
BICYCLIC PYRIMIDINE PBK INHIBITOR COMPOUNDS SELECTIVE FOR PI l ODELTA, AND
METHODS OF USE [0001] CROSS REFERENCE TO RELATED APPLICATIONS [0002] This
non-provisional application filed under 37 CFR 1.53(b), claims the benefit
under 35 USC  119(e) of U.S. Provisional Application Serial Nos. 61/181452
filed on 27 May 2009 and 61/287607 filed on 17 December 2009, which are
incorporated by reference in their entirety. [0003] FIELD OF THE INVENTION
[0004] The invention relates generally to compounds for treating disorders
mediated by lipid kinases such as inflammation, immunological, and cancer,
and more specifically to compounds which inhibit PI3 kinase activity. The
invention also relates to methods of using the compounds for in vitro, in
situ, and in vivo diagnosis or treatment of mammalian cells, or associated
pathological conditions. [0005] BACKGROUND OF THE INVENTION [0006]
Phosphatidylinositol (PI), a phospholipid found in cell membranes, plays an
important role in intracellular signal transduction. Cell signaling via
3'-phosphorylated phosphoinositides has been implicated in a variety of
cellular processes, e.g., malignant transformation, growth factor
signaling, inflammation, and immunity (Rameh et al (1999) J . Biol Chem,
274:8347-8350). The enzyme responsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase (also referred to as PI
3-kinase or PI3K), was originally identified as an activity associated with
viral oncoproteins and growth factor receptor tyrosine kinases that
phosphorylate phosphatidylinositol (PI) and its phosphorylated derivatives
at the 3'-hydroxyl of the inositol ring (Panayotou et al (1992) Trends Cell
Biol 2:358-60). [0007] Phosphoinositide 3-kinases (PI3K) are lipid kinases
that phosphorylate lipids at the 3-hydroxyl residue of the inositol ring of
phosphoinositols (Whitman et al (1988) Nature, 332:664). The
3'-phosphorylated phospholipids (PIP3s) generated by PI3-kinases act as
second messengers recruiting kinases with lipid binding domains (including
plekstrin homology (PH) regions), such as Akt and
phosphoinositide-dependent kinase-1 (PDKl).Binding of Akt to membrane PIP3s
causes the translocation of Akt to the plasma membrane, bringing Akt into
contact with PDKl, which is responsible for activating Akt. The
tumorsuppressor phosphatase, PTEN, dephosphorylates PIP3 and therefore acts
as a negative regulator of Akt activation. The PI3-kinases Akt and PDKl are
important in the regulation of many cellular processes including cell cycle
regulation, proliferation, survival, apoptosis and motility and are
significant components of the molecular mechanisms of diseases such as
cancer, diabetes and immune inflammation (Vivanco et al (2002) Nature Rev.
Cancer 2:489; Phillips et al (1998) Cancer 83:41). [0008] PI3 kinase is a
heterodimer consisting of p85 and p i 10 subunits (Otsu et al (1991) Cell
65:91-104; Hiles et al (1992) Cell 70:419-29). Four distinct Class I PBKs
have been identified, designated PI3K a (alpha), b (beta), d (delta), and g
(gamma), each consisting of a distinct 110 kDa catalytic subunit and a
regulatory subunit. More specifically, three of the catalytic subunits,
i.e., p i 10 alpha, p i 10 beta and p i 10 delta, each interact with the
same regulatory subunit, p85; whereas p i 10 gamma interacts with a
distinct regulatory subunit, plOl. The patterns of expression of each of
these PBKs in human cells and tissues 



are also distinct. [0009] The p i 10 delta isoform has been implicated in
biological functions related to immune-inflammatory diseases, including
signaling from the B-cell receptor, T cell receptor, FcR signaling of mast
cells and monocyte/macrophage, and osteoclast function/RANKL signaling
(Deane J and Fruman D A (2004) Annu. Rev. Immunol. 2004. 22:563-98; Janas
et al., The Journal of Immunology, 2008, 180: 739 -746; Marone R et al.,
Biochim. Biophy. Acta 2007, 1784:159-185. Deletion of the PBK delta gene or
selective introduction of a catalytically inactive mutant of PBK delta
causes a nearly complete ablation of B cell proliferation and signaling,
and impairment of signaling through T cells as well. [0010] SUMMARY OF THE
INVENTION [0011] The invention relates generally to Formula I compounds
with PB kinase inhibitory activity and selective binding to the p i 10
delta isoform relative to binding to the p i 10 alpha isoform. Formula I
compounds at least 10 fold selective in binding to the p i 10 delta isoform
relative to binding to the p i 10 alpha isoform. [0012] Formula I compounds
have the structures:Ia Ib [0013] and stereoisomers, tautomers, or
pharmaceutically acceptable salts thereof. The various substituents,
including X1, X2, mor, R1, R2, R2 , and R3, are as defined herein. [0014]
Another aspect of the invention provides a pharmaceutical composition
comprising a Formula I compound and a pharmaceutically acceptable carrier,
glidant, diluent, or excipient. [0015] Another aspect of the invention
provides the use of a Formula I compound in the manufacture of a medicament
for treating a disease or disorder selected from cancer, immune disorders,
cardiovascular disease, viral infection, inflammation, metabolism/endocrine
function disorders and neurological disorders, and mediated by the p i 10
delta isoform of PB kinase. [0016] The invention also relates to methods of
using the Formula I compounds for in vitro, in situ, and in vivo diagnosis
or treatment of mammalian cells, organisms, or associated pathological
conditions, such as cancer, systemic and local inflammation,
immuneinflammatory diseases such as rheumatoid arthritis, immune
suppression, organ transplant rejection, allergies, ulcerative colitis,
Crohn's disease, dermatitis, asthma, systemic lupus erythematosus,
Sjogren's Syndrome, multiple sclerosis, scleroderma/systemic sclerosis,
idiopathic thrombocytopenic purpura (ITP), anti-neutrophil cytoplasmic
antibodies (ANCA) vasculitis, chronic obstructive pulmonary disease (COPD),
psoriasis, and for general joint protective effects. [0017] Another aspect
of the invention provides a method of treating a disease or disorder which
method comprises administering a Formula I compound to a patient with a
disease or disorder selected from cancer, immune disorders, cardiovascular
disease, viral infection, inflammation, metabolism/endocrine function
disorders and neurological disorders, and mediated by the p i 10 delta
isoform of PB kinase. The method may further comprise administering an
additional therapeutic agent selected from a chemotherapeutic agent, an
anti-inflammatory agent, an immunomodulatory agent, a neurotropic factor,
an agent for treating cardiovascular disease, an agent for treating liver
disease, an anti-viral agent, an agent for treating blood disorders, an
agent for treating diabetes, and an agent for treatingimmunodeficiency
disorders. 



[0018] Another aspect of the invention provides a kit for treating a
condition mediated by the p i 10 delta isoform of PB kinase, comprising a
first pharmaceutical composition comprising a Formula I compound; and
instructions for use. [0019] DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0020] Reference will now be made in detail to certain embodiments of the
invention, examples of which are illustrated in the accompanying structures
and formulas. While the invention will be described in conjunction with the
enumerated embodiments, it will be understood that they are not intended to
limit the invention to those embodiments. On the contrary, the invention is
intended to cover all alternatives, modifications, and equivalents which
may be included within the scope of the present invention as defined by the
claims. One skilled in the art will recognize many methods and materials
similar or equivalent to those described herein, which could be used in the
practice of the present invention. The present invention is in no way
limited to the methods and materials described. In the event that one or
more of the incorporated literature, patents, and similar materials differs
from or contradicts this application, including but not limited to defined
terms, term usage, described techniques, or the like, this application
controls. [0021] DEFINITIONS [0022] The term "alkyl" as used herein refers
to a saturated linear or branched-chain monovalent hydrocarbon radical of
one to twelve carbon atoms (C1- C12), wherein the alkyl radical may be
optionally substituted independently with one or more substituents
described below. In another embodiment, an alkyl radical is one to eight
carbon atoms (Ci-Cs), or one to six carbon atoms (Ci-C ) . Examples of
alkyl groups include, but are not limited to, methyl (Me, -CH3), ethyl (Et,
-CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-propyl (i-Pr, i-propyl,
-CH(CH3)2), 1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3), 2-methyl-l -propyl (i-
Bu, i-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH2CH3),
2-methyl-2-propyl (t-Bu, t-butyl, -C(CH3)3), 1-pentyl (n-pentyl,
-CH2CH2CH2CH2CH3), 2-pentyl (- CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2),
2-methyl-2-butyl (-C(CH3)2CH2CH3), 3- methyl-2-butyl (-CH(CH3)CH(CH3)2),
3-methyl- 1-butyl (-CH2CH2CH(CH3)2), 2-methyl-l - butyl
(-CH2CH(CH3)CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3), 2-hexyl (- CH(CH 3)CH
2CH2CH2CH3) , 3-hexyl (-CH(CH 2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl (-
C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH 3)CH(CH 3)CH 2CH3),
4-methyl-2-pentyl (- CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CHs)2),
2,3-dimethyl-2-butyl (-C(CHs)2CH(CHs)2), 3,3-dimethyl-2-butyl (-
CH(CH3)C(CH3)S, 1-heptyl, 1-octyl, and the like. [0023] The term "alkylene"
as used herein refers to a saturated linear or branchedchain divalent
hydrocarbon radical of one to twelve carbon atoms (Ci-Ci 2), wherein the
alkylene radical may be optionally substituted independently with one or
more substituents described below. In another embodiment, an alkylene
radical is one to eight carbon atoms (Ci-C 8), or one to six carbon atoms
(Ci-C 6) . Examples of alkylene groups include, but are not limited to,
methylene (-CH2-), ethylene (-CH2CH2-), propylene (-CH2CH2CH2-), and the
like. [0024] The term "alkenyl" refers to linear or branched-chain
monovalent hydrocarbon radical of two to eight carbon atoms (C2-Cs) with at
least one site of unsaturation, i.e., a carbon-carbon, sp2 double bond,
wherein the alkenyl radical may be optionally substituted 



independently with one or more substituents described herein, and includes
radicals having "cis" and "trans" orientations, or alternatively, "E" and
"Z" orientations. Examples include, but are not limited to, ethylenyl or
vinyl (-CH=CH2), allyl (-CH2CH=CH2), and the like. [0025] The term
"alkenylene" refers to linear or branched-chain divalent hydrocarbon
radical of two to eight carbon atoms (C2-Cs) with at least one site of
unsaturation, i.e., a carbon-carbon, sp2 double bond, wherein the alkenyl
radical may be optionally substituted, and includes radicals having "cis"
and "trans" orientations, or alternatively, "E" and "Z" orientations.
Examples include, but are not limited to, ethylenylene or vinylene
(-CH=CH-), allyl (-CH2CH=CH-), and the like. [0026] The term "alkynyl"
refers to a linear or branched monovalent hydrocarbon radical of two to
eight carbon atoms (C2-Cs) with at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl radical may be
optionally substituted independently with one or more substituents
described herein. Examples include, but are not limited to, ethynyl (-CCH),
propynyl (propargyl, -CH2CCH), and the like. [0027] The term "alkynylene"
refers to a linear or branched divalent hydrocarbon radical of two to eight
carbon atoms (C2-Cs) with at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl radical may be
optionally. Examples include, but are not limited to, ethynylene (-CC-),
propynylene (propargylene, -CH2CC-), and the like. [0028] The terms
"carbocycle", "carbocyclyl", "carbocyclic ring" and "cycloalkyl" refer to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3
to 12carbon atoms (C3- C12) as a monocyclic ring or 7 to 12 carbon atoms as
a bicyclic ring. Bicyclic carbocycles having 7 to 12 atoms can be arranged,
for example, as a bicyclo [4,5], [5,5], [5,6] or [6,6] system, and bicyclic
carbocycles having 9 or 10 ring atoms can be arranged as a bicyclo [5,6] or
[6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane and bicyclo[3.2.2]nonane. Examples of monocyclic
carbocycles include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-l-enyl, l-cyclopent-2-enyl, l-cyclopent-3-enyl,
cyclohexyl, 1-cyclohex-l-enyl, l-cyclohex-2-enyl, l-cyclohex-3-enyl,
cyclohexadienyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, cyclododecyl, adamantanyl, and the like. [0029] "Aryl" means
a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms (C - C O)
derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Some aryl groups are represented in the
exemplary structures as "Ar". Aryl includes bicyclic radicals comprising an
aromatic ring fused to a saturated, partially unsaturated ring, or aromatic
carbocyclic ring. Typical aryl groups include, but are not limited to,
radicals derived from benzene (phenyl), substituted benzenes, naphthalene,
anthracene, biphenyl, indenyl, indanyl, 1,2-dihydronaphthalene,
1,2,3,4-tetrahydronaphthyl, and the like. Aryl groups are optionally
substituted independently with one or more substituents described herein.
[0030] "Arylene" means a divalent aromatic hydrocarbon radical of 6-20
carbon atoms (C - C O) derived by the removal of two hydrogen atom from a
two carbon atoms of a parent aromatic ring system. Some arylene groups are
represented in the exemplary structures as "Ar". Arylene includes bicyclic
radicals comprising an aromatic ring fused to a saturated, partially
unsaturated ring, or aromatic carbocyclic ring. Typical arylene groups 



include, but are not limited to, radicals derived from benzene (phenylene),
substituted benzenes, naphthalene, anthracene, biphenylene, indenylene,
indanylene, 1,2- dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and the
like. Arylene groups are optionally substituted. [0031] The terms
"heterocycle," "heterocyclyl" and "heterocyclic ring" are used
interchangeably herein and refer to a saturated or a partially unsaturated
(i.e., having one or more double and/or triple bonds within the ring)
carbocyclic radical of 3 to about 20 ring atoms in which at least one ring
atom is a heteroatom selected from nitrogen, oxygen, phosphorus and sulfur,
the remaining ring atoms being C, where one or more ring atoms is
optionally substituted independently with one or more substituents
described below. Aheterocycle may be a monocycle having 3 to 7 ring members
(2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, P, and S)
or a bicycle having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 6
heteroatoms selected from N, O, P, and S), for example: a bicyclo [4,5],
[5,5], [5,6], or [6,6] system. Heterocycles are described in Paquette, Leo
A.; "Principles of Modern Heterocyclic Chemistry" (W.A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9; "The Chemistry of
Heterocyclic Compounds, A series of Monographs" (John Wiley & Sons, New
York, 1950 to present), in particular Volumes 13, 14, 16, 19, and 28; and J
. Am. Chem. Soc. (1960) 82:5566. "Heterocyclyl" also includes radicals
where heterocycle radicals are fused with a saturated, partially
unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Examples of
heterocyclic rings include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl,
dihydropyranyl, tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl,
oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3- pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dithianyl,
dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
dihydroisoquinolinyl, tetrahydroisoquinolinyl, pyrazolidinylimidazolinyl,
imidazolidinyl, 2-oxa-5- azabicyclo[2.2.2]octane,
3-oxa-8-azabicyclo[3.2.1]octane, 8-oxa-3-azabicyclo[3.2.1]octane,
6-oxa-3-azabicyclo [3 .1.1 ]heptane, 2-oxa-5-azabicyclo [2.2.1 ]heptane, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and N-pyridyl ureas.
Spiro moieties are also included within the scope of this definition.
Examples of a heterocyclic group wherein 2 ring carbon atoms are
substituted with oxo (=0) moieties are pyrimidinonyl and
1,1-dioxo-thiomorpholinyl. The heterocycle groups herein are optionally
substituted independently with one or more substituents described herein.
[0032] The term "heteroaryl" refers to a monovalent aromatic radical of 5-,
6-, or 7- membered rings, and includes fused ring systems (at least one of
which is aromatic) of 5-20 atoms, containing one or more heteroatoms
independently selected from nitrogen, oxygen, and sulfur. Examples of
heteroaryl groups are pyridinyl (including, for example, 2-
hydroxypyridinyl), imidazolyl, imidazopyridinyl, pyrimidinyl (including,
for example, 4- hydroxypyrimidinyl), pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxadiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl,
indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
oxadiazolyl,triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, 



benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
and furopyridinyl. Heteroaryl groups are optionally substituted
independently with one or more substituents described herein. [0033]
Examples of bicyclic heteroaryl groups include:[0034] The heterocycle or
heteroaryl groups may be carbon (carbon-linked), or nitrogen
(nitrogen-linked) bonded where such is possible. By way of example and not
limitation, carbon bonded heterocycles or heteroaryls are bonded at
position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a
pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6
of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran,
thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of
an oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole,
pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3,
or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or
position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Ring nitrogen atoms of
the heterocycle or heteroaryl groups may be bonded with oxygen to form
N-oxides. [0035] By way of example and not limitation, nitrogen bonded
heterocycles or heteroaryls are bonded at position 1 of an aziridine,
azetidine, pyrrole, pyrrolidine, 2- pyrroline, 3-pyrroline, imidazole,
imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline,
2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline,
lH-indazole, benzimidazole, position 2 of a isoindole, or isoindoline,
position 4 of a morpholine, and position 9 of a carbazole, or b-carboline.
[0036] The terms "treat" and "treatment" refer to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is
to prevent or slow down (lessen) an undesired physiological change or
disorder, such as the development or spread of cancer. For purposes of this
invention, beneficial or desired clinical results include, but are not
limited to, alleviation of symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease, delay or slowing of
disease progression, amelioration or palliation of the disease state, and
remission (whether partial or total), whether detectable or undetectable.
"Treatment" can also mean prolonging survival as compared to expected
survival if not receiving treatment. Those in need of treatment include
those already with the condition or disorder as well as those prone to have
the condition or disorder or those in which the condition or disorder is to
be prevented.[0037] The phrase "therapeutically effective amount" means an
amount of a compound of the present invention that (i) treats or prevents
the particular disease, condition, or disorder, (ii) attenuates,
ameliorates, or eliminates one or more symptoms of the particular disease,
condition, or disorder, or (iii) prevents or delays the onset of one or
more symptoms of the particular disease, condition, or disorder described
herein. In the case of cancer, the therapeutically effective amount of the
drug may reduce the number of cancer cells; reduce the tumor size; inhibit
(i.e., slow to some extent and preferably stop) cancer cell infiltration
into peripheral organs; inhibit (i.e., slow to some extent and preferably
stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or
relieve to some extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth and/or kill existing
cancer cells, it may be cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing the time to disease
progression (TTP) and/or determining the response rate (RR). [0038]
"Inflammatory disorder" as used herein can refer to any disease, disorder,
or 



syndrome in which an excessive or unregulated inflammatory response leads
to excessive inflammatory symptoms, host tissue damage, or loss of tissue
function. "Inflammatory disorder" also refers to a pathological state
mediated by influx of leukocytes and/or neutrophil chemotaxis. [0039]
"Inflammation" as used herein refers to a localized, protective response
elicited by injury or destruction of tissues, which serves to destroy,
dilute, or wall off (sequester) both the injurious agent and the injured
tissue. Inflammation is notably associated with influx of leukocytes and/or
neutrophil chemotaxis. Inflammation can result from infection with
pathogenic organisms and viruses and from noninfectious means such as
trauma or reperfusion following myocardial infarction or stroke, immune
response to foreign antigen, and autoimmune responses. Accordingly,
inflammatory disorders amenable to treatment with Formula I compounds
encompass disorders associated with reactions of the specific defense
system as well as with reactions of the nonspecific defense system. [0040]
"Specific defense system" refers to the component of the immune system that
reacts to the presence of specific antigens. Examples of inflammation
resulting from a response of the specific defense system include the
classical response to foreign antigens, autoimmune diseases, and delayed
type hypersensitivity response mediated by T-cells. Chronic inflammatory
diseases, the rejection of solid transplanted tissue and organs, e.g.,
kidney and bone marrow transplants, and graft versus host disease (GVHD),
are further examples of inflammatory reactions of the specific defense
system.[0041] The term "nonspecific defense system" as used herein refers
to inflammatory disorders that are mediated by leukocytes that are
incapable of immunological memory (e.g., granulocytes, and macrophages).
Examples of inflammation that result, at least in part, from a reaction of
the nonspecific defense system include inflammation associated with
conditions such as adult (acute) respiratory distress syndrome (ARDS) or
multiple organ injury syndromes; reperfusion injury; acute
glomerulonephritis; reactive arthritis; dermatoses with acute inflammatory
components; acute purulent meningitis or other central nervous system
inflammatory disorders such as stroke; thermal injury; inflammatory bowel
disease; granulocyte transfusion associated syndromes; and cytokine-induced
toxicity. [0042] "Autoimmune disease" as used herein refers to any group of
disorders in which tissue injury is associated with humoral or
cell-mediated responses to the body's own constituents. [0043] "Allergic
disease" as used herein refers to any symptoms, tissue damage, or loss of
tissue function resulting from allergy. "Arthritic disease" as used herein
refers to any disease that is characterized by inflammatory lesions of the
joints attributable to a variety of etiologies. "Dermatitis" as used herein
refers to any of a large family of diseases of the skin that are
characterized by inflammation of the skin attributable to a variety of
etiologies. "Transplant rejection" as used herein refers to any immune
reaction directed against grafted tissue, such as organs or cells (e.g.,
bone marrow), characterized by a loss of function of the grafted and
surrounding tissues, pain, swelling, leukocytosis, and thrombocytopenia.
The therapeutic methods of the present invention include methods for the
treatment of disorders associated with inflammatory cell activation. [0044]
"Inflammatory cell activation" refers to the induction by a stimulus
(including, but not limited to, cytokines, antigens or auto-antibodies) of
a proliferative cellular response, 



the production of soluble mediators (including but not limited to
cytokines, oxygen radicals, enzymes, prostanoids, or vasoactive amines), or
cell surface expression of new or increased numbers of mediators
(including, but not limited to, major histocompatability antigens or cell
adhesion molecules) in inflammatory cells (including but not limited to
monocytes, macrophages, T lymphocytes, B lymphocytes, granulocytes (i.e.,
polymorphonuclear leukocytes such as neutrophils, basophils, and
eosinophils), mast cells, dendritic cells, Langerhans cells, and
endothelial cells). It will be appreciated by persons skilled in the art
that the activation of one or a combination of these phenotypes in these
cells can contribute to the initiation, perpetuation, or exacerbation of an
inflammatory disorder. [0045] The term "NSAID" is an acronym for
"non-steroidal anti-inflammatory drug"and is a therapeutic agent with
analgesic, antipyretic (lowering an elevated body temperature and relieving
pain without impairing consciousness) and, in higher doses, with anti
inflammatory effects (reducing inflammation). The term "non-steroidal" is
used to distinguish these drugs from steroids, which (among a broad range
of other effects) have a similar eicosanoid-depressing, anti-inflammatory
action. As analgesics, NSAIDs are unusual in that they are non-narcotic.
NSAIDs include aspirin, ibuprofen, and naproxen. NSAIDs are usually
indicated for the treatment of acute or chronic conditions where pain and
inflammation are present. NSAIDs are generally indicated for the
symptomatic relief of the following conditions: rheumatoid arthritis,
osteoarthritis, inflammatory arthropathies (e.g. ankylosing spondylitis,
psoriatic arthritis, Reiter's syndrome, acute gout, dysmenorrhoea,
metastatic bone pain, headache and migraine, postoperative pain,
mild-to-moderate pain due to inflammation and tissue injury, pyrexia,
ileus, and renal colic. Most NSAIDs act as non selective inhibitors of the
enzyme cyclooxygenase, inhibiting both the cyclooxygenase-1 (COX-I) and
cyclooxygenase-2 (COX-2) isoenzymes. Cyclooxygenase catalyzes the formation
of prostaglandins and thromboxane from arachidonic acid (itself derived
from the cellular phospholipid bilayer by phospholipase A2) .
Prostaglandins act (among other things) as messenger molecules in the
process of inflammation. COX-2 inhibitors include celecoxib, etoricoxib,
lumiracoxib, parecoxib, rofecoxib, rofecoxib, and valdecoxib. [0001] The
terms "cancer" refers to or describe the physiological condition in mammals
that is typically characterized by unregulated cell growth. A "tumor"
comprises one or more cancerous cells. Examples of cancer include, but are
not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia or
lymphoid malignancies. More particular examples of such cancers include
squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer
including small- cell lung cancer, non-small cell lung cancer ("NSCLC"),
adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of
the peritoneum, hepatocellular cancer, gastric or stomach cancer including
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma,
penile carcinoma, as well as head and neck cancer. [0002] A
"chemotherapeutic agent" is a chemical compound useful in the treatment of
cancer, regardless of mechanism of action. Classes of chemotherapeutic
agents include, but are not limited to: alkylating agents, antimetabolites,
spindle poison plant alkaloids,cytotoxic/antitumor antibiotics,
topoisomerase inhibitors, antibodies, photosensitizers, and 



kinase inhibitors. Chemotherapeutic agents include compounds used in
"targeted therapy" and conventional chemotherapy. Examples of
chemotherapeutic agents include: erlotinib (TARCEVA(r), Genentech/OSI
Pharm.), docetaxel (TAXOTERE(r), Sanofi-Aventis), 5-FU (fluorouracil,
5-fluorouracil, CAS No. 51-21-8), gemcitabine (GEMZAR(r), Lilly), PD-
0325901 (CAS No. 391210-10-9, Pfizer), cisplatin (cis-diamine,
dichloroplatinum(II), CAS No. 15663-27-1), carboplatin (CAS No.
41575-94-4), paclitaxel (TAXOL(r), Bristol-Myers Squibb Oncology,
Princeton, N.J.), trastuzumab (HERCEPTIN(r), Genentech), temozolomide
(4-methyl-5-oxo- 2,3,4,6,8-pentazabicyclo [4.3.0] nona-2,7,9-triene-
9-carboxamide, CAS No. 85622-93-1, TEMODAR(r), TEMODAL(r), Schering
Plough), tamoxifen ((Z)-2-[4-(l,2- diphenylbut-
1-enyl)phenoxy]-N,N-dimethylethanamine, NOLVADEX(r), ISTUBAL(r),
VALODEX(r)), and doxorubicin (ADRIAMYCIN(r)), Akti-1/2, HPPD, and
rapamycin. [0003] More examples of chemotherapeutic agents include:
oxaliplatin (ELOXATIN(r), Sanofi), bortezomib (VELCADE(r), Millennium
Pharm.), sutent (SUNITINIB(r), SUl 1248, Pfizer), letrozole (FEMARA(r),
Novartis), imatinib mesylate (GLEEVEC(r), Novartis), XL- 518 (Mek
inhibitor, Exelixis, WO 2007/044515), ARRY-886 (Mek inhibitor, AZD6244,
Array BioPharma, Astra Zeneca), SF-1 126 (PI3K inhibitor, Semafore
Pharmaceuticals), BEZ-235 (PI3K inhibitor, Novartis), XL-147 (PI3K
inhibitor, Exelixis), PTK787/ZK 222584 (Novartis), fulvestrant
(FASLODEX(r), AstraZeneca), leucovorin (folinic acid), rapamycin
(sirolimus, RAPAMUNE(r), Wyeth), lapatinib (TYKERB(r), GSK572016, Glaxo
Smith Kline), lonafarnib (SARASAR(tm), SCH 66336, Schering Plough),
sorafenib (NEXAVAR(r), BAY43-9006, Bayer Labs), gefitinib (IRESSA(r),
AstraZeneca), irinotecan (CAMPTOSAR(r), CPT-1 1, Pfizer), tipifarnib
(ZARNESTRA(tm), Johnson & Johnson), ABRAXANE(tm) (Cremophor-free),
albumin-engineered nanoparticle formulations of paclitaxel (American
Pharmaceutical Partners, Schaumberg, II), vandetanib (rINN, ZD6474,
ZACTIMA(r), AstraZeneca), chlorambucil, AG1478, AG1571 (SU 5271; Sugen),
temsirolimus (TORISEL(r), Wyeth), pazopanib (GlaxoSmithKline), canfosfamide
(TELCYTA(r), Telik), thiotepa and cyclosphosphamide (CYTOXAN(r),
NEOSAR(r)); alkyl sulfonates such as busulfan, improsulfan and piposulfan;
aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine,
triethylenemelamine, triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analog topotecan);
bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogs); cryptophycins(particularly cryptophycin 1 and
cryptophycin 8); dolastatin; duocarmycin (including the synthetic analogs,
KW-2189 and CBl-TMl); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
chlorophosphamide, estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosoureas such as
carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
ranimnustine; antibiotics such as the enediyne antibiotics (e.g.,
calicheamicin, calicheamicin gammall, calicheamicin omegall (Angew Chem.
Intl. Ed. Engl. (1994) 33:183-186); dynemicin, dynemicin A;
bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine,
bleomycins, cactinomycin, carabicin, 



carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6- diazo-5-oxo-L-norleucine, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2- pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, nemorubicin,
marcellomycin, mitomycins such as mitomycin C, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU);
folic acid analogs such as denopterin, methotrexate, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6- mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone;
anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elfornithine; elliptinium
acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS Natural Products, Eugene,
OR); razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa;
6-thioguanine; mercaptopurine; methotrexate;platinum analogs such as
cisplatin and carboplatin; vinblastine; etoposide (VP- 16); ifosfamide;
mitoxantrone; vincristine; vinorelbine (NAVELBINE(r)); novantrone;
teniposide; edatrexate; daunomycin; aminopterin; capecitabine (XELODA(r),
Roche); ibandronate; CPT- 11; topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoids such as retinoic acid; and
pharmaceutically acceptable salts, acids and derivatives of any of the
above. [0004] Also included in the definition of "chemotherapeutic agent"
are: (i) antihormonal agents that act to regulate or inhibit hormone action
on tumors such as antiestrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen (including NOLVADEX(r);
tamoxifen citrate), raloxifene, droloxifene, 4- hydroxytamoxifen,
trioxifene, keoxifene, LYl 17018, onapristone, and FARESTON(r) (toremifme
citrate); (ii) aromatase inhibitors that inhibit the enzyme aromatase,
which regulates estrogen production in the adrenal glands, such as, for
example, 4(5)-imidazoles, aminoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie, fadrozole, RIVISOR(r)
(vorozole), FEMARA(r) (letrozole; Novartis), and ARIMIDEX(r) (anastrozole;
AstraZeneca); (iii) anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a
1,3-dioxolane nucleoside cytosine analog); (iv) protein kinase inhibitors
such as MEK inhibitors (WO 2007/044515); (v) lipid kinase inhibitors; (vi)
antisense oligonucleotides, particularly those which inhibit expression of
genes in signaling pathways implicated in aberrant cell proliferation, for
example, PKC-alpha, Raf and H-Ras, such as oblimersen (GENASENSE(r), Genta
Inc.); (vii) 



ribozymes such as VEGF expression inhibitors (e.g., ANGIOZYME(r)) and HER2
expression inhibitors; (viii) vaccines such as gene therapy vaccines, for
example, ALLOVECTIN(r), LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2;
topoisomerase 1 inhibitors such as LURTOTECAN(r); ABARELIX(r) rmRH; (ix)
anti-angiogenic agents such as bevacizumab (AVASTIN(r), Genentech); and
pharmaceutically acceptable salts, acids and derivatives of any of the
above. [0005] Also included in the definition of "chemotherapeutic agent"
are therapeutic antibodies such as alemtuzumab (Campath), bevacizumab
(AVASTIN(r), Genentech); cetuximab (ERBITUX(r), Imclone); panitumumab
(VECTIBIX(r), Amgen), rituximab (RITUXAN(r), Genentech/Biogen Idee),
pertuzumab (OMNITARG(tm), 2C4, Genentech), trastuzumab (HERCEPTIN(r),
Genentech), tositumomab (Bexxar, Corixia), and the antibody drug conjugate,
gemtuzumab ozogamicin (MYLOTARG(r), Wyeth). [0006] Humanized monoclonal
antibodies with therapeutic potential aschemotherapeutic agents in
combination with the PBK inhibitors of the invention include: alemtuzumab,
apolizumab, aselizumab, atlizumab, bapineuzumab, bevacizumab, bivatuzumab
mertansine, cantuzumab mertansine, cedelizumab, certolizumab pegol,
cidfusituzumab, cidtuzumab, daclizumab, eculizumab, efalizumab,
epratuzumab, erlizumab, felvizumab, fontolizumab, gemtuzumab ozogamicin,
inotuzumab ozogamicin, ipilimumab, labetuzumab, lintuzumab, matuzumab,
mepolizumab, motavizumab, motovizumab, natalizumab, nimotuzumab,
nolovizumab, numavizumab, ocrelizumab, omalizumab, palivizumab,
pascolizumab, pecfusituzumab, pectuzumab, pertuzumab, pexelizumab,
ralivizumab, ranibizumab, reslivizumab, reslizumab, resyvizumab,
rovelizumab, ruplizumab, sibrotuzumab, siplizumab, sontuzumab, tacatuzumab
tetraxetan, tadocizumab, talizumab, tefibazumab, tocilizumab, toralizumab,
trastuzumab, tucotuzumab celmoleukin, tucusituzumab, umavizumab,
urtoxazumab, and visilizumab. [0007] A "metabolite" is a product produced
through metabolism in the body of a specified compound or salt thereof.
Metabolites of a compound may be identified using routine techniques known
in the art and their activities determined using tests such as those
described herein. Such products may result for example from the oxidation,
reduction, hydrolysis, amidation, deamidation, esterif cation,
deesterification, enzymatic cleavage, and the like, of the administered
compound. Accordingly, the invention includes metabolites of compounds of
the invention, including compounds produced by a process comprising
contacting a compound of this invention with a mammal for a period of time
sufficient to yield a metabolic product thereof. [0008] The term "package
insert" is used to refer to instructions customarily included in commercial
packages of therapeutic products, that contain information about the
indications, usage, dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic products. [0009] The term
"chiral" refers to molecules which have the property of
nonsuperimposability of the mirror image partner, while the term "achiral"
refers to molecules which are superimposable on their mirror image partner.
[0010] The term "stereoisomers" refers to compounds which have identical
chemical constitution, but differ with regard to the arrangement of the
atoms or groups in space. Stereoisomers include enantiomers and
diastereomers. 



[0011] "Diastereomer" refers to a stereoisomer with two or more centers of
chirality and whose molecules are not mirror images of one another.
Diastereomers have different physical properties, e.g. melting points,
boiling points, spectral properties, and reactivities.Mixtures of
diastereomers may separate under high resolution analytical procedures such
as electrophoresis and chromatography. Diastereomers include geometric
isomers, cis/trans and E/Z isomers, and atropisomers. [0012] "Enantiomers"
refer to two stereoisomers of a compound which are nonsuperimposable mirror
images of one another. [0013] Stereochemical definitions and conventions
used herein generally follow S. P. Parker, Ed., McGraw-Hill Dictionary of
Chemical Terms (1984) McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., "Stereochemistry of Organic Compounds", John Wiley & Sons, Inc.,
New York, 1994. The compounds of the invention may contain asymmetric or
chiral centers, and therefore exist in different stereoisomeric forms. It
is intended that all stereoisomeric forms of the compounds of the
invention, including but not limited to, diastereomers, enantiomers and
atropisomers, as well as mixtures thereof such as racemic mixtures, form
part of the present invention. Many organic compounds exist in optically
active forms, i.e., they have the ability to rotate the plane of plane
-polarized light. In describing an optically active compound, the prefixes
D and L, or R and S, are used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d and 1or (+) and (-) are
employed to designate the sign of rotation of plane-polarized light by the
compound, with (-) or 1 meaning that the compound is levorotatory. A
compound prefixed with (+) or d is dextrorotatory. For a given chemical
structure, these stereoisomers are identical except that they are mirror
images of one another. A specific stereoisomer may also be referred to as
an enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a
racemic mixture or a racemate, which may occur where there has been no
stereoselection or stereospecificity in a chemical reaction or process. The
terms "racemic mixture" and "racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity. [0014] The term
"tautomer" or "tautomeric form" refers to structural isomers of different
energies which are interconvertible via a low energy barrier. For example,
proton tautomers (also known as prototropic tautomers) include
interconversions via migration of a proton, such as keto-enol and
imine-enamine isomerizations. Valence tautomers include interconversions by
reorganization of some of the bonding electrons. [0015] The phrase
"pharmaceutically acceptable salt" as used herein, refers to
pharmaceutically acceptable organic or inorganic salts of a compound of the
invention. Exemplary salts include, but are not limited, to sulfate,
citrate, acetate, oxalate, chloride, bromide, iodide, nitrate, bisulfate,
phosphate, acid phosphate, isonicotinate, lactate, salicylate,acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate, glucuronate, saccharate,
formate, benzoate, glutamate, methanesulfonate "mesylate", ethanesulfonate,
benzenesulfonate, p-toluenesulfonate, and pamoate (i.e., 1,1' -methylene
-bis(2-hydroxy-3 -naphthoate)) salts. A pharmaceutically acceptable salt
may involve the inclusion of another molecule such as an acetate ion, a
succinate ion or other counter ion. The counter ion may be any organic or
inorganic moiety that stabilizes the charge on the parent compound.
Furthermore, a pharmaceutically acceptable salt may have more than one
charged atom in its structure. Instances where 



multiple charged atoms are part of the pharmaceutically acceptable salt can
have multiple counter ions. Hence, a pharmaceutically acceptable salt can
have one or more charged atoms and/or one or more counter ion. [0016] If
the compound of the invention is a base, the desired pharmaceutically
acceptable salt may be prepared by any suitable method available in the
art, for example, treatment of the free base with an inorganic acid, such
as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
methanesulfonic acid, phosphoric acid and the like, or with an organic
acid, such as acetic acid, trifluoroacetic acid, maleic acid, succinic
acid, mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid,
glycolic acid, salicylic acid, a pyranosidyl acid, such as glucuronic acid
or galacturonic acid, an alpha hydroxy acid, such as citric acid or
tartaric acid, an amino acid, such as aspartic acid or glutamic acid, an
aromatic acid, such as benzoic acid or cinnamic acid, a sulfonic acid, such
as p-toluenesulfonic acid or ethanesulfonic acid, or the like. [0017] If
the compound of the invention is an acid, the desired pharmaceutically
acceptable salt may be prepared by any suitable method, for example,
treatment of the free acid with an inorganic or organic base, such as an
amine (primary, secondary or tertiary), an alkali metal hydroxide or
alkaline earth metal hydroxide, or the like. Illustrative examples of
suitable salts include, but are not limited to, organic salts derived from
amino acids, such as glycine and arginine, ammonia, primary, secondary, and
tertiary amines, and cyclic amines, such as piperidine, morpholine and
piperazine, and inorganic salts derived from sodium, calcium, potassium,
magnesium, manganese, iron, copper, zinc, aluminum and lithium. [0018] The
phrase "pharmaceutically acceptable" indicates that the substance or
composition must be compatible chemically and/or toxicologically, with the
other ingredients comprising a formulation, and/or the mammal being treated
therewith. [0019] A "solvate" refers to an association or complex of one or
more solvent molecules and a compound of the invention. Examples of
solvents that form solvatesinclude, but are not limited to, water,
isopropanol, ethanol, methanol, DMSO, ethylacetate, acetic acid, and
ethanolamine. [0020] The terms "compound of this invention," and "compounds
of the present invention" and "compounds of Formula I" include compounds of
Formulas I and stereoisomers, tautomers, solvates, metabolites, and
pharmaceutically acceptable salts and prodrugs thereof. [0021] Any formula
or structure given herein, including Formula I compounds, is also intended
to represent hydrates, solvates, and polymorphs of such compounds, and
mixtures thereof. [0022] Any formula or structure given herein, including
Formula I compounds, is also intended to represent isotopically labeled
forms of the compounds as well as unlabeled forms. Isotopically labeled
compounds have structures depicted by the formulas given herein except that
one or more atoms are replaced by an atom having a selected atomic mass or
mass number. Examples of isotopes that can be incorporated into compounds
of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine, and chlorine, such as, but not limited to 2H
(deuterium, D), 3H (tritium), 11C, 13C, 14C, 15N, 18F, 31P, 32P, 35S, 36Cl,
and 1251. Various isotopically labeled compounds of the present invention,
for example those into which radioactive isotopes such as 3H, 13C, and 14C
are incorporated. 



Such isotopically labelled compounds may be useful in metabolic studies,
reaction kinetic studies, detection or imaging techniques, such as positron
emission tomography (PET) or single-photon emission computed tomography
(SPECT) including drug or substrate tissue distribution assays, or in
radioactive treatment of patients. Deuterium labelled or substituted
therapeutic compounds of the invention may have improved DMPK (drug
metabolism and pharmacokinetics) properties, relating to distribution,
metabolism, and excretion (ADME). Substitution with heavier isotopes such
as deuterium may afford certain therapeutic advantages resulting from
greater metabolic stability, for example increased in vivo half-life or
reduced dosage requirements. An 18F labeled compound may be useful for PET
or SPECT studies. Isotopically labeled compounds of this invention and
prodrugs thereof can generally be prepared by carrying out the procedures
disclosed in the schemes or in the examples and preparations described
below by substituting a readily available isotopically labeled reagent for
a non-isotopically labeled reagent. Further, substitution with heavier
isotopes, particularly deuterium (i.e., 2H or D) may afford certain
therapeutic advantages resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage requirements or an
improvement in therapeutic index. It is understood that deuterium in
thiscontext is regarded as a substituent in the compound of the formula
(I). The concentration of such a heavier isotope, specifically deuterium,
may be defined by an isotopic enrichment factor. In the compounds of this
invention any atom not specifically designated as a particular isotope is
meant to represent any stable isotope of that atom. Unless otherwise
stated, when a position is designated specifically as "H" or "hydrogen",
the position is understood to have hydrogen at its natural abundance
isotopic composition. Accordingly, in the compounds of this invention any
atom specifically designated as a deuterium (D) is meant to represent
deuterium. [0023] FORMULA I COMPOUNDS OF THE INVENTION [0024] Formula I
compounds include compounds selected from Formulas Ia and Ib: Ia Ib [0025]
and stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,
[0026] wherein (i) X1 is N and X2 is S, (ii) X1 is CR7 and X2 is S, (iii)
X1 is N and X2 is NR2, or (iv) X1 is CR7 and X2 is O; [0027] R1 is selected
from [0028] Ci-Ci 2 alkyl, [0029] C2- C8 alkenyl, [0030] C2- C8 alkynyl,
[0031] C6- C20 aryl, [0032] C2- C20 heterocyclyl, [0033] C3-Ci 2
carbocyclyl, [0034] Ci-C 20 heteroaryl, [0035] -(Ci-Ci 2 alkylene)-(C 3-Ci
2 carbocyclyl), [0036] -(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl), [0037]
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl)-(C 2- C20 heterocyclyl), [0038]
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl)-(C 3-Ci 2 carbocyclyl), [0039]
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl)-C(=O)-(C 2- C20 heterocyclyl),
[0040] -(Ci-Ci 2 alkylene)-(Ci-C 20 heteroaryl),[0041] -(Ci-Ci 2
alkylene)-(C 2- C20 heterocyclyl)-(Ci-Ci 2 alkyl), 



[0042] -(Ci-Ci 2 alkylene)-(C 6- C20 aryl)-(Ci-Ci 2 alkyl), [0043] -(Ci-Ci
2 alkylene)-(Ci-C 20 heteroaryl)-(Ci-Ci 2 alkyl), [0044] -(Ci-Ci 2
alkylene)-C(=O)-(C 2- C20 heterocyclyl), [0045] -(Ci-Ci 2 alkylene)-NHR 2'
, [0046] -(Ci-Ci 2 alkylene)-NR 2'-(Ci-Ci 2 alkyl), [0047] -(Ci-Ci 2
alkylene)-NR 2'-(C 3-Ci 2 carbocyclyl), [0048] -(Ci-Ci 2 alkylene)-NR 2'-(C
2- C20 heterocyclyl), [0049] -(Ci-Ci 2 alkylene)-NR 2'-(Ci-C 20
heteroaryl), [0050] -(Ci-Ci 2 alkylene)-NR 2'-(C 6- C20 aryl), [0051]
-(Ci-Ci 2 alkylene)-NR 2'-(Ci-Ci2 alkylene)-(C 3-Ci 2 carbocyclyl), [0052]
-(Ci-Ci 2 alkylene)-NR 2'-(Ci-Ci2 alkylene)-(Ci-C 20 heteroaryl), [0053]
-(Ci-Ci 2 alkylene)-NR 2'-(Ci-Ci2 alkylene)-(Ci-C 20 heterocyclyl), [0054]
-(Ci-Ci 2 alkylene)-NR 2'-(Ci-Ci2 alkylene)-(C 6- C20 aryl), [0055] -(Ci-Ci
2 alkylene)-NR 2'-(Ci-Ci2 alkylene)-NHC(=O)-(Ci-C 20 heteroaryl), [0056]
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl)-N(Ci-Ci 2 alkyl)R2' , [0057]
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl)-(Ci-Ci 2 alkyl)-N(Ci-Ci 2
alkyl)R2' , [0058] -(C 2-Ci 2 alkenylene)-(C 2- C2oheterocyclyl), [0059]
-(Ci-C 20 heteroaryl)-(C 2- C20 heterocyclyl), [0060] -(Ci-C 20
heteroaryl)-(C 3-Ci2 carbocyclyl), [0061] -C(=O)-(C 2- C20 heterocyclyl),
[0062] -C(=O)-(Ci-C 20 heteroaryl), [0063] -C(=O)-(C 2- C20
heterocyclyl)-(C 2- C20 heterocyclyl), [0064] -C(=O)-(C 2- C20
heterocyclyl)-(Ci-C 20 heteroaryl), [0065] -C(=O)-(Ci-Ci2 alkyl), [0066]
-C(=O)-NR 2'-(Ci-Ci 2 alkyl), and [0067] -CR 4=CR5R6 where R4 is selected
from H, F, Cl, Br, I, and Ci-Ci 2 alkyl, and R5 and R6 form C2- C20
heterocyclyl, Ci-C 20 heteroaryl, or C3-Ci 2 carbocyclyl, [0068] where
alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CH 3, -CH 2CH3, -CH 2CH(CH3)2, -CH 2NH2, -CH
2N(CH3)2, -CH 2CH2NH2, -CH2CH2N(CHs)2, -CH 2OH, -CH 2OCH3, -CH 2CH2OH,
-C(CH 3)2OH, -CH 2C(CH3)2OH, - CH(OH)CH(CH3)2, -C(CH 3)2CH2OH, -CH
2CH2SO2CH3, -CN, -CF 3, -CO 2H, -CHO, - COCH3, -CO 2CH3, -CO 2C(CH3)3,
-COCH 2OH, -COC(OH)(CH 3)2, -COCH(OH)CH 3, - CONH2, -CONHCH 3, -CON(CH 3)2,
-CH 2CONH2, -CH 2CON(CH3)2, -C(CH 3)2CONH2, - NO2, -NH 2, -NHCH 3, -N(CH
3)2, -NHCOCH 3, -N(CH 3)COCH3, -NHS(O) 2CH3, - N(CH3)C(CH3)2CONH2, -N(CH
3)CH2CH2S(O)2CH3, =0, -OH, -OCH 3, -S(O) 2N(CH3)2, - SCH3, -CH 2OCH3, -S(O)
2CH3, -C(O)-cyclopropyl, cyclopropyl, cyclobutyl, oxetanyl, and morpholino;
[0069] R2 and R2' are independently selected from H, Ci-Ci 2 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, -(Ci-Ci 2 alkylene)-(C 3-Ci 2 carbocyclyl),
-(Ci-Ci 2 alkylene)-(C 2- C20 heterocyclyl), -(Ci-Ci 2 alkylene)-C(=O)-(C
2- C20 heterocyclyl), -(Ci-Ci 2 alkylene)-(C 6- C20 aryl), and -(Ci-Ci 2
alkylene)-(Ci-C 20 heteroaryl), where alkyl, alkenyl, alkynyl, alkylene,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted
with one or 



more groups independently selected from F, Cl, Br, I, -CH 3, -CH 2OH, -CN,
-CF 3, -CO 2H, -COCH 3, -CO 2CH3, -CONH 2, -CONHCH 3, -CON(CH 3)2, -NO 2,
-NH 2, -NHCH 3, - NHCOCH3, -NHS(O) 2CH3, -OH, -OCH 3, -S(O) 2N(CH3)2, -SCH
3, -CH 2OCH3,and - S(O)2CH3; [0070] R3 is a bicyclic heteroaryl group
selected from:[0071] where the wavy line indicates the site of attachment;
[0072] optionally substituted with one or more groups independently
selected from C1-C12 alkyl, C -Cg alkenyl, C -Cg alkynyl, C3-C12
carbocyclyl, C2- C2Oheterocyclyl, C - C20 aryl, Ci-C 20 heteroaryl, -(Ci-Ci
2 alkylene)-(C 2- C20 heterocyclyl), -NH-(Ci-Ci 2 alkylene)-(C 2- C20
heterocyclyl), -N(Ci-Ci 2 alkyl)-(Ci-Ci 2 alkylene)-(C 2- C20
heterocyclyl), -NH-(C 2- C20 heterocyclyl), -0-(C 2- C20 heterocyclyl),
-NH-(C 3-Ci 2 carbocyclyl), -0-(C 3-Ci 2 carbocyclyl), F, Cl, Br, I, -CN,
-CO 2H, -CONH 2, -CONH(Ci- C12 alkyl), -CON(Ci-Ci 2 alkyl)2, -CO(Ci-Ci 2
alkyl), -NO 2, -NH 2, -NH(Ci-Ci 2 alkyl), - N(Ci-Ci 2 alkyl)2, -NHCO(Ci-Ci
2 alkyl), -NHS(O) 2(Ci-Ci 2 alkyl), -N(Ci-Ci 2 alkyl)S(O)2(Ci-Ci2 alkyl),
-OH, -0(Ci-Ci 2 alkyl), -NHC(=O)NH(Ci-Ci 2 alkyl), -SH, -S(Ci-Ci 2 alkyl),
-S(O)(Ci-Ci 2 alkyl), -S(O) 2(Ci-Ci 2 alkyl), -S(O) 2NH2, - S(O)2NH(Ci-Ci 2
alkyl), and -S(O) 2N(Ci-Ci 2 alkyl)2, where alkyl, alkenyl,
alkynyl,alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are
optionally substituted with one or more groups independently selected from
F, Cl, Br, I,-CN, -CF 3, -CO H, -COCH 3, - CO2CH3, -CONH 2, -CONHCH 3,
-CON(CH 3)2, -NO 2, -NH 2, -NHCH 3, -NHCOCH 3, - NHS(O)2CH3, =0, -OH, -OCH
3, -S(O) 2N(CH3)2, -SH, -SCH 3, -CH 2OCH3,and - S(O)2CH3; [0073] R7 is
selected from H, Ci-C 2 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, -(Ci-Ci 2
alkylene)-(C 3-Ci 2 carbocyclyl), -(Ci-Ci 2 alkylene)-(C 2- C20
heterocyclyl), -(Ci-Ci 2 alkylene)-C(=O)-(C 2- C20 heterocyclyl), -(Ci-Ci 2
alkylene)-(C 6- C20 aryl), and -(Ci-Ci 2 alkylene)-(Ci-C 2oheteroaryl),
where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl,
and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CH 3, -CH 2OH, -CN, -CF 3, -CO
2H, -COCH 3, - CO2CH3, -CONH 2, -CONHCH 3, -CON(CH 3)2, -NO 2, -NH 2, -NHCH
3, -NHCOCH 3, - NHS(O)2CH3, =0, -OH, -OCH 3, -S(O) 2N(CH3)2, -SCH 3, -CH
2OCH3,and -S(O) 2CH3; [0074] mor is a morpholine group or a bicyclic
structure selected from: LLL / LLL / W [0075] optionally substituted with
one or more groups selected from F, Cl, Br, I, - CH3, -CH 2CH3, -CH
2CH2CH3, -CH(CH 3)2, -C(CH 3)3, -CH 2OCH3, -CHF 2, -CN, -CF 3, - CH2OH, -CH
2OCH3, -CH 2CH2OH, -CH 2C(CH3)2OH, -CH(CH 3)OH, -CH(CH 2CH3)OH, -
CH2CH(OH)CH3, -C(CH 3)2OH, -C(CH 3)2OCH3, -CH(CH 3)F, -C(CH 3)F2, -CH(CH
2CH3)F, -C(CH 2CH3)2F, -CO 2H, -CONH 2, -CON(CH 2CH3)2 , -COCH 3, -CON(CH
3)2, -NO 2, -NH 2, -NHCH 3, -N(CH 3)2, -NHCH 2CH3, -NHCH(CH 3)2, -NHCH
2CH2OH, -NHCH 2CH2OCH3, - NHCOCH3, -NHCOCH 2CH3, -NHCOCH 2OH, -NHS(O) 2CH3,
-N(CH 3)S(O)2CH3, =0, - OH, -OCH 3, -OCH 2CH3, -OCH(CH 3)2, -SH,
-NHC(=0)NHCH 3, -NHC(=O)NHCH 2CH3, - S(O)CH3, -S(O)CH 2CH3, -S(O) 2CH3,
-S(O) 2NH2, -S(O) 2NHCH3, -S(O) 2N(CH3)2, - CH2S(O)2CH3; [0076] and wherein
the IC50 binding activity to p i 10 delta is ten or more times lower than
the binding activity to p i 10 alpha; [0077] with the proviso that a
Formula Ib compound wherein (ii) X1 is CR7 and X2 is 



S, R1 is -(Ci-Ci 2 alkylene)-(C 2- C2oheterocyclyl), R3 is optionally
substitutedbenzo[d]imidazol-l-yl, and R7 is H, excludes the C - C O
heterocyclyl of R1 substituted with S(O)2CH3. [0078] Exemplary Formula I
compounds include where mor is an unsubstituted morpholine group, having
the structures Ic and Id: Ic Id [0079] Exemplary Formula I compounds
include thiazolopyrimidines where (i) X1 is N and X2 is S: [0080] Exemplary
Formula I compounds include thienopyrimidines where (ii) X1 is CR7 and X2
is S: [0081] Exemplary Formula I compounds include purines where (iii) X1
is N and X2 is NR2:[0082] Exemplary Formula I compounds include
furanopyrimidines where (iv) X1 is CR7 and X2 is O: [0083] In additional
exemplary embodiments, mor is selected from the structures: [0084] where
the wavy line indicates the attachment to the 4-position of the pyrimidine
ring. [0085] Exemplary embodiments of R1 include the groups:PATENT
APPLICATION MILLING CAP FOR A POLYCRYSTALLINE DIAMOND COMPACT CUTTER
PRIORITY CLAIM This application claims the benefit of United States
Application for Patent No. 12/787,349 filed May 25, 2010, which claims
priority from United States Provisional Patent Application No. 61/182,382
filed May 29, 2009, the disclosures of which are hereby incorporated by
reference. TECHNICAL FIELD The present invention relates generally to earth
boring bits, and more particularly to polycrystalline diamond compact (PDC)
drill bits. The present invention further concerns drill bits which support
both a milling capability and a formation drilling capability. BACKGROUND
The diamond layers of PDC drill bit cutters are extremely wear and abrasion
resistant but can readily suffer chipping when exposed to impact or high
point loading during shipping, handling, and running into the wellbore. The
cutters are also susceptible to diamond graphitization at the cutting tip
due to a chemical reaction with ferrous materials at high frictional
temperatures produced during cutting when ferrous materials are
encountered, such as in the drilling out of casing windows or the drilling
out of casing-associated equipment. Othermaterials, such as tungsten
carbide, or cubic boron nitride (CBN), are better at cutting ferrous
materials but are not as effective at cutting rock that is encountered for
instance after casing or casing-associated components have been drilled
through. For the purposes of this disclosure, "casing-associated component"
is meant to include, but is not limited to, the following: stage cementing
equipment, float shoes, shoe tracks, float collars, float valves, wipers,
activation darts, activation balls, inflatable packers, mechanical packers,
swellable packers, circulation subs, casing shoes, casing bits, reamer
shoes, guide reamers, liner guides, liner bits, motor driven shoes, motor
driven reamers, motor driven bits, disposable or one-trip motors, and
disposable or one-trip turbines. In other words, a "casing-associated
component" is defined as any deployed or installed obstruction within a
well bore casing, or mounted within, at, or outside the end of the casing,
that may be encountered in whole or in part by a drill bit. 



Historically, ferrous materials associated with casing-associated
components were drilled out with a specialty bit or milling tool before the
preferred bit for the formation application was tripped into the hole. The
potential cost savings in trip time of having a bit that could effectively
drill through the casing or casing-associated equipment drove the
development of new combination bits oftentimes referred to as mill drills.
Bits in this area of art are typically called upon to drill between 1 and
35 linear feet of casing or casing-associated components. In the instance
of casing window milling the tools must remove a few lateral inches of
casing wall thickness while drilling down several linear feet. In casing
exit milling, the distance to be drilled through the casing wall is
dependent on the configuration and slope angle of the whipstock that is
used to push the bit into the casing wall. In both cases, the relatively
short amount of drilling of the casing or casing-associated equipment
occurs prior to being called upon to drill hundreds or even several
thousands of feet of formation.Prior art efforts to provide for solutions
to cutter protection and/or casing and casing-associated component milling,
and subsequent formation drilling are set forth below. All references
discussed herein are incorporated by reference. U.S. Patent No. 4,397,361
to Langford describes abradable cutter protection afforded by individual
protrusions projecting from the head portion of the bit more than the
extension of the PDC cutting elements. These protrusions are fabricated of
a metal more readily abraded by the earth formation than any of the cutting
elements. U.S. Patent Nos. 4,995,887 and 5,025,874 to Barr et al describe
PDC cutters which have an additional layer of tungsten carbide bonded to
the face of the diamond layer. This bonding is achieved in a high
temperature, high pressure press. What is described are "cutting elements
in which a further front layer of less hard material, usually again
tungsten carbide, is bonded to the front face of the diamond layer and
extends across at least the major part thereof. Since the less hard
material of the further layer may have better toughness in tension than the
diamond layer, this may enable the cutting element better to resist tensile
stress. ..." The drawbacks of this approach are discussed herein under.
U.S. Patent No. 5,979,571 to Scott et al describes a "Combination Milling
Tool and Drill Bit". In the Scott approach, tungsten carbide inserts are
mounted in an outward row on a blade that extends from the main body of the
drill bit. The outward mounted tungsten carbide inserts attached to the
outward projecting portion of a blade are meant to protect an underlying
row of PDC inserts connected to the same blade. Alternatively, a more
outwardly projecting blade carrying tungsten carbide inserts acts to
protect a less outwardly projecting blade carrying PDC inserts. In either
case, the parent blade material of the combined blade or of the separate
blades will create a bearing area after the tungsten carbide cutters have
worn away. In anotherembodiment, a tungsten carbide layer is pressed in a
high pressure/high temperature press onto the face of the PDC cutters. The
drawbacks of this approach are discussed herein under. In another
embodiment PDC cutters are embedded in the center of a ring of protective
tungsten carbide insert material. In the case where the cutters are
embedded in a ring of tungsten carbide the face of the PDC portion of the
cutters is fully exposed and unprotected from metal debris encountered
during drill out. In addition, as the combined element enters formation and
the tungsten carbide ring begins to wear, bearing areas of tungsten carbide
co-exist with and are adjacent to the PDC diamond layer throughout the life
of the bit. In addition, the surrounding rings of tungsten carbide either
reduce the total number of cutters that can be placed on a blade or overall
bit face, or they reduce the diameter of the PDC diamond layers available
for 



formation cutting. Either of these choices represents compromising
departures from standard PDC bit designs. U.S. Patent No. 5,887,668 to
Haugen et al describes milling bits with a sacrificial nose cone beneath
the bit, a cutting structure intended to mill a window, and in some
embodiments a cutting structure intended to drill ahead in formation. The
bits described by Haugen are purpose built for these operations. U.S.
Patent 6,612,383 to Desai et al describes a dual function drag bit using
PDC cutters faced with a bonded tungsten carbide layer. These cutters are
described as being made in a high temperature/high pressure press. The
drawbacks of this approach are discussed herein under. U.S. Patent No.
7,178,609 to Hart et al describes a Window Mill and Drill Bit that uses
separate blades or cutter sets of primary cutting structure for milling and
secondary blades or cutter sets for formation drilling. In addition, Hart
describes an attachment method wherebythe Mill is attached to a whipstock
boss using a shear bolt that directly attaches to a threaded socket
deployed in a purpose built relief area on the working face of the mill.
U.S. Patent Application Publication No. 2006/0070771 to McClain et al
describes Earth Boring Drill Bits with Casing Component Drill Out
Capability and Methods of Use. Cutting elements aimed at cutting through
wellbore equipment are deployed in separate, more highly exposed sets than
cutters aimed at drilling the formation. U.S. Patent Application
Publication No. 2007/0079995 to McClain et al describes Cutting Elements
Configured for Casing Component Drillout and Earth Boring Drill Bits
Including Same. Figures 7A and 7B of the '995 application show a bonded
cutter wherein the leading superabrasive element is bonded to a backing
abrasive element that protrudes beyond the top of the circular, leading
superabrasive element. U.S. Patent Application Publication No. 2008/0308276
to Scott points out that "One drawback associated with providing two sets
of cutting elements on a drill bit. . .is an inability to provide an
optimum cutting element layout for drilling the formation after penetration
of casing or casing components and surrounding cement. This issue manifests
itself not only in problems with attaining an optimum cutting action, but
also in problems, due to the presence of the required two sets of cutting
elements, with implementing a bit hydraulics scheme effective to clear
formation cuttings using a drilling fluid when any substantial rate of
penetration (ROP) is sought." Scott's solution to the drawback is to
provide the drill bit with cutters configured (via coating, deposition, or
HPHT bonding) with a non-reactive superabrasive material, such as cubic
boron nitride, overlaying or deployed with traditional diamond cutting
material, such as PDC. In other words the solution requires specialized,
non-traditional PDCcutters. The solution cannot be retrofitted into a
standard PDC bit but rather must be substituted for standard PDC cutters.
To broadly summarize, the solutions proposed in the prior art in this area
fall into two categories: 1) Make an additional standalone structure
(including separate sockets, mounting, blades, and or pre-bonded elements)
of overexposed metal (typically tungsten carbide) elements to protect the
primary PDC cutters in an axial direction and/or accomplish the initial
milling task. In these instances the superabrasive elements can be removed
from the bit and a standalone cutting structure will remain. 2) Make
special PDC cutters faced with bonded (typically via HPHT methods) tungsten
carbide or other non-diamond material that can accomplish the milling task
prior to the traditional diamond, typically PDC, coming into play to 



cut the formation. These solutions need to be evaluated in light of the
body of knowledge that exists in the PDC drill bit art. Some key points are
as follows:  It has been demonstrated that even slight rounding of the PDC
cutter edges can reduce rate of penetration in a significant and adverse
manner in many formations.  It has been demonstrated that PDC is superior
to tungsten carbide, and cubic boron nitride (CBN) or other superabrasive
materials for formation drilling.  It has been demonstrated that
inefficient cleaning and cooling of the bit adversely affects penetration
rate and bit life.  It has been demonstrated that non-formation cutting
elements that come in contact with the rock face generate heat and limit
penetration rate by setting up non-cutting load bearing areas of the bit
face. It has been demonstrated that force balanced PDC drill bits last
longer and perform better than non-force balanced PDC drill bits.  It has
been demonstrated that any type of thermal insulation of the cutting tip
can accelerate the wear rate and thermal deterioration of the PDC diamond.
Reference is made to SPE 16699 Sinor and Warren "Drag Bit Wear Model" and
SPEl 1947 Glowka and Stone "Thermal Response of Polycrystalline Diamond
Compact Cutters Under Simulated Downhole Conditions" the disclosures of
which are incorporated by reference in their entirety. It follows that a
layer of tungsten carbide, or any other material with a lower thermal
conductivity than diamond that is pressed onto the face of a PDC diamond
layer, will act as a thermal blanket throughout the life of the outer layer
which in all likelihood will match the useful life of the diamond layer.
It has been demonstrated that the HPHT process of bonding diamond and
tungsten carbide leaves residual stresses at the interface.  It has been
demonstrated that cracking caused by impact, or by residual stresses in the
bonded tungsten carbide can propagate into the diamond layer leading to
macro chipping and failure of the diamond tip.  It is known that backrakes
in the range of 10 to 25 are best for attacking rock formations while
backrakes of 2 to 7 are best for machining metals. It follows that cutters
wherein a planar tungsten carbide layer, or other material has been flatly
pressed against the diamond layer of a PDC cutter will by definition have
the same backrake angle as the underlying cutter. When deployed on a mill
drill tool these cutters will by definition have backrakes that are
non-optimized for either metal machining or rock cutting. It has been
demonstrated that even when a casing shoe bit that is primarily constructed
of non-ferrous material is drilled out the tungsten carbide substrates of
the PDC cutters deployed on the casing shoe bit can damage the PDC cutters
of the bit being used to accomplish the drill out. This can occur even if
an overexposed cutting structure of tungsten carbide is deployed on the
drill out bit because the freed PDC cutters of the casing shoe bit can roll
around underneath the drill out bit and can readily impact and damage the
PDC cutters of the drill out bit by impacting the face of the PDC cutters.
It has been demonstrated that all drill out applications including float
equipment, shoe tracks, casing shoes, casing reamers, casing bits, stage
cementing equipment, one-trip or disposable motors or turbines, or exit
windows may have damaging effects on standard PDC bits. This continues to
be the case even when great efforts are made in design and 



material substitutions to make the equipment more drill out friendly. The
use of aluminum, phenolic, and other material has been helpful in limiting
PDC bit damage but has left open the possibility of damage that can reduce
the performance and useful life of a PDC bit in the drilling of formation
after the drill out has occurred. Evaluating the key points provided above
demonstrates that the solutions of the prior art discussed above all embody
significant design or construction compromises that substantially reduce
the potential performance of the drill bit in the drilling of the
formation, where it is going to spend the vast majority of its life whether
measured in rotating hours or distance drilled. The prior art solutions
require invasive modifications to the bit's design layout or the
substitution of specialty cutters that are by definition non-optimized for
formation cutting. What is needed is a solution that allows for the use of
standard PDC cutters, and formation optimized PDC bit designs without
creating long-lived bearing areas. The solutionshould be capable of readily
being retrofitted onto existing drill bits or drill bit designs and offer
substantial cutter tip and cutter face protection, effective and rapid
milling, and predictable and complete detachment from the bit or the
cutters of the bit early in the course of the post casing/casing-associated
equipment milling and drilling. SUMMARY A cap (such as a tungsten carbide
cap, a tungsten carbide or CBN tipped cap, or a similar fitted cap) made of
a suitable material is capable of being fitted as an integral part of the
existing PDC cutting structure of a standard PDC drill bit. The cap is
mounted to a PDC cutter which comprises a diamond face and underlying
tungsten carbide substrate. The cap may cover, without directly bonding to,
substantially all of the diamond face of the PDC cutter. Alternatively, the
cap may cover, without directly bonding to, more than 50% of the diamond
face of the PDC cutter. Alternatively, the cap may cover, without directly
bonding to, approximately 50% of the diamond face of the PDC cutter.
Alternatively, the cap may cover, without directly bonding to, less than
50% of the diamond face of the PDC cutter. The cap is held in place on the
PDC cutter through a bonding action between the cap and the tugsten carbide
substrate of the PDC cutter. More specifically, a portion of the cap (other
than the portion on the diamond face) is bonded to a portion of, or a
majority of, the tungsten carbide substrate of the installed PDC cutter
that is exposed outside of the drill bit body. The cap may be fitted onto
any PDC cutter which includes a diamond face mounted on a substrate (such
as a tungsten carbide substrate) including a diamond face which is of any
one of the following types: non-leached, shallow leached, deep leached, and
resubstrated fully leached.In an embodiment the caps are made of a high
toughness, low abrasion resistant tungsten carbide material. Such tungsten
carbide material may contain cobalt percentages in the 14-18% range. In an
alternative embodiment the caps are made primarily of steel (or nickel or
titanium, or any other appropriate metal or alloy). In an embodiment, a cap
of this material type may additionally be set with a tungsten carbide or
CBN outer tip. Such a tungsten carbide or CBN outer tip may be brazed to
the metal base cap, or mounted thereto with a fastener (such as a screw
secured through use of a tapped hole on the face of the metal base cap).
Alternatively, the tungsten carbide or CBN outer tip may be hot pressed,
high pressure pressed, LS bonded or otherwise adhered to the base cap
material. In the embodiments where the outer tip is brazed or LS bonded to
the metal base cap a high temperature braze material with a melting point
above 



the melting point of the braze material to be used to mount the PDC cutters
in the bit is recommended. In a preferred embodiment the cap is secured to
the substrate of the PDC cutter of the drill bit using a braze material
with a lower melting point than was used to originally braze the PDC cutter
into the body of the drill bit. For example, if the original brazing of the
PDC cutters was performed using a braze material with a melting point in a
range of 1300 degrees Fahrenheit to 1330 degrees Fahrenheit, then the
protective cap would be brazed to the substrate of the PDC cutter using a
brazing material with a melting point of less than 1250 degrees Fahrenheit.
In an alternative embodiment the caps can be pre-mounted on the PDC cutters
using a high temperature braze material in an LS bonder or through other
brazing methods as isknown in the art. The pre-capped PDC cutters can then
be brazed into a drill bit using known brazing methods and temperatures for
brazing cutters into bits. In a preferred embodiment the caps have faces
that are inclined to produce a lower back rake angle relative to the
milling target than the back rake angle of the underlying, capped PDC
cutters. In an embodiment, the outer face of the cap may be generally
hemispherical in shape. In a preferred embodiment the outer tip of the cap
is offset from the outer tip of the PDC cutter it is protecting even when
cutter back rake is taken into account. The offset comprises both a forward
offset (in a direction perpendicular to the diamond table face) and a
circumferential offset (in a radial direction). The offsets may, for
example, be at least .030". In another embodiment of the invention the
front face of the cap may have a siderake angle that is different than the
siderake of the underlying cutter. In other words the thickness of the
front face portion of the cap may be greater on the outboard side of the
cap that the inboard side of the cap, or vice versa. In yet another
embodiment the front face of the cap is forward offset (in a direction
perpendicular to the diamond table face). However, the cutting tip of the
cap is aligned with, or is positioned rearwardly of, the PDC tip. This
offsetting of the tip of the cap with respect to the front face of the cap
is accomplished through the use of an intervening bevel, ramp, arc, or
step. In all instances the outer tip of the cap is in relatively close
proximity to the cutting tip of the corresponding PDC cutter. This is
advantageous in that when a bit is retrofitted with the caps the underlying
force balance attributes of the bit are minimally affected. During milling
or drill out the bit will benefit from the underlying force balanced
layout. Anotherperceived advantage of this layout is that the effectiveness
of the tip for milling purposes may be enhanced by falling slightly behind
the PDC cutter tip. The outer cap tip will be better positioned to shear
away metal surfaces than plow metal surfaces making for more efficient
machining. In a preferred embodiment the caps or outer tips of the caps
incorporate chip breaker type grooves or depressions on their face to
improve the milling/machining of casing or casing-associated equipment. In
all embodiments the caps are not bonded to the face or periphery of the PDC
diamond layer but rather are bonded to the tungsten carbide substrate of
the PDC cutter. PDC diamond is not wetable with standard braze material. A
key aspect is that the face of the PDC cutter may be protected by a first
portion of the cap without the cap being directly bonded to the 



face. In this implementation a second portion of the cap connected to (for
example, integrally formed with) the first portion is secured to the
tungsten carbide substrate of the PDC cutter by, for example, brazing. In
some embodiments the second portion of the cap is also bonded to the base
of the cutter pocket below the face of the PDC cutter. In some embodiments
shorter substrate PDC cutters are used to increase the bond area of the cap
at the base of the cutter pocket. In some embodiments the pocket base is
configured to increase the bonding area available to the cap at the same
location. In a preferred embodiment the braze material used to braze the
cap to the cutter substrate also adheres to the inner surfaces of the first
portion of the cap that are adjacent to the face and periphery of the PDC
diamond layer. This braze material, while not functioning to secure the
first portion of the cap to the diamond layer face, nonetheless provides a
thincushioning layer to limit the transfer of impact loads to the diamond
layer while the cap is milling casing or casing-associated equipment. In a
preferred embodiment the cap incorporates holes or slots that improve the
flow of braze material to the inner mating faces of the cap during
installation. In a preferred embodiment these same holes or slots are
configured to accelerate the disintegration and shedding of the cap,
especially the first portion, after the milling is completed and as the cap
begins to encounter rock formation. In some embodiments serrations or
grooves are also employed in the configuration of the cap to improve
milling performance and to create predetermined fracture planes to better
allow the cap to disintegrate at the commencement of formation drilling.
Grooves or serrations on the cap also improve cooling and cleaning of the
cap during milling operations. In some embodiments the cap may be deployed
on upreaming or backreaming sections of the drill bit to enhance the
ability of the bit to mill back through milling debris, whipstock
attachment equipment, or pull back through a casing window or drilled
casingassociated equipment. The cap fulfills the criteria set forth in the
preceding background section in that it does not alter the bit design or
selection for the formation to be drilled. It does not alter the underlying
force balancing of the bit. It further leaves little or no bearing surfaces
to reduce penetration rate when drilling the formation. The cap only
minimally acts as a thermal insulator for part of the diamond face and then
only when the cap is still intact. The cap is not bonded to the diamond
face and therefore is not prone to transmit stress cracking into the
diamond face. The cap does not interfere with the overall hydraulic
configuration of the bit and has a minimalaffect on bit hydraulics which
diminishes as the cap deteriorates and is shed during formation drilling.
The cap does not require special PDC cutters, or special non-cylindrical
add on cutter substrates. The cap does not require mixes of diamond with
other superabrasive materials to allow for milling. The cap enables the PDC
bit to get through a milling step without increasing the likelihood of
cutter tip rounding as can be the case with thin layers of tungsten carbide
or other non-diamond material bonded to the face of the PDC cutters. The
cap protects the tip of the PDC cutter from being damaged by freed PDC
cutters, or impregnated segments, or other metallic debris produced during
the drill out of casing-associated equipment. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 shows a side view of a PDC cutter; 



Figures 2-5 illustrate different shapes for the portion of a cap used on
the PDC cutter; Figures 6 and 7 illustrate a chip breaker type groove or
depression formed in the front face of the cap; Figure 8 illustrates an
optional siderake feature for the cap; Figures 9 and 10 show an end view
and a side view, respectively, of an alternative implementation for the
cap; Figures 11 and 12 show an end view and a side view, respectively, of
an alternative implementation for the cap; and Figure 13 shows a drill/mill
bit including cutters with caps. DETAILED DESCRIPTIONReference is now made
to Figure 1 which shows a side view of a PDC cutter 100 installed in a
pocket 102 of a drill/mill bit (like that shown in Figure 13). The PDC
cutter 100 comprises a diamond table layer 104 (or diamond face) and an
underlying substrate 106 which may be made of a tungsten carbide material.
The cutter pocket 102 is formed in a bit body which may be made of tungsten
carbide in a matrix. The diamond table layer 104 may be non-leached,
shallow leached, deep leached, or resubstrated fully leached, as desired.
The configuration of PDC cutters and drill bit bodies with pockets is well
known to those skilled in the art and will not be described in further
detail except as is necessary to understand the present invention. The PDC
cutter 100 is typically secured within the cutter pocket 102 by brazing,
although other methods may be used. The braze material 108 used to secure
the PDC cutter 100 within the pocket 102 typically has a melting point in a
range of 1300 degrees Fahrenheit to 1330 degrees Fahrenheit. The thickness
of the braze material illustrated in Figure 1 is shown overscale in order
to make its location and presence clear. Figure 1 further shows a cap 110
which has been installed on the PDC cutter 100. It will be understood that
the cap 110 can, in a first implementation, be installed on the PDC cutter
100 after the PDC cutter has been secured to the cutter pocket 102 of the
bit body. Alternatively, in a second implementation, the cap 110 is
installed on the PDC cutter 100 before securing the combined cutter-cap
assembly to the cutter pocket 102 of the bit body. Thus, the first
implementation represents, for example, a retrofitting of a manufactured
PDC drill bit to include a cap on desired ones of the included PDC cutters.
Conversely, the second implementation represents, for example, the
fabrication of a new PDC drill bit to include a capped PDC cutter at
selected locations.Figure 1 specifically illustrates the use of a tungsten
carbide cap (i.e., a cap made from tungsten carbide material). The material
for the cap 110 may comprise a high toughness, low abrasion resistant
tungsten carbide material, for example, a tungsten carbide material
containing cobalt percentages in the 14-18% range. The cap 110 may have any
desired shape, and several different shapes and configurations are
discussed herein. Alternatively, as will be discussed in more detail
herein, the cap 110 may alternatively be made of a metal (or metal alloy)
material. Still further, that metal/metal alloy cap 110 may include a
tungsten carbide or CBN tip. The cap 110 may alternatively be made of
another suitable material of choice (nonlimiting examples of materials for
the cap include: steel, titanium, nickel and molybdenum). The cap 110 is
held in place on the PDC cutter 100 through a bonding action between the
cap and the substrate 106 of the PDC cutter. More specifically, a portion
of the cap 110 is bonded to a portion of, or a majority of, the substrate
106 of the installed PDC cutter that 



is exposed outside of the drill bit body (i.e., outside of the cutter
pocket 102). The cap 110 is attached to the PDC cutter 100, in one
implementation, using brazing to the substrate (a tungsten carbide
substrate, for example). The braze material 108 used to secure the cap to
at least the substrate of the PDC cutter typically has a melting point of
less than 1250 degrees Fahrenheit (and is thus less than the melting point
range of 1300 degrees Fahrenheit to 1330 degrees Fahrenheit for the brazing
material used to secure the PDC cutter within the cutter pocket). This
allows the cap 110 to be brazed to an already installed cutter without
risking loosening the installed cutter from the pocket 102 during cap
installation. The thickness of the braze material illustrated in Figure 1
is shown over-scale in order to make its location and presence clear.
Preferably, the cap 110 is not brazed (i.e., is not attached) to the
diamond table layer 104 of the PDC cutter 100. Rather, a first portion of
the cap 110 over the front face of thediamond table layer 104 of the PDC
cutter simply rests adjacent to that face, while a second portion of the
cap over the substrate 106 is secured to that substrate by bonding. In this
context, it is recognized that PDC diamond is not wetable with standard
braze material. It is important that the diamond table face of the PDC
cutter be protected by the cap without the cap being directly bonded to the
face. The second portion of the cap 110 adjacent the substrate 106 of the
PDC cutter 100, which is brazed and attached to the substrate material, may
further be attached through brazing to the bit body in an area at the back
of the cutter pocket (see, at reference 50). The first portion of the cap
may also be attached through brazing to the cutter pocket (more
specifically, the base of the cutter pocket below the face of the PDC
cutter, see at reference 52). In some embodiments shorter substrate PDC
cutters are used to increase the bond area of the cap at the base of the
cutter pocket. In some embodiments the pocket base is configured to
increase the bonding area available to the cap at the same location. Some
braze material 108 may advantageously be present between the cap 110 and
the front face of the diamond table layer 104 of the PDC cutter 100, but
this material does not serve to secure the cap to the diamond table layer.
In a preferred embodiment, the braze material used to braze the cap to the
cutter substrate also adheres to the inner surfaces of the cap that are
adjacent to the diamond table face and periphery of the PDC diamond layer.
This braze material provides a thin cushioning layer to limit the transfer
of impact loads to the diamond layer while the caps are in use for milling
casing or casing-associated equipment. Once the milling operation is
completed, and the drill bit begins formation drilling, the cap (at least
over the diamond table face) wears or breaks away so as to allow the
diamond table to function as the primary cutting structure. In this way,
the drill bit can be first used for milling (with the cap) and then used
fordrilling (with the diamond table), thus obviating the need to use and
then pull a specialized milling bit from the hole. In an alternative
embodiment the cap 110 can be pre-mounted on the PDC cutter 100 using a
high temperature braze material 108 in an LS bonder or through other
brazing methods as is known in the art. The pre-capped PDC cutter can then
be brazed into the cutter pocket 102 of a drill bit using known brazing
methods and temperatures for brazing cutters into bits. With respect to the
shape and configuration of the cap 110, the cap may cover, without directly
bonding to, substantially all of the diamond face 104 of the PDC cutter
100. Alternatively, the cap 110 may cover, without directly bonding to,
more than 50% of the diamond face 104 of the PDC cutter 100. Alternatively,
the cap 11 may cover, without directly bonding to, approximately 50% of the
diamond face 104 of the PDC cutter 100. Alternatively, 



the cap 110 may cover, without directly bonding to, less than 50% of the
diamond face 104 of the PDC cutter 100. Examples of different shapes with
different covering percentages are shown in Figures 2 and 3. Figure 2
illustrates a rectangular shape for the portion of the cap 110 which
overlies the diamond face 104 of the PDC cutter 100. Figure 3 illustrates a
trapezoidal shape for the portion of the cap 110 which overlies the diamond
face 104 of the PDC cutter 100. Figures 2 and 3 are end views looking
towards the diamond face down the longitudinal axis of the PDC cutter.
Again, in Figures 2 and 3 the thickness of the braze material for securing
the PDC cutter within the cutter pocket has been exaggerated for clarity.
Other geometric shapes may be used to provide more or less or different
coverage of the diamond face. See, for example, Figures 4 and 5.Figure 4
illustrates a curved segment (eyebrow) shape for the portion of the cap 110
which overlies the diamond face 104 of the PDC cutter 100. Figure 5
illustrates an oval or elliptical shape for the portion of the cap 110
which overlies the diamond face 104 of the PDC cutter 100. Figures 4 and 5
are end views looking towards the diamond face down the longitudinal axis
of the PDC cutter. Again, in Figures 4 and 5 the thickness of the braze
material for securing the PDC cutter within the cutter pocket has been
exaggerated for clarity. In a preferred embodiment the caps 110 have faces
that are inclined to produce a lower back rake angle relative to the
milling target than the back rake angle of the underlying PDC cutters 100.
This is illustrated in Figures 6 and 7, wherein Figure 6 shows an end view
and Figure 7 shows a side view of the implementation. Although Figure 6
shows yet another different shape for the cap, it will be recognized that
the differently inclined face of the cap (with respect to the diamond
table) as shown in Figure 7 to provide a lower back rake angle is equally
applicable to any desired cap shape including those shown above in Figures
1-5. The angular difference between the diamond table face and the cap
front face may range from a few degrees to ten to twenty degrees. Figures 6
and 7 further illustrate the optional presence of a chip breaker 120 type
groove or depression formed in the front face of the cap 110 near the
cutting end at its outer tip. This structure may improve performance when
milling/machining of casing or casing-associated equipment. In an
alternative embodiment, serrations or grooves may be in the configuration
of the cap to not only improve milling performance but also create
predetermined fracture planes to better allow the caps to disintegrate
following the completion of milling operations and the commencement of
formation drilling. Such grooves or serrations on the caps also improve
cooling and cleaning of the caps during milling operations.Figure 6 further
shows another shape configuration for the cap 110. In this case, the outer
peripheral shape of the cap is a half-ellipse whose major axis is oriented
towards the cutting tip. Alternatively, this half-ellipse shape could
instead comprise a hemispherical shape. A cut out portion 122 is provided
extending in from this half cutoff shape with the cut out portion having
generally the same geometric shape as the outer peripheral shape of the
cap. Although not specifically illustrated in the foregoing Figures 1-7, it
will be understood that the front face of the cap 110 may be formed to
include a siderake angle that is different than the siderake of the
underlying PDC cutter 100. In other words the thickness of the front face
portion of the cap is greater on one side (for example, the outboard side)
of the cap than the other side (for example, the inboard side) of the cap.
This optional siderake feature is illustrated in Figure 8 with the dotted
line 160. 



In a preferred embodiment the caps 110 incorporate holes or slots 130 that
improve the flow of braze material to the inner mating faces of the caps
when they are being installed. In a preferred embodiment these same holes
or slots 130 are configured to accelerate the disintegration and shedding
of the caps after the milling is completed and as the caps begin to
encounter rock formation. This is illustrated in Figure 8 which illustrates
a side view of a cap 110 incorporating the holes/slots 130. Figure 8
provides an enlarged side view of the cap structure. The cap 110 includes
two inner surfaces which are set perpendicular to each other. A first of
those perpendicular inner surfaces 132, associated with a first portion 133
of the cap, is positioned adjacent the diamond table face of the PDC cutter
(not shown in Figure 8). A second of those perpendicular inner surfaces
134, associated with a second portion 135 of the cap, is positioned
adjacent the side of the PDC cutter. A front surface 136 of the cap is set
at an acute angle withrespect to the first perpendicular surface 132 in
order to provide for the desired back rake change in comparison to the back
rake angle of the diamond table face. A side surface 138 of the cap is set
at an acute angle with respect to the second perpendicular surface 134. The
combination of the angled front and side surfaces 136 and 138 provides for
a thickening of the cap towards a tip 140 where the first and second
portions 133 and 135 of the cap 110 meet. In an implementation, the front
and side surfaces 136 and 138 may meet at the tip 140 of the cap 110.
Alternatively, as shown in Figure 8, an additional surface 142, which is
generally parallel to the second perpendicular surface 134, connects the
angled front and side surfaces 136 and 138 at the tip portion of the cap.
The cap is an integrally formed article comprising the first and second
portions interconnected at the tip portion. In a preferred embodiment the
outer tip 140 of the cap is circumferentially forward of the outer tip of
the PDC cutter it is protecting even when cutter back rake is taken into
account. If a line normal to the bit profile is drawn through the cutting
tip of the PDC and a line normal to the bit profile is drawn through the
outer tip of the corresponding cutter cap then in this embodiment the lines
are substantially parallel and the line through the outer tip of the cutter
cap is offset from the line through the PDC cutter tip by a radial distance
of at least .030". Also, in a preferred embodiment the outer tip of the cap
is offset, in a direction normal to the diamond table face, from the cutter
tip of the PDC cutter by a forward distance of at least .030". Embodiments
discussed above emphasize the use of tungsten carbide material for the cap.
In an alternative embodiment, the caps are instead made primarily of steel
(or nickel or titanium, or any other appropriate metal or alloy). Some
milling operations are better performed with a metal, as opposed to a
tungsten carbide, cap. Such a cap could have the shape and configuration as
shown in Figure 8.In an alternative embodiment, a cap 180 made of the
metal/metal alloy material may additionally be set with a tungsten carbide
or CBN outer tip 182. This implementation is illustrated in Figures 9 and
10, wherein Figure 9 shows an end view and Figure 10 shows a side view of
the implementation. Such a tungsten carbide or CBN outer tip 182 may be
brazed to the metal base cap 180 in the tip portion, or mounted thereto
with a fastener (such as a screw secured through use of a tapped hole on
the face of the metal base cap). Alternatively, the tungsten carbide or CBN
outer tip 182 may be hot pressed, high pressure pressed, LS bonded or
otherwise adhered to the base cap 180 material in the tip portion. In the
embodiments where the outer tip is brazed or LS bonded to the metal base
cap a high temperature braze material with a melting point above the
melting point of the braze material to be used to mount the PDC cutters in
the bit 



is recommended. The cap configuration of Figures 9 and 10 may have the same
forward and radial offsets as discussed above with respect to Figure 8.
Reference is now made to Figures 11 and 12. In yet another embodiment the
front face of the cap is offset from the diamond table face (for example,
by a distance of .030") but the outermost tip of the cap is either radially
aligned with the PDC tip or is offset rearwardly from the PDC tip (i.e., it
falls some distance behind the cutting tip of the corresponding PDC cutter
as indicated at reference 190). In either of these instances, the
difference in the location of the outer tip of the cap from the front face
of the tip is accomplished through the use of an intervening bevel, ramp,
arc, or step. In all instances the outer tip of the cap is in relatively
close proximity to the cutting tip of the corresponding PDC cutter than in
any of the non-bonded standalone or augmented substrate cutting structures
of the prior art. This is advantageous in that when a bit is retrofitted
with the caps the underlying force balance attributes of the bit
areminimally affected. During milling or drill out the bit will benefit
from the underlying force balanced layout. Another perceived advantage of
this layout is that the effectiveness of the tip for milling purposes may
be enhanced by falling slightly behind the PDC cutter tip. The outer cap
tip will be better positioned to shear away metal surfaces than plow metal
surfaces making for more efficient machining. In some embodiments the caps
110 may be deployed on upreaming or backreaming sections of the drill bit
to enhance the ability of the bit to mill back through milling debris,
whipstock attachment equipment, or pull back through a casing window or
drilled casingassociated equipment. It will be recognized that existing
bits or bit designs can be readily retrofitted to accept the caps 110. The
caps are robust enough to accomplish the milling tasks asked of them while
being structurally predisposed to accelerated disintegration and shedding
when milling is completed and the bit moved forward for drilling the
formation. Bits retrofitted with the caps can be used to drill out steel
bodied casing shoe bits or casing shoe bits constructed from other
materials extending the casing shoe bit choices of casing drilling
operations. Bits of the current invention can also be used in one trip mill
drill systems where the bit is attached at the top of a whipstock for
running in the hole. The PDC drill bit including caps as described herein
can be advantageously used in combined milling and formation drilling
operations. In accordance therewith, a PDC cutter drill bit having a
plurality a PDC cutters with certain ones of the cutters including a
milling cap attached to the PDC cutter is provided for attachment to a
drill string or other drilling equipment. The milling cap is configured for
milling operations on a casing-associated component located in the hole but
is not optimal for earth formation drilling operations. The drill bit is
rotated and themilling cap on the drill bit used to perform a down hole
milling operation on the casingassociated component. Drilling with the
drill bit continues after milling of the casing-associated component to
drill an underlying earth formation. Importantly, the same drill bit is
being used, and thus there is no need to pull a milling bit from the hole
before resuming formation drilling. The drilling of the earth formation
causes the milling caps on the drill bit to be destroyed and thus reveal
the diamond table surface of the PDC cutter which are then used in engaging
the earth formation. Referring now to Figure 13, there is shown an example
of a PDC drill/mill bit. This drill/mill bit includes a bit body which
includes a plurality of cutter pockets (for example, 



positioned on radially extending blades). Each cutter pocket can support
installation of a PDC cutter of the type described herein which may include
a protective milling cap and thus permit the drill/mill bit to function
initially as a milling tool (using the cap structures) and then as a
drilling tool (using the underlying PDC diamond table after the cap has
broken or worn away). The PDC drill/mill bit of Figure 11 is shown in an
exemplary manner as a full hole tool. It will be understood, however, that
the drill/mill concept described herein using milling caps over PDC cutters
is equally applicable to any downhole tool using PDC cutters. For example,
the drill/mill concept could be used in connection with downhole tools
comprising: bi-center bits, casing shoe bits, PDC reamers, PDC hole
openers, expandable reamers, PDC set stabilizers, PDC set guide shoes and
reaming guide shoes. More generally, the drill/mill concept is applicable
to downhole tools expected to engage or come in contact with any "casing"
or "casing-associated component" as previously described. It will further
be understood that the milling cap may need to be oriented on the PDC
cutter (for example, with respect to installation in the cutter pocket of
downhole tool) insuch a way as to keep the PDC mill/drill bit (i.e., the
downhole tool) from going over gage or over drift diameter (that is the
diameter of the inside of the casing that can be "drifted," or the most
constricted diameter of the inside of the casing). Embodiments of the
invention have been described and illustrated above. The invention is not
limited to the disclosed embodiments.WHAT IS CLAIMED IS: 1. Apparatus,
comprising: a cap structure configured for installation on a PDC cutter
including a diamond table layer and an underlying substrate layer, the cap
structure including a first portion shaped to overlay without being
attached to a front face of the diamond table layer and a second portion
extending perpendicularly from the first portion and shaped to overlay and
be attached to an outer peripheral surface of the underlying substrate
layer. 2. The apparatus of claim 1 further comprising the PDC cutter and a
material for attaching the second portion of the cap structure to the outer
peripheral surface of the PDC cutter. 3. The apparatus of claim 2 wherein
the material for attaching is a brazing material and that brazing material
is also present between the first portion of the cap structure and the
front face of the diamond table layer to provide an intervening cushioning
layer between the first portion of the cap structure and the front face of
the diamond table layer without attaching the first portion of the cap
structure to the front face of the diamond table layer. 4. The apparatus of
claim 2 wherein the material for attaching is a brazing material and
wherein the second portion of the cap structure includes at least one
opening for flowing brazing material for attaching between the second
portion of the cap structure and the outer peripheral surface.5. The
apparatus of claim 1 wherein the cap structure has a front face and wherein
the front face of the cap structure is parallel to a rear face of the first
portion which overlies the diamond table layer. 6 The apparatus of claim 1
wherein the cap structure has a front face and wherein the front face of
the cap structure is not parallel to a rear face of the first portion which
overlies the diamond table layer. 7. The apparatus of claim 6 wherein the
not parallel front face of the cap structure provides for a different back
rake angle than is provided by the front face of the 



diamond table layer. 8. The apparatus of claim 6 wherein the not parallel
front face of the cap structure provides for a different side rake angle
than is provided by the front face of the diamond table layer. 9. The
apparatus of claim 1 wherein the cap structure further includes a cooling
and cleaning structural feature. 10. The apparatus of claim 1 further
comprising the PDC cutter and wherein the cap structure further includes a
structural feature which accelerates disintegration and shedding of at
least the not attached first portion of the cap structure from the PDC
cutter.11. The apparatus of claim 1 further comprising the PDC cutter and
wherein the first portion of the cap structure covers more than about 50%
of the front face of the diamond table layer. 12. The apparatus of claim 1
further comprising the PDC cutter and wherein the first portion of the cap
structure covers less than about 50% of the front face of the diamond table
layer. 13. The apparatus of claim 1 wherein the first portion of the cap
structure has a shape selected from the group consisting of a rectangular
shape, a trapazoidal shape, an oval shape, an elliptical shape, a curved
segment shape, a half-elliptical shape, and a hemispherical shape. 14. The
apparatus of claim 1 wherein the cap structure is made of a tungsten
carbide material. 15. The apparatus of claim 1 wherein the cap structure is
made of a metal/metal alloy material. 16. The apparatus of claim 15 wherein
the cap structure further includes a tungsten carbide outer tip mounted to
the metal/metal alloy cap material.17. The apparatus of claim 15 wherein
the cap structure further includes a CBN outer tip mounted to the
metal/metal alloy cap material. 18. The apparatus of claim 1 wherein the
cap structure further includes an outer tip made of a material different
from the material from which a majority of the cap structure is formed. 19.
The apparatus of claim 18 wherein the outer tip of the different material
is offset rearwardly from a front face of the first portion of the cap
structure. 20. The apparatus of claim 19 wherein the offset places the
outer tip of the different material behind a rear face of the first portion
which overlies the diamond table layer. 21. The apparatus of claim 18
wherein the outer tip of the different material is aligned in same plane
with a front face of the first portion of the cap structure. 22. A method,
comprising: providing a PDC cutter drill bit having a plurality a PDC
cutters with certain ones of the cutters including a milling cap attached
to the PDC cutter, but not a diamond table surface of the PDC cutter,
wherein the milling cap is configured for milling operations but is not
optimal for earth formation drilling operations; using the milling cap on
the drill bit to perform a down hole milling operation; andcontinuing to
drill an earth formation with the same drill bit following completion of
the down hole milling operation, the drilling of the earth formation
causing at least the portion of the milling cap not attached to the diamond
table surface to be destroyed so as to reveal the 



diamond table surface of the PDC cutter for use in engaging the earth
formation. 23. The method of claim 22 further comprising forming structures
in the milling cap which accelerate destruction of the milling cap in
response to drill bit engagement of the earth formation. 24. A drill bit,
comprising: a bit body including a cutter pocket; a PDC cutter having a
diamond table layer and an underlying substrate layer, the PDC cutter being
installed in cutter pocket; and a milling cap structure including a first
portion overlying, but not attached to, a front face of the diamond table
layer and a second portion connected to the first portion, the second
portion being attached to an outer peripheral surface of an underlying
substrate layer. 25. The drill bit of claim 24 wherein a first brazing
material having a first melting point is used to mount the substrate layer
to the cutter pocket and a second brazing material having a second melting
point is used to mount the second portion of the milling cap to the
substrate layer.26. The drill bit of claim 25 wherein the second melting
point is less than the first melting point. 27. The drill bit of claim 24
further comprising a cushioning material between the first portion of the
milling cap and the diamond table layer. 28. The drill bit of claim 27
wherein the cushioning material is a brazing material used to mount the
second portion of the milling cap to the substrate layer. 29. The drill bit
of claim 24 further comprising a structure formed in the milling cap which
accelerates destruction of the milling cap. 30. The drill bit of claim 24
wherein a front face of the milling cap structure presents a different back
rake angle than the front face of the diamond table layer. 31. The drill
bit of claim 24 wherein a front face of the milling cap structure presents
a different side rake angle than the front face of the diamond table layer.


