic l then the
anesthesiologist is warned about the mismatch.
Alternatively, in an embodiment where the scheduler is
connected to the dispenser, the dispenser can be
commanded to prevent the anesthetic from being
dispensed. [0044] In another phase of the medical
procedure, the surgeon utilizes a scanner to scan the
bar code or other machine readable marking on the
replacement part. In such a case, the scheduler can
actively inform the surgeon that he has been brought a
10-year hip replacement part instead of the intended
15-year hip replacement part - a difference that
medical personnel might not be able to tell by visual
inspection. [0045] In another exemplary embodiment,
all blood used in a transfusions or in surgery is
marked with a machine readable marking. Thus, prior to
administering the blood, the blood bag and the
patient's medical marking are scanned to assure that
there is a match or at least that they are compatible.
As with all checks, the scheduler can inform medical
personnel of agreement (e.g., with a first audible
tone, sound or visual indication) or conflict (e.g.,
with a second audible tone, sound or visual
indication). In a case of the scheduler being
integrated to a blood pump, the scheduler could also
refuse to pump if there is a disagreement between the
markings. [0046] In one embodiment, all of the
collateral information that the system would require
as part of the surgical procedure such as x-rays would
be marked with the same number encoded in a
machine-readable medical marking. A check could be
made by scanning the machine-readable medical marking
on the collateral information as a double check that
the x-rays are the correct ones for this particular
surgery. As part of the methodology, therefore, the
labels with the machine-readable medical marking would
have to be affixed to the x-rays, lab tests, and other
pertinent medical test records etc. Alternatively,
numbers may be assigned to each x-ray, as well as to
any other collateral material associated with the
patient and the surgical procedure.[0047] The
information that is displayed on the screen in the
Surgical Scheduler is indicative of the information
gathered prior to the surgery during the scheduling
process and is also displayed in the Operating Room.
An advantage of the system would be that information
could be changed up to and including during the
operation so that the latest and more up-to-date
information is always available to those who depend on
it. The scanner for reading the machine-readable
medical marking provides machine-readable medical
marking readability under the difficult conditions of
having the images printed on the skin. The scanner
would use the read bar code number to access a
patient's record stored by the "Surgical Scheduling"
software program. The patient's record may be stored
in a local or remote database, or in any other local
or remote storage medium. The accessed record may then
be displayed on the screen in the Operating Room. Some
verifiers or indicators may be used when a record of a
cancelled or completed surgery is found. For example,
a "Stop" sign would be displayed if a surgery is
cancelled. [0048] As described above, in one
embodiment, an entry for each surgical procedure on a
patient is designated by a number. In such an
embodiment, medical markings each comprise a number
(e.g., preprinted on a surgical decal) that is
assigned to a patient's procedure. The particular
requirements of a machine-readable medical marking may
comprise the ability to encode a sufficient range of
numbers (e.g., 1 to 99,999); the ability to be printed
on an unreliable surface such as a patient's skin; the
ability to be readable even when it has been partially
obliterated by washing, application of bandages,
and/or other interventions; and the ability to have
redundancy of information and ways of self-checking.
[0049] In an exemplary embodiment illustrated in
Figure 4, a decal has three copies of the number
printed in the form of a machine-readable medical
marking (e.g., bar code) and humanreadable form. The
first copy of the number (first part of decal) is a
barcode which may be applied to a patient's physical
medical chart. The second copy (second part of decal)
of the number may be removed and maintained by an
operating room nurse or a person in charge of
operating room administration for the purpose
setting-up the operating room facilities and resources
prior to surgery. In the pre-operative visit, the
surgeon may take the third part of surgical decal
(third copy of number) and apply it directly to the
patient at the site at which the surgery is to be
performed (i.e., on the skin of the surgical site),
potentially utilizing cross hairs to mark the site on
the patient where the surgical procedure is to be
performed. In one embodiment, this section of the
decal is applied to a patient by wetting and pressing
it onto thepatient's skin. The surgical decal may
include a place for the surgeon to mark and/or sign
(e.g., with a felt tip pen). [0050] The surgical decal
(e.g., the machine-readable medical marking,
human-readable code, cross hairs, and signature line)
may be created by preprinting a clear plastic
substrate with an ink specially formulated to adhere
to the plastic and then covering the printing with a
backing. The ink may be removed easily and transferred
to the patient's skin once applied. On the skin, the
ink remains somewhat permanent; it will not wash off,
smear or fade in less than, for example, ten days.
Thus, the "tattooed" image on the patient's skin
remains sharp and consistent. The ink color used may
be dark (e.g., black) and may therefore be readable by
the bar code scanner, even where contrast would be
difficult on patients with skin of very dark color.
[005 1] In use, the left-most machine-readable medical
marking of Figure 4 and human readable 



number would be separated from the decal and affixed
to the patient chart when the number is assigned to
the patient's surgical procedure, as described above
with respect to the patient intake. In a pre-operative
meeting, the surgeon would affix the machine-readable
medical marking, cross hairs, and signature line to
the patient's skin at the surgical site by removing
the backing and applying the medical marking after
having verified with a scanner that the medical
marking applied to the patient's chart matches the
medical marking being applied to the patient. [0052]
The number of the decal may be unique (e.g., within a
large set). The decals supplied to a hospital may be
in book format with numbers starting at one and going
up to some large number before the series is
completely used up. A very large facility having
several operating rooms that are used simultaneously,
may perform 100,000 operations per year. If each
surgery includes a uniquely assigned number, a
numbered series would be supplied to the hospital
without repeating numbers for a very long time. Books
of decal numbers from 1 to 100,000 may, for example,
last about a year. [0053] Alternatively, the medical
marking may be more than just a number. For example,
the medical marking may be an alphanumeric string
(e.g., XOOOl). [0054] In yet another embodiment, the
medical marking may be applied using techniques other
than decals. For example, the medical marking may be
applied to the patient using a computercontrolled
printing apparatus such as an ink-jet printer, a
plotter or a tattooing machine. In addition, in one
embodiment of the present invention, the topology of
the site of the medicalaction is determined such that
a modified bar code can be created that causes the
printed bar code to appear linear despite being
applied to a non-planar surface. [0055] As an
alternative to cross hairs, the medical marking may
utilize other indicators (e.g., arrows) to indicate
the intended surgical site. [0056] The medical marking
shown in Figure 3 utilizes several traditional bar
code formats, although it is possible to utilize only
one. The illustrated formats include two linear
formats and one reduced symbology format. These bar
code formats enable the information (e.g., record
number) to be associated with the patient to be
semi-permanently affixed to the patient. In the
example of FIG. 3, a portion of the machine-readable
medical marking comprises a RSS bar code symbol that
holds considerably more information than the other bar
code portions. Therefore, it may be possible to
include a sufficient amount of information in the bar
code itself that the scheduling system need not be
consulted during the medical procedure. [0057] As an
alternative to the format illustrated in Figure 3,
Figure 4 illustrates a computerreadable marking
printed as a decal and utilizing redundant coding. The
medical marking of Figure 4 is encoded using the
encoding technique of Figure 5A. [0058] The medical
marking of Figure 5A comprises a pattern of colored
dots (e.g., black) in a gridded fashion. In the
illustrated embodiment, the bar code, called a
"Surgical Bar Code" has four-way redundancy. As
illustrated in FIG. 5A, the checkerboard grid is
divided into four identical regions each having the
same pattern of colored dots. The numbering system is
based on the base-2 system. For example, in the
provided pattern, a colored dot is placed at the "128"
position (i.e., 27), "512" position (i.e., 29), and
the "1" position (i.e., 2). This produces the number
641 (i.e., 512+128+1), which is generated from the sum
of numbers associated with the position of the colored
dots. The pattern is repeated four times so that if
one or more portions of the bar code is obliterated,
covered, or removed, the remaining region or regions
of the bar code are still readable. The inverted 'L'
shaped border of black dots provides the scanner with
the xdimension information and orientation
information. The decoding algorithm will determine the
x-dimension, orientation, and the number (e.g., 641)
corresponding to the colored dots allocated within the
grid. [0059] Figure 6 illustrates the example of
encoding using the numbering scheme of Figure 5A but
without the corresponding numbers underneath and
therefore resembles the medical markingas it is used
in Figure 4. The side length (as a square) or diameter
(as a dot) of the cell is variable in size and is
illustrated as being 1 to 3 inches on a side. [0060]
For small and hard to see or reach areas, the decal
and machine-readable medical marking can be printed at
various sizes. For example, the same imagery may be
printed at halfsize for images required for hands or
fingers. [0061] Alternatively, instead of having
symmetric encoding as in Figure 5A, the encoding of
Figure 5B distributes the locations of the values such
that a smudge or other obstruction in the center of
the medical marking will not obliterate all the
locations having the same value (e.g., 16384). [0062]
According to yet another embodiment of the present
invention, a "Checkerboard" machine-readable medical
marking, such as is illustrated in Figure 7, can
encode a numeric string (e.g., a positive number). The
Checkerboard machine-readable medical marking
provides, among other things, a machine-readable
medical marking having a size that is relatively
small; similar measurements in different directions
(e.g., substantially square shaped); and internal
dimensions that are relatively large, which allows for
the provision of a high numerical range. [0063] Such a
machine-readable medical marking may be readable when
it is applied to some small area with a rough surface
such as somewhere on a person's body. A "Checkerboard"
symbol may comprise one or more "cells" (e.g., a
square or spot) that is the smallest component of a
Checkerboard machine-readable medical marking. A cell
is printable if ink is applied to it with some
foreground ink. When a spot or other indicator is
marked (e.g., ink) within a cell, it is defined as a
printable cell, since the spot or indicator may be
applied or tattooed to the patient or person's skin. A
printable cell is unprinted if it is left blank or
printed with some background ink. Since a blank cell
(e.g., unprinted cell) does not have a spot or
indicator, it may not be applied or tattooed to the
patient or person's skin; therefore, it is defined as
an unprinted cell. A "row" or "column" is a series of
cells arranged next to each other. [0064] A
Checkerboard machine-readable medical marking (e.g.,
bar code) such as that illustrated in Figure 7 may
comprise a (2N+1) row by 2N column rectangle, which is
almost a square. In the example Checkerboard
machine-readable medical marking, the rows start from
the topmost position, which is row 0, and the columns
start from the rightmost position, which is column 0.
All printed cells in row 0 are called the "orientation
bar." A row with an odd position is a "coding row." A
row with an even position, except for row 0, is a
complement-coding row,which is used to provide an
identical and redundant code to that generated by the
"coding row." In the event that a "coding row" becomes
corrupted or unreadable, the complementary code row is
used in its place to determine or decode the value
associated with bar code symbol. [0065] In a coding
row, all cells at an even position (column) are
printable whereby each printed cell has a value of:
2N[(i-l)/2]+(j/2) Equation 1 [0066] If printed, a
black dot or other indicia may be allocated to
represent a cell position. If nothing is printed at a
cell location (e.g., no black dot present in cell
position), then the cell value at that position is
assumed to be zero. [0067] In Equation 1, "i" is the
position of the row, "j" is the position of the
column, and "N" is the order of the symbol. For the
"coding row," the position of the first column (i.e.,
j=0) starts 



under heading "1," where the column headings are
located above row i=0 and labeled "8 7 6 5 4 3 2 1 0."
[0068] In a "complement coding row," all cells at an
odd position (column) are printable and each cell has
a value of: 2N[(i-2)/2]+(j-l)/2 Equation 2 [0069] For
a printed cell, a black dot or other indicia may
represent a cell position. If nothing is printed at a
cell location (e.g., no black dot present in cell
position), then the cell value at that position is
assumed to be zero. [0070] In Equation 2, "i" is the
position of the row, "j" is the position of the
column, and "N" the order of the symbol. For the
"complement coding row," the position of the first
column (i.e., j=0) also starts at heading "1," where,
as previously described, the column headings are
located above row i=0. The sum of all values from all
cells positions in all "coding rows" is the value of
the symbol. Also, the sum of all values from all cells
in all "complement coding rows" corresponds to the
value of the symbol. When the bar code symbol has not
become corrupted or defaced, the calculated values
based on the "coding rows" and "complement coding
rows"should be identical. In use, upon scanning the
bar code, an error is detected if the two values
calculated from the "complement coding rows" and
"coding rows" are different. [0071] The Checkerboard
bar code symbol of Figure 7 utilizes a value of N
which is 4. This indicates that the symbol is
4-ordered. Row i=0 is the orientation bar; rows 1, 3,
5, and 7 are the "coding rows;" and rows 2, 4, 6, and
8 are the "complement coding rows." [0072] As
illustrated in Figure 7, the first printed cell at i =
1 and j = 0 (starting at column heading 1) is a
"coding row." Therefore, based on Equation 1, the
value is 4[(l-l)/2]+(0/2) = 0. For the second printed
cell associated with a coding row, where i = 3 and j =
6, the value is 4[(3- l)/2]+(6/2) = 7. Similarly, for
the third "code row" printed cell, where i = 5 and j =
4, the value is 4[(5-l)/2]+(4/2) = 10. The fourth
"code row" printed cell, whereby i = 7 and j = 2 is
calculated to be 4[(7-l)/2]+(2/2) = 13. Therefore,
based on the foregoing individual calculations, the
value of the symbol is calculated from the sum of each
cell value, which is: o(for i=i) + (fr ) + io(for i=5)
+ 213 (for i=7) = 1+128+1024+8192 = 9345 [0073] Based
on the "complement coding rows," the first printed
cell is located at i=2 and j=l. Thus, using Equation
2, the value for this cell (i=2 and j=l) is calculated
to be 0. For the second printed cell located at i=4
and j=7, the value is 4[(4-2)/2]+(7-l)/2 = 7. For the
third printed cell at i=6 and j=5, the value is
4[(6-2)/2]+(5-l)/2 = 10. For the fourth printed cell
at i=8 and j=3, we have 4[(8-2)/2]+(3-l)/2 = 13.
Therefore, the value of the symbol based on the
"complement coding row" printed cell values is:
2+27+210+213 = 1+128+1024+8192 = 9345 [0074] As shown
in the example, both cell values (i.e., code row and
complementary row) generate identical symbol values
when the integrity of the bar code symbol is intact.
Each row includes a spatially adjacent redundant row
having complementary cells. The complementary cells
are both horizontally and vertically displaced from
their "code row" counterpart cells located in adjacent
rows. Therefore, the horizontal and vertical
displacement provides spatial redundancy associated
with rows that are damaged and unreadable. [0075] In
one embodiment of the invention, the scanner device
described above is connected to a computer in the
operating room. The connection may be either wired or
wireless, dependingon the configuration of the room in
which the device is to be used. Moreover, the device
may be a wand-style scanner, a gun-style scanner, a
flat-bed scanner or any other style scanner that reads
bar codes. [0076] The active monitoring of the medical
action need not be performed by a computer. Instead, a
separate device, such as a handheld scanner
(optionally with a display) and an internal processor
may act as an integrated scanner and controller. The
information about the patients of the day and the
medical actions to be performed thereon can be
downloaded to the handheld scanner in the morning such
that the medical personnel can act autonomously from
any local or remote computer systems that might
"crash" or become disconnected during the day. Thus,
the medical marking applied to the patient and the
medical markings associated with the medical action
would be scanned sequentially (or in parallel) by the
handheld scanner, and the handheld scanner would
visually or audibly identify whether the patient and
the procedure about to be performed were compatible.
As described above, if the patient's medical marking
is scanned and then a blood bag is scanned which
contains blood that is incompatible with the patient,
then the handheld scanner can sound a warning signal.
Alternatively, the medical personnel can acts as
controllers by comparing the information read by a
scanner with information displayed or printed about
the medical action to be performed. Furthermore, while
the above description has been provided in terms of a
barcode scanner reading a medical marking, the
teachings of the present invention may additional be
used in conjunction with other machine-readable
medical tags carrying information. One example of such
a machine-readable medical tag is an RPID tag such as
may be embedded into a patient's wristband. Moreover,
a combination of reading devices can be used such that
the patient is identified by a machine-readable
medical tag while the surgical equipment and test
results are encoded with bar codes such that the
reading devices communicate (either with each other or
with a central controller) to ensure that the
information read from each is consistent. [0077] While
the invention has been described and illustrated in
connection with preferred embodiments, many variations
and modifications as will be evident to those skilled
in this art may be made without departing from the
spirit and scope of the invention, and the invention
is thus not to be limited to the precise details of
methodology or construction set forth above as such
variations and modifications are intended to be
included within the scope of the invention. Except to
the extent necessary or inherent in the processes
themselves, no particular order tosteps or stages of
methods or processes described in this disclosure,
including the Figures, is implied. In many cases the
order of process steps may be varied without changing
the purpose, effect or import of the methods
described.CLAIMS 1. A medical system, comprising: a
machine-readable medical marking applied to the skin
of a patient; a scanner for scanning the
machine-readable medical marking applied to the skin
of the patient; a source of information about a
medical action to be performed on the patient; and a
controller for comparing that the machine readable
medical marking applied to the patient is consistent
with the medical action to be performed on the patient
prior to performing the medical action. 2. The medical
system as claimed in claim 1, wherein the machine
readable medical 



marking is applied to the skin of the patient in
proximity to where a medical action is to be
performed. 3. The medical system as claimed in claim
1, wherein the machine readable medical marking
comprises a barcode. 4. The medical system as claimed
in claim 1, wherein the source of information
comprises a local database entry indexed by the
information encoded by the machine-readable medical
marking. 5. The medical system as claimed in claim 1,
wherein the source of information comprises a remote
database entry indexed by the information encoded by
the machine-readable medical marking. 6. The medical
system as claimed in claim 1, wherein the source of
information comprises a second machine readable
medical marking. 7. The medical system as claimed in
claim 6, wherein the second machine readable medical
marking is affixed to a medical chart of the patient.
8. The medical system as claimed in claim 1, wherein
the controller comprises a computer. 9. The medical
system as claimed in claim 1, wherein the scanner and
the controller are integrated into a handheld scanner.
10. The medical system as claimed in claim 1, wherein
the controller disables a medical device if the
machine readable medical marking applied to the
patient is incompatible with the medical action to be
performed on the patient.11. The medical system as
claimed in claim 1, wherein the medical action
comprises a surgical operation. 12. The medical system
as claimed in claim 13, wherein the information
contained within the source of information comprises
at least one of: a list of instruments needed for the
surgical operation, a list of surgical kits needed for
the surgical operation, a list of medical personnel
needed for the surgical operation; and a list of
medical reports needed before commencing the surgical
operation. 13. A medical action controlling method
comprising: applying a machine-readable medical
marking to the skin of a patient; scanning the
machine-readable medical marking applied to the skin
of the patient using a scanner; accessing a source of
information about a medical action to be performed on
the patient; comparing that the machine readable
medical marking applied to the patient is consistent
with the medical action to be performed on the patient
prior to performing the medical action; and indicating
an incompatibility when the machine readable medical
marking applied to the patient is inconsistent with
the medical action to be performed on the patient. 14.
The medical action controlling method as claimed in
claim 13, wherein the machine readable medical marking
is applied to the skin of the patient in proximity to
where a medical action is to be performed. 15. The
medical action controlling method as claimed in claim
13, wherein the machine readable medical marking
comprises a barcode. 16. The medical action
controlling method as claimed in claim 13, wherein
accessing comprises accessing a local database entry
indexed by the information encoded by the
machinereadable medical marking. 17. The medical
action controlling method as claimed in claim 13,
wherein accessing comprises accessing a remote
database entry indexed by the information encoded by
the machine-readable medical marking. 18. The medical
action controlling method as claimed in claim 13,
wherein accessing comprises reading a second machine
readable medical marking.19. The medical action
controlling method as claimed in claim 18, wherein the
second machine readable medical marking is affixed to
a medical chart of the patient. 20. The medical action
controlling method as claimed in claim 13, wherein the
controller comprises a computer. 2 1. The medical
action controlling method as claimed in claim 13,
wherein the scanner and the controller are integrated
into a handheld scanner. 22. The medical action
controlling method as claimed in claim 13, wherein the
controller disables a medical device if the machine
readable medical marking applied to the patient is
incompatible with the medical action to be performed
on the patient. 23. The medical action controlling
method as claimed in claim 13, wherein the medical
action comprises a surgical operation. 24. The medical
action controlling method as claimed in claim 23,
wherein the information contained within the source of
information comprises at least one of: a list of
instruments needed for the surgical operation, a list
of surgical kits needed for the surgical operation, a
list of medical personnel needed for the surgical
operation; and a list of medical reports needed before
commencing the surgical operation. 25. A medical
system, comprising: a machine-readable medical tag
affixed to a patient; a scanner for scanning the
machine-readable medical tag affixed to the patient; a
source of information about a medical action to be
performed on the patient; and a controller for
comparing that information read from the machine
readable medical tag affixed to the patient is
consistent with the medical action to be performed on
the patient prior to performing the medical action. 


