
TRIAZOLOPYRIDINE JAK INHIBITOR COMPOUNDS AND METHODS FIELD OF THE INVENTION
[0001] Triazolopyridine compounds of Formula I, which are inhibitors of
Janus kinases, for example JAK2 kinase, as well as compositions containing
these compounds and methods of use including, but not limited to, in vitro,
in situ and in vivo diagnosis or treatment of mammalian cells. BACKGROUND
OF INVENTION [0002] Myeloproliferative disorders (MPD) originate in
hematopoietic stem cells and primarily manifest in elevated counts of
mostly normal cells of the myeloid lineage. A primary distinction between
Philadelphia-chromosome positive (Ph+) and Philadelphia-chromosome negative
(Ph-) can be made. Ph+ MPD results in chronic myelogenous leukemia and is
driven by a bcr-abl fusion protein that drives hematopoietic cell
proliferation. Ph- MPD can be further subclassified into three distinct
disorders by related varieties, namely polycythemia vera (PV), essential
thrombocythemia (ET) and idiopathic myelofibrosis (IMF). Dameshek, W.,
Blood 6(4):372-375 (1951). Patients with PV suffer from high counts of red
blood cells, whereas patients with ET have high levies of circulating
platelets. If left untreated, both diseases can result in lifethreatening
thrombotic events. Patients with IMF experience fibrosis of the bone marrow
with subsequent displacement of hematopoiesis into the spleen and liver.
This primarily leads to splenomegaly, which is followed by anemia in later
stages of the disease as hematopoiesis becomes non-productive. These
patients have a poor prognosis, although under cetain conditions they can
be cured by means of an allogeneic bone marrow transplant. There is no
known cure for Ph- MPD diseases. [0003] An activating mutation in the
tyrosine kinase JAK2 is associated with PV, ET, IMF and other diseases.
Virtually all patients with PV and about 50% patients with ET and IMF
harbor this mutation. Morgan, KJ. and Gilliland, D.G., Ann. Rev. Med.
59:213-222 (2008). The mutation is an exchange from valine to phenylalanine
at position 617 in the mature human JAK2 protein (V617F).Additional
mutations in JAK2, commonly found in exon 12 and referred to as exon 12
mutations, also have an activating effect and can lead to MPD. Furthermore,
a T875N mutation was associated with megakaryoblastic leukemia. Finally,
JAK2 fusion proteins have been identified in acute leukemias. [0004] The
V617F mutation functions to activate JAK2, which leads to MPD. In
non-mutated form, JAK2 is linked to cytokine receptors (i.e. EPO-R, TPO-R
and others) and only gets activated if the receptor itself is activated by
stimulation with the cognate cytokine ligand. Hematopoiesis as a whole is
then regulated through the availability of ligands. For example, the
cytokine erythropoietin (EPO) stimulates hematopoietic progenitor cells to
give rise to red blood cells. A mutation that uncouples JAK2 activation
from EPO, therefore, leads to elevated levels of red blood cells. By
analogy, thrombopoietin (TPO) regulates platelet growth by binding to the
TPO-R, which in turn also signals through JAK2. Thus, elevated levels of
platelets can also result from aberrant JAK2 activation. [0005] Compounds
are needed that inhibit JAK2, which would be beneficial to patients with
JAK2 driven myeloproliferative disorders, as well as, other diseases that
are responsive to the inhibition of JAK2. Such diseases include both
diseases in which JAK2 is activated by mutation or amplification, as well
as, diseases in which JAK2 activation is a part of the oncogenic cascade.
Numerous tumor cell lines and tumor samples have high levels of
phospho-STAT3, which is a JAK2 target gene. [0006] JAKl was initially
identified in a screen for novel kinases (Wilks A.F., 1989, Proc. Natl.
Acad. Sci. U.S.A. 86:1603-1607). Genetic and biochemical studies have shown
that JAKl is functionally and physically associated with the type I
interferon (e.g., IFNalpha), type II interferon (e.g., IFNgamma), IL-2 and
IL-6 cytokine receptor complexes (Kisseleva et al., 2002, gene 285:1-24;
Levy et al, 2005, Nat. Rev. MoI. Cell Biol. 3:651-662; O' Shea et al.,
2002, Cell, 109 (suppl.): S121-S131). JAKl knockout mice die perinatally
due to defects in LIF receptor signaling (Kisseleva et al., 2002, gene
285:1-24; O'Shea et al., 2002, Cell, 109 (suppl.): S121-S131).
Characterization of tissues derived from JAKl knockout mice demonstrated
critical roles for this kinase in the IFN, IL-10, IL2/IL-4, and IL-6
pathways. A humanized monoclonal antibody targeting the IL-6 pathway
(Tocilizumab) was recently approved by the European Commission for the
treatment of moderate-to-severe rheumatoid arthritis (Scheinecker et al.,
2009, Nat. Rev. Drug Discov. 8:273-274). [0007] JAK3 associates exclusively
with the gamma common cytokine receptor chain, which is present in the
IL-2, IL-4, IL-7, IL-9, IL-1 5 and IL-21 cytokine receptor complexes. JAK3
is critical for lymphoid cell development and proliferation and mutations
in JAK3 result in severe combined immunodeficiency (SCID) (O' Shea et al.,
2002, Cell, 109 (suppl): S121-S131). Based on its role in regulating
lymphocytes, JAK3 and JAK3-mediated pathways have been targeted for
immunosuppressive indications (e.g., transplantation rejection and
rheumatoid arthritis) (Baslund et al., 2005, Arthritis & Rheumatism
52:2686-2692; Changelian et al., 2003, Science 302: 875-878). [0008] TYK2
associates with the type I interferon (e.g., IFNalpha), IL-6, IL- 10, IL-12
and IL-23 cytokine receptor complexes (Kisseleva et al., 2002, gene
285:1-24; Watford, W.T. & O'Shea, J.J., 2006, Immunity 25:695-697).
Consistent with this, primary cells derived from a TYK2 deficient human are
defective in type I interferon, IL-6, IL-10, IL-12 and IL-23 signaling. A
fully human monoclonal antibody targeting the shared p40 subunit of the
IL-12 and II- 23 cytokines (Ustekinumab) was recently approved by the
European Commission for the treatment of moderate-to-severe plaque
psoriasis (Krueger et al., 2007, N. Engl. J. Med. 356:580-92; Reich et al.,
2009, Nat. Rev. Drug Discov. 8:355-356). In addition, an antibody targeting
the IL-12 and IL-23 pathways underwent clinical trials for treating Crohn's
Disease (Mannon et al., 2004, N. Engl. J. Med. 351:2069-79). SUMMARY OF
INVENTION [0009] One embodiment includes a compound of Formula I :I
enantiomers, diasteriomers, tautomers or pharmaceutically acceptable salts
thereof, wherein R1, R2,R3, R4 and R5 are defined herein. [0010] Another
embodiment includes a pharmaceutical composition that includes a compound
of Formula I and a pharmaceutically acceptable carrier, 



adjuvant or vehicle. [0011] Another embodiment includes a method of
treating or lessening the severity of a disease or condition responsive to
the inhibition of one or more Janus kinase activity, selected from JAKl,
JAK2, JAK3 and TYK2, in a patient. The method includes administering to the
patient a therapeutically effective amount of a compound of Formula I .
[0012] Another embodiment includes a method of treating or lessening the
severity of a disease or condition responsive to the inhibition of JAK2
kinase activity in a patient. The method includes administering to the
patient a therapeutically effective amount of a compound of Formula I .
[0013] Another embodiment includes a kit for treating a disease or disorder
responsive to the inhibition of a JAK kinase. The kit includes a first
pharmaceutical composition comprising a compound of Formula I and
instructions for use DETAILED DESCRIPTION OF THE INVENTION [0014] Reference
will now be made in detail to certain embodiments, examples of which are
illustrated in the accompanying structures and formulas. While the
invention will be described in conjunction with the enumeratedembodiments,
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. 5] The term
"alkyl" refers to a saturated linear or branched-chain monovalent
hydrocarbon radical, wherein the alkyl radical may be optionally
substituted independently with one or more substituents described herein.
In one example, the alkyl radical is one to eighteen carbon atoms (C1-C ) .
In other examples, the alkyl radical is C -C6, C0-Cs, C0-C3, Ci-Ci 2,
C1-C1O, Ci-C8, Ci-C , Ci-C5, C1-C4, or Ci-C . Examples of alkyl groups
include Ci-C 8 hydrocarbon moieties such as methyl (Me, -CH3), ethyl (Et,
-CH2CH3), 1-propyl (n-Pr, npropyl, -CH2CH2CH3), 2-propyl (i-Pr, i-propyl,
-CH(CH3)2), 1-butyl (n-Bu, nbutyl, -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(CHs)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 (- CH2CH2CH2CH2CH2CH3), 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(CH3)2), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2), 3,3-
dimethyl-2-butyl (-CH(CH3)C(CH3)3, 1-heptyl and 1-octyl.[0016] The term
"alkenyl" refers to linear or branched-chain monovalent hydrocarbon radical
with at least one site of unsaturation, i.e., a carbon-carbon 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. In one example, the alkenyl radical is two to eighteen carbon
atoms (C2-Ci8) . I other examples, the alkenyl radical is C2-Ci2, C2-Ci0
C2-C , C2-C6 or C2-C3. Examples include, but are not limited to, ethenyl or
vinyl (-CH=CH2), prop-1-enyl (-CH=CHCH3), prop-2-enyl (-CH2CH=CH2),
2-methylprop-l-enyl, but-1-enyl, but-2-enyl, but-3-enyl, buta-l,3-dienyl,
2-methylbuta-l,3-diene, hex- 1-enyl, hex-2-enyl, hex-3-enyl, hex-4-enyl,
hexa-l,3-dienyl. [0017] The term "alkynyl" refers to a linear or branched
monovalent hydrocarbon radical with at least one site of unsaturation,
i.e., a carbon-carbon, triple bond, wherein the alkynyl radical may be
optionally substituted independently with one or more substituents
described herein. In one example, the alkynyl radical is two to eighteen
carbon atoms (C2-Ci8) . In other examples, the alkynyl radical is C2-Ci2,
C2-Ci , C2-C8, C2-C6 or C2-C3. Examples include, but are not limited to,
ethynyl (-CCH), prop-1-ynyl (-CCCH3), prop-2-ynyl (propargyl, -CH2CCH),
but-1-ynyl, but-2-ynyl and but-3-ynyl. [0018] "Cycloalkyl" refers to a
non-aromatic, saturated or partially unsaturated hydrocarbon ring group
wherein the cycloalkyl group may be optionally substituted independently
with one or more substituents described herein. In one example, the
cycloalkyl group is 3 to 12 carbon atoms (C3-Ci2) . In other examples,
cycloalkyl is C3-Ci0 o C5-Ci0. In other examples, the cycloalkyl group, as
a monocycle, is C3-C6 or C5-C6. In another example, the cycloalkyl group,
as a bicycle, is C7-C]2. Examples of monocyclic cycloalkyl include
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-l-enyl,
1-cyclopent-2-enyl, 1- cyclopent-3-enyl, cyclohexyl, 1-cyclohex-l-enyl,
1-cyclohex-2-enyl, 1-cyclohex- 3-enyl, cyclohexadienyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, and cyclododecyl.
Exemplary arrangements of bicyclic cycloalkyls having 7 to 12 ring atoms
include, but are not limited to, [4,4], [4,5], [5,5], [5,6] or[6,6] ring
systems. Exemplary bridged bicyclic cycloalkyls include, but are not
limited to, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, and
bicyclo[3.2.2]nonane. [0019] "Aryl" refers to a cyclic aromatic hydrocarbon
group optionally substituted independently with one or more substituents
described herein. In one example, the aryl group is 6-20 carbon atoms
(C6-C2o). In another example, the aryl group is C6-C . In another example,
the aryl group is a C6 aryl group. Aryl groups may be represented in the
exemplary structures as "Ar". Aryl includes a bicyclic group comprising an
aromatic ring with a fused non-aromatic or partially saturated ring.
Example aryl groups include, but are not limited to, phenyl, naphthalenyl,
anthracenyl, indenyl, indanyl, 1,2-dihydronapthalenyl, 1,2,3,4-
tetrahydronapthyl, and the like. [0020] "Halo" refers to F, Cl, Br or I.
[0021] "Heterocyclyl" refers to a saturated or a partially unsaturated
(i.e., 



having one or more double and/or triple bonds within the ring) cyclic group
in which at least one ring atom is a heteroatom independently selected from
nitrogen, oxygen, phosphorus and sulfur, the remaining ring atoms being
carbon. The heterocyclyl group may be optionally substituted with one or
more substituents described below. In one embodiment, heterocyclyl includes
monocycles or bicycles having 1 to 9 carbon ring members (Ci-C9) . In other
examples, heterocyclyl includes monocycles or bicycles having Ci-C , C -C5
or C4-C5. Examples of bicycle systems include, but are not limited to,
[3,5], [4,5], [5,5], [3,6], [4,6], [5,6], or [6,6] systems. In another
embodiment, heterocyclyl includes bridged ring systems having [2.2.1],
[2.2.2], [3.2.2] and [4.1.0] arrangements, and having 1 to 3 heteroatoms
selected from N, O, S and P. In another embodiment, heterocyclyl includes
spiro groups having 1 to 3 heteroatoms selected from N, O, S and P. The
heterocyclyl group may be a carbon-linked group or heteroatomlinked group.
"Heterocyclyl" includes a heterocyclyl group fused to a cycloalkyl group.
[0022] Exemplary heterocyclyl groups include, but are not limited to,
oxiranyl, aziridinyl, thiiranyl, azetidinyl, oxetanyl, thietanyl,
1,2-dithietanyl, 1,3- dithietanyl, pyrrolidinyl, piperidinyl, morpholinyl,
thiomorpholinyl, thioxanyl,piperazinyl, homopiperazinyl, homopiperidinyl,
oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, dihydrothienyl,
dihydropyranyl, dihydrofuranyl, tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrahydrothiopyranyl, 1- pyrrolinyl, 2-pyrrolinyl,
3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl and azabicyclo[2.2.2]hexanyl. Examples of a
heterocyclyl group wherein a ring atom is substituted with oxo (=0) are
indolinonyl, pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. The heterocyclyl
groups herein are optionally substituted independently with one or more
substituents described herein. 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. 3] The term "heteroaryl" refers to an
aromatic carbocyclic radical in which at least one ring atom is a
heteroatom independently selected from nitrogen, oxygen and sulfur, the
remaining ring atoms being carbon. Heteroaryl groups may be optionally
substituted with one or more substituents described herein. In one example,
the heteroaryl group contains 1 to 9 carbon ring atoms (C -C ). In other
examples, the heteroaryl group is C1-C , C3-C5 or C5-C10 . In one
embodiment, exemplary heteroaryl groups include monocyclic aromatic 5-, 6-
and 7-membered rings containing one or more heteroatoms independently
selected from nitrogen, oxygen, and sulfur. In another embodiment,
exemplary heteroaryl groups include fused ring systems of 8 to 20 atoms
wherein at least one aromatic ring contains one or more heteroatoms
independently selected from nitrogen, oxygen, and sulfur. "Heteroaryl"
includes heteroaryl groups fused with an aryl, cycloalkyl or heterocyclyl
group. Examples of heteroaryl groups include, but are not limited to,
pyridinyl, imidazolyl, imidazopyridinyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl,cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, triazolyl,
thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
and furopyridinyl. [0024] In certain embodiments, the heterocyclyl or
heteroaryl group is Cattached. By way of example and not limitation, carbon
bonded heterocyclyls include bonding arrangements 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. (2- pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl,
6-pyridyl). [0025] In certain embodiments, the heterocyclyl or heteroaryl
group is Nattached. By way of example and not limitation, the nitrogen
bonded heterocyclyl or heteroaryl group include bonding arrangements 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, position 2 of a isoindole, or isoindoline,
position 4 of a morpholine, and position 9 of a carbazole, or b- carboline.
[0026] In an embodiment, for Formula I, alkyl, alkenyl and alkynyl are
optionally substituted by 1 to 5 substituents independently selected from
by one or more ORa, NRcRd, oxo and halo, and aryl, heterocyclyl, heteroaryl
and cycloalkyl are optionally substituted by 1 to 5 substituents
independently selected from ORa, oxo, halo, CF3, NRcRd, C1-C4 alkyl and
C(O)(C 1-C4 alkyl), wherein Ra, Rc and Rd are defined below for Formula I .
In another embodiment, for Formula I, alkyl, alkenyl and alkynyl are
optionally substituted by 1 to 3 substituents independently selected from
by one or more ORa, NRcRd, oxo and halo, and aryl, heterocyclyl, heteroaryl
and cycloalkyl are optionally substituted by 1 to 3
substituentsindependently selected from 0 Ra, oxo, halo, CF3, NRcRd, C1-C4
alkyl and C(O)(C1-C4 alkyl), wherein Ra, Rc and Rd are defined below for
Formula I . [0027] In an embodiment, for Formula I, alkyl, alkenyl and
alkynyl are optionally substituted by 1 to 5 substituents independently
selected from oxo and halo, and aryl is optionally substituted by 1 to 5
substituents independently selected from ORa, halo, CF3, NRcRd and C1-C4
alkyl, wherein Ra, Rc and Rd are defined below for Formula I. In another
embodiment, for Formula I, alkyl, alkenyl and alkynyl are optionally
substituted by 1 to 3 substituents independently selected from oxo and
halo, and aryl is optionally substituted by 1 to 3 substituents
independently selected from ORa, halo, CF3, NRcRd and Ci-C4 alkyl, wherein
Ra, Rc and Rd are defined below for Formula I. [0028] In an embodiment, for
Formula I, alkyl, aryl and cycloalkyl are 



optionally substituted by 1 to 5 substituents independently selected from
Ci-C4 alkyl, (C0-C3 alkyl)ORc, oxo, halo, NRcRd and C4-C5 heterocyclyl,
wherein Rc and Rd are defined below for Formula I . In another embodiment,
for Formula I, alkyl, aryl and cycloalkyl are optionally substituted by 1
to 3 substituents independently selected from Ci-C4 alkyl, (C0-C3
alkyl)ORc, oxo, halo, NRcRd and C4-C5 heterocyclyl, wherein Rc and Rd are
defined below for Formula I. [0029] In an embodiment, for Formula I, alkyl,
cycloalkyl and phenyl are optionally substituted by 1 to 5 substituents
independently selected from halo, CH3 OH, NH2, C(O)O(Ci-C 6 alkyl) and
C(O)NH(Ci-C 6 alkyl). In another embodiment, for Formula I, alkyl,
cycloalkyl and phenyl are optionally substituted by 1 to 3 substituents
independently selected from halo, CH3 OH, NH2, C(O)O(Ci-C 6 alkyl) and
C(O)NH(Ci-C 6 alkyl). [0030] "Treat" and "treatment" includes 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
diseasestate, 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, (for example, through a genetic
mutation) or those in which the condition or disorder is to be prevented.
[0031] 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, for
example, be measured by assessing the time to disease progression (TTP)
and/or determining the response rate (RR). [0032] The term
"bioavailability" refers to the systemic availability (i.e., blood/plasma
levels) of a given amount of drug administered to a patient.
Bioavailability is an absolute term that indicates measurement of both the
time (rate) and total amount (extent) of drug that reaches the general
circulation from an administered dosage form. [0033] The terms "cancer" and
"cancerous" refer to or describe the physiological condition in mammals
that is typically characterized by unregulated cell growth. A "tumor"
comprises one or more cancerous cells. Examples of cancer include, but are
not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia or
lymphoid malignancies. More particular examples of suchcancers 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. 4] A "chemotherapeutic
agent" is a chemical compound useful in the treatment of cancer. Examples
of chemotherapeutic agents include Erlotinib (TARCEVA(r), Genentech,
Inc./OSI Pharm.), Trastuzumab (HERCEPTIN(r), Genentech, Inc.); bevacizumab
(AVASTIN(r), Genentech, Inc.); Rituximab (RITUXAN(r), Genentech,
Inc./Biogen Idee, Inc.), Bortezomib (VELCADE(r), Millennium Pharm.),
Fulvestrant (FASLODEX (r), AstraZeneca), Sutent (SUl 1248, Pfizer),
Letrozole (FEMARA (r), Novartis), Imatinib mesylate (GLEEVEC(r), Novartis),
PTK787/ZK 222584 (Novartis), Oxaliplatin (Eloxatin(r), Sanofi), 5-FU
(5-fluorouracil), Leucovorin, Rapamycin (Sirolimus, RAPAMUNE (r), Wyeth),
Lapatinib (GSK572016, Glaxo Smith Kline), Lonafarnib (SCH 66536), Sorafenib
(BAY43-9006, Bayer Labs), and Gefitinib (IRESSA(r), AstraZeneca), AG1478,
AGl 571 (SU 5271; Sugen), alkylating agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and
uredopa; ethylenimines and methylamelamines including altretamine,
triethylenemelamine, triethylenephosphoramide, 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 suchas chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the enediyne antibiotics
(e.g., calicheamicin, especially calicheamicin gammall and calicheamicin
omegall (Angew Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as clodronate; an esperamicin;
as well as neocarzinostatin chromophore and related chromoprotein enediyne
antibiotic chromophores), aclacinomysins, actinomycin, authramycin,
azaserine, bleomycins, cactinomycin, carabicin, carminomycin,
carzinophilin, chromomycinis, dactinomycin, 



daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r)
(doxorubicin), morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-
pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic
acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin; anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogs such as denopterin, methotrexate,
pteropterin, trimetrexate; purine analogs such as fludarabine,
6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; 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; taxoids, e.g., TAXOL(r) (paclitaxel;
Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE (r)
(Cremophor-free), albumin-engineered nanoparticle formulations of
paclitaxel (American Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE (r) (doxetaxel; Rhdne-Poulenc Rorer, Antony, France);
chloranbucil; GEMZAR (r) (gemcitabine); 6-thioguanine; mercaptopurine;
methotrexate; platinum analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP- 16); ifosfamide; mitoxantrone; vincristine;
NAVELB INE(r) (vinorelbine); novantrone; teniposide; edatrexate;
daunomycin; aminopterin; xeloda; ibandronate; CPT-I l ; topoisomerase
inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically acceptable salts, acids
and derivatives of any of the above. 5] 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) (toremifne citrate); (ii) aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production in the adrenal
glands, such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE(r)
(megestrol acetate), AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RIVISOR(r) (vorozole), FEMARA(r) (letrozole; Novartis), and
ARIMIDEX(r) (anastrozole; AstraZeneca); (iii) anti-androgens such as
fiutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); (iv) protein
kinase inhibitors; (v) lipid kinase inhibitors; (vi) antisense
oligonucleotides, particularly those which inhibit expression of genes in
signaling pathways implicated in aberrant cell proliferation, such as, for
example, PKC-alpha, RaIf and H-Ras; (vii) ribozymes such as VEGF inhibitors
(e.g., ANGIOZYME(r)) and (viii) vaccines such as gene therapy vaccines, for
example, ALLOVECTIN(r), LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2; a
topoisomerase 1 inhibitor such asLURTOTECAN(r); ABARELIX(r) rmRH; (ix)
anti-angiogenic agents; and (x) pharmaceutically acceptable salts, acids
and derivatives of any of the above. [0036] Humanized monoclonal antibodies
with therapeutic potential as agents in combination with the Janus kinase
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, ustekinumab, visilizumab,
adalimumab, etanercept, infliximab and the antiinterleukin- 12
(ABT-874/J695, Wyeth Research and Abbott Laboratories) which is a
recombinant exclusively human-sequence, full-length IgGi l antibody
genetically modified to recognize interleukin-12 p40 protein. [0037] The
term "prodrug" as used in this application refers to a precursor or
derivative form of a pharmaceutically active substance that is less
efficacious to the patient or cytotoxic to tumor cells compared to the
parent drug and is capable of being enzymatically or hydrolytically
activated or converted into the more active parent form. See, e.g., Wilman,
"Prodrugs in Cancer Chemotherapy" Biochemical Society Transactions, 14, pp.
375-382, 615th Meeting Belfast (1986) and Stella et al., "Prodrugs: A
Chemical Approach to Targeted Drug Delivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press (1985). The prodrugs of
this invention include, but are not limited to, phosphatecontaining
prodrugs, thiophosphate-containing prodrugs, sulfate-containing prodrugs,
peptide-containing prodrugs, D-amino acid-modified prodrugs, glycosylated
prodrugs, b-lactam-containing prodrugs, optionally
substitutedphenoxyacetamide-containing prodrugs or optionally substituted
phenylacetamide-containing prodrugs, 5-fluorocytosine and other
5-fluorouridine prodrugs which can be converted into the more active
cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized
into a prodrug form for use in this invention include, but are not limited
to, those chemotherapeutic agents described above. [0038] A "liposome" is a
small vesicle composed of various types of lipids, 



phospholipids and/or surfactant which is useful for delivery of a drug
(such as a compound of Formula I and, optionally, a chemotherapeutic agent)
to a mammal. The components of the liposome are commonly arranged in a
bilayer formation, similar to the lipid arrangement of biological
membranes. [0039] 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. [0040] 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. [0041] 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. [0042] "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. [0043] "Enantiomers" refer to two
stereoisomers of a compound which are non-superimposable mirror images of
one another.[0044] 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. 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. [0045] The phrase "pharmaceutically
acceptable salt," as used herein, refers to pharmaceutically acceptable
organic or inorganic salts of a compound of Formula I. Exemplary salts
include, but are not limited, to sulfate, citrate, acetate, oxalate,
chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucuronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate,
;?-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 thepharmaceutically 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. [0046] A "solvate"
refers to an association or complex of one or more solvent molecules and a
compound of Formula I . Examples of solvents that form solvates include,
but are not limited to, water, isopropanol, ethanol, methanol, DMSO, ethyl
acetate, acetic acid, and ethanolamine. The term "hydrate" refers to the
complex where the solvent molecule is water. [0047] The term "protecting
group" or "Pg" refers to a substituent that is commonly employed to block
or protect a particular functionality while reacting other functional
groups on the compound. For example, an "amino-protecting group" is a
substituent attached to an amino group that blocks or protects the amino
functionality in the compound. Suitable amino-protecting groups include
acetyl, trifluoroacetyl, phthalimido, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and 9-fluorenylmethylenoxycarbonyl (Fmoc).
Similarly, a "hydroxyprotecting group" refers to a substituent of a hydroxy
group that blocks or protects the hydroxy functionality. Suitable
hydroxy-protecting groups include acetyl, trialkylsilyl,
dialkylphenylsilyl, benzoyl, benzyl, benzyloxymethyl, methyl,
methoxymethyl, triarylmethyl, and tetrahydropyranyl. A "carboxy-protecting
group" refers to a substituent of the carboxy group that blocks or protects
the carboxy functionality. Common carboxy-protecting groups include -
CH2CH2SO2Ph, cyanoethyl, 2-(trimethylsilyl)ethyl, 2-
(trimethylsilyl)ethoxymethyl, 2-(p-toluenesulfonyl)ethyl,
2-(pnitrophenylsulfenyl) ethyl, 2-(diphenylphosphino)-ethyl, nitroethyl and
the like. For a general description of protecting groups and their use, see
T. W. Greene and P. Wuts, Protective Groups in Organic Synthesis, Third
Ed., John Wiley & Sons, New York, 1999; and P. Kocienski, Protecting
Groups, Third Ed., Verlag, 2003. [0048] The term "patient" includes human
patients and animal patients. The term "animal" includes companion animals
(e.g., dogs, cats and horses), foodsource animals, zoo animals, marine
animals, birds and other similar animal species.[0049] 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. [0050] The terms "compound of this invention," and "compounds of
the present invention", and "compounds of Formula I", unless otherwise
indicated, include compounds of Formula I and stereoisomers, tautomers,
solvates, metabolites, salts (e.g., pharmaceutically acceptable salts) and
prodrugs thereof. Unless otherwise 



stated, structures depicted herein are also meant to include compounds that
differ only in the presence of one or more isotopically enriched atoms. For
example, compounds of Formula I, wherein one or more hydrogen atoms are
replaced deuterium or tritium, or one or more carbon atoms are replaced by
a 13C- or 14Cenriched carbon are within the scope of this invention. [0051]
"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. [0052]
"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. [0053]
"Specific defense system" refers to the component of the immune system that
reacts to the presence of specific antigens. Examples of inflammation
resultingfrom 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. [0054] 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. [0055] "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. [0056] "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.[0057]
"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. [0058] 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 (amongother things) as messenger molecules in the
process of inflammation. COX-2 inhibitors include celecoxib, etoricoxib,
lumiracoxib, parecoxib, rofecoxib, rofecoxib, and valdecoxib. [0059] "JAK
kinase," and "Janus kinase" refer to the JAKl, JAK2, JAK3 and TYK2 protein
kinases. TRIAZOLOPYRIDINE JAK INHIBITOR COMPOUNDS [0060] In one embodiment,
a compound of Formula I, and pharmaceutical 



formulations thereof, are provided that are useful in the treatment of
diseases, conditions and/or disorders responsive to the inhibition of JAK
kinases. [0061] Another embodiment includes compounds of Formula I I
enantiomers, diasteriomers, tautomers or pharmaceutically acceptable salts
thereof, wherein: [0062] R1 is H, C(O)ORa, phenyl, C1-C9 heterocyclyl or
Ci-C9 heteroaryl, wherein said phenyl and heteroaryl are optionally
substituted by 1 to 5 R6; [0063] R2 is phenyl, Ci-C heteroaryl or C -C9
heterocyclyl, wherein the phenyl, heteroaryl and heterocyclyl are
optionally substituted by 1 to 5 R7; [0064] R3, R4 and R5 are independently
H, CH3, CH2CH3, OCH3, CF3, F or Cl; [0065] R6 is independently H, Cj-C 6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, (C0- C6 alkyl)ORa, (C0-C6 alkyl)NRaRb,
halo, CN, CF3, S(O)i-2NRaRb, C(O)R , NRaC(O)ORb, NRaS(O)i-2NRb, (C0-C6
alkyl)Ci-C 5 heteroaryl, (C0-C6 alkyl)C,-C 5 heterocyclyl, (C0-C6
alkyl)C3-C6 cycloalkyl, (C0-C6 alkyl)C6-C9 aryl, (C0-C6 alkyl)C(O)OR a,
C(O)(C0-C5 alkyl)NRaRb, C(O)(C0-C5 alkyl)(Ci-C 5
heterocyclyl),C(O)NRa(C0-C5 alkyl)(C,-C 5 heterocyclyl), C(O)NR a(C0-C5
alkyl)(C3-C6 cycloalkyl), C(O)NRa(C0-C5 alkyl)(d-C 5 heteroaryl), C(O)NR3 C
1-C5 alkyl)NRaRb or C(O)NRa(C0-C5 alkyl)(C6 aryl), wherein said alkyl,
alkenyl and alkynyl are optionally substituted by 1 to 5 substituents
independently selected from ORa, NRcRd, oxo and halo, and said aryl,
heterocyclyl, heteroaryl and cycloalkyl are optionally substituted by 1 to
5 substituents independently selected from ORa, oxo, halo, CF3, NRcRd, CpC
4 alkyl, (C0-C6 alkyl)Ci-C 5 heterocyclyl and C(O)(C1-C4 alkyl); [0066] R7
is independently H, Ci-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, (C0- C6
alkyl)ORa, (C0-C6 alkyl)NRaRb, (C0-C6 alkyl)(C 6-C9 aryl), halo, C(0)NR
aRb, NRaC(O)Rb, SO2(C1-C6 alkyl) SO2NRaRb, CN, CF3, CH2CF3, nitro,
S(O)(C1-C6 alkyl), S(O)NRaRb, NR3S(O)]-2Rb, C(O)R , C(O)OR3, (C0-C6
alkyl)Ci-C 5 heteroaryl, (C0-C6 alkyl)Ci-Cs heterocyclyl or (Co-C6
alkyl)C3-C6 cycloalkyl, wherein said alkyl, alkenyl and alkynyl are
optionally substituted by 1 to 5 substituents independently selected from
oxo, NRaRb, OR3, and halo, and said aryl, heteroaryl, heterocyclyl and
cycloalkyl are optionally substituted by 1 to 5 substituents independently
selected from 0 Ra, halo, CF3, NRcRd and Ci-C4 alkyl; [0067] Ra and Rb are
independently H, ORC, C(O)O(C 1-C6 alkyl), C1-C6 alkyl, C6 aryl or C3-C6
cycloalkyl, wherein said alkyl, aryl and cycloalkyl are optionally
substituted by 1 to 5 substituents independently selected from Ci-C4 alkyl,
(Co-C3 alkyl)ORc, oxo, halo, NRcRd and C4-C5 heterocyclyl; or [0068] Ra and
Rb together with the atom to which they are attached form a Ci- C5
heterocyclyl; and [0069] Rc and Rd are independently H, Ci-C3 alkyl, C3-C6
cycloalkyl or phenyl, wherein said alkyl, cycloalkyl and phenyl are
optionally substituted by 1 to 5 substituents independently selected from
halo, CH3 OH or NH2, C(O)O(CpC 6 alkyl) and C(O)NH(Ci-C 6 alkyl). [0070]
Another embodiment includes compounds of Formula I :I enantiomers,
diasteriomers, tautomers or pharmaceutically acceptable salts thereof,
wherein: [0071] R1 is H, C(O)ORa, phenyl or C1-C9 heteroaryl, wherein said
phenyl and heteroaryl are optionally substituted by 1 to 6 R6 [0072] R2 is
phenyl, C1-C9 heteroaryl or CpC 9 heterocyclyl, wherein the phenyl,
heteroaryl and heterocyclyl are optionally substituted by 1 to 6 R7; [0073]
R3, R4 and R5 are independently H, CH3, CH2CH3, CF3, F or Cl; [0074] R6 is
independently H, Cj-C 6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, (C0- C6
alkyl)ORa, (C0-C6 alkyl)NRaRb, halo, CN, C1-C5 heteroaryl, Ci-C5
heterocyclyl, C3-C6 cycloalkyl, C6-C9 aryl, C(O)OR , C(O)(C0-C5
alkyl)NRaRb, C(O)(C0-C5 alkyl)(C r C5 heterocyclyl), C(O)NRa(C0-C5
alkyl)(C,-C 5 heterocyclyl), C(O)NRa(C0-C5 alkyl)(C3-C6 cycloalkyl),
C(O)NRa(C0-C5 ^yI)(C 1-C5 heteroaryl), C(O)NR^C 1-C5 alkyl)NRaRb,
C(O)NRa(C,-C 5 alkyl)(C6 aryl), wherein said alkyl, alkenyl and alkynyl are
optionally substituted by 1 to 5 substituents independently selected from
ORa, NR0R , oxo and halo, and said aryl, heterocyclyl, heteroaryl and
cycloalkyl are optionally substituted by 1 to 5 substituents independently
selected from ORa, oxo, halo, CF3, NRcRd, C -C4 alkyl and C(O)(C -C4
alkyl); [0075] R7 is independently H, C -C6 alkyl, C2-C6 alkenyl, C2-C6
alkynyl, (C0- C6 alkyl)ORa, (C0-C6 alkyl)NRaRb, (C0-C6 alkyl)(C6-C9 aryl),
halo, C(O)NRaRb, NRaC(O)Rb, SO2(C1-C6 alkyl) SO2NRaRb, CN, nitro, wherein
said alkyl, alkenyl and alkynyl are optionally substituted by 1 to 5
substituents independently selected from oxo and halo, and said and said
aryl is optionally substituted by 1 to5 substituents independently selected
from 0 Ra, halo, CF3, NRcRd and Ci-C4 alkyl; [0076] Ra and Rb are
independently H, ORC, C(O)O(Ci-C 6 alkyl), Ci-C 6 alkyl, C6 aryl or C3-C6
cycloalkyl, wherein said alkyl, aryl and cycloalkyl are optionally
substituted by 1 to 5 substituents independently selected from Ci-C4 alkyl,
(C0-C3 alkyI)OR0, oxo, halo, NRcRd and C4-C5 heterocyclyl; or [0077] Ra and
Rb together with the atom to which they are attached form a C C5
heterocyclyl; and [0078] Rc and Rd are independently H, Ci-C3 alkyl, C3-C6
cycloalkyl or phenyl, wherein said alkyl, cycloalkyl and phenyl are
optionally substituted by 1 to 5 substituents independently selected from
halo, CH3 OH, NH2, C(O)O(Ci-C 6 alkyl) and C(O)NH(C 1-C6 alkyl). [0079] In
one embodiment, R1 is phenyl or C1-C heteroaryl, wherein said phenyl and
heteroaryl are optionally substituted by 1 to 5 R6. [0080] In one
embodiment, R1 is phenyl optionally substituted by 1 to 5 R6. [0081] In one
embodiment, R1 is phenyl optionally substituted by 1 to 3 R6. [0082] In one
embodiment, R1 is phenyl optionally substituted by 2 R6. [0083] In one
embodiment, R1 is phenyl optionally substituted by 1 R6. [0084] In one
embodiment, R! is Ci-C9 heteroaryl optionally substituted by 1 to 5 R6.
[0085] In one embodiment, C -C9 heteroaryl is pyridinyl, imidazolyl,
imidazopyridinyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, 



oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl or furopyridinyl, each of which
is optionally substituted by 1 to 5 R[0086] In one embodiment, R1 is
pyridinyl optionally substituted by 1 to 4 R6. [0087] In one embodiment, R1
is pyridinyl optionally substituted by 2 R6. [0088] In one embodiment, R1
is pyridinyl optionally substituted by 1R6. [0089] In one embodiment, R1 is
H. [0090] In one embodiment, R1 is C(O)ORa, wherein Ra is independently H,
ORC, C(O)O(C]-C 6 alkyl), Ci-C 6 alkyl, C6 aryl or C3-C6 cycloalkyl,
wherein said alkyl, aryl and cycloalkyl are optionally substituted by 1 to
5 substituents independently selected from CpC 4 alkyl, (C0-C3 alkyl)ORc,
oxo, halo, NRcRd and C4-C heterocyclyl. [0091] In one embodiment, R1 is
phenyl or C1-C9 heteroaryl, optionally substituted by 1 to 3 R6. In one
example, R1 is phenyl, pyrazolyl, benzimidazolyl or pyridyl, optionally
substituted by 1 to 3 R6. In one example, In one example, R1 is phenyl,
pyrazolyl or pyridyl, optionally substituted by 1 to 3 R6, wherein R6 is
independently Ci-C 6 alkyl, (C0-C6 alkyl)ORa, (C0-C6 alkyl)NRaRb, halo,
CF3, C(O)OR , C(O)(C0-C5 alkyl)NRaRb, C(O)(C0-C5 alkyl)(C,-C 5
heterocyclyl), C(O)NRa(C0-C5 alkyl)(Ci-C 5 heterocyclyl), C(O)NRa(C0-C5
alkyl)(C3-C6 cycloalkyl), C(O)NRa(C0-C5 alkyl)(d-C 5 heteroaryl),
C(O)NRa(C0-C5 alkyl)NRaRb, C(O)NR^C 1-C5 alkyl)(C6 aryl), wherein said
alkyl is optionally substituted by 1 to 5 substituents independently
selected from ORa, NRcRd, oxo and halo, and said aryl, heterocyclyl,
heteroaryl and cycloalkyl are optionally substituted by 1 to 5 substituents
independently selected from ORa, oxo, halo, CF3, NRcRd, C1-C4 alkyl, (C0-C6
alkyl)C r C5 heterocyclyl and C(O)(C 1-C4 alkyl). In one example, R1 is
phenyl, pyrazolyl or pyridyl, optionally substituted by 1 R6, wherein R6 is
independently C(O)ORa, C(O)(C0-C5 alkyl)NRaRb, C(O)(C0-C5 alkyl)(Ci-C 5
heterocyclyl), C(O)NRa(C0-C5 alkyl)(C r C5 heterocyclyl), C(O)NRa(C0-C5
alkyl)(C3-C6 cycloalkyl), C(O)NRa(C0-C5 alkyl)(C r C5 heteroaryl),
C(O)NRa(C,-C 5 alkyl)NRaRb, C(O)NRa(C0-C5 alkyl)(C6 aryl), wherein said
alkyl is optionally substituted by 1 to 5 substituents independently
selected from ORa, NRcRd, oxo and halo, and said aryl, heterocyclyl,
heteroaryl and cycloalkyl are optionally substituted by 1 to 5 substituents
independentlyselected from 0 Ra, oxo, halo, CF3, NRcRd, C1-C4 alkyl, (C0-C6
alkyl)C,-C 5 heterocyclyl and C(O)(Ci-C4 alkyl). 2] In one embodiment, R1
is phenyl or pyridinyl, optionally substituted by 1 to 3 R6, wherein R6 is
independently C,-C3 alkyl, (C0-C6 alkyl)ORa, (C0-C6 alkyl)NRaRb, halo, CF3,
S(O)1-2R , S(O)1-2NRaRb, NRaS(O)1-2Rb, (C0-C5 alkyl)C,- C heterocyclyl or
C(O)ORa, wherein said alkyl is optionally substituted by 1 to 5
substituents independently selected from ORa, NRcRd, oxo, S(O)]-2Ra, S(O)1-
2NRaRb and halo, and said heterocyclyl is optionally substituted by 1 to 3
substituents independently selected from (C0-C5 alkyl)ORa, oxo, halo, CF3,
(C0-C5 alkyl)NRcRd, Ci-C4 alkyl and C(O)R0. In one example, R1 is selected
from the following:j j\r , wherein the wavy line represents the point of
attachment to Formula I . 3] In one embodiment, R1 is phenyl or pyridinyl,
optionally substituted by 1 R6, wherein R6 is independently C(O)(C0-C5
alkyl)NRaRb, C(O)NRa(C0-C5 alkyl)(C]-C 5 heterocyclyl), C(O)NRa(C0-C5
alkyl)(C3-C6 cycloalkyl), C(O)NRa(C0-C5 alkyl)(Ci-C 5 heteroaryl), C(0)NR
a(d-C 5 alkyl)NRaRb, C(0)NR a(Co-C5 alkyl)(C 6 aryl), wherein said aryl,
heterocyclyl, heteroaryl and cycloalkyl are optionally substituted by 1 to
5 substituents independently selected from ORa, oxo, halo, CF3, NRcRd,
Ci-C4 alkyl, (C0-C6 alkyl)Ci-C 5 heterocyclyl and C(O)(Ci-C 4 alkyl). In
one example, R1 is selected from the following:ACTIVE THERMAL CONTROL FOR
STACKED IC DEVICES TECHNICAL FIELD [0001] This disclosure relates to
integrated circuits (ICs). More specifically, the disclosure relates to
multi-tiered IC devices and even more specifically to systems and methods
for active thermal control within the multi-tiered IC devices. BACKGROUND
[0002] In IC technology there is a need to stack chips together to form
multi-tiered (3-D) IC devices (also referred to as multi-layered IC devices
or stacked IC devices). One challenge that arises when chips are stacked is
that thermal conductivity is reduced. Thus, hot spots could exist with
little ability to move the heat away from the heat source. Because of the
reduced size of stacked ICs, (substrate thickness going from 100 microns to
about 6-50 microns), the power density rises while lateral thermal
conductivity is reduced. [0003] One method for increasing lateral thermal
conductivity is to increase the substrate thickness. This, in turn,
negatively impacts the desired form factor of the stacked IC device and
degrades performance. [0004] An additional challenge exists when more than
two tiers are stacked. In such situations, the stacked IC device may
contain multiple layers of oxide, one between each pair of stacked tiers.
Oxide, being a poor thermal conductor, adds to the heat dissipation
problem. [0005] There are several approaches for addressing the thermal
conductivity issues. One approach positions a heat conducting layer between
the tiers. Typically, heat conducting layers are metallic and thus could
interfere with inter-layer electrical connections. Another approach uses
Through Silicon Vias (TSVs) to move the heat from an inner tier to a
surface tier of the stacked IC device and then remove the heat from the
surface tier using traditional methods, such as positioning a high thermal
conductivity material on the surface tier. Challenges arises with such a
solution. For example, it is not always possible to position a TSV at the
necessary location because of circuitry layout requirements in the various
tiers. [0006] Another approach is to circulate cooling material through the
stacked IC device to cool the hot spots. A cooling circulation solution is
costly tomanufacture and, because of the moving liquid, requires a pumping
mechanism and tight tolerances for liquid channels. Also, because of
circuitry layout requirements, it may not be possible to "plumb" the device
to channel the cooling material to the necessary location. The plumbing
problem could be overcome, to some extent, by forcing cooling liquid
through the substrate itself, but this method is not without a further set
of problems and costs. BRIEF SUMMARY [0007] Thermal conductivity in stacked
IC devices can be improved by constructing one or more active temperature
control devices within the stacked IC 



device. In one embodiment, the control devices are thermal electric (TE)
devices, such as Peltier devices. The TE devices can then be selectively
controlled to remove or add heat as necessary to maintain the stacked IC
device within a defined temperature range or otherwise bring the stacked IC
device to a desired temperature. The active temperature control elements
can be P-N junctions created in the stacked IC device and can serve to move
the heat laterally and/or vertically as desired. [0008] The foregoing has
outlined, rather broadly, the features and technical advantages of the
present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages
of the invention will be described hereinafter which form the subject of
the claims of the invention. It should be appreciated by those skilled in
the art that the conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other structures for
carrying out the same purposes of the present invention. It should also be
realized by those skilled in the art that such equivalent constructions do
not depart from the spirit and scope of the invention as set forth in the
appended claims. The novel features, which are believed to be
characteristic of the invention, both as to its organization and method of
operation, together with further objects and advantages, will be better
understood from the following description when considered in connection
with the accompanying figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose of illustration and
description only and is not intended as a definition of the limits of the
present invention.BRIEF DESCRIPTION OF THE DRAWINGS [0009] For a more
complete understanding of the present invention, reference is now made to
the following descriptions taken in conjunction with the accompanying
drawings, in which: [0010] FIGURE 1 is a schematic drawing of a
multi-tiered IC device having a hot spot therein; [0011] FIGURE 2 shows one
example of a prior art solution for relieving heat from the hot spot;
[0012] FIGURE 3 shows one embodiment of a stacked IC device having active
temperature control in accordance with the teachings of the invention; and
[0013] FIGURES 4A through 4G show one method of manufacturing a
multi-tiered IC device having active cooling capability in accordance with
the teachings of the invention. DETAILED DESCRIPTION [0014] FIGURE 1 is a
schematic drawing of multi-tiered IC device 10 having top tier 11 and
bottom tier 12. Top tier 11 has an active circuit (face) 102 and substrate
(back) 101. Bottom tier 12 has active circuit (face) 103 and substrate
(back) 104. Faces 102/103 contain connections 108 which serve to connect
components (or terminals) such a component 109 on the respective tiers.
These connections are made using connector paths, such as path 107 and a
via, such as via 106 [0015] For illustrative purposes, location 110 is
thermally troubled in this embodiment. That is, location 110 is a "hot
spot" that exists, or could exist, from time to time in stacked IC device
10. A hot spot, in this context, means that as stacked IC device 10 is
operating, the temperature of the area in and around location 110 can
become undesirably higher than other portions of tier 12. Because of the
stacking of tier 11 on tier 12 and, preferably, reduced thickness of each
tier, the lateral heat spread in tier 12 is reduced. In addition, air gap
111 can be formed between the tiers 11, 12 thereby reducing thermal flow
upward from the hot spot. [0016] As discussed above, there are a number of
reasons to include cooling functionality or structures within a stacked IC
device. But there are also reasons for heating a stacked IC device, or
portions thereof. For example, when designing an adaptive voltage scaling
circuit, it is desirable for the entire stacked IC device to have auniform
temperature. Thus, if there are some localized areas of a tier in the
stacked IC device that "run hot" (i.e., not a hot spot r se, but a
localized area that operates at a warmer temperature than other areas in a
tier) it might be desirable or necessary to heat the cooler areas of the
tier so that the stacked IC device has a relatively constant or uniform
temperature. In some situations, initialization of a stacked IC device to a
required temperature is desired or important. For example, sensors may need
to be hot to operate and a TE could be used to reduce initial heating time.
[0017] Additionally, selective heating and/or cooling may be required or
desirable in a stacked IC device. For example, selective heating or cooling
or a combination thereof may be used to even out the temperature gradients
across silicon to alleviate stress caused by temperature differentials in
the substrate. Also, selective temperature control can be used to allow the
stacked IC device to operate, at least temporarily, in temperature
environments that it otherwise would not be designed to operate in. [0018]
FIGURE 2 shows one example of a prior art solution for relieving heat from
hot spot 110. In this solution, TSV array 200 is positioned above hot spot
110 so that the heat flowing from the hot spot 110 can be conducted through
face 103, across gap 111, through face 102 and out through vias 201. In
addition to the thermal conductivity problems, inherent with moving the
heat through the various layers and gaps, in some situations circuitry or
other elements, such as element 202, can be positioned in the heat flow
path thereby reducing (and sometimes eliminating) the effectiveness of the
TSV array 200. [0019] FIGURE 3 shows one embodiment of a stacked IC device
30 having active temperature control in accordance with the teachings of
the invention. A TE device 300 includes a pair of P-N junctions. Each P-N
junction includes a P-type element 301 and N type element 302, as well as a
bottom conductor 303. Depending on which direction current flows through
the P-N junction, the bottom conductor 303 can either attract heat or
provide heat. In one embodiment, the TE device 300 is a Peltier device.
Although a pair of P-N junctions are shown, the invention is not limited to
such a configuration. Rather, more or fewer P-N junctions can be provided.
[0020] Control circuit 304 is used to establish the current flow direction
through the P-N junction. Control circuit 304 also controls current
density. Circuit 304 provides selective current control to TE device 300
via an input, such as input 321. Inone embodiment, a TE device 300 operates
such that a top side (top not designated with a reference number) heats
while the other side, e.g., bottom 303, cools, based upon the current
direction. [0021] The thermal energy from hot spot 110 passes up through
faces 103 and 102 to device 300. This thermal flow can be facilitated by
constructing channels (vias) through the faces if desired. By selecting the
proper current density, and current flow direction, device 300 serves to
remove heat, thereby cooling the stacked IC 



device 30. Heat sink, or other heat transfer devices, not shown, may be
located on the surface of tier 11 adjacent to TE device 300 to assist TE
device 300 in heat removal from stacked IC device 30. Note that the stacked
IC device 30 can have TE devices 300 provided in as many different areas as
desired with some of the TE devices 300 injecting heat while others remove
heat [0022] Note that while the P-N junction material is shown going all
the way through the substrate of tier 11, in another embodiment, the P-N
material partially fills the substrate, with the junction being formed near
the bottom conductor 303. In this embodiment, the top portion of each via
is filled by metallization, creating a contact within the vias. [0023] In
some embodiments, the "hot spot" can be co-located in the same layer as the
cooling device thereby resulting in lateral heat displacement. In such a
situation, a horizontal trench could be constructed in the substrate to
laterally transfer the heat within the same substrate. A first portion of
the trench would include P-type material and another portion of the trench
would include N-type material. [0024] FIGURES 4A though 4G show an
exemplary method of manufacturing a multi-layered IC device having active
temperature control. [0025] FIGURE 4A shows that tier 11 is stacked with
respect to tier 12 and that some locations, such as locations 401-405 in
the substrate of tier 11 are filled from top to bottom with sacrificial
fill material. As will be seen, an active temperature control element will
be constructed at location 400. [0026] FIGURE 4B shows protective material
410 covering locations 401-404 in preparation for the next step in the
process. Uncovered locations 405 will become standard TSVs as the process
continues. [0027] FIGURE 4C shows the metallization of the uncovered
locations 405A by metal layer 420 to create standard TSVs 405A. Copper or
any desired metalcan be used for this purpose consistent with other
elements of the stacked IC device. Thus, as shown in FIGURE 4C the
uncovered locations now contain metal as shown at 405A, whereas the
elements 401-404 remains protected and filled with sacrificial material.
[0028] FIGURE 4D shows the removal of portions 410-2 and 410-4 of
protective material 410 leaving portions 410-1 and 410-3 in place. The
sacrificial material within vias 402 and 404 is also shown removed. [0029]
FIGURE 4E shows P-type thermal electric material deposited within locations
402 and 404. The P-type material has not been deposited within locations
401 and 403 because these locations remain protected by portions 410-1 and
410-3 and thus still contain the sacrificial material. [0030] FIGURE 4F
shows the removal of portions 410-1 and 410-3 of protective material 410 to
expose vias 401 and 403. The sacrificial material is then removed from vias
401 and 403. [0031] FIGURE 4G shows N-type thermal material deposited in
locations 401 and 403 thereby completing the formation of the temperature
control device within layer 11. Typical materials for a Peltier device are
bismuth telluride, Sb2Te3, PbTe and SiGe, but other materials, such as
crystal-phonon glass or nano material, can be used as well. Also, it is
possible to use two metals in a metal to metal junction such as Copper -
Nickel. In this embodiment, Nickel fills the TSVs 401 - 404 and Copper is
the standard metallization. Accordingly, every TSV 401-404 would be a
potential Peltier device. There are two advantages of this Peltier
structure. The first advantage is the masking steps for P and N type fill
are removed. The second advantage is the density of the Peltier devices is
increased as one side of the TSV 401 -404 would act as the cooling point
while the other side would be the heating side. Of course heat transport in
the Z direction is improved while heat transfer in the X and Y direction
becomes more difficult. [0032] Although the description has shown the
P-type material being deposited first and the N-type material subsequently
being deposited, the order is not critical. That is, the N-type material
could be deposited first if it is more convenient. [0033] It should be
pointed out that the temperature differential created by the circuit
elements in the substrate can be used to drive a voltage. The voltage thus
created can be scavenged, for example, to drive other circuit elements as
shown byconnection 320, FIGURE 3 from control circuit 304. This would
effectively reverse the operation of the TE device 300. The TE device 300
will cool the thermally troubled area (in FIGURE 3 that would be hot spot
110) because heat energy is being removed from the hot spot by conversion
into electrical energy. The net effect then would be that there would be no
net cooling of the stacked IC device 30 as a whole (because energy is being
returned to the stacked IC device 30 elsewhere) but there would be
localized cooling at the "hot spot". Consequently, overall energy savings
for the stacked IC device 30 results. [0034] A Peltier device is a heat
pump that requires energy to move heat from one point to another. As the
disclosed embodiments have both points within the system, the heat energy
is being moved from a point where it is difficult to remove (high thermal
resistance) to a location where it is easer to remove so the heat is more
uniformly distributed within the system. Thus, the total energy demand of
the system is increased if the Peltier device is used to move the heat.
Because the TE device can either remove or add heat depending upon current
flow direction, a device could be used to selectively heat or cool the
stacked IC device (or a portion thereof). [0035] In one embodiment, the
Peltier device is an energy scavenger: some of the heat generated by the
stacked IC device operation can be recovered. The control system can switch
the Peltier device to move heat from point A to point B (forward bias), or
point B to point A (reverse bias) or scavenge heat from a temperature
difference between points A and B to power the system. The energy balance
of this TE system will depend on the efficiency of the Peltier device and
the duty cycle of the system. Thus, the Peltier device can recover some
energy from the overall system, based upon the temperature gradient within
the system. In an embodiment in which more than two tiers exist, stacked
Peltier devices can be provided to improve energy scavenging efficiency.
For example, a cooling Peltier device could cool one tier, pumping heat to
an adjacent tier. The adjacent tier could use the pumped heat to recover
additional energy. [0036] Although the present invention and its advantages
have been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein without departing
from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to
be limited to the particular embodiments of the process,machine,
manufacture, composition of matter, means, methods and steps described in 



the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes,
machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform substantially the
same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to include within
their scope such processes, machines, manufacture, compositions of matter,
means, methods, or steps.CLAIMS What is claimed is: 1. An stacked IC device
comprising: a tier having constructed therein active circuits and a thermal
electric (TE) device, the TE device facilitating thermal flow between a
thermally troubled area of said stacked IC device and said TE device. 2.
The stacked IC device of claim 1 further comprising at least one other tier
having active circuits. 3. The stacked IC device of claim 2 wherein said TE
device is constructed within one of said tiers and wherein said troubled
area is in a tier other than a tier in which said TE device is constructed.
4. The stacked IC device of claim 3 further comprising: an input for
receiving selective control signals for enabling said TE device. 5. The
stacked IC device of claim 3 wherein said TE device comprises a Peltier
device. 6. The stacked IC device of claim 1 further comprising: at least
one electrical connection from said TE device to an active element in said
stacked IC device so as to allow said TE device to supply power to said
active element, said power generated from thermal flow from said thermally
troubled area. 7. A stacked IC device comprising: first and second tiers,
and at least one P-N junction constructed in one of said tiers, said
junction operable for energy transfer to/from a thermally troubled location
in at least one of said tiers by selective application of current flow with
respect to said junction.8. The device of claim 7 wherein said thermally
troubled location is a hot spot created by elements in said stacked IC
device. 9. The device of claim 8 further comprising: an input for receiving
selective control signals for enabling said P-N junction. 10. The device of
claim 8 wherein said P-N junction comprises a Peltier device. 11. The
device of claim 7 further comprising: at least one electrical connection
from said P-N junction to an active element in said stacked IC device to
allow said P-N junction to supply power to said active element, said power
generated from energy provided from said thermally troubled location. 12. A
method for controlling undesired temperature gradients in an IC, said
method comprising: allowing energy to flow between a thermally troubled
location within said IC and a thermal electric (TE) device constructed
within said IC; and enabling current to flow with respect to said TE device
so as to selectively control said energy flow. 13. The method of claim 12
wherein said enabling comprises: providing current in a direction to said
TE device to enable said TE device to remove heat from said energy flow.
14. The method of claim 12 wherein said enabling comprises: providing
current in a direction to said TE device to enable said TE device to
deliver heat to said energy flow. 15. The method of claim 12 wherein said
enabling comprises:removing energy from said TE device to enable said TE
device to deliver power to another element within said IC. 16. The method
of claim 12 wherein said thermally troubled location and said TE device are
in different tiers of a multi- tiered IC device. 17. A method of removing
heat from a hot spot in a multi-tiered IC device, said method comprising:
allowing said heat from said hot spot to pass through said multi-tiered IC
device from one tier to at least one other tier; and enabling a thermal
electric (TE) device constructed within said at least one other tier to
transfer said heat out of said multi-tiered IC device. 18. The method of
claim 17 wherein said enabling comprises: applying current to said TE
device in a particular direction. 19. The method of claim 17 wherein said
enabling comprises: removing energy from said TE device. 20. The method of
claim 19 further comprising: applying said removed energy to at least one
other element constructed within said multi-tiered IC device. 2 1. An
stacked IC device comprising: at least two bonded tiers, each tier
containing circuit elements constructed therein; and a thermal electric
(TE) device constructed within at least one of said tiers for selectively
heating/cooling a particular area of one of said tiers. 22. The stacked IC
device of claim 2 1 further comprising: an input for receiving current for
controlling said TE device.23. The stacked IC device of claim 21, further
comprising a control system that controls the thermal electric device to
generate electrical energy from a temperature gradient within the stacked
IC device. 


