
ErbB INHIBITORS CROSS REFRENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S.
Provisional application No. 60/736,289, filed November
15, 2005, and U.S. Provisional application No.
60/817,019, filed June 28, 2006, each of which is
incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION 1. Field of the Invention
[0002] This invention relates to novel inhibitors of
type I receptor tyrosine kinases and related kinases,
pharmaceutical compositions containing the inhibitors,
and methods for preparing these inhibitors. The
inhibitors are useful for the treatment of
hyperproliferative diseases, such as cancer and
inflammation, in mammals and especially in humans. 2.
Description of the State of the Art [0003] The type I
receptor tyrosine kinase family consists of four
closely related receptors: EGFR (ErbBl or HERl), ErbB2
(HER2), ErbB3 (HER), and ErbB4 (HER4) (Reviewed in
Riese and Stern, Bioessays (1998) 20:41-48; Olayioye
et ah, EMBO Journal (2000) 19:3159-3167; and
Schlessinger, Cell (2002) 110:669-672). These are
single pass transmembrane glycoprotein receptors
containing an extracellular ligand binding region and
an intracellular signaling domain. In addition, all
receptors contain an intracellular active tyrosine
kinase domain with the exception of ErbB3, whose
kinase domain does not exhibit enzymatic activity.
These receptors transmit extracellular signals through
the cytosol to the nucleus upon activation. The
activation process is initiated by ligand binding to
the extacellular domain of the receptor by one of a
number of different hormones. Upon ligand binding,
homo- or heterodimerization is induced, which results
in the activation of the tyrosine kinase domains and
phosphorylation of tyrosines on the intracellular
signaling domains. Since no known ligand for ErbB2 has
been described and ErbB3 lacks an active kinase
domain, these receptors must heterodimerize to elicit
a response. The phosphotyrosines then recruit the
necessary cofactors to initiate several different
signaling cascades including the ras/raf/MEK/MAPK and
PI3K/AKT pathways. The precise signal elicited will
depend on what ligands are present, since the
intracellular signaling domains differ as to what
pathways are activated. These signaling pathways lead
to both cell proliferation and cell survival through
inhibition of apoptosis. [0004] Several investigators
have demonstrated the role of EGFR and ErbB2 in
development of cancer (reviewed in Salomon, et al.,
CrU. Rev. Oncol. Hematol. (1995)19:183-232; Klapper,
et al, Adv. Cancer Res. (2000) 77:25-79; and Hynes and
Stern, Biochim. Biophys. Acta (1994) 1198:165-184).
Squamous carcinomas of the head, neck and lung express
high levels of EGFR. Also, constitutively active EGFR
has been found in gliomas, breast cancer and lung
cancer. ErbB2 overexpression occurs in approximately
30% of all breast cancer. It has also been implicated
in other human cancers including colon, ovary,
bladder, stomach, esophagus, lung, uterus and
prostate. ErbB2 overexpression has also been
correlated with poor prognosis in human cancer,
including metastasis and early relapse. [0005] The
type I tyrosine kinase receptor family has been an
active area of anti cancer research (Reviewed in
Mendelsohn and Baselga, Oncogene (2000) 19:6550-6565;
and Normanno et al., Endocrine-Related Cancer (2003)
10:1-21). For example, U.S. Patent No. 6,828,320
discloses certain substituted quinolines and
quinazolines as protein tyrosine kinase inhibitors.
[0006] Several inhibitors of the EGFR and the ErbB2
signaling pathway have demonstrated clinical efficacy
in cancer treatment. HERCEPTIN(r), a humanized version
of anti-ErbB2 monoclonal antibody, was approved for
use in breast cancer in the United States in 1998.
DRESSA(r) and TARCEVA(r) are small molecule inhibitors
of EGFR that are commercially available. In addition,
several other antibodies and small molecules that
target the interruption of the type I tyrosine kinase
receptor signaling pathways are in clinical and
preclinical development. For example, ERBITUX(r), a
human-murine chimeric monoclonal antibody against
EGFR, is available for the treatment of
irinotecan-refractory colorectal cancer. SUMMARY OF
THE INVENTION [0007] This invention provides compounds
that inhibit type I receptor tyrosine kinases. Such
compounds have utility as therapeutic agents for
diseases that can be treated by the inhibition of type
I receptor tyrosine kinases. They may also act as
inhibitors of serine, threonine, and dual specificity
kinases inhibitors. In general, the invention relates
to compounds of Formula I[0008] and solvates,
metabolites, and pharmaceutically acceptable salts and
prodrugs thereof, wherein B, G, A, E, R1, R2, R3, m
and n are as defined herein, wherein when said
compound of Formula I is represented by the formula
[0009J and R3 is other than Q or Z wherein Q and Z are
as defined herein, then E is not a benzofuranyl,
indolyl, qminazolinyl, quinolinyl, or isoquiponyl
ring. [0010] In a further aspect, the present
invention provides a method of treating diseases or
medical conditions mediated by type I receptor
tyrosine kinases which comprises administering to a
warm-blooded animal an effective amount of a compound
of Formula I, or a metabolite, solvate, or
pharmaceutically acceptable salt or prodrug thereof.
[0011] In a further aspect, the present invention
provides a method of inhibiting the production of type
I receptor kinases which comprises administering to a
warm-blooded animal an effective amount of a compound
of Formula I, or a metabolite, solvate, or
pharmaceutically acceptable salt or prodpig thereof.
[0012] In a further aspect, the present invention
provides a method of providing type I receptor kinase
inhibitory effect comprising administering to a
warm-blooded animal an effective amount of a compound
of Formula I , or a metabolite, solvate, or
pharmaceutically acceptable salt or prodrug thereof.
[0013] In a further aspect, the present invention
provides treating or preventing a type I receptor
kinase mediated condition, comprising administering an
amount of a compound effective to treat or prevent
said type I receptor kinase-mediated condition or
apharmaceutical composition comprising said compound,
to a human or animal in need thereof, wherein said
compound is a compound of Formula I, or a
pharmaceuticallyacceptable salt or in vivo cleavable
prodrug thereof. The type I receptor kinase mediated
conditions that can be treated according to the
methods of this invention -include, but are not
limited to, hyperproliferative disorders, such as
cancer of the head and neck, lung, breast, colon,
ovary, bladder, stomach, kidney, skin, pancreas,
leukemias, lymphomas, esophagus, uterus or prostate,
among other kinds of hyperproliferative disorders.
[0014] The compounds of Formula I may be used
advantageously in combination with other known
therapeutic agents. [0015] The invention also relates
to pharmaceutical compositions comprising an effective
amount of an agent selected from compounds of Formula
I or a pharmaceutically acceptable prodrug,
pharmaceutically active metabolite, or a
pharmaceutically acceptable salt or prodrug thereof.
[0016] This invention also provides compound of
Formula I for use as medicaments in the treatment or
prevention of a type I receptor kinase-mediated
condition. [0017] An additional aspect of the
invention is the use oif a compound of Formula I in
the preparation of a medicament for the treatment or
prevention of a type I receptor kinasemediated
condition. [0018] This invention further provides kits
for the treatment or prevention of a type I receptor
kinase-mediated condition, said kit comprising a
compound of Formula I, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof, a
container, and optionally a package insert or label
indicating a treatment. The kits may further comprise
a second compound or formulation comprising a second
pharmaceutical agent useful for treating said disease
or disorder. [0019] This invention further includes
methods of preparing, methods of separating, and
methods of purifying of the compounds of this
invention. [0020] Additional advantages and novel
features of this invention shall be set forth in part
in the description that follows, and in part will
become apparent to those skilled in the art 



upon examination of the following specification, or
may be learned by the practice of the invention. The
advantages of the invention may be realized and
attained by means of the instrumentalities,
combinations, compositions, and methods particularly
pointed out in the appended claims.DETAILED
DESCRIPTION OF THE INVENTION [0021] 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
and similar materials differs from or contradicts this
application, including but not limited to defined
terms, tern usage, described techniques, or the like,
this application controls. [0022] DEFINITIONS [0023]
The term "alkyl" as used herein refers to a saturated
linear or branched-chain monovalent hydrocarbon
radical of one to twelve carbon atoms, wherein the
alkyl radical may be optionally substituted
independently with one or more substituents described
below. Examples of alkyl groups include, but are not
limited to, methyl (Me, -CH3), ethyl (Et, - CH2CH3),
1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-propyl (i-Pr,
i-propyl, -CH(CH 3)2), 1-butyl (n-Bu, n-butyl,
-CH2CH2CH2CH3), 2-methyl- 1-propyl (i-Bu, i-butyl,
-CH2CH(CHs)2), 2-butyl (s-Bu, s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), l-pentyl (npentyl, -CH2CH2CH2CH2CH3),
2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH
2CH3)2), 2- methyl-2-butyl (-C(CH3)2CH2CH3),
3-methyI-2-butyl (-CH(CH3)CH(CHs) 2), 3-methyl-l
-butyl (-CH2CH2CH(CHs)2), 2-methyI-l -butyl
(-CH2CH(CH3)CH2CH3), 1-hexyl (- CH2CH2CH2CH2CH2CH3),
2-hexyl (-CH(CH 3)CH 2CH2CH2CH 3), 3-hexyl (- CH(CH
2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl
(-C(CHs)2CH2CH2CH3), 3-methyl-2-pentyl (- CH(CH
3)CH(CH 3)CH 2CHS), 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(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (-CH(CH
3)C(CHs)3, 1-heptyl, 1-octyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.
[0024] The term "alkyl" includes saturated linear or
branched-chain monovalent hydrocarbon radicals of one
to six carbon atoms (e.g., Ci-Ce alkyl), wherein the
alkyl radical may be optionally substituted
independently with one or more substituents described
below.[0025] The term "alkenyl" as used herein refers
to linear or branched-chain monovalent hydrocarbon
radical of two to twelve carbon atoms with at least
one site of unsaturation, i.e., a carbon-carbon, sp2
double bond, wherein the alkenyl radical may be
optionally substituted independently with one or more
substituents described herein, and includes radicals
having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. Examples
include, but are not limited to, ethylenyl or vinyl
(-CH=CH2), allyl (-CH2CH=CH2), 1-cyclopent-l-enyl, 1-
cyclopent-2-enyl, l-cyclopent-3-enyl, 5-hexenyl,
1-cyclohex-l-enyl, l-cyclohex-2-enyl, and 1-
cyclohex-3-enyl. [0026] The term "alkynyl" as used
herein refers to a linear or branched monovalent
hydrocarbon radical of two to twelve carbon atoms with
at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl
radical may be optionally substituted independently
with one or more substituents described herein.
Examples include, but are not limited to, ethynyl
(-C=CH) and propynyl (propargyl, -CH2CCH). [0027] The
terms "cycloalkyl," "carbocyclyl," and "carbocycle" as
used herein are interchangeable and refer to a
monovalent non-aromatic, saturated or partially
unsaturated cyclic hydrocarbon radical having from
three to ten carbon atoms. Examples of monocyclic
carbocycHc radicals include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, 1-
cyclorent-1-enyl, l-cyclopent-2-enyl,
l-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-l-enyl, 1-
cycIohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl and cyclododecyl. The cycloalkyl may be
optionally substituted independently in one or more
substitutable positions with various groups. The term
"cycloalkyl" also includes polycyclic (e.g., bicyclic
and tricyclic) cycloalkyl structures, wherein the
polycyclic structures optionally include a saturated
or partially unsaturated cycloalkyl fused to a
saturated or partially unsaturated cycloalkyl or
heterocyclyl ring or an aryl or heteroaryl 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, or as bridged systems such as
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. [0028] The term "heteroalkyl" as
used herein refers to saturated linear or
branched-chain monovalent hydrocarbon radical of one
to twelve carbon atoms, wherein at least one of the
carbon atoms is replaced with a heteroatom selected
from N, O, or S, and wherein the radical may be a
carbon radical or heteroatom radical (i.e., the
heteroatom may appear in the middle or at the end of
the radical). The heteroalkyl radical may be
optionally substituted independentlywith one or more
substituents described herein. The term "heteroalkyl"
encompasses alkoxy and heteroalkoxy radicals. [0029]
The term "heteroalkenyl" as used herein refers to
linear or branched-chain monovalent hydrocarbon
radical of two to twelve carbon atoms, containing at
least one double bond, e.g., ethenyl, propenyl, and
the like, wherein at least one of the carbon atoms is
replaced with a heteroatom selected from N, O, or S,
and wherein the radical may be a carbon radical or
heteroatom radical (i.e., the heteroatom may appear in
the middle or at the end of the radical). The
heteroalkenyl 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. [0030] The term "heteroalkynyi" as used
herein refers to a linear or branched monovalent
hydrocarbon radical of two to twelve carbon atoms
containing at least one triple bond. Examples include,
but are not limited to, ethynyl, propynyl, and the
like, wherein at least one of the carbon atoms is
replaced with a heteroatom selected from N, O, or S,
and wherein the radical may be a carbon radical or
heteroatom radical (i.e., the heteroatom may appear in
the middle or at the end of the radical). The
heteroalkynyi radical may be optionally substituted
independently with one or more substituents described
herein. [0031] The terms "heterocycle" and
"hetercyclyl" as used herein are used interchangeably
and refer to a saturated or partially unsaturated
carbocyclic radical of 3 to 8 ring atoms in which at
least one ring atom is a heteroatom independently
selected from nitrogen, oxygen and sulfur, the
remaining ring atoms being C, where one or more ring
atoms may be optionally substituted independently with
one or more substituents described below. The radical
may be a carbon radical or heteroatom radical. The
term "heterocyclyl" includes heterocycloalkoxy.
"Heterocyclyl" also includes radicals wherein the
heterocyclyl radicals are fused with a saturated,
partially unsaturated, or fully unsaturated (i.e.,
aromatic) carbocyclic or heterocyclic ring. Examples
of heterocyclyl 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. 4Hpyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indolylquinolizinyl and
N-pyridyl ureas. Spiro moieties are aiso included
within the scope of this definition. The heterocyclyl
radical may be C-attached or N-attached where such is
possible. For instance, a group derived from pyrrole
may be pyrrol-1-yl (N-attached) or pyrroI-3-yl
(Cattached). Further, a group derived from imidazole
may be imidazol-1-yl (N-attached) or imidazol-3-yl
(C-attached). Examples of heterocyclic groups wherein
2 ring carbon atoms are substituted with oxo (=O)
moieties are isoindoline-l,3-dionyl and
1,1-dioxo-thiomorpholinyl. The heterocyclyl groups
herein are unsubstituted or, as specified, substituted
in one or more substitutable positions with various
groups. 



[0032] By way of example and not limitation, carbon
bonded heterocycles 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, thiofiiran,
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. Further examples of carbon bonded
heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl,
5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-
pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl,
4-pyrimidinyI, 5-pyrimidinyI, 6-pyrimidinyl, 2-
pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl,
2-thiazolyl, 4-thiazolyl, or 5-thiazolyl. [0033] By
way of example and not limitation, nitrogen bonded
heterocycles 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, position 2 of an isoindole, or
isoindoline, position 4 of a morpholine, and position
9 of a carbazole, or b-carboline. Still more
typically, nitrogen bonded heterocycles include
1-aziridyl, l-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-
pyrazolyl, and 1-piperidinyl. [0034] The term
"arylalkyl" as used herein means an alkyl moiety (as
defined above) substituted with one or more aryl
moiety (also as defined above). Examples of arylalkyl
radicals include aryl-Cu-alkyls such as, but not
limited to, benzyl, phenylethyl, and the like. [0035]
The term "heteroarylalkyl" as used herein means an
alkyl moiety (as defined above) substituted with a
heteroaryl moiety (also as defined above). Examples of
heteroarylalkyl radicals include 5- or 6-membered
heteroaryl-Ci-3-aIkyls such as, but not limited to,
oxazolylmethyl, pyridylethyl and the like.[0036] The
term "heterocyclylalkyl" as used herein means an alkyl
moiety (as defined above) substituted with a
heterocyclyl moiety (also defined above). Examples of
heterocyclylalkyl radicals include 5- or 6-membered
heterocyclyl-Ci-3-alkyls such as, but not limited to,
tetrahydropyranylmethyl. [0037] The term
"cycloalkylalkyl" as used herein means an alkyl moiety
(as defined above) substituted with a cycloalkyl
moiety (also defined above). Examples of heterocyclyl
radicals include 5- or 6-membered
cycloalkyl-Ci-3-alkyls such as, but not limited to,
cyclopropylmethyl. [0038] "Substituted alkyl" as used
herein refers to an alkyl in which one or more
hydrogen atoms are each independently replaced with a
substituent. Typical substituents include, but are not
limited to; F, Cl, Br, I, CN, CF3, OR, R, O , =S, =NR,
=hT(O)(R), =N(OR), =N+(O)(OR), =N-NRR', -C(O)R,
-C(=O)OR, -Q=O)NRR 1, -NRR1, -N RR1R", -N(R)C(=O)R',
-N(R)C(=O)OR', -N(R)C(O)NR 1R", -SR, -OC(O)R,
-OC(O)OR, -OC(T=O)NRR1, - OS(O)2(OR), -OP(O)(OR) 2,
-OP(OR) 2, -P(O)(OR) 2, -P(O)(OR)NR 1R", -S(O)R,
-S(O)2R, - S(O)2NR, -S(O)(OR), -S(O)2(OR)5 -SQ=O)R,
-SC(O)OR, O and -SC(O)NRR'; wherein each R, R1 and R"
is independently selected from H, alkyl, alkenyl,
alkynyl, aryl and heterocyciyl. Alkenyl, alkynyl,
allyl, saturated or partially unsaturated cycloalkyl,
heteroalkyl, heterocyclyl, arylalkyl, heteroarylalkyl,
heterocyclylalkyl, cycloalkylalkyl, aryl and
heteroaryl groups as described above may also be
similarly substituted. [0039] The term "halogen" as
used herein includes fluorine (F), bromine (Br),
chlorine (Cl), and iodine (1). [0040] The term "a" as
used herein means one or more. [0041] In the compounds
of the present invention, where a term such as
(CR13Rl4)q is used, R13 and R14 may vary with each
iteration of q above 1. For instance, where q is 2,
the term (CR13R14X1 may equal -CH 2CH2- or -CH(CH
3)C(CH 2CH3)(CH 2CH2CH3) - or any number of similar
moieties falling witiiin the scope of the definitions
of R13 and R14 . [0042] ErbB INHIBITORS [0043] This
invention relates to compounds that are useful for
inhibiting type I receptor tyrosine kinases, such as
EGFR (HERl) 5 ErbB2 (HER2), ErbB3 (HER3), ErbB4
(HER4), VEGFR2, Flt3 and FGFR. The compounds of this
invention may also be useful as inhibitors of serine,
threonine, and dual specificity kinases such as Raf,
MEK, and p38. Such compounds have utility as
therapeutic agents for diseases that can be treated by
the inhibition of the type Ireceptor tyrosine kinases
signaling pathway and serine, threonine, and dual
specificity kinase pathways. [0044] In certain
embodiments, this invention relates to compounds that
are useful for inhibiting type I receptor tyrosine
kinases such as EGFR (HERl), ErbB2 (HER2), ErbB3
(HER3), and ErbB4 (HER4). [0045] In one embodiment,
this invention includes compounds of Formula I [0046]
and solvates, metabolites, and pharmaceutically
acceptable salts thereof, wherein: [0047] A is O,
C(=O), S, SO or SO2; [0048] G is N or C-CN; [0049] B
represents a fused 6-membered aryl ring or a fused 5-6
membered heteroaryl ring; [0050] E is [0051] X is N or
CH; [0052] D1, D2 and D3 are independently N or CR19
;[0053] D4 and D5 are independently N or CR19 and D6
is O, S, or NR20, wherein at least one ofD 4 and D5 is
not CR19 ; [0054] D7, D8, D9 and D10 are independently
N or CR19 , wherein at least one of D7, D8, D9 and D10
is N; [0055] R 1 is H or alky!; [0056] each R2 is
independently halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, -SR 18, -OR
15, -C(O)R15, -C(O)OR 15 -NR 14C(O)OR18 , -OC(O)R 15 ,
-NR 14SO2R18 , -SO2NR15R14 , - NR14C(O)R15 , -C(O)NR
15R14, -NR15C(O)NR15R14, -NR13C(NCN)NR 15R14,
-NR15R14, alkyl, alkenyl, alkynyl, saturated or
partially unsaturated cycloalkyl, cycloalkylalkyl,
-S(O)p(alkyl), - S(O)p(CR13RI4)q-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, saturated or
partially unsaturated heterocyclyl, heterocyclylalkyl,
-O(CR13Rl4)q-aryl, -NRls(CRI3Rl4)q-aryl,
-O(CRl3R14)q-heteroaryl -NR13(CR13RI4)q-heteroaryl,
-O(CR 13R'VheterocycIyl or -NRl5(CR13R14
)q-heterocyclyI, wherein said alkyl, alkenyl, alkynyl;
cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalky], heterocyclyl and heterocyclylalkyl
portions are optionally substituted with one or more
groups independently selected from oxo, halogen,
cyano, nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR13SO2R18, -SO2NR15R13 ,
-C(O)R15 -C(O)OR 15 , -OC(O)R 15, -NR13C(O)OR18,
-NR13C(O)R 15 , -C(O)NR15R13, -NR15R13,
-NR14C(O)NR15R13 , -NR14C(NCN)NR 15R13, -OR15, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, saturated and
partially unsaturated heterocyclyl, and
heterocyclylalkyl, and wherein said aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl or
heterocyclylalkyl rings may be further substituted
with one or more groups selected from halogen,
hydroxyl, cyano, nitro, azido, fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, alkenyl,
alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, NR1SR13 and OR15 ; [0057] each R3 is
independently Q, Z, halogen, cyano, nitro, alkyl,
alkenyl, alkynyl, heteroalkyU heteroalkenyl,
heteroalkynyl, saturated or partially unsaturated
cycloalkyi, saturated or partially unsaturated
heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, trifluoromethoxy, difluoromethoxy,
fluoromethoxy, trifluoromethyl, difluoromethyl,
fluoromethyl, OR15 NR 15R16 , NR15OR16 , NR15Q=O)OR 18
, NR15C(O)R 16, SO2NR15R16, SR15, SOR15 , SO2R15,
C(=O)R 15, C(=O)OR15 OC(=O)R1S, C(=O)NR 15R16,
NR15C(O)NR 16R17, NRISC(=NCN)NR I6R17, or
NR15C(=NCN)R16, [0058] wherein said alkyl, alkenyl,
alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl
and heteroarylalkyl are optionally substitutedwith one
or more groups independently selected from halogen,
oxo, cyano, nitro, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, saturated
or partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, trifluoromethoxy,
difluoromethoxy, fluoromethoxy, trifiuoromethyl,
difluoromethyl, fluoromethyl, OR15, NR15R16, NR15OR16,
NR15C(=O)OR18, NR15C(=O)R 16, SO2NR13R16. SR15 , SOR15
, SO2R15 C(O)R 15, C(=O)OR 15 , OC(=O)R1S,
C(=O)NR1SR16, NRI5C(=O)NR16R17, 



NR15C(=NCN)NRI6R17,NR15CC=NCN)R16, (Cr C4 alkyl)NRaRb
and NR15C(O)CH2OR , [0059] or R3 is a 5-6 membered
heterocyclic ring containing from 1 to 4 heteroatoms
selected from N, O, S, SO and SO2 and substituted with
-M'-M 2-M3-M4 or -M1-M5, wherein M1 is Ci-C alkyl,
wherein optionally a CHz is replaced by a C(=O) group;
M2 is NRe or CReRf; M3 is C1-C4 alkyl; M4 is CN,
NReS(O)0-2Rf, S(O)0-2NRgRh, CORgRh, S(O)0-2Rf, or
CO2Rf, and M5 is NReRh, wherein Re, Rf, RB and Rh are
independently H or Ci-C 4 alkyl, or Rg and Rh together
with the nitrogen atom to which they are attached form
a 5- or 6-membered ring optionally containing 1 or 2
additional heteroatoms selected from N, O, S, SO and
SO2 in which any ring nitrogen atom present is
optionally substituted with a Ci-C 4 alkyl group and
which ring may optionally have one or two oxo or
thiooxo substituents; [0061] Z is selected from [0062]
and tautomers thereof; [0063] Wand V are independently
O, NR6, S, SO, SO2, CR7R8, CR8R9 or C=O; [0064] W2 is
O or S; [0065] Y is S, SO, SO2, CR7CR8, or CR R9,
[0066] provided that when W is O, NR6, S, SO, or SO2,
then V is CR8R9 and [0067] when V is O, NR6, S, SO, or
SO2, then Wand Y are each CR8R9;[0068] RS is H or
C1-C6 alkyl; [0069] each R6, R8, R8a and R9 are
independently hydrogen, trifluoromethyl, alkyl,
saturated or partially unsaturated cycloalkyl,
saturated or partially unsaturated heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, or
heterocyclylalkyl, wherein said alkyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, and heterocyclylalkyl are optionally
substituted with one or more groups independently
selected from oxo, halogen, alkyl, alkenyl, alkynyl,
saturated and partially unsaturated cycloalkyl,
saturated and partially unsaturated heterocyclyl,
cycloalkylalkyl, cyano, nitro, OR15, NR15R16, SR1S,
S(=O)R1S, SO2R15, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, and heterocyclylalkyl, [0070] or R8
and R8a together with the atom to which they are
attached form a 3 to 6 membered carbocyclic ring;
[0071] R7 is hydrogen, halogen, cyano, nitro, alkyl,
alkenyl, alkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclylalkyl,
-NR15SO2R16 -SO2NR15R16, -C(O)R 15, -C(O)OR15,
-OC(O)R15, -NR15C(O)OR18, -NR1SC(O)R16, -C(O)NR 15R16,
-NR15R16, -NR15C(O)NR 16R17, -OR15, -S(O)R 15 ,
-SO2R15, or SR15, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, and
heterocyclylalkyl, are optionally substituted with one
or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylalkyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, - NR1SSO2R16 -SO2NR15R16,
-C(O)R15, -C(O)OR15 , -OC(O)R15, -NR15C(O)OR 18,
-NR15C(O)R16 , -C(O)NR 15R16, -NR15R16, -NR15C(O)NR
16R17, -OR15, -S(O)R15 , -SO2R15, SR15 , aryl,
arylalkyl, heteroaryl, heteroarylalkyl, and
heterocyclylalkyl; [0072] R10 is hydrogen, alkyl,
alkenyl, alkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclylalkyl,
-NR15C(O)OR18 -NR15C(O)R16, -NR15R16 , or - OR15 ,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclylalkyl, are
optionally substituted with one or more groups
independently selected from oxo, halogen, alkyl,
alkenyl, alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, cycloalkylalkyl, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy,difluoromethoxy, trifluoromethoxy,
azido, -NR15SO2R16 -SO2NR15R16, -C(O)R 15, -C(O)OR 15,
-OC(O)R15, -NR15C(O)OR 18, -NR15C(O)R16, -C(O)NR
15R16, -NR15R16, -NR15C(O)NR 1 R17 - OR15, -S(O)R15 ,
-SO2R15, SR15, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, and heterocyclylalkyl; [0073] or R6
and R8 together with the atoms to which they are
attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O, S, SO, SO and NR6, wherein said carbocycHc
and heterocyclic rings are optionally substituted with
one or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylalkyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, aryl, OR15, NR15R16, SR15,
heteroaryl, arylalkyl, heteroarylalkyl, and
heterocyclylalkyl; [0074] or R7 and R8 together with
the atoms to which they are attached form a 3 to 10
membered saturated or partially unsaturated cycloalkyl
or heterocyclyl ring optionally containing one or-
more additional heteroatoms selected from N, O, S, SO,
SO and NR6, wherein said carbocyclic and heterocyclic
rings are optionally substituted with one or more
groups independently selected from oxo, halogen,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyi, saturated and partially
unsaturated heterocyclyl, cycloalkylalkyl, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR15R16, SR15, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[0075] or R8 and R9 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated cycloalkyl or heterocyclyl ring
optionally containing one or more additional
heteroatoms selected from N, O, S, SO, SO and NR6,
wherein said carbocyclic and heterocyclic rings are
optionally substituted with one or more groups
independently selected from oxo, halogen, alkyl,
alkenyl, alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, cycloalkylalkyl, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15 , NR15R16 , SR15 , heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[0076] or R6 and R10 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O, S, SO, SO and NR6, wherein said
heterocyclic ringis optionally substituted with one or
more groups independently selected from oxo, halogen,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, cycloalkylalkyl, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR15R16, SR15, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[00771 or R8 and R10 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O, S, SO, SO2 and NR6, wherein said
heterocyclic ring is optionally substituted with one
or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylalkyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, aryl, OR15, NR15R16, SR15
heteroaryl, arylalkyl, heteroarylalkyl, and
heterocyclylalkyl; [0078] each R12 is independently
halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, -SR18,
-OR1S, -C(O)R15, -C(O)OR 15, -NR14C(O)OR 18, -OC(O)R
15 -NR14SO2R18, -SO2NR15R14, -NR14C(O)R 15 ,
-C(O)NR15R14, -NR 13C(O)NR 15R14 , -NR13C(NCN)NR 5R14
, -NR 15R14 , alkyl, alkenyl, alkynyl, saturated or
partially unsaturated cycloalkyl, cycloalkylalkyl,
-S(O)p(alkyi), -S(O)P(CR13R14)q- aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, saturated or
partially unsaturated heterocyclyl, heterocyclylalkyl,
-O(CR 13R14)q-aryI, -NR15(CRl3R14)q-aryl, -O(CR
13Rl4)q-heteroaryl, -NR13(CR13R14)q-heteroaryl, -O(CR
l3Rl4)q-heterocyclyl or -NR l5(CR13Rl4) -heterocyclyl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl portions are
optionally substituted with one or more groups
independently selected from oxo, halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR 13SO2R18, -SO2NR15R13,
-C(O)R 15, -C(O)OR 15, -OC(O)R 15, -NR13C(O)OR 18, -NR
13C(O)R 15 , -C(O)NR15R13 , -NR15R13, -NR14C(O)NR
15R13, 



-NR14C(NCN)NR 15R13, -OR 15, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, saturated and partially
unsaturated heterocyclyl, and heterocyclylalkyl, and
wherein said aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl
rings may be further substituted with one or more
groups selected from halogen, hydroxyl, cyano, nitro,
azido, fluoromethyl, difluoromethyl, trifluoromethyl,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, NR15R13 and OR15 ; [0079]
R13 and R14 are independently hydrogen or alkyl,
or[0080] R13 and R14 together with the atoms to which
they are attached form a saturated or partially
unsaturated cycloalkyl or a saturated or partially
unsaturated heterocyclyl ring, wherein said alkyl,
cycloalkyl and heterocyclyl portions are optionally
substituted with one or more groups independently
selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, oxo, ORa,
NRaRb, NRaORb, NR3CO2R NRaCORb, SO2NRaRb s SRa, SORa,
SO2R3 S-S-R", C(=O)R a, CC=O)OR , OC(=O)R\ C(=O)NRaRb,
NRaC(=O)R b, and NRaC(=O)NRbRc; [0081] R15, R16 and
R17 are independently H, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, saturated
or partially unsaturated cycloalkyl, saturated or
partially unsaturated heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, or
heterocyclylalkyl, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, and
heterocyclylalkyl are optionally substituted with one
or more groups independently selected from alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, aryl, heteroaryl, halogen, oxo; ORa,
NRaRb, NRaORb, NR CO2R , NRaCORb, SO2NRaRb, SRa, SORa,
SO2R , S-S-R , C(=O)R a C(=O)ORa, OC(O)R 3, C(=O)NR
aRb, NRaC(=O)R b, NR CC=O)NR R , OC(=O)NR aRb, and
C(=O)CH2ORa; [0082] or any two of R15 , R16 and R17
together with the atom to which they are attached form
a heterocyclic ring optionally containing one or more
additional heteroatoms selected from N, O, S SO, SO2
and NR6, wherein said heterocyclic ring is optionally
substituted with one or more groups independently
selected from oxo, halogen, alkyl, alkenyl, alkynyl,
saturated and partially unsaturated cycloalkyl,
saturated and partially unsaturated heterocyclyl,
cycloalkylalkyl, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, aryl, ORa,
NRaRb, SRa, heteroaryl, arylalkyl, heteroarylalkyl,
and heterocyclylalkyl, [0083] or R13 and R15 together
with the atom to which they are attached form a
saturated or partially unsaturated cycloalkyl or
saturated or partially unsaturated heterocyclyl ring,
wherein said alkyl, cycloalkyl and heterocyclyl are
optionally substituted with one or more groups
independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, oxo, ORa, NRaRb, NRaORb, NRaCO2Rb, NRaCORb,
SO2NRaRb, SRa SORa, SO2R , S-S-R , C(=O)Ra, C(=O)ORa,
OC(=O)R a, CC=O)NR3R , NRaC(=O)R b, and NR3CC=O)NR1R
;[0084] R18 is CF3, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, saturated
or partially unsaturated cycloalkyl, saturated or
partially unsaturated heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, or
heterocyclylalkyl, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, saturated or partially
unsaturated heterocyclyl, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl and
heterocyclylalkyl are optionally substituted with one
or more groups independently selected from alkyl,
alkeny!, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, aryl, heteroaryl, halogen, oxo, ORa,
NRaRb, NRaORb, NRaCO2Rb, NRaCORb, SO2NRaRb, SRa, SOR3,
SO2R , S-S-Ra, C(=Q)R\ C(=O)OR a, OC(=O)R a, C(=O)NR
aRb, NRaC(=O)Rb, NRaC(=O)NR bRc, [0085] or Rt s and
R18 together with the atoms to which they are attached
form a saturated or partially unsaturated cycloalkyl
or saturated or partially unsaturated heterocyclyl
ring, wherein said alkyl, cycloalkyl and heterocyclyl
are optionally substituted with one or more groups
independently selected from halogen, cyano, nitro,
trifluoromethyl, dfluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, oxo, ORa, NRaRb, NRaORb, NRaCO2Rb, NRaCORb,
SO2NRaRb, SRa, SOR3, SO2R , S-S-R , C(=0)R a,
C(=O)ORa, OC(=O)R a, C(=O)NR aRb, NRaC(=O)Rb, and
NRaC(=O)NRbRc; [0086] each R19 is independently H,
halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, -SR18, -OR
15, -C(O)R 15, -C(O)OR 15, -NR14C(O)OR 18 -OC(O)R 15
-NR14SO2R18, -SO2NR15R14 , - NR14C(O)R 15 -C(O)NR
15R14 , -NR13C(O)NR 15R14, -NR13C(NCN)NR 15R14 , -NR
15R14 , alkyl, alkenyl, alkynyl, saturated or
partially unsaturated cycloalkyl, cycloalkylalkyl,
-S(O)p(alkyl), - S(O)P(CR13R14)q-aryl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, saturated or
partially unsaturated heterocyclyl, heterocyclylalkyl,
-O(CR 13R14)q-aryI, -NR15(CRl3R14)q-aryl, -O(CR 13R14
)q-heteroaryl, -NR13(CR13R14)q-heteroaryl, -O(CR
13R14)q-heterocyclyl or -NR!S(CRl3R14)q-heterocyclyl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl portions are
optionally substituted with one or more groups
independently selected from oxo, halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR13SO2R18, -SO2NR15R13,
-C(O)R 15, -C(O)OR 15, -OC(O)R15, -NR13C(O)OR 18,
-NR13C(O)R15, -C(O)NR 15R13, -NR15R13 -NR14C(O)NR
15R13 -NR 14C(NCN)NR 15R13 , -OR15, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, saturated or partially
unsaturated heterocyclyl, and heterocyclylalkyl, and
wherein said aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl
rings may be furthersubstituted with one or more
groups selected from halogen, hydroxyl, cyano, nitro,
azido, fluoromethyl, difluoromethyl, trifluoromethyl,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, NR15R13 and OR15 ; [0087]
each R20 is independently C1-C alkyl, saturated or
partially unsaturated cycloalkyl, trifluoromethyl,
difluoromethyl, or fluoromethyl; [0088] Ra, Rb and Rc
are independently H, alkyl, alkenyl, alkynyl,
saturated or partially unsaturated cycloalkyl,
saturated or partially unsaturated heterocyclyl, aryl,
or heteroaryl, [0089] or NRRb forms a 5-6 membered
heterocyclic ring having 1-2 ring nitrogen atoms and
optionally substituted with (C1-C3 alkyl), [0090] or
NRDRC forms a 5-6 membered heterocyclic ring having
1-2 ring nitrogen atoms; [0091] j is O, 1, 2 or 3;
[0092] m is 1, 2, 3, or 4; [0093] n isO, 1, 2, 3, or
4; [0094] q is 0, 1, 2, 3, 4, or 5; and [0095] p is O,
1 or 2; [0096] wherein when said compound of Formula I
is represented by the formula [0097] and R3 is other
than Q or Z, then E is not a benzofuranyl, indolyl,
quinazolinyl, quinolinyl, or isoquinolinyl ring.
[0098] In certain embodiments, provided are compounds
of Formula I[0099] and solvates, metabolites, and
pharmaceutically acceptable salts thereof, [00100]
wherein: [00101] A is O, C(=O), S, SO or SO2; [00102]
G is N or C-CN; [00103] B represents a fiised
6-membered aryl ring or a 5-6 membered heteroaryl
ring; [00104] E is [00105] X is N or CH; [00106] D1,
D2 and D3 are independently N or CR19 ; [00107] D4 and
Ds are independently N or CR19 and D6 is O, S, or
NR20, wherein at least one of D4and D5 is not CR19 ;
[00108] D7 D8, D9 and D10 are independently N or
CR-19, wherein at least one of D7, D8, D9 and D10 is
N; [00109] R1 is H or alkyl; [00110] each R2 is
independently halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, -SR18,
-OR15, -C(O)R 15, -C(O)OR 15 , -NR 14C(O)OR 18,
-OC(O)R 15, -NR 14SO2R 18, -SO2NR15R14, - NR14C(O)R 15
, -C(O)NR 15R14 , -NR5C(O)NR 15R14 , -NR13C(NCN)NR
15R14 , -NR 15R14 , alkyl, 



alkenyl, alkynyl, saturated or partially unsaturated
cycloalkyl, cycloalkylalkyl, -S(O)p(alkyl), -
S(O)p(CR13R14)q-aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, saturated or partially unsaturated
heterocyclyl, heterocyclylalkyl, -O(CR 13RM)q-aryl,
-NR 15(CR l3R14)q-aryl, -0(CR 13R14)q-heteroaryl, -NR
I3(CR 13R14)q-heteroaryl, -O(CR 13R14 )V-heterocyclyl
or -NR 15(CR13R14 )q-heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally
substitutedwith one or more groups independently
selected from oxo, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR13SO2R18, -SOaNR15R13 , -C(O)R 15,
-C(O)OR15, -OC(O)R15, -NR13C(O)OR 18, -NR13C(O)R 15 ,
-C(O)NR15R13 , -NR15R13, -NR14C(O)NR 15R13,
-NR14C(NCN)NR 15R13 , -OR15, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, saturated and partially
unsaturated heterocyclyl, and heterocyclylalkyl, and
wherein said aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl
rings may be further substituted with one or more
groups selected from halogen, hydroxyl, cyano, nitro,
azido, f uoromethyl, difluoromethyl, trifluoromethyl,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, NR15R13 and OR15; [00111]
each R3 is independently Q, Z, halogen, cyano, nitro,
alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, trifluoromethoxy, difluoromethoxy,
fluoromethoxy, trifluoromethyl, difluoromethyl,
fluoromethyl, OR15, NR15R16, NR15OR16 , NR15C(=O)0R
18, NR15C(K))R 16, SO2NR15R16 , SR15 , SOR15, SO2R15,
C(O)R 15, C(=O)OR 15, OC(O)R 5, C(O)NR 15R16,
NR15Ct=O)NR 1 R1\ NR15C(=NCN)NR 16R17, orNR15C(=NCN)R
16, [00112] wherein said alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl are optionally substituted with one or
more groups independently selected from halogen, oxo,
cyano, nitro, alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, saturated or partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, trifluoromethoxy, difluoromethoxy,
fluoromethoxy, trifluoromethyl, difluoromethyl,
fluoromethyl, OR15, NR15R16, NR15OR16, NR15C(O)OR 18,
NR15C(O)R 16, SO2NR15R16, SR15, SOR15 , SO2R15, C(O)R
15, C(O)OR 15, OC(O)R 15 C(O)NR 15R16, NR15C(O)NR
16R17, NR15C(=NCN)NR 16R17 , and NR15C(=NCN)R 16 ; NR6
[00113] Q is R8 ; [001 14] Z is selected from[001 16]
and tautomers thereof; [001 17] W and V are
independently O, NR6, S, SO, SO2 CR7R8, CR8R9 or C=O;
[001 18] is S, SO SO2 CR7CR8, or CR8R9, [001 19]
provided that when W is O, NR6, S, SO, or SO2 then V
is CR8R9, and [00120] when V is O NR6, S, SO, or SO2,
then W and Y are each CR8R9; [00121] each R6, R8, R8a
and R9 are independently hydrogen, trifluoromethyl,
alkyl, saturated or partially unsaturated cycloalkyl,
saturated or partially unsaturated heterocyclyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, or
heterocyclylalkyl, wherein said alkyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, and heterocyclylalkyl are optionally
substituted with one or more groups independently
selected from oxo, halogen, alkyl, alkenyl, alkynyl,
saturated and partially unsaturated cycloalkyl,
saturated and partially unsaturated heterocyclyl,
cycloalkylaikyl, cyano, nitro, OR15, NR 15R16, SR15,
S(=O)R 15, SO2R15, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, and heterocyclylalkyl; [00122] R7 is
hydrogen, halogen, cyano, nitro, alkyl, alkenyl,
alkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, cycloalkyl alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclylalkyl, -NR
15SO2R16 -SO 2NRISR 16, -C(O)R 15 -C(O)OR 15, -OC(O)R'
5, -NR 15C(O)OR 18, -NR 15C(O)R 16, -C(O)NR 15R16, -NR
15R16, -ISIR15C(O)NR 16R17, -OR 15, -S(O)R 15 ,
-SO2R15 , or SR15 , wherein said alkyl, alkenyl,
alkynyl, cycloa kyl, heterocyclyl, cycloalkylaikyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, and
heterocyclylalkyl, are optionally substituted with one
or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylaikyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, - NR15SO2R16 -SO 2N R15R16,
-C(O)R 15, -C(O)OR 15, -OC(O)R 15 -NR 15C(O)OR 18, -NR
15C(O)R 16 , -C(O)NR 15R16, -NR 15R16, -NR 15C(O)NR
16R17, -OR 15, -S(O)R 15 , -SO 2R15 , SR15 , aryl,
arylalkyl, heteroaryl, heteroarylalkyl, and
heterocyclylalkyl; [00123] R 10 is hydrogen, alkyl,
alkenyl, alkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, cycloalkylaikyl, aryl,
arylalkyl,heteroaryl, heteroarylalkyl,
heterocyclylalkyl, -NR15C(O)OR 18, -NR 15C(O)R16
-NRisR16 , or - OR15, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclylalkyl, are optionally substituted with one
or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylalkyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, -NR15SO2R16 -SO2NR15R16 ,
-C(O)R15, -C(O)OR15, -OC(O)R15, -NR15C(O)OR 18,
-NR15C(O)R16, -C(O)NR15R16, -NR 5R16, -NR15C(O)NR16R17
, - OR15, -S(O)R15, -SO2R15, SR15, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, and heterocyclylalkyl;
[00124] or R6 and R8 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O, S, SO, SO and NR6, wherein said carbocyclic
and heterocyclic rings are optionally substituted with
one or more groups independently selected from oxo,
halogen, alkyl, alkenyl, alkynyl, saturated and
partially unsaturated cycloalkyl, saturated and
partially unsaturated heterocyclyl, cycloalkylalkyl,
cyano, nitro, trifluoromethyl, difluoromethyl,
fluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, azido, aryl, OR15 ,NR15R16, SR15,
heteroaryl, arylalkyl, heteroarylalkyl, and
heterocyclylalkyl; [00125] or R7 and R8 together with
the atoms to which they are attached form a 3 to 10
membered saturated or partially unsaturated cycloalkyl
or heterocyclyl ring optionally containing one or more
additional heteroatoms selected from N, O, S, SO, SO2
and NR6, wherein said carbocyclic and heterocyclic
rings are optionally substituted with one or more
groups independently selected from oxo, halogen,
alkyl, alkenyl, alkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, cycloalkylalkyl, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR15R16 , SR15, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[00126] or R8 and R9 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated cycloalkyl or heterocyclyl ring
optionally containing one or more additional
heteroatoms selected from N, O, S, SO, SO and NR6,
wherein said carbocyclic and heterocyclic rings are
optionally substituted with one or more groups
independently selected from oxo, halogen, alkyl,
alkenyl, alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, cycloalkylalkyl, cyano,nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR15R16, SR15, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl ;
[00127] or R6 and R10 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O S, SO, SO and NR6, wherein said heterocyclic
ring is optionally substituted with one or more groups
independently selected from oxo, halogen, alkyl,
alkenyl, alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, cycloalkylalkyl, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR 15R16, SR1S, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[00128] or R8 and R10 together with the atoms to which
they are attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclyl ring optionally
containing one or more additional heteroatoms selected
from N, O, S, SO, SO2 and NR6, wherein said
heterocyclic ring 



is optionally substituted with one or more groups
independently selected from oxo, halogen, alkyl,
alkenyl; alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, cycloalkylalkyl, cyano, nitro,.
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, aryl, OR15, NR15R16, SR15, heteroaryl,
arylalkyl, heteroarylalkyl, and heterocyclylalkyl;
[00129] each R12 is independently halogen, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, -SR18, -OR15, -C(O)R 15 , -C(O)OR15;
-NR14C(O)OR 18, -OC(O)R15 -NR14SO2R18, -SO2NR15R14 ,
-NR14C(O)R15, -C(O)NR15R14, -NR13C(O)NR 1SR14,
.-NR13C(NCN)NR15R14, -NR15R14 , alkyl, alkenyl,
alkynyl, saturated or partially unsaturated
cycloalkyl, cycloalkylalkyl, -S(O)p(aIkyl),
-S(O)p(CRl3R14)q- aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, saturated or partially unsaturated
heterocyclyl, heterocyclylalkyl, -O(CRl3RI4)q-aryl,
-NR15(CR13RI4) -aryl, -O(CR 13R14)q-heteroaryl,
-NR13(CR13R14)q-heteroaryl, -O(CR 13R14)q-heterocyclyl
or -NRl 5(CR R14)q-heterocycIyl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted
with one or more groups independently selected from
oxo, halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR13SO2R18,
-SO2NR15R13, -C(O)R15, -C(O)OR15, -OC(O)R15, -NR
13C(O)OR 18, -NR13C(O)R 15, -C(O)NR15R13, -NR15R13,
-NR14C(O)NR 15R13, -NR14C(NCN)NR15R13, -OR15 , aryl,
heteroaryl, arylalkyl, heteroarylalkyl, saturated and
partiallyunsaturated heterocyclyl, and
heterocyclylalkyl, and wherein said aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl or
heterocyclylalkyl rings may be further substituted
with one or more groups selected from halogen,
hydroxyl, cyano, nitro, azido, fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, alkenyl,
alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, NR15R13 and ORIS; [00130] R13 and R14
are independently hydrogen or alkyl, or [00131] R13
and R14 together with the atoms to which they are
attached form a saturated or partially unsaturated
cycloalkyl, or saturated or partially unsaturated
heterocyclyl ring, wherein said alkyl, cycloalkyl and
heterocyclyl portions are optionally substituted with
one or more groups independently selected from
halogen, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, oxo, ORa,
NRaRb, NRaORb, NRaCO2Rb, NRaCORb, SO2NRaRb, SRa, SORa,
SO2R , S-S-Ra, C(=O)R a, C(=O)OR a, OC(=O)R a,
C(=O)NRaRb, NRaC(=O)R b, and NR Cf=O)NR R ; [00132]
R15, R16 and R17 are independently H, alkyl, alkenyl,
alkynyl., heteroalkyl, heteroalkenyl, heteroalkynyl,
saturated or partially unsaturated cycloalkyl,
saturated or partially unsaturated heterocyclyl,
cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, or heterocyclylalkyl, wherein said
alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, and heterocyclylalkyl are optionally
substituted with one or more groups independently
selected from alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, saturated and partially
unsaturated cycloalkyl, saturated and partially
unsaturated heterocyclyl, aryl, heteroaryl, halogen,
oxo,- ORa, NRaRb, NRaORb; NR3CO2R", NRaC0R b,
SO2NRaRh, SRa, SORa, SO2R , S-S-R3, C(=O)Ra, C(=O)OR
a, OC(=O)R a, C(=O)NRaRb, NRaC(=O)Rb, and.NR Q=O)NR 1R
, [00133] or any two of R15, R16 and R17 together with
the atom to which they are attached form a
heterocyclic ring optionally containing one or more
additional heteroatoms selected from N, O, S, SO, SO2
and NR6, wherein said heterocyclic ring is optionally
substituted with one or more groups independently
selected from oxo, halogen, alkyl, alkenyl, alkynyl,
saturated and partially unsaturated cycloalkyl,
saturated and partially unsaturated heterocyclyl,
cycloalkylalkyl, cyano, nitro, trifluoromethyl,
difluoromethyl, fluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, azido, aryl, ORa,
NRaRb, SRa, heteroaryl, arylalkyl, heteroarylalkyl,
and heterocyclylalkyl, [00134] or R13 and R15 together
with the atom to which they are attached form a
saturated or partially unsaturated cycloalkyl or
saturated or partially unsaturated heterocyclyl
ring,wherein said alkyl, cycloalkyl and heterocyclyl
are optionally substituted with one or more groups
independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, oxo, ORa NRaRb, NRaORb, NRaCO2Rb, NRaCORb,
SO2NRaRb, SRa, SORa, SO2R3, S-S-R , C(=O)Ra, C(=O)ORa,
OC(=O)Ra, C(=O)NR aRb, NRaC(=O)Rb, and NRaC(=O)NR bRc;
[00135] R18 is CF3, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, saturated
or partially unsaturated cycloalkyl, saturated or
partially unsaturated heterocyclyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, or
heterocyclylalkyl, wherein said alkyl, alkenyl,
alkynyl, cycloalkyl, saturated or partially
unsaturated heterocyclyl, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl and
heterocyclylalkyl are optionally substituted with one
or more groups independently selected from alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, aryl, heteroaryl, halogen, oxo, ORa,
NRaRb, NR8OR , NRaCO2Rb, NRaCORb, SO2NRaRb, SRa, SOR\-
SO2R , S-S-R , C(=O)Ra, C(=O)OR a OC<=O)Ra, C(=O)NR
aRb, NRaC(-O)R b,NRaC(=O)NRbRc, [00136] or R15 and R18
together with the atoms to which they are attached
form a saturated or partially unsaturated cycloalkyl
or saturated or partially unsaturated heterocyclyJ
ring, wherein said alkyl, cycloalkyl and heterocyclyl
are optionally substituted with one or more groups
independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethyl, fluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, oxo, ORa, NRaRb NROR b, NRaCO2Rb, NRaCORb,
SO2NRaRb, SRa, SORa, SO2Ra, S-S-Ra 5 G(=O)Ra, C(=O)OR
a, OC(=O)Ra, C(=O)NR aRb,NRaC(=O)Rb, and NR CC=O)NR R
; [00137] each R19 is independently H, halogen, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl;
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
azido, -SR18, -OR15, -C(O)R 15, -C(O)OR 15,
-NR14C(O)OR 18 -OC(O)R 15 -NR 14SO2R18, -SO2NR15R14, -
NR14C(O)R15, -C(O)NR 15R14, -NR13C(O)NR15R14 , -NR
13C(NCN)NR 15R14 , -NR15R14 , alkyl, alkenyl, alkynyl,
saturated or partially unsaturated cycloalkyl,
cycloalkylalkyl, -S(O)p(alkyl), -
S(O)p(CR13RI4)q-aryl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, saturated or partially unsaturated
heterocyclyl, heterocyclylalkyl, -O(CR I3Rl4)q-aryl,
-NR15(CRl3RI4)q-aryl, -O(CR13RM)q-heteroaryl,
-NR13(CR13R14)q-heteroaryl, -O(CR 13RM)q-heterocyclyl
or -NR15(CRl3R14)q-heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted
with one or more groups independently selected from
oxo, halogen, cyano, nitro,trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR13SO2R18
, -SO2NR15R13 , -C(O)R15 , -C(O)OR15, -OC(O)R 15
-NR13C(O)OR18, -NR13C(O)R 15, -C(O)NR15R13, -NR15R13 ,
-NR14C(O)NR15R13 , -NR14C(NCN)NR 15R13 , -OR15, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, saturated or
partially unsaturated heterocyclyl, and
heterocyclylalkyl, and wherein said aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl or
heterocyclylalkyl rings may be further substituted
with one or more groups selected from halogen,
hydroxyl, cyano, nitro, azido, fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, alkenyl,
alkynyl, saturated and partially unsaturated
cycloalkyl, saturated and partially unsaturated
heterocyclyl, NR15R13 and OR15; [001381 each R>20 is
independently C -C alkyl, saturated or partially
unsaturated cycloalkyl, trifluoromethyl,
difluoromethyl, or fluoromethyl; [00139] Ra, Rb.and Rc
are independently H, alkyl, alkenyl, alkynyl,
saturated or partially unsaturated cycloalkyl,
saturated or partially unsaturated heterocyclyl, aryl,
or heteroaryl; [00140] j is 0, I, 2 or 3; [00141] m is
1, 2, 3, or 4; [00142] n is O, 1, 2, 3, or 4; [00143]
q is O, 1 2, 3, 4, Or a d [00144] p is 0, I or 2;
[00145] wherein when said compound of Formula I is
represented by the formula [00146] and R3 is other
than Q or Z, then E is not a benzofuranyl, indolyl,
quinazolinyl, quinolinyl, or isoquinolinyl ring.
[00147] In certain embodiments of compounds of Formula
I, G is N. [00148] In certain embodiments of compounds
of Formula I, R1 is H. [00149] In certain embodiments
of compounds of Formula I, A is O. 



[00150] In certain embodiments of compounds of Formula
I, A is S. [00151] In certain embodiments of compounds
of Formula I , B is a fused 6 membered aryl ring.
[00152] In certain embodiments of compounds of Formula
I , B is[00153] In certain embodiments, Formula I has
the structure: [00154] wherein R1, R2, R3, G, A, E and
n are as defined above. [00155] In certain embodiments
of compounds of Formula I, B is a fused 5-6 membered
heteroaryl ring. In particular embodiments, B is a
fused thieno ring. [00156] In certain embodiment of
compounds of Formula I, B is [00157] In certain
embodiments, Formula I has the structure: [00158]
wherein R1, R2, R3, G, A, E and n are as defined
above. [00159] In certain embodiments, Formula I has
the structure:[00160] wherein R1, R2, R3, G, A, E and
n are as defined above. [00161] In certain embodiments
of compounds of Formula I, E is [00162] Exemplary
embodiments of E include, but are not limited to,
bicyclic heteroaryl rings selected from [00163]
wherein k is 0, 1, 2, or 3. Examples of R12 groups
include, but are not limited to, amino, Ci-C alkoxy,
saturated or partially unsaturated cycloalkyl, CN,
trifluoromethyl, difluoromethyl, and fluoromethyl.
Example of R19 groups include, but are not limited to,
H, amino, C1-C4 alkoxy, saturated or partially
unsaturated cycloalkyl, CN, trifluoromethyl,
difluoromethyl, and fluoromethyl. Examples of R20
include, but are not limited to, C -C alkyl, saturated
or partially unsaturated cycloalkyl, trifluoromethyl,
difluoromethyl, and fluoromethyl. [00164] In other
embodiments, R12 is halogen. [00165] In other
embodiments, R20 is H. [00166] In particular
embodiments, R12 is H.[00167] In certain embodiments,
R19 is H or CrQ; alkyl. In particular embodiments, R19
is H or methyl. [00168] In certain embodiments, R20 is
H or Ci-C6 alkyl. In particular embodiments, R20 is H,
methyl or ethyl. [00169] In particular embodiments, E
is selected from the structures: [00170] In certain
embodiments of compounds of Formula I5E is [00171] In
one embodiment, at least one of D1, D2 and D3 is N.
[00172] Exemplary embodiments of E further include
heteroaryl rings selected from, but not limited
to,[00173] wherein each R19 group is independent of
the other. Examples of R12 groups include, but are not
limited to, amino, Ci-C alkoxy, saturated or partially
unsaturated cycloalkyl, CN, trifluoromethyl,
difluoromethyl, and fluoromethyl. Example of R19
groups include, but are not limited to, H, amino,
C1-C4 alkoxy, saturated or partially unsaturated
cycloalkyl, CN, trifluoromethyl, difluoromethyl, and
fluoromethyl. [00174] In certain embodiments, R12 is
halogen. In certain embodiments, j is 0 or 1. A
particular example for R12 is F. [00175] In certain
embodiments, R19 is H, Ct-C alkyl, or halogen.
Particular examples for R19 include H, methyl, Cl, and
Br. [00176] Particular examples of E include: [00177]
In one embodiment the compounds of Formula I are
selected from compounds wherein E is selected from the
groups El, E2, E3, E4, E5, E6, E7 and E8:E7 E8 [00178J
In certain embodiments, E is selected from the groups
El-, E2 and E3, and j is 0 or 1. In certain
embodiments of the groups El, E2 and E3, R12 is
halogen. In certain embodiments of the groups El, E2
and E3, R19 is selected from H, halogen or CpC alkyl.
In certain embodiments of the groups El, E2 and E3,
R20 is H, Particular examples of ErbB2 selective
compounds include compounds of Formula I wherein E is
selected from the groups [00179] In another
embodiment, provided- are compounds of Formula I
wherein E is selected from El, E2 and E3, provided
that R3 of formula I is other than - NR
lsC(=O)(CH=CH)R 16a when Rl6a represents H, alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, saturated or partially unsaturated
cycloalkyl, saturated or partially unsaturated
heterocyclyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, or heterocyclylalkyl,
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, and heterocyclylalkyl are
optionally substituted with one or more groups
independently selected from alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, saturated
and partially unsaturated cycloalkyl, saturated
andpartially unsaturated heterocyclyl, aryl,
heteroaryl, halogen, oxo, ORa, NRaRb, NRaORb, NR CO2R
, NRaCOR b, SO2NRaRb 5 SRa, SORa, SO2R8, S-S-R , .
C(=O)R a, C(=O)OR a, OC(=O)R a, C(=O)NR aRb, RaC(=O)R
b, NRaC(=O)NR bRc, OC(=0)NR aRb, and C(=O)CH 2ORa.
Certain compounds belonging to this subgroup have been
found to be highly potent inhibitors of ErbB2 and are
highly selective for ErbB2 over EGFR. As used herein,
the term "highly selective" refers to a compound
wherein the IC50 for EGFR is at least 20 fold higher
than the IC50 for ErbB2 as determined by the cellular
ErbB2 and EGFR phosphorylation assays described in
Examples B and C Particular compounds of this
invention were found to have an IC50 for EGFR that is
at least 50 fold higher than the IC50 for ErbB2. As a
further example, particular compounds of this
invention were found to have an IC50 for EGFR that is
at least 100 fold higher than the IC50 for ErbB2.
[00180] Accordingly, this invention provides compounds
of Formula I which are highly potent ErbB2 inhibitors
and are highly selective for ErbB2 relative to EGFR.
Such compounds would allow treatment of cancers which
can be treated by inhibiting ErbB2, for example
cancers which express or overexpress ErbB2, in a
relatively selective manner, thereby minimizing
potential side effects associated with the inhibition
of other kinases such as EGFR. [00181] However,
compounds of Formula I where R3 is -NR 15CC=O)(CH=CH)R
16a and R16a represents H or a substituted or
unsubstituted C2-C6 atkyl were found to be inhibitors
of both ErbB2 and EGFR. In addition, such compounds
are believed to bind irreversibly to ErbB2 and EGFR.-
[00182] In certain embodiments of compounds of Formula
I, m is 1. [00183] In certain embodiments of compounds
of Formula I 5 R3 is OR 15 . In certain embodiments,
R15 is alkyl, alkenyl or alkynyl, wherein said alkyl,
alkenyl and alkynyl are optionally substituted with
one or more groups independently selected from
saturated and partially unsaturated cycloalkyl,
heteroaryl, saturated and partially unsaturated
heterocyclyl, ORa, SO2Ra, andNR aRb. [00184] In
certain embodiments of compounds of Formula I R3 is
OR15 and RIS is [00185] (i) H; [00186] (ii) C3-C6
cycloalkyl optionally substituted with ORa; [00187]
(iii) cycloalkylalkyl; [00188] (iv) Ci-C alkyl
optionally substituted with one or two groups
independently selected from -OR\ -OC(O)R , -CO2R ,
-SO2Ra, -SRa, -C(O)NR aRb, -NRaRb, -NRaC(O)R b, -
OC(O)NR aRb, and NR C(O)NR 1R0;[00189] (v) a 5-6
membered heterocyclic ring having a ring heteroatom
selected from N and O and optionally substituted with
-C(O)Ra, C1-C6 alkyl, -C(O)NRaRb, -SO2Ra, or
C(O)CH2ORa; [00190] (vi) heterocyclylalkyl, wherein
said heterocyclic portion is a 5-6 membered ring
having 1 or 2 ring heteroatoms independently selected
from N and O and is optionally substituted with C1-C
alkyl, halogen, ORa or oxo; [00191] (vii) a 5-6
membered heteroaryl ring having from 1 to three ring
nitrogen atoms and optionally substituted with Ci-C6
alkyl or halogen; or [00192] (vi) heteroarylalkyl,
wherein said heteroaryl portion is a 5-6 membered ring
having 1-2 ring nitrogen atoms and is optionally
substituted with Q-Ce alkyl. [00193] In certain
embodiments, R3 is OH. [00194] Examples of OR15 when
R15 represents a C3-Ce cycloalkyl group optionally
substituted by ORa wherein Ra represents H or Ci-Ce
alkyl include cyclohexanoxy and cyclopentanoxy groups
optionally substituted with OH, for example,
2-hydroxycyclopentoxy. [00195] Examples of OR15 when
R15 represents a cycloalkylalkyl group include -0-(C -
Ce cyc!oalkyI)(GH2)p wherein p is 1, 2, or 3. A
particular example is 1-cyclopropylmethoxy. [00196]
Examples of OR15 when R15 represents a Ci-C6 alkyl
group include CH3O- and CH3CH2O-. 



[00197] - Examples of OR15 when R15 represents a C -C6
alkyl group substituted with one or two ORa groups and
Ra represents H3 CpC alkyl or benzyl include CH3q
(CH2)2q -, CH3CH2O(CH2)2q -, HO(CH 2)2O-,
HOCH2CH(OH)CH2O-, CH3CH(OH)CH2O-, HOC(CHs)2CH2O-,
(PhCH2O)CH2CH2O-, and (PhCH2)OCH2CH(OH)CH 2O-. [00198]
Examples of OR15 when R1S represents a Ci-C alkyl
group substituted with -OC(O)R include -O-(CH2)pOC(O)R
a wherein p is 1-6 and Ra is H or Ci-C6 alkyl. A
particular example is -0-(OHb)2OC(O)CH 3- [00199]
Examples of OR 15 when R1S represents a Cr C6 alkyl
group substituted with -CO2R include -O-(CH2)pCq 2Ra
wherein p is 1-6 and Ra is H or Q-C 6 alkyl. A
particular example is -0-(CH 2)CO2CH3. [00200]
Examples of OR15 when R15 represents a Ci-C6 alkyl
group substituted with -Sq 2Ra include -O-(CH2)pSO2Ra
wherein p is 1-6 and Ra is Ci-C6 alkyl. A particular
example is -0(CH 2 3SO2CH3.[00201] Examples of OR15
when R1S represents a Cr C6 alkyl group substituted
with -SRa include O-(CH2)pSRa wherein p is 1-6 and Ra
is Ci-Ce alkyl. A particular example is -O(CH2)3SCH3.
[00202] Examples of OR15 when R15 represents a Ci-C6
alkyl group substituted with -C(O)NRaRb include
-O-(CH2)pC(O)NR aRb wherein p is 1-6 and Ra and Rb are
independently H or Ci-C alkyl, or NRaRb represents a
5-6 membered heterocycle having 1-2 ring nitrogen
atoms and optionally substituted with Ci-Ce alkyl.
Particular examples of OR15 include (CH3 NC(O)CH2O-,
CH3NHC(O)CH 2O-, NH2C(O)CH2O-, and [00203] Examples of
OR 5 when R15 represents a Ci-Ce alkyl group
substituted with -NRaC(O)Rb include -O(CH2)pNRaC(O)Rb
wherein p is 1-6 and Ra and Rb are independently H or
Ci-C6 alkyl. Particular examples of OR1S include
-O(CH2)2NHC(O)CH 3 and -O(CH2)2NHC(O)CH 2CH3. [00204]
Examples of OR15 when R15 represents a Ci-Ce alkyl
group substituted- with -NRaRb include -O-(CH2)pNRaRb
wherein p is 1-6 and Ra and Rb are independently H or
Gi-C6 alkyl (for example methyl or ethyl). Particular
examples of OR15 include -O(CH2)3N(CH3)2 and
-O(CH2)2N(CH3)2. [00205]. Examples of OR15 when R15
represents a C -C6 alkyl group substituted with
-OC(O)NR aRb -include -O-(CH 2)p-OC(O)NR aRb wherein p
is .1-6 and Ra and Rb are independently H or Cr C6
alkyl. A particular example is -O(CH2)2OC(O)N(CH 3)2.
[00206] Examples of OR15 when R15 represents a Ci-C
alkyl group substituted with -NR C(O)NR1R incude
-O-(CH2)p-NRaC(O)NRbRc wherein p is 1-6, Ra and Rb are
independently H or C,-C6 alkyl, and Rc is H, C1-C6
alkyl or -0(Cj-C 6 alkyl), or NR R0 represents a 5-6
membered heterocycle having 1-2 ring nitrogen atoms
(for example pyrrolidinyl). Particular examples of
OR15 include I H I H / \ H s o , o , and O [00207]
Examples of OR15 when R15 represents a 5-6 membered
heterocyclic ring having a ring heteroatom selected
from N and O and optionally substituted with -C(O)Ra,
Ci-C alkyl, OXo -C(O)NRaRb, -SO2Ra, or -C(O)CH 2OR8
include pyrrolidinyl, piperidinyl, and
tetrahydro2H-pyranyI ring optionally substituted with
-C(O)(Ci-C6 alkyl), oxo, Ci-C6 alkyl, -C(O)N(C 1-C6
alkyl)2, -SO 2(CI-C alkyl), and -C(O)CH2O(Ci-C6
alkyl). Particular examples include [00208] Examples
of OR15 when R15 represents a heterocyclylalkyl group
include OHetcyc)( CH2)p wherein p is 1-6 and Hetcyc
represents a 5-6 membered heterocyclic ring having 1-2
ring nitrogen atoms and optionally substituted with
one or two groups selected from Ci-Ce alkyl, halogen,
OH, 0-(Ci-Ce alkyl) and oxo. Examples of the
heterocyclic ring include pyrrolidinyl, piperidinyl,
morpholinyl, tetrahydrofuranyl, pyrazinyl, and
imidazolidinyl rings optionally substituted with one
or two groups independently selected from methyl, F5
OH and oxo. Particular examples of OR15 include[00209]
An example of OR15 when R15 represents a heteroaryl
group includes groups wherein the heteroaryl is a
pyridinyl group optionally substituted with Q -C alkyl
or halogen. Particular examples include
2-methylpyridin-4-yloxy, 2-chIoropyridin-4-yloxy, and
2- methylpyridin-4-yloxy. [00210] An example of OR15
when R15 represents a heteroarylalkyl group includes
-O- (CH2)p(heteroaryI) wherein p is 1-6 and the
heteroaryl group is optionally substituted with C -C
alkyl. Examples of the heteroaryl group include 5-6
membered rings having 1 to 3 nitrogen atoms, for
example imidazolyl and 1,2,4-triazolyl. Particular
examples of OR15 include [00211] In certain
embodiments, R3 is a 5 membered heterocyclic ring
bonded to the B ring through a nitrogen atom and
optionally having a second ring heteroatom selected
from N and O. In certain embodiments, the heterocyclic
ring is substituted with one or two groups
independently selected from Ci-C6 alkyl, oxo and
(CH2)i-2NRaRb, wherein Ra and Rb are independently H
or Ci-C alkyl. Particular examples of OR15 include
[00212] In certain embodiments, R3 is a 5-6 membered
heteroaryl ring having 1-3 nitrogen atoms, wherein
said heteroaryl is linked to the B ring by a ring
nitrogen atom. An example includes lH-pyrazolyl, for
example lH-pyrazol-1-yl. [00213] In certain embodiment
of compounds of Formula I , R3 is Z. In certain
embodiments, Z is selected from [00214] and tautomers
thereof. Examples of tautomers of the above Z groups
include those wherein R is hydrogen, and can be
represented by the following structures:[00215] In
certain embodiments, Z is selected from: [00216] In
certain embodiments, W is O or S. [00217] In certain
embodiments, W2 is O or S. [00218] In certain
embodiments, V is CR8R9. [00219] In certain
embodiments, Z is selected from: [00220] In certain
embodiments, R6 is H or Ci-C6 alkyl. [00221] In
certain embodiments, R8 and R8a are independently H or
Ci-Ce alkyl optionally substituted with ORa wherein Ra
is H or Ci-Ce alkyl. In other embodiments, R8 and R8a
together with the atom to which they are attached form
a C3-C6 cycloalkyl ring. [00222] In certain
embodiments, Z is selected from[00223] In certain
embodiments, R3 is NR15C(O)R 16 . Examples of R16
include, but are not limited to, alkyl, alkenyl or
alkynyl, wherein said alkyl, alkenyl and alkynyl are
optionally substituted with NRaRb. . [00224] In other
embodiments, R3 is -NR15C(O)R 16 wherein R15 is H or
methyl and R16 represents C2-C6 alkenyl optionally
substituted with NRaRb. Examples include -NR1SC(O>
CH=CHaR16 wherein R16a represents H or a substituted
or unsubstituted Ci-C 6 alkyl. Particular examples of
R3 include -NHC(O)-CH=CH 2 and -NHC(=O)-CH=CHCH
2N(CH3)2. [00225] In other embodiments, R3 is
-NR15C(O)R 16 wherein R15 is H or methyl and R16
represents a 5-6 membered heterocyclic ring having one
or two ring heteroatoms and optionally substituted
with Ci-Ce alkyl. Examples of heterocyclic rings
include piperidinyl, tetrahydrofuranyl, and
tetrahydropyranyl rings optionally substituted with
Ci.C alkyl. Particular examples of R3 include [00226]
In other embodiments, R3 is -NR15CC=O)R16 wherein R15
represents H or methyl and R16 represents Ci-Ce alkyl
optionally substituted with one or more groups
independently selected from CI.C alkyl and ORa. In
certain embodiments, Ra is H or Ci-Ce alkyl.
Particular examples of R3 include CH3C(O)NH-,
(CBO2C(O)NH-, CH3CH2C(O)N(CH 3)-, CH3OCH2C(O)NH-,
CH3OCH2C(O)N(CH3)-, CH3CH(OCH3)C(O)NH-,
CH3OCH2CH2C(O)NH-, CH3OCH(CHj)C(O)NH-, and
CH3OCH2CH(CH3)C(O)NH-.[00227] In certain embodiments,
R3 is -CC=O)NR15R16 . In certain embodiments, R15 and
R16 independently are H or Ci-C6 alkyl. A particular
example of R3 is -C(=O)N(CH )2. In other embodiments,
R15 and R16 together with the atom to which they are
attached form a 6 membered heterocyclic ring
optionally having a second heteroatom selected from N
and O and optionally substituted with Ci-C alkyl.
Examples of the heterocyclic ring include piperazinyS
or morpholinyl optionally substituted with methyl.
Particular embodiments of R3 include -
C(=0)(4-morpholinyl) and
-C(=O)(l-methylpiperazin-4-yl). [00228] In certain
embodiments, R3 is SO2R15 . In certain embodiments,
R15 is Ci-Ce alkyl or a phenyl group optionally
substituted with C I-CO alkyl. Particular examples of
R3 include 4-methylbenzenesulfonate or
ethanesulfonate. [00229] In certain embodiments, R3 is
SOR15 . In certain embodiments, R15 is C I-C alkyl. A
particular example of R3 is ethysulfinyl. [00230] In
certain embodiments, R3 is SR1S . In certain
embodiments, R15 is Ci-C alkyl. 



A particular example of R3 is EtS-. [00231] In certain
embodiments, R3 is halogen-. A particular example of
R3 is bromide. [00232] In certain embodiments, R3 is
-COaR15 . In certain embodiments, R15 is a 6 membered
heterocyclic ring having one or two ring nitrogen
atoms (for example piperidinyl or piperazinyl). In
certain embodiments, the heterocyclic ring is
substituted with Ci-Ce. alkyl (for example methyl). A
particular example of R3 is -Cq
2(l-methylpiperazinyl). [00233] In certain
embodiments, R3 is a substituted or unsubstituted Ci-C
alkyl group. In certain embodiments, the alkyl group
is substituted with OR15, wherein R15 is H or (Ci-C 6
alkyl), such as -(Cj-C 6 alkyl)OH and -(Ci-C6
alkyl)O(C r C6 alkyl). Particular examples of R3
include -(CH2)3OH and -(CH2)3OCH3. [00234] In certain
embodiments, R3 is a C3-C6 alkynyl group. In certain
embodiments, the alkynyl group is substituted with
OR15 . In certain embodiments, R15 is H or (Ci-C 6
alkyl). Particular examples of R3 include [00235] In
certain embodiments, R3 is a C -C alkynyl group
substituted with -NR15C(O)CHbOR . In certain
embodiments, R15 is H or Ci-C6 alkyl. In certain
embodiments, Ra is H or Ci-C 6 alkyl. A particular
example of R3 is[00236] In certain embodiments, R3 is
a C3-C6 alkynyl group substituted with a 6 membered
heterocyclic ring having one or two ring heteroatoms
independently selected from N5 O, and SO2. In certain
embodiments, the heterocyclic ring has at least one
ring nitrogen atom and is attached to the alkynyl
group through the nitrogen atom. Particular examples
of R3 include [00237] In certain embodiments, R3 is a
-NR15C(O)NR 16R17 group. In certain embodiments, RIS,
R16 and R17 are independently H or Ci-Cg alkyl.
Particular examples of R3 include I H I I O and O
[00238] In certain embodiments, R3 is a -NR 15C(O)NR
16R17 group wherein R15 is H or Ci-Cg alkyl and R16
and R 17 together with the nitrogen atom to which they
are attached form a 5- 6 membered heterocyclic ring
optionally having a second heteroatom selected from N
and O. Examples include pyrrolidinyl, morpholinyl and
piperazinyl rings. In certain embodiments, the
heterocyclic ring is substituted with Ci-C alkyl.
Particular examples of R3 include [00239] In certain
embodiments, R3 is a heterocyclylalkyl group. Examples
include (CH2)P-(hetCyc) wherein p is 1-6 and hetCyc is
a 6 membered heterocyclic ring having a ring nitrogen
atom and optionally having a second ring atom selected
from N and SO2. A particular example of R3 is[00240]
In certain embodiments, R3 is a 5-6 membered
heterocyclic ring containing from 1 to 4 heteroatoms
selected from N O, S, SO and SO and substituted with
the group M'-IVI2- M3-M4, wherein M1, M2, M3 and M4
are as defined herein. [00241] In certain embodiments,
the 5-6 membered heterocyclic ring is furanyl,
dihydrofuranyl, thienyl, imidazolyl, tetrazolyl,
triazolyl, pyridinyl, pyrrolyl, pyrimidinyl,
isoaxazoleyl or oxadiazolyl. In a particular
embodiment, the heterocyclic ring is furanyl. [00242]
In certain embodiments, M1 is CH2, CH2CH2 C(O), or
CH2C(O). In particular embodiments, M1 is CH . [00243]
In certain embodiments, M2 is NH or N(C,-C 6 alkyl).
In particular embodiments, M12 is NH or NMe. [00244]
In certain embodiments, M3 is methylene, ethylene or
propylene. [00245] In certain embodiments, M4 is SORf,
SO2Rf, NReSO2Rf, SO2NRBRh, CO2Rf, or CONR 8Rh, wherein
Rf, Rg and Rh are independently H or C -C4 alkyl.
[00246] Particular examples of R3 when it is
represented by a 5-6 membered heterocyclic ring
substituted with the group M'-M 2-M3-M4 include: O O v
, O >r O v H v [00247] In a particular embodiment, R3
is[00248] In certain embodiments, n is 1 and R2 is
halogen, CN, trifluoromethyl, difluoromethyl,
fluoromethyl, Ci-C4-alkyI, Ci-C4-alkoxy, or
cycloalkyl. [00249] In certain embodiments, the phrase
"R6 and R8 together with the atoms to which they are
attached form a 3 to 10 membered saturated or
partially unsaturated heterocyclic ring" refers to a
ring formed from an R6 and R8 radical attached to
different atoms on the same functional group, such as
in a Q or Z group as defined above. The heterocyclic
ring formed can be a fused ring or a spirocyclic ring.
[00250] In certain embodiments, the phrase " R7 and R8
together with the atoms to which they are attached
form a 3 to 10 membered saturated or partially
unsaturated cycloalkyl or heterocyclic ring" refers to
a spirocyclic ring formed from an R7 and Rs radical
attached to the same carbon atom, for example such as
in a Z group as defined above wherein W is CR7R8. In
other embodiments, the ring can be a fused ring formed
by the R7 atom that is part of the CR7R8group and an
R8 atom attached to an adjacent carbon on the Z group.
[00251] In certain embodiments, the phrase "R8 and R9
together with the atoms to which they are attached
form a 3 to 10 membered saturated or partially
unsaturated cycloalkyl or heterocyclyl ring" refers to
a spirocyclic ring formed from an R8 and R9 radical
attached to the same carbon atom, for example such as
in a Z group as defined above wherein V is CR8R9. In
other embodiments, the ring can be a fused ring formed
by the R9 atom of the CR8R9 group and an R8 atom
attached to an adjacent carbon on the Z group. [00252]
In certain embodiments, the phrase "R6 and R10
together- with the atoms to which they are attached
form a 3 to 10 membered saturated or partially
unsaturated heterocyclyl ring" refers to a ring formed
by the NR6 and the R10 groups on the group Q as
defined above. [00253] In certain embodiments, the
phrase "R8 and R10 together with the atoms to which
they are -attached form a 3 to 10 membered saturated
or partially unsaturated heterocyclyl ring" refers to
a ring formed by the N-R8 and the R10 atoms on the
group Q as defined above. [00254] In certain
embodiments, the phrase "R13 and R14 together with the
atoms to which they are attached form a saturated or
partially unsaturated cycloalkyl or a saturated or
partially unsaturated heterocyclyl ring" refers to a
carbocyclic ring formed from an R13 and R14 radical
attached to the same carbon atom, such as in a group
having the formula - S(O)p(CRI3RI4)q-,
-O(CR13R14)q-aryl, -NRl5(CR13RI4)q-aryl, -O(CR
13Rl4)q-heteroaryl, -NR 13(CR13R14)q-heteroaryl,
-O(CR13R14)q-heterocyclyl or
-NR15(CRl3RI4)q-heterocyclyl, or to a heterocyclic
ring formed through an R13 and R14 radical attached to
different atoms within thesame group, such as in a
group having the formula -NR 14C(O)NR 15R13,
-NR13C(NCN)NR 15R14, -NRI3(CR 13RI4)q-heteroaryl or
-NR15(CR13RI4)q-heterocyclyl. [00255] In certain
embodiments, the phrase "R13 and R15 together with the
atom to which they are attached form a saturated or
partially unsaturated cycloalkyl or saturated or
partially unsaturated heterocyclyl ring" refers to a
heterocyclic ring formed through an R13 and R15
radical attached to different atoms within the same
group, such as in a group having the formula -
NR13C(NCN)NR 15R14 , -NR 15(CR13R14 )q-aryl, or
-NRl5(CR I3R14 )q-heterocyclyl. [00256] In certain
embodiments, the phrase "any two of R15, R16 and R17
together with the atom to which they are attached form
a heterocyclic ring" refers to a heterocyclic ring
formed from an R15 and R16 radical attached to the
same nitrogen atom, such as in a group having the
formula NR15R16, SO2NR15R16 , C(O)NR 15R16 , or an R16
or R17 radical attached to the same nitrogen atom,
such as in a group having the formula NR15C(O)NR 16R17
. In other embodiments the phrase refers to a
heterocyclic ring formed from an R15 and R16 radical
attached to different atoms on the same group, such as
in the group NR15OR16 , NR15C(O)R 16 NR15C(=NCN)NR l
6R17, orNR 15C(=NCN)R 16 . . [00257] It is to be
understood that in instances where two or more
radicals are used in succession to define a
substituent attached to a structure, the first named
radical is considered to be terminal and the last
named radical is considered to be attached to the
structure in question. Thus, for example, the radical
arylalkyl is attached to the structure in question by
the alkyl 



group. [00258] The compounds of this invention may
possess one or more asymmetric centers; such compounds
can therefore be produced as individual (R)- or
(S)-stereoisomers or as mixtures thereof. Unless
indicated otherwise, the description or naming of a
particular compound in -the specification and claims
is intended to include both individual enantiomers,
diastereomers mixtures, racemic or otherwise, thereof.
Accordingly, this invention also includes all such
isomers, including diastereomeric mixtures, pure
diastereomers and pure enantiomers of the compounds of
this invention. [00259] The term "enantiomer" refers
to two stereoisomers of a compound which are
non-superimposable mirror images of one another. The
term "diastereomer" refers to a pair of optical
isomers which are not mirror images of one another.
Diastereomers have different physical properties, e.g.
melting points, boiling points, spectral properties,
and reactivities. [0Q260] The compounds of the present
invention may also exist in different tautomeric
forms, and all such forms are embraced within the
scope of the invention. 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. [00261] In the
structures shown herein, where the stereochemistry of
any particular chiral atom is not specified, then all
stereoisomers are contemplated and included as the
compounds of the invention. Where stereochemistry is
specified by a solid wedge or dashed line representing
a particular configuration, then that stereoisomer is
so specified and defined. [00262] In addition to
compounds of Formula I , the invention also includes
solvates, pharmaceutically acceptable prodrugs, and
pharmaceutically acceptable salts of such compounds.
[00263] The phrase "pharmaceutically acceptable"
indicates that the substance or composition is
compatible chemically and/or toxicologically, with the
other ingredients comprising a formulation, and/or the
mammal being treated therewith. [00264] A "solvate"
refers to an association or complex of one or more
solvent molecules and a compound of the invention.
Examples of solvents that form solvates include, but
are not limited to, water, isopfopanol, ethanol,
methanol, DMSO, ethyl acetate, acetic acid, and
ethanolamine. The term "hydrate" refers to the complex
where the solvent molecule is water. [00265] A
"pharmaceutically acceptable prodrug" is a compound
that may be converted under physiological conditions
or by solvolysis to the specified compound or to a
pharmaceutically acceptable salt of such compound.
Prodrugs include compounds wherein an amino acid
residue, or a polypeptide chain of two or more (e.g.,
two, three or four) amino acid residues, is covalently
joined through an amide or ester bond to a free amino,
hydroxy or carboxylic acid group of a compound of the
present invention. The amino acid residues include but
are not limited to the 20 naturally occurring amino
acids commonly designated by three letter symbols and
also includes phosphoserine, phosphothreonine,
phosphotyrosine, 4- hydroxyproline, hydroxylysine,
demosine, isodemosine, gamma-carboxygJutamate,
hippuric acid, octahydroindole-2-carboxylic acid,
statine, l,2,3,4-tetrahydroisoquinoline-3-carboxylic
acid, penicillamine, ornithine, 3-methylhistidine,
norvaline, beta-alanine, gamma-aminobutyric acid,
cirtulline, homocysteine, homoserine, methyl-alanine,
para-benzoylphenylalanine, phenylglycine,
propargylglycine, sarcosine, methionine sulfone and
tert-butylglycine. Particularexamples of prodrugs of
this invention include compounds of Formula I
covalently joined to a phosphate residue or a valine
residue. [00266] Additional types of prodrugs are also
encompassed. For instance, a free carboxyl group of a
compound of Formula I can be derivatized as an amide
or alkyl ester. As another example, compounds of this
invention comprising free hydroxy groups may be
derivatized as prodrugs by converting the hydroxy
group into groups such as, but not limited to,
phosphate ester, hemisuccinate, dimethylaminoacetate,
or phosphoryloxymethyloxycarbonyl groups, as outlined
in Advanced Drug Delivery Reviews, 1996, 19, 115.
Carbamate prodrugs of hydroxy and amino groups are
also included, as are carbonate prodrugs, sulfonate
esters and sulfate esters of hydroxy groups.
Derivatization of hydroxy groups as (acyloxy)methyl
and (acyloxy)ethyl ethers wherein the acyl group may
be an alkyl ester, optionally substituted with groups
including, but not limited to, ether, amine and
carboxylic acid functionalities, or where the acyl
group is an amino acid ester as described above, are
also encompassed. Prodrugs of this type are described
in J. Med. Chem., 1996, 39, 10. More specific examples
include replacement of the hydrogen atom of the
alcohol group with a group such as
(Ci-C6)alkanoyloxymethyl, l-((Ci-C
6)alkanoyloxy)ethyl, 1-methyl- 1-((Ci
-Cd)alkanoyloxy)ethyl, (Ci-C )alkoxycarbonyloxymethyl,
N-(C i-C jalkoxycarbonylam inomethyl, succinoyl, (Ci-C
6)alkanoyl, a-amino(C C4)alkanoyl, arylacyl and
a-aminoacyl, or a-aminoacyl-a- aminoacyl, where each
a-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH) 2,
-P(O)(O(C i-Ce)alkyl)2 or glycosyl (the radical
resulting from the removal of a hydroxyl group of the
hemiacetal form of a carbohydrate). [00267] Free
amines of compounds of Formula I can also be
derivatized as amides, sulfonamides or phosphonamides.
All of these prodrug moieties may incorporate groups
including, but not limited to, ether, amine and
carboxylic acid functionalities. For example, a
prodrug can be formed by the replacement of a hydrogen
atom in the amine group with a group such as
R-carbonyl, RO-carbonyl, NRR'-carbonyl where R and R1
are each independently (Ci-Cio)alkyl,
(C3-C7)cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural a- aminoacyl-natural
a-aminoacyl, -C(OH)C(O)OY wherein Y is H, (Ci-C
b)alkyl or benzyl, -C(OY0)Yi wherein Y0 is (Ci-C 4)
alkyl and Y1 is (Cr C6)alkyl, carboxy(Ci-C 6)alkyl,
amino(C r C4)alkyl or mono-N- or di-N,N-(Ci-C
6)aIkylaminoalkyI, -C(Y2)Y3 wherein Y2 is H or methyl
and Y3 is mono-N- or di-N,N-(Ci-C6)alkylamino,
morpholino, riperidin-1-yl or pyrrolidin-1-yl. [00268]
For additional examples of prodrug derivatives, see,
for example, a) Design of Prodrugs, edited by H.
Bundgaard, (Elsevier, 1985) and Methods in Enzymology,
Vol. 42, p.309-396, edited by K. Widder, et al.
(Academic Press, 1985); b) L Textbook of Drug Design
and Development, edited by Krogsgaard-Larsen and H.
Bundgaard, Chapter 5 "Design and Application of
Prodrugs," by H. Bundgaard p. 113-191 (1991); c) H.
Bundgaard, Advanced Drug Delivery Reviews, 8:1-38
(1992); d) H. Bundgaard, et ah, Journal of
Pharmaceutical Sciences, 77:285 (1988); and e) N.
Kakeya, et al., Chem. Pharm. Bull, 32:692 (1984), each
of which is specifically incorporated herein by
reference. [00269] A "pharmaceutically acceptable
salt," unless otherwise indicated, includes salts that
retain the biological effectiveness of the free acids
and bases of the specified compound and that are not
biologically or otherwise undesirable. A compound of
the invention may possess a sufficiently acidic, a
sufficiently basic, or both functional groups, and
accordingly react with any of a number of inorganic or
organic bases or acids to form a pharmaceutically
acceptable salt. Examples of pharmaceutically
acceptable salts include those salts prepared by
reaction of the compounds of the present invention
with a mineral or organic acid or an inorganic base,
such salts including sulfates, pyrosulfates,
bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphates, chlorides, bromides,
iodides, acetates, propionates, decanoates,
caprylates, acrylates, formates, isobutyrates,
caproates, heptanoates, propiolates, oxalates,
malonates, succinates, suberates, sebacates,
fumarates, maleates, butyn- 1,4-dioates,
hexyne-l,6-dioates, benzoates, chlorobenzoates,
rnethylbenzoates, dinitrobenzoates, hydroxybenzoates,
methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates, g
-hydroxybutyrates, glycollates, tartrates,
methanesulfonates, propanesulfonates, naphthalene-
1-sulfonates, naphthalene-2-sulfonates, and
mandelates. Since a single compound of the present
invention may include more than one acidic or basic
moiety, the compounds of the present invention may
include mono, di or tri-salts in a single compound.
[00270] If the inventive compound 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 acidic
compound, for example an inorganic acid such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid and the like, or with an
organic acid, such as acetic acid, maleic acid,
succinic acid, mandelic acid, fumaric acid, malonic
acid, pyruvic acid, oxalic acid, glycolic acid,
salicylic acid, a pyranosidyl acid such as glucuronic
acid 



or galacturonic acid, an alpha hydroxy acid such as
citric acid or tartaric acid, an amino acid such as
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.[00271] If the inventive compound 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. Examples of suitable inorganic salts
include those formed with alkali and alkaline earth
metals such as lithium, sodium, potassium, barium and
calcium. Examples of suitable organic base salts
include, for example, ammonium, dibenzylammonium,
benzylammonium, 2-hydroxyethylammonium,
bis(2-hydroxyethyl)ammonium, phenylethylbenzylamine,
dibenzylethylenediamine, and the like salts. Other
salts of acidic moieties may include, for example,
those salts formed with procaine, quinine and
Nmethylglucosamine, plus salts formed with basic amino
acids such as glycine, ornithine, histidine,
phenylglycine, lysine and arginine. [00272] The
compounds of Formula I also include other salts of
such compounds which are not necessarily
pharmaceutically acceptable salts, and which may be
useful as intermediates for preparing and/or purifying
compounds of Formula I and/or for separating
enantiomers of compounds of Formula I . [00273] The
present invention also embraces isotopically-labeled
compounds of the present invention which are identical
to those recited herein, but for the fact that one or
more atoms are replaced by an atom having an atomic
mass or mass number different from the atomic mass or
mass number usually found in nature. All isotopes of
any particular atom or element as specified is
contemplated within the scope of the compounds of the
invention, and their uses. Exemplary isotopes that can
be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, fluorine, chlorine and
iodine, such as 2H, 3H, 1 1C5 13C, 14C, 13N, 15N, 15O,
17O, 18O, 32P, 33P, 35S, 18F, 36Cl, 123I and 125I.
Certain isotopically-labeled compounds of the present
invention (e.g., those labeled with 3H and 14C) are
useful in compound and/or substrate tissue
distribution assays. Tritiated (i.e., 3H) and
carbon-14 (i.e., 14C) isotopes are useful for their
ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium
(i.e., 2H) may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g.,
increased in vivo half-life or reduced dosage
requirements) and hence may be preferred in some
circumstances. Positron emitting isotopes such as 15O,
13N, 1 1C and 18F are useful for positron emission
tomography (PET) studies to examine substrate receptor
occupancy. Isotopically labeled compounds of the
present invention can generally be prepared by
following procedures analogous to those disclosed in
the Schemes and/or in the Examples herein below, by
substituting an isotopically labeled reagent for a
nonisotopically labeled reagent.[00274] METABOLITES QF
COMPOUNDS OF FORMULA I [00275] Also falling within the
scope of this invention are the in vivo metabolic
products of compounds of Formula I described herein. A
"metabolite" is a pharmacologically active product
produced through metabolism in the body of a specified
compound or salt thereof. Such products may result,
for example, from the oxidation, reduction,
hydrolysis, amidation, deamidation, esterification,
deesterification, glucoronidation, enzymatic cleavage,
and the like, of the administered compound.
Accordingly, the invention includes metabolites of
compounds of Formula I , 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.
[00276] Metabolite products typically are identified
by preparing a radiolabeled (e.g., 14C or 3H) isotope
of a compound of the invention, administering it
parenterally in a detectable dose (e.g., greater than
about 0.5 mg/kg) to an animal such as rat, mouse,
guinea pig, monkey, or to a human, allowing sufficient
time for metabolism to occur (typically about 30
seconds to 30 hours) and isolating its conversion
products from the urine, blood or other biological
samples. These products are easily isolated since they
are labeled (others are isolated by the use of
antibodies capable of binding epitopes surviving in
the metabolite). The metabolite structures are
determined in conventional fashion, e.g., by MS, LC/MS
or NMR analysis. In general, analysis of metabolites
is done in the same way as conventional drug
metabolism studies well known to those skilled in the
art. The metabolite products, so long as they are not
otherwise found in vivo, are useful in diagnostic
assays for therapeutic dosing of the compounds of the
invention. [00277] SYNTHESIS OF COMPOUNDS OF FORMULA I
[00278] Compounds of Formula I may be synthesized by
synthetic routes that include processes analogous to
those well known in the chemical arts, particularly in
light of the description contained herein. The
starting materials are generally available from
commercial sources such as AIdrich Chemicals
(Milwaukee, WI) or are readily prepared using methods
well known to those skilled in the art (e.g., prepared
by methods generally described in Louis F. Fieser and
Mary Fieser, Reagents for Organic Synthesis, v. 1-19,
Wiley, N.Y. (1967-1999 ed.), or Beilsteins Handbuch
der organischen Chemie, 4, Aufl. ed. Springer-Verlag,
Berlin, including supplements (also available via the
Beilstein online database). [00279] Compounds of
Formula I may be prepared singly or as compound
libraries comprising at least 2, for example 5 to
1,000 compounds, or 10 to 100 compounds. Libraries
ofcompounds of Formula I may be prepared by a
combinatorial 'split and mix approach or by multiple
parallel syntheses using either solution phase or
solid phase chemistry, by procedures known to those
skilled in the art. Thus according to a further aspect
of the invention there is provided a compound library
comprising at least 2 compounds, or pharmaceutically
acceptable salts thereof. [00280] For illustrative
purposes, Schemes 1-7 show general method for
preparing the compounds of the present invention as
well as key intermediates. For a more detailed
description of the individual reaction steps, see the
Examples section below. Those skilled in the art will
appreciate that other synthetic routes may be used to
synthesize the inventive compounds. Although specific
starting materials and reagents are depicted in the
Schemes and discussed below, other starting materials
and reagents can be easily substituted to provide a
variety of derivatives and/or reaction conditions. In
addition, many of the compounds prepared by the
methods described below can be further modified in
light of this disclosure using conventional chemistry
well known to those skilled in the art. Scheme 1
[00281] Scheme 1 illustrates synthesis of "N-Iinked"
qinazoline compounds (4) of the present invention
wherein A and E are as defined herein. According to
Scheme 1, 4-anilino- 6-nitro-quinazoline (3) can be
prepared by reacting an appropriate aniline (2) with a
quinazoline (1) substituted in the 4 position with a
suitable leaving group, for example a chloride, under
standard coupling conditions. The coupling reaction
can be performed in a variety of solvents, such as
/BuOH, IPA or DCE and may require elevated
temperatures and may require a mild base, such as
EtN(ZPr) . In one example, the reaction is achieved in
a mixture of IPA and DCE heated to 80 0C. Reduction of
the nitro group of compound (3) can be accomplished by
a variety of standard reduction protocols known in the
art, such as Pd/C and H2, Pd/C and hydrazine, Pt/C
with NaOH and H2, Zn/AcOH, Zn/NH4C 1 or Fe/HOAc. In
one example, the reduction is accomplished with Pd/C
and H . When R2 is a halogen, the reduction can be
accomplished Pt/C with NaOH and H2 or ZnZNH Cl. The
resulting aniline can be coupled with halides, or
reacted with other suitable electrophiles such as
aldehydes,acid chlorides, etc. to provide compound
(4). These reactions may require a suitable base
and/or elevated temperatures. Pd catalyst, R15B(OH)2
phoshpine ligand, heat or R15SnBu3 Scheme 2 [00282]
Scheme 2 illustrates an alternative route towards
"N-linked" quinazoline compounds (4) wherein A and E
are as defined herein. According to Scheme 1,
4-chloro-6- iodoquinazoline (5) can be used in place
of 4-chloro-6-nitroquinazoline (1) ih Scheme 1 to
prepare 4-anilino-6-iodoquinazoline (6). The palladium
mediated cross-coupling reaction of the resulting
iodoquinazoline (6) with a suitable amine R15NH2 to
give compound 4 can be accomplished by treatment with
a palladium catalyst, for example Pd(OAc)2, Pd(PPh^) ,



PdCl2(dppf)2, Pd2(dba) 3, a phosphine ligand and a
base in a suitable organic solvent such as THF, DME or
toluene. In one example, the coupling reaction is
accomplished using Pd2(dba)3, X-PHOS and Cs2CO3 in THF
and heating to 65 0C. Scheme 2 also demonstrates the
preparation of C-linked compounds (7). These analogs
can be prepared from compound (6) by palladium
mediated cross-coupling reactions with boronic acids
or organo tin compounds using standard Suzuki or
Stille reaction conditions well known in the art.TsCI
NaOH Scheme 3 [00283] Scheme 3 illustrates a route
towards "N-lmked" oxazoline-quinazoline compounds
wherein A and E are as defined herein. According to
Scheme 3, amidine (8) can be condensed with suitable
aniline (2) in the presence of an acid such as HOAc in
a suitable organic solvent such as isopropyl acetate
(IPAc) to provide the thiourea (9). The oxazoline (10)
can be prepared by cyclizing the thiourea (9) under a
variety of conditions, for example, by treating the
thiourea (9) with TsCl and aqueous NaOH in THF.11 12
13 R a _ H R 1S o r a protecting group Scheme 4
[00284] Scheme 4 illustrates the synthesis of an ether
linked quinazoline (13) of the present invention
wherein A and E are as defined herein. According to
Scheme 4, 4-chloro-6- oxy-quinazoline (I I) can be
reacted with suitable aniline (2) under standard
coupling conditions as described in Scheme 1 to
provide compound (12). The oxygen moiety of compound (
11) can be substituted with various Ra groups, wherein
Ra is H, R1S or a suitable alcohol protecting group,
such as an acyl group. After reaction with the
aniline, the optional protection group can be removed
under suitable conditions, such as ammonia in MeOH in
case of an acetate protecting group. The hydroxyl
group of compound ( 12) can be coupled with a suitable
alkyl halide R1S-X and an appropriate base, such as
K2CO3, CS2CO3 or Cs(OH)2 in an organic solvent such as
DMF or acetone to provide compound 13. In one example,
the alkylation is achieved with R15-Br using CS2CO3 as
a base in DMF. Alternatively, RIS-OH can be used in
place of RI5-X if the alcohol has been converted to an
activated leaving group, such as a tosylate. In yet
another method, the hydroxyl group of 12 can be
coupled with an alcohol R15-OH under standard
Mitsunobu conditions, such as DIAD/PPI13 in THF, to
provide compound 13.reduction Scheme 5 [00285] Scheme
5 illustrates a method of preparing aniline
intermediates (2a) and (2b) suitable for use in
Schemes 1-4, from phenols (14) and (15), respectively.
Phenols (14) and (15) are commercially available or
known in the literature, or can be prepared by those
skilled in the art by standard procedures. Phenol (14)
can be reacted with an optionally substituted 4-
fluoronitrobenzene (16) and a suitable base, for
example K2CO3, NaH, or CS2CO3 in a polar organic
solvent such as DMF at elevated temperatures to
provide the coupled product (17). In one example,
phenol (14) is reacted with an optionally substituted
4-fluoronitrobenzene (16) in the presence of CS2CO3 in
DMF at 80 0C. The nitro group of compound (17) can be
reduced to the desired aniline compound (2a) using
standard reduction methods such as Pd/C and H2, Pd/C
and hydrazine, Pt/C with NaOH and H2, Zn/AcOH, Zn/NH
4C 1 or Fe/HOAc. In one example, the reduction is
accomplished with Pd/C and H2 (40 psi). When R2 is a
halogen, the reduction can be accomplished using Pt/C
with NaOH and H2 or ZnZNH Cl. In a similar manner,
compound (2b) can be prepared from phenol ( 15).
Scheme 6[00286] Scheme 6 illustrates a method of
preparing phenol intermediate (14a) suitable for use
in Scheme 5. Chloro-pyridine (18) can be reacted with
hydrazine, for example in pyridine at 80 C. The
resulting compound can then be reacted with a
carboxylic acid equivalent, such as triethyl
orthoformate or trimethoxy methane and acid, such as
HCl, HOAc or 4- methylbenzenesulfonic acid. In one
example, the cyclization is achieved with trimethoxy
methane and 4-methylbenzenesulfonic acid to furnish
the triazole. The benzyl group can be removed under
standard conditions, for example, Pd/C and H , to give
(14a). 14b Scheme 7 [00287] Scheme 7 illustrates a
method of preparing phenol intermediate (14b) suitable
for use in Scheme 5. A suitably substituted acetal can
reacted with DMF and POCl3 to provide a
dimethylamino-acrylaldehyde intermediate. Conversion
of this intermediate to a pyrrazolopyrimidine can be
accomplished by treatment with an optionally
substituted lH-pyrazoI-3-amine in base at elevated
temperatures, for example NaOMe in MeOH at 60 0C. The
benzyl group can be removed to give (14b). under
standard conditions, such as Pd/C and H2.Scheme 8
[00288] Scheme 8 illustrates the preparation of
aniline intermediates (2c) and (2d) suitable for use
in Schemes 1-4. According to Scheme 8, the palladium
mediated crosscoupling reaction of
2-chloro-4-benzyloxy-pyridine (18) with a suitable
amine to give compound (19) can be accomplished by
treatment with a palladium catalyst, for example
Pd(OAc) , Pd(PPh3)4, PdCl 2(dppf) 2, Pd2(dba)3, a
phosphine ligand and a base in a suitable organic
solvent such as THF, DME or toluene. In one example,
the coupling is accomplished using LHMDS with Pd2(dba)
3, X-PHOS and Cs2CO3 in THF and heating to 65 0C. The
resulting 2-aminopyridine can be optionally protected
as the Boc-carbamate under standard conditions, for
example BoC O in /BuOH. The benzyl group of compound
(19) can be removed under standard conditions, such as
PdVC and H . The resulting phenol is then reacted with
an optionally substituted 4-fluoro-nitrobenzene (16)
as described in Scheme 5 to provide the coupled
product (20). The Boc group of compound (20) can be
removed with acid, for example TFA in DCM. The
deprotected 2-aminopyridine (21) can be converted to
an imidazopyridine derivative by reaction with a
suitably substituted 2-halo-carbonyl compound. For
example, compound (21) can be reacted with either
chloroacetaldehyde, chloroacetone, or 2-
chloropropanal in THF heated to reflux. Conversion of
compound (21) into triazolopyridinescan be achieved by
two-step procedure that includes condensation of (21)
with dimethylforamide dimethylacetal to provide a
N,N-dimethyl-formimidamide derivative, which is then
reacted with hydroxylamine sulfonic acid to provide
the triazolopyridine. Reduction of the corresponding
nitro group can be accomplished as described in Scheme
5 to provide compounds (2c) and (2d). XNX' C I 2f
Scheme 9 [00289] Scheme 9 illustrates an alternative
synthesis of intermediate aniline compound (2e) and
(2f) suitable for use in Schemes 1-4. According to
Scheme 9, 2-chloro-5- hydroxypyridine is reacted with
an optionally substituted 4-fluoronitrobenzene (16) as
described in Scheme 5. The chloro derivative (22) can
be converted to the amino derivative (23) under
palladium mediated cross coupling conditions as
described in Scheme 8. Conversion of compound (23) to
provide imidazopyridines or triazolopyridines can be
accomplished under suitable conditions as described in
Scheme 8. Reduction of the corresponding nitro groups
can be accomplished as described in Scheme 5 to
provide compounds (2e) and (2f).2. reduction Scheme 10
[00290] Scheme 10 illustrates an alternative synthesis
of intermediate aniline compound (2g) suitable for use
in Schemes 1-4. According to Scheme 10, phenol
substituted benzofusedheterocycles (14) and (25) can
be reacted with dimethyl thiocarbamoyl chloride and a
base, for. example, NaH in THF, with heating to
reflux. Rearrangement of the resulting thiocarbonyl
carbamate is accomplished by heating to elevated
temperatures, for example 200 0C, in diphenyl ether.
The product is then hydrolyzed under basic conditions,
such as KOH in MeOH heated to reflux. The thiol (24)
can then be reacted with an optionally substituted
4-fluoronitrobenzene (16) as described in Scheme 5.
Reduction of the nitro group can be accomplished as
described in Scheme 5, for example with Fe/HOAc or
ZnZNH Cl, to provide compound (2g). An alternative
synthesis of aniline (2g) includes reacting a
halo-substituted fused heterocyclic compound (25),
where X = Br, with (/Pr) SiSH and a palladium
catalyst, for example Pd(PPh.3)4 in THF, and heating
to reflux. The. resulting protected thiol (26) can be
de-silated and reacted with an optionally substituted
4-fluoronitrobenzene (16) in situ with a fluoride
source, such as 



CsF in DMF. Reduction of the nitro group to yield (2g)
is accomplished under standard reaction conditions.25
29 X= I, Br Scheme 11 [00291] Scheme 11 illustrates a
method of preparing aniline (2h) suitable for use in
Schemes 1-4. According to Scheme 11, acid chloride
(27) is reacted with 2-pyridone and a base to yield
ester (28),. for example with Et3N in DCM. Boronic
acid (29) is prepared from the halo substituted fused
heterocycle (25) by standard conditions, for example
by treatment with wBuLi at low temperatures followed
by B(OMe)3. Compound (28) is then coupled with boronic
acid (29) under palladium mediated cross-coupling
conditions, for example Pd(OAc)2, PPh3 and dioxane,
and heating to 50 0C (Tatamidani, H.; Kakiuchi, F.;
Chatani, N. Org. Lett. 2004, 6, 3597). The resulting
nitro compound can be reduced under standard
conditions as described in Scheme 5, such as Fe/HOAc
or Zn/NR tCl, to provide compound (2h).Scheme 12
[00292] Scheme 12 shows a method of preparing
compounds of Formula I wherein and A and E are as
defined herein, ring B is a fused benzo ring and R3 is
a Z group having the formula: [00293] wherein R,8b is
H or methyl.Scheme 13 [00294] Scheme 13 shows a method
of preparing compounds of Formula I wherein and A and
E are as defined herein, ring B is a fused benzo ring
and R3 is a Z group having the formula: H N - vT
[00295] The compounds of Formula I may be prepared
using reaction methods known in the art or by methods
analogous to those known in the art. This invention
also provides methods of preparing compounds of
Formula I, comprising: [00296] (a) reacting a compound
of formula (Fl) (Fl) [00297] with a compound of
formula (F2) (F2) [00298] in which Z represents a
leaving atom or group; or[00299] (b) for a compound of
Formula I in which G is N, reacting a compound of
formula (F3) (F3) [00300] in which R represents a
tertiary amino group, for example di(l-6C)alkylamino,
such as dimethylamino, with a compound of formula
(Fl); followed if necessary, by converting the
compound of Formula I into another compound of Formula
I having a different R3 group. [00301] More
particularly, this invention provides methods of
preparing compounds of Formula I , comprising: [00302]
(c) for a compound of Formula I wherein R3 is -NHRX
and Rx is R15 or - C(O)R 15, and R15 is as defined for
Formula I, reacting a corresponding compound of
Formula I wherein R3 is -NH2 with an alkylating agent
or an acylating agent R15-X* wherein R15OC1 is an acid
or reactive derivative thereof (such as R1SC(O)C1) or
wherein X! is a leaving group such as halogen group,
optionally in the presence of a base; or [00303] (d)
for a compound of Formula I wherein R3 is -NHR 15 and
R15 is as defined for Formula I , reacting a
corresponding compound of Formula I wherein R3 is an
iodide group with a compound having the formula R15NH
in the presence of a palladium catalyst and a
phosphine ligand; or [00304] (e) for a compound of
Formula I wherein R3 is R15 and R15 is as defined for
Formula I, reacting a corresponding compound of
Formula I wherein R3 is an iodide group with a
compound having the formula R15B(OH)2 or R15SnBu3 in
the presence of a palladium catalyst and a phosphine
ligand; or [00305] (f) for a compound having the
Formula I wherein R3 is OR15 and R15 is alkyl,
alkenyl, or alkynyl, reacting a corresponding compound
of Formula I wherein R3 is OH with R15 -X2 wherein R15
is alkyl, alkenyl or alkynyl and X2 is a leaving
group, in the presence of a base; or [00306] (g) for a
compound having the Formula I wherein R3 is OR15 and
R15 is alkyl, alkenyl or alkynyl, reacting a
corresponding compound of Formula I wherein R3 is
-ORl5a and - OR15a is a sulfate group such as a
tosylate group, with a compound having the formula
R15OH in the presence of a base; or[00307] (h) for a
compound having the Formula I wherein R3 is a group of
formula (F3) (F3) [00308] reacting a corresponding
compound of Formula I wherein R3 is an iodide group
with a compound having the formula (F4) (F4) [00309]
in the presence of a palladium catalyst, a phosphine
ligand and a base; or [00310] (i) for a compound
having the Formula I wherein R3 is a group of Formula
(F5) (FS) [00311] wherein R6 is methyl, cyclizing a
corresponding compound of Formula I wherein R3 is a
group of Formula (F6) .. (F6) [00312] wherein R6 is
methyl in the presence of a base and a sulfonyl
chloride such as tosyl chloride; or [00313] 0)  r a
compound having the Formula I wherein R3-is a group of
Formula (F5) (F5) [00314] wherein R6 is H, cyclizing
corresponding compound of Formula I wherein R3 is a
group of the formula (F6) wherein R6 is H in the
presence of diispropyl azodicarboxylate and a
phosphine ligand such as PPHs; or [00315] (k) for a
compound having the Formula I wherein R3 is a group of
formula (F7)(F7) [00316] wherein R6 is H, reacting a
corresponding compound having the Formula I wherein R3
is a group of formula (F6) and R6 is H in the presence
of a base and a sulfonyl chloride. [003171 Certain of
the intermediates described in the above described
Schemes and in the Examples are believed to be novel
and are provided as further aspects of the invention.
In particular, this invention further provides
compound of formula (Fl) (Fl) [00318] wherein R1, R2,
A, E and n are as defined for Formula I . Compounds of
Formula (Fl) are useful for preparing pharmaceutical
compounds such as the ErbB inhibitors of Formula I .
[00319] In preparing compounds of Formula I ,
protection of remote functionalities (e.g., primary or
secondary amines, alcohols, etc.) of intermediates may
be necessary. The need for such protection will vary
depending on the nature of the remote functionality
and the conditions of the preparation methods.
Suitable amino-protecting groups (NH-Pg) include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and 9-
fluorenylmethyleneoxycarbonyl (Fmoc). The need for
such protection is readily determined by one skilled
in the art. For a general description of protecting
groups and their use, see T. W. Greene, Protective
Groups in Organic Synthesis, John Wiley & Sons,
New.York, 1991. [00320] . METHODS OF SEPARATION
[00321] In any of the synthetic methods for preparing
compounds of Formula I , it may be advantageous to
separate reaction products from one another and/or
from starting materials. The desired products of each
step or series of steps is separated and/or purified
to the desired degree of homogeneity by the techniques
common in the art. Such separations involve, for
example, multiphase extraction, crystallization from a
solvent or solvent mixture, distillation, sublimation,
or chromatography. Chromatography can involve any
number of methods including, for example:
reverse-phase and normal phase; size exclusion; ion
exchange; high, medium and lowpressure liquid
chromatography methods and apparatus; small scale
analytical; simulated moving bed (SMB) and preparative
thin or thick layer chromatography, as well as
techniques of small scale thin layer and flash
chromatography. 



[00322] Another class of separation methods involves
treatment of a reaction mixture with a reagent
selected to bind to or render otherwise separable a
desired product, unreacted starting material, reaction
by-product, or the like. Such reagents include
adsorbents such as activated carbon, molecular sieves,
ion exchange media, or the like. Alternatively, the
reagents can be acids in the case of a basic material,
bases in the case of an acidic material, binding
reagents such as antibodies, binding proteins,
selective chelators such as crown ethers,
liquid/liquid ion extraction reagents (LIX), or the
like. [00323] Selection of appropriate method(s) of
separation depends on the nature of the materials
involved. For example, boiling point and molecular
weight in distillation and sublimation, presence or
absence of polar functional groups in chromatography,
stability of materials in acidic and basic media in
multiphase extraction, and the like. One skilled in
the art will apply techniques most likely to achieve
the desired separation. [00324] Diastereomeric
mixtures can be separated into their individual
diastereomers on the basis of their physical chemical
differences by methods well known to those skilled in
the art, such as by chromatography and/or fractional
crystallization. Enantiomers can be separated by
converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e.g., chiral auxiliary such
as a chiral alcohol or Mosher's acid chloride),
separating the diastereomers and converting (e.g.,
hydrolyzirig) the individual diastereoisomers to the
corresponding pure enantiomers. Also, some of the
compounds of the present -invention may be
atropisomers (e.g., substituted biaryls) and are
considered as part of this invention. Enantiomers can
also be separated by use of a chiral HPLC column.
[00325] A single stereoisomer, e.g., an enaptiomer,
substantially free of its stereoisomer may be obtained
by resolution of the racemic mixture using a method
such as formation of diastereomers using optically
active resolving agents (Eliel, E. and Wilen, S.
"Stereochemistry of Organic Compounds," John Wiley &
Sons, Inc., New York, 1994; Lochmuller, C. H-, J.
Chromatogr., (1975) 113(3):283-302). Racemic mixtures
of chiral compounds of the invention can be separated
and isolated by any suitable method, including: (1)
formation of ionic, diastereomeric salts with chiral
compounds and separation by fractional crystallization
or other methods, (2) formation of diastereomeric
compounds with chiral derivatizing reagents,
separation of the diastereomers, and conversion to the
pure stereoisomers, and (3) separation ofthe
substantially pure or enriched stereoisomers directly
under chiral conditions. See: "Drug Stereochemistry,
Analytical Methods and Pharmacology," Irving W.
Wainer, Ed., Marcel Dekker, Inc., New York (1993).
[00326] Under method (I) diastereomeric salts can be
formed by reaction of enantiomerically pure chiral
bases such as brucine, quinine, ephedrine, strychnine,
a-methyl-b- phenylethylamine (amphetamine), and the
like with asymmetric compounds bearing acidic
functionality, such as carboxylic acid and sulfonic
acid. The diastereomeric salts may be induced to
separate by fractional crystallization or ionic
chromatography. For separation of the optical isomers
of amino compounds, addition of chiral carboxylic or
sulfonic acids, such as camphorsulfonic acid, tartaric
acid, mandelic acid, or lactic acid can result in
formation of the diastereomeric salts. [00327]
Alternatively, by method (2), the substrate to be
resolved is reacted with one enantiomer of a chiral
compound to form a diastereomeric pair (E. and Wilen,
S. "Stereochemistry of Organic Compounds", John Wiley
& Sons, Inc., 1994, p. 322). Diastereomeric compounds
can be formed by reacting . asymmetric compounds with
enantiomerically pure chiral derivatizing reagents,
such as menthyl derivatives, followed by separation of
the diastereomers and hydrolysis to yield the pure or
enriched enantiomer. A method of determining optical
purity involves making chiral esters, such as a
menthyl ester, e.g., (-)menthyl chloroformate in the
presence of base, or Mosher ester, a-methoxy-a-
(trifiuoromethyl)phenyl acetate (Jacob III. J. Org.
Chem., (1982) 47:4165), of the racemic mixture, and
analyzing the 1H NMR spectrum for the presence of the
two atropisomeric enantiomers or diastereomers. Stable
diastereomers of atropisomeric compounds can be
separated and- isolated by normal- and reverse-phase
chromatography following methods for separation of
atropisomeric naphthyl-isoquinolines (WO 96/151 11). .
By method (3), a racemic mixture of two enantiomers
can be separated by chromatography using a chiral
stationary phase ("Chiral Liquid Chromatography"
(1989) W. J. Lough, Ed., Chapman and Hall, New York;
Okamots, J . of Chromatogr., (1990) 513:375-378).
Enriched or purified enantiomers can be distinguished
by methods used to distinguish other chiral molecules
with asymmetric carbon atoms, such as optical rotation
and circular dichroism. [00328] METHODS OF TREATMENT
WITH COMPOUNDS OF FORMULA I [00329] The compounds of
the present invention can be used as prophylactics or
therapeutic agents for treating diseases mediated by
modulation or regulation of type I receptor tyrosine
kinases and/or serine, threonine, and/or dual
specificity kinases. An"effective amount" is intended
to mean that amount of compound that, when
administered to a mammal in need of such treatment, is
sufficient to effect treatment for a disease mediated
by the activity of one or more type 1 receptor
tyrosine kinases and/or serine, threonine, and/or dual
specificity kinases. Thus, for example, a
therapeutically effective amount of a compound
selected from Formula I or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof,
is a quantity sufficient to modulate, regulate, or
inhibit the activity of one or more type I receptor
tyrosine kinases and/or serine, threonine, and/or dual
specificity kinases such that a disease condition
which is mediated by that activity is reduced or
alleviated. [00330] The terms "treat" or "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. 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. The terms "treating," "treat," and
"treatment" embrace both preventative, i.e.,
prophylactic, and palliative treatment. [00331] The
compounds of the present invention possess
anti-cell-proliferation properties, which are believed
to arise from their Class I receptor tyrosine kinase
inhibitory activity. Accordingly the compounds of the
present invention are expected to be useful in the
treatment of diseases or medical conditions mediated
alone or in part by Class I receptor tyrosine kinase
enzymes, i.e. the compounds may be used to produce a
Class I receptor tyrosine kinase inhibitory effect in
a warm-blooded animal in need of such treatment. Thus
the compounds of the present invention provide a
method for treating the proliferation of malignant
cells characterized by inhibition of Class I receptor
tyrosine kinase enzymes, i.e., the compounds may be
used to produce an anti-proliferative effect mediated
alone or in part by the inhibition of Class I receptor
tyrosine kinase. Accordingly, the compounds of the
present invention are expected to be useful in the
treatment of cancer by providing an anti-proliferative
effect, particularly in the treatment of Class I
receptor tyrosine kinase sensitive cancers such as
cancers of the breast, lung, colon, rectum, stomach,
prostate, bladder, pancreas and ovary. Thecompounds of
the present invention are also expected to be useful
in the treatment of other cellproliferation diseases
such as psoriasis. [00332] Accordingly, one aspect of
this invention relates to a pharmaceutical composition
for the treatment of a hyperproliferative disorder or
an abnormal cell growth in a mammal, which comprises a
therapeutically effective amount of a compound of the
present invention, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof,
and a pharmaceutically acceptable carrier. [00333] The
terms "abnormal cell growth" and "hyperproliferative
disorder" are used interchangeably in this
application. [00334] "Abnormal cell growth," as used
herein, unless otherwise indicated, refers to cell
growth that is independent of normal regulatory
mechanisms (e.g., loss of contact inhibition). This
includes, for example, the abnormal growth of: (1)
tumor cells (tumors) that proliferate by expressing a
mutated tyrosine kinase or over-expression of a
receptor tyrosine kinase; (2) benign 



and malignant cells of other proliferative diseases in
which aberrant tyrosine kinase activation occurs; (3)
any tumors that proliferate by receptor tyrosine
kinases; (4) any tumors that proliferate by aberrant
serine/threonine kinase activation; and (5) benign and
malignant cells of other proliferative diseases in
which aberrant serine/theroine kinase activation
occurs. [00335] In one embodiment, abnormal cell
growth in cancer. According, this invention provides
methods of treating cancer, comprising administering
to a mammal in need thereof a therapeutic amount of a
composition of this invention. [00336] In certain
embodiments, said cancer is selected from lung cancer,
bone cancer, pancreatic cancer, skin cancer, cancer of
the head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the. vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancer.[00337] The invention also
relates to a pharmaceutical composition for the
treatment of pancreatitis or kidney disease (including
proliferative glomerulonephritis and diabetes-induced
renal disease) or the treatment of pain in a mammal,
which comprises a therapeutically effective amount of
a compound of the present invention, or a solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, and a pharmaceutically acceptable
carrier. [00338] The invention also relates to a
method for the treatment of pancreatitis or kidney
disease or the treatment of pain in a mammal as
described above, which comprises administering to said
mammal a therapeutically effective amount of a
compound of the present invention, or a solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof in combination with a pharmaceutically
acceptable carrier. [00339] The invention also relates
to a pharmaceutical composition for the prevention of
blastocyte implantation in a mammal, which comprises a
therapeutically effective amount of a compound of the
present invention, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof,
and a pharmaceutically acceptable carrier. [00340] The
invention also relates to a method for the prevention
of blastocyte implantation in a mammal, which
comprises administering to said mammal a
therapeutically effective amount of a compound of the
present invention, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof in
combination with a pharmaceutically acceptable
carrier. [00341] The invention also relates to a
pharmaceutical composition for treating a disease
related to vasculogenesis or angiogenesis in a mammal,
which comprises a therapeutically effective amount of
a compound of the present invention, or a solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, and a pharmaceutically acceptable
carrier. [00342] The invention also relates to a
method for treating a disease related to
vasculogenesis or angiogenesis in a mammal, which
comprises administering to said mammal a
therapeutically effective amount of a compound of the
present invention, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof in
combination with a pharmaceutically acceptable
carrier. Examples of such diseases include, but are
not limited to, tumor angiogenesis, chronic
inflammatory disease or other inflammatory condition
such as rheumatoid arthritis, atherosclerosis,
inflammatory bowel disease, skin diseases such as
psoriasis, eczema, and scleroderma, diabetes, diabetic
retinopathy, retinopathy of prematurity, age-related
macular degeneration, hemangioma, glioma, melanoma,
Kaposi's sarcoma and ovarian, breast, lung,
pancreatic, prostate, colon and epidermoid
cancer.[00343] The invention also relates to a
pharmaceutical composition for treating a disease or
condition related to inflammatory disease, autoimmune
disease, destructive bone disorders, proliferative
disorders, infectious disease, viral disease, fibrotic
disease or neurodegenerative disease in a mammal which
comprises a therapeutically effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt, prodrug or hydrate
thereof, and a pharmaceutically acceptable carrier.
Examples of the above diseases and/or conditions
include but is not limited to rheumatoid arthritis,
atherosclerosis, inflammatory bowel disease, skin
diseases such as psoriasis, eczema, and scleroderma,
diabetes and diabetic complications, diabetic
retinopathy, retinopathy of prematurity, age-related
macular degeneration, hemangioma, chronic obstructive
pulmonary disease, idiopathic pulmonary fibrosis,
allergic responses including asthma allergic rhinitis
and atopic dermatitis, renal disease and renal
failure, polycystic kidney disease, acute coronary
syndrome, congestive heart failure, osteoarthritis,
neurofibromatosis, organ transplant rejection,
cachexia and pain. [00344] Patients that can be
treated with compositions of the present invention
include, for example, patients that have been
diagnosed as having psoriasis, restenosis,
atherosclerosis, BPH, lung cancer, bone cancer, CMML,
pancreatic cancer, skin cancer, cancer of the head and
neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the
anal region, stomach cancer, colon cancer, breast
cancer, testicular, gynecologic tumors (e.g., uterine
sarcomas, carcinoma of the fallopian tubes, carcinoma
of the endometrium, carcinoma of - the cervix,
carcinoma of the vagina or carcinoma of the vulva),
Hodgkin's disease, cancer of the esophagus, cancer of
the small intestine, cancer of the endocrine system
(e.g., cancer of the thyroid, parathyroid or adrenal
glands), sarcomas of soft tissues, cancer of the
urethra, cancer of the penis, prostate cancer, chronic
or acute leukemia, solid tumors of childhood,
lymphocytic lymphomas, cancer of the bladder, cancer
of the kidney or ureter (e.g., renal cell carcinoma,
carcinoma of the renal pelvis), or neoplasms of the
central nervous system (e.g., primary CNS lymphoma,
spinal axis tumors, brain stem gliomas or pituitary
adenomas). [00345] Further provided is a compound of
Formula I for use as a medicament in the treatment of
the diseases and conditions described above in a
mammal, such as a human, suffering from such disorder.
Also provided is the use of a compound of Formula I in
the preparation of a medicament for the treatment of
the diseases and conditions described above in a
mammal, such as a human, suffering from such disorder.
[00346] COMBINATION THERAPY[00347] The compounds of
the present invention can be used in combination with
one or more additional drugs such as described below.
The dose of the second drug can be appropriately
selected based on a clinically employed dose. The
proportion of the compound of the present invention
and the second drug can be appropriately determined
according to the administration subject, the
administration route, the target disease, the clinical
condition, the combination, and other factors. In
cases where the administration subject is a human, for
instance, the second drug may be used in an amount of
0.01 to 100 parts by weight per part by weight of the
compound of the present invention. [00348] In certain
embodiment of the invention, a method for the
treatment of abnormal cell growth in a mammal
comprises administering to a mammal an amount of a
compound of Formula I that is [00349] effective in
treating abnormal cell growth in combination with an
anti-tumor agent selected from the following
categories: [00350] (i)
antiproliferative/anti-neoplastic drugs and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example, cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
anti-metabolites (for example, antifolates such as
such as fluoropyrimidines like 5-fluorouracil and
tegafur, raltitrexed, methotrexate, cytosine
arabinside, hydroxyurea, or, one of the preferred
anti-metabolites disclosed in European Patent
Application No. 239362 such as N-(5-[N-(3,4-
dihydro-2-methyl-4-oxoquinazoIin-6-ylmethyl)-N-methyla
mino]-2-thenoyl)-L-glutamic acid); antitumor
antibiotics (for example, anthracyclines like
adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin and
mithramycin); antimitotic agents (for example, vinca
alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like taxol and taxotere);
topoisomerase inhibitors (for example
epipodophyllotoxins like eptoposide and teniposide,
amsacrine, topotecan and campothecin); and mitotic
kinesin KSP 



inhibitors; [00351] (ii) cytostatic agents such as
antiestrogens (for example, tamoxifen, toremifene,
raloxifene, droloxifene and iodoxyfene); estrogen
receptor down regulators (for example,
fulvestratrant); antiandrogens (for example,
bicalutamide, flutamide, nilutamide, cyproxerone
acetate and CASODEX(tm)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl-3'- (trifluoromethyl)propionanilide)); LHRH
antagonists or LHRH agonists (for example, goserelin,
leuporelin and buserelin); progestogens (for example,
megestrol acetate); aromatase inhibitors (for example,
asanastrozole, letrozole, vorazole and exemestane);
inhibitors of 5a-reductasesuch as finasteride; and p3d
inhibitors such as those disclosed in U.S. Publication
Nos. 2004/0176325, 2004/0180896, and 2004/0192635;
[003521 (iii) agents which inhibit cancer cell
invasion (for example, metalloproteinase inhibitors
like marimastat and inhibitors of urokinase
plasminogne activator receptor function); [00353] (iv)
inhibitors of growth factor function such as growth
factor antibodies, growth factor receptor antibodies
(for example, the anti-erbB2 antibody trastumuzab
[HERCEPTIN(tm)] and the anti-erbBl antibody cetuximab
[C225]), farnesyl transferase inhibitors, tyrosine
kinase inhibitors and serine-threonine kinase
inhibitors (for example, inhibitors of the epidermal
growth factor family tyrosine kinases such as
N-(3-chloro-4-fluorophenyI)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZDl
839), N-(3-ethynylphenyl)-6,7-bis(2-
methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774)
and 6-acrylamido-N-(3-chloro-4- fluorophenyl)-7-(3-m
qf holinopropoxy)quinazolin-4-amine (CI 1033));
inhibitors of the platelet-derived growth factor
family; inhibitors of the hepatocyte growth factor
family; and MEK inhibitors such as PD325901 and
compounds such as those disclosed in U.S. Patent
Publication 2004/0116710; [00354] (v) antiangiogenic
agents such as those which inhibit the effects of
vascular endothelial growth factor (for example, the
anti-vascular endothelial cell growth factor antibody
bevacizumab [AVASTIN(tm)], compounds such as those
disclosed in PCT Publication Nos. WO 97/22596, WO
97/30035, WO 97/32856, and WO 98/13354) and compounds
that work by other mechanisms (for example, linomide,
inhibitors of integrin avb3 function, MMP inhibitors
COX-2 inhibitors and angiostatin); [00355] (vi)
vascular damaging agents such as Combretastatin A4 and
compounds disclosed in PCT Publication Nos. WO
99/02166, WO 0/40529, WO 00/41669, WO 01/92224, WO
02/04434, and WO 02/08213; [00356] (vii) antisense
therapies (for example, those which are directed to
the targets listed above such as ISIS 2503, and
anti-ras antisense); [00357] (vi ) gene therapy
approaches, including for example GVAX(tm), approaches
to replace aberrant genes such as aberrant p53 or
aberrant BRCAI or BRCA2, GDEPT (genedirected enzyme
pro-drug therapy) approaches such as those using
cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase
patient tolerance to chemotherapy or radiotherapy such
as multi-drug resistance gene therapy; [00358] (ix)
interferon; and[00359] (x) immunotherapy approaches,
including for example ex-vivo and in-vivo approaches
to increase the immunogenicity of patient tumor cells,
such as transfection with cytokines such as
interleukin 2, interleukin 4 or granulocyte-macrophage
colony stimulating factor, approaches to decrease
T-cell anergy, approaches to using transfected immune
cells such as cytokine-transfected dendritic cells,
approaches using cytokine-transfected tumor cell lines
and approaches using anti-idiotypic antibodies.
[00360] In one embodiment the second compound of the
pharmaceutical combination formulation or dosing
regimen has complementary activities to the compound
of Formula I such that they do not adversely affect
each other. Such drugs are suitably present in
combination in amounts that are effective for the
purpose intended. Accordingly, another aspect of the
present invention provides a composition comprising a
compound of Formula I, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof,
in combination with a second drug, such as described
herein. [00361] The compound(s) of Formula I and. the
additional pharmaceutically active agent(s) may be
administered together in a unitary pharmaceutical
composition or separately and, when administered
separately this may occur simultaneously or
sequentially- in any order. Such sequential
administration may be close in time or remote in time.
The amounts of the compound(s) of Formula I and the
second agent(s) and the relative timings of
administration will be selected in order to achieve
the desired combined therapeutic effect. [00362]
Suitable dosages for any of the above coadministered
agents are those presently used and may be lowered due
to the combined action (synergy) of the newly
identified agent and other chematherapeutic agents or
treatments. [00363] The combination therapy may
provide "synergy" and prove "synergistic", i.e., the
effect achieved when the active ingredients used
together is greater than the sum of the effects that
results from using the compounds separately. A
synergistic effect may be attained when the active
ingredients are: (1) co-formulated and administered or
delivered simultaneously in a combined, unit dosage
formulation; (2) delivered by alternation or in
parallel as separate formulations; or (3) by some
other regimen. When delivered in alternation therapy,
a synergistic effect may be attained when the
compounds are administered or delivered sequentially,
e.g., by different injections in separate syringes. In
general, during alternation therapy, an effective
dosage of each active ingredient is administered
sequentially, i.e., serially, whereas in combination
therapy, effective dosages of two or more active
ingredients are administered together.[00364] The
compounds of the present invention can be used, for
example in combination with additional drug(s) such as
a therapeutic agent for [00365] ADMINISTRATIOMOF
COMPOUNDS OF FORMULA I [00366] The compounds of the
invention may be administered by any route appropriate
to the condition to be treated. Suitable routes
include oral, parenteral (including subcutaneous,
intramuscular, intravenous, intraarterial,
intradermal, intrathecal and epidural), transdermal,
rectal, nasal, topical (including buccal and
sublingual), vaginal, intraperitoneal, intrapulmonary
and intranasal. It will be appreciated that the
preferred route may vary with for example the
condition of the recipient. Where the compound is
administered orally, it may be formulated as a pill,
capsule, tablet, etc. with a pharmaceutically
acceptable carrier or excipient. Where the compound is
administered parenterally, it may be formulated with a
pharmaceutically acceptable parenteral vehicle and in
a unit dosage injectable form, as detailed below.
[00367] PHARMACEUTICAL FORMULATIONS [00368] In order
to use a compound of Formula I or a pharmaceutically
acceptable salt, solvate, metabolite or prodrug
thereof for the therapeutic treatment (including
prophylactic treatment) of mammals including humans,
it is normally formulated in accordance with standard
pharmaceutical practice as a pharmaceutical
composition. According to this aspect of the invention
there is provided a pharmaceutical composition that
comprises a compound of the Formula I , or a
pharmaceutically acceptable salt, solvate, metabolite
or prodrug thereof, in association with a
pharmaceutically acceptable diluent or carrier.
[00369] The pharmaceutical compositions of the
invention are formulated, dosed and administered in a
fashion, i.e., amounts, concentrations, schedules,
course, vehicles and route of administration,
consistent with good medical practice. Factors for
consideration in this context include the particular
disorder being treated, the particular mammal being
treated, the clinical condition of the individual
patient, the cause of the disorder, the site of
delivery of the agent, the method of administration,
the scheduling of administration, and other factors
known to medical practitioners. The therapeutically
effective amount of the compound to be administered
will be governed by such considerations, and is the
minimum amount necessary to prevent, ameliorate, or
treat the disorder. The compound of the present
invention is typically formulated into pharmaceutical
dosage forms to provide an easily controllable dosage
of the drug and to enable patient compliance with the
prescribed regimen. [00370] The composition for use
herein is preferably sterile. In
particular,formulations to be used for in vivo
administration must be sterile. Such sterilization is
readily accomplished, for example, by filtration
through sterile filtration membranes. The compound
ordinarily can be stored as a solid composition, a
lyophilized formulation or as an aqueous solution. 



[00371] Pharmaceutical formulations of the compounds
of the present invention may be prepared for various
routes and types of administration. For example, a
compound of Formula I having the desired degree of
purity may optionally be mixed with pharmaceutically
acceptable diluents, carriers, excipients or
stabilizers (Remington's Pharmaceutical Sciences
(1980) 16th edition, Osol, A. Ed.), in the form of a
lyophilized formulation, a milled powder, or an
aqueous solution. Formulation may be conducted by
mixing at ambient temperature at the appropriate pH,
and at the desired degree of purity, with
physiologically acceptable carriers, i.e., carriers
that are non-toxic to recipients at the dosages and
concentrations employed. The pH of the formulation
depends mainly on the particular use and the
concentration of compound, but may range from about 3
to about 8. Formulation in an acetate buffer at pH 5
is a suitable embodiment. The formulations may be
prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance
(i.e., compound of the present invention or stabilized
form of the compound (e.g., complex with a
cyclodextrin derivative or other known complexation
agent) is dissolved in a suitable solvent in the
presence of one or more excipients. [00372] The
particular carrier, diluent or excipient used will
depend upon the means and purpose for which the
compound of the present invention is being applied.
Solvents are generally selected based on solvents
recognized by persons skilled in the art as safe
(GRAS) to be administered to a mammal. In general,
safe solvents are non-toxic aqueous solvents such as
water and other non-toxic solvents that are soluble or
miscible in water. Suitable aqueous solvents include
water, ethanol, propylene glycol, polyethylene glycols
(e.g., PEG 400, PEG 300), etc. and mixtures thereof.
Acceptable diluents, carriers, excipients and
stabilizers are nontoxic to recipients at the dosages
and concentrations employed, and include buffers such
as phosphate, citrate and other organic acids;
antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol;
3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such
as serum albumin, gelatin, or immunoglobulins;
hydrophilic 74 t 'polymers such as
polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides and other carbohydrates
including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such
as sodium; metal complexes (e.g., Zn-protein
complexes); and/or non-ionic surfactants such as
TWEEN(tm), PLURONICS(tm) or polyethylene glycol (PEG).
The formulations may also include one or mo're
stabilizing agents, surfactants, wetting agents,
lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents,
glidants, processing aids, colorants, sweeteners,
perfuming agents, flavoring agents and other known
additives to provide an elegant presentation of the
drug (i.e., a compound of the present invention or
pharmaceutical composition thereof) or aid in the
manufacturing of the pharmaceutical product (i.e.,
medicament). The active pharmaceutical ingredients may
also be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly- (methylmethacylate)
microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques
are disclosed in Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980). A "liposome" is a
small vesicle composed of various types of lipids,
phospholipids and/or surfactant which is useful for
delivery of a drug (such as the compounds disclosed
herein and, optionally, a chemotherapeutic agent) to a
mammal. The components of the liposome are commonly
arranged in a bilayer formation, similar to the lipid
arrangement of biological membranes. [00373]
Sustained-release preparations of compounds of Formula
I may be prepared. Suitable examples of
sustained-release preparations include semipermeable
matrices of solid hydrophobic polymers containing a
compound of Formula I, which matrices are in the form
of shaped articles, e.g., films, or microcapsules.
Examples of sustained-release matrices include
polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Patent No.
3,773,919), copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate, non-degradable ethylene-vinyl
acetate, degradable lactic acidglycolic acid
copolymers such as the LUPRON DEPOT(tm) (injectable
microspheres composed of lactic acid-glycolic acid
copolymer and leuprolide acetate) and poly-D-(-)-3-
hydroxybutyric acid. [00374] The pharmaceutical
compositions of compounds of Formula I may be in
theform of a sterile injectable preparation, such as a
sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to the
known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned
above. The sterile injectable preparation may also be
a sterile injectable solution or suspension in a
non-toxic parenteraliy acceptable diluent or solvent,
such as a solution in 1,3- butanediol or prepared as a
lyophilized powder. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In
addition, sterile fixed oils may conventionally be
employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty
acids such as oleic acid may likewise be used in the
preparation of injectables. [00375] Formulations
suitable for parenteral administration include aqueous
and non aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents. [00376] The
compositions of the invention may also be in a form
suitable for oral use (for example as tablets,
lozenges, hard or soft capsules, aqueous or oily
suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for
example as creams, ointments, gels, or aqueous or oily
solutions or suspensions), for administration by
inhalation (for example as a finely divided powder or
a liquid aerosol), for administration by insufflation
(for example as a finely divided powder) [00377]
Suitable pharmaceutically-acceptable excipients for a
tablet formulation include, for example, inert
diluents such as lactose, sodium carbonate, calcium
phosphate or calcium carbonate, granulating and
disintegrating agents such as corn starch or algenic
acid; binding agents such as starch; lubricating
agents such as magnesium stearate, stearic acid or
talc; preservative agents such as ethyl or propyl
p-hydroxybenzoate, and anti-oxidants, such as ascorbic
acid. Tablet formulations may be uncoated or coated
either to modify their disintegration and the
subsequent absorption of the active ingredient within
the gastrointestinal tract, or to improve their
stability and/or appearance, in either case using
conventional coating agents and procedures well known
in the art. [00378] Compositions for oral use may be
in the form of hard gelatin capsules in which the
active ingredient is mixed with an inert solid
diluent, for example, calciumcarbonate, calcium
phosphate or kaolin, or as soft gelatin capsules in
which the active ingredient is mixed with water or an
oil such as peanut oil, liquid paraffin, or olive oil.
[00379] Aqueous suspensions generally contain the
active ingredient in finely powdered form together
with one or more suspending agents, such as sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents such as lecithin or
condensation products of an alkylene oxide with fatty
acids (for example polyoxethylene stearate), or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan 



monooleate. The aqueous suspensions may also contain
one or more preservatives (such as ethyl or propyl
p-hydroxybenzoate, anti-oxidants (such as ascorbic
acid), coloring agents, flavoring agents, and/or
sweetening agents (such as sucrose, saccharine or
aspartame). [00380] Oily suspensions may be formulated
by suspending the active ingredient in a vegetable oil
(such as arachis oil, olive oil, sesame oil or coconut
oil) or in a mineral oil (such as liquid paraffin).
The oily suspensions may also contain a thickening
agent such as beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set out above, and
flavoring agents may be added to provide a palatable
oral preparation. These compositions may be preserved
by the addition of an anti-oxidant such as ascorbic
acid. [00381] Dispersible powders and granules
suitable for preparation of an aqueous suspension by
the addition of water generally contain the active
ingredient together with a dispersing or wetting
agent, suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients such as sweetening,
flavoring and coloring agents, may also be present.
[00382] The pharmaceutical compositions of the
invention may also be in the form of oil-in-water
emulsions. The oily phase may be a vegetable oil, such
as olive oil or arachis oil, or a mineral oil, such as
for example liquid paraffin or a mixture of any of
these. Suitable emulsifying agents may be, for
example, naturally-occurring gums such as gum acacia
or gum tragacanth, naturally-occurring phosphatides
such as soya bean, lecithin, esters or partial esters
derived from fatty acids and hexitol anhydrides (for
example sorbitan monooleate) andcondensation products
of the said partial esters with ethylene oxide such as
polyoxyethylene sorbitan monooleate. The emulsions may
also contain sweetening, flavoring and preservative
agents. [00383] Syrups and elixirs may be formulated
with sweetening agents such as glycerol, propylene
glycol, sorbitol, aspartame or sucrose, and may also
contain a demulcent, preservative, flavoring and/or
coloring agent. [00384] Suppository formulations may
be prepared by mixing the active ingredient with a
suitable non-irritating excipient that is solid at
ordinary temperatures but liquid at the rectal
temperature and will therefore melt in the rectum to
release the drug. Suitable excipients include, for
example, cocoa butter and polyethylene glycols.
Formulations suitable for vaginal administration may
be presented as pessaries, tampons, creams, gels,
pastes, foams or spray formulations containing in
addition to the active ingredient such carriers as are
known in the art to be appropriate. [00385] Topical
formulations, such as creams, ointments, gels and
aqueous or oily solutions or suspensions, may
generally be obtained by formulating an active
ingredient with a conventional, topically acceptable,
vehicle or diluent using conventional procedures well
known in the art. [00386] Compositions for transdermal
administration may be in the form of those transdermal
skin patches that are well known to those of ordinary
skill in the art. [00387] Formulations suitable for
intrapulmonary or nasal administration have a particle
size for example in the range of 0.1 to 500 microns
(including particle sizes in a range between 0.1 and
500 microns in increments microns such as 0.5, 1, 30
microns, 35 microns, etc.), which is administered by
rapid inhalation through the nasal passage or -by
inhalation through the mouth so as to reach the
alveolar sacs. Suitable formulations include aqueous
or oily solutions of the active ingredient.
Formulations suitable for aerosol or dry powder
administration may be prepared according to
conventional methods and may be delivered with other
therapeutic agents such as compounds heretofore used
in the treatment or prophylaxis disorders as described
below. [00388] The pharmaceutical composition (or
formulation) for application may be packaged in a
variety of ways depending upon the method used for
administering the drug. For example, an article for
distribution can include a container having deposited
therein the pharmaceutical formulation in an
appropriate form. Suitable containers are well known
to those skilled in the art and include materials such
as bottles (plastic and glass), sachets,ampoules,
plastic bags, metal cylinders, and the like. The
container may also include a tamper-proof assemblage
to prevent indiscreet access to the contents of the
package. In addition, the container has deposited
thereon a label that describes the contents of the
container. The label may also include appropriate
warnings. The formulations may also be packaged in
unit-dose or multi-dose containers, for example sealed
ampoules and vials, and may be stored in a
freeze-dried (lyophilized) condition requiring only
the addition of the sterile liquid carrier, for
example water, for injection immediately prior to use.
Extemporaneous injection solutions and suspensions are
prepared from sterile powders, granules and tablets of
the kind previously described. Preferred unit dosage
formulations are those containing a daily dose or unit
daily sub-dose, as herein above recited, or an
appropriate fraction thereof, of the active
ingredient. [00389] The invention further provides
veterinary compositions comprising a compound of
Formula I together with a veterinary carrier
therefore. Veterinary carriers are materials useful
for the purpose of administering the composition and
may be solid, liquid or gaseous materials which are
otherwise inert or acceptable in the veterinary art
and are compatible with the active ingredient. These
veterinary compositions may be administered
parenterally, orally or by any other desired route.
[00390] The amount of a compound of this invention
that is combined with one or more excipients to
produce a single dosage form will necessarily vary
depending upon the subject treated, the severity of
the disorder or condition, the rate of administration,
the disposition of the compound and the discretion of
the prescribing physician. In one embodiment, a
suitable amount of a compound of Formula I is
administered to a mammal in need thereof.
Administration in one embodiment occurs in an amount
between about 0.001 mg/kg of body weight to about 60
mg/kg of body weight per day. In another embodiment,
administration occurs in an amount between 0.5 mg/kg
of body weight to about 40 mg/kg of body weight per
day. In some instances, dosage levels below the lower
limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may
be employed without causing any harmful side effect,
provided that such larger doses are first divided into
several small doses for administration throughout the
day. For further information on routes of
administration and dosage regimes, see Chapter 25.3 in
Volume 5 of Comprehensive Medicinal Chemistry (Corwin
Hansch; Chairman of Editorial Board), Pergamon Press
1990, which is specifically incorporated herein by
reference. [00391] The invention further provides
veterinary compositions comprising at leastone active
ingredient as above defined together with a veterinary
carrier therefore. Veterinary carriers are materials
useful for the purpose of administering the
composition and may be solid, liquid or gaseous
materials which are otherwise inert or acceptable in
the veterinary art and are compatible with the active
ingredient. These veterinary compositions may be
administered parenterally, orally or by any other
desired route. [00392] The amount of a compound of
this invention that is combined with one or more
excipients to produce a single dosage form will
necessarily vary depending upon the subject treated,
the severity of the disorder or condition, the rate of
administration, the disposition of the compound and
the discretion of the prescribing physician. In one
embodiment, a suitable amount of a compound of Formula
I is administered to a mammal in need thereof.
Administration in one embodiment occurs in an amount
between about 0.001 mg/kg of body weight to about 60
mg/kg of body weight per day. In another embodiment,
administration occurs in an amount between 0.5 mg/kg
of body weight to about 40 mg/kg of body weight per
day. In some instances, dosage levels below the lower
limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may
be employed without causing any harmful side effect,
provided that such larger doses are first divided into
several small doses for administration throughout the
day. For further information on routes of
administration and dosage regimes, see Chapter 25.3 in
Volume 5 of Comprehensive Medicinal Chemistry (Corwin
Hansch; Chairman of Editorial Board), Pergamon Press
1990, which is specifically incorporated herein by
reference. [00393] ARTICLES OF MANUFACTURE [00394] In
another embodiment of the invention, an article of
manufacture, or "kit", 



containing materials useful for the treatment of the
disorders described above is provided. In one
embodiment, the kit comprises a container comprising a
compound of Formula I, or a solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof.
The kit may further comprise a label or package insert
on or associated with the container. 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. In one embodiment, the
label or package inserts indicates that the
composition comprising a compound of Formula I can be
used to treat one or more of the diseases or disorders
disclosed herein. [00395] In one embodiment, the kit
further comprises a container. Suitable
containersinclude, for example, bottles, vials,
syringes, blister pack, etc. The container may be
formed from a variety of materials such as glass or
plastic. The container may hold a compound of Formula
I or a formulation thereof which is effective for
treating one or more diseases or disorders disclosed
herein and may have a sterile access port (for
example, the container may be an intravenous solution
bag or a vial having a stopper pierceable by a
hypodermic injection needle). [00396] The kit may
further comprise directions for the administration of
the compound of Formula I and, if present, the second
pharmaceutical formulation. For example, when the kit
comprises a first composition comprising a compound of
Formula I and a second pharmaceutical formulation, the
kit may further comprise directions for the
simultaneous, sequential or separate administration of
the first and second pharmaceutical compositions to a
patient in need thereof. [00397] In another
embodiment, the kits are suitable for the delivery of
solid oral forms of a compound of Formula I, such as
tablets or capsules. Such a kit can include a number
of unit dosages. Such kits can include a card having
the dosages oriented in the order of their intended
use. An example of such a kit is a "blister pack".
Blister packs are well known in the packaging industry
and are widely used for packaging pharmaceutical unit
dosage forms. If desired, a memory aid can be
provided, for example in the form of numbers, letters,
or other markings or with a calendar insert,
designating the days in the treatment schedule in
which the dosages can be administered. [00398]
According to one embodiment, an article of manufacture
may comprise (a) a first container with a compound of
Formula I contained therein; and optionally (b) a
second container with a second pharmaceutical
formulation contained therein, wherein the second
pharmaceutical formulation comprises a second compound
having, for example, antihyperproliferative activity.
Alternatively, or additionally, the article of
manufacture may further comprise a third container
comprising a pharmaceutically-acceptable buffer, such
as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other
materials desirable from a commercial and user
standpoint, including other buffers, diluents,
Filters, needles, and syringes. [00399] In certain
other embodiments wherein the kit comprises a
composition of Formula I and a second therapeutic
agent, the kit may comprise a container for containing
the separate compositions such as a divided bottle or
a divided foil packet, however, the separate
compositions may also be contained within a single,
undivided container. Typically, the kitcomprises
directions for the administration of the separate
components. The kit form is particularly advantageous
when the separate components are preferably
administered in different dosage forms (e.g., oral and
parenteral), are administered at different dosage
intervals, or when titration of the individual
components of the combination is desired by the
prescribing physician. BIOLOGICAL EXAMPLES Example A
EGFR / ErbB2 Enzymatic Assays [00400] Thermo
LabSystems Immuion 4HBX 96-well plates are coated by
incubation overnight at room temperature with 100 mL
per well of 0.25 mg/mL Poly (GIu, Tyr) 4:1 (PGT)
(Sigma Chemical Co., St. Louis, MO) in PBS (phosphate
buffered saline). Excess PGT is removed by aspiration,
and the plate is washed three times with wash buffer
(0.1% Tween 20 in PBS). The kinase reaction is
performed in 100 mL of 50 mM HEPES (pH 7.3) containing
125 mM sodium chloride, 24 mM magnesium chloride, 0.1
mM sodium orthovanadate, 15 mM ATP (adenosine
triphosphate) and 0.3 units/mL EGFR (epidermal growth
factor receptor) (BIOMOL Research Laboratories, Inc.,
Plymouth Meeting, PA). The compound in DMSO
(dimethylsulfoxide) is added to give a final DMSO
concentration of about 1%. Phosporylation is initiated
by the addition of ATP and incubated for 30 minutes at
room temperature. The kinase reaction is terminated by
aspiration of the reaction mixture and subsequent
washing with wash buffer (see above). Phosphorylated
PGT is detected by 30 incubation with 100 mL per well
HRP conjugated PY20 antiphosphotyrosine antibody
(Zymed Laboratories, Inc., South San Francisco, CA)
diluted to 0.2 mg/mL in 3% BSA and 0.05% Tween 20 in
PBS. Antibody is removed by aspiration, and the plate
is washed with wash buffer. The colorimetric signal is
developed by the addition of 100 mL per well TMB
Microwell Peroxidase Substrate (Kirkegaard and Perry,
Gaithersburg, MD) and stopped by the addition of 100
mL per well IM phosphoric acid. Phosphotyrosine in
measured by absorbance at 450 nm. [00401] The ErbB2
kinase is as above using 250 ng/mL erbB2 intracellular
domain in place of EGFR. The intracellular domain of
the ErbB2 tyrosine kinase (amino acids 691 - 1255) is
expressed as a his-tagged protein in Baculovirus and
purified by nickel chelating, ion exchange and size
exclusion chromatography. [00402] Compounds of the
present invention have ICso's from less than 1 nM to
50 mM.Example B Cellular ErbB2 phosphorylation assay
[00403] The cellular potency of compounds is measured
by the inhibition of phosphorylated erbB2 (p-erbB2) in
the BT474 cell line which overexpresses erbB2 and
consequently, has high basal levels of p-erbB2. BT474
cells are plated in 96 well plates and incubated
overnight at 37 C/5% CO . The next day, the medium is
replaced with serum-free medium, followed by the
addition of compounds for 2 hours. Cells are lysed by
the addition of lysis buffer and freezing at -80 0C.
Thawed and clarified lysates are then added to 96-well
plates that are coated with an anti-erbB2 antibody.
Phosphorylated erbB2 is detected with a
phosphotyrosine antibody using an ELISA format.
Compounds of the present invention have ICso's of less
than 1 mM in this assay. Example C Cellular EGFR
phosphorylation assay [00404] This assay measures the
inhibition of EGF-induced phosphorylated EGFR (pEGFR)
in .the A431 cell line which overexpresses EGFR. Cells
are plated in 96 well plates and incubated for 6-8 hrs
at 37 0C 15% CO2 before being serum-starved overnight.
The next day, compounds are added for 1 hour before a
10 minute induction with EGF. Cells are lysed by the
addition of lysis buffer and freezing at -80 0C.
Thawed and clarified lysates are then added to 96-well
plates that are coated with an anti-EGFR antibody,
p-EGFR is then detected by a phospho-tyrosine antibody
using an ELISA format. PREPARATIVE EXAMPLES [00405] In
order to illustrate the invention, the following
examples are included. However, it is to be understood
that these examples do not limit the invention and are
only meant to suggest a method of practicing the
invention. Persons skilled in the art will recognize
that the chemical reactions described may be readily
adapted to prepare a number of other compounds of the
invention, and alternative methods for preparing the
compounds of this invention are deemed to be within
the scope of this invention. For example, the
synthesis of non-exemplified compounds according to
the invention may be successfully performed by
modifications apparent to those skilled in the art,
e.g., by appropriately protecting interfering groups,
by utilizing other suitable reagents known in the art
other than those described, and/or by making routine
modifications of reaction conditions. Alternatively,
other reactions disclosed herein or known in the art
will be recognized as having applicability for
preparing other 



compounds of the invention.[00406] In the examples
described below, unless otherwise indicated all
temperatures are set forth in degrees Celsius.
Reagents were purchased from commercial suppliers such
as Aldrich Chemical Company, Lancaster, TCI or
Maybridge, and were used without further purification
unless otherwise indicated. Tetrahydrofuran (THF),
N,N-dirnethylformamide (DMF), dichloromethane (DCM),
dichloroethane (DCE), toluene, dioxane and 1,2-
difluoroethane were purchased from Aldrich in Sure
seal bottles and used as received. [00407] The
reactions set forth below were done generally under a
positive pressure of nitrogen or argon or with a
drying tube (unless otherwise stated) in anhydrous
solvents, and the reaction flasks were typically
fitted with rubber septa for the introduction of
substrates and reagents via syringe. Glassware was
oven dried and/or heat dried. [00408] Column
chromatography was done on a Btotage system
(Manufacturer: Dyax Corporation) having a silica gel
column or on a silica SepPak cartridge (Waters). 1H
NMR spectra were recorded on a Varian instrument
operating at 400 MHz. 1H-NMR spectra were obtained as
CDCb, CDjOD or dg-DMSO solutions (reported in ppm),
using TMS as the reference standard (0.0 ppm). When
peak multiplicities are reported, the following
abbreviations are used: s (singlet), d (doublet), t
(triplet), m (multiplet), br (broadened), dd (doublet
of doublets), dt (doublet of triplets). Coupling
constants, when given, are reported in Hertz (Hz).
Example 1 Synthesis of
N6-(4,4-dimethyl-4.5-dihydrooxazol-2-ylVN4-f3-methyl-4
-(2-
methylbenzofd1oxazol-5-yloxy)phenvDquinazoline-4,6-dia
mine [00409] Step A: Preparation of
N'-(2-cyano-4-nitrorhenyl)-N,N-dimethylformamidine : A
mixture of 2-amino-5-nitrobenzonitrile (30.0 g, 184
mmol) and dimethoxy-N,Ndimethylmethanamine (29.6 mL,
223 mmol) was heated to 100 0C for 2 hours. The
reaction mixture was concentrated under reduced
pressure and dissolved in dichloromethane. The
solution was run through a silica plug washing the
plug with ethyl acetate. The filtrate was concentrated
under reduced pressure, stirred with ether and
filtered to provide the product (35.0 g, 87%) as
yellow solid.[00410] Step B: Preparation of
N'-(r4-amino-2-cvano rhenvp-N.N-dimethylformamidine :
A solution of N'-(2-cyano-4-nitrophenyI)-N
sN-dimethylformamidine (30.0 g, 137 mmol), cyclohexene
(200 mL) and 10% Pd on carbon (3.0 g) in methanol (IL)
was refluxed for 10 hours under a hydrogen atmosphere.
The hot solution was filtered through Celite and the
filtrate was concentrated under reduced pressure. The
residue was recrystallized from dichloromethane/carbon
tetrachloride to provide the product (23.4 g, 90%) as
pale gray crystals. [00411] Step C: Preparation of
1-(3-cvano-4-((dtmethylaminolmethyleneamino)phenyl')-
3-p -hydroxy-2-metr iylpropan-2-yDthiourea : To a
cooled (-10 0C) solution of thiocarbonyldiimidazole
(21 1 g, 1.178 mol) in THF (1.5 L) was added slowly
via cannula a solution of
N'-(4-amino-2-cyanophenyl)-N,N-dimethylformamidine
(201.6 g, 1.071 mol) in THF ( 1.5 L). After stirring
at -10 0C for 25 minutes, a solution of
2-amino-2-methylpropan-l-ol (120 g, 1.4 mol) in THF
(500 mL) was slowly added to the mixture. After
warming to room temperature and stirring for 16 hours,
the mixture was washed with saturated sodium chloride
(2 X 2 L). The combined aqueous layers were extracted
with MTBE (2 L) and ethyl acetate (4 X 1 L). The
combined organic layers were dried over MgSO4 and
concentrated under reduced pressure. The residue was
crystallized with MTBE and ethyl acetate to provide
the product ( 116.9 g, 34%) as yellow solid. [00412]
Step D: Preparation of l-(2.5-dihydroxyphenyl)ethanone
oxime : To a solution of l-(2,5-dihydroxyphenyl)ethano
e (10.0 g, 65.73 mmol) in ethanol (200 mL) was added
hydroxylamine hydrochloride (13.7 g, 197.2 mmol).
After heating to reflux for 16 hours, the solvent was
reduced under reduced pressure. Ethyl acetate (200 mL)
and water were added and the mixture was extracted
with ethyl acetate (3 X). The combined organic layers
were dried and concentrated to provide the product (
10 g 91%) as yellow solid. [00413] Step E: Preparation
of 2-methylbenzo| d]oxazol-5-ol : To a cooled (0 0C)
solution of l-(2,5-dihydroxyphenyl)ethanone oxime (1.0
g, 5.98 mmol) in DMF (30 mL)was added dropwise POCb
(0.661 mL, 6.58 mmol). After stirring at 0 0C for 1
hour and then at room temperature for 2 hours, the
mixture was washed with water. The aqueous layer was
extracted with ethyl acetate and the combined organics
were dried and concentrated under reduced pressure to
provide the crude product that was used without
further purification. [00414] Step F: Preparation of
2-methyl-5-f2-methyl-4-nitrophenoxy)benzo rd1oxazole:
2-Methylbenzo[d]oxazol-5-ol (0.86 g, 5.77 mmol) ,
l-fluoro-2-methyl-4-nitrobenzene (0.98 g, 6.34 mmol)
and K2CO3 (1.59 g, 11.53 mmol) were combined in DMF
and heated to 50 0C for 16 hours. The reaction mixture
was cooled to room temperature and poured into ice
water. Themixture was extracted with ethyl acetate (3
X). The combined organics were washed with brine,
dried, and concentrated under reduced pressure. The
residue was chromatographed (20% to 40% ethyl acetate
in hexanes) to provide the product (0.671 g, 41%) as
yellow solid. [00415] Step G: Preparation of
3-methyl-4-(2-methylbenzo[ d1oxazol-5- yloxy)benzenam
ine: To a solution of
2-methyl-5-(2-rnethyl-4-nitrophenoxy)benzo[d]oxazole
(671 mg, 2.36 mmol) in ethanol (10 mL) was added 10%
palladium on carbon (50 mg, 0.047 mmol). The reaction
mixture was subjected to 40 psi of hydrogen for 2.5
hours. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was
chromatographed to provide the product (0.41 1 g, 69%)
as yellow oil. [004161 Step H: Preparation of
1-f1-hvdrocy-2-methylpropan-2-yl)-3-(4-(3-methyl-4-(2-
methylbenzo d]oxazol-5-yloxy phenylamino
quinazolin-6-y0thiourea; To a solution of l-(3-
cyano-4-((dimethylamino)methyleneamino)phenyl)-3-(l-hy
droxy-2-methylpropan-2-yl)thiourea (275 mg, 0.861
mmol) and
3-methyl-4-(2-methylbenzo[d]oxazol-5-yloxy)benzenamine
(241 mg, 0.947 mmol) in isopropyl acetate (2 mL) was
added acetic acid (0.2 mL, 3.44 mmol). After stirring
at room temperature for 16 hours; hexanes was added
and stirred with the mixture for 30 minutes. The
mixture was filtered to provide the crude product (281
mg, 62%) as yellow solid. [00417] Step I: Preparation
of
N6-f4.4-dimethyl-4,5-dihydrooxazol-2-yl)-N4-(3-methyl-
4-f2-methylbenzo[d]oxazol-5-yloxy)phenvDquinazolme-4.6
-diamine : To a solution of 1-(1-
hydroxy-2-methylpropan-2-yl)-3-(4-(3-methyl-4-(2-methy
lbenzo[d]oxazol-5-
yloxy)phenylarninq)quinazolin-6-yl)thiourea (156 mg,
0.295 mmol) and NaOH (71 mg, 1.77 mmol) in THF (5 mL)
was added tosylchloride ( 113 mg, 0.590 mmol). After
stirring at room temperature for 3 hours, water was
added and the mixture was extracted with ethyl acetate
(2 X). The combined organics were washed with IM NaOH
and then brine. The solution was dried and
concentrated under reduced pressure. The yellow
residue was chromatographed to isolate a white solid.
The solid was triturated with ether and
chromatographed again to provide the pure product (92
mg, 63%) as white solid. MS APCI (+) m/z 495 (M+l)
detected; 1H NMR (400 MHz, DMSO-d6) d 9.49 (br. s,
IH), 8.45 (s, IH), 7.95 (br. s, IH), 7.81 (br. s, IH),
7.73 (br. m, 2H)5 7.65 (s, IH), 7.62 (s, IH), 7.46
(br. s, IH), 7.12 (d, IH), 6.97 (dd, IH), 6.93 (d,
IH), 4.08 (m, 2H), 2.60 (s, 3H), 2.21 (s, 3H), 1.28
(s, 6H). Example
2N6-f4,4-dimethyl-4,S-dihvdrooxazol-2-v
p-N4-(3-methyl-4-f2-methylben2o[d]oxazol-6-
yloxy)phenyl)quinazoline-4,6-dtamine [00418] Prepared
according to the procedure for Example 1 using l-(2,4-
dihydrokyphenyl)ethanone in place of
l-(2,5-dihydroxyphenyl)ethanone. MS APCI (+) m/z 495
(M+l) detected; 1H NMR (400 MHz, DMSO-d6) d 9.49 (s,
IH), 8.45 (s, IH), 7.95 (br. S IH)5 7.83 (br. s IH),
7.76 (br. s, IH), 7.65 (br. s, IH), 7.61 (d, IH, J = 8
Hz), 7.20 (d, IH, J = 2 Hz), 6.96 (d, IH, J = 8 Hz),
6.93 (dd, IH, J = 8 Hz, 2 Hz), 4.09 (br. S 2H) 2.58
(s, 3H), 2.21 (s, 3H), 1.28 (s, 6H). Example 3
N6-(4.4-dimethyloxazotidin-2-yHdene
')-N4-(3-methyl-4-( '2-methylbenzo[ d]thiazol-5-
yloxy)phenyl)quinazoline-4,6-diamine [00419] Prepared
according to the procedure for Example 1 using 2-
methylbenzo[d]thiazol-5-ol in place of
2-methylbenzo[d]oxazol-5-ol. MS APCI (+) m/z 511 (M+l)
detected; 1 MR (400 MHz DMSO-d6) d 9.53 (s, IH), 8.47
(s, IH), 8.02 (s, IH), 8.00 (d, IH, J = S Hz), 7.83
(s, IH), 7.75 (d, IH, J = 7 Hz), 7.66 (d, IH, J = 8
Hz), 7.29 (d, IH J = 2 Hz), 7.08 (dd, IH, J = 8 Hz, 2
Hz), 7.03 (d, IH, J = 8 Hz)5 4.08 (s, 2H), 2.77 (s,
3H), 2.20 (s, 3H), 1.28 (S56H). Example
4N6-r4.4-dimethyloxa2olidin-2-ylidene
')-N4-C3-methyl-4-(2-methylbenzofcnthiazol-6- 



yloxy)phenv0quinazoline-4.6-diamine [00420] Step A:
Preparation of 2-methylbenzord]thiazol-6-ol : To a
cooled (-78 0C) solution of 6-methoxy-2-methy]benz
s[d]thiazole (0.861 g, 4.80 mmol) in dichloromethane
(10 mL) was added BBr3 (5 mL of 1.0 M solution in
dichloromethane). After slowly warming to room
temperature and stirring for 16 hours, the mixture was
cooled to 0 0C and slowly quenched with methanol (20
mL). The reaction mixture was warmed to room
temperature and concentrated under reduced pressure.
The residue was partitioned between saturated NaHCOj
and dichloromethane/isopropyl alcohol (85/15). The
organic layer was dried over Na2SO4 filtered, and
concentrated under reduced pressure to provide the
crude product (0.351 g, 44%) that was used without
further purification. [00421] Step B: The title
compound was prepared according to the procedure for
Example 1 using 2-methylbenzo[d]thiazol-6-ol in place
of 2-methyIbenzo[d]oxazol-5-ol, MS APCI (+) m/z 5 11
(M+l) detected; 1H NMR (400 MHz, DMSO-d6) d 9.51 (s,
IH), 8.46 (s, IH), 8.03 (br. s, IH), 7.87 (d, IH, J =
9 Hz), 7.83 (s, IH), 7 75 (d, IH, J = 8 Hz), 7.65 (d,
IH, 8 Hz), 7.50 (d, IH, J = 2 Hz), 7.10 (dd, IH, J = 8
Hz, 2 Hz), 7.00 (d, IH, J = 8 Hz), 4.07 (s, 2H), 2.76
(s, 3H), 2.20 (s, 3H), 1.28 (s, 6H). Example 5
N6-(4.4-dimethyloxazolidin-2-ylidene
')-N4-r3-methyl-4-(quinolin-6-
yk>xy)phenyl)quinazoline-4,6-diamine [00422] Prepared
according to the procedure for Example 1 using
quinolin-6-ol in place of 2-methylbenzo[d]oxazol-5-ol.
MS APCI (+) m/z 491 (M+l) detected; 1H NMR (400 MHz5
DMSO-d6) d 9.54 (s, IH) 5 8.78 (dd, IH5J =5 Hz, 2Hz),
8.48 (s, IH), 8.25 (d, IH, J = 9 Hz), 8.05 (d, IH, J 9
Hz), 7.89 (s, IH), 7.82 (d, IH, J 8 Hz), 7.66 (d, 1H,
J = 9 Hz), 7.56 (dd, 2H5 J = 9 Hz5 3 Hz), 7.46 (dd,
2H, J = 9 Hz, 5 Hz), 7.16 (d, 2H, J = 2 Hz), 7.10 (d,
IH, J = 9 Hz)1 4.08 (s, 2H) 2.21 (s, 3H), 1.29 (s,
6H). Example
6N6-(4.4-dimethyl-4.5-dihvdrooxazol-2-yl)-N4-(4-(isoqu
inolin-7-yloxyV3- methylphenyl)quinazoline-4,6-diamine
[00423] Prepared according to the procedure for
Example 1 using isoquinolin-7-oI in place of
2-methylbenzo[d]oxazol-5-ol. MS APCI (+) m/z 491 (M+l)
detected; 1 NMR (400 MHz 5 DMSO-d6) d 9.58 (s, IH),
9.18 (s, IH), 8.49 (s, IH), 8.41 (d, IH) 5 8.04 (br.
s, IH), 8.03 (d, IH), 7.90 (s, IH), 7.85 (d, IH), 7.81
(d, 2H), 7.67 (d, IH), 7.60 (dd, 2H), 7.28 (d, IH),
7.12 (d, IH), 4.08 (s, 2H)5 2.20 (s5 3H), 1.29 (s,
6H). Example 7 N6-r4.4-dimethyl-4.5-dihvdrooxazol-2-v
p-N4-C3-methyl-4-fquinolin-7-
yloxy)phenyl)quinazoline-4,6-diamine [00424] Prepared
according to the procedure for Example 1 using
quinolin-7-ol in place of 2-methylbenzo[d]oxazol-5-ol.
MS APCI (+) m/z 491 (M+l) detected; 1H NMR (400 MHz,
DMSO-d6) d 9.59 (s, IH)5 8.81 (dd, IH, J = 2 Hz, 5
Hz), 8.49 (s, IH), 8.34 (d, .1H, 8 Hz), 8.04 (br. s,
IH)5 8.02 (d, IH, J = 9 Hz) 7.89 (br. s IH), 7.84 (d,
IH, J = 9 Hz), 7.66 (d, IH, J = 9 Hz), 7.43 (m, 3H)5
7.16 (d, IH, J 9 Hz)5 7.09 (d, IH, J = 2 Hz), 4.08 (s,
2H), 2.19 (s, 3H), 1.76 (s, 6H). Example 8
N4-(4-(benzo[d]thiazol-6-yloxy')-3-methylphenylVN6-(4,
4-dimethyl-4.5-dihvdrooxazol-2-
yl)quinazoline-4,6-diamine[00425] Step A: Preparation
of benzofd ]thiazol-6-ol : 6-methoxybenzo[d]thiazole
hydrobromide (1.00 g, 4.06 mmol) was dissolved in
aqueous hydrobromide (10 mL of 48% solution). After
heating to reflux for 10 hours, the mixture was cooled
in an ice bath and diluted with water (50 mL). After
adjusting the pH to 8 with the slow addition of solid
NaHCOj, the mixture was filtered, washing the solid
with water and air-drying to provide the product (0.35
g, 57%) as white solid. [00426] Step B: The title
compound was prepared according to the procedure for
Example 1 using benzo[d]thiazol-6-ol in place of
2-methylbenzo[d]oxazol-5-ol. MS APCI (+) m/z 497 (M+l)
detected; 1H NMR (400 MHz, DMSO-d6) d 9.55 (s, IH),
9.26 (s, IH), 8.47 (s, IH), 8.06 (d, IH, J = 9 Hz),
8.01 (br. s, IH), 7.85 (s, IH), 7.77 (d, IH, J = 8
Hz), 7.66 (d, IH, J = 8 Hz), 7.61 (d, IH, J = 2 Hz),
7.20 (dd, IH, J = 9 Hz, 2 Hz), 7.03 (d, IH J = 9 Hz),
4.07 (s, 2H), 2.21 (s, 3H), 1.28 (s, 6H). Example 9
H4-(4-(ri.2.41triazolor4.3-a1pyridin-7-yloxy)-3-methyl
phenyl)-N6-(4.4-dimethyl-4,5-
dihydrooxazol-2-yOquinazoline-4,6-diamine [00427] Step
A: Preparation of 4-(benzyloxV)-2-chloropyridine : To
a cooled (0 0C) slurry of washed (hexanes) sodium
hydride (14.07 g, 352 mmol) in THF (650 mL) was added
dropwise a solution of benzyl alcohol (35.2 mL, 337
mmol) in THF (200 mL). After stirring for 15 minutes,
a solution of 2-chloro-4-nitropyridine (50 g, 306
mmol) in THF (200 mL) was added dropwise. After
heating to reflux for 16 hours, the black slurry was
diluted with water (200 mL) and concentrated to remove
the THF. The resulting mixture was diluted with more
water and filtered. The filtrate was extracted with
ether and ethyl acetate. The combine organics were
dried and concentrated. The residue was
chromatographed (10% ethyl acetate in hexanes) to
provide the product as orange solid. [00428] Step B:
Preparation of l-f4-fbenzyloxy)pyridin-2-
yl)hydrazine: To a solution of
4-(benzyloxy)-2-chloropyridine (4.89 g, 22.30 mmol) in
pyridine (120 mL) was added hydrazine (45 mL, 22.30
mmol). After heating to reflux for 18 hours, the
mixture was concentrated to provide the crude product,
which was used without further purification.[00429]
Step C: Preparation of
7-(benzyloxy)-fh2,41triazolo[4,3-alpyridine : To a
solution of l-(4-(benzyloxy)pyridin-2-yl)hydrazine
(3.52 g, 16.35 mmol) in trimethoxymethane (20 mL,
16.35 mmol) was added 4-methylbenzenesulfonic acid
(2.816 g, 16.35 mmol). After heating to 60 0C for 2
hours, the reaction mixture was concentrated under
reduced pressure. The residue was chromatographed
(ethyl acetate and 20:1 dichloromethane/methanol) to
provide the product (2.33 g, 63%). [00430] Step D:
Preparation of [l,2,41triazolor4,3-a1pyridin-7-ol : To
a solution of 7-
(benzyloxy)-[l,2,4]triazolo[4,3-a]pyridine (0.512 g,
2.27 mmol) in ethanol (30 mL) was added Pd/C (0.5 g).
After stirring under a hydrogen balloon for 3 hours,
the mixture was filtered through celite and washed
with ethanol (30 mL). The filtrate was concentrated
under reduced pressure and chromatographed (20:1
dichloromethane/methanol) to provide the product.
[00431] Step E: The title compound was prepared
according to the procedure for Example 1 using [l,2
4]triazolo[4,3-a]pyridin-7-ol in place of
2-methylbenzo[d]oxazol-5-ol, MS ESI (+) m/z 481 (M+l)
detected; 1H NMR (400 MHz, CDCl3) d 8.79 (s, IH), 8.58
(s, IH), 8.19 (m 2H), 7.85 (s, IH), 7.74 (m, 3H), 7.53
(d, IH), 7.12 (d, IH), 6.89 (dd, IH), 6.79 (s, IH),
4.14 (s, 2H), 2.26 (s, 3H), 1.46 (s, A). Example 10
Synthesis ofN4-(4-(H-imidazofl,2-a
'|pyridm-7-yloxy)-3-methylphenyl)-N6-(4.4-dimethyl-
4,5-dihvdrooxazol-2-y0quinazoline-4.6-diamine [00432]
Step A: Preparation of 4-(b&nzyloxy)pyridin-2-amine :
To a mixture of 4- (benzyloxy)-2-chloropyridine (1.10
g, 5.01 mmol), Pd dba3 (46 mg, 0.05 mmol) and 2-
(dicyclohexylphosphino)-2',4',6
1-tri-i-propyl-l,r-biphenyl (57 mg, 0.120 mmol) in THF
(10 mL) was added LHMDS (6 mL of 1.0 M solution).
After heating to 65 0C for 30 minutes, the mixture was
cooled to room temperature and concentrated onto
silica gel. The product was eluted with 20: 1 ethyl
acetate/methanol to isolate a pale gold solid (0.97 g,
96%). [00433] Step B: Preparation of tert-butyl
4-(benzyloxy)pyridin-2-ylcarbamate : To a solution of
4-(benzyloxy)pyridin-2-amine (4.6 g, 22.97 mmol) in
tBuOH (50 mL) was added boc-anhydride (5.57 g, 25.5
mmol). After heating to 50 0C for 1 hour, ethanol (200
mL) wasadded to the reaction mixture. The room
temperature mixture was filtered to provide the solid
product (5.89 g, 85%). [00434] Step C: Preparation of
tert-butyl 4-hvdroxypyridin-2-ylcarbamate : To a
solution of tert-butyl
4-(benzyloxy)pyridin-2-ylcarbamate (5.89 g, 19.6 mmol)
in methanol was added palladium on carbon (1.04 g,
0.981 mmol). After stirring under a hydrogen balloon
at room temperature for 70 minutes, the solids were
removed by filtration. The filtrate was concentrated
under reduced pressure and solidified under high
vacuum to provide the product (4.12 g, 99%) as white
solid. [00435] Step D: Preparation of tert-butyl
4-f2-methyl-4-nitrophenoxy)pyridin-2- 



ylcarbamate : To a solution of tert-butyl
4-hydroxypyridin-2-ylcarbamate (4.12 g, 19.6 mmol) and
l-fluoro-2-methyl-4-nitrobenzene (3.34 g, 21.6 mmol)
in DMF (40 mL) was added K2CO (4.06 g, 29.04 mmol).
After heating to 65 0C for 64 hours, the mixture was
cooled to room temperature and poured into ice water
(200 mL). The reaction mixture was extracted several
times with ethyl acetate. The combined organics were
concentrated under reduced pressure. The residue was
chromatographed (20% ethyl acetate in hexanes) to
provide the product (2.03 g, [00436] Step E:
Preparation of
4-f2-methyl-4-nitrophenoxy)pyridin-2-arnine : To a
solution of tert-butyl
4-(2-methyl-4-nitrophenoxy)pyridin-2-ylcarbamate ( 1.0
g, 2.90 mmol) in dichloromethane (28 mL) was added TFA
(4 mL). After stirring at room temperature for 6
hours, the reaction mixture was concentrated under
reduced pressure to provide the crude product that was
used without further purification. [00437] Step F:
Preparation of 7-(2-methyl-4-nitrophenoxy')H-imidazo[
1.2-aipyridine : To a solution of
4-(2-methyl-4-nitrophenoxy)pyridin-2-amine (0.71 g,
2.90 mmol) in dichloromethane (25 mL) was added
saturated NaHCO 3 (25 mL) followed by
chloroacetaldehyde (1.14 g, 7.24 mmol). After stirring
at room temperature for 16 hours, the mixture was
diluted with water and dichloromethane. The aqueous
layer was extracted with dichloromethane and the
combined organics were dried and concentrated under
reduced pressure. The residue was chromatographed to
provide the product (0.61 g, 78%) as sticky yellow
solid. [00438] Step G: Preparation of
4-(H-imidazo[l,2-a1pyridin-7-yloxyV3-
methylbenzenamine : To a solution of
7-(2-methyl-4-nitrophenoxy)H-imidazo[l,2-a]pyridine
(0.59 g, 2.19 mmol) in ethanol was added palladium on
carbon (0.116 g, 0.1 1 mmol). After stirring at room
temperature under a hydrogen balloon for 16 hours, the
solids were removed byfiltration. The filtrate was
concentrated under reduced pressure and solidified
under high vacuum to provide the product (0.5 1 g,
97%) as white foam. 100439] Step H: Preparation of
N4-(4-fH-imidazo[L2-a]pyridin-7-yloxyV3- methyIphenv
p-N6-(4.4-dimethyl-4.5-dihvdrooxazol-2-yl
quinazoline-4.6-diamine : To a mixture of
4-(H-imidazo[l,2-a]pyridin-7-yIoxy)-3-methylbenze
pamine (0.124 g, 0.518 mmol) and l-(3-
cyano-4-((dimethylamino)methyleneamino)phenyl)-3-(l-hy
droxy-2-methyIpropan-2-yl)thiourea (0.151 g, 0.471
mmol) in isopropyl acetate (2 mL) was added acetic
acid ( 1 mL). After stirring at room temperature for
16 hours, hexanes were added to the mixture and the
yellow solid was collected by filtration. To a
solution of this product dissolved in THF ( 1 mL) was
added tosyl chloride (0.180 g, 0.942 mmol) and NaOH
(2.8 mL of 1 M solution). After stirring at room
temperature for 30 minutes, water was added to the
mixture and it was extracted with ethyl acetate twice.
The combined organics were washed with NaOH ( 1 M) and
brine. The solution was dried, filtered, and
concentrated under reduced pressure. The yellow
residue was triturated with ethyl acetate/MTBE to
provide the product (0.10 g, 44%) as white solid. MS
APCI (+) m/z 480 (M+l) detected; 1H NMR (400 MHz5
DMSO-d6) d 9.55 (s, IH) 8.54 (d, IH, 7 Hz), 8.48 (S3
IH), 8.00 (br. s, IH), 7.84 (m, 3H), 7.66 (d, IH, J =
8 Hz), 7.50 (br. s, IH), 7.43 (s, IH), 7.12 (d, IH, J
- 8 Hz), 6.80 (dd, IH, 7 Hz, 2 Hz), 6.53 (d, IH, J = 2
Hz), 4.08 (br. s, 2H), 2.19 (s, 3H), 1.28 (s, 6H).
Example 1 N4-f4-f .2.41triazolop
.5-alpyridin-7-yloxy>-3-methylphenvn-N6-(4.4-dimethyl-
4.5- dihvdrooxazo]-2-yl)quinazoline-4,6-diamine
[00440] Step A: Preparation of
(Z)-N.N-dimethyl-N'-f4-f2-methyl-4-
nitrophenoxy')pyridin-2-vDfopnamidtne : To a solution
of 4-(2-methyl-4-nitrophenoxy)pyridin- 2-amine (2.05
g, 8.34 mmol) in ethanol (9 mL) was added
dimethoxy-N,Ndimethylmethanamine (1.18 mL, 8.34 mmol).
After heating to 80 0C for 1 hour, the mixture was
concentrated under reduced pressure to provide the
crude product as dark oil. [00441] Step B: Preparation
of 7-(2-methyl-4-nitrqDhenoxyVp 2 41triazolori.5-
alpvridine: To a cooled (0 0C) solution of
(Z)-N,N-dimethyl-N'-(4-(2-methyl-4-nitrophenoxy)pyridi
n-2-yl)formamidine (1.00 g, 3.33 mmol) in methanol (5
mL) was added pyridine (0.54 mL, 6.66 mmol) and
hydroxylamine sulfonic acid (0.427 g, 3.66 mmol).
After stirring at room temperature for 2 hours, the
precipitate was filtered to provide the product (0.442
g, 49%) as white solid. [00442] Step C: The title
compound was prepared according to the procedure for
Example 1 using
[7-(2-methyl-4-nitrophenoxy)-[l,2,4]triazolo[l,5-a]pyr
idine in place of 2-
methyl-5-(2-methyl-4-nitrophenoxy)benzo[d]oxazole. MS
APCI (+) m/z 481 (M+l) detected; 1H NMR (400 MHz,
CDCl3) d 9.58 (s, IH), 8.93 (d, IH), 8.49 (s, IH),
8.38 (s, IH), 7.92 (br. m, 2H), 7.67 (br. s, IH), 7.47
(br. s, IH), 7.19 (d, IH), 7.03 (dd, IH), 6.79 (d,
IH), 4.08 (s, 2H), 2.19 (s, 3H), 1.28 (s, 6H). Example
12 N6-(4.4-dimethyl-4.5-dihydrooxazol-2-yl
')-N4-(3-methyl-4-( 'l-methyl-lH-benzo[d]imidazol-
5-yloxy)phenyl)quinazoline-4,6-diamine [00443] Step A:
Preparation of
4-(2-methyl-4-nitrophenoxy)-2-nitrobenzenamine : To a
solution of l-fluoro-2-methyl-4-nitrobenzene (2.02 g
13.0 mmol) and 4-amino-3-nitrophenol (2.22 g, 14.4
mmol) in DMF (20 mL) was added cesium carbonate (5.28
g, 16.2 rnmol). After heating to 60 0 for 10 hours,
the mixture was diluted with water (100 mL) and
filtered. The precipitate was washed with water and
air-dried to provide the product (3.28 g, 87%) as dark
solid. [00444] Step B: Preparation of
N-methyl-4-(2-methyl-4-nitrophenoxy ')-2-
nitrobenzenami pe: To a solution of sodium hydroxide
(10.2 g in 10.5 mL water) was added toluene (15 mL),
4-(2-methyl-4-nitrophenoxy)-2-nitrobenzenamine (2.00
g, 6.92 mmol), dimethyl sulfate (750 mL, 7.88 mmol)
and tetrabutylammonium sulfate (0.277 g, 0.816 mmol).
After stirring at room temperature, the cooled (0 0C)
reaction mixture was diluted with water (100 mL) and
extracted with dichloromethane (100 mL), The organic
layer was washed with water and brine, dried over Na
SO , filtered, and concentrated under reduced
pressure. The residue was chromatographed
(dichloromethane) to provide the product ( 1.90 g,
91%).[00445] Step C: Preparation of
4-f4-amino-2-methylphenoxyVNl-methylbenzene-1.2-
diamine: To a solution of
N-methyl-4-(2-methyI-4-nitrophenoxy)-2-nitrobenzenamin
e (1.90 g, 6.27 mmol) in ethyl acetate (10 mL) and
ethanol (20 mL) was added 10% Pd/C (0.342 g 0.321
mmol). After shaking under 50 psi of hydrogen for 1
hour, the mixture was filtered and the filtrate was
concentrated under reduced pressure to provide the
product as clear oil. [00446] Step D: Preparation of
N-C3-methyl-4-fl-methyl-lH-benzofd1imidazol-5-
yloxy)phenyl)formamide :
4~(4-amino-2-methy!phenoxy)-N1-methylbenzene-
1,2-diamine (1.52 g, 6.25 mmol) was dissolved in
formic acid (15 mL) and heated to reflux for 6 hours.
After cooling to room temperature, the mixture was
diluted water (100 mL) and neutralized with sodium
bicarbonate. The mixture was partitioned between water
and dichloromethane. The organic layer was washed with
aqueous NaHCOa, brine, dried over Na2SO , filtered and
concentrated under reduced pressure to provide the
product ( 1.70 g, 97%). [00447] Step E: Preparation of
3-methyl-4-fl-methyl-lH-benzo [d]imidazol-5-
yloxy)benzenamine : To a solution of concentrated
aqueous HCl (10 mL) in methanol (10 mL) was added
N-(3-methyl-4-(l-methyl-lH-benzo[d]imidazol-5-yloxy)ph
enyl)formamide (1.70 g, 6.04 mmol). After heating to
reflux for 2 hours, the reaction mixture was cooled to
room temperature and diluted with water (100 mL). The
mixture was neutralized with sodium bicarbonate and
extracted with dichloromethane. The organic solution
was dried over Na2SO , filtered and concentrated under
reduced pressure to provide the product. [00448] Step
F: The title compound was prepared according to the
procedure for Example 1 using
3-methyl-4-(l-methyl-lH-benzo[d]irnidazol-5-yloxy)benz
enamine in place of
3-methyl-4-(2-methyIbenzo[d]oxazoI-5-yloxy)benzenamine
. MS APCI (+) m/z 494 (M+ 1) detected; 1H NMR (400
MHz, DMSO-d6) d 9.49 (s, IH), 8.44 (s, IH), 8.17 (s,
IH), 8.00 (br. s IH) 7.78 (s, IH) 5 7.66 (m, 2H), 7.56
(c, IH), 7.08 (d, IH), 6.98 (dd, IH), 6.86 (d, IH),
4.07 (s, 2H), 3.84 (s, 3H), 2.23 (s, 3H), 1.28 (s,
6H). Example 13
N6-f4.4-dimethyl-4.5-dihvdrooxazol-2-vn-N4-(3-methyl-4
-(2-methylH-imidazo p .2-
a]pyridm-7-yloxy)phenyr>quinazoline-4,6-diamine[00449]
Prepared according to the procedure for Example 10
using chloroacetone in place of chloroacetaldehyde. MS
APCI (+) m/z 494 (M-H) detected; 1H NMR (400 MHz,
DMSO-d6) d 8.47 (s, IH), 8.43 (d, IH), 7.87 (m, 3H),
7.66 (br. s, IH), 7.56 (s, 2H), 7.10 (d, IH), 6.71
(dd, IH) 56.45 (s, IH), 4.09 (s, 2H), 2.25 (s, 3H),
2.18 (s, 3H), 1.1 1 (s, 6H). 



Example 14 N4-f4-(H-imidazori.2-a]pyridin-6-yloxy
")-3-methylphenylVN6-f4,4-dimethyl-4.5- dihydrooxaz
ol-2-yDquinazoline-4,6-diamine [00450] Step A:
Preparation of
2-chloro-5-(2-tnethyl-4-nitrophenoxy)pyridine : To a
suspension of 6-chloropyridin-3-ol (3.37 g, 26.0 mmol)
and K2CO3 (7.19 g, 52.0 mmol) in DMF (200 mL) was
added l-fluoro-2-methyl-4-nitrobenzene (4.44 g, 28.6
mmoi). After heating to 50 0C for 16 hours, the
reaction mixture was cooled to room temperature and
poured into water and extracted with ethyl acetate (2
X). The organic layer was washed with brine, dried
over Na2SO filtered, and concentrated under reduced
pressure to provide the product as yellow oil. [00451]
Step B: Preparation of
5-(2-methyl-4-nitrophenoxy)pyridin-2-amine : To a
solution of
2-chloro-5-(2-methyl-4-nitrophenoxy)pyridine (1.13 g,
4.27 mmol), XPHOS (0.097 g, 0.205 mmol) and Pd2dba3
(0.078 g, 0.0853 mmol) in THF (32 mL) was added LHMDS
(8.53 mL, 8.53 mmol). After heating to 65 0C for 1
hour, the mixture was cooled to room temperature and
stirred for 16 hours. The mixture was concentrated
onto silica and chromatographed (10% methanol in ethyl
acetate) to provide the product (0.336 g, 33%).
[00452] Step C: The title compound was prepared
according to the procedure for Example 10 using
5-(2-methyl-4-nitrophenoxy)pyridin-2-amine in place of
4-(2-methyl-4- nitrophenoxy)pyridin-2-amine. MS APCI
(+) m/z 480 (M+ 1) detected; 1H NMR (400 MHz, DMSO-d6)
d 9.51 (s, IH), 8.45 (s, IH), 8.21 (s, IH), 7.91 (s,
IH), 7.83 (br. s, IH), 7.73 (br. s, IH), 7.66 (m, 2H),
7.60 (d, IH), 7.55 (s, IH), 7.15 (dd, IH), 7.00 (d,
IH), 4.07 (s, 2H), 2.27 (s, 3H), 1.28 (s, 6H). Example
15N-(
4-fH-imida2ori,2-a1pyridin-7-yloxyV3-methylphenyl)-6-(
2-methoxyethoxy)quinazolin-4- amine [00453J Step A:
Preparation of quinazoline-4,6-diol : A mixture of
2-amino-5- hydroxybe pzoic acid (19.64 g, 128 mmoi),
1,3,5-triazine (15.6 g, 192 mmol), and piperidine (9
inL, 92.4 mmol) were heated to 60 0C in methanol (60
niL) for 2 hours. After cooling to 0 C, the mixture
was filtered. The solid was washed with cold methanol
and dried under high vacuum to provide the product (15
g, 72%) as white solid. [00454J Step B: Preparation of
4-hydroxyquinazolin-6-yl acetate : A mixture of
quinazoline-4 6-diol (20 g, 123 mmol) and acetic
anhydride (186 mL, 1.97 mol) was heated to 100 C in
pyridine (30 mL) for 2 hours. After cooling to room
temperature, ice (200 g) was slowly added to the
reaction mixture. The precipitate was filtered, washed
with cold water, and dried under high vacuum to
provide the product (16.25 g, 65%) as pale yellow
solid. [00455] Step C: Preparation of
4-chloroquinazolin-6-y] acetate : To a solution of 4-
hydroxyquinazolin-6-yl acetate (12.0 g, 58.8 mmol) in
thionyl chloride (50 mL) was added DMF (0.5 mL). After
heating to 90 0C for 3 hours, the reaction mixture was
concentrated under reduced pressure and azeotroped
with toluene to provide the product ( 11.8 g, 90%) as
off-white solid. [00456] Step D: Preparation of
4-(4-(H-imidazofl.2-a1pyridin-7-yloxyV3-
methylphenylarnino)quinazoh n-6-yl acetate
hydrochloride: A mixture of 4-chloroquinazolin-6- yl
acetate (930 mg, 4.18 mmol) and
4-(H-imidazo[l,2-a]pyridin-7-yloxy)-3-methylbenzenamin
e (1.10 g, 4.60 mmol) dissolved in isopropanol (20 mL)
was heated to reflux for 2 hours. After cooling to
room temperature, the precipitate was collected via
filtration and washed with isopropanol and ether. The
precipitate was air-dried to provide the product (820
mg, 43%). [00457] Step E: Preparation of
4-(4-(H-tmidazori.2-alpyr idin-7-vloxv')-3-
methylrhenyIamino)quinazolin-6-ol : To a solution of
4-(4-(H-imidazo[l,2-a]pyridin-7-yloxy)-3-
methylphenylamino)quinazolin-6-yl acetate
hydrochloride (820 mg, 1.78 mmol) in THF (30 mL) was
added ammonium hydroxide (10 mL). After stirring at
room temperature for severalhours, the precipitate was
collected via filtration and washed with THF. The
precipitate was airdried to provide the product (581
mg, 85%) as white solid. [00458] Step F: Preparation
of
N-(4-(H-imidazo[l,2-a]pyridin-7-yloxyV3-methylphenyn-
6-(2-methoxyethoxy)quinazolin-4-amine : A mixture of
4-(4-(H-imidazo[l,2-a]pyridin-7-yloxy)-
3-methylphenylamino)quinazoIin-6-ol (578 mg, 1.27
mmol), cesium carbonate (1.60 g, 4.91 mmol), sodium
iodide (190 mg, 1.27 mmol) and l-bromo-2-methoxyethane
(150 mL, 1.58 mmol) in DMF (10 mL) was heated to 80 0C
for 3 hours. After cooling to room temperature, the
mixture was partitioned between dichtoromethane and
water. The organic layer was washed with water (4 X)
and brine, dried over Na SCM, filtered and
concentrated under reduced pressure. The residue was
chromatographed (100:7:0.1
dichloromethane/methanol/triethylamine) to provide the
product (365 mg, 65%) as foam. To 325 mg of this
product dissolved in methanol (10 mL) was added
tosylic acid monohydrate (280 mg). After stirring at
room temperature for 45 minutes, the mixture was
concentrated under reduced pressure. The residue was
triturated with ether, filtered and air-dried to
provide the product (576 mg) as the bis-tosylate salt.
MS APCI (+) m/z 442 (M+l) detected; 1H NMR (400 MHz,
CD3OD) d 7.46 (d, IH, J = 8 Hz), 7.43 (s, IH), 6.79
(dd, 2H, J = 11 Hz, 2 Hz), 6.54 (m, 2H), 6.52 (s, IH),
6.49 (dd, IH, 9 Hz, 2 Hz), 6.45 (dd, IH, 9 Hz, 3 Hz),
6.38 (d, 4H, J = 9 Hz), 6.02 (dd, 1H, J = 7 Hz, 2 Hz),
5.99 (d, IH, J = 9 Hz), 5.89 (d, 4H, J = 9 Hz), 5.71
(d, IH J = 3 Hz), 3.07 (m, 2H), 2 5 1 (m, 2H), 2.15
(s, 3H), 1.04 (S, 6H), 0.95 (s, 3H). Example 16
N-(4-(H-imidazof
1,2-a]pyridin-7-yloxy>-3-methylphenyl>6-
(cyclopropylmethoxy)quinazolin-4-amine [00459]
Prepared according to the procedure for Example 15
using (bromomethyl)cyclopropane in place of
l-bromo-2-methoxyethane. MS APCI (+) m/z 438 (M+l)
detected; 1H NMR (400 MHz, CDCl 3) d 8.97 (s, IH),
8.67 (s, IH), 8.07 (d, IH, J = 8 Hz), 7.82 (d, IH, J =
9 Hz), 7.65 (d, IH, J = 2 Hz) 5 7.50 (m, 3H), 7.44
(dd, 2H, J = 9 Hz, 2 Hz) 3 6.93 (d, IH, J = 9 Hz),
6.74 (dd, IH, J = 7 Hz, 2 Hz), 6.54 (d, IH, J = 2 Hz),
3.72 (d, 2H, J = 7 Hz), 2.1 1 (s, 3H), 1.24 (m, IH),
0.59 (m, 2H), 0.21 (m, 2H).431 Example 17
(EVN-(4-(4-fH-imidazori,2 -a1pyridin-7-yloxyV3-methylp
henylamino)quinazoHn-6-yl ')-4-
fdimethylamino)but-2-enamide [00460] Step A:
Preparation of 6-nitroquinazolin-4-ol : A mixture of
2-amino-5- nitrobenzoic acid (1000 g, 5 mol) and
formamidine acetate (1000 g, 10 mol) were dissolved in
methoxyethanol (4L) and heated to 115 0C for 16 hours.
After cooling the mixture to room temperature, ice
water (5L) was. added and the mixture was stirred for
30 minutes before collecting the product (125 g, 14%)
by filtration. . [00461] Step B: Preparation of
4-chloro-6-nitroquinazoline : To a solution of 6-
nitroquinazolin-4- l (4.40 g, 23.01 rmol) and
N-ethy-N-isopropylpropan-2-amine (11.89 g, 92.04 mmol)
in dichloroethane.(50 mL) was added phosphoryl
trichloride (7.06 g, 46.02 mmol). After heating to 80
0C for 16 hours, the mixture was concentrated under
reduced pressure. The residue was concentrated again
with toluene (2 X 100 mL) to provide the product.
[00462] Step .C: Preparation of
N-(4-(H-imtdazori,2-a1pyridin-7-yloxy ')-3-
methylphenyl)-6-mtroquinazolin-4-arnine : To a
solution of 4-chloro-6-nitroquinazoline (4.62 g, 22.02
mmol) in dichloroethane/t-butanol (20 mL, 1:1) was
added 4-(H-imidazo[l,2-a]pyridin-7-
yloxy)-3-methylbenzenarnine (5.270 g, 22.02 mmol).
After heating to 80 0C for 2 hours, the mixture was
cooled to 0 ?C and filtered. The solid was washed with
cold dichloromethane (50 mL) to provide the product as
the HCl salt. The solid was suspended in
dichloromethane/isopropanol (50 mL/8 mL) and washed
with saturated NaHCO3 (50 mL). The aqueous layer was
extracted with dichloromethane (2 X 50 mL). The
combined organics were dried overNa 2SO4 and
concentrated to provide the product (7.05 g, 78%).
[00463] Step D: Preparation of N4-f4-(H
-imidazop,2-a1pyridin-7-yloxyV3-
methylphenvDquinazoline^.o-diamine : To
N-(4-(H-imidazo[l,2-a]pyridin-7-yIoxy)-3-
methylphenyl)-6-nitroquinazolin-4-amine (4.665 g 11.3
1 mmol) in ethanol (100 mL) was added Pd/C ( 1 g).
After stirring at room temperature under a hydrogen
balloon for 4 hours, the mixturewas filtered through
celite and the solids were washed with ethanol (100
mL). The filtrate was concentrated under reduced
pressure to provide the product (3.89 g 90%). [00464]
Step E: Preparation of (EV4-(dimethylamino)but-2-enoyl
chloride hydrochloride : To
(E)-4-(dimethylamino)but-2-enoic acid hydrochloride
(110 mg, 0.664 mmol) in acetonitrile (1.5 mL) was
added oxalyl dichloride (75.9 mg, 0.598 mmol) followed
by one drop of DMF. After heating to 60 0C for 30
minutes, the mixture was cooled to room temperature
and 



concentrated to 0.5 mL total volume. The resulting
solution was used without further purification.
[00465] Step F: Preparation of
(EVN-f4-r4-(H-imidazofl,2-a]pyridin-7-yloxy)-3-
methylphenylamino)quinazolin-6-yl)-4-(dimethylamino)bu
t-2-enamide : To a cooled (0 0C) solution of
(E)-4-(dimethylamino)but-2-enoyl chloride
hydrochloride (0.122 g, 0.664 mmol) was added dropwise
a solution of N4-(4-(H-imidazo[l,2-a]
ryridin-7-yIoxy)-3-
methylphenyl)quinazoline-4,6-diarnine (0.127 g 0.332
mmol) in NMP (1.5 mL). After stirring at 0 0C for 2
hours, saturated NaHCO3 (15 mL) was added to the
mixture. The aqueous layer was extracted with ethyl
acetate (2 X 10 mL). The combined organics were dried
over Na SO and concentrated under reduced pressure.
The residue was chromatographed
(dichloromethane/methanol/30% NH4OH 20:1.5:0.01) to
provide the product (16 mg, 10%). MS ESI (+) m/z 494
(M+l) detected; 1H NMR (400 MHz CDCl3) d 8.96 (s, IH),
8.63 (s, IH), 8.09 (d, IH, J =7 Hz), 7.66 (d, IH, J =
9 Hz), 7.55 (d, 2H, J = 14 Hz), 7.46 (d, IH, J = 9
Hz), 7.40 (s, IH) 7.38 (d5 IH5 J = 9 Hz), 7.02 (m,
IH), 6.83 (d, IH, J = 9 Hz), 6.77 (dd, IH, J = 8 Hz, 2
Hz), 6.43 (s, IH), 6.34 (d, IH, J 14 Hz), 3.08 (d, 2H,
J = 5 Hz), 2.24 (s, 6H), 1.98 (s, 3H). Example 18
N-(4-fH-imidazo[1.2-a1pyridin-7-yloxyV3-methylphenv
-6-bromothieno[2.3-d1pyrimidin-4- amine [00466] Step
A: Preparation of 6-bromothienof2.3-d]pyrimidin-4-ol :
To a solution of thieno[2,3-d]pyrimid n-4-ol (3.0 g,
20 mmol) in glacial acetic acid (40 mL) was added
bromine (6.3 g, 39 mmol). After heating to 80 0C for
1.5 hours, the reaction mixture was cooled to
roomtemperature and poured into saturated NaHCCb and
ice. The solid was filtered, washed with water and
dried to provide the product. [00467] Step B:
Preparation of 6-bromo-4-chlorothteno[2.3-dlpyrimidine
: To 6- bromothieno[2,3-d]pyrirnidin-4-ol (3.0 g, 19.7
mmol) was added phosphorus oxychloride (5 mL). After
heating to 80 0C for 1.5 hours, the reaction mixture
was poured into saturated NaHCO 3 and ice. The solid
was filtered, washed with water and dried to provide
the product (4.06 g, 83%) as brown solid. [00468] Step
C: Preparation of N-(4-(H-imidazofl,2-alpyridin-7~ylox
g )-3-
methylphenyl>6-bromothieno[2.3-d]pyrimidin-4-amine :
To a solution of 6-bromo-4-
chlorothieno[2,3-d]pyrimidine (0.569 g 2.58 mmol) and
4-(H-imidazo[l,2-a]pyridin-7-yloxy)-
3-methylbenzenamine (0.60 g, 2.51 mmol) in
dichloroethane/isopropanol ( 11 mL) was added DIEA
(0.44 mL, 2.51 mmol). After heating to 60 C for 64
hours, the reaction mixture was worked up with
isopropanol/dichloromethane. The organic solution was
dried and concentrated under reduced pressure. The
residue was chromatographed (gradient 0% to 8%
methanol/7N Nf^/ethyl acetate). The crude product was
purified further by reverse phase liquid
chromatography. MS ESI (+) m/z 452, 454 (M+ 1 Br
pattern) detected; 1H NMR (400 MHz, DMSO-d6) d 9.69
(s, IH), 8.63 (d, IH, J = 7 Hz), 8.52 (s, IH), 8.10
(s, IH), 7.94 (s, IH), 7.82 (d, IH, J = 3 Hz)5 7.78
(dd, IH, J = 3 Hz, 9 Hz), 7.59 (s, IH)5 7.16 (d, IH, J
= 9 Hz), 6.96 (dd, IH, 2 Hz, 7 Hz), 6.63 (s, IH), 2.19
(s, 3H). Example 19
(Z)-N4-(4-rimidazofl.2-a]pyridin-7-yloxy)-3-methylphen
y])-N6-f3-methylthiazolidin-2- ylidene
*>quinazoline-4,6-diamine [00469] Step A: Preparation
of N-(4-(H -tmidazo[1.2-a1pg ridin-7-vloxy)-3-
methylphenvD-6-isothiocvanatoquinazolin-4-arnine : To
a solution of N4-(4-(H-imidazo[l,2-
a]pyridin-7-yloxy)-3-methylphenyl)quinazoline-4,6-diam
ine (0.292 g, 0.764 mmol) in THF/dichloroethane (6
mL/3 mL) was added di(lH-imidazol-l-yl)methanethione
(0.150 g, 0.840 mmol). After stirring at room
temperature for 1 hour, 80% of the solvent was
evaporatedand DMF (4 mL) was added. The reaction
solution was stirred for 1 hour more to provide the
crude product. [00470] Step B: Preparation of
3-(4-(4-(H-JmJdHZO[La^IpVrJdJn-T-VIoXvVSmethylphenvIam
ino ")quinazolin-6-yl)-l-(2-hvdroxyethyl
')-l-methylthiourea : To N-(4-(Himidazo[ l
52-a]pyridin-7-yIoxy)-3-methyIphenyI)-6-isothiocyanato
quinazolin-4-amine (0.324 g 0.763 mmol) was added
2-(methylamino)ethanol (0.1 15 g, 1.53 mmol). After
stirring for 2 hours, the mixture was diluted with
ethyl acetate (20 mL) and water (10 mL). The organic
phase was dried over Na2SO and concentrated to provide
the crude product. {00471] Step C: Preparation of
(ZVN4-(4-(H-imida2o fL2-a]pyridin-7-vIoxy ')-3-
methylphenyl)-N6-(3-methylthiazolidin-2-ylidene')quina
zoline-4.6-diamine : To a solution of 3-
(4-(4-(imidazo[l,2-a]pyridin-7-yloxy)-3-methylphenylam
ino)quinazolin-6-yI)-l-(2-
hydroxyethyl)-l-rnethylthiourea (0.38 g, 0.76 mmol) in
THF (4 mL) was added NaOH (40%, 3.8 mmol) followed by
4-methylbenzene-l-sulfonyl chloride (0.29 g, 1.5
mmol). After stirring at room temperature for 2 hours,
the reaction mixture was concentrated under reduced
pressure. The residue was chromatographed
(dichIoromethane/methanol/30%NH 4OH 20:1:0.02) to
provide the product. MS APCI (+) m/482 (M+l )
detected; 1H NMR (400 MHz, CDCl3) d 8.65 (m, 2H), 8.18
(m, 2H), 7.85 (d, IH, J 7 Hz), 7.7 (s, IH), 7.62 (m,
IH), 7.58 (s, IH), 7.55 (s, IH), 6.95 (m, IH), 6.8 (m,
IH) 6.68 (m, IH), 4.26 (m, 2H), 3.78 (m, 2H), 3.2 (s,
3H)5 2.15 (s, 3H). Example 20 N4-(4-(imidazo[L2-a
|pyridin-7-vIoxy)-3-methv
lphenyl)-N6-(4-methylthiazol-2-yl ')quinazoline-
4,6-diamine [00472] Step A: Preparation of
6-iodoquinazolin-4-ol: A mixture of 2-amino-5-
iodobenzoic acid (125 g, 475 mmol) and forrnamide (200
mL) was heated to 190 0C for 2 hours. After cooling to
room temperature, the reaction mixture was poured into
water (500 mL) and stirred for 2 hours. The solids
were filtered and dried under high vacuum to provide
the product (108 g, 83%).[00473] Step B: Preparation
of 4-chloro-6-iodoquinazoline : To a cooled (0 0C)
suspension of 6-iodoquinazolin-4-ol (107.6 g, 396
mmol) and DEEA (138 mL, 791 mmol) in dichloroethane
(600 mL) was added POCl3 (44.25 mL, 475 mmol). After
heating to 90 0C for 16 hours, the reaction mixture
was cooled to room temperature and the crystals (73.8
g) collected by filtration. The filtrate was
concentrated under reduced pressure and azeotroped
twice with toluene. The solids (8.3 g) were triturated
with isopropanol (450 mL) and cooled in an ice bath
before collecting by filtration and drying under high
vacuum. The two solids were combined to provide the
product (82.1 g 71%) as white solid. [00474] Step C:
Preparation of
N-f4-(H-imidazo[l,2-a]pyridin-7-yloxyV3-
methylphenvD-6-iodoquinazoHn-4-arn ine hydrochloride :
To a solution of 4-chloro-6- iodoquinazoline (6.07 g,
20.9 mmol) in isopropanol (83 mL) was added
4-(H-imidazo[l,2-
a]pyridin-7-yloxy)-3-methylbenzenamine (5.00 g, 20.9
mmol). After heating to 80 C for 4 hours, the mixture
was cooled to room temperature and filtered. The solid
was washed with cold isopropanol and recrystallized
from isopropanol to provide the product (2.66 g, 24%)
as yellow solid. [00475] Step D: Preparation of
N4-(4-( imidazof 1,2-alpyridin-7-yloxy)-3-methylphenyl
')- N6-(4-methylthia2ol-2-v pq inazotine-4,6-diamine :
A solution of N-(4-(imidazo[l,2-a]pyridin-
7-yloxy)-3-methylpheny])-6-iodoquinazolin-4-amine
hydrochloride (0.20 g, 0.378 mmol) and 4-
methylthiazol-2-amine (0.086 g, 0.755 mmol) and sodium
-2-methylpropan-2-olate (0.145 g, 1.51 mmol),
Xanthphos (0.016 g, 0.028 mmol), Pd2dba3 (0.017 g,
0.018 mmol) in toluene (3.6 mL) was degassed and
sealed. After heating to 100 0C for 16 hours, the
mixture was diluted with water and ethyl acetate. The
resulting solid was filtered to provide the product as
brown solid. MS APCI (+) m/z 480 (M+l) detected; 1H
NMR (400 MHz, DMSO-d6) d 9.96 (s, IH), 8.86 (s, IH),
8.63 (s, IH), 8.55 (d, IH), 7.79 (m, 5H), 7.44 (s,
IH), 7.14 (d, IH), 6.80 (dd, IH), 6.55 (d, IH), 2.50
(s, 3H), 2.21 (s, 3H). Example 21
N-(4-(benzo[dloxazol-6-yloxy
')-3-methylphenylV6-(2-metho
cyethoxy*)quinazolin-4-amine[00476] Step A:
Preparation of 2-aminobenzene-l,4-diol: To a solution
of 2- nitrobenzene-l,4-diol (3.00 g, 19.34 mmol) in
ethanol (100 mL) was added 10% palladium on carbon
(0.600 g, 0.564 mmol). After shaking under 40 psi of
hydrogen for 2 hours, the mixture was filtered and the
filtrated was concentrated under reduced pressure to
provide the product as solid. [00477] Step B:
Preparation of benzo[d1oxazol-5-ol: To a solution of
2-aminobenzene- 1,4-diol (2.40 g, 19.2 mmol) in
triethylorthoformate (10 mL) was added 3 drops of
concentrated HCI. After heating to 65 0C for 30
minutes and stirring at room temperature forl6 hours,
the 



mixture was poured into water and extracted with ethyl
acetate (2 X). The organic phase was washed with HCl
(2N) and saturated NaHCC>3, dried, and concentrated
under reduced pressure to provide the product (2.09 g,
81%) as red-black solid. [00478] Step C: Preparation
of 5-f2-rnethyl-4-nitrophenoxy ")benzord1oxazole: To a
solution of benzo[d]oxazol-5-ol (1.50 g, 11.10 mmol)
and l-fluoro-2-methyl-4-nitrobenzene (1.89 g, 12.21
mmol) in DMF was added cesium carbonate (1.81 g, 5.55
mmol) and potassium carbonate (2.30 g, 16.65 mmol).
After heating to 50 0C for 16 hours, the mixture was
poured into ice water and extracted with ethyl acetate
(3 X). The combined organics were washed with brine,
dried, and concentrated under reduced pressure. The
residue was chromatographed (30% ethyl acetate in
hexanes) to provide the product (1.69 g, 56%) as white
solid. [00479] Step D: Preparation of
4-(benzo[d]oxazol-5-yloxy)-3-methylben2enamine : To a
solution of 5-(2-methyl-4-nitrophenoxy)benzo[d]oxazole
(1.65 g, 6.12 mmol) in ethanol was added Pd/C (0.130 g
0.122 mmol). After stirring under hydrogen atmosphere
for 16 hours, the mixture was filtered and the
filtrate was concentrated to provide the product (0.81
g 55%) as yellow oil. [00480] Step E: Preparation of
4-chloroqumazolin-6-ol : A mixture of
4-ch]oroquinazoJin- 6-yl acetate (10.0 g, 44.9 mmol)
and ammonia (200 mL of 7N solution in methanol) were
stirred together for 1 hour. The reaction mixture was
concentrated to about 3 mL and triturated with diethyl
ether to provide the product (6.50 g, 80%) as tan
solid. [00481] Step F: Preparation of
4-chloro-6-(2-methoxyethoxy)quinazoline : To a
solution of 4-chlorsquinazolin-6-ol (1.00 g, 5.54
mmol), triphenyl phosphine (1.45 g, 5.54 mmol) and 2-
methoxyethanol (0.421 g, 5.54 mmol) in dichloromethane
(S3 mL) was added diisopropyl azodicarboxylate (1.18
g, 5.54 mmol). After stirring at room temperature for
16 hours, the mixture was concentrated under reduced
pressure. The residue was chromatographed (30% ethyl
acetate in hexanes) to provide the product (1.15 g,
87%) as white solid.[00482] Step G: N-f4-fbenzor
d]oxazol-5-yloxyV3-methylphenyiy6-(2-
methoxyethoxy)quinazolin-4-amine : To a solution of
4-ch]oro-6-(2-methoxyethoxy)quinazoline (0.199 g, 0.83
mmol) and
4-(benzo[d]oxazol-5-yloxy)-3-methylbenzenamine (0.200
g, 0.83 mmol) in isopropanol (2 mL) and DCE (2 mL).
After heating to 80 0C for 12 hours, the mixture was
concentrated under reduced pressure. The residue was
partitioned between saturated NaHCCh and EtOAc. The
aqueous phase was extracted 2 x with EtOAc, the
combined organic phase was washed with brine, dried
(Na2SO ), filtered and condensed. The residue was
chromatographed to provide the product (0.100 g 27%)
as off-white solids. MS APCI (+) m/z 443 (M+l)
detected; 1H NMR (400 MHz, DMSO-d6) d 9.59 (s, IH),
8.76 (s, IH), 8.50 (s, IH), 7.96 (S3 IH), 7.75 (m,
4H), 7.52 (dd, IH), 7.26 (m, IH) 7.10 (m, IH), 6.97
(d, IH), 4.30 (m, 2H), 3.76 (m, 2H), 3.36 (s, 3H),
2.24 (s, 3H). Example 22
N-f4-fbenzo[d1oxazol-5-yloxyV3-chlorophenyD-6-f2-metho
xyethoxy')quinazolin-4-amine [00483] Prepared
according to the procedure for Example 2 1 using
l-fluoro-2-chloro-4- nitrabenzene in place of
I-fluo"ro-2-methyl-4-nitrobenze pe, with the exception
that the reduction of the nitro group was accomplished
with ZnZNH4Cl in MeOH/THF. MS APCI (+) m/z 463.3 (M+l)
detected. Example 23
N-(4-(benzo[d]oxazoI-6-yloxy)-3-methylphenyl)-6-(2-met
hoxyethoxy ')quinazoIin-4-amine [00484] Prepared
according to the procedure for Example 2 1 using
2-aminobenzene-l,5- diol in place of
2-aminobenzene-l,4-diol. MS APCI (+) m/z 443 (M+l)
detected; 1H NMR (400MHz, DMSO-d6) d 9.60 (s, IH),
8.69 (s, ]H), 8.50 (s IH), 7.96 (s, IH), 7.74 (m, 4H),
7.52 (dd, IH), 7.29 (d, IH), 7.05 (m, 2H), 4.30 (m,
2H), 3.77 (m, 2H), 3.36 (s, 3H), 2.23 (s, 3H). Example
24
N-(4-(fl,2.41triazolofl,5-a]pyridin-7-yloxyV3-niethvIp
henvi)-6-f2-methoxyethoxy lquinazolin- 4-amine [00485]
Prepared according to the procedure for Example 2 1
using 4-([l,2,4]triazolo[l,5-
a]pyridin-7-yIoxy)-3-methylbenzenamine in place of
4-(benzo[d]oxazol-5-yloxy)-3- methylbenzenamine. MS
APCI (+) m/z 443.2. Example 25
N-(4-(fl.2.41triazolofl,5-a
']pyridin-6-yloxy)-3-methylphenyl)-6-(2-methoxyethoxy)
quina2olm- 4-amine [00486] Step A. Preparation of 4-
,2,4]triazolo( l,5-a]pyridiip-6-yloxy)-3-
methylbenzenamine: Prepared according to the procedure
for Example 11 using 5-(2-methyl-4-
nitrophenoxy)pyridin-2-amine in place of
4-(2-methyl-4-nitrophenoxy)pyridin-2-amine. [00487]
Step B. N-r4-( p .2.4]triazolop
.5-alpyridin-6-yloxy)-3-methvlphenyl)-6-r2-
methoxyethoxy)quinazolin-4-amine: Prepared according
to the procedure for Example 2 1 using
4-([l,2,4]triazolo[l,5-a]pyridin-6-yloxy)-3-methylbenz
enamine in place of 4-(benzo[d]oxazol-5-
yloxy)-3-methylbenzenamine. MS APCI (+) tn/443.3.
Example 266-(2-methoxyethoxy)-N-C3-methyl-4- p
-methyl-lH-benzord |imidazol-5-
yloxy)phenvbquinazolin-4-amine [00488] Prepared
according to the procedure for Example 2 1 using
3-methyl-4-(lmethyl-
lH-benzo[d]imidazol-5-yloxy)benzenamine in place of
4-(benzo[d]oxazol-5-ylox g)-3- methylbenzenamine. MS
APCI (+) m/z 456 (M+I) detected; 1H NMR (400 MHz,
CDCl3) d 8.68 (s, IH), 7.85 (s, IH) 7.83 (d, IH, = 9
Hz), 7.56 (s, IH), 7.53 (d, IH5 J = 2 Hz), 7.49 (dd,
IH, J = 9 Hz, 3 Hz) 7.38 (dd, IH, J = 9 Hz, 2 Hz)5
7.34 (d, IH J = 9 Hz), 7.30 (d, IH, J = 3 Hz), 7.08
(dd, IH, J = 9 Hz 2 Hz), 6.87 (d, IH, J = 9 Hz), 4.23
(m, 2H), 3.85 (s, 3H)5 3.80 (m, 2H), 3.47 (s, 3H),
2.30 (s, 3H). Example 27
N-f3-chloro-4-(l-methyl-lH-benzo[d]imidazol-5-vIoxy'>p
henv p-6-(2- methoxyethoxy)quinazolin-4-amine [00489]
Prepared according to the procedure for Example 26
using l-fluoro-2-chloro-4- pitrobenzene in place of
l-fluoro-2-methyl-4-nitrobenzene, with the exception
that the reduction of the nitro group was accomplished
with ZnZNH4Cl in MeOH/THF. MS APCI (+) m/z 476.3 (M+l)
detected. Example 28N-f4-(benzo|
d]thiazol-5-yloxy)-3-methylpheny
p-6-('2-methoxyethoxy')quinazo\m-4-amme hydrochloride
[00490] Step A: Preparation of
4-(benzo[d]thiazol-5-yloxy ")-3-methylben2enamine:
Prepared according to the procedure for Example 8
using 5-methoxybenzo[d]thiazole in place of
6-methoxybenzo[d]thiazole. [00491] Step B:
N-(4-fbenzord]thiazoI-5-yloxy)-3-me thvlphenvn-6-r2-
methoxyethoxy)quinazolin-4-an tine: Prepared according
to the procedure for Example 2 1 using
4-(benzo[d]thiazol-5-yloxy)-3-methylbenzenamine in
place of 4-(benzo[d]oxazol-5-yloxy)-3-
methylbenzenamine. Example 29
N-(4-(H-pyrazo1ofl.5-a1pyridin-6-yloxy)-3-methylphenyt
)-6-(2-methoxyethoxy)quinazolin-4- amine hydrochloride
[00492] Prepared according to the procedure for
Example 2 1 using pyrazolo[l,5- a]pyridin-6-ol (Miki,
Y.; et al., J. Heterocycles, 1996, 43, 2249) in place
of benzo[d]oxazol-5-ol. MS APCI (+) m/z 442.2 (M+l)
detected. Example 30 N-(4-(benzo|
d1thiazoI-6-yloxyV3-methylphenylV6-(2-methoxyethoxy
')quinazolin-4-amine [00493] Prepared according to the
procedure for Example 2 1 using 4-(benzo[d]thiazoI-6-
yloxy)-3-methylbenzenamine in place of
4-(benzo[d]oxazol-5-yloxy)-3-methy)benzenamine.
Example 31N4-f4-f[l,2.41triazolor
L5-a1pyrid}n-7-vIoxy)-3-chloro-2-fluorophe
nyl)-N6-(4,4-dimethyl-4,5-
dihydrooxazol-2-v0quinazoline-4.6-diamine [00494] Step
A: Preparation of (Z)-N'-(4-(benzyloxy)pyridi
p-2-vn-N.Ndimethylformamidine : A 250 mL, single-neck,
round-bottomed flask was charged with 4-
(benzyloxy)pyridin-2-amine (6.012 g 30.02 mmol),
dimethoxy-N,N-dimethyImethanamine (5.535 ml, 39.03
mmol) and ethanol (100. 1 ml). A few drops of TFA were
added and the reaction was heated to 50 0C for 4
hours. The reaction was cooled to ambient temperature
and concentrated. The crude product was used in the
next step without purification. [004953 Step B:
Preparation of fZ)-N'-(4-fbenzyloxy
)pyridin-2-yO-Nhydroxyformarnidine 



: A 100 mL, single-neck, round-bottomed flask was
charged with (Z)-N'- (4-(benzyloxy)py
pdin-2-yl)-N,N-dimethylformarnidine (7.66 g, 30.0
mmol), hydroxyl amine hydrochloride (2.40 g, 34.5
mmol), propan-2-ol (33.3 ml), and THF (5 ml). The
reaction was heated to 50 0C for 7 hours, then
concentrated. The residue was titrated with EtOAc/THF
and filtered. The filtrate was concentrated and
triturated with dichloromethane to provide the product
as a white solid. [00496] Step C: Preparation of
7-CbSnZyIoXy)-I 1 2,41triazolofh5-a1pyridine :
Trifluoroacetic anhydride (2.62 mL, 18.9 mmol) was
added dropwise to a solution of (Z)-N'-(4-
(benzyloxy)pyridin-2-yl)-N-hydroxyforrnamidine (4.37
g, 17.9 mmol) in THF (180 mL), and the mixture was
cooled to 0 0C. The ice bath was then removed and the
reaction was stirred for 12 hours. The reaction was
concentrated to about 15-25 mL, then poured into 400
mL of iced 1 M NaOH. The mixture was stirred for 1
hour. The resulting white solids were collected by
filtration, washed with hexanes, and dried under high
vacuum for 1 hour to provide the desired product.
[00497] Step D: Preparation of f1,2.41triazolori
,5-alpyridin-7-ol : A 250 mL, single-neck,
round-bottomed flask was charged with 7-(benzy]oxy)-[l
2,4]triazolo[l,5-a]pyridine (3.20 g, 14.2 mmol), Pd/C
(0.756 g, 0.710 mmol), and THF (125 mL). The reaction
was stirred under an atmosphere of hydrogen for 16
hours, then filtered (GF paper) and concentrated to a
white solid. The solids were titrated with EtOAc and
collected by filtration to provide the desired
product.[00498] Step E: Preparation of tert-butyl
3-chloro-2.4-difluorobenzoate : A 125 mL, single-neck,
round-bottomed flask was charged with di-tert-butoxy-N
N-dimethylmethanamine (48.2 ml, 201 mmol),
3-chloro-2,4-difluorobenzoic acid (9.67 g, 50.2 mmol),
and DMF (50 ml). The reaction was heated to 80 0C for
48 hours. After cooling to ambient temperature, the
reaction was diluted with saturated NaHCCb and EtOAc.
The aqueous phase was extracted with EtOAc, and the
combined organic phases were washed with saturated
NaHCO3 and brine, dried, filtered and concentrated to
provide the desired product as a gold oil. [00499]
Step F: Preparation of tert-butyl 4-(fl,2,41triazolo p
.5-alpyridin-7-yloxyV3- chloro-2-fluorobenzoate : A
vial charged with tert-butyl
3-chloro-2,4-difluorobenzoate (0.210 g, 0.845 mmol),
[l,2,4]triazolo[l,5-a]pyridin-7-ol (0.1 14 g 0.845
mmol), cesium carbonate (0.413 .g, 1.27 mmol), and DMF
(1.7 ml). The reaction was heated to 80 0C for 12
hours, then poured into ice water. The resulting
solids were collected by filtration and purified by
flash chromatography, elting with gradient of 10%
EtOAc/ Hexanes to 50% EtOAc/Hexanes to provide the
desired product. [00500] Step G: Preparation of
4-(fl,2,41triazolo p .5-a1pyridin-7-yloxy
'>-3-chloro-2- fluorobenzoic acid : A 25 ml flask was
charged with tert-butyl
4-([l,2,4]triazolo[l,5-a]pyridin-7-
yloxy)-3-chloro-2-fluorobenzoate (0.060 g, 0.16 mmol)
and dichloromethane (1.6 ml). The reaction was cooled
to 0 0C, and 2,2,2-trifluoroacetic acid (0,50 ml, 0.1
6 mmol) was added. The reaction was stirred for 20
minutes, then warmed to ambient temperature, stirred
an additional 3 hours, and then concentrated to
provide the desired product as a colorless oily
residue. [00501] Step H: Preparation of
4-(fl,2,41triazoldfl,5-a1pyridin-7-yloxy)-3-chloro-2-
fluorobenzenamine : A vial was charged with
4-([l,2,4]triazolo[l,5-a]pyridin-7-yloxy)-3-chloro-
2-fluorobenzoic acid (0.090 g, 0.2925 mmol),
triethylamine (0.1223 ml, 0.8776 mmol) and DMF (1.5
ml). Diphenylphosphoryl azide (0.1630 ml, .0.7313
mmol) was added. The reaction was stirred at
ambient-temperature for 3 hours, then water (0.2199
ml, 0.2925 mmol) was added. The vial was sealed and
heated to 100 0C for 1 hour, then cooled to ambient
temperature and poured into 1N NaOH/ice. The reaction
was extracted with EtOAc, and the organic layer was
dried, filtered and concentrated. The residue was
purified by flash chromatography, eluting with a
gradient from 100% EtOAc to 10% (with 6% NH4OH)
MeOH/EtOAc. [00502] Step I: Preparation of N4-(4-([
1,2,4]triazolo[ 1,5-a1pyridin-7-yloxy)-3-chloro-2-
fluorophenyl)-N6-(4,4-dimethyl-4,5-dihydrooxa2
ql-2-yl)quinazoIine-4.6-diamine : Prepared according
to the procedure for Example 1, using
4-([l,2,4]triazolo[l,5-a]pyridin-7-yloxy)-3-chloro-2-f
luorobenzenamine in place of
3-methyl-4-(2-methylbenzo[d]oxazol-5- yloxy)benzenamin
b. MS APCI (+) m/z 519.3 (M+ 1, chlorine pattern)
detected. Example 32 N4-f4-(fl.2.41triazolo p
.5-a1pyridin-7-yloxyV2-fluoro-3-methylphenylVN6-f4.4-d
imethyl-4.5- dihvdrooxazol-2-yl)quinazol ine-4,6-diam
ine [00503] Prepared according to the procedure of
Example 31, using 2,4-difluoro-3- methylbenzoic in
place of 3-chlo ro-2,4-difluorobenzoic acid. MS APCI
(+) m/z 499.3 (M+l) detected- Example 33
rRVN4-f4-(ri.2.41triazolo p
.5-a1pyridin-7-yloxyV3-methylphenvn-N6-(4-methyl-4.5-
dihydrooxazol-2-yr)quinazoline-4,6-diamine [00504]
Prepared according to the procedure for Example 1
using (R)-2-aminopropan-lol in place of
2-amino-2-methylpropan-l-ol and
4-([l,2,4]triazolo[l,5-a]pyridin-7-yloxy)-3-
methylbenzenamine in place of
3-methyl-4-(2-methylbenzo[d]oxazol-5-yloxy)benzenamine
. MS APCI (+) m/z 467.3 (M+l) detected. Example 34
/?'QW-2-f4-('4-(ri.2.4]triazolo[l,5-a]pyridin-7-yloxy
')-3-methylphenylamino ')quinazolin-6-
yloxvlcyclopentano 1[00505] Step A: Preparation of
4-(4-(ri-Z41triazolop. 5-a1pyridin-7-yloxyy3-
methylphenylamino)quinazolin-6-ol hydrochloride :
Prepared according to Example 15 using 4-
([l,2,4]triazolo[l,5-a]pyridin-7-yloxy)-3-methylbenzen
amine in place of 4-(imidazo[l,2-
a]pyridin-7-yloxy)-3-methylaniline. [00506] Step B:
Preparation of trans-2-(4-(4-(\
h2,41triazolori.5-a1pyridin-7-yloxy)-3-
methylphenylamino)quinazolin-6-yloxy ')cyclopentanol :
A 50 mL flask was charged with 4-(4-
([l,2,4]triazolo[l,5-a]pyridin-7-yloxy)-3-methylphenyl
amino)quinazolin-6-ol hydrochloride (3.117 g, 7.406
mmol), 6-oxa-bicyclo[3.1.0]hexane (0.6924 ml, 7.777
mmol), cesium hydroxide monohydrate (2.736 g, 16.29
mmol), DMF (20 mL). The reaction was heated to 92 0C
for 12 hours, then cooled to room temperature and
dilute with 200 mL of water. The mixture was stirred
for 24 hours. The resulting precipitate was collected
by filtration, washed with water and air dried to
provide 2.80 g of the title compound as a racemic
mixture. MS APCI (+) m/z 469.3 (M+l) detected. Example
35
(2-(4-r4-f[1.2.4]triazolo[1.5-a]pyridin-7-yIoxyV3-meth
ylphenylamino ')quinazolin-6-ylaminoV4-
methyl-4,5-dihydrooxazol-4-yl)rnethanol [00507] Step
A: Preparation of
(EVN'-r4-(3-(l-(tert-butyldiphenylstlyloxyV3-hvdro
cy-2-
methylpropan-2-yl)thioureido')-2-cyanophenylVN,N-dimet
hylformimidamide : Prepared according to the method of
Example 1, using 2-amino-3-(tert-butyIdiphenylsilylox
g)-2- methylpropan-1-ol in place of
2-amino-2-methylpropan-l-ol. [00508] Step B:
Preparation of
N4-(4-([l,2.41triazolo[1.5-a1pyrtdin-7-yloxyV3-
methylphenyl
')-N6-(4-((tert-butyldiphenylsilyloxy^methyp-4-methyl-
4.5-dihydrooxazol-2- vDquinazoIine-4,6-diamine :
Prepared according to the method of Example 1, using
(E)-N'-(4-(3-
(l-(tert-butyldiphenylsilyloxy)-3-hydroxy-2-methyIprop
an-2-yl)thioureido)-2-cyanophenyl)-
HN-dimethylformimidamide n place of l-(3-cyano-4-
((dimethylamino)methyleneam
no)phenyl)-3-(l-hydroxy-2-methyIpropan-2-yl)thiourea
and 4-
([l,2,4]triazoIo[l,5-a]pyridin-7-yloxy)-3-methylbenzen
amine in place of 4-(imidazo[l,2-
a]pyridin-7-yloxy)-3-methylaniline.[00509] Step C:
Preparation of (2-<"4-f4-(T 1.2.41triazolo[
1.S-alpyridin-T-yloxyVBmethylphenylamino
')quinazolin-6-ylamino)-4-methyl-4.5-dihvdrooxazol-4-y
l)methanol : TBAF (7.799 mmol, 7.79 ml, IM in THF) was
added to a solution of N4-(4-([l,2,4]triazo!o[l,5-
a]pyridin-7-yloxy)-3-methylphenyl)-N6-(4-((tert-butyld
iphenylsilyloxy)methyl)-4-methyl-4,5-
dihydrooxazol-2-yl)quinazoline-4,6-diamine (2.866 g,
3.900 mmol) in THF (60 mL). The reaction was stirred
for 3 hours and then concentrated. The residue was
purified by flash chromatography, eluting with
EtOAc/Hex/MeOH 9:1:1 with 0.1% H2O to provide the
title compound. MS APCI (+) m/z 497.4 (M+l) detected.
Example 36 N-(4-ffL2.41triazoloyL5-a
{pyridin-7-yloxyV3-methylphenyl)-5-f2-methoxyethox.v)q
uinazolin- 4-amine [00510] Step A: Preparation of
5-f2-methoxyethoxy ')quinazolin-4-ol : To a solution
of 2- methoxyethanol (0.528 ml, 6.70 mmol) in DMA (6
mL) was slowly added 514 mg of a 60% 



dispersion of NaH (0308 g, 12.8 mmol), and the
reaction mixture was stirred at room temperature for
30 minutes. 5-Fluoroquinazolin-4(3H)-one (1.0 g, 6.09
mmol) was added and the reaction mixture was heated at
80 0C for 2 hours. The reaction was concentrated and
the residue was suspended in EtOH (75 mL) and then
filtered through GF/F paper. The filtrate was
concentrated to afford the desired product as a yellow
solid. [00511] Step B: Preparation of
4-chloro-5-(2-methoxyethoxy)quinazoline : Prepared
according to the method of Example 15 using
5-(2-methoxyethoxy)quinazolin-4-ol in place of 4-
hydroxyquinazoKn-6-yl acetate. [00512] Step C:
Preparation of
N-f4-(ri.2.4}triazolori.5-a1pyridin-7-yloxyV3-
methyIphenyl)-5-(2-methoxyethoxy ')auinazolin-4-amine
: Prepared according to the method of Example 24 using
4-chloro-5-(2-methoxyethoxy)quinazoline in place of
4-chIoro-6-(2- methoxyethoxy)quinazoline. MS APCI (+)
m/z 443.1 (M+l) detected. [00513] The following
compounds were also prepared according to the
above-described methods.POLYMER BLEND METHOD,
COMPOSITION, AND ARTICLE BACKGROUND OF THE INVENTION
Thermoplastic blends of poly(arylene ether) resins and
polystyrene resins are currently produced in large
volumes and are highly valued for their balance of
properties including stiffness, impact strength,
tensile strength, dielectric properties, and heat
resistance. Some properties of the blend can be
superior to those of either component resin alone.
See, for example, U.S. Patent No. 3,383,435 to Cizek,
which illustrates blend flexural strength, flexural
modulus, compressive strength, tensile strength,
impact strength, and hardness values that are superior
to corresponding values for the component resins. Many
possible product applications for thermoplastic resins
require that the resin be free of any objectionable
odors. Considerable effort has been expended to reduce
odor components associated with poly(arylene ether)
resins. Poly(arylene ether) resins are typically
synthesized in the presence of odoriferous organic
amines, and the poly(arylene ether) resin may
incorporate and later liberate such amines. Thus, one
effort to reduce the odor of poly(arylene ether)
resins has focused on the removal of volatile
components during extrusion. For example, U.S. Pat.
No. 3,633,880 to Newmark describes an extruder that
includes elements to alternately compress and
decompress the resin, thereby liberating volatile
components, and a plurality of vacuum vents to remove
the volatile components. As another example, U.S.
Patent No. 4,746,482 to Ribbing et al. describes an
extrusion process whereby a polyphenylene ether resin
is melt kneaded under vacuum prior to mixing with
another resin. Another source of odor in poly(arylene
ether) resins is impurities in the phenol monomer,
which is oxidatively polymerized to produce the
poly(arylene ether). Odoriferous impurities in the
2,6-dimethylphenol monomer, such as 2,4,6-
trimethylanisole, may be substantially reduced using
particular distillation procedures as described in
U.S. Patent Application Publication No. US 2004-021
1657 Al to Ingelbrecht. Alternatively, the build-up of
such impurities in the recycled solvent of
apoly(arylene ether) process may be reduced by solvent
purification methods described in U.S. Patent No.
4,906,700 to Banevicius. Yet another approach to
reducing the odor of poly(arylene ether) resins and
their blends with polystyrene has been to add
materials to the extrusion process that reduce the
odor of the extruded resin. For example, U.S. Patent
No. 5,017,656 to Bopp describes the addition of
carboxylic acids and/or acid anhydrides during
extrusion. In that reference, extruded pellets were
subj ectively graded for their odor, but no chemical
analyses of specific odor components were reported. As
another example, European Patent No. 480,244 Bl to
Bopp et al. describes addition of carboxylic acids or
anhydrides during extrusion, combined with "steam
stripping" of the resin (i.e., addition of water to
the extruder and venting of the resulting water vapor
along with any other volatile components). That
reference was particularly concerned with reducing the
level of butanal impurity in the resin. As yet another
example, U.S. Pat. No. 4,369,278 to Kasahara et al.
describes extruding blends of polyphenylene ether and
rubber reinforced polystyrene in an extruder with a
vacuum vent, and optionally adding a pyrolysis
inhibitor (e.g., a hindered phenol or a phosphite
compound) and/or water to the extruder. The working
examples of the Kasahara et al. patent indicate that
the total content of volatiles in the resin blend may
be reduced to levels as low as 2500 parts per million.
In order to serve aesthetically demanding markets such
as food packaging and panels for automobile interiors,
there remains a need for methods of further reducing
the level of volatiles in blends of poly(arylene
ether) and polystyrene resins. In particular, there is
a need for methods of compounding these resins that
reduce the level of styrene monomer in the resulting
blend. BRIEF DESCRIPTION OF THE INVENTION The
above-described and other drawbacks are alleviated by
a method of preparing a polymer blend, comprising:
forming a polymer blend by melt kneading a composition
comprising a poly(arylene ether); a polystyrene; and a
carboxylic acid concentrate comprising an intimate
blend comprising a carboxylic acid compound and a
polymerresin having a glass transition temperature or
a melting temperature of about 30 to about 175C. Other
embodiments, including a composition prepared by the
method, and an article comprising the composition, are
described in detail below. DETAILED DESCRIPTION OF THE
INVENTION One embodiment is a method of preparing a
polymer blend, comprising: forming a polymer blend by
melt kneading a composition comprising a poly(arylene
ether); a polystyrene; and a carboxylic acid
concentrate comprising an intimate blend comprising a
carboxylic acid compound and a polymer resin having a
glass transition temperature or a melting temperature
of about 30 to about 175C. In the course of extensive
research on reducing the concentrations of volatile
impurities in poly(arylene ether)/polystyrene blends,
the present inventors have determined that while many
of the methods known in the art are effective for
reducing the concentrations of styrene and toluene in
such blends, their advantages are diminished (i.e.,
styrene and toluene concentrations are increased) when
the blend is remelted in preparation for article
formation. For example, an article molder may purchase
a poly(arylene ether)/polystyrene blend having low
styrene and toluene concentrations, but when the blend
is remelted in preparation for injection molding, the
thermal and shear stress created on remelting
partially decomposes the polystyrene, thereby
increasing concentrations of styrene and toluene in
the injection molded article relative to the
corresponding concentrations in the purchased
roly(arylene ether)/polystyrene blend. By adding a
relatively small amount of the carboxylic acid
concentrate described herein to the purchased
poly(arylene ether)/polystyrene blend, the article
molder may obtain a molded article having styrene and
toluene concentrations even lower than those of the
purchased blend. The method is useful not only to
parties who form articles comprising poly(arylene
ether)/polystyrene blends, but also to parties who
prepare and sell such blends. The poly(arylene ether)
used in the method may comprise repeating structural
units having the formulawherein for each structural
unit, each Z1 is independently halogen, primary or
secondary Ci-Ci alkyl, CrCi 2 aminoalkyl, Ci-Ci 2
hydroxyalkyl, phenyl, C1-C12 haloalkyl, Cr Ci2
hydrocarbyloxy, or Ci-Ci 2 halohydrocarbyloxy wherein
at least two carbon atoms separate the halogen and
oxygen atoms; and each Z2 is independently hydrogen,
halogen, primary or secondary Ci-C12 alkyl, Ci-Ci 2
aminoalkyl, Ci-C12 hydroxyalkyl, phenyl, C -Ci2
haloalkyl, Q-C 12 hydrocarbyloxy, or C1-C12
halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms. In one
embodiment, each Z1 is methyl and each Z2 is hydrogen
or methyl. In another embodiment, the poly(arylene
ether) comprises 2,6-dimethyl-l,4- 



phenylene ether units. For example, the poly(arylene
ether) may be a homopolymer of 2,6-dimethylphenol
(i.e., poly(2,6-dimethyl-l,4-phenylene ether), a
copolymer of 2,6- dimethylphenol and
2,3,6-trimethylphenol (i.e.,
poly(2,6-dimethyl-l,4-phenylene
ether-co-2,3,6-trimethyl-l,4-phenylene ether), or a
combination thereof. The poly(arylene ether) may
comprise molecules having aminoalkyl-containing end
group(s), typically located in an ortho position to
the hydroxy group. Also frequently present are
tetramethyldiphenoquinone (TMDQ) end groups, typically
obtained from reaction mixtures in which
tetramethyldiphenoquinone by-product is present. The
poly(arylene ether) may be in the form of a
homopolymer; a copolymer; a graft copolymer; an
ionomer; or a block copolymer; as well as combinations
comprising at least one of the foregoing. In one
embodiment, the poly(arylene ether) comprises an
end-capped poly(arylene ether) having the
formulaQ(J-K) wherein Q is the residuum of a
monohydric, dihydric, or polyhydric phenol; y is 1 to
100, more specifically 1, 2, 3, 4, 5, or 6; J has the
formula wherein each occurrence of Z is independently
halogen, primary or secondary Ci-C12 alkyl, Ci-Ci 2
aminoalkyl, Ci-C) hydroxyalkyl, phenyl, C1-C12
haloalkyl, C1-C12 hydrocarbyloxy, or Ci-Ci 2
halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, and the like;
each occurrence of Z2 is independently hydrogen,
halogen, primary or secondary C1-C12 alkyl, C1-C12
aminoalkyl, Ci-Ci 2 hydroxyalkyl, phenyl, C1-C12
haloalkyl, Ci-Ct2 hydrocarbyloxy, or Ci-C 12
halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, and the like; m
is 1 to about 200; and K is a capping group selected
from wherein R1 is Ci-C12 alkyl; R2-R6 are each
independently selected from the group consisting of
hydrogen, halogen, Ci-C12 alkyl, hydroxy, carboxylic
acid (-COOH), and amino; and wherein Y is a divalent
group selected fromwherein R7 and R8 are each
independently selected from the group consisting of
hydrogen and Ci-Ci 2 alkyl. The poly(arylene ether)
may have a number average molecular weight of 3,000 to
40,000 grams per mole (g/mol) and a weight average
molecular weight of 5,000 to 80,000 g/mol, as
determined by gel permeation chromatography using
monodisperse polystyrene standards, a styrene divinyl
benzene gel at 400C and samples having a concentration
of 1 milligram per milliliter of chloroform. The
poly(arylene ether) may have an initial intrinsic
viscosity of 0.08 to 0.60 deciliters per gram (dl/g),
as measured in chloroform at 25C. Initial intrinsic
viscosity is defined as the intrinsic viscosity of the
poly(arylene ether) prior to compounding with the
other components of the composition. The viscosity of
the poly(arylene ether) may be up to 30% higher after
compounding. A blend of poly(arylene ether) resins
having different intrinsic viscosities may be used.
The polystyrene used in the method is a polymer
generally comprising repeating units derived from
styrene. In one embodiment, the polystyrene comprises
at least 30 weight percent of repeating units derived
from styrene. The styrene content of the polystyrene
may be at least about 50 weight percent, at least
about 60 weight percent, at least about 80 weight
percent, at least about 95 weight percent, or at least
about 98 weight percent. In one embodiment, the
styrene content is 100 percent; i.e., the polystyrene
may be a homopolystyrene. When the polystyrene
comprises less than 100 weight percent of repeating
units derived from styrene, it may be a random, block,
or graft copolymer of styrene with at least one other
copolymerizable monomer such as, for example, another
alkenyl aromatic monomer (e.g., alpha-methylstyrene,
paramethylstyrene, divinylbenzene), acrylonitrile, a
conjugated diene (e.g., butadiene, isoprene), or
maleic anhydride. For example, the polystyrene may be
an acrylonitrilebutadiene- styrene copolymer having an
acrylonitrile content less than about 20
weightpercent. In one embodiment, a conjugated diene
is used as a copolymerizable monomer to form a block
copolymer. In this embodiment, the portion of the
polystyrene derived from the conjugated diene may,
optionally, be partially or fully hydrogenated. Also,
when a conjugated diene is used as a copolymerizable
monomer, the polystyrene may comprise about 30 to
about 90 weight percent of repeating units derived
from styrene, and about 10 to about 70 weight percent
of repeating units derived from the conjugated diene.
The term "block copolymer will be understood to
include, for example, diblock, triblock, tetrablock,
pentablock, and radial teleblock structures. The
stereoregularity of the polystyrene may be atactic,
syndiotactic, or isotactic. In one embodiment, the
polystyrene is an amorphous polystyrene (i.e., it is
not crystalline or semicrystalline). In one
embodiment, the polystyrene comprises atactic
homopolystyrene. In one embodiment, the polystyrene is
selected from homopolystyrenes, rubber-modified
polystyrenes, styrene-alpha-methylstyrene copolymers,
block copolymers of styrene and a conjugated diene,
hydrogenated block copolymers of styrene and a
conjugated diene, and the like, and combinations
thereof. A rubber-modified polystyrene is a blend
and/or graft of a rubber modifier and a
homopolystyrene. Preferred rubber-modified
polystyrenes, also known as high-impact polystyrene or
HIPS, may comprise about 88 to about 94 weight percent
polystyrene and about 6 to about 12 weight percent
polybutadiene, with an effective gel content of about
10% to about 35%. These rubber-modified polystyrenes
are commercially available as, for example, GEH 1897
from General Electric Plastics, and EB 6755 or MA5350
from Phillips Chemical. In one embodiment, the
poly(arylene ether) and the polystyrene are provided
in the form of an intimate blend that is the product
of a process comprising melt kneading the poly(arylene
ether) and the polystyrene. For example, a resin
supplier may sell such an intimate blend to a molder,
who melt-kneads it with a carboxylic acid concentrate
in preparation for molding an article. In one
embodiment, the poly(arylene ether) and the
polystyrene are provided in the form of an intimate
blend that is the product of a process comprising melt
kneading the poly(arylene ether), the polystyrene, and
a carboxylic acid compound such as, for example,
adipic acid, glutaric acid, rnalonic acid, succinic
acid, phthalic acid, maleic acid, citraconic
acid,itaconic acid, citric acid, hydrates of the
foregoing acids, anhydrides of the foregoing acids,
and combinations thereof. In one embodiment, the
poly(arylene ether) and the polystyrene are provided
in the form of an intimate blend that is the product
of a process comprising melt kneading the poly(arylene
ether) and the polystyrene to form an intimate blend,
and steam stripping the intimate blend. The
poly(arylene ether) and the polystyrene are provided
in the form of an intimate blend that is the product
of a process comprising melt kneading the poly(arylene
ether), the polystyrene, and a carboxylic acid
compound to form an intimate blend, and
steam-stripping the intimate blend. The poly(arylene
ether) and the polystyrene may be used in a weight
ratio of about 10:90 to about 90:10. Within this
range, the weight ratio may be at least about 20:80,
or at least about 40:60. Also within this range, the
weight ratio may be up to about 80:20. In calculating
this weight ratio poly(arylene ether) and the
polystyrene, any polystyrene incorporated via the
carboxylic acid concentrate is excluded. The method
comprises melt kneading a composition comprising the
poly(arylene ether), the polystyrene, and a carboxylic
acid concentrate. The carboxylic acid concentrate
comprises an intimate blend comprising a carboxylic
acid compound and a polymer resin having a glass
transition temperature or a melting temperature of
about 30 to about 175C. Apparatus suitable for
preparing an intimate blend via melt kneading
includes, for example, a two-roll mill, a Banbury
mixer, and a single-screw or twin-screw extruder. In
one embodiment, melt kneading comprises using a
twinscrew extruder. The carboxylic acid compound used
in the method may be a C1-C20 carboxylic acid or a C
-C2Ocarboxylic acid anhydride. Suitable carboxylic
acids and anhydrides include monocarboxylic acids such
as, for example, formic acid, acetic acid, propionic
acid, butyric acid, valeric acid, caproic acid,
caprylic acid, capric acid, 



lauric acid, myristic acid, palmitic acid, stearic
acid, oleic acid, linoleic acid, linolenic acid,
cyclohexanecarboxylic acid, phenylacetic acid, benzoic
acid, o-toluic acid, mtoluic acid, p-toluic acid,
o-chlorobenzoic acid, m-chlorobenzoic acid,
pchlorobenzoic acid, o-bromobenzoic acid,
m-bromobenzoic acid, p-bromobenzoic acid,
o-nitrobenzoic acid, m-nitrobenzoic acid,
p-nitrobenzoic acid, salicylic acid, phydroxybenzoic
acid, anthranilic acid, m-aminobenzoic acid,
p-aminobenzoic acid, omethoxybenzoic acid,
m-methoxybenzoic acid, p-methoxybenzoic acid, methyl
butyric acid, dimethylvaleric acid, phenylbutyric
acid, chloromethylbutyric acid, lactic acid,
dinitrobenzoic acid, methylbutanoic acid,
phenylpropanoic acid, chlorophenylbutanoic acids,
butehoic acids, hydrates of the foregoing acids,
anhydrides of the foregoing acids, and the like, and
combinations thereof. Suitable polycarboxylic acids
and anhydrides further include dicarboxylic acids,
tricarboxylic acids, other polycarboxylic acids, and
anhydrides thereof, including, for example, malonic
acid, succinic acid, glutaric acid, adipic acid, malic
acid, maleic acid, fumaric acid, phthalic acid,
isophthalic acid, terephthalic acid, bromoglutaric
acid, dimethylglutaric acid, aconitic acid, citraconic
acid, itaconic acid, citric acid, hydrates of the
foregoing acids, anhydrides of the foregoing acids,
and combinations thereof. In one embodiment, the
carboxylic acid compound comprises citric acid. The
polymer resin used in the carboxylic acid concentrate
has a glass transition temperature or a melting
temperature of about 30 to about 175C. Within this
range, the glass transition temperature or the melting
temperature may be at least about 500C, or at least
about 700C, or at least about 1000C. Also within this
range, the glass transition temperature or the melting
temperature may be up to about 1700C, or up to about
165C, or up to about 1600C, or up to about 155C.
Suitable polymer resins include, for example,
polystyrenes, hydrocarbon waxes, hydrocarbon resins,
fatty acids, polyolefns, polyesters, fluoropolymers,
epoxy resins, phenolic resins, rosins and rosin
derivatives, terpene resins, acfylate resins, and
combinations thereof. Suitable polystyrenes include
those described above. In one embodiment, the polymer
resin comprises a homopolystyrene having a weight
average molecular weight of about 1,000 to about
300,000 atomic mass units. Within this range, the
weight average molecular weight may be at least about
2,000 atomic mass units. Also within this range, the
weight average molecular weight may be up to about
200,000 atomic mass units, or up to about 100,000
atomic mass units. The term "hydrocarbon wax" is
understood to mean a wax composed solely of carbon and
of hydrogen. Suitable hydrocarbon waxes include, for
example, microcrystallinewaxes, polyethylene waxes,
Fischer-Tropsch waxes, paraffin waxes, and
combinations thereof. Suitable hydrocarbon resins
include aliphatic hydrocarbon resins, hydrogenated
aliphatic hydrocarbon resins, aliphatic/aromatic
hydrocarbon resins, hydrogenated aliphatic/aromatic
hydrocarbon resins, cycloaliphatic hydrocarbon resins,
hydrogenated cycloaliphatic resins,
cycloaliphatic/aromatic hydrocarbon resins,
hydrogenated cycloaliphatic/aromatic hydrocarbon
resins, hydrogenated aromatic hydrocarbon resins,
polyterpene resins, terpene-phenol resins, rosins and
rosin esters, hydrogenated rosins and rosin esters,
and mixtures of two or more thereof. As used herein,
"hydrogenated", when referring to the hydrocarbon
resin, includes fully, substantially, and partially
hydrogenated resins. Suitable aromatic resins include
aromatic modified aliphatic resins, aromatic modified
cycloaliphatic resins, and hydrogenated aromatic
hydrocarbon resins having an aromatic content of about
1 to about 30%. Any of the above resins may be grafted
with an unsaturated ester or anhydride using methods
known in the art. Such grafting can provide enhanced
properties to the resin. In one embodiment, the
hydrocarbon resin in a hydrogenated aromatic
hydrocarbon resin. Suitable hydrocarbon resins are
commercially available and include, for example, EMPR
resins, OPPERA(r) resins, and EMFR resins available
from ExxonMobil Chemical Company; ARKON(r) and SUPER
ESTER(r) rosin esters available from Arakawa Chemical
Company of Japan; SYLVARES(r) polyterpene resins,
styrenated terpene resins and terpene phenolic resins
available from Arizona Chemical Company; SYLVATAC(r)
and SYLVALITE(r) rosin esters available from Arizona
Chemical Company; NORSOLENE(r) aliphatic aromatic
resins available from Cray Valley; DERTOPHENE(r)
terpene phenolic resins and DERCOLYTE(r) polyterpene
resins available from DRT Chemical Company;
EASTOTAC(r) resins, PICCOTAC(r) resins, REGALITE(r)
and REGALREZ(r) hydrogenated cycloaliphatic/aromatic
resins available from Eastman Chemical Company;
WINGTACK(r) resins available from Goodyear Chemical
Company; PICCOLYTE(r) and PERMALYN(r) polyterpene
resins, rosins and rosin esters available from Eastman
Chemical Company; coumerone/indene resins available
from Neville Chemical Company; QUINTONE(r) acid
modified C5 resins, C5/C9 resins, andacid-modified
C5/C9 resins available from Nippon Zeon; and
CLEARON(r) hydrogenated terpene resins available from
Yasuhara. Suitable fatty acids include, for example,
oleic acid, palmitic acid, stearic acid, isostearic
acid, arachidic. acid, behenic acid, cerotic acid,
montanic acid, and combinations thereof. Suitable
polyolefins include, for example, polyethylenes,
polypropylenes, ethylenevinyl acetate copolymers, and
combinations thereof. In one embodiment, the polyolef
n is a low-density polyethylene having a
weight-average molecular weight of about 5,000 to
about 40,000 atomic mass units. Within this range, the
weight average molecular weight may be up to about
30,000 atomic mass units, or up to about 20,000 atomic
mass units. In one embodiment, the polymer resin
comprises a homopolystyrene having a weight average
molecular weight of about 1,000 to about 300,000
atomic mass units, and a low-density polyethylene
having a weight average molecular weight of about
5,000 to about 40,000 atomic mass units. Suitable
polyesters include, for example, the condensation
copolymerization products of dibasic acids (including
anhydrides and acid esters) and aliphatic diols.
Suitable dibasic acids include, for example,
terephthalic acid, isophthalic acid, phthalic acid,
naphthalene dicarboxylic acid, biphenylene
dicarboxylic acid, tetrahydroterephthalic acid,
tetrahydroisophthalic acid, tetrahydrophthalic acid,
hydronaphthalene dicarboxylic acid,
cyclohexanedicarboxylic acid, cyclopentyldicarboxylic
acid, cyclooctyldicarboxylic acid, glutaric acid,
sebacic, adipic acid, pimelic acid, malonic acid,
fumaric acid, monoesters and diesters of the
foregoing, and mixtures thereof. Suitable aliphatic
diols include, for example, ethylene glycol propylene
glycol, butylene glycol, 1,3-propanediol,
1,3-butanediol, 1,4-butanediol, dipropylene glycol,
1,5-pentanediol, 1,6-hexanediol, diethylene glycol,
1,4-cyclohexanediol, 1,4- cyclohexanedimethanol,
neopeptyl glycol, 1,8-octanediol, 1,10-decanediol,
1,12- dodecanediol, diethylene glycol, triethylene
glycol, tetraethylene glycol, and combinations
thereof. Suitable fluoropolymers include, for example,
polytetrafluoroethylene, ethylenetetrafluoroethylene
copolymers, polyvinyidene fluoride, and combinations
thereof.Suitable epoxy resins include, for example,
bisphenol A diglycidyl ether, bisphenol F diglycidyl
ether, epoxy novolacs, vinyl cyclohexane dioxide,
oligomers of the foregoing epoxy resins, and
combinations thereof. Suitable epoxy resins are
commercially available as, for example, EPON(r) 828,
EPON(r) 825, D.E.R. 317, EPON(r) lOOlF, ERL4221, and
EPON(r) 871, all from Dow Chemical; and ARALDITE(r)
GT7071 from Ciba Specialty Chemicals. Suitable
phenolic resins include, for example, novolac resins,
resol resins, phenolformaldehyde resins, novolacs,
phenol-acetaldehyde resins, resorcinol-formaldehyde
resins, phenol-furfural resins, polyvinyl phenol
polymers, and combinations thereof. Suitable rosin and
rosin derivatives include, for example, tall oil
rosins, gum rosins, wood rosins, hydrogenated rosins,
rosin esters, and combinations thereof. Suitable
terpene resins include, for example, polymers of
beta-pinene, polymers of alpha-pinene, polymers of
d-limonene, terpene-phenol resins, aromatic-modified
terpene resins, and combinations thereof. 



Suitable acrylate resins include, for example,
homopolymers and copolymers of alkyl (meth)acrylate
monomers such as methyl acrylate, methyl methacrylate,
ethyl acrylate, ethyl methacrylate, and the like. The
carboxylic acid concentrate may comprise about 15 to
about 95 weight percent of the polymer resin and about
5 to about 85 weight percent of the carboxylic acid
compound, based on the total weight of the carboxylic
acid concentrate. Within the above ranges, the polymer
resin amount may be at least about 50 weight percent,
or at least about 60 weight percent, or at least about
70 weight percent; and the polymer resin amount may be
up to about 90 weight percent, or up to about 85
weight percent. Also within the above ranges, the
carboxylic acid compound amount may be at least about
10 weight percent, or at least about 15 weight
percent; and the carboxylic acid compound amount may
be up to about 50 weight percent, or up to about 40
weight percent, or up to about 30 weight percent. In
one embodiment, the carboxylic acid concentrate
comprises about 60 to about 85 weight percent of the
polymer resin and about 15 to about 40 weight percent
of the carboxylic acid compound.In one embodiment, in
addition to the polymer resin and the carboxylic acid
compound, the carboxylic acid concentrate further
comprises an additive selected from stabilizers, mold
release agents, processing aids, flame retardants,
drip retardants, nucleating agents, UV blockers,
colorants (including dyes and pigments), particulate
fillers (i.e., fillers having an aspect ratio less
than about 3), reinforcing fillers, conductive fillers
(e.g., single-wall and multi-wall carbon fibers),
antioxidants, anti-static agents, blowing agents, and
mixtures thereof. When a blowing agent is employed, it
will preferably be stable to the conditions of forming
the carboxylic acid concentrate and activated only
during a subsequent article-forming step. Suitable
blowing agents include, for example, aluminum
hydroxide-based compounds; acidcarbonate based
compounds such as those derived from sodium
bicarbonate, hydrocerol, sodium borohydride,
benzamides, hydrazodicarboxylates,
dihydrooxadiazinone-based compounds, and amide
derivatives of azodicarboxylic acid. Other classes of
blowing agents, as well as specific blowing agents are
described, for example, in Modern Plastics
Encyclopedia, McGraw-Hill, Inc., Mid- October 1989
Issue, Volume 66, Number 11, pp 184-188; and U.S.
Patent Nos. 4,312,776 to Pun et al., 4,369,126 to
Bathgate, 4,425,442 to Sato et al., 4,438,223 to
Hunter, 4,444,679 to Rowland, 4,554,294 to Hunter et
al., and 5,272,182 to Burnell. The carboxylic acid
compound itself may serve as a blowing agent. For
example, when citric acid is used as the carboxylic
acid compound, it can thermally decompose to yield
products including water and carbon dioxide. The
carboxylic acid concentrate may be prepared by
blending the carboxylic acid compound, the polymer
resin, and any optional components under conditions
capable of forming an intimate blend. In one
embodiment, melt blending comprises meltkneading the
carboxylic acid concentrate components at a
temperature that is above the glass transition
temperature or melting temperature of the polymer
resin, and below the thermal decomposition temperature
of the carboxylic acid compound. The carboxylic acid
concentrate may be used in an amount of about 0.5 to
about 40 parts by weight per 100 parts by weight total
of the poly(arylene ether) and the polystyrene. Within
this range, the carboxylic acid concentrate amount may
be at least about 2 parts by weight, or at least about
5 parts by weight, or at least about 8parts by weight.
Also within this range, the carboxylic acid
concentrate amount may be up to about 30 parts by
weight, or up to about 20 parts by weight, or up to
about 10 parts by weight. In addition to the
poly(arylene ether), the polystyrene, and the
carboxylic acid concentrate, the composition may,
optionally, further comprise one or more additives
known in the art for thermoplastic composition,
including, for example, stabilizers, mold release
agents, processing aids, flame retardants, drip
retardants, nucleating agents, UV blockers, colorants
(including dyes and pigments), particulate fillers
(i.e., fillers having an aspect ratio less than about
3), reinforcing fillers, conductive fillers (e.g.,
single-wall and multi-wall carbon fibers),
antioxidants, anti-static agents, blowing agents, and
mixtures thereof. In one embodiment, the carboxylic
acid concentrate is substantially free of poly(arylene
ether). In another embodiment, the carboxylic acid
concentrate is substantially free of polyamide. In
another embodiment, the carboxylic acid concentrate is
substantially free of polyester. In one embodiment,
melt kneading the composition comprises blending with
a specific energy consumption of about 0.1 to about
0.3 kilowatt-hour per kilogram of intimate blend. The
term "specific energy consumption" is defined as the
amount of energy required to process unit quantity of
the resin through an extruder; that is, the energy
consumed by the extruder per output of the extruder.
Specific energy consumption may be determined by
dividing the power consumed by the extruder drive
motor by the total mass flow rate of the extruded
product. Within the above range, the specific energy
consumption may be up to about 0.2 kW-h/kg, or up to
about 0.18 kW-h/kg, or up to 0.15 kW-h/kg. By using a
specific energy consumption in the above range, it is
possible to obtain an intimately blended resin
composition yet minimize decomposition of the
polystyrene and therefore minimize the concentration
of styrene and other polystyrene decomposition
products, including, for example, toluene, xylene,
ethylbenzene, styrene dimer, and styrene trimer. In
one embodiment, melt kneading the composition occurs
in an extruder, and the polystyrene has a residence
time in the extruder of about 2 to about 60
seconds.Within this range, the polystyrene residence
time may be up to about 30 seconds, or up to about 15
seconds, or up to about 10 seconds, or up to about 5
seconds. Polystyrene residence time may be reduced,
for example, by increasing the screw rotation rate, by
adding polystyrene via a downstream port, or
minimizing the extruder length between polystyrene
addition and the exit die. Polystyrene residence time
may be determined, for example, by adding a single
shot of tracer such as a pigment concentrate to the
polystyrene inlet and then recording the concentration
of the tracer in the extruder outlet as a function of
the time after tracer addition. From this data, the
mean residence time can be calculated using standard
mathematical techniques. In one embodiment, melt
kneading comprises melt kneading the composition with
an extruder comprising a first mixing section and a
second mixing section; and meltkneading comprises
adding the poly(arylene ether) to the extruder
upstream of the first mixing section, and adding the
polystyrene and the carboxylic acid concentrate to the
extruder downstream of the first mixing section and
upstream of the second mixing section. In one
embodiment, melt kneading comprises melt kneading the
composition with an extruder, such that the ratio L/D
is about 5 to about 45, where L is the distance
between the polystyrene addition location and the
blend discharge location, and D is the extruder screw
diameter. Within this range, the ratio L/D may be at
least about 10. Also within this range, the ratio L/D
may be up to about 20. Using L/D ratios in the above
range was found to be effective to allow intimate
blending of the polystyrene component while minimizing
the concentrations of styrene and toluene in the resin
blend. The distance, L, between the polystyrene
addition location and blend discharge location is
measured between the centerline of the polystyrene
inlet port and the end of the extruder die plate. The
screw diameter is determined by the diameter of the
tips of the screw element flights. In one embodiment,
the composition is melt blended with an extruder, and
each extruder barrel downstream of polystyrene
addition has a barrel temperature about 50 to about
1200C above the glass transition temperature of the
discharged intimate blend. Within this range, each
barrel temperature may be at least about 80 0C
abovethe glass transition temperature. Also within
this range, each barrel temperature may be up to about
1000C above the glass transition temperature. A
temperature in the above range allows intimate
blending yet minimizes formation of styrene and
toluene. The glass transition temperature of the
discharged intimate blend may be determined 



according to ASTM E 1640, which is a standard test
method for the assignment of glass transition
temperature by dynamic mechanical analysis. There is
no particular limitation on the order or mode of
addition of the poly(arylene ether), the polystyrene,
and the carboxylic acid concentrate to the apparatus
used to form the polymer blend. When a single-screw or
twin-screw extruder is used for melt kneading the
composition, the components may be added in any order
or in any position as long as an intimate blend is
formed. In one embodiment, the poly(arylene ether) may
be added upstream of the polystyrene and/or the
carboxylic acid concentrate in order to minimize the
thermal stress and shear stress to which the
polystyrene and/or carboxylic acid concentrate are
subjected to. In one embodiment, the method further
comprises shaping the polymer blend. The shaping step
may include, for example, pelletization, extrusion,
foam extrusion, single layer and multilayer sheet
extrusion, film extrusion, profile extrusion,
injection molding, blow molding, pultrusion,
compression molding, thermoforming, pressure forming,
hydroforming, vacuum forming, and foam molding. In one
embodiment, the shaping step comprises extrusion of at
least three poly(arylene ether)/polystyrene
compositions to form a multilayer article comprising a
foamed core layer, a first unfoamed layer disposed on
one surface of the foamed core layer, and a second
unfoamed layer disposed on another surface of the
foamed core layer. Such multilayer articles are useful
as, for example, sound absorbing panels for automobile
interiors. Their fabrication is described, for
example, in Japanese Patent Publication Nos. JP
2005/161789 A and JP 2005/199891 A2 to Yamaguchi et
al., JP 2005/240031 to Ueno et al., and International
Patent Application No. WO 2005/073299 to Uchide et al.
For example, the foamed layer and unfoamed layers may
be pre-formed, and each unfoamed layer may
subsequently be laminated to a surface of the foamed
layer by thermal fusing with a hot roller. As another
example, the unfoamed layers may be pre-formed and
laminated to the surface of a freshly extruded foamed
layer by hotmelt adhesion. As another example, the
unfoamed and foamed layers may be simultaneously
coextruded and laminated to each other via hot melt
adhesion. The carboxylic acid concentrate may be
prepared separately from the polymer blend comprising
it. Alternatively, the carboxylic acid concentrate may
be prepared and in a side extruder and directly fed to
the extruder used to form the polymer blend, without
an intermediate step of cooling and solidifying the
carboxylic acid concentrate. In one embodiment, the
carboxylic acid concentrate is prepared on a side
extruder as described above, and the polymer blend is
fed directly to an apparatus for shaping the polymer
blend. For example, the method may employ direct
injection molding techniques known in the art and
described, for example in International Patent
Application No. WO/0243943 Al to Adedeji et al. In one
embodiment, melt kneading the poly(arylene ether), the
polystyrene, and the carboxylic acid concentrate
comprises melt kneading with an extruder comprising a
mixing section, and wherein the poly(arylene ether),
the polystyrene, and the carboxylic acid concentrate
are added to the extruder upstream of the mixing
section. In one embodiment, melt kneading the
poly(arylene ether), the polystyrene, and the
carboxylic acid concentrate comprises melt kneading
with an extruder comprising a first mixing section and
a second mixing section; wherein the poly(arylene
ether) arid the polystyrene are added to the extruder
upstream of the first mixing section; and wherein the
carboxylic acid concentrate is added to the extruder
downstream of the first mixing section and upstream of
the second mixing section. One of the advantages of
the method is that it reduces the concentrations of
polystyrene decomposition products in the polymer
blend. In one embodiment, the polymer blend has a
toluene concentration of about 5 to about 15 parts per
million by weight, based on the total weight of the
polymer blend. In one embodiment, the polymer blend
has a styrene concentration of about 15 to about 150
parts per million by weight, based on the total weight
of the polymer blend. One embodiment is a method of
preparing a polymer blend, comprising: melt kneading a
composition comprising a poly(arylehe ether)
comprising 2,6-dimethyl- 1,4-phenylene ether units; a
polystyrene selected from homopolystyrenes,
rubbermodified polystyrenes,
styrene-alpha-methylstyrene copolymers, block
copolymers of styrene and a conjugated diene,
hydrogenated block copolymers of styrene and a
conjugated diene, and combinations thereof; and a
carboxylic acid concentrate comprising an intimate
blend comprising a polymer resin having a glass
transition temperature or a melting temperature of
about 30 to about 1750C; wherein the polymer resin is
selected from polystyrenes, hydrocarbon waxes, fatty
acids, polyolefins, polyesters, fluoropolymers, epoxy
resins, and combinations thereof; and a carboxylic
acid compound selected from malonic acid, succinic
acid, glutaric acid, adipic acid, malic acid, maleic
acid, fumaric acid, phthalic acid, isophthalic acid,
terephthalic acid, bromoglutaric acid,
dimethylglutaric acid, citraconic acid, itaconic acid,
citric acid, hydrates of the foregoing acids,
anhydrides of the foregoing acids, and combinations
thereof, to form a polymer blend. One embodiment is a
method of preparing a polymer blend, comprising: melt
kneading a composition comprising about 20 to about 80
parts by weight of a poly(arylene ether) comprising
2,6-dimethyI-l,4-phenylene ether units, about 20 to
about 80 parts by weight a polystyrene selected from
atactic homopolystyrenes, rubber-modified
polystyrenes, and combinations thereof, and about 5 to
about 20 parts by weight of a carboxylic acid
concentrate comprising an intimate blend comprising
about 50 to about 85 weight percent of a polymer resin
having a glass transition temperature or a melting
temperature of about 100 to about 165C; wherein the
polymer resin comprises a homopolystyrene having a
weight average molecular weight of about 2,000 to
about 300,000 atomic mass units, or a low density
polyethylene having a weight average molecular weight
of about 5,000 to about 40,000 atomic mass units, or a
combination thereof; and about 15 to about 50 weight
percent of a carboxylic acid compound comprising
citric acid, to form a polymer blend. In one
embodiment, the poly(arylene ether) and the
polystyrene are provided in the form of an intimate
blend that is the product of a process comprising melt
kneading the poly(arylene ether) and the polystyrene.
One embodiment is a polymer blend prepared by any of
the above described methods. The polymer blend may
have a toluene concentration of about 5 to about 15
parts permillion by weight and a styrene concentration
of about 75 to about 150 parts per million by weight,
based on the total weight of the polymer blend. One
embodiment is an article comprising a polymer blend
prepared by any of the above described methods. One
embodiment is a carboxylic acid concentrate,
comprising: about 15 to about 85 weight percent of a
carboxylic acid compound; and about 15 to about 85
weight percent of a polymer resin having a glass
transition temperature or a melting temperature of
about 30 to about 175C. In one embodiment, the
carboxylic acid compound is citric acid; and the
polymer resin is selected from polystyrenes,
hydrocarbon waxes, fatty acids, polyolefins,
polyesters, fluoropolymers, epoxy resins, phenolic
resins, rosins and rosin derivatives, terpene resins,
acrylate resins, and combinations thereof. In one
embodiment, the carboxylic acid compound is citric
acid; and the polymer resin is selected from
homopolystyrenes, rubber-modified polystyrenes,
styrene-butadiene block copolymers, and combinations
thereof. In one embodiment, the carboxylic acid
compound is citric acid; and the polymer resin
comprises a homopolystyrene having a weight average
molecular weight of about 2,000 to about 300,000
atomic mass units. In one embodiment, the carboxylic
acid compound is citric acid; and the polymer resin
comprises a low-density polyethylene having a weight
average molecular weight of about 5,000 to about
40,000 atomic mass units. In one embodiment, the
carboxylic acid compound is citric acid; and the
polymer resin comprises an ethylene-vinyl acetate
copolymer. The invention is further illustrated by the
following non-limiting examples. 



EXAMPLES 1-4, COMPARATIVE EXAMPLES 1-4 These examples
illustrate the preparation of carboxylic acid
concentrates and their use to reduce the
concentrations of toluene and styrene when a
preexisting intimate blend of roly(arylene ether) and
polystyrene is reextruded. Five citric acid
concentrates were prepared using the components and
amounts presented in Table 1. "Citric Acid" refers to
anhydrous citric acid obtained fromCargill.
"Polystyrene" refers to an atactic homopolystyrene
having a number average molecular weight of about
72,000 atomic mass units and a weight average
molecular weight of about 214,000 atomic mass units,
obtained as NOVACOR(r) 2272 from Nova Chemical.
"LLDPE" refers to a low density polyethylene having a
density of about 0.92-0.93 gram per milliliter, a
melting point of about 1230C, obtained as GI 2024A
from Nova Chemical. Concentrates were compounded using
a 30-millimeter diameter co-rotating, fully
intermeshing, twin screw extruder. The total extruder
length was 977 millimeters. Polymer resin (i.e.,
polystyrene, LLDPE, or both) was added in the first
barrel (feed throat), and citric acid was added at
barrel 6. The samples were extruded at 15.9
kilograms/hour (35 pounds/hour) at a screw speed of
300 rotations per minute (rpm). The feed components
were plasticated in a mixing section located in the
region between 7 and 12 screw diameters from the feed
inlet. A vent was located immediately after this
mixing section and operated at ambient pressure. The
temperature of all barrels was set to 170C. A vacuum
vent was located 28 diameters from the feed inlet and
was operated at about 15 kilopascals (kPa) absolute
pressure. Concentrate samples were pelletized to form
cylindrical pellets about 3 millimeters in diameter
and about 3 millimeters long. Comparative Examples 1-4
represent 70:30 weight/weight blends of poly(arylene
ether) and polystyrene, compounded with and without
citric acid, and with and without steam stripping.
Samples were compounded using a 30-millimeter diameter
co-rotating, fully intermeshing, twin-screw extruder.
The total extruder length was 977 mm. The poly(arylene
ether), polystyrene, and carboxylic acid (if any) were
all added in the first barrel, which means the L/D for
PS in the extruder, was 31. The samples were extruded
at 15.9 kilograms/hour (35 pounds/hour) at a screw
speed of 300 rotations per minute (rpm). The feed
components were plasticated in a mixing section
located in the region between 7 and 12 diameters from
the feed inlet. A vent was located immediately after
this mixing section and operated at ambient pressure.
Water was injected for some samples at a location that
was 24.5 screw diameters from the feed inlet in a
region of additional mixing. A vacuum vent was located
28 diameters from the feed inlet and was operated at
about 15 kilopascals (kPa) absolute pressure. The
barrel temperature was set to 220, 280, 290, and 3100C
for 100, 50, 30,and 0% PS, respectively. These
pelletized compositions were then remelted and
reextruded (without any steam stripping or addition of
citric acid) on a single-screw, one-inch screw
diameter, Brabender extruder running at 120 rotations
per minute and a barrel temperature of 3000C. Rather
than being pelletized, samples were extruded into
ribbon having rectangular cross-sectional dimensions
of about 50 millimeters by about 1 millimeter. When
citric acid was used, it was added at barrel 1 with
the other components. When steam stripping was used,
water was injected at a location that was 24.5 screw
diameters from the feed inlet in a region of
additional mixing. Examples 1-4 illustrate reextrusion
of comparative examples with added carboxylic acid
concentrates. They are representative of samples that
would be prepared by a party that purchases a
pre-blended composition of poly(arylene ether) and
polystyrene, then remelts it, optionally adding other
components, in preparation for extruding a sheet or
molding an article. Example 1 is a 90:10 blend of
pre-compounded Comparative Example 4 and Concentrate
A. Example 2 is a 96:4 blend of precompounded
Comparative Example 4 and Concentrate E. Example 3 is
a 90:10 blend of pre-compounded Comparative Example 2
and Concentrate A. Example 4 is a 96:4 blend of
pre-compounded Comparative Example 2 and Concentrate
E. Extrusion conditions for Examples 1-4 were the same
as those for Comparative Examples 1-4. Styrene and
toluene levels in each sample were determined by
dissolving 1.00 grams (+/- 0.01 gram) of polymer blend
in 25 milliliters of an internal standard solution
consisting of 10 microliters of decane in 500
milliliters of chromatographic grade chloroform. This
solution was then injected into a HP5989B mass
spectrometer equipped with a HP5890 gas chromatograph,
HP7673A auto injector, and DOS based Chemstation. The
concentration of styrene and toluene was then compared
against the known concentration of decane.
Concentrations of styrene and toluene are expressed in
units of parts per million (ppm) by weight, based on
the total weight of the composition. The results,
presented in Table 1, indicate that reextrusion of
poly(arylene ether)/polystyrene intimate blends with
carboxylic acid concentrates reduced the
concentrations of toluene and styrene, even though the
total concentration ofpolystyrene was increased in
reextrusion, and even though the polystyrene from the
original intimate blend was subjected to thermal
stress during reextrusion that would have been
expected to increase the toluene and styrene
concentrations. Comparison of Comparative Example 4
with Examples 1 and 2 shows that toluene was reduced
from 16 ppm (C. Ex. 4) to 5 ppm (Ex. 1) and 5 ppm (Ex.
2), and that styrene was reduced from 163 ppm (C. Ex.
4) to 79 ppm (Ex. 1) and 78 ppm (Ex. 2). Comparison of
Comparative Example 2 with Examples 3 and 4 shows that
toluene was reduced from 32 ppm (C. Ex. 2) to 15 ppm
(Ex. 3) and 2 1 ppm (Ex. 4), and styrene was reduced
from 306 ppm (C. Ex. 2) to 165 ppm (Ex. 3) and 196 ppm
(Ex. 4). Table 1 Table 2Table 2 (cont.)Table 2 (cont.)
While the invention has been described with reference
to a preferred embodiment, it will be understood by
those skilled in the art that various ch'anges may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the
teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention
will include all embodiments falling within the scope
of the appended claims.All cited patents, patent
applications, and other references are incorporated
herein by reference in their entirety. All ranges
disclosed herein are inclusive of the endpoints, and
the endpoints are combinable with each other. The use
of the terms "a" and "an" and "the" and similar
referents in the context of describing the invention
(especially in the context of the following claims)
are to be construed to cover both the singular and the
plural, unless otherwise indicated herein or clearly
contradicted by context. Further, it should further be
noted that the terms "first," "second," and the like
herein do not denote any order, quantity, or
importance, but rather are used to distinguish one
element from another. The modifier "about" used in
connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context
(e.g., it includes the degree of error associated with
measurement of the particular quantity).CLAIMS: 1. A
method of preparing a polymer composition, comprising:
melt kneading a composition comprising a poly(arylene
ether), a polystyrene, and a carboxylic acid
concentrate comprising an intimate blend comprising a
carboxylic acid compound and a polymer resin having a
glass transition temperature or a melting temperature
of about 30 to about 175C; to form a polymer
composition. 2. The method of claim 1, wherein the
poly(arylene ether) and the polystyrene are present in
a weight ratio of about 10:90 to about 90:10. 



3. The method of claim 1, wherein the carboxylic acid
concentrate is present in an amount of about 0.5 to
about 40 parts by weight per 100 parts by weight total
of the poly(arylene ether) and the polystyrene. 4. The
method of claim 1, wherein the poly(arylene ether)
comprises repeating structural units having the
formula wherein for each structural unit, each Z1 is
independently halogen, primary or secondary Ci-C 12
alkyl, Ci-Ci 2 aminoalkyl, Ci-Ci 2 hydroxyalkyl,
phenyl, Ci-Ci 2haloalkyl, C1-C12 hydrocarbyloxy, or
Ci-C12 halohydrocarbyloxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; and each
Z2 is independently hydrogen, halogen, primary or
secondary C1-C12 alkyl, C1-C12 aminoalkyl, C1-C12
hydroxyalkyl, phenyl, C1-C12 haloalkyl, C1-C12
hydrocarbyloxy, or Ci-Cj 2 halohydrocarbyloxy wherein
at least two carbon atoms separate the halogen and
oxygen atoms. 5. The method of claim 1, wherein the
poly(arylene ether) comprises 2,6-
dimethyl-l,4-phenylene ether units. 6. The method of
claim 1, wherein the poly(arylene ether) comprises an
end-capped poly(arylene ether) having the formula
Q(J-K) wherein Q is the residuum of a monohydric,
dihydric, or polyhydric phenol; y is 1 to 100; J has
the formula wherein each occurrence of Z 1 is
independently halogen, primary or secondary C1-C12
alkyl, C1-C12 aminoalkyl, C1-C12 hydroxyalkyl, phenyl,
C1-C12 haloalkyl, C1-C12 hydrocarbyloxy, or C -C12
halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence
of Z2 is independently hydrogen, halogen, primary or
secondary Ci-Ci 2 alkyl, Ci-Ci 2 aminoalkyl, Ci-Ci 2
hydroxyalkyl, phenyl, C1-C12 haloalkyl, C1-C12
hydrocarbyloxy, or C1-C12 halohydrocarbyloxy wherein
at least two carbon atoms separate the halogen and
oxygen atoms; m is 1 to about 200; and K is a capping
group selected fromwherein R1 is Ci-C alkyl; R2-R6 are
each independently selected from the group consisting
of hydrogen, halogen, Ci-C12 alkyl, hydroxy,
carboxylic acid, and amino; and wherein Y is a
divalent group selected from wherein R7 and R8 are
each independently selected from the group consisting
of hydrogen and C1-Ci alkyl. 7. The method of claim 1,
wherein the polystyrene comprises at least 30 weight
percent of repeating units derived from styrene. 8.
The method of claim 1, wherein the polystyrene is
selected from homopolystyrenes, rubber-modified
polystyrenes, styrene-alpha-methylstyrene copolymers,
block copolymers of styrene and a conjugated diene,
hydrogenated block copolymers of styrene and a
conjugated diene, and combinations thereof. 9. The
method of claim 1, wherein the poly(arylene ether) and
the polystyrene are provided in the form of an
intimate blend that is the product of a process
comprising melt kneading the poly(arylene ether) and
the polystyrene. 10. The method of claim 1, wherein
the poly(arylene ether) and the polystyrene are
provided in the form of an intimate blend that is the
product of a process comprising melt kneading the
poly(arylene ether), the polystyrene, and a carboxylic
acid compound selected from adipic acid, glutaric
acid, malonic acid,succinic acid, phthalic acid,
maleic acid, citraconic acid, itaconic acid, citric
acid, hydrates of the foregoing acids, anhydrides of
the foregoing acids, and combinations thereof. 11. The
method of claim 1, wherein the poly(arylene ether) and
the polystyrene are provided in the form of an
intimate blend that is the product of a process
comprising melt kneading the poly(arylene ether) and
the polystyrene to form an intimate blend, and steam
stripping the intimate blend. 12. The method of claim
1, wherein the carboxylic acid compound is selected
from Ci-C 0 carboxylic acids and C2-C2O carboxylic
acid anhydrides. 13. The method of claim 1, wherein
the carboxylic acid compound is selected from malonic
acid, succinic acid, glutaric acid, adipic acid, malic
acid, maleic acid, fumaric acid, phthalic acid,
isophthalic acid, terephthalic acid, bromoglutaric
acid, dimethylglutaric acid, aconitic acid, citraconic
acid, itaconic acid, citric acid, hydrates of the
foregoing acids, anhydrides of the foregoing acids,
and combinations thereof. 14. The method of claim 1,
wherein the carboxylic acid compound comprises citric
acid. 15. The method of claim 1, wherein the a polymer
resin has a glass transition temperature or a melting
temperature less than or equal to 1700C. 16. The
method of claim 1, wherein the polymer resin is
selected from polystyrenes, hydrocarbon waxes,
hydrocarbon resins, fatty acids, polyolefins,
polyesters, fluoropolymers, epoxy resins, phenolic
resins, rosins and rosin derivatives, terpene resins,
acrylate resins, and combinations thereof. 17. The
method of claim 1, wherein the polymer resin comprises
a homopolystyrene having a weight average molecular
weight of about 1,000 to about 300,000 atomic mass
units.18. The method of claim 1 wherein the polymer
resin comprises a low-density polyethylene having a
weight average molecular weight of about 5,000 to
about 40,000 atomic mass units. 19. The method of
claim 1, wherein the polymer resin comprises a
homopolystyrene having a weight average molecular
weight of about 1,000 to about 300,000 atomic mass
units, and a low-density polyethylene having a weight
average molecular weight of about 5,000 to about
40,000 atomic mass units. 20. The method of claim 1,
wherein the carboxylic acid concentrate comprises
about 15 to about 95 weight percent of the polymer
resin and about 5 to about 85 weight percent of the
carboxylic acid compound. 21. The method of claim 1,
wherein the carboxylic acid concentrate comprises
about 60 to about 85 weight percent of the polymer
resin and about 15 to about 40 weight percent of the
carboxylic acid compound. 22. The method of claim 1,
wherein the carboxylic acid concentrate further
comprises an additive selected from stabilizers, mold
release agents, processing aids, flame retardants,
drip retardants, nucleating agents, UV blockers,
colorants, particulate fillers, reinforcing fillers,
conductive fillers, antioxidants, anti-static agents,
blowing agents, and mixtures thereof. 23. The method
of claim 1, wherein the composition further comprises
an additive selected from stabilizers, mold release
agents, processing aids, flame retardants, drip
retardants, nucleating agents, UV blockers, colorants,
particulate fillers, reinforcing fillers, conductive
fillers, antioxidants, anti-static agents, blowing
agents, and mixtures thereof. 24. The method of claim
1, . wherein the carboxylic acid concentrate is
substantially free of poly(arylene ether). 25. The
method of claim 1, wherein said melt kneading
comprises blending with a specific energy consumption
of about 0.1 to about 0.3 kilowatt-hour per kilogram
of intimate blend.26. The method of claim 1, further
comprising shaping the polymer composition using at
least one method selected from pelletization,
extrusion, foam extrusion, single layer and multilayer
sheet extrusion, film extrusion, profile extrusion,
injection molding, blow molding, pultrusion,
compression molding, thermoforming, pressure forming,
hydroforming, vacuum forming, and foam molding. 27.
The method of claim 26, wherein said shaping the
polymer composition comprises extruding at least three
poly(arylene ether)/polystyrene compositions to form a
multilayer article comprising a foamed core layer, a
first unfoamed layer disposed on one surface of the
foamed core layer, and a second unfoamed layer
disposed on another surface of the foamed core layer.
28. The method of claim 1, wherein said melt kneading
the poly(arylene ether), the 



polystyrene, and the carboxylic acid concentrate
comprises melt kneading with an extruder comprising a
mixing section, and wherein the poly(arylene ether),
the polystyrene, and the carboxylic acid concentrate
are added to the extruder upstream of the mixing
section. 29. The method of claim 1, wherein said melt
kneading the poly(arylene ether), the polystyrene, and
the carboxylic acid concentrate comprises melt
kneading with an extruder comprising a first mixing
section and a second mixing section; wherein the
poly(arylene ether) and the polystyrene are added to
the extruder upstream of the first mixing section; and
wherein the carboxylic acid concentrate is added to
the extruder downstream of the first mixing section
and upstream of the second mixing section. 30. The
method of claim 1, wherein the polymer composition has
a toluene concentration of about 5 to about 15 parts
per million by weight, based on the total weight of
the polymer composition. 31. The method of claim 1,
wherein the polymer composition has a styrene
concentration of about 75 to about 150 parts per
million by weight, based on the total weight of the
polymer composition. 32. A method of preparing a
polymer composition, comprising:melt kneading a
composition comprising a poly(arylene ether)
comprising 2,6-dimethyl-1,4-phenylene ether units; a
polystyrene selected from homopolystyrenes,
rubber-modified polystyrenes, styrenealpha-
methylstyrene copolymers, block copolymers of styrene
and a conjugated diene, hydrogenated block copolymers
of styrene and a conjugated diene, and combinations
thereof, and a carboxylic acid concentrate comprising
an intimate blend comprising a polymer resin having a
glass transition temperature or a melting temperature
of about 30 to about 175C; wherein the polymer resin
is selected from polystyrenes, hydrocarbon waxes,
hydrocarbon resins, fatty acids, polyolef ns,
polyesters, fluoropolymers, epoxy resins, phenolic
resins, rosins and rosin derivatives, terpene resins,
acrylate resins, and combinations thereof; and a
carboxylic acid compound selected from malonic acid,
succinic acid, glutaric acid, adipic acid, malic acid,
maleic acid, fumaric acid, phthalic acid, isophthalic
acid, terephthalic acid, bromoglutaric acid,
dimethylglutaric acid, citraconic acid, itaconic acid,
citric acid, hydrates of the foregoing acids,
anhydrides of the foregoing acids, and combinations
thereof to form a polymer composition. 33. A method of
preparing a polymer blend, comprising: melt kneading a
composition comprising about 20 to about 80 parts by
weight of a poly(arylene ether) comprising
2,6-dimethyl- 1,4-phenylene ether units, about 20 to
about 80 parts by weight a polystyrene selected from
atactic homopolystyrenes, rubber-modified
polystyrenes, and combinations thereof, and about 5 to
about 20 parts by weight of a carboxylic acid
concentrate comprising an intimate blend
comprisingabout 15 to about 85 weight percent of a
polymer resin having a glass transition temperature or
a melting temperature of about 100 to about 1600C;
wherein the polymer resin comprises a homopolystyrene
having a weight average molecular weight of about
2,000 to about 300,000 atomic mass units, or a low
density polyethylene having a weight average molecular
weight of about 5,000 to about 40,000 atomic mass
units, or a combination thereof, and about 15 to about
50 weight percent of a carboxylic acid compound
comprising citric acid, to form a polymer blend. 34.
The method of claim 33, wherein the poly(arylene
ether) and the polystyrene are provided in the form of
an intimate blend that is the product of a process
comprising melt kneading the poly(arylene ether) and
the polystyrene. 35. A polymer blend prepared by the
method of claim 1. 36. A polymer blend prepared by the
method of claim 32. 37. A polymer blend prepared by
the method of claim 33. 38. The polymer blend of claim
35, having a toluene concentration of about 5 to about
15 parts per million by weight and a styrene
concentration of about 75 to about 150 parts per
million by weight, based on the total weight of the
polymer blend. 39. An article prepared by the method
of claim 26. 40. An article comprising the polymer
blend of claim 35. 4 1. An article comprising the
polymer blend of claim 36. 42. An article comprising
the polymer blend of claim 37. 43. A carboxylic acid
concentrate, comprising:about 15 to about 85 weight
percent of a carboxylic acid compound; and about 15 to
about 85 weight percent of a polymer resin having a
glass transition temperature or a melting temperature
of about 50 to about 175C. 44. The carboxylic acid
concentrate of claim 43, wherein the carboxylic acid
compound is citric acid; and wherein the polymer resin
is selected from polystyrenes, hydrocarbon waxes,
hydrocarbon resins, fatty acids, polyolefins,
polyesters, fluoropolymers, epoxy resins, phenolic
resins, rosins and rosin derivatives, terpene resins,
acrylate resins, and combinations thereof. 45. The
carboxylic acid concentrate of claim 43, wherein the
carboxylic acid compound is citric acid; and wherein
the polymer resin is selected from homopolystyrenes,
rubber-modified polystyrenes, styrene-butadiene block
copolymers, and combinations thereof. 46. The
carboxylic acid concentrate of claim 43, wherein the
carboxylic acid compound is citric acid; and wherein
the polymer resin comprises a homopolystyrene having a
weight average molecular weight of about 2,000 to
about 300,000 atomic mass units. 47. The carboxylic
acid concentrate of claim 43, wherein the carboxylic
acid compound is citric acid; and wherein the polymer
resin comprises a low-density polyethylene having a
weight average molecular weight of about 5,000 to
about 40,000 atomic mass units. 48. The carboxylic
acid concentrate of claim 43, wherein the carboxylic
acid compound is citric acid; andwherein the polymer
resin comprises an ethylene-vinyl acetate copolymer. 


