
RAF INHIBITOR COMPOUNDS AND METHODS OF USE THEREOF
CROSS REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority to U.S. Provisional
Application Serial No. 60/713,630 filed September 1,
2005, which is incorporated herein by reference in its
entirety. BACKGROUND OF THE INVENTION [0002] Field of
the Invention [0003] Provided are compounds that are
inhibitors of Raf kinase, as well as compositions
containing these compounds and methods of use thereof.
The compounds are useful for inhibiting Raf kinase and
for treating disorders mediated thereby. Also provided
are methods of using the compounds of the present
invention for in vitro, in situ, and in vivo diagnosis
or treatment of mammalian cells and/or associated
pathological conditions. [0004] Description of the
state of the art [0005] The Raf/MEK/ERK (extracellular
signal-regulated kinase) kinase cascade is pivotal in
transmitting signals from membrane receptors to
transcription factors that control gene expression
culminating in the regulation of cell cycle
progression (Robinson, MJ and Cobb, MH (1997) Curr.
Opin. Cell Biol., 9:180-186). This cascade can prevent
cell death through ERK2 and p90(Rsk) activation and
phosphorylation of apoptotic and cell cycle regulatory
proteins (Shelton, JG, et al. (2003) Oncogene,
22(16):2478-92). The PI3K/Akt kinase cascade also
controls apoptosis and can phosphorylate many
apoptotic and cell cycle regulatory proteins. These
pathways are interwoven as Akt can phosphorylate Raf
and result in its inactivation, and Raf can be
required for the anti-apoptotic effects of Akt. Raf is
a key serine-threonine protein kinase which
participates in the transmission of growth,
anti-apoptotic and differentiation messages. These
signals can be initiated after receptor ligation and
are transmitted to members of the MAP kinase cascade
that subsequently activate transcription factors
controlling gene expression. [0006] Raf is a multigene
family which expresses oncoprotein kinases: A-Raf,
B-Raf and C-Raf (also known as Raf-1), and isoformic
variants that result from differential splicing of
mRNA are known (McCubrey, JA, et al.,(1998) Leukemia
12(12):1903-1929; Ikawa, et al., (1988) MoI and Cell.
Biol, 8(6):265 1-2654; Sithanandam, et al., (1990)
Oncogene, 5:1775-1780; Konishi, et al., (1995)
Biochem. and Biophys. Res. Comm., 216(2):526-534). All
three Raf kinases are functionally present in certain
human hematopoietic cells, and their aberrant
expression can result in abrogation of cytokine
dependency. Their regulatory mechanisms differ because
C-Raf and A-Raf require additional serine and tyrosine
phosphorylation within the N region of the kinase
domain for full activity (Mason et al., (1999) EMBO J
, 18:2137-2148), and B-Raf has a much higher basal
kinase activity than either A-Raf or C-Raf. The three
Raf oncoproteins play critical roles in the
transmission of mitogenic and antiapoptotic signals.
Recently, it has been shown that B-Raf is frequently
mutated in various human cancers (Wan, et al., (2004)
Cell, 116:855-867). Development of specific Raf
inhibitors may prove efficacious in cancer therapy.
The 



cytoplasmic serine/threonine kinase B-Raf and receptor
tyrosine kinases of the platelet-derived growth factor
receptor (PDGFR) family are frequently activated in
cancer by mutations of an equivalent amino acid.
Structural studies have provided important insights
into why these very different kinases share similar
oncogenic hot spots and why the PDGFR juxtamembrane
region is also a frequent oncogenic target (Dibb, NJ
(2004) Nature Reviews Cancer, 4(9):718- 27). [0007]
Transformation of normal melanocytes into melanoma
cells is accomplished by the activation of growth
stimulatory pathways, typically leading to cellular
proliferation and the inactivation of apoptotic and
tumor suppressor pathways. Small molecule inhibitors
of proteins in the growth stimulatory pathways are
under active investigation, and their application to
melanoma patients would represent a new treatment
strategy to inhibit cell proliferation or induce cell
death (Polsky, D., (2003) Oncogene, 22(20):3087-.
3091; Konopleva, M., et al., (2003) Blood, 102(1
l):625a). [0008] B-Raf encodes a RAS-regulated kinase
that mediates cell growth and malignant transformation
kinase pathway activation. Activating B-Raf mutations
have been identified in 66% of melanomas and a smaller
percentage of many other human cancers. B-Raf
mutations also account for the MAP kinase pathway
activation common in non-small cell lung carcinomas
(NSCLCs), including V600E and other mutations
identified as novel, alteringresidues important in
AKT-mediated B-Raf phosphorylation, which suggest that
disruption of AKT-induced B-Raf inhibition can play a
role in malignant transformation. Although >90% of
B-Raf mutations in melanoma involve codon 600 (57 of
60), 8 of 9 B-Raf mutations reported to date in NSCLC
are non-V600 (89%; P < 10 7), strongly suggesting that
B-Raf mutations in NSCLC are qualitatively different
from those in melanoma; thus, there may be therapeutic
differences between lung cancer and melanoma in
response to RAF inhibitors. Although uncommon, B-Raf
mutations in human lung cancers may identify a subset
of tumors sensitive to targeted therapy (Brose, MS, et
al., (2002) Cancer Research, 62(23):6997-7000). [0009]
Raf protein kinases are key components of signal
transduction pathways by which specific extracellular
stimuli elicit precise cellular responses in mammalian
cells. Activated cell surface receptors activate
ras/rap proteins at the inner aspect of the plasma
membrane, which in turn recruit and activate Raf
proteins. Activated Raf proteins phosphorylate and
activate the intracellular protein kinases MEKl and
MEK2. In turn, activated MEKs catalyze phosphorylation
and activation of p42/p44 mitogen-activated protein
kinase (MAPK). A variety of cytoplasmic and nuclear
substrates of activated MAPK are known which directly
or indirectly contribute to the cellular response to
environmental change. [0010] Small molecule inhibitors
of the Raf/MEK/ERK pathway are being developed for
anticancer therapy (Thompson et al., (2005) Current
Opinion in Pharmacology 5:1-7). Inhibitors of Raf
kinases have been suggested for use in disruption of
tumor cell growth and hence in the treatment of
cancers, 



e.g. histiocytic lymphoma, lung adenocarcinoma, small
cell lung cancer and pancreatic and breast carcinoma;
and also in the treatment and/or prophylaxis of
disorders associated with neuronal degeneration
resulting from ischemic events, including cerebral
ischemia after cardiac arrest, stroke and
multi-infarct dementia and also after cerebral
ischemic events such as those resulting from head
injury, surgery and/or during childbirth
(neurotrauma). In particular, it has been suggested
that B-Raf is the major Raf isoform activated by the
neurotrophin, nerve growth factor (NGF), for NGF
induced extracellular signaling by kinase activation
(York et al., (2000) MoI. and Cell. Biol.
20(21):8069-8083).SUMMARY OF THE INVENTION [0011] In
one aspect, the invention relates to compounds that
are inhibitors of Raf kinases, in particular
inhibitors of B-Raf kinase. Certain hyperproliferative
disorders are characterized by the overactivation of
Raf kinase function, for example by mutations or
overexpression of the protein. Accordingly, the
compounds of the invention are useful in the treatment
of hyperproliferative disorders such as cancer. [0012]
More specifically, one aspect of the invention
provides compounds of Formula I [0013] and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites and pharmaceutically acceptable salts and
prodrugs thereof, wherein X, Y, Z1, Z2, Z3, R1 R2 and
R4 are as defined herein. [0014] Also provided are
compounds of Formula VI VI [0015] and stereoisomers,
geometric isomers, tautomers, solvates, metabolites,
salts (including pharmaceutically acceptable salts)
and pharmaceutically acceptable prodrugs thereof,
wherein Y, R1, R3 and R4 are as defined herein. [0016]
Also provided are compounds of Formula IIII [0017] and
stereoisomers, geometric isomers, tautomers, solvates,
metabolites and pharmaceutically acceptable salts
thereof, wherein X, Y, Z1, Z2, Z R R R and n are as
defined herein. [0018] Also provided are compounds of
Formula VII VII [0019] and stereoisomers, geometric
isomers, tautomers, solvates, metabolites, salts
(including pharmaceutically acceptable salts) and
pharmaceutically acceptable prodrugs thereof, wherein
Y5R1, R3, R5 and n are as defined herein. [0020]
Another aspect of the invention provides methods of
inhibiting Raf kinase activity, comprising contacting
a Raf kinase with an effective inhibitory amount of a
compound of this invention, or a stereoisomer,
geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof.
[0021] Another aspect of the invention provides
methods of preventing or treating a disease or
disorder modulated by Raf kinases, comprising 



administering to a mammal in need of such treatment an
effective amount of a compound of this invention or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof. 5Examples of such diseases and
disorders include, but are not limited to,
hyperproliferative disorders (such as cancer,
including melanoma and other cancers of the skin),
neurodegeneration, cardiac hypertrophy, pain, migraine
and neurotraumatic disease. [0022] Another aspect of
the invention provides methods of preventing or
treating cancer, comprising administering to a mammal
in need of such treatment an effective amount of a
compound of this invention, or a stereoisomer,
geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof,
alone or in combination with one or more additional
compounds having anti-cancer properties. [0023]
Another aspect of the invention includes kits
comprising a compound of this invention, or a
stereoisomer, geometric isomer, tautomer, solvate,
metabolite, or pharmaceutically acceptable salt or
prodrug thereof, a container, and optionally a package
insert or label indicating a treatment. [0024] Another
aspect of the invention includes methods of preparing,
methods of separation, and methods of purification of
the compounds of this invention. DETAILED DESCRIPTION
OF THE INVENTION [0025] RAF INHIBITOR COMPOUNDS [0026]
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.[0027] DEFINITIONS [0028] 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(CH3)2), 1-butyl (n-Bu, n-butyl, -
CH2CH2CH2CH3), 2-methyl-l-propyl (i-Bu, i-butyl,
-CH2CH(CH3)2), 2-butyl (s- Bu, s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1- 



pentyl (n-pentyl, -CH2CH2CH2CH2CH3), 2-pentyl
(-CH(CH3)CH2CH2CH3), 3- pentyl (-CH(CH2CH3)2),
2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2), 3-methyl-1-butyl
.(-CH2CH2CH(CH3)2), 2-methyl- 1-butyl
(-CH2CH(CH3)CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3) ,
2-hexyl (- CH(CH 3)CH 2CH2CH2CH3), 3-hexyl (-CH(CH
2CH3)(CH 2CH2CH3)), 2-methyl-2- pentyl
(-C(CH3)2CH2CH2CH3), 3-methyl-2-penryl (- CH(CH
3)CH(CH 3)CH 2CH3), 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3- methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl . (-
CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl
(-C(CH3)2CH(CH3)2), 3,3- dimethyl-2-butyl
(-CH(CH3)C(CH3)3, 1-heptyl, 1-octyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. [0029] The term "alkenyl" 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, 1-cyclohex- 2-enyl, and
l-cyclohex-3-enyl. [0030] The term "alkynyl" 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 (-CºCH) andpropynyl
(propargyl, -CH2CºCH). [0031] "Carbocycle" and
"carbocyclyl" mean a monovalent nonaromatic, saturated
or unsaturated ring having 3 to 12 carbon atoms as a
monocyclic ring or 7 to 12 carbon atoms as a bicyclic
ring. Bicyclic carbocycles having 7 to 12 atoms can be
arranged, for example, as a bicyclo [4,5], [5,5],
[5,6] or [6,6] system, and byciclic carbocycles having
9 or 10 ring atoms can be arranged as a bicyclo [5,6]
or [6,6] system, or as bridged systems such as
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. Examples of monocyclic
carbocycles include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-l-enyl, l-cyclopent-2-enyl, l-cyclopent-3-
enyl, cyclohexyl, 1-cyclohex-l-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl and cyclododecyl. [0032] "Aryl" means a
monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms derived by the removal of one hydrogen atom from
a single carbon atom of a parent aromatic ring system.
Some aryl groups are represented in the exemplary
structures as "Ar". Aryl includes bicyclic radicals
comprising an aromatic ring with a fused non-aromatic
ring, a partially unsaturated ring, or an aromatic
ring. Typical aryl groups include, but are not limited
to, radicals derived from benzene, substituted
benzenes, naphthalene, anthracene, biphenyl, 



indenyl, indanyl, 1,2-dihydronapthalene,
1,2,3,4-tetrahydronapthyl, and the like. [0033]
"Heteroaryl", "heterocyclyl", and "heterocycle" all
refer to a ring system in which one or more ring atoms
are a heteroatom, e.g., nitrogen, oxygen, and sulfur.
The heterocyclyl radical comprises 1 to 20 carbon
atoms and 1 to 6 heteroatoms selected from N, O, P,
and S. The heterocyclyl radical may be saturated,
partially unsaturated or fully unsaturated. The
heterocyclyl radical may be aromatic or non-aromatic.
A heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 3 heteroatoms
selected from N, O, P, and S) or a bicycle having 7 to
10 ring members (4 to 9 carbon atoms and 1 to 3
heteroatoms selected from N, O, P, and S), for
example: a bicyclo [4,5], [5,5], [5,6], or [6,6]
system. Heterocycles are described in Paquette, Leo
A.; "Principles of Modern Heterocyclic Chemistry"
(W.A. Benjamin, New York, 1968), particularly Chapters
1, 3, 4, 6, 7, and 9; "The Chemistry of Heterocyclic
Compounds, A series of Monographs" (John Wiley & Sons,
New York, 1950 topresent), in particular Volumes 13,
14, 16, 19, and 28; and J Am. Chem, Soc, (1960)
82:5566. [0034] Examples of heterocyclyl radicals
include, but are not limited to, pyridyl,
dihydroypyridyl, 4-dialkylaminopyridinium,
tetrahydropyridyl (piperidyl), thiazolyl,
tetrahydrothiophenyl, sulfur-oxidized
tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, thianaphthalenyl, indolyl, indolenyl,
quinolinyl, isoquinolinyl, benzimidazolyl,
piperidinyl, 4-piperidonyl, pyrrolidinyl,
2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
3-oxotetrahydrofuranyl, 3-oximinio-tetrahydrofuranyl,
bis-tetrahydrofuranyl, tetrahydropyranyl,
4-oxo-tetrahydropyranyl, 4-oximino-tetrahydropyranyl,
bistetrahydropyranyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl,
octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-
thiadiazinyl, 2H,6H-l,5,2-dithiazinyl, thienyl,
thianthrenyl, pyranyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl,
isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl,
isoindolyl, 3Hindolyl, lH-indazolyl, purinyl,
4H-quinolizinyl, phthalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4H-carbazolyl, carbazolyl, b- carbolinyl,
phenanthridinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl,
furazanyl, phenoxazinyl, isochromanyl, cbxomanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl,
pyrazolinyl, piperazinyl, indolinyl, isoindolinyl,
quinuclidinyl, morpholinyl, oxazolidinyl,
benzotriazolyl, benzisoxazolyl, oxindolyl,
benzoxazolinyl, and isatinoyl. [0035] The term
"heteroaryl" also includes 1) monocyclic aromatic 5-,
6- , and 7-membered rings containing one or more
heteroatoms independently selected from nitrogen,
oxygen, and sulfur, and 2) fused ring systems of 8 to
20 atoms wherein at least one aromatic ring contains
one or more heteroatoms independently selected from
nitrogen, oxygen, and sulfur. Examples of heteroaryl
groups are pyridinyl (including, for example,
2-hydroxypyridinyl), imidazolyl, imidazopyridinyl,
pyrimidinyl (including, for example, 4-
hydroxypyrimidinyl), pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, 



isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl,
oxadiazolyl,triazolyl, thiadiazolyl, thiadiazolyl,
furazanyl, benzofurazanyl, benzothiophenyl,
benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and furopyridinyl. Some
heteroaryl groups are represented herein as "hetAr".
Heteroaryl groups are optionally substituted
independently with one or more substituents described
herein. [0036] 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, thiofuran,
thiophene, pyrrole or tetrahydropyrrole, position 2,
4, or 5 of an oxazole, imidazole or thiazole, position
3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4
of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an
isoquinoline. Still more typically, carbon bonded
heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl,
5- pyridyl, 6-pyridyl, 3-pyridaz Þiyl, 4-pyridazinyl,
5-pyridazinyl, 6-pyridazinyl, 2- pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl,
2-pyrazinyl, 3- pyrazinyl, 5-pyrazinyl, 6-pyrazinyl,
2-thiazolyl, 4-thiazolyl, or 5-thiazolyl. [0037] 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 a 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, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl,
1-pyrazolyl, and 1-piperidinyl. [0038] Substituents
may also be combinations of alkyl, alkenyl, alkynyl,
carbocycle, aryl, and heteroaryl radicals, such as
cyclopropylmethyl, cyclohexylethyl, benzyl, and
N-ethylmorpholino, and substituted forms thereof.
[0039] "Substituted alkyl", "substituted aryl",
"substituted heterocyclyl" and "substituted
cycloalkyl" mean alkyl, aryl, heterocyclyl and
cycloalkyl respectively, 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, CN5 CF3, OR, R5 =0, =S, =NR,
N+(O)(R), =N(0R), N+(O)(OR), =N-NRR', -C(=O)R,
-CC=O)OR, -C(=0)NRR', -NRR1, -N+RR1R", -N(R)C(O)R 1,
-N(R)C(O)OR 1, -N(R)CC=O)NR1R", -SR, -OC(O)R -
OC(O)OR, -OC(O)NRR', -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), -SC(O)R,
-SC(O)OR, O and -SC(O)NRR 1; wherein each R5R' and R"
is independently selected from H5 C1- C10 alkyl, C1-
C10 alkenyl, C1- C10 alkynyl, C6- C 0 aryl and C2- C 0
heterocycle. Alkenyl and alkynyl groups as described
above may also be similarly substituted. [0040] 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, such as the
development or spread of cancer. For purposes of this
invention, beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
or palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. The terms "treating", "treat", or
"treatment" embrace both preventative, i.e.,
prophylactic, and palliative treatment. [0041] The
phrase "therapeutically effective amount" means an
amount of a compound of the present invention that (i)
treats or prevents the particular disease, condition,
or disorder, (ii) attenuates, ameliorates, or
eliminates one or more symptoms of the particular
disease, condition, or disorder, or (iii) prevents or
delays the onset of one or more symptoms of the
particular disease, condition, or disorder described
herein. In the case of cancer, the therapeutically
effective amount of the drug may reduce the number of
cancer cells; reduce the tumor size; inhibit (i.e.,
slow to some extent and preferably stop) cancer cell
infiltration into peripheral organs; inhibit (i.e.,
slow to some extent and preferably stop) tumor
metastasis; inhibit, to some extent, tumor growth;
and/or relieve to some extent one or more of the
symptoms associated with the cancer. To the extent the
drug may prevent growth and/or kill existing cancer
cells, it may be cytostatic and/or cytotoxic. For
cancer therapy, efficacy can be measured, forexample,
by assessing the time to disease progression (TTP)
and/or determining the response rate (RR). [0042] The
term "bioavailability" refers to the systemic
availability (i.e., blood/plasma levels) of a given
amount of drug administered to a patient.
Bioavailability is an absolute term that indicates
measurement of both the time (rate) and total amount
(extent) of drug that reaches the general circulation
from an administered dosage form. [0043] The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. A "tumor"
comprises one or more cancerous cells. Examples of
cancer include, but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers
include squamous cell cancer {e.g., epithelial
squamous cell cancer), lung cancer including small-
cell lung cancer, non-small cell lung cancer
("NSCLC"), adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, colorectal cancer, endometrial
or uterine carcinoma, salivary gland carcinoma, kidney
or renal 



cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, as well as head and neck cancer. [0044] A
"chemotherapeutic agent" is a chemical compound useful
in the treatment of cancer. Examples of
chemotherapeutic agents include Erlotinib (TARCEVA(r),
Genentech/OSI Pharm.), Bortezomib (VELCADE(r),
Millenium Pharm.), Fulvestrant (FASLODEX(r),
AstraZeneca), Sutent (SUl 1248, Pfizer), Letrozole
(FEMARA(r), Novartis), Imatinib mesylate (GLEEVEC(r),
Novartis), PTK787/ZK 222584 (Novartis), Oxaliplatin
(Eloxatin(r), Sanofi), 5-FU (5- fluorouracil),
Leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth),
Lapatinib (GSK572016, Glaxo Smith Kline), Lonafarnib
(SCH 66336), Sorafenib (BAY43-9006, Bayer Labs), and
Gefitinib (IRESSA(r), AstraZeneca), AG1478, AG1571 (SU
5271; Sugen), alkylating agents such as thiotepa and
CYTOXAN(r) cyclosphosphamide; . alkyl sulfonates such
as busulfan, improsulfan and piposulfan; aziridines
such as benzodopa, carboquone,meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptotliecin
(including the synthetic analogue topotecan);
bryostatin; callystatin; CC-1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogues); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and
CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as neocarzino
statin chromophore and related chromoprotein enediyne
antibiotic chromophores), aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorubicin, detorubicin, 6-
diazo-5-oxo-L-norleucine, ADRIAMYCIN(r) (doxorubicin),
morpholinodoxorubicin, cyanomorpholino-doxorubicin,
2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins such as mitomycin C, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin,
streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti¬ metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as 



calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside;aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; leÞ tinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"- trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
(paclitaxel; Bristol-Myers Squibb Oncology, Princeton,
N.J.), ABRAXANE" (Cremophor-free), albuminengineered
nanoparticle formulations of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) (doxetaxel; Rhdne-Poulenc Rorer, Antony,
France); chloranbucil; GEMZAR(r) (gemcitabine); 6-
thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin;
vinblastine; etoposide (VP-1 6); ifosfamide;
mitoxantrone; vincristine; NAVELBINE(r) (vinorelbine);
novantrone; teniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; CPT-Il;
topoisomerase inhibitor RFS 2000;
difluorometlhylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0045] Also included in the definition of
"chemotherapeutic agent" are: (i) anti-hormonal agents
that act to regulate or inhibit hormone action on
tumors such as anti-estrogens and selective estrogen
receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX(r); tamoxifen citrate),
raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, LYl 17018, onapristone, and
FARESTON(r) (toremifine citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
ammoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RTVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIMIDEX(r) (anastrozole;
AstraZeneca); (iii) anti-androgens such as flutamide,
nilutamide,bicalutamide, leuprolide, and goserelin; as
well as troxacitabine (a 1,3-dioxolane nucleoside
cytosine analog); (iv) protein kinase inhibitors; (v)
lipid kinase inhibitors; (vi) antisense
oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated
in aberrant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; (vii) ribozymes such as
VEGF expression inhibitors (e.g., ANGIOZYME(r)) and
HER2 expression inhibitors; (viii) vaccines such as
gene therapy vaccines, for example, ALLOVECTIN(r),
LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2; a
topoisomerase 1 inhibitor such as LURTOTECAN(r) ;
ABARELIX(r) rmRH; (ix) 



anti-angiogenic agents such as bevacizumab
(AVASTIN(r), Genentech); and (x) pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0046] The term "prodrug" as used in this
application refers to a precursor or derivative form
of a compound of of this invention that is less
cytotoxic to cells compared to the parent compound or
drug and is capable of being enzymatically or
hydrolytically activated or converted into the more
active parent form. See, e.g., Wilman, "Prodrugs in
Cancer Chemotherapy" Biochemical Society Transactions,
14, pp. 375-382, 615th Meeting Belfast (1986) and
Stella et al., "Prodrugs: A Chemical Approach to
Targeted Drug Delivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but
are not limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfatecontaining
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5- fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, compounds
of of this invention and chemotherapeutic agents such
as described above. [0047] A "metabolite" is a product
produced through metabolism in the body of a specified
compound or salt thereof. Metabolites of a compound
may be identified using routine techniques known in
the art and their activities determined using tests
such as those described herein. Such products may
result for example from the oxidation, reduction,
hydrolysis, amidation, deamidation,esterification,
deesterification, enzymatic cleavage, and the like, of
the administered compound. Accordingly, the invention
includes metabolites of compounds of this invention,
including compounds produced by a process comprising
contacting a compound of this invention with a mammal
for a period of time sufficient to yield a metabolic
product thereof. [0048] 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 Raf inhibitors
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. [0049]
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.
[0050] The term "chiral" refers to molecules which
have the property of non-superimposability of the
mirror image partner, while the term "achiral" refers
to molecules which are superimposable on their mirror
image partner. [0051] The term "stereoisomers" refers
to compounds which have identical chemical
constitution, but differ with regard to the
arrangement of the 



atoms or groups in space. [0052] "Diastereomer" refers
to a stereoisomer with two or more centers of
chirality and whose molecules are not mirror images of
one another. Diastereomers have different physical
properties, e.g. melting points, boiling points,
spectral properties, and reactivities. Mixtures of
diastereomers may separate under high resolution
analytical procedures such as electrophoresis and
chromatography. [0053] "Enantiomers" refer to two
stereoisomers of a compound which are
non-superimposable mirror images of one another.
[0054] Stereochemical definitions and conventions used
herein generally follow S. P. Parker, Ed., McGraw-Hill
Dictionary of Chemical Terms (1984) McGraw-Hill Book
Company, New York; and Eliel, E. and Wilen, S.,
"Stereochemistry of Organic Compounds", John Wiley &
Sons, Inc., New York, 1994. The compounds of the
invention may contain asymmetric or chiralcenters, and
therefore exist in different stereoisomeric forms. It
is intended that all stereoisomeric forms of the
compounds of the invention, including but not limited
to, diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as racemic mixtures,
form part of the present invention. Many organic
compounds exist in optically active forms, i.e., they
have the ability to rotate the plane of
plane-polarized light, hi describing an optically
active compound, the prefixes D and L, or R and S, are
used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d
and 1or (+) and (-) are employed to designate the sign
of rotation of plane-polarized light by the compound,
with (-) or 1 meaning that the compound is
levorotatory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these
stereoisomers are identical except that they are
mirror images of one another. A specific stereoisomer
may also be referred to as an enantiomer, and a
mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers
is referred to as a racemic mixture or a racemate,
which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity.
[0055] 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. [0056] The phrase "pharmaceutically
acceptable salt," as used herein, refers to
pharmaceutically acceptable organic or inorganic salts
of a compound of the invention. Exemplary salts
include, but are not limited, to sulfate, citrate,
acetate, oxalate, chloride, bromide, iodide, nitrate,
bisulfate, phosphate, acid phosphate, isonicotinate,
lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate,



methanesulfonate, ethanesulfonate, benzenesulfonate,
/?-toluenesulfonate, and pamoate (i.e.,
l,l'-methylene-bis -(2-hydroxy-3-naphthoate)) salts. A
pharmaceutically acceptable salt may involve the
inclusion of another moleculesuch as an acetate ion, a
succinate ion or other counter ion. The counter ion
may be any organic or inorganic moiety that stabilizes
the charge on the parent compound. Furthermore, a
pharmaceutically acceptable salt may have more than
one charged atom in its structure. Instances where
multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple
counter ions. Hence, a pharmaceutically acceptable
salt can have one or more charged atoms and/or one or
more counter ion. [0057] If the compound of the
invention is a base, the desired pharmaceutically
acceptable salt may be prepared by any suitable method
available in the art, for example, treatment of the
free base with an inorganic acid, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid,
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. If the compound of the invention is an
acid, the desired pharmaceutically acceptable salt may
be prepared by any suitable method, for example,
treatment of the free acid with an inorganic or
organic base, such as an amine (primary, secondary or
tertiary), an alkali metal hydroxide or alkaline earth
metal hydroxide, or the like. Illustrative examples of
suitable salts include, but are not limited to,
organic salts derived from amino acids, such as
glycine and arginine, ammonia, primary, secondary, and
tertiary amines, and cyclic amines, such as
piperidine, morpholine and piperazine, and inorganic
salts derived from sodium, calcium, potassium,
magnesium, manganese, iron, copper, zinc, aluminum and
lithium. [0058] The phrase "pharmaceutically
acceptable" indicates that the substance or
composition must be compatible chemically and/or
toxicologically, with the other ingredients comprising
a formulation, and/or the mammal being treated
therewith. [0059] The compounds of this invention 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 compoundsof this invention and/or for
separating enantiomers of compounds of this invention.
[0060] 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, isopropanol,
ethanol, methanol, DMSO, ethyl acetate, acetic acid,
and ethanolamine. The term "hydrate" refers to the
complex where the solvent molecule is water. [0061]
The term "protecting group" or "Pg" refers to a
substituent that is commonly employed to block or
protect a particular functionality while reacting 



other functional groups on the compound. For example,
an "amino-protecting group" is a substituent attached
to an amino group that blocks or protects the amino
functionality in the compound. Suitable
amino-protecting groups include acetyl,
trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and
9-fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a
"hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy
functionality. Suitable protecting groups include
acetyl and silyl. A "carboxy-protecting group" refers
to a substituent of the carboxy group that blocks or
protects the carboxy functionality. Common
carboxy-protecting groups include -CH2CH2SO2Ph,
cyanoethyl, 2-(trimethylsilyl)ethyl, 2-
(trimethylsilyl)ethoxymethyl,
2-(p-toluenesulfonyl)ethyl, 2-(pnitrophenylsulfenyl)
ethyl, 2-(diphenylphosphino)-ethyl, nitroethyl and the
like. For a general description of protecting groups
and their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.
[0062] The term "animal" refers to humans (male or
female), companion animals (e.g., dogs, cats and
horses), food-source animals, zoo animals, marine
animals, birds and other similar animal species.
"Edible animals" refers to foodsource animals such as
cows, pigs, sheep and poultry. [0063] The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. [0064] RAF INHIBITOR COMPOUNDS
[0065] The present invention provides compounds, and
pharmaceutical formulations thereof, that are
potentially useful in the treatment of
diseases,conditions and/or disorders modulated by Raf
kinases. [0066] One aspect of this invention provised
compounds of Formula I [0067] and stereoisomers,
geometric isomers, tautomers, solvates, metabolites
and pharmaceutically acceptable salts thereof,
wherein: [0068] X is selected from NR3, O, C(=O), and
S; [0069] Y is O or S; [0070] Z1, Z2, and Z3 are
independently selected from CR5 and N, and one or two
of Z1, Z2 and Z3 is N; [0071] R1, R2 and R5 are
independently selected from H, F, Cl, Br, I, - C Y R,
-C(=Y 1)OR, -C(=Y1)NR2, -KR2, -N+R3, -N(R)CC=Y^R, -
N(R)CC=Y^OR, -N(R)C(=Y 1)NR2, -NR-alkylaryl, -NRSO
2NRR, -OR, - OC(=Y 1)R, -OC Y OR, -OC(=Y 1)NR2, -OS(O)
2(OR), -OP(=Y 1)(OR) 2, - OP(OR) 2, -P(=Y 1)(OR) 2,
-PC=Y1XOR)NR 2, -SR, -S(O)R, -S(O)2R, -S(O)2NRR, -
S(O)(OR), -S(O)2(OR), -SC(=Y 1)R, -SC(=Y 1)OR, -SC(=Y
1)NR2, C1- C8 alkylhalide, C1- C alkylsulfonate, C1-
C8 alkylamino, C1- C8 alkylhydroxyl, C1- C8
alkylthiol, 5-7 membered ring lactam, 5-7 membered
ring lactone, 5-7 membered ring sultam, C1- C alkyl,
C2- C8 alkenyl, C2- C8 alkynyl, C - C20 aryl, C3- C12
carbocycle, and C1- C2 heterocyclyl; [0072] R3 is
selected from H, C1- C8 alkyl, C2- C8 alkenyl, C2- C8
alkynyl, C6- C20 aryl, C3- C12 carbocycle, C1- C20
heterocyclyl, and a protecting 



group; [0073] R4 is selected from phenyl,[0074]
wherein the wavy line indicates the attachment to X;
[0075] Z\ Z5, Z6, Z7, and Z8 are independently
selected from CR5 and N; [0076] A is (i) an optionally
substituted 5 or 6 membered fused heterocyclic ring
having one or two heteroatoms independently selected
from O, N,. and S, (ii) an optionally substituted 5 or
6 membered fused carbocyclic ring, or (iii) an
optionally substituted fused phenyl ring; [0077] each
R is independently H, C1- C8 alkyl, C2- C8 alkenyl,
C2-Cg alkynyl, C6- C2 aryl, C1- C20 heterocyclyl, or a
protecting group; [0078] Y1 is independently selected
from O, S, NR, N+(O)(R), N(OR), N+(O)(OR), and N-NRR;
and [0079] each alkyl, alkenyl, alkynyl, aryl, phenyl,
carbocyclyl, and heterocyclyl is optionally
substituted with one or more substituents
independently selected from F, Cl, Br, I, CN5 CF3, OR,
SR, R, =0, =S, =NR, N+(O)(R), =N(OR), N+(O)(OR), =N-NR
2, -C(=Y1)R, -C(=Y1)OR, - C(=Y )NR2, -NR2, -N+R3,
-N(R)C(=Y1)R, -N(R)C(=Y 1)OR, -N(R)C(=Y1)NR2, - SR,
-OC Y R, -OC Y OR, -0C(=Y 1)NR2, -OS(O)2(OR), -OP(-Y
1)(OR)2 - OP(OR)2, -P(=Y1)(OR)2, -P(=Yl)(OR)NR2,
-S(O)R, -S(O)2R, -S(O)2NR, - S(O)(OR), -S(O)2(OR),
-SC(=Y 1)R, -SC Y OR, and -SC(=Y 1)NR . [0080] In
certain embodiments, R is a protecting group selected
from trialkylsilyl, dialkylphenylsilyl, benzoate,
benzyl, benzyloxymethyl, methyl, methoxymethyl,
triarylmethyl, phthalimido and tetrahydropyranyl.
[0081] In certain embodiments, (i) Z1 and Z2 are CR5,
and Z3 is N; (ii) Z1 and Z3 are CR5, and Z2 is N;
(iii) Z2 and Z3 are CR5, and Z1 is N; (iv) Z1 and Z3
are N, and Z2 is CR5; or (vi) Z1 and Z2 are N, and Z3
is CR5. [0082] In certain embodiments, the compounds
of Formula I include substituted forms of the
following parent heterocycles:thieno[2,3- ]pyridine
thieno[2,3-c]pyridine thieno [3,2-c]pyridine thieno
[2,3-^py midine thieno[3,2-</]pyridazme
thieno[2,3-c]pyridazine [0083] In certain embodiments,
the compounds of Formula I include substituted forms
of the following parent heterocycles: furo[2,3-
]pyridine furo[2,3-c]pyridine furo [3,2-c]pyridine
furo[2,3-J]pyrimidme furo[3,2-<f|pyridazme
furo[2,3-c]pyridazine [0084] In certain embodiments,
fused ring A is an optionally substituted 5 or 6
membered fused heterocyclic ring selected from
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridyl, piperazinyl, pyrrolidinyl, pyridyl,
pyrimidinyl, dihydrothiophenyl, thiophenyl,
imidazolyl, thiazolyl, oxazolyl, isoxazolyl, and
pyrazolyl. In particular embodiments, the 5 or 6
membered fused heterocyclic ring may be substituted
with =O, =S, =NR, =N+(O)(R), =N(OR), =N+(O)(OR), or
=N-NR 2. In particular embodiments, the 5 or 6
membered fused heterocyclic ring is substituted with
=NOR. [0085] In certain embodiments, fused ring A is
an optionally substituted 5 or 6 membered carbocyclic
ring selected from cyclopentyl, cyclopentenyl,
cyclohexyl, and cyclohexenyl. In particular
embodiments, the 5 or 6 memberedcarbocyclic ring may
be substituted with =0, =S, =NR, =N+(0)(R), =N(0R),
Nf+(O)(OR), or HNT-NR2. In particular embodiments, the
5 or 6 membered 



carbocyclic ring is substituted with =N(0R). [0086]
Exemplary embodiments of R4 include, but are not
limited to, the following structures: [0088] wherein
the wavy line indicates the attachment to X, each R5
is independent of the other R , and A is: (i) an
optionally substituted 5 or 6 membered fused
heterocyclic ring having one or two heteroatoms
independently selected from O, N, and S, (ii) an
optionally substituted 5 or 6 membered carbocyclic
ring, or (iii) an optionally substituted phenyl
ring.[0089] In certain embodiment of compounds of
Formula I, R1 is C(=O)R, C(=O)OR, CH(OH)-aryl or
C(=O)NRR. In particular embodiments, each R is
independently selected from H, alkyl, aryl and
heterocycle. In certain embodiments, said alkyl, aryl
and heterocycle are optionally substituted with one or
more groups independently selected from alkyl, O-alkyl
and NRR. [0090] In certain embodiments, R1 is NRR,
NR-alkylaryl or NRC(=O)R. In particular embodiments,
each R is independently H or alkyl. In certain
embodiments, said alkyl is optionally substituted with
one or more groups independently selected from O-alkyl
and NRR. [0091] In certain embodiments, R1 is phenyl,
wherein said phenyl is optionally substituted with one
or more substituents independently selected from F,
Cl, Br, I, CN CF3, OR, R, -C(=Yl)R, -C Y1PR,
-CC=Y^NR2, -NR2, - N+(R)3, -N(R)C(=Y1)R,
-N(R)C(=Y1)OR, -N(R)C(=Y 1)NR2, -SR, -OCC=Y^R, -
OC(=Y1)OR, -OC Y NR , -OS(O)2(OR), -OP(=Y1)(OR)2,
-OP(OR)2, - P( Y1XOR)2, -Pt=Y1XOR)NR2, -S(O)R,
-S(O)2R, -S(O)2NRR, -S(O)(OR), - S(O)2(OR), -SC(=Y )R,
-SC Y OR, and -SC(=Y1)NR2. In particular embodiments,
R is phenyl optionally substituted with one or more
substituents selected from OR, C(=O)RR, alkyl, CN or
CF3. [0092] In certain embodiments, R1 is a
heterocycle including, but not limited to, 2-pyridyl,
3-pyridyl, 4-pyridyl, 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl, 2-imidazolyl, 4-imidazolyl, 3-pyrazolyl,
4-pyrazolyl, 2-pyrrolyl, 3- pyrrolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 3-pyridazinyl,
4-pyridazinyl, 5- pyridazinyl, 2-pyrimidinyl,
5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 2-
oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-furanyl,
3-furanyl, 2-thienyl, 3-thienyl, 3- indolyl, and
substituted forms thereof, and shown as:[0093] In
particular embodiments, R1 is selected from 2-pyridyl,
3- pyridyl, 4-pyridyl, 2-pyrimidinyl, 3-isoxazolyl,
and substituted forms thereof. In certain embodiments,
said 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl,
and 3- isoxazolyl are substituted with one or more
alkyl groups.[0094] In certain embodiments, R1 is
selected from C1- C alkyl, C2- C8 alkenyl, and C2-Cg
alkynyl, wherein said alkyl, alkenyl and alkynyl are
optionally substituted with one or more substituents
selected from F, Cl, Br, I5 OH, R, -C(=Y1)R,
-C(=Y1)OR, -C(=Y1)NR , -NR2, -N+(R)3, -N(R)C(=Y1)R5 -
N(R)C(=Y1)OR, -N(R)C(=Y 1)NR2, -SR5 -OC(=Y1)R,
-OC(=Y1)OR, - OC(=Y1)NR2, -OS(O)2(OR), -OP Y1XOR)2,
-OP(OR)2 -P(=Y1)(OR)2, - P( Y1XOR)NR2, -S(O)R,
-S(O)2R, -S(O)2NRR, -S(O)(OR), -S(O)2(OR), - SC(=Y1)R,
-SC(=Y1)OR, and -SC(=Y1)NR2. [0095] Exemplary
embodiments of compounds of Formula I include Formulas
Ia-w: 



Ia Ib Ic IdIg IhMETHOD AND APPARATUS FOR PELLETIZING
BIOMATERIAL COMPOSITES FIELD OF THE INVENTION The
present invention generally relates to a method and
apparatus utilizing underwater pelletizing and
subsequent accelerated drying of polymer biomaterial
composites and foamed polymer biomaterial composites
to produce pellets with significantly reduced moisture
content. More specifically, the present invention
relates to a method and apparatus for underwater
pelletizing polyolefins, such as polyethylene and
polypropylene, substituted polyolefins, such as
polyvinyl chloride and polystyrene, polyesters,
polyamides, polyurethanes , polycarbonates or
copolymers of the foregoing, which contain a solid or
semi-solid biomaterial component, such as
polysaccharides, including cellulosics and starches,
or proteinaceous material, including polypeptides,
including expandable composites, with subsequent
accelerated drying of those pellets and granules,
expandable or otherwise, in a manner such that the
moisture content of those pellets or granules is
significantly reduced. The pelletization and drying
process described herein produces pellets and granules
having a desired level of moisture approaching one per
cent (1%) or less.BACKGROUND OF THE INVENTION The wood
products industry has had extensive focus on
composites of polymers and wood products for many
years. As high quality resources for decorative trim
and exposed wood surfaces have diminished over the
years, there has been considerable effort to find
economical alternatives . Much of that interest has
involved polyethylene, polypropylene, and polyvinyl
chloride composites . The latter of these has also
been investigated extensively for use as a foamed
composite with wood flour and various inorganic
fillers. More recent considerations have extended the
areas of interest to construction materials such as
decking, to recycle interests for the paper and wood
pulp industry, and to waste byproducts from
fermentation processes. The continuous upsurge of
petroleum prices has led to additional considerations
for sources of recyclable plastics as well. Further
interests have developed in landscaping applications,
automobile components, and for pet odor control
applications. 



A major concern is the control of moisture leading to
the final product. High moisture content leads to
potential loss of structural integrity in the finished
product due to stress cracking and bubble formation.
The surface finish may also be compromised by
uncontrolled moisture levels . Also of concern is the
temperature constraints imposed by the use of
cellulosics which areparticularly prone to charring
with elevation of the processing temperature. This
concern has limited the choice of plastic materials
from which the composites can be made . Drying of the
biomaterials is time-consuming and economically
expensive. This is further complicated by the
likelihood of moisture uptake by the bio- components
of the composite on storage necessitating costly
humidity control or water- impermeable packaging.
Processing which leads to uptake of environmental
humidity or involves direct exposure to water,
therefore, has not been attractive to the industry.
Production throughput suffers from rate constraints by
the need to reduce the water content before and/or
during the formulating process. To avoid unnecessary
storage and alleviate undesirable moisture -uptake,
many industries have resorted to composite formulation
followed immediately by extrusion or other production
techniques to form the final product . It is with
these concerns that this invention has taken focus to
provide a technique to form the polymer biomaterial
composite without unnecessary preliminary drying of
the components and to expedite processing to prepare
intermediate pellets -suitably dry for later
processing, transportation, or multiple-step
processing as required. This process involves a
continuous production sequence of extrusion,
pelletizationunderwater, and accelerated drying to
accomplish the desired low moisture content composite.
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Plastics by Lilli Manolis Sherman, Senior Editor, July
2004 Plastics TechnologySUMMARY OF THE INVENTION As
used in this application, the term "pellets" is
intended to describe the product formed in an
underwater pelletizer in its broadest sense and
includes granules and any other shaped and sized
particles formed in an underwater pelletizer. The
present invention is directed to a pelletizing method
and apparatus that produces polymeric pellet 



composites with minimal underwater residence time such
that they retain sufficient heat to self -initiate the
drying process and ultimately provide sufficiently low
moisture levels approaching one per cent (1%) or less
without the requirement for an additional heating step
for the polymeric pellet composites prior to
additional processing. Previous disclosures have
demonstrated the effectiveness of pelletization and
cooling to obtain suitably dry pellets but typically
have avoided exposure to moisture, especially to
direct immersion in water, anticipating significant
and undesirable uptake of the water by the
biomaterials . In accordance with the present
invention, it has been discovered that polymer
composite pellets can be obtained in an acceptably dry
state when subjected to elevated heat conditions and
benefit from the reduction of the residence time of
the pellets in the water slurry, thus leaving
sufficient heat in the pellets to effectively reduce
the moisture content within the pellets.To accomplish
a high latent heat, the pellets must be separated from
the water as quickly as possible with significant
increase in the speed with which they flow from the
exit of the underwater pelletizer and into and through
the drying apparatus. The pellets exit the dryer
retaining much of their latent heat and can be
transported as required on conventional vibrating
conveyors or similar vibratory or other handling
equipment such that with the additional time the
desired moisture level is achieved. Storage of the hot
pellets in conventional heat retaining containers or
heat insulating containers is included in the instant
invention that provide time to complete the desired
level of drying. The desired moisture level obtained
is determined by the permissible levels in processing
or production steps to follow and may approach one per
cent (1%) or less. The polymer biomaterial composites
which can be pelletized in accordance with the present
invention generally include as their basic components
a suitable polymer and biomaterial particles.
Appropriate additives are also included. The relative
percentages of these basic components can vary
depending upon the selected polymer and biomaterial
particles, but typically have 5% - 95% polymer and 10%
- 90% biomaterial particles .The separation of the
pellets from the water and 



subsequent increase of the pellet speed to the drying
apparatus is accomplished by a combination of
pressurized injection of gas with simultaneous
aspiration of the water. Once the cut pellets leave
the underwater pelletizer water box in the water
slurry, air or other suitable inert gas is injected
into the transport pipe leading from the water box to
the drying apparatus . The term "air" hereafter is
intended to include air, nitrogen or any other
suitable inert gas. The injected air serves to
aspirate the water into vapor effectively separating
it from the pellets. The injected air further
increases the speed of transport of the pellets to and
ultimately through the dryer. This increase in
transport speed is sufficiently rapid to allow the
pellet to remain at a temperature hot enough to
initiate the drying process for the pellets which may
be further dried with transport through a centrifugal
dryer. Other conventional methods of drying the pellet
with comparable efficiency may be employed by one
skilled in the art and are intended to be included
herein. To achieve aspiration of the water and
increase the transport speed from the exit of the
pelletizer waterbox to the dryer, the air injected
must be at very high velocity. In accordance with the
present invention, the volume of the injected air
should be atleast 100 cubic meters per hour based on
injection through a valve into a 1.5 inch diameter
pipe. This flow volume will vary in accordance with
throughput volume, drying efficiency, and pipe
diameter as will be understood by one skilled in the
art. The rate of the air injection into the slurry
piping is preferably regulated through use of a ball
valve or other valve mechanism located in the slurry
transport pipe after the injection point. Regulation
through this valve mechanism allows more control of
the residence time for the pellets in the transport
pipe and drying apparatus and serves to improve the
aspiration of the pellet/water slurry. Vibration is
reduced or eliminated in the transport pipe by use of
the valve mechanism after the injection point as well.
Regulation of the air injection provides the necessary
control to reduce the transport time from the exit of
the pelletizer waterbox through the dryer allowing the
pellets to retain significant heat inside. 



Larger diameter pellets do not lose the heat as
quickly as do smaller diameter pellets and therefore
can be transported at lower velocity than the smaller
pellets. Comparable results are achieved by increasing
the air injection velocity as pellet diameter
decreases as will be understood by one skilled in the
art. Reduction of the residence time between the
pelletizer waterbox and the dryer exit leaves
sufficient heat in the pellets toachieve the desired
moisture level. The retention of heat inside the
pellet may be enhanced through use of a heat
-retaining vibrating conveyor following pellet release
from the dryer and/or through the use of conventional
storage containers or heat insulating containers as
necessary. This method and apparatus has been
discovered to be effective for the polymers herein
described. Moisture levels approaching one per cent
(1%) , and preferably less than one per cent (1%) may
be achieved by the process and apparatus described
herein. Variation of the residence times for polymer
and polymer blends may be adjusted as needed to
optimize results for the particular formulation as
will be understood by one skilled in the art.
Additional heating steps are eliminated through use of
the process and apparatus described herein. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic
illustration of an underwater pelletizing system,
including an underwater pelletizer and centrifugal
dryer manufactured and sold by Gala Industries, Inc.
("Gala") of Eagle Rock, Virginia, with air injection
and vibrating conveyor in accordance with the present
invention. Figure 2a is a side view schematic
illustration of the vibrating conveyor of Figure 1
.Figure 2b is an end view schematic illustration of
the vibrating conveyor of Figure 1 . Figure 3
illustrates the components of the underwater
pelletizing system shown in Figure 1 during a bypass
mode when the process line has been shut down. Figure
4 is a schematic illustration showing an apparatus for
inert gas injection into the slurry line from the
pelletizer to the dryer in accordance with the present
invention. Figure 5 is a schematic illustration
showing a preferred apparatus for inert gas injection
into the slurry line from the pelletizer to the dryer
including an expanded view of the ball valve in the
slurry line. 



DETAILED DESCRIPTION OF THE INVENTION Preferred
embodiments of the invention are explained in detail.
Prior art has been included herein for purposes of
clarification and it is to be understood that the
invention is not limited in its scope to the details
of construction, arrangement of the components, or
chemical components set forth in the description which
follows or as illustrated in the drawings . The
embodiments of the invention are capable of being
practiced or carried out in various ways and are
contained within the scope of the invention.
Descriptions of the embodiments which follow utilize
terminology included for clarification and areintended
to be understood in the broadest meaning including all
technical equivalents by those skilled in the art. The
polymer components set forth for this invention
provide those of ordinary skill in the art with detail
as to the breadth of the method as disclosed and is
not intended to limit the scope of the invention.
Polymer biomaterial composites are typically
formulated from fibrous biomaterial (s) , a
thermoplastic matrix, a coupling agent or stabilizer,
lubricants, fillers, colorants, and various processing
aids. They may also contain expanding or foaming
agents and crosslinking agents as required by the
particular end use application. Components of the
formulation introduced from various recycle processes
are well within the scope of this invention. The
biomaterial or fibrous components provide the material
strength and surface properties for a particular
product . The dimensions of the biomaterial or fibrous
components are constrained only by the size of the
intermediate pellet desired and to achieve the
requisite surface characteristics. The moisture uptake
and retention of the composite are strongly influenced
by the choice of the biomaterial . The thermal
stability of the biomaterial component is important in
consideration of the polymer matrix material . Care
should be taken to choose a polymer with a
melttemperature or processing temperature which will
not lead to charring or degradation of the biomaterial
. Formulations typically include from 10% to 90%
biomaterial, and preferably 30% to 70% biomaterial.
The balance is made up of the polymer matrix and other
components. Extrusion temperatures are less than 220 C



and preferably less than 200 C . Biomaterials include
but are not limited to polysaccharides, including
cellulosics and starches, and proteinaceous materials,
including polypeptides. Exemplary of cellulosics are
wood chips, wood laminate, wood veneer, wood flake,
wood fibers, wood particles, ground wood, sawdust,
coconut shells, peanut shells, straw, wheat straw,
cotton, rice hulls or husks, alfalfa, ricegrass, wheat
bran, wheat pulp, bean stalks, corn or maize, corn
cobs, corn stalks, sorghum or milo, sugarcane, orange
juice residue, bagasse, bamboo ash, fly ash, peat
moss, kelp, chaff, rye, millet, barley, oats, soybean,
coffee residue, leguminous plants, forage grass, and
plant fibers including bamboo, palm, hemp, yucca, and
jute. Additionally paper products such as computer
paper, cardboard, newspapers, magazines, books, milk
and drink cartons, and paper pulp find application in
this invention. Examples of starches include potato,
sweet potato, cassava, and stover. Proteinaceous
materials includefermentation solids, distillers'
grains and solids, gluten meal, prolamine from wheat
and rye as gliadin, from corn as zein, and from
sorghum and millet as kaf inin. The size of the
biomaterial particles will vary depending upon whether
the particles are fibrous or powder, and on the size
and end use of the pellets. The size of fibrous
particles can typically range from 10 to 900 microns,
with an aspect ratio of from 1 to 50, and more
preferably from 2 to 20. For powders, the particle
size typically ranges from 15 to 425 microns.
Thermoplastic materials shown in the prior art for use
in polymer biomaterial composites include polyethylene
or PE, polyvinyl chloride or PVC, polypropylene or PP,
and polystyrene or PS with high density polyethylene
or HDPE being the most prevalent in usage . Among the
formulations for expandable applications, significant
focus has been in the area of PVC or chlorinated PVC,
CPVC. The choice of materials has often been
restricted to those which can be processed at
temperatures below the degradation point of the
biomaterials . With careful choice of formulations the
variety of polymers can be extended to include
polyesters, 



polyamides, polyurethanes, and polycarbonates.
Thermoplastic materials as well as thermoset polymers
are within the scope of this invention. The use
ofthermosets, as with the choices in polymers,
requires cautious attention to the cross -linking
temperatures to allow post-curing, cross-linking, to
be done at temperatures or by chemical reactions not
achieved or initiated during the processes within the
scope of this invention. Polyethylenes for use in this
invention include low density polyethylene or LDPE,
linear low density polyethylene or LLDPE, medium
density polyethylene or MDPE, high density
polyethylene or HDPE, and ultra-high molecular weight
polyethylene or UHMWPE also known as ultra-high
density polyethylene UHDPE. Also within the scope of
this invention are olefinics encompassing
polypropylene or PP, polyalphaolefins or PAO including
polymers and copolymers exemplary of which are
polybutene, polyisobutene, polypentenes,
polymethylpentenes , and polyhexenes . Polystyrene or
PS and poly (alpha-methyls tyrenes) ,
acrylonitrile-butadiene-styrene or ABS,
acrylicstyrene- acrylonitrile or ASA,
styrene-acrylonitrile or SAN, and styrenic block
copolymers are included herein by example. Amorphous,
crystalline, and semicrystalline materials are also
included within the scope of this invention.
Polyvinylchloride or PVC and chloriniated
polyvinylchloride or CPVC as described for this
invention may be plasticized or unplasticized and
maybe used as a homopolymer or in copolymers
incorporating the olefinics previously cited as well
as in polymeric compositions with acrylonitrile,
vinylidene dichloride, acrylates, methyl acrylates,
methyl methacrylates, hydroxyethylacrylate , vinyl
acetate, vinyl toluene, and acrylamide by way of
example . Polyesters, polyamides, polycarbonates, and
polyurethanes within the scope of this invention
should be formulated such that the processing
temperature of the material is below the degradation
point of the biomaterial . A s is familiar to those
skilled in the art, this can be achieved by use of
copolymers within this broad family of condensation
chemistry. Polyesters useful for the present invention
are of the general structural formula (OR. sub. 1.0)
.sub. x . [(C=O)R. sub. 2 . (C=O)] .sub.y and/or 



[(C=O) R .sub. 1.0] .sub. x . [(C=O)R. sub. 2.0]
.sub.y. R.sub.l and R .sub. 2 herein described include
aliphatic, cycloaliphatic, aromatic and pendant
substituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl groups
and may be the same or different. More preferably,
polyesters herein described include poly (ethylene
terephthalate) or PET, poly (trimethylene
terephthalate) or PTT, poly (butylene terephthalate)
or PBT, poly (ethylene naphthalate) or PEN,
polylactide or PLA, and poly (alpha -
hydroxyalkanoates) or PHA and their
copolymers.Polyamides useful for the present invention
are of the general structural formula [N(H, R)R. sub.
1.N(H, R )] .sub. x . [(C=O) R .sub. 2 .(C=O)] .sub.y
and/ or [(C=O)R. sub. 1.N(H, R )] .sub. x . [(C=O) R
.sub. 2 .N (H, R )] .sub.y . R.sub.l and R .sub. 2
herein described include aliphatic, cycloaliphatic,
aromatic and pendant substituted moieties including
but not limited to halogens, nitro functionalities,
alkyl and aryl groups and may be the same or
different. R herein described includes but is not
limited to aliphatic, cycloaliphatic, and aromatic
moieties. More preferably, polyamides include
polytetramethylene adipamide or nylon 4,6,
polyhexamethylene adipamide or nylon 6,6,
polyhexamethylene sebacamide or nylon 6,10, poly
(hexamethylenediamine-co-dodecanedioic acid) or nylon
6,12, polycaprolactam or nylon 6 , polyheptanolactam
or nylon 7 , polyundecanolactam or nylon 11,
polydodecanolactam or nylon 12 and their copolymers.
Polycarbonates useful for the present invention are of
the general structural formula [(C=O) OR. sub. 1.0]
.sub. x . [(C=O) OR. sub. 2 .0] .sub.y. R.sub.l and R
.sub. 2 herein described include aliphatic,
cycloaliphatic, aromatic and pendant substituted
moieties including but not limited to halogens, nitro
functionalities, alkyl and aryl groups.
Morepreferably, polycarbonates include bisphenol and
substituted bisphenol carbonates where bisphenol is of
the structural formula HOPhC (CH .sub .3).sub .2 .PHOH
or HOPhC (CH. sub. 3 ) .(CH. sub. 2 .CH. sub3) .PhOH
where Ph describes the phenyl ring and substituents
include but are not limited to alkyl, cycloalkyl,
aryl, halogen, and nitro functionalities. R.sub.l and
R .sub. 2 may be the same or different. 



Polyurethanes useful for the present invention are of
the general structural formula [(C=O) OR. sub. 1.N(H,
R )] .sub.x[ (C=O) OR. sub .2 .N (H, R ) .sub.y
R.sub.l and R .sub. 2 herein described include
aliphatic, cycloaliphatic, aromatic and pendant
substituted moieties including but not limited to
halogens, nitro functionalities, alkyl and aryl
groups. R herein described includes but is not limited
to aliphatic, cycloaliphatic, and aromatic moieties.
More preferably, polyurethanes described herein
include polyether polyurethane and/or polyester
polyurethane copolymers including methylenebis
(phenylisocyanate) . R.sub.l and R .sub. 2 may be the
same or different. Polyesters and copolymers,
polyamide copolymers, polycarbonates and copolymers,
and polyurethanes and copolymers may be comprised of
at least one diol including ethylene glycol, 1
,2-propylene glycol, 1,3- propylene glycol, 1
,3-butanediol, 1 ,4-butanediol, 1,5- pentanediol, 1
,3-hexanediol, 1 ,6-hexanediol, neopentylglycol,
decamethylene glycol, dodecamethylene glycol, 2-butyl-
1 ,3-propanediol, 2 ,2-dimethyl- 1 ,3-propanediol, 2
,2-diethyl-l, 3-propanediol, 2-ethyl~2-isobutyl-l, 3 -
propanediol, 2-tnethyl-l, 4-pentanediol, 3-methy1-2, 4
-pentanediol, 3-methyl- 1 ,5-pentanediol, 2,2,4-
trimethyl-1, 3-pentanediol, 2-ethyl- 1 ,3-hexanediol,
2,2, 4-trimethyl-l, 6-hexanediol , 1
,2-cyclohexanediol, 1 ,4-cyclohexanediol, 1
,2-cyclohexane dimethanol, 1,3- cyclohexane dimethanol
, 1,4- cyclohexane dimethanol , diethylene glycol,
triethylene glycol, polyethylene glycol, dipropylene
glycol, tripropylene glycol, polypropylene glycol,
polytetramethylene glycol, catechol, hydroquinone ,
isosorbide, 1,4- bis (hydroxymethyl) -benzene, 1,4-
bis (hydroxyethoxy) benzene, 2,2-bis(4- hydroxyphenyl
)propane and isomers thereof. Polyesters and
copolymers, polyamide copolymers, polycarbonates and
copolymers, and polyurethane copolymers may be
comprised of at least one lactone or hydroxyacid
including butyrolactone , caprolactone, lactic acid,
glycolic acid, 2-hydroxyethoxyacetic acid, and
3-hydroxypropoxyacetic acid, 3-hydroxybutyric acid by
way of example . Polyesters and copolymers, polyamides
and copolymers, polycarbonate copolymers, and
polyurethane copolymers may be comprised of at least
one diacid 



exemplary or which are phthalic acid, isophthalic
acid,terephthalic acid, naphthalene- 2 ,6-dicarboxylic
acid and isomers, stilbene dicarboxylic acid, 1,3-
cyclohexanedicarboxylic acid, diphenyldicarboxylic
acids, succinic acid, glutaric acid, adipic acid,
azelaic acid, sebacic acid, fumaric acid, pimelic
acid, undecanedioic acid, octadecanedioic acid, and
cyclohexanediacetic acid. Polyesters and copolymers,
polyamides and copolymers , polycarbonate copolymers ,
and polyurethane copolymers may be comprised of at
least one diester including, by example, dimethyl or
diethyl phthalate, dimethyl or diethyl isophthalate,
dimethyl or diethyl terephthalate, and dimethyl
naphthalene- 2 ,6 - dicarboxylate . Polyamides and
copolymers, polyester copolymers, polycarbonate
copolymers, and polyurethanes and copolymers comprised
of diamines including 1,3- propanediamine , 1
,4-butanediamine , 1,5 -pentanediamine , 1
,6-hexanediamine, 1 ,8-octanediamine, 1,10-
decanediamine, 1 ,12-dodcanediamine, 1,16-
hexadecanediamine , phenylenediamine , 4,4'-
diaminodiphenylether, 4 ,4 '-diaminodiphenylme thane,
2,2- dimethyl-1, 5-pentanediamine, 2 ,2
,4-trimethyl-l, 5 - pentanediamine, and 2 ,2
,4-trimethyl-l, 6-hexanediamine are included in this
invention and are not limited as described
herein.Polyamides and copolymers, polyester
copolymers, polycarbonate copolymers, and polyurethane
copolymers may be comprised of at least one lactam or
amino acid including propiolactam, pyrrolidinone,
caprolactam, heptanolactam, caprylactam, nonanolactam,
decanolactam, undecanolactam, and dodecanolactam by
way of example. Polyurethanes and copolymers,
polyester copolymers, polyamide copolymers, and
polycarbonate copolymers may be comprised of at least
one isocyanate including but not limited to
4,4'-diphenylme thane diisocyanate and isomers,
toluene diisocyanate, isophorone diisocyanate,
hexamethylenediisocyanate, ethylene diisocyanate,
4,4'- methylenebis (phenylisocyanate) and isomers,
xylylene diisocyanate and isomers, tetramethyl
xylylene diisocyanate, 1 ,5-naphthalenediisocyanate,
1,4- cyclohexyl diisocyanate, diphenylme thane-3 ,3 '-
dimethoxy-4 ,4'-diisocyanate, 1 ,6-hexanedi
isocyanate, 1 ,6-diisocyanato-2 ,2,4,
4-tetramethylhexane, 1,3- 



bis (isocyanatomethyl) cyclohexane, and 1,10-
decanediisocyanate . Coupling agents are preferably
incorporated into the formulation to confer greater
compatibility of the resins for the more polar
biomaterials . The coupling agents effectively bond
the biomaterials to the plastic matrix and provide
enhanced dimensional stability, greater impact
resistance, more efficient dispersion ofthe fibrous
materials, reduction of creep, and reduce the water
uptake and possible swelling of the intermediate
pellets as well as the final products . Exemplary of
these coupling agents or stabilizers are maleated
polypropylene, maleated polyethylene, longchain
chlorinated paraffins or LCCP, paraffin wax, metal
soaps, silanes, titanates, zirconates, and surfactants
. Water-soluble binders serve similar adhesion -
promotion and can be included in the polymer
biomaterial composites for the present invention.
These binders confer greater solubility of the
biomaterials and are particularly effective for
recycle applications as demonstrated effectively in
prior art. Examples of these include polyacrylamide,
polyacrylic acid, polyvinyl alcohol, polyethylene
glycol, polyvinylpyrrolidone, substituted cellulose,
sodium carboxymethyl cellulose, sodium hydroxyethyl
cellulose, sodium hydroxypropyl cellulose, and sodium
carboxymethylhydroxyethyl cellulose. Lubricants are
also desirable for the present invention in that they
enhance the dispersion of the biomaterials as well and
reduce excessive heating due to frictional drag,
effectively reducing that drag and the resulting
problematic degradation and discoloration. They also
facilitate reduction of agglomeration and clumping of
the biomaterials.Throughput rates and surface
properties are significantly modified by choice of the
lubricant (s) . Silicone oil, paraffin wax, oxidized
polyethylene, metal stearates, fatty acid amides,
oleoyl palmitamide, and ethylene bis-stearamide are
included herein by way of example . Fillers can also
be used to reduce costs and serve to modify properties
as is readily understood by those skilled in the art
and are included within the scope of this invention.
Foaming agents including nitrogen, carbon dioxide,
butane, pentane, hexane and welldescribed 



chemical foaming agents (CFA) follow as examples from
prior art disclosures as well. Consideration from
prior disclosures have demonstrated that high moisture
levels in the biomaterial feed can be reduced by
drying techniques familiar to those skilled in the art
prior to introduction into the extruder or can be
reduced significantly during the feed and extrusion
processes. Details of this are outside the scope of
this invention but are included herein by way of
reference. Moisture levels as high as 40% have been
introduced into the extruder with appropriate venting
to achieve acceptable product results . An underwater
pelletizing system for use in association with the
present invention is shown schematically in Figure 1 .
The underwater pelletizingsystem is designated
generally by reference number 10 and includes an
underwater pelletizer 12, such as a Gala underwater
pelletizer, with cutter hub and blades 14 exposed in
the separated view from the waterbox 16 and die plate
18 . In the underwater pelletizing system 10, the
polymer biomaterial composites to be processed are fed
from above using at least one polymer vat or hopper
160 typically into an extruder 155 and undergo shear
and heat to melt the polymer. The polymer biomaterial
composites are typically extruded at temperatures less
than 220 C to avoid degradation of the biomaterials .
The melt may continue to feed through a gear pump 22
which provides a smooth and controlled flow rate. The
polymer melt, as required, may be fed into a screen
changer 20 (Figure 1 ) to remove any bulk or oversize
solid particles or extraneous material. The melt flows
into a polymer diverter valve 24 and into die holes in
the die plate 18 . The strands of polymer melt formed
by extrusion through the die holes enter into the
waterbox 16 and are cut by the rotating cutter hub and
blades 14 to form the desired pellets or granules. The
process as described herein is exemplary in nature and
other configurations achieving the desired polymer
flow as are readily understood by someone skilled in
the art are included within the scope of this
invention.Prior art has demonstrated the numerous
modifications and additives to the extrusion process
which are useful in reducing the degradation of the
extrudate thermally or oxidatively. Among these 



adaptations are included vacuum removal of byproducts
and excess monomers, hydrolysis reduction, control of
catalytic depolymerization, inhibition of
polymerization catalysts, end-group protection,
molecular weight enhancement, polymer chain extension,
and use of inert gas purges. Water enters the waterbox
16 through pipe 26 and rapidly removes the pellets so
formed from the die face to form a pellet and water
slurry. The process water circulated through the
pelletizer waterbox as included in this invention is
not limited in composition and may contain additives,
cosolvents, and processing aids as needed to
facilitate pelletization, prevent agglomeration,
and/or maintain transport flow as will be understood
by those skilled in the art. The pellet water slurry
so formed exits the waterbox through pipe 28 and is
conveyed toward the dryer 32 through slurry line 30.
In accordance with this invention, air is injected
into slurry line 30 at point 70, preferably adjacent
to the exit from the waterbox 16 and near the
beginning of the slurry line 30. This preferred site
70 for air injection facilitates the transport of the
pellets byincreasing the transport rate, facilitating
the aspiration of the water in the slurry, thus
allowing the pellets to retain sufficient latent heat
to effect the desired drying. High velocity air is
conveniently and economically injected into the slurry
line 30 at point 70 using conventional compressed air
lines typically available at manufacturing facilities,
such as with a pneumatic compressor. Other inert gases
including but not limited to nitrogen may be used in
accordance with this invention to convey the pellets
at a high velocity as described. This high velocity
air flow is achieved using the compressed gas
producing a volume of flow of at least 100 meters
.sup. 3/hour using a standard ball valve for
regulation of a pressure of at least 8 bar through the
slurry line 30 which is standard pipe diameter,
preferably 1.5 inch pipe diameter. To those skilled in
the art, flow rates and pipe diameters will vary
according to the throughput volume, level of moisture
desired, and the size of the pellets. The high
velocity air effectively contacts the pellet water
slurry generating water vapor by aspiration, and
disperses the pellets throughout the 



slurry line propagating those pellets at increased
velocity to the dryer 32, preferably at a rate of less
than one second from the waterbox 16 to the dryer exit
34 . The high velocity aspiration produces a mixture
ofpellets and air which may approach 98-99% by volume
of air. Figure 5 shows the preferred arrangement for
air injection into the slurry line. The water/pellet
slurry exits the pelletizer waterbox 102 into the
slurry line 106 through the sight glass 112 and past
the angle elbow 114 where the compressed air is
injected from the valve 120 into the angled slurry
line 116. The injected air, pellets and vaporized
water proceed past the enlarged elbow 118, through the
dryer entrance 110 and into the dryer 108. It is
preferred that the air injection into the angled elbow
114 is in line with the axis of the slurry line 116
providing the maximum effect of that air injection on
the pellet/water slurry resulting in constant
aspiration of the mixture. The angle formed between
the vertical axis of slurry line 106 and the
longitudinal axis of slurry line 116 can vary from 0 '
to 90' or more as required by the variance in the
height of the pelletizer 102 relative to the height of
the entrance 110 to the dryer 108. This difference in
height may be due to the physical positioning of the
dryer 108 in relation to the pelletizer 102 or may be
a consequence of the difference in the sizes of the
dryer and pelletizer. The preferred angle range is
from 30° to 60" with a more preferred angle of 45 'C.
The enlarged elbow 118into the dryer entrance 110
facilitates the transition of the high velocity
aspirated pellet/water slurry from the incoming slurry
line 116 into the entrance of the dryer 110 and
reduces the potential for pellet agglomeration into
the dryer 108. The preferred position of the equipment
as described in Figure 5 allows transport of the
pellets from the pelletizer 102 to the exit of the
dryer 108 in approximately one second which minimizes
loss of heat inside the pellet. This is further
optimized by insertion of a second valve mechanism or
more preferred a second ball valve 150 after the air
injection at elbow 114. This additional ball valve 150
allows better regulation of the residence time of the
pellets in the slurry line 116 and reduces any
vibration that 



may occur in the slurry line. The second ball valve
150 allows additional pressurization of the air
injected into the chamber and improves the aspiration
of the water from the pellet/water slurry. This
becomes especially important as the size of the
pellets decrease in diameter. The pellets are ejected
through the exit 126 of the dryer 108 and are
preferably directed toward a vibratory unit, such as a
vibrating conveyor 84 illustrated schematically in
Figure 2a and Figure 2b. The agitation which results
from the vibratory action of the vibrating conveyor 84
allows heat to betransferred between the pellets as
they come in contact with other pellets and the
components of the said vibrating conveyor. This allows
uniformity of temperature to be achieved and results
in improved, lower and more uniform moisture content
of the pellets. Agitation alleviates the tendency for
pellets to adhere to each other and/or to the
components of the vibrating conveyor as a consequence
of the increased pellet temperature . The residence
time of the pellets on the vibrating conveyor can
affect the desired moisture content to be achieved.
The larger the pellet the longer the residence time is
expected to be. The residence time is typically about
20 seconds to about 120 seconds or longer, preferably
from 30 seconds to 60 seconds, and more preferably 40
seconds to allow the pellets to dry to the desired
degree and to allow the pellets to cool for handling.
The larger pellets will retain more heat inside and
dry more quickly than would be expected for pellets of
decreasing diameter. Conversely, the larger the pellet
diameter, the longer the residence time required for
the pellet to cool for handling purposes . The desired
temperature of the pellet for final packaging is
typically lower than would be required for further
processing. Other methods of cooling or methods in
addition to a vibrating conveyor can be used to allow
the pelletsexiting the dryer to have sufficient time
to dry and subsequently cool for handling. The pellets
as delivered can be packaged, stored, or transported
as required for additional processing or final product
manufacture including intermediate and final expansion
of the pellets where applicable.Claims 1 . A method
for processing polymer biomaterial 



composites into pellets including the steps of
extruding strands of a polymer biomaterial composite
through a die plate (18) into an underwater pelletizer
(12,102), cutting the composite strands into pellets
in said pelletizer, transporting said composite
pellets from said pelletizer as a water and pellet
slurry and drying said composite pellets,
characterized in that said step of transporting said
composite pellets includes injecting a high velocity
inert gas into said water and pellet slurry to cause
said water to aspirate from said pellets and said
pellets to retain internal heat, to reduce moisture
uptake by said pellets, and to expedite transport and
drying of said pellets. 2 . The method as claimed in
claim 1 , characterized in that the drying of said
pellets achieves a moisture level approaching 1%, and
preferably less than 1%. 3 . The method as claimed in
claim 1 , characterized in that said pellets are
transported into a dryer (32,108) after said high
velocity inert gas is injected into said water and
pellet slurry. 4 . The method as claimed in claim 3 ,
characterized in that said pellets exiting said dryer
are kept in motion by a vibrating unit (84) during
which said pellets continue drying.5 . The method as
claimed in claim 3, characterized in that said
injecting of the high velocity inert gas into said
water and pellet slurry causes the speed of the
pellets into and through said dryer to increase . 6 .
The method as claimed in claim 1 , characterized in
that said gas is injected into said water and pellet
slurry at a flow rate of at least lOOmVhr, and
preferably about 175m3/hour. 7 . The method as claimed
in claim 1 , characterized in that said gas is
injected into said water and pellet slurry
substantially in alignment with a line of travel of
said slurry. 8 . The method as claimed in claim 7 ,
characterized in that said line of travel of said
slurry turns at an angle between 30° and 6 0 and said
gas is injected at said turn. 9 . The method as
claimed in claim 8 , characterized in that said
residence time of said pellets in said line of travel
is regulated by a ball 



valve (15 0 ) downstream of said air injection. 10.
The method as claimed in claim 1 , characterized in
that said polymer biomaterial composite includes
foamable, foamed and non- foamed composites. 11. The
method as claimed in claim 1 , characterized in that
said polymer biomaterialcomposite has 5% to 95%
polymer and 10% to 90% biomaterial, and preferably 30%
to 70% biomaterial . 12. The method as claimed in
claim 11, characterized in that said biomaterial is
selected from the group consisting of polysaccharides,
including cellulosics and starches, and proteinaceous
materials, including polypeptides, and any combination
of the foregoing. 13. The method as claimed in claim
11, characterized in that said biomaterial includes
fibrous particles from 10 to 900 microns, with an
aspect ratio of from 1 to 50, and preferably from 2 to
20. 14. The method as claimed in claim 11,
characterized in that said biomaterial includes
powders having a particle size from 15 to 425 microns.
15. The method as claimed in claim 1 , characterized
in that said polymer is selected from the group
consisting of polyolefins, substituted polyolefins,
polyesters, polyamides, polyurethanes and
polycarbonates. 16. The method as claimed in claim 1 ,
characterized in that said polymer biomaterial
composite includes one or more agents to confer
greater compatibility between polymer and biomaterial.
17. An apparatus for processing polymer biomaterial
composites into pellets including an underwater
pelletizer (12,102) to cut strands of apolymer
biomaterial composite extruded into said pelletizer
into pellets, piping (26,104) to introduce water into
said pelletizer and a slurry line (28,30,108,116) to
transport a water and pellet slurry out of said
pelletizer, characterized in that an injector (120)
introduces high velocity inert gas into said water and
pellet slurry line (116) to cause said water to
aspirate from said pellets and said pellets to retain
internal heat, to reduce moisture uptake by said
pellets, and to expedite transport and drying of said
pellets . 18. The apparatus as claimed in claim 17, 



characterized in that said pellets and aspirated water
are transported to a separator (32,108) for separation
of said water from said pellets. 19. The apparatus as
claimed in claim 18, characterized in that said
injected high velocity inert gas increases the speed
of the pellets through said separator (32,108). 20.
The apparatus as claimed in claim 17, characterized in
that said injector introduces said high velocity inert
gas at a flow rate of between 100- 175 mVhour. 21. The
apparatus as claimed in claim 18, characterized in
that said separator (32,108) is a dryer, preferably a
centrifugal dryer.22. The apparatus as claimed in
claim 21, characterized in that a post pelletizer unit
(84) receives pellets from an outlet (34) of said
dryer to further drying of said pellets. 23. The
apparatus as claimed in claim 22, characterized in
that said post pelletizer unit (84) is a vibration
unit, preferably a vibrating conveyor, that keeps said
pellets in movement during said drying. 24. The
apparatus as claimed in claim 17, characterized in
that said pellets are dried to a moisture approaching
1% or less. 25. The apparatus as claimed in claim 17,
characterized in that a portion of said slurry line is
straight and angled upwardly at an angle between 3 0
and 60" . 26. The apparatus as claimed in claim 17,
characterized in that said slurry line includes a
straight portion (116) and said gas injector (120)
introduces said inert gas at a beginning of said
straight portion, and a ball valve (150) serves to
regulate residence time of the pellets in said
apparatus . 27. The apparatus as claimed in claim 17,
characterized in that said gas injector (12 0 )
introduces said inert gas into said water and pellet
slurry substantially in alignment with a longitudinal
axis of a slurry line straight portion (116) .28. The
apparatus as claimed in claim 17, characterized in
that a ball valve (150) downstream of said gas
injector (12 0 ) regulates residence time of the
pellets in said apparatus. 29. The apparatus as
claimed in claim 17, 



characterized in that said polymer taiomaterial
composite includes foamable, foamed and non- foamed
composites. 30. The apparatus as claimed in claim 17,
characterized in that said polymer biomaterial
composite has 5% to 95% polymer and 10% to 90%
biomaterial, and preferably 30% to 70% biomaterial.
31. The apparatus as claimed in claim 17,
characterized in that said biomaterial is selected
from the group consisting of polysaccharides,
including cellulosics and starches, and proteinaceous
materials, including polypeptides, and any combination
of the foregoing. 32. The apparatus as claimed in
claim 17, characterized in that said biomaterial
includes fibrous particles from 10 to 900 microns,
with an aspect ratio of from 1 to 50, and preferably
from 2 to 20. 33. The apparatus as claimed in claim
17, characterized in that said biomaterial includes
powders having a particle size from 15 to 425 microns.
34. The apparatus as claimed in claim 17,
characterized in that said polymer is selected from
thegroup consisting of polyolefins, substituted
polyolefins, polyesters, polyamides, polyur ethanes
and polycarbonates . 35. The apparatus as claimed in
claim 17, characterized in that said polymer
biomaterial composite includes one or more agents to
confer greater compatibility between polymer and
biomaterial. 


