
ALPHA KETOAMIDE COMPOUNDS AS CYSTEINE PROTEASE
INHIBITORS CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of
Provisional Patent Application No. 60/663,970, filed
March 21, 2005 and Provisional Patent Application No.
60/684,623, filed May 24, 2005, both of which are
incorporated herein by reference. STATEMENT AS TO
RIGHTS TO INVENTIONS MADE UNDER FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [0002] NOT APPLICABLE
REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A
COMPUTER PROGRAM LISTING APPENDIX SUBMITTED ON A
COMPACT DISK. [00031 NOT APPLICABLE FIELD OF THE
INVENTION [0004] The present invention is directed to
compounds that are inhibitors of cysteine proteases,
in particular, cathepsins B, K, L, F, and S and are
therefore useful in treating diseases mediated by
these proteases. The present invention is also
directed to pharmaceutical compositions comprising
these compounds and processes for preparing them.
STATE OF THE ART [0005] Cysteine proteases represent a
class of peptidases characterized by the presence of a
cysteine residue in the catalytic site of the enzyme.
Cysteine proteases are associated with the normal
degradation and processing of proteins. The aberrant
activity of cysteine proteases, e.g., as a result of
increased expression or enhanced activation, however,
may have pathological consequences. In this regard,
certain cysteine proteases are associated with a
number of disease states, including arthritis,
muscular dystrophy, inflammation, tumor invasion,
glomerulonephritis, malaria, periodontal disease,
metachromatic leukodystrophy and others. For example,
increased cathepsin B levels and redistribution of the
enzyme are found in tumors; thus, suggesting a role
for the enzyme in tumor invasion and metastasis.
Inaddition, aberrant cathepsin B activity is
implicated in such disease states as rheumatoid
arthritis, osteoarthritis, Pneumocystis carinii, acute
pancreatitis, inflammatory airway disease and bone and
joint disorders. [0006] The prominent expression of
cathepsin K in osteoclasts and osteoclast-related
multinucleated cells and its high collagenolytic
activity suggest that the enzyme is involved in
osteoclast-mediated bone resorption and, hence, in
bone abnormalities such as occurs in osteoporosis. In
addition, cathepsin K expression in the lung and its
elastinolytic activity suggest that the enzyme plays a
role in pulmonary disorders as well. [0007] Cathepsin
L is implicated in normal lysosomal proteolysis as
well as in several disease states, including, but not
limited to, metastasis of melanomas. Cathepsin S is
implicated in Alzheimer's disease and certain
autoimmune disorders, including, but not limited to
juvenile onset diabetes, multiple sclerosis, pemphigus
vulgaris, Graves' disease, myasthenia gravis, systemic
lupus erythemotasus, rheumatoid arthritis, neuropathic
pain, and Hashimoto's thyroiditis. In addition,
cathepsin S is implicated in: allergic disorders,
including, but not limited to asthma; and allogeneic
immune reponses, including, but not limited to,
rejection of organ transplants or tissue grafts.
[0008] In view of the number of diseases wherein it is
recognized that an increase in cysteine protease
activity contributes to the pathology and/or
symptomatology of the disease, molecules which inhibit
the activity of this class of enzymes, in particular
molecules which inhibit cathepsins B, K, L, F, and/or
S, will therefore be useful as therapeutic agents.
SUMMARY OF THE INVENTION [0009] In one aspect, this
invention is directed to a compound of Formula (T):
where: R1 is hydrogen or alkyl; R is cycloalkyl,
cycloalkylalkyl, aralkyl, heteroaryl, or heteroaralkyl
optionally substituted with one or two substitutents
independently selected from alkyl, alkoxy, or halo; R3
is hydrogen, alkyl or alkoxyalkyl;R4 is alkyl; or R3
and R4 together with the carbon atom to which they are
attached form cycloalkylene optionally substituted
with one to four fluoro or heterocycloalkylene
optionally substituted with alkyl, alkoxyalkyl,
hydroxyalkyl, acyl, cycloalkyl, cycloalkylalkyl, or
haloalkyl; R5 is alkyl, haloalkyl optionally
substituted with cycloalkyl, aryl, heteroaryl, or
heterocycloalkyl, cycloalkylalkyl, aralkyl,
heteroaralkyl, heterocycloalkylalkyl, -(alkylene)-
X-R9 (where X is -O-, -S-, -SO-, -SO2-, -CONH-,
-NHCO-, or -NHSO2- and R9 is alkyl, haloalkyl,
cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, heterocycloalkyl, or
heterocycloalkylalkyl), or
-(alkylene)-XI-(haloalkylene)-R 10 (where X1 is -0-,
-S-, -SO-, -SO2-, -CONH-, -NHCO-, or -NHSO 2- and R10
is cycloalkyl, aryl, heteroaryl, or heterocycloalkyl),
wherein the aromatic or alicyclic ring in R5 is
optionally substituted with one, two, or three Ra
independently selected from alkyl, haloalkyl, alkoxy,
hydroxy, haloalkoxy, cyano, halo, carboxy, or
alkoxycarbonyl; or optionally substituted with one or
two Rb independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected from
hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, acylalkyl,
aryloxycarbonyl, aralkyloxycarbonyl,
heteroaryloxycarbonyl, heteroaralkyloxycarbonyl,
heterocycloalkyloxycarbonyl, cycloalkyloxycarbonyl,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy,
aminocarbonyl, aminosulfonyl, or -SO2R11 (where R11 is
alkyl, cycloalkyl, aryl, heteroaryl, or
heterocycloalkyl); and further wherein the aromatic or
alicyclic ring in Rc is optionally substituted with
one, two, or three Rd independently selected from
alkyl, alkylsulfonyl, haloalkyl, alkoxy, hydroxy,
haloalkoxy, or halo; R6 is haloalkyl; R7 is hydrogen,
alkyl, or haloalkyl; and R8 is hydrogen, alkyl,
haloalkyl, cycloalkyl, aryl, heteroaryl,
heterocycloalkyl attached via a carbon atom wherein
the aromatic or alicyclic ring in R is optionally
substituted with one, two, or three Re independently
selected from alkyl, halo, haloalkyl, hydroxy, alkoxy,
haloalkoxy, alkylcarbonyl, alkoxycarbonyl, carboxy,
cyano, alkylsulfonyl, alkylsulfonylamino,
aminocarbonyl, or aminosulfonyl; or a pharmaceutically
acceptable salts thereof.[0010] In a second aspect,
this invention is directed to a pharmaceutical
composition comprising a compound of Formula (I) or a
pharmaceutically acceptable salt thereof in admixture
with one or more suitable excipients. [0011] In a
third aspect, this invention is directed to a method
for treating a disease in an animal mediated by
cysteine proteases, in particular cathepsin S, which
method comprises administering to the animal a
pharmaceutical composition comprising a
therapeutically effective amount of a compound of
Formula (I) or a pharmaceutically acceptable salt
thereof in admixture with one or more suitable
excipients. [0012] In a fourth aspect, this invention
is directed to processes for preparing compounds of
Formula (I). [0013] In a fifth aspect, this invention
is directed to a method of treating a patient
undergoing a therapy wherein the therapy causes an
immune response, preferably a deleterious immune
response, in the patient comprising administering to
the patient a compound of Formula (I) or a
pharmaceutically acceptable salt thereof. Preferably,
the immune response is mediated by MHC class II
molecules. The compound of this invention can be
administered prior to, simultaneously, or after the
therapy. Preferably, the therapy involves treatment
with a biologic. Preferably, the therapy involves
treatment with a small molecule. [0014] Preferably,
the biologic is a protein, preferably an antibody,
more preferably a monoclonal antibody. More
preferrably, the biologic is Remicade(r), Refacto(r),
Referon-A(r), Factor VIII, Factor VII, Betaseron(r),
Epogen(r), Enbrel(r), Interferon beta, Botox(r),
Fabrazyme(r), Elspar(r), Cerezyme(r), Myobloc(r),
Aldurazyme(r), Verluma(r), Interferon alpha,
Humira(r), Aranesp(r), Zevalin(r) or OKT3. [0015]
Preferably, the treatment involves use of heparin, low
molecular weight heparin, procainamide or hydralazine.
[0016] In a sixth aspect, this invention is directed
to a method of treating immune response in an animal
that is caused by administration of a biologic to the
animal which method comprises administering to the
animal in need of such treatment a therapeutically
effective amount of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof.[0017] In a
seventh aspect, this invention is directed to a method
of conducting a clinical trial for a biologic
comprising administering to an individual
participating in the clinical trial a compound of
Formula (T) or a pharmaceutically acceptable salt
thereof with the biologic. [0018] In an eigth aspect,
this invention is directed to a method of
prophylactically treating a patient undergoing
treatment with a biologic with a compound of Formula
(T) or a pharmaceutically acceptable salt thereof to
treat the immune response caused by the biologic in
the patient. In a ninth aspect, this invention is
directed to a method of determing the loss in the
efficacy of a biologic in an animal due to the immune
response caused by the biologic comprising
administering the biologic to the animal in the
presence and absence of a compound of Formula (T) or a
pharmaceutically acceptable salt thereof. [0020] In a
tenth aspect, this invention is directed to a method
of improving efficacy of a biologic in an animal
comprising administering the biologic to the animal
with a compound of Formula (I) or a pharmaceutically
acceptable salt thereof. [0021] In an eleventh aspect,
this invention is directed to the use of a compound of
Formula (I) or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament.
Preferably, the medicament is for use in the treatment
of a disease mediated by Cathepsin S. [0022] In a
twelfth aspect, this invention is directed to the use
of a compound of Formula (T) or a pharmaceutically
acceptable salt thereof for the manufacture of a
medicament for combination therapy with a biologic,
wherein the compound of this invention treats the
immune response caused by the biologic. Preferably,
the compound(s) of the invention is administered prior
to the administration of the biological agent.
Preferably, the compound(s) of the invention is
administered concomitantly with the biological agent.
Preferably, the compound(s) of the invention is
administered after the administration of the
biological agent. Detailed Description of the
Invention Definitions: [0023] Unless otherwise stated,
the following terms used in the specification and
claims are defined for the purposes of this
Application and have the following meanings.[0024]
"Alicyclic" means a moiety characterized by
arrangement of the carbon atoms in closed non-aromatic
ring structures e.g., cycloalkyl and heterocycloalkyl
rings as defined herein. [0025] "Alkyl" represented by
itself means a straight or branched, saturated
aliphatic radical containing one to eight carbon
atoms, unless otherwise indicated e.g., alkyl includes
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
isobutyl, tert-b tyl, and the like. [0026] "Alkylene",
unless indicated otherwise, means a straight or
branched, saturated aliphatic, divalent radical having
the number of one to six carbon atoms, e.g., methylene
(-CH2-), ethylene (-CH2CH2-), trimethylene
(-CH2CH2CH2-), tetramethylene (-CH2CH2CH2CH2-)
2-methyltetramethylene (-CH2CH(CH3)CH2CH2-),
pentamethylene (-CH2CH2CH2CH2CH2-), and the like.
[0027] "Alkylsulfonyl" means -SO 2Rradical where R is
alkyl as defined herein e.g., methylsulfonyl,
ethylsulfonyl, and the like. [0028]
"Alkylsulfonylarnino" means -NHSO 2R radical where R
is alkyl as defined herein e.g., methylsulfonylamino,
ethylsulfonylamino, and the like. [0029] "Alkoxy"
refers to a -OR radical where R is an alkyl group as
defined above e.g., methoxy, ethoxy, and the like.
[0030] "Alkoxyalkyl" means a linear monovalent
hydrocarbon radical of one to six carbon atoms or a
branched monovalent hydrocarbon radical of three to
six carbons substituted with at least one alkoxy
group, preferably one or two alkoxy groups, as defined
above, e.g., 2- methoxy-ethyl, 1-, 2-, or
3-methoxypropyl, 2-ethoxyethyl, and the like. [0031]
"Alkoxycarbonyl" refers to a -C(O)OR radical where R
is an alkyl group as defined above e.g.,
methoxycarbonyl, ethoxycarbonyl, and the like. [0032]
"Aminoalkyl" means a linear monovalent hydrocarbon
radical of one to six carbon atoms or a branched
monovalent hydrocarbon radical of three to six carbons
substituted with at least one, preferably one or two,
-NRR' where R is hydrogen, alkyl, acyl, hydroxyalkyl,
alkoxyalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl
or heterocycloalkylalkyl and R is hydrogen, alkyl,
hydroxyalkyl, alkoxyalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, heterocycloalkylalkyl, cycloalkyl,
cycloalkylalkyl, aminocarbonyl, or aminosulfonyl
asdefined herein e.g., aminomethyl, methylaminoethyl,
dimethylaminoethyl, 1,3- diaminopropyl,
acetylaminopropyl, and the like. [0033] "Acyl" refers
to a -COR radical where R is hydrogen, alkyl,
haloalkyl, cycloalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, or heterocycloalkyl as defined herein,
e.g., formyl, acetyl, trifluoroacetyl, benzoyl,
piperazin- 1-ylcarbonyl, and the like. When R is alkyl
it is referred to in this application as
alkylcarbonyl. [0034] "Acylalkyl" means a linear
monovalent hydrocarbon radical of one to six carbon
atoms or a branched monovalent hydrocarbon radical of
three to six carbons substituted with at least one,
preferably one or two, acyl group(s) as defined herein
e.g., methylcarbonylmethyl, benzoylethyl,
piperidin-1-ylcarbonylmethyl or ethyl, and the like.
[0035] "Aminocarbonyl" means -CONRR' radical where R
and R' are independently selected from hydrogen,
alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, or
heterocycloalkylalkyl or R and R' together with the
nitrogen atom to which they are attached form
heterocycloamino as defined herein. [0036]
"Aminosulfonyl" means -SO 2NRR' radical where R and R'
are independently selected from hydrogen, alkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, or
heterocycloalkylalkyl or R and R' together with the
nitrogen atom to which they are attached form
heterocycloamino as defined herein. [0037] "Animal"
includes humans, non-human mammals (e.g., dogs, cats,
rabbits, cattle, horses, sheep, goats, swine, deer,
and the like) and non-mammals (e.g., birds, and the
like). [0038] "Aromatic" refers to a moiety wherein
the constituent atoms make up an unsaturated ring
system, all atoms in the ring system are sp 2
hybridized and the total number of pi electrons is
equal to 4n+2. [0039] "Aryl" refers to a monocyclic or
fused bicyclic ring assembly containing 6 to 10 ring
carbon atoms wherein each ring is aromatic e.g.,
phenyl or naphthyl. [0040] "Aryloxy" refers to a -O-R
radical where R is aryl as defined above e.g.,
phenoxy, napthyloxy, and the like. [0041]
"Aryloxycarbonyl" refers to a -C(O)OR radical where R
is aryl as defined above e.g., phenyloxycarbonyl,
naphthyloxycarbonyl, and the like.[0042] "Aralkyl"
refers to a -(alkylene)-R radical where R is aryl as
defined above e.g., benzyl, phenethyl, and the like.
[0043] "Aralkyloxy" refers to a -OR radical where R is
aralkyl as defined above e.g., benzyloxy,
phenethyloxy, and the like. [0044]
"Aralkyloxycarbonyl" refers to a -C(O)OR radical where
R is aralkyl as defined above e.g., benzyloxycarbonyl,
phenethyloxycarbonyl, and the like. [0045] "Biologic"
means a therapeutic agent originally derived from
living organisms for the treatment or management of a
disease. Examples include, but are not limited to,
proteins (recombinant and plasma derived), monoclonal
or polyclonal, humanized or murine antibodies, toxins,
hormones, and the like. Biologies are currently
available for the treatment of a variety of diseases
such as cancer, rheumatoid arthritis, and hemophilia.
[0046] "Carboxy" refers to -C(O)OH radical. [0047]
"Cycloalkyl" refers to a monovalent saturated
monocyclic ring containing three to eight ring carbon
atoms e.g., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and the like. [0048] "Cycloalkylalkyl"
refers to a -(alkylene)-R radical where R is
cycloalkyl as defined above e.g., cyclopropylmethyl,
cyclobutylethyl, cyclobutylmethyl, and the like.
[0049] "Cycloalkyloxycarbonyl" refers to a -C(O)OR
radical where R is cyccloalkyl as defined above e.g.,
cyclopropyloxycarbonyl, cyclopentyloxycarbonyl, and
the like. [0050] "Cycloalkylene" refers to a divalent
saturated monocyclic ring containing three to eight
ring carbon atoms. For example, the instance wherein
"R3 and R4 together with the carbon atom to which both
R and R are attached form cycloalkylene" includes, but
is not limited to, the following: and the like. [0051]
"Disease" specifically includes any unhealthy
condition of an animal or part thereof and includes an
unhealthy condition that may be caused by, or incident
to, medical or veterinary therapy applied to that
animal, i.e., the "side effects" of such
therapy.[0052] "Derived" means a similar agent can be
traced to. [0053] "Deleterious immune response" means
an immune response that prevents effective treatment
of a patient or causes disease in a patient. As an
example, dosing a patient with a murine antibody
either as a therapy or a diagnostic agent causes the
production of human antimouse antibodies that prevent
or interfere with subsequent treatments. The incidence
of antibody formation versus pure murine monoclonals
can exceed 70%. (see Khazaeli, M. B. et al. J.
Immwiother. 1994, 15, pp 42-52; DillmanR. O. et al.
Cancer Biother. 1994, 9, pp 17- 28; and Reinsberg, J .
Hybridoma. 1995, 14, pp 205-208). Additional examples
of known agents that suffer from deleterious immune
responses are blood-clotting factors such as factor
VIII. When administered to hemophilia A patients,
factor VIII restores the ability of the blood to clot.
Although factor VIII is a human protein, it still
elicits an immune response in hemophiliacs as
endogenous factor VIII is not present in their blood
and thus it appears as a foreign antigen to the immune
system. Approximately 29-33% of new patients will
produce antibodies that bind and neutralize the
therapeutically administered factor VIII (see Lusher
J. M. Semin Thromb Hemost. 2002, 28(3), pp' 273-276).
These neutralizing antibodies require the
administration of larger amounts of factor VIII in
order to maintain normal blood clotting parameters; an
expensive regimen of treatment in order to induce
immune tolerance (see Briet E et al. Adv. Exp. Med.
Bio. 2001, 489, pp 89-97). Another immunogenic example
is adenoviral vectors. Retroviral therapy remains
experimental and is of limited utility. One reason is
that the application of a therapeutic virus generates
an immune response capable of blocking any subsequent
administration of the same or similar virus (see
Yiping Yang et al. J. of Virology. 1995, 69, pp
2004-2015). This ensures that retroviral therapies
must be based on the transient expression of a protein
or the direct incorporation of viral sequence into the
host genome. Directed research has identified multiple
viral neutralizing epitopes recognized by host
antibodies (see Hanne, Gahery-Segard et al. J. of
Virology 1998. 72, pp 2388-2397) suggesting that viral
modifications will not be sufficient to overcome this
obstacle. This invention will enable a process whereby
an adenoviral therapy will have utility for repeated
application. Another example of an immunogenic agent
that elicits neutralizing antibodies is the well-known
cosmetic agent Botox. Botulin toxin protein, is
purified from the fermentation of Clostridium
botulinum. As a therapeutic agent, it is used for
muscle disorders such as cervical dystonia in addition
to cosmetic application. After repeated exposure
patients generate neutralizing antibodies to the toxin
that results in reduced efficacy (see Birklein F. et
al. Ann Neurol. 2002, 52, pp 68-73 and Rollnik, J . D.
et al Neurol. Clin.Neurophysiol. 2001, 2001(3), pp
2-4). A "deleterious immune response" also encompasses
diseases caused by therapeutic agents. A specific
example of this is the immune response to therapy with
recombinant human erythropoietin (EPO). Erythropoietin
is used to stimulate the growth or of red cells and
restore red blood cell counts in patients who have
undergone chemotherapy or dialysis. A small percentage
of patients develop antibodies to EPO and subsequently
are unresponsive to both therapeutically administered
EPO and their own endogenous EPO (see Casadevall,N. et
al, NEJM. 2002, 346, pp 469-475). They contract a
disorder, pure red cell aplasia, in which red blood
cell production is severely diminished (see Gershon S.
K. et. al. NEJM. 2002, 346, pp 1584-1586). This
complication of EPO therapy is lethal if untreated.
Another specific example is the murine antibody, OKT3
(a.k.a., Orthoclone) a monoclonal antibody directed
towards CD-3 domain of activated T-cells. Li clinical
trials 20-40% of patients administered OKT3 produce
antibodies versus the therapy. These antibodies,
besides neutralizing the therapy, also stimulate a
strong host immune reaction. The immune reaction is
severe enough that patients with high titers of human
antimouse antibodies are specifically restricted from
taking the drug (see Orthoclone package label). A
final example is a human antibody therapeutic.
Humira(r) is a monoclonal antibody directed against
TNF and is used to treat rheumatoid arthritis
patients. When taken alone ~12% of patients develop
neutralizing antibodies. In addition, a small
percentage of patients given the drug also contract a
systemic lupus erthematosus-like condition that is an
IgGmediated immune response induced by the therapeutic
agent (see Humira package label). [0054] Another
example of "deleterious immune response" is a host
reaction to small molecule drugs. It is known to those
skilled in the art that certain chemical structures
will conjugate with host proteins to stimulate immune
recognition (see Ju. C. et al. 2002. Current Drug
Metabolism 3, pp 361-111 and Kimber I . et al. 2002,
Toxicologic Pathology 30, pp 54- 58.) A substantial
portion of these host reactions are IgG mediated.
Specific "deleterious immune responses" that are IgG
mediated include: hemolytic anemia, Steven-Johnson
syndrome and drug induced Lupus. [0055] "Halo" refers
to fluoro, chloro, bromo or iodo. [0056] "Haloalkyl"
refers to alkyl as defined above substituted by one or
more, for example from one to thirteen, preferably
from one to seven, "halo" atoms, as such terms are
defined in this Application. Haloalkyl includes
monohaloalkyl, dihaloalkyl, trihaloalkyl,
perhaloalkyland the like e.g. chloromethyl,
dichloromethyl, difluoromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, perfluoroethyl,
2,2,2-trifluoro-l,l-dichloroethyl, and the like.
[0057] "Haloalkylene" means alkylene radical as
defined above wherein one to four, preferably one or
two hydrogen atoms in the alkylene chain has(have)
been replaced by fluorine atom(s). [0058] "Haloalkoxy"
refers to a -OR radical where R is haloalkyl group as
defined above e.g., trifluoromethoxy,
2,2,2-trifluoroethoxy, difluoromethoxy, and the like.
[0059] "Heteroaryl" as a group or part of a group
denotes an aromatic monocyclic or bicyclic moiety of 5
to 10 ring atoms in which one or more, preferably one,
two, or three, of the ring atom(s) is(are) selected
from nitrogen, oxygen or sulfur, the remaining ring
atoms being carbon. Representative heteroaryl rings
include, but are not limited to, pyrrolyl, furanyl,
thienyl, oxazolyl, isoxazolyl, thiazolyl, imidazolyl,
triazolyl, tetrazolyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, indolyl, benzofuranyl,
benzothiophenyl, benzimidazolyl, quinolinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl, pyrazolyl,
and the like. [0060] "Heteroaryloxy" refers to a -O-R
radical where R is heteroaryl as defined above e.g.,
furanyloxy, pyridinyloxy, indolyloxy, and the like.
[0061] "Heteroaryloxycarbonyl" refers to a -C(O)O-R
radical where R is heteroaryl as defined above e.g.,
pyridinyloxycarbonyl, pyrimidinyloxycarbonyl, and the
like. [0062] "Heteroaralkyl" refers to a -(alkylene)-R
radical where R is heteroaryl as defined above e.g.,
pyridinylmethyl, 1- or 2-furanylethyl,
imidazolylmethyl, and the like. [0063]
"Heteroaralkyloxy" refers to a -O-R radical where R is
heteroaralkyl as defined above e.g.,
pyridinylmethyloxy, furanylethyloxy, and the like.
[0064] "Heteroaralkyloxycarbonyl" refers to a -C(O)O-R
radical where R is heteroaralkyl as defined above
e.g., pyridinylmethyloxycarbonyl,
pyrimidinylmethyloxycarbonyl, and the like. [0065]
"Heterocycloalkyl" refers to a saturated or partially
unsaturated, mono or bicyclic radical of 4, 5 or 6
carbon ring atoms wherein one or more, preferably one,
two, or three of the ring carbon atoms are replaced by
a heteroatom selected from -N=, -N-, -O-, -S-, -SO-,
or -S(O)2- and further wherein one or two ring carbon
atoms are optionally replaced by a keto (- CO-) group.
The heterocycloalkyl ring is optionally fused to
cycloalkyl, aryl or heteroarylring as defined herein.
Representative examples include, but are not limited
to, imidazolidinyl, morpholinyl, thiomorpholinyl,
thiomorpholino-1 -oxide, thiomorpholino-1,1- dioxide,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1-oxotetrahydrothiopyranyl,
1,1-dioxotetrathio-pyranyl, indolinyl, piperazinyl,
piperidyl, pyrrolidinyl, pyrrolinyl,
quinuclidinyl,3,4-dihydroisoquinolinyl,
dihydroindolyl, and the like. [0066] When the
heterocycloalkyl group contains at least one nitrogen
ring atom it is referred to herein as
"heterocycloamino" and is a subset of the
heterocycloalkyl group as defined above. [0067]
"Heterocyclylalkylene" refers to a divalent
heterocyclyl group, as defined in this Application,
e.g., the instance wherein R3 and R4 together with the
carbon atom to which both R3 and R4 are attached form
heterocyclylalkylene" includes, but is not limited to,
the following: in which R is a substituent defined in
the Summary of the Invention [0068]
"Heterocycloalkylalkyl" refers to a -(alkylene)-R
radical where R is heterocycloalkyl as defined above
e.g., pyrrolidinylmethyl, tetrahydrofuranylethyl,
pyridinylmethylpiperidinylmethyl, and the like. [0069]
"Heterocycloalkyloxycarbonyl" refers to a -C(O)OR
radical where R is heterocycloalkyl as defined above
e.g., pyridinyloxycarbonyl, pyrimidinyloxycarbonyl,
and the like. [0070] "Hydroxy" means -OH radical.
Unless indicated otherwise, the compounds of the
invention containing hydroxy radicals include
protected derivatives thereof. Suitable protecting
groups for hydroxy moieties include benzyl and the
like. [0071] "Hydroxyalkyl" means a linear monovalent
hydrocarbon radical of one to six carbon atoms or a
branched monovalent hydrocarbon radical of three to
six carbons substituted with one or two hydroxy
groups, provided that if two hydroxy groups are
present they are not bothon the same carbon atom.
Representative examples include, but are not limited
to, hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, l-(hydroxymethyl)-2- methylpropyl,
2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl,
2,3-dihydroxypropyl, 1-
(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl,
3,4-dihydroxybutyl and 2-
(hydroxymethyl)-3-hydroxypropyl, preferably
2-hydroxyethyl, 2,3-dihydroxypropyl, and 1-
(hydroxymethyl)-2-hydroxyethyl. [0072] "Isomers" mean
compounds of Formula (T) having identical molecular
formulae but differ in the nature or sequence of
bonding of their atoms or in the arrangement of their
atoms in space. Isomers that differ in the arrangement
of their atoms in space are termed "stereoisomers".
Stereoisomers that are not mirror images of one
another are termed "diastereomers" and stereoisomers
that are nonsuperimposable mirror images are termed
"enantiomers" or sometimes "optical isomers". A carbon
atom bonded to four nonidentical substituents is
termed a "chiral center". A compound with one chiral
center that has two enantiomeric forms of opposite
chirality is termed a "racemic mixture". A compound
that has more than one chiral center has 2" 1
enantiomeric pairs, where n is the number of chiral
centers. Compounds with more than one chiral center
may exist as either an individual diastereomer or as a
mixture of diastereomers, termed a "diastereomeric
mixture". When one chiral center is present a
stereoisomer may be characterized by the absolute
configuration of that chiral center. Absolute
configuration refers to the arrangement in space of
the substituents attached to the chiral center.
Enantiomers are characterized by the absolute
configuration of their chiral centers and described by
the R- and ^-sequencing rules of Cahn, Ingold and
Prelog. Conventions for stereochemical nomenclature,
methods for the determination of stereochemistry and
the separation of stereoisomers are well known in the
art (e.g., see "Advanced Organic Chemistry", 4th
edition, March, Jerry, John Wiley & Sons, New York,
1992). It is understood that the names and
illustration used in this Application to describe
compounds of Formula (T) are meant to be encompassed
all possible stereoisomers. [0073] "Optional" or
"optionally" or "may be" means that the subsequently
described event or circumstance may or may not occur,
and that the description includes instances where the
event or circumstance occurs and instances in which it
does not. For example, the phrase "wherein the
aromatic ring in Ra is optionally substituted with one
or two substituents independently selected from alkyl"
means that the aromatic ring may or may not be
substituted with alkyl in order to fall within the
scope of the invention.[0074] The present invention
also includes iV-oxide derivatives of a compound of
Formula (I). -oxide derivative mean a compound of
Formula (I) in which a nitrogen atom is in an oxidized
state (i.e., N-"O) e.g., pyridine JV-oxide, and which
possess the desired pharmacological activity. [0075]
"Pathology" of a disease means the essential nature,
causes and development of the disease as well as the
structural and functional changes that result from the
disease processes. [0076] "Pharmaceutically
acceptable" means that which is useful in preparing a
pharmaceutical composition that is generally safe,
non-toxic and neither biologically nor otherwise
undesirable and includes that which is acceptable for
veterinary use as well as human pharmaceutical use.
[0077] "Pharmaceutically acceptable salts" means salts
of compounds of Formula (I) which are pharmaceutically
acceptable, as defined above, and which possess the
desired pharmacological activity. Such salts include
acid addition salts formed with inorganic acids such
as hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid, and the like; or with
organic acids such as acetic acid, propionic acid,
hexanoic acid, heptanoic acid, cyclopentanepropionic
acid, glycolic acid, pyruvic acid, lactic acid,
malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic
acid, o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid,
mandelic acid, methylsulfonic acid, ethanesulfonic
acid, 1,2-ethanedisulfonic acid,
2-hydroxy-ethanesulfonic acid, benzenesulfonic
acid^-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, acid, camphorsulfonic
acid, 4-methylbicyclo[2.2.2]oct-2-ene-l-carboxylic
acid, glucoheptonic acid,
4,4'-methylenebis(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid and the like. [0078]
Pharmaceutically acceptable salts also include base
addition salts which may be formed when acidic protons
present are capable of reacting with inorganic or
organic bases. Acceptable inorganic bases include
sodium hydroxide, sodium carbonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide.
Acceptable organic bases include ethanolamine,
diethanolamine, triethanolamine, tromethamine,
-methylglucamine and the like.[0079] The present
invention also includes prodrugs of a compound of
Formula (T). Prodrug means a compound that is
convertible in vivo by metabolic means (e.g. by
hydrolysis) to a compound of Formula (T). For example,
an ester of a compound of Formula (T) containing a
hydroxy group may be convertible by hydrolysis in vivo
to the parent molecule. Alternatively an ester of a
compound of Formula (I) containing a carboxy group may
be convertible by hydrolysis in vivo to the parent
molecule. Suitable esters of compounds of Formula (T)
containing a hydroxy group, are for example acetates,
citrates, lactates, tartrates, malonates, oxalates,
salicylates, propionates, succinates, fumarates,
maleates, methylene-bis- bb-hydroxynaphthoates,
gentisates, isethionates, di-ji-toluoyltartrates,
methylsulphonates, ethanesulphonates,
benzenesulphonates, p-toluenesulphonates,
cyclohexylsulphamates and quinates. Suitable esters of
compounds of Formula (T) containing a carboxy group,
are for example those described by Leinweber, FJ.
DrugMetab. Res., 1987, 18, page 379. An especially
useful class of esters of compounds of Formula (T)
containing a hydroxy group, may be formed from acid
moieties selected from those described by Bundgaard et
ah, J. Med. Chem., 1989, 32, pp 2503-2507, and include
substituted (aminomethyl)-benzoates, for example,
dialkylamino-methylbenzoates in which the two alkyl
groups may be joined together and/or interrupted by an
oxygen atom or by an optionally substituted nitrogen
atom, e.g. an alkylated nitrogen atom, more especially
(morpholino-methyl)benzoates, e.g. 3- or
4-(morpholinomethyl)-benzoates, and
(4-alkylpiperazin-l-yl)benzoates, e.g. 3- or
4-(4-alkylpiperazin-l-yl)benzoates. [0080] "Protected
derivatives" means derivatives of compounds of Formula
(T) in which a reactive site or sites are blocked with
protecting groups. Protected derivatives of compounds
of Formula (T) are useful in the preparation of
compounds of Formula (T) or in themselves may be
active cathepsin S inhibitors. A comprehensive list of
suitable protecting groups can be found in T.W.
Greene, Protective Groups in Organic Synthesis, 3rd
edition, John Wiley & Sons, Inc. 1999. [0081]
"Therapeutically effective amount" means that amount
which, when administered to an animal for treating a
disease, is sufficient to effect such treatment for
the disease.[0082] "Treatment" or "treating" means any
administration of a compound of the present invention
and includes: (1) preventing the disease from
occurring in an animal which may be predisposed to the
disease but does not yet experience or display the
pathology or symptomatology of the disease, (2)
inhibiting the disease in an animal that is
experiencing or displaying the pathology or
symptomatology of the diseased (i.e., arresting
further development of the pathology and/or
symptomatology), or (3) ameliorating the disease in an
animal that is experiencing or displaying the
pathology or symptomatology of the diseased (i.e.,
reversing the pathology and/or symptomatology).
"Treatment" or "treating" with respect to combination
therapy i.e., use with a biologic means any
administration of a compound of the present invention
and includes: (1) preventing the immune response from
occurring in an animal which may be predisposed to the
immune response but does not yet experience or display
the pathology or symptomatology of the immune
response, (2) inhibiting the immune response in an
animal that is experiencing or displaying the
pathology or symptomatology of the immune response
(i.e., arresting further development of the pathology
and/or symptomatology), or (3) ameliorating the immune
response in an animal that is experiencing or
displaying the pathology or symptomatology of the
immune response (i.e., reducing in degree or severity,
or extent or duration, the overt manifestations of the
immune response or reversing the pathology and/or
symptomatology e.g., reduced binding and presentation
of antigenic peptides by MHC class II molecules,
reduced activation of T-cells and B-cells, reduced
humoral and cell-mediated responses and, as
appropriate to the particular immune response, reduced
inflammation, congestion, pain, necrosis, reduced loss
in the efficacy of a biologic agent, and the like).
[0083] The expression "wherein the aromatic or
alicyclic ring in R5 is optionally substituted with
one, two, or three Ra independently selected from
alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, or
halo; or optionally substituted with one or two Rb
independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected from
hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, " in the definition of R5 in the
compound of Formula (I) means that all the aromatic
and alicyclic rings within the scope ofR5 whether
directly or indirectly attached (e.g., R5 is
cycloalkylalkyl, -alkylene-X-R9 where X is as defined
in the Summary of the Invention and R9 is ary,
aralkyl, etc, ..) are optionally substituted with Ra,
or Rb and R, or R alone. Preferred Embodiments [0084]
I. Certain compounds of Formula (I) within the
broadest scope set forth in the Summary of the
Invention are preferred. For example: (A) A preferred
group of compounds is that wherein: R1 is hydrogen or
methyl, preferably hydrogen; R2 is cyclopropyl,
1-phenylethyl [-CH(C6H5)CH3], or lH-ryrazol-5-yl;
preferably cyclopropyl. [0085] (1) Within the above
preferred group (A) and more preferred group contained
therein, a more preferred group of compounds is that
wherein R3 is hydrogen and R4 is alkyl, preferably
methyl, ethyl, propyl or butyl, more preferably R4 is
ethyl or propyl. [0086] (2) Within the above preferred
group (A) and more preferred group contained therein,
a more preferred group of compounds is that wherein R3
is alkyl, preferably methyl or ethyl and R4 is alkyl,
preferably methyl, ethyl, propyl or butyl, more
preferably R4 is methyl. Preferably, R3 and R4 are
methyl. [0087] (3) Within the above preferred group
(A) and more preferred groups contained therein, a
more preferred group of compounds is that wherein R3
and R4 together with the carbon atom to which they are
attached form cycloalkylene, preferably
cyclopropylene, cyclopentylene, or cyclohexylene, more
preferably cyclopropylene.[0088] (4) Within the above
preferred group (A) and more preferred group contained
therein, a more preferred group of compounds is that
wherein R3 and R4 together with the carbon atom to
which they are attached form piperidin-4-yl
substituted at the nitrogen atom with ethyl,
2,2,2-trifluoroethyl or cyclopropyl,
tetrahydropyran-4-yl, tetrahydrothiopyran-4- yl, or
l,l-dioxotetrahydrothiopyran-4-yl. [0089] (i) Within
the above preferred groups (A) and A(I -4) and more
preferred groups contained therein, a more preferred
group of compounds is that wherein R6 is haloalkyl,
preferably, difluoromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 1,1,2,2,2-pentafluoroethyl,
1,1,2,2,3,3 ,3-heptafluoropropyl and R7 and R8 are
hydrogen. [0090] (ii) Within the above preferred
groups (A) and A(I -4) and more preferred groups
contained therein, a more preferred group of compounds
is that wherein R6 is haloalkyl, preferably,
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,
or 1,1,2,2,2- pentafluoroethyl, R7 is haloalkyl,
preferably, trifluoromethyl, 2,2,2-trifluoroethyl, or
1,1,2,2,2-pentafluoroethyl, and R8 is hydrogen. [0091]
(iii) Within the above preferred groups (A) and A(I
-4) and more preferred groups contained therein, a
more preferred group of compounds is that wherein R6
is haloalkyl, preferably, difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, or 1,1,2,2,2-
pentafluoroethyl, R7 is alkyl, preferably, methyl,
ethyl, or propyl, and R8 is hydrogen. [0092] (iv)
Within the above preferred groups (A) and A(I -4) and
more preferred groups contained therein, a more
preferred group of compounds is that wherein R6 is
haloalkyl, preferably, difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, or 1,1,2,2,2-
pentafluoroethyl, R7 is haloalkyl, preferably,
trifluoromethyl or 2,2,2-trifluoroethyl, and R8 is
aryl optionally substituted with one, two, or three
Re. Preferably R8 is phenyl, 4- fluorophenyl, 2,3-,
2,4-, 2,5-, 2,6-, 3,4, or 3,5-difiuorophenyl. More
preferably, R6 and R7 are trifluoromethyl and R8 is
phenyl, 4-fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4,-
or 3,5- difiuorophenyl. [0093] (iv) Within the above
preferred groups (A) and A(I -4) and more preferred
groups contained therein, a more preferred group of
compounds is that wherein R6 is haloalkyl, preferably,
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,
or 1,1,2,2,3- pentafluoroethyl, R7 is alkyl,
preferably, methyl or ethyl, and R8 is aryl optionally
substituted with one, two, or three Re. Preferably R8
is phenyl, 4-fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-,
3,4,or 3,5-difluorophenyl. More preferably, R6 is
trifluoromethyl and R7 is methyl and R8 is phenyl,
4-fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4,- or
3,5-difluorophenyl. [0094] (v) Within the above
preferred groups (A) and A(l-4) and more preferred
groups contained therein, a more preferred group of
compounds is that wherein R6 is haloalkyl, preferably,
trifluoromethyl, difiuoromethyl, 2,2,2-trifluoroethyl,
or 1,1,2,2,2- pentafluoroethyl, R7 is hydrogen, and R8
is aryl optionally substituted with one, two, or three
Re. Preferably R8 is phenyl, 4-fluorophenyl, 2,3-,
2,4-, 2,5-, 2,6-, 3,4,- or 3,5-difluorophenyl. More
preferably, R6 is trifluoromethyl and R8 is phenyl,
4-fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4, or
3,5-difluorophenyl, preferably 2,4-difluorophenyl.
[0095] (vi) Within the above preferred groups (A) and
A(I -4) and more preferred groups contained therein, a
more preferred group of compounds is that wherein R6
is haloalkyl, preferably, trifluromethyl,
2,2,2-trifluoroethyl, or 1,1,2,2,2-pentafluoroethyl,
R7 is haloalkyl, preferably, trifluoromethyl or
2,2,2-trifluoroethyl, and R8 is heteroaryl optionally
substituted with one, two, or three Re. Preferably R8
is indol-5-yl, benzoxazol-5-yl, thiophen-3-yl,
thiophen-2-yl, furan-2-yl, pyridin-4-yl, pyridin-3-yl,
pyridin-2-yl, imidazol-5-yl, pyrimidin-2- yl,
pyrazin-2-yl, pyrimidin-5-yl, pyrimdin-4-yl,
pyridazin-4-yl, isoxazol-4-yl, imidazol-2-yl,
[1.2.3]thiadiazol-4-yl, imidazol-4-yl, pyrazol-4-yl,
thiazol-2-yl, pyrazol-4-yl, pyrrol-2-yl, pyrrol-3-yl,
thiazol-4-yl, thiazol-5-yl optionally substituted with
one or two methyl. [0096] (vii) Within the above
preferred groups (A) and A(I -4) and more preferred
groups contained therein, a more preferred group of
compounds is that wherein R6 is haloalkyl, preferably,
trifluromethyl, 2,2,2-trifluoroethyl, or
1,1,2,2,2-pentafluoroethyl, R7 is alkyl, preferably,
methyl or ethyl, and and R8 is heteroaryl optionally
substituted with one, two, or three Re. Preferably R8
is indol-5-yl, benzoxazol-5-yl, thiophen-3-yl,
thiophen-2-yl, furan-2- yl, pyridine-4-yl,
pyridin-3-yl, pyridin-2-yl, imidazol-5-yl,
pyrimidin-2-yl, pyrazin-2-yl, pyrimidin-5-yl,
pyrimdin-4-yl, pyridazin-4-yl, isoxazol-4-yl,
imidazol-2-yl, [1.2.3]thiadiazol- 4-yl, imidazol-4-yl,
pyrazol-4-yl, thiazol-2-yl, pyrazol-4-yl, pyrrol-2-yl,
pyrrol-3-yl, thiazol- 4-yl, thiazol-5-yl optionally
substituted with one or two methyl. [0097] (viii)
Within the above preferred groups (A) and A(I -4) and
more preferred groups contained therein, a more
preferred group of compounds is that wherein R6 is
haloalkyl, preferably, trifluromethyl,
2,2,2-trifluoroethyl, or 1,1,2,2,2-pentafluoroethyl,
R7 is hydrogen, and and R is heteroaryl optionally
substituted with one, two, or three R . Preferably R
is indol-5-yl, benzoxazol-5-yl, thiophen-3-yl,
thiophen-2-yl, furan-2-yl, pyridin-4-yl, pyridin-3-yl,
pyridin-2-yl, imidazol-5-yl, pyrimidin-2-yl,
pyrazin-2-yl, pyrimidin-5-yl, pyrimdin-4-yl,
pyridazin-4-yl, isoxazol-4-yl, imidazol-2-yl,
[1.2.3]thiadiazol-4-yl, imidazol-4-yl, pyrazol-4- yl,
thiazol-2-yl, pyrazol-4-yl, pyrrol-2-yl, pyrrol-3-yl,
thiazol-4-yl, thiazol-5-yl optionally substituted with
one or two methyl. [0098] (a) Within the above
preferred groups (A)5 A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is cycloalkylalkyl optionally
substituted with one, two, or three Ra independently
selected from alkyl or halo or an Rc selected from
aralkyl or heteroaralkyl, preferably
1-methylcyclopentylmethyl, 1-methylcyclohexylmethyl,
1- methylcyclobutylmethyl,
l-methyl-S^-difluorocyclobutylmethyl, l-methyl-4,4-
difluorocyclohexyhnethyl, 1-benzyl-cyclopropyhnethyl,
l-thiazol-2- ylmethylcyclopropyhnethyl, or
1-methyl-3,3-difluorocyclopentyhnethyl. [0099] (b)
Within the above preferred groups (A), A(l-4),
A(l-viii) and A(i-4)(i-viii), and more preferred
groups contained therein, an even more preferred group
of compounds is that wherein R5 is alkyl, preferably
2,2-dimethylpropyl, 3,3-dinaethylpentyl, 2,2,3,3-
tetramethylbutyl. [0100] (c) Within the above
preferred groups (A), A(l-4), A(l-viii) and
A(i-4)(i-viii), 



and more preferred groups contained therein, an even
more preferred group of compounds is that wherein R5
is haloalkyl, preferably 2,2-dichloroethyl,
3,3,3-trifluoropropyl, 2,2- trifluoromethylethyl, or
2,2,2-trifluoroethyl. [0101] (d) Within the above
preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is haloalkyl substituted with aryl,
heteroaryl or heterocycloalkyl, preferably
2,2-difluoro-3-phenylpropyl,
2,2-difluoro-3-tetrahydropyran-4-ylpropyl,
2,2-difluoro-3- morpholin-4-ylpropyl,
2,2-difluoro-3-pyridin-2-ylpropyl,
2,2-difluoro-3-pyridin-3-ylpropyl, or
2,2-dichloro-3-phenylpropyl. [0102] (e) Within the
above preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is aralkyl optionally substituted with
one, two, or three Ra independently selected from
alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, cyano,
or halo; or optionally substituted with one or two Rb
independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected
fromhydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, aryloxycarbonyl,
aralkyloxycarbonyl, heteroaryloxycarbonyl,
heteroaralkyloxycarbonyl, heterocycloalkyloxycarbonyl,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy,
aminocarbonyl, aminosulfonyl, or -SO2R11 (where R1 1
is alkyl, cycloalkyl, aryl, heteroaryl, or
heterocycloalkyl); and further wherein the aromatic or
alicyclic ring in R0 is optionally substituted with
one, two, or three Rd independently selected from
alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, or
halo. Preferably, R5 is benzyl, 4-methoxybenzyl,
3,4-dichlorobenzyl, 2-chlorobenzyl, 4-ethoxybenzyl,
biphen-4-ylmethyl, naphth-1-yhnethyl,
naphth-2-yknethyl, 4-chlorobenzyl, 3-chlorobenzyl,
4-fluorobenzyl, 2-phenethyl, 4-hydroxybenzyl, 2-(4-
hydroxyphenyl)ethyl, 2,6-difluorobenzyl,
biphenyl-3-yhnethyl, 3-phenylpropyl, or
2,2-dimethyl-3-phenylpropyl. Preferably, R5 is
2-chlorobenzyl, 3-chlorobenzyl, or Afluorobenzyl.
[0103] (f) Within the above preferred groups (A),
A(l-4), A(i-viii) and A(l-4)(i-viii), and more
preferred groups contained therein, an even more
preferred group of compounds is that wherein R5 is
heteroaralkyl optionally substituted with one, two, or
three Ra independently selected from alkyl, haloalkyl,
alkoxy, hydroxy, haloalkoxy, cyano, or halo; or
optionally substituted with one or two Rb
independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected from
hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, aryloxycarbonyl,
aralkyloxycarbonyl, heteroaryloxycarbonyl,
heteroaralkyloxycarbonyl, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aminocarbonyl,
aminosulfonyl, or -SO2R11 (where R is alkyl, aryl,
heteroaryl, or heterocycloalkyl); and further wherein
the aromatic or alicyclic ring in Rc is optionally
substituted with one, two, or three Rd independently
selected from alkyl, haloalkyl, alkoxy, hydroxy,
haloalkoxy, or halo. Preferably, R5 is 2-
bromothiophen-5-ylmethyl, pyridin-4-ylmethyl, or
2,2-dimethyl-3-pyridin-3-ylpropyl. [0104] (g) Within
the above preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is -(alkylene)-S(O)2-R9 where R9 is
alkyl, preferably R5 is methylsulfonyhnethyl,
ethylsulfonylmethyl, propyl- 1-sulfonylmethyl, 2-
methylpropylsulfonylmethyl, 2-methyl-sulfonylethyl, or
2-ethylsulfonylethyl.[0105] (h) Within the above
preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is -(alkylene)-S(O)2-R9 where R9 is
aryl or aralkyl optionally substituted with one, two,
or three Ra independently selected from alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, cyano, or
halo; or optionally substituted with one or two Rb
independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected from
hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, aryloxycarbonyl,
aralkyloxycarbonyl, heteroaryloxycarbonyl,
heteroaralkyloxycarbonyl, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aminocarbonyl,
aminosulfonyl, or -SO2R1 1 (where R1 1 is alkyl, aryl,
heteroaryl, or heterocycloalkyl); and further wherein
the aromatic or alicyclic ring in Rc is optionally
substituted with one, two, or three Rd independently
selected from alkyl, haloalkyl, alkoxy, hydroxy,
haloalkoxy, or halo. Preferably R5 is
2-difluoromethoxyphenylmethanesulfonyknethyl,
2-phenylsulfonylethyl,
4-fluorophenylmethanesulfonylmethyl, 4-
ammocarbonylphenylmethanesulfonylmethyl, 4-piperazin-
1-ylphenylmethanesulfonybnethyl,
2-fluorophenylmethanesulfonylmethyl,
3-fluorophenyhnethanesulfonylmethyl, 2,4,6-
trifluorophenyhnethanesulfonylmethyl, 2-, 3-, or
4-trifluoromethylphenyhnethanesulfonylmethyl,
phenylmethanesulfonylmethyl, 2-(2-, 3-, or
4-trifluoromethylphenyl)sulfonylethyl, or 2-(2-, 3-,
or 4-fluorophenyl)sulfonylethyl. [0106] (i) Within the
above preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is -(alkylene)-S(O)2-R9 where R9 is
heteroaryl or heteroaralkyl optionally substituted
with one, two, or three Ra independently selected from
alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, cyano,
or halo; or optionally substituted with one or two Rb
independently selected from hydrogen, alkyl,
haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy,
or alkoxycarbonyl and one Rc selected from
hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, aryloxycarbonyl,
aralkyloxycarbonyl, heteroaryloxycarbonyl,
heteroaralkyloxycarbonyl, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aminocarbonyl,
aminosulfonyl, or -SO2R11 (where R11 is alkyl, aryl,
heteroaryl, or heterocycloalkyl); and further wherein
the aromatic or alicyclic ring in Rc is optionally
substituted with one, two, or three Rd independently
selected from alkyl, haloalkyl, alkoxy,hydroxy,
haloalkoxy, or halo. Preferably R5 is
pyridin-2-ylmethanesulfonyhnethyl, pyridin-
3-yhnethanesulfonylmethyl,
pyridin-4-ylmethanesulfonyhnethyl,
3-difluoromethoxypyridin- 2-ylmethanesulfonylmethyl,
2-difluoromethoxypyridin-3-yhnethanesulfonylmethyl, 4-
difluoromethoxypyridin-3-yhnethanesulfonyhnethyl,
3-difluoromethoxypyridin-4- ylmethanesulfonyhnethyl,
pyrimidin-2-yhnethanesulfonyhnethyl, pyrimidin-5-
ylmethanesulfonylmethyl,
3-trifluoromethylpyridin-2-yhnethanesulfonyhriethyl,
4- trifluoromethylpyridin-3-ylmethanesulfonyhiiethyl,
3,5-dimethylisoxazol-4- ylmethanesulfonyhnethyl,
2-fluorofuran-5-ylmethanesulfonylmethyl,
2-methylthiazol-4- ylmethanesulfonyhnethyl,
ruran-2-yhnethanesulfonylmethyl, 2-pyridin-2-
ylethanesulfonylmethyl,
2-pyridin-3-ylemanesulfonylmethyl,
2-pyridin-4~ylethanesulfonyhnethyl,
2-pyridin-3-ylsulfonylethyl,
2-pyridin-4-ylsulfonylethyl, 3-pyridin-3-
ylsulfonylpropyl,
1,3,5-triazin-2-yhnethanesulfonylmethyl,
1,3,4-thiadiazol-2- ylmethanesulfonylmethyl,
oxazol-5-ylmethanesulfonylmethyl,
thiazol-5-ylmethanesulfonylmethyl, or
thiazol-2-yhnethanesulfonylmethyl. [0107] 0' ) Within
the above preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is -(alkylene)-S(O)2-R9 where R9 is
heterocycloalkyl or heterocycloalkylalkyl optionally
substituted with one, two, or three Ra independently
selected from alkyl, haloalkyl, alkoxy, hydroxy,
haloalkoxy, cyano, or halo; or optionally substituted
with one or two Rb independently selected from
hydrogen, alkyl, haloalkyl, alkoxy, hydroxy,
haloalkoxy, halo, carboxy, or alkoxycarbonyl and one
Rc selected from hydroxyalkyl, alkoxyalkyl,
aminoalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, acyl, aryloxycarbonyl,
aralkyloxycarbonyl, heteroaryloxycarbonyl,
heteroaralkyloxycarbonyl, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aminocarbonyl,
aminosulfonyl, or -SO2R1 1 (where R1 1 is alkyl,
cycloalkyl, aryl, heteroaryl, or heterocycloalkyl);
and further wherein the aromatic or alicyclic ring in
Rc is optionally substituted with one, two, or three
Rd independently selected from alkyl, haloalkyl,
alkoxy, hydroxy, haloalkoxy, or halo. Preferably, R5
is piperidin-1-ylsulfonylmethyl or piperidin-4-
ylmethanesulfonylmethyl wherein the nitrogen atom in
the piperidine ring is substituted with methyl, ethyl,
acetyl, methylsulfonyl, or aminosulfonyl,
tetrahydropyran-4-ylsulfonylmethyl,
tetrahydropyran-4-ylsulfonyhnethyl,
1,1-dioxotetrahydrothiopyran-4-
ylmethanesulfonylmethyl, or
morpholin-4-yhnethanesulfonyl-methyl.[0108] (k) Within
the above preferred groups (A)5 A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, an even more preferred group of compounds is
that wherein R5 is -(alkylene)-S(O)2-R9 where R9 is
cycloalkylalkyl, preferably R5 is
cyclopropylmethylsulfonylmethyl. [0109] (1) Within the
above preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, R5 is ethylsulfonylmethyl, 2-
methysulfonylethyl, 2-methylpropylsulfonyhnethyl,
benzenesulfonylmethyl, 2- phenylsulfonylethyl,
naphth-2-yhnethanesulfonylmethyl,
biphenyl-2-yhnethanesulfonyhnethyl,
biphenyl-4-ylmethanesulfonyhnethyl,
phenylmethanesulfonyhnethyl,
2-phenylmethanesulfonylethyl,
4-tert-butylphenyhnethanesulfonyhnethyl,
2-fluoro-phenyhnethanesulfonylmethyl,
3-fluorophenylmethane-sulfonyhnethyl,
4-fluorophenyhnethanesulfonyhnethyl, 2-
chlorophenyhnethanesulfonyhnethyl,
3-chlorophenylmethanesulfonylmethyl,
4-chlorophenyhnethanesulfonyhnethyl,
2-methoxyphenylmethanesulfonylmethyl,
4-methoxyphenyhnethanesulfonyhnethyl,
2-trifiuoromethoxyphenyhnethanesulfonyhnethyl,
3-trifluoromethoxyphenyhnethanesulfonyl-methyl,
4-trifluoromethoxyphenylmethanesulfonyhnethyl,
2-trifluoromethylphenyl-methanesulfonyhnethyl,
3-trifluoromethylphenylmethanesulfonyhnethyl,
4-trifluoromethylphenylmethanesulfonylmethyl,
2-cyanophenyhnethanesulfonyhnethyl,
3-cyanophenyhnethanesulfonyhiiethyl,
2-bromophenyhnethanesulfonyhnethyl, 2-
methylphenylmethanesulfonyhnethyl,
3-methylphenyhnethanesulfonylmethyl,
4-methylphenylmethanesulfonylmethyl,
2-(4-trifluoromethoxy-benzenesulfonyl)ethyl,
2-(3-trifluoromethoxybenzenesulfonyl)ethyl,
2-(2-trifluoromethoxybenzenesulfonyl)-ethyl,
2-difluoromethoxyphenylmethanesulfonyhnethyl,
3-difluoromethoxyphenylmethanesulfonyhnethyl,
4-difluoromethoxyphenyhnethanesulfonyhnethyl,
2-(4-difluoromethoxybenzenesulfonyl)ethyl,
2-(2-difluoromethoxybenzenesulfonyl)ethyl,
2-(3-difluoromethoxybenzenesulfonyl)ethyl
>3-chloro-2-fluorophenyhnethanesulfonyhnethyl,
3,5-dimethylphenylmethanesulfonyhnethyl,
3,5-bis-trifluoromethylphenylmethanesulfonyhnethyl,
2,5-difluorophenyhnethanesulfonyhnethyl,
2,6-difluorophenyhnethanesulfonyhnethyl,
2,3-difluorophenyhnethanesulfonylmethyl,
3,4-difluorophenyhnethanesulfonyhnethyl,
2,4-difluorophenyhnethanesulfonyhnethyl,
2,5-dichlorophenyhnethanesulfonyhnethyl,
3,4-dichlorophenyhnethanesulfonyhnethyl,
2,6-dichlorophenylmethanesulfonyhnethyl,
2-fluoro-3-methylphenyhnethanesulfonyhnethyl,4-fluoro-
2-trifluoromethoxyphenylmethanesulfonylmethyl,
2-fluoro-6-t
iifluoromethylphenylmethanesulfonylmethyl,
2-fluoro-3-trifluoromethylphenylmethanesulfonylmethyl,
2-fluoro-4-trifluoromethylphenylmethanesulfonylmethyl,
2-fluoro-5-trifluoromethylphenylmethanesulfonylmethyl,
4-fluoro-3-trifluoromethylphenylmethanesulfonylmethyl,
2-chloro-5-trifluoromethylphenylmethanesulfonylmethyl,
2,4,6-trifluorophenylmethanesulfonylmethy,
2,4,5-trifluorophenylmethanesulfonylmethyl,
2,3,4-trifluorophenylmethanesulfonylmethyl,
2,3,5-trifluorophenylmethanesulfonylmethyl,
2,5,6-trifluorophenylmethanesulfonyl-methyl, 3,4,5-
trimethoxyphenylmethanesulfonylmethyl,
pyridin-2-ylmethanesulfonylmethyl, pyridin-3 -
ylmethanesulfonylmethyl,
pyridin-4-yl-methanesulfonylmethyl,
2-(pyridin-2-ylsulfonyi)ethyl,
2-(pyridin-4-ylsulfonyl)ethyl,
oxypyridin-2-ylmethanesulfonylmethyl,
cyclohexylmethanesulfanylmethyl,
cyclohexylmethanesulfonylmethyl,
cyclopropylmethanesulfonylmethyl,
thiophene-2-sulfonylmethyl,
S-chlorothien^-ylmethanesulfonylmethyl, or
3,5-dimethylisoxazol- 4-ylmethanesulfonylmethyl.
[0110] (m) Within the above preferred groups (A),
A(l-4), A(i-viii) and A(l-4)(i-viii), and more
preferred groups contained therein, R5 is
l-ethoxycarbonylpiperidm-4-ylmethyl, 1-
methylpiperidin-4-ylmethyl,
2-tetrahydropyran-4-ylethyl, pyrrolidin-1-yhnethyl,
piperidin-1- ylmethyl, morpholin-4-ylmethyl,
2-morpholin-4-ylethyl, thiomorpholin-4-yhnethyl,
1-oxothiomorpholin- 4-ylmethyl,
l,l-dioxothiomorpholin-4-ylmethyl,
tetrahydrothiopyran-4- ybnethyl,
l-oxotetrahydrothiopyran-4-ylmethyl,
l,l-dioxotetrahydrothiopyran-4-yhnethyl, 1-
methylpiperazin-4-ylmethyl, benzyloxymethyl,
ethoxymethyl, isopropyloxymethyl, 2-
piperidin-1-yl-ethyl, 2-pyrrolidin-l-ylethyl, r
-butyloxymethyl, imidazol-4-ylmethyl, indol-
3-ylmethyl, indol-2-ylmethyl,
l-benzyl-imidazol-4-ylmethyl,
4-ethyl-4-methylpiperidin-lylmethyl, indol-1-yhnethyl,
l-methyl-piperidin-2-ylmethyl,
2,2,-difluoro-3-thien-2-ylmethyl, or
pyridin-4-ylmethyl. [0111] (n) Within the above
preferred groups (A), A(l-4), A(i-viii) and
A(l-4)(i-viii), and more preferred groups contained
therein, R5 is 3,5-dimethylisoxazol-4-
ylmethanesulfonylmethyl;
2-CF3methylphenyhnethane-sulfonylmethyl,
3-CF3pyridin-2- ylmethanesulfonylmethyl,
2-F-furan-5-ylmethanesulfonyl-methyl,
2-methylthiazol-4- yhnethanesulfonyhriethyl,
tetrahydropyran-4-ylmethane-sulfonyhnethyl,
1,1-dioxo-l l6-
hexahydrothiopyran-4-yhnethanesulfonylmethyl,
1-ethylpiperidin-4- ylmethanesulfonylmethyl,
2-oxo-tetrahydropyrimidin-4-ylmethane-sulfonyhnethyl,
1-ethyl2-oxopiperidin-4-ylmethanesulfonylmethyl,
1-acetylpiperidin-4-ylmethanesulfonylmethyl, 1-
ethoxycarbonylpireridin-4-ylmethanesulfonylmethyl,
l-methylsulfonylpiperidin-4- ylmethanesulfonylmethyl,
1-cyclorrorylpiperidin-4-ylmethane-sulfonylmethyl, 1-
acetylazetidin-3-ylmethanesulfonylmethyl,
1-ethoxycarbonylazetidin-3- ylmethanesulfonylmethyl,
l-methylsulfonylazetidin-3-ylmethanesulfonylmethyl, 1-
ethylazetidin-3-ylmethanesulfonylmethyl,
l-cyclopropylazetidin-S-ylmethanesulfonylmethyl
furan-2-ylmethanesulfonylmethyl,
difluoro-(4-fluorophenyl)methanesulfonylmethyl,
difluoro-(pyrazin-2-yl)methanesulfonylmethyl,
difluoro-(2-difluoromethoxyphenyl)-
methanesulfonylmethyl,
1-acetylpiperidin-4-ylsulfonylmethyl,
1-ethoxycarbonylpiperidin-4- ylsulfonylmethyl,
l-cyclopropyllpiperidin^-ylsulfonylmethyl,
2-(pyridin-2- yl)ethanesulfonyl-methyl,
2-(pyridin-3-yl)ethanesulfonylmethyl, 2-(pyridin-4-
yl)ethanesulfonylmethyl,
3-(pyridin-2-yl)propanesulfonylmethyl, 2,6-
difluorophenylmethanesulfonyl,
[1.3.5]triazin-2-ylmethanesulfonylmethyl,
[1.3.4]thiadiazol- 2-ylmethanesulfonylmethyl,
oxazol-5-ylmethane-sulfonylmethyl, thiazol-5-
ylmethanesulfonylmethyl,
4-fluorophenyhnethanesulfonyknethyl, 4-
aminocarbonylphenyhnethanesulfonylmethyl,
4-piperazin-4-ylphenyhnethanesulfonyhnethyl,
5-fluoroindol-3-ylmethanesulfonybnethyl,
4,6-difluoroindol-3-yhnethanesulfonylmethyl, 1-
methylindol-3-ylmethanesulfonyhnethyl,
4-fluoroindol-3-yhnethanesulfonyhnethyl, 2-(5-
fluoroindol-3-yl)ethanesulfonylmethyl,
2-(4,6-difluoroindol-3-yl)ethanesulfonylmethyl,
2-(lmethylindol- 3-yl)ethanesulfonyhnethyl,
2-(4-fluoroindol-3-yl)ethanesulfonylmethyl, 2-
quinolin-3-ylethanesulfonylmethyl,
2-quinolin-2-ylethanesulfonylmethyl, isoquinolin-3-
yhnethane-sulfonyhnethyl,
2-(isoquinolin-3-yl)ethanesulfonylmethyl,
2,4-difluoropyridin-3- ylmethane-sulfonylmethyl,
3,4-difluoropyridin-4-ylmethanesulfonylmethyl, 2-(2,4-
difluoropyridin-3-yl)ethanesulfonylmethyl,
2-(3,4-difluoropyridin-4-yl)ethanesulfonyhnethyl,
fluoro-(2,4-difluoropyridin-3-yl)methanesulfonylmethyl
, fluoro-(3,4-difluoropyridin-4-
yl)methane-sulfonylmethyl,
2,4-diCF3pyridin-3-ylmethanesulfonyhnethyl,
3,4-diCF3pyridin- 4-ylmethane-sulfonylmethyl,
2-(2,4-diCF3pyridin-3-yl)ethanesulfonylmethyl, 2-(3,4-
diCF3pyridin-4-yl)ethanesulfonyhnethyl,
fluoro-(2,4-diCF3pyridin-3- yl)methanesulfonylmethyl,
fluoro-(3,4-diCF3pyridin-4-yl)methanesulfonylmethyl,
4-Fpyridin- 3-yhnethanesulfonyhnethyl,
3-F-pyridin-5-ylmethanesulfonylmethyl, 2-F-pyridin-5-
yhnethanesulfonylmethyl,
2-F-pyridin-3-yhnethanesulfonylmethyl, 5-F-pyridin-2-
ylmethanesulfonyhnethyl,
4-F-pyridin-2-yhnethane-sulfonylmethyl, 4-F-l
-oxopyridin-3- ylmethanesulfonylmethyl,
3-F-l-oxopyridin-5-ylmethane-sulfonyhnethyl,
2-F-l-oxopyridin- 5-ylmethanesulfonyhnethyl,
2-F-l-oxopyridin-3-yhnethane-sulfonymiethyl,
5-F-loxopyridin-2-ylmethanesulfonylmethyl,
4-F-1-oxopyridin-2-ylmethane-sulfonylmethyl, ACF
3-pyridin-2-ylmethanesulfonyh iethyl5
3-CF3-pyridin-5-ylmethane-sulfonylme
pyridin-2-ylmethanesulfonylmethyl,
2-CF3-pyridin-3-ylmethane-sulfonylmethyl,
4-CF3-loxopyridin- 2-ylmethanesulfonylmethyl,
S-CFa-l-oxopyridin-S-ylmethanesulfonylmethyl, 3-
F-l-oxopyridin-2-ylmethanesulfonylmethyl,
2-CF3-l-oxopyridin-3-ylmethanesulfonylmethyl,
5-CF3-1-oxopyridin-2-ylmethanesulfonylmethyl,
2-CH3-pyridin-6-ylmethanesulfonylmethyl,
3-CH3-pyridin-2-ylmethanesulfonylmethyl,
4-CH3-pyridin-3 -ylmethanesulfonylmethyl, 3-
CH3-pyridin-4-ylmethanesulfonylmethyl, 2-(2-CH
3-pyridin-6-yl)ethanesulfonylmethyl, 2-(3-
CF3-pyridin-2-yl)ethanesulfonylmethyl, 2-(4-CF
3-pyridin-3-yl)ethatiesulfonylmethyl, 2-(3-
CF3-pyridin-4-yl)ethanesulfonylmethyl,
2-C2H5-pyridin-6-ylmethanesulfonylmethyl, 3-C2H5-
pyridin-2-ylmethanesulfonylmethyl,
4-C2H5-pyridin-3-ylmemanesulfonylmethyl, 3-C2H5-
pyridin-4-ylmethanesulfonylmethyl,
2-(2-C2H5-pyridin-6-yl)ethanesulfonylmethyl, 2-(3-
C2H5-pyridin-2-yl)ethanesulfonylmethyl, 2-(4-C
2H5-pyridin-3-yl)ethanesulfonylmethyl, 2-(3-
C2H5-pyridin-4-yl)ethanesulfonylmethyl, 2-(2-CH
3-pyridin-3-yl)ethanesulfonylmethyl, 2-
CFs-pyridin-S-ylniethanesulfonylmethyl, 2-(3-CF
3-pyridin-4-yl)ethanesulfonylmethyl, 3-CF3-
pyridin-4-ylmethanesulfonylmethyl,
ciraiolin-3-ylmethane-sulfonylmethyl, 2-(cinnolin-3-
yl)ethanesulfonylmethyl, phthalazin-
1-ylmethanesulfonylmethyl, 2-(phthalazin-
1-yl)ethanesulfonylmethyl,
2-(quinoxalin-2-yl)ethanesulfonylmethyl,
quinazolin-2-ylmethanesulfonylmethyl,
2-(quinazolin-2-yl)ethanesulfonylmethyl,
[l,8]naphthyridin-2-ylmethanesulfonylmethyl, 2-(
[l,8]naphthyridin-2- yl)ethanesulfonylmethyl,
[l,8]naphthyridin-3-ylmethanesulfonylmethyl, 2-(
[l,8]naphthyridin-3-yl)ethanesulfonylmethyl,
3-Cl-pyridin-2-ylmethanesulfonylmethyl, 4-C1-
pyridin-3-ylmethanesulfonylmethyl,
3-Cl-pyridin-4-ylmethane-sulfonylmethyl, 3-F-pyridin-
2-ylmethanesulfonylmethyl, 4-F-pyridin-3
-ylmethanesulfonyl-methyl, 3-F-pyridin-4-
ylmethanesulfonylmethyl,
isoquinolin-4-ylmethanesulfonylmethyl,
6-phenylpyridin-2-ylmethanesulfonymiethyl,
3-phenylpyridin-2-ylmethanesulfonylmethyl, 4-
phenylpyridin-3-ylmethanesulfonylmethyl,
3-phenylpyridin-4-ylmethanesulfonylmethyl,
2-(6-phenylpyridin-2-yl)ethanesulfonylmethyl,
2-(3-phenylpyridin-2- yl)ethanesulfonylmethyl,
2-(4-phenylpyridin-3-yl)ethanesulfonylmethyl,
2-(3-phenylpyridin-4- yl)ethanesulfonylmethyl,
6-(pyridin-2-yl)pyridin-2-ylmethanesulfonylmethyl,
3-(pyridin-2-yl)pyridin-2-ylmethanesulfonylmethyl,
4-(pyridin-2-yl)pyridin-3-ylmethanesulfonylmethyl,
3-(pyridin-2-yl)pyridin- 4-ylmethanesulfonyhnethyl,
2-[6-(pyridin-2-yl)pyridin-2-yl]ethanesulfonylmethyl,
2-[3-(pyridin-2-yl)pyridin-2-yl]ethanesulfonylmethyl,
2-[4-(pyridin-2-yl)pyridin-3- yl]ethanesulfonylmethyl,
2-[3-(pyridin-2-yl)pyridin-4-yl]ethanesulfonylmethyl,
6-(pyridin-3- yl)ryridin-2-ylmethane-sulfonylmethyl,
3-(pyridin-3-yl)pyridin-2-ylmethanesulfonylmethyl,
4-(pyridin-3-yl)pyridin-3-ylmethanesulfonylmethyl,
3-(pyridin-3-yl)pyridin-4- ylmethanesulfonylmethyl,
2-[6-(pyridin-3-yl)pyridin-2-yl]ethanesulfonylmethyl,
2-[3- (pyridin-3-yl)pyridin-2-yl]ethanesulfonylmethyl,
2-[4-(pyridin-3-yl)pyridin-3- yl]ethanesulfonylmethyl,
2-[3-(pyridin-3-yl)pyridin-4-yl]ethanesulfonylmethyl,
6-(pyridin-4- yl)pyridin-2-ylmethanesulfonylmethyl,
3-(pyridin-4-yl)pyridin-2-ylmethanesulfonylmethyl,
4-(pyridin-4-yl)pyridin-3-ylmethanesulfonylmethyl,
3-(pyridin-4-yl)pyridm-4- ylmethanesulfonylmethyl,
2-[6-(pyridin-4-yl)pyridin-2-yl]-ethanesulfonyhnethyl,
2-[3- (pyridin-4-yl)pyridin-2-yl]ethanesulfonyhnethyl,
2-[4-(pyridin-4-yl)pyridm-3- yl]ethanesulfonylmethyl,
2-[3-(pyridin-4-yl)pyridin-4-yl]ethanesulfonylmethyl,
2,2-dimethylcyclopropylmethanesulfonyhnethyl,
biphen-2-yhnethanesulfonyhnethyl, 2-
thiophen-2-ylphenyhnethanesulfonylmethyl,
2-thiazol-2-ylphenyhnethanesulfonyhnethyl,
2-thiazol-5-ylphenylmethanesulfonyhnethyl,
2-[1.2.3]thiadiazol-5-ylphenylmethanesulfonylmethyl,
2-isoxazol-5-ylphenylmethanesulfonylmethyl, 2-(l
-methylpyrazol-5- yl)phenyl-methanesulfonylmethyl,
2-[l .2.3]triazol-5-ylphenyhnethanesulfonyhnethyl, 2-
[1.2.3]oxadiazol-5-ylphenylmethanesulfonyhnethyl,
2-[(l .2.3)triazol-5- yl]phenylmethanesulfonylmethyl,
2-[(1.2.3)triazol-l-yl]phenyhnethanesulfonyhnethyl,
oxazolo[5,4-b]pyridin-2-ylmethane-sulfonyknethyl,
oxazolo[4,5-c]pyridin-2- ylmethanesulfonyhnethyl,
oxazolo[4,5-b]pyridin-2-yhnethanesulfonyhnethyl,
benzimidazol- 5-yhnethanesulfonyhnethyl,
benzimidazol-4-ylmethanesulfonylmethyl,
3H-imidazo[4,5- b]pyridin-2-ylmethanesulfonylmethyl, 3
-imidazo[4,5-c]pyridin-2-yhnethanesulfonyhnethyl,
3-CF3-3H-imidazo[4,5-b]pyridin-2-yhnethanesulfonyhneth
yl, 3-CF3-3H-imidazo[4,5-
c]pyridin-2-ylmethanesulfonyhnethyi, l-CF
3-lH-imidazo[4,5-c]pyridin-2- ylmethanesulfonyhnethyl,
l-CF 3-l
-imidazo[4,5-b]pyridin-2-yhnethanesulfonyhiiethyl,
thiazolo[5,4-b]pyridin-2-ylmethanesulfonyhnethyl,
thiazolo[4,5-c]pyridin-2- ylmethanesulfonyhnethyl,
thiazolo[4,5-b]pyridin-2-yhnethanesulfonyhnethyl, 5-
CF3thiazolo[5,4-b]pyridin-2-ylmethanesulfonyhnethyl,
4-CF3-thiazolo[4,5-c]pyridin-2-
yhnethanesulfonylmethyl,
7-CF3-thiazolo[4,5-b]pyridin-2-yhnethanesulfonylmethyl
, 3-CF3- l
-pyrrolo[2,3-b]pyridin-2-yhnethanesulfonylmethyl,
3-CF3-lH-pyrrolo[3,2-c]pyridin-2-
ylmethanesulfonyhnethyl, 3-CF3-l
-pyrrolo[3,2-b]pyridin-2-yhnethanesulfonylmethyl,
imidazo[1,2-c]pyrimidin-2-methanesulfonyhnethyl,
8-CF3-imidazo[1,2-c]pyrimidin-2-
methanesulfonyhnethyl,
imidazo[l,2-a]pyrimidin-2-methanesulfonyhnethyl,
8-CF3-imidazo[l,2-b]pyridazin-2-ylmethanesulfonylmethy
l, imidazo[l,2-a]pyrazin-2- methanesulfonylmethyl,
8-CF3-imidazo[1s2-a]pyrazin-2-methanesulfonylmethyl,
pyrazolo[l,5-c]pyrimidin-2-ylmethanesulfonylmethyl,
3-CF3-pyrazolo[l,5-c]pyrimidin-2-
ylmethanesulfonylmethyl, 4-CF3-pyrazolo[
1,5-c]pyrimidin-2-ylmethanesulfonylmethyl, imidazo[
1,2-d] [1,2,4]triazin-2-methanesulfonylmethyl,
3-CF3-imidazo[ 1,2-d] [1,2,4]triazin-2-
methanesulfonylmethyl,
[l,3]benzoxazol-2-ylmethanesulfonylmethyl,
5-F-[l,3]benzoxazol- 2-ylmethanesulfonylmethyl
[1,3]benzoxazol-4-ylmethanesulfonylmethyl, 2-CF3-
[l,3]benzoxazol-4-ylmethanesulfonyl-methyl,
[l,3]benzoxazol-7-ylmethanesulfonylmethyl,
2-CF3-[1,3]benzoxazol-7-ylmethane-sulfonylmethyl,
[1,2]benzoxazol-3- ylmethanesulfonylmethyl,
[l,2]benzoxazol-4-ylmethanesulfonylmethyl, 5-CF3-
[1,2]benzoxazol-4-ylmethanesulfonylmethyl,
3-CF3-[1,2]benzoxazol-4- ylmethanesulfonylmethyl,
6-CF3-[1,2]benzoxazol-7-ylmethane-sulfonylmethyl,
6-CN- [1,2]benzoxazol-7-ylmethanesulfonylmethyl,
3-CF3-[1,2]benzoxazol-7- ylmethanesulfonylmethyl,
5-F-[l,2]benzoxazol-3-ylmethanesulfonylmethyl,
[2,3]benzoxazol- 7-ylmethanesulfonylmethyl,
6-CF3-[2,3]benzoxazol-7-ylmethanesulfonylmethyl, 1-CF
- [2,3]benzoxazol-7-ylmethanesulfonylmethyl,
5-CF3-[2,3]benzoxazol-4-ylmethanesulfonylmethyl,
5-CN-[2,3]benzoxazol-4-ylmethanesulfonylmethyl,
1-CF3-[2,3]benzoxazol- 4-ylmethanesulfonylmethyl,
benzothiazol-2-ylmethanesulfonylmethyl,
5-F-benzothiazol-2- ylmethanesulfonylmethyl,
benzothiazol-4-ylmethanesulfonylmethyl,
2-CF3-benzothiazol-4- ylmethanesulfonylmethyl,
benzothiazol-7-yknethanesulfonyhnethyl,
2-CF3-benzothiazol-7- ylmethanesulfonyhnethyl,
[1,2]benzothiazol-3-ylmethanesulfonylmethyl,
[1,2]benzothiazol- 4-ylmethanesulfonylmethyl, 5-CF3-[l
,2]benzothiazol-4-yhnethanesulfonyhnethyl, 3-CF3-
[1,2]benzothiazol-4-ylmethanesulfonylmethyl,
6-CF3-[1,2]benzothiazol-7-ylmethanesulfonylmethyl,
6-CN-[l,2]benzothiazol-7-yh tiethanesulfonylmethyl,
3-CF3- [l,2]benzothiazol-7-yhnethanesulfonyhnethyl,
5-F-[l,2]benzothiazol-3- ylmethanesulfonyhnethyl,
[2,3]benzothiazol-7-ylmethanesulfonylmethyl, 6-CF3-
[2,3]benzothiazol-7-ylmethane-sulfonyhnethyl, l-CF
3-[2,3]benzothiazol-7- ylmethanesulfonyhnethyl,
5-CF3-[2,3]benzothiazol-4-ylmethanesulfonylmethyl,
5-CN- [2,3]benzothiazol-4-yhnethanesulfonyhtiethyl,
l-CF 3-[2,3]benzothiazol-4- yhnethanesulfonyhnethyl,
4-CF3-2-CH3-thiazol-5-ylmethanesulfonyl-methyl,
4-CF3-thiazol- 5-ylmethanesulfonyhnethyl,
4-CF3-2-phenyl-thiazol-5-ylmethanesulfonylmethyl,
5-CF3-2- CH3-thiazol-4-ylmethanesulfonylmethyl,
5-CF3-thiazol-4-yhnethanesulfonylmethyl, 5-CF3-2-
phenyl-thiazol-4-ylmethanesulfonyhnethyl,
S-CHs-thiazol^-yhiiethanesulfonyhnethyl, 5-
CF3-thiazol-2-ylmethanesulfonyhnethyl,
5-phenyl-thiazol-2-yhnethanesulfonylmethyl,
4-CH3-thiazol-2-ylmethanesulfonylmethyl,
4-CF3-thiazol-2-ylmethanesulfonylmethyl, 4-
phenyl-thiazol-2-ylmethanesulfonylmethyl,
5-CH3-2-(pyridin-2-yl)-[ 1,2,3]triazol-4-
ylmethanesulfonylmethyl, 5-CF3-2-(pyridin-2-yl)-[
1,2,3]triazol-4-ylmethanesulfonylmethyl,
5-CF3-2-(4-methylsulfonylphenyl)-[
1,2,3]triazol-4-ylmethane-sulfonylmethyl,
4,5-dimethyl-
[l,2,4]triazol-3-ymiethanesulfonylmethyl,
5-CF3-4-CH3-[l,2,4]triazol-3- ylmethanesulfonylmethyl,
4-CH3-5-phenyl-[l,2,4]triazol-3-ylmethane-sulfonylmeth
yl, 5-
CF3-4-cyclopropyl-[l,2,4]triazol-3-ylmethanesulfonylme
thyl, 2,5-dimethyl-[l,2,4]triazol-3-
ylmethanesulfonylmethyl,
5-CF3-2-CH3-[1,2,4]triazol-3-ylmethane-sulfonylmethyl,
2-CH3-5-
phenyl-[l,2,4]triazol-3-ylmethanesulfonylmethyl,
2-cyclopropyl-5-phenyl-[l,2,4]triazol-3-
ylmethanesulfonylmethyl,
S-CFrl-CHHl^^Mazol-S-ylmemane-sulfonylmethyl, l-CH
3-5- phenyl-[ 1,2,4]triazol-3-ylmethanesulfonylmethyl,
5-CH3-I -phenyl-[ 1,2,4]triazol-3-
ylmethanesulfonylmethyl,
3-CH3-[1,2,4]oxadiazol-5-ylmethanesulfonylmethyl
3-CF3-[1,2,4]oxadiazol-5-ylmethanesulfonylmethyl,
3-phenyl-[l,2,4]oxadiazol-5-ylmethanesulfonylmethyl,
5-CH3-[l,2,4]oxadiazol-3-ylmethanesulfonylmethyl,
5-CF3-[l,2,4]oxadiazol- 3-ylmethanesulfonylmethyl,
5-phenyl-[l,2,4]oxadiazol-3-ylmethanesulfonylmethyl,
2-CH3- [l,3,4]oxadiazol-5-ylmethanesulfonylmethyl,
2-CF3-[l,3,4]oxadiazol-5-ylmethanesulfonylmethyl,
2-phenyl-[l,3,4]oxadiazol-5-ylmethanesulfonylmethyl,
3-CH3- [l 2,4]thiadiazol-5-ylmethanesulfonylmethyl,
3-CF3-[l,2,4]thiadiazol-5- ylmethanesulfonylmethyl,
3-phenyl-[l,2,4]thiadiazol-5-ylmethanesulfonylmethyl,
5-CH3- [l,2,4]thiadiazol-3-ylmethane-sulfonylmethyl,
5-CF3-[l,2,4]thiadiazol-3- ylmethanesulfonylmethyl,
5-phenyl-[ 1,2,4]thiadiazol-3-ylmethanesulfonylmethyl,
2-CH3- [1,3,4]thiadiazol-5-ylmethanesulfonylmethyl,
2-CF3-[1,3,4]thiadiazol-5- ylmethanesulfonylmethyl,
2-phenyl-[
1,3,4]thiadiazol-5-ylmethane-sulfonylmethyl, 2,2-
difluoropyrrolidinylmethanesulfonylmethyl,
3,3-difluoropyrrolidinyl-methanesulfonylmethyl,
3-CF3-iV-CH3-pyrrol-2-ylmethanesulfonylniethyl,
3-CN-iV-CH3-pyrrol-2- ylmethanesulfonylmethyl, 4-CF3-
-CH3-pyrrol-2-ylmethanesulfonylmethyl,
4-(1-CH3-Ihydroxyethyl)-
iV-CH3-pyrrol-2-ylmethanesulfonylmethyl,
l,3-dimethylpyrrol-2-ylmethanesulfonylmethyl^- CFs-
-CHs-pyrrol-S-ylmethanesulfonylmethyl^-CN-
-CHs-pyrrol-Sylmethanesulfonylmethyl,
4-CN-iV-(3,3,3-trifluoropropyl)-pyrrol-3-
ylmethanesulfonylmethyl,
2-CF3-iV-CH3-pyrrol-3-ylmethanesulfonyhnethyl, 2-CF3-
-phenylpyrrol- 3-yhnethane-sulfonylmethyl,
4-CF3-pyrrol-2-yhnethanesulfonyhnethyl, 4-(l -CH -I -
hydroxyethyl)-pyrrol-2-yhnethanesulfonyhnethyl,
S-CHs-pyrrol^-ylmethanesulfonylmethyl,
4-CF3-pyrrol-3-yhnethane-sulfonyhnethyl,
2-CF3-pyrrol-3-ylmethanesulfonylmethyl, 3-CF3-
pyrrol-2-yhnethane-sulfonyhnethyl,
2-CF3-pyrrol-4-yhnethanesulfonyhnethyl, 2-CF3-
-CH3-pyrrol-4-ylmethane-sulfonylmethyl,
3-CF3-fur-2-ylmethanesulfonylmethyl, 3-CN-fur-2-
ylmemanesulfonylmethyl,
3-CF3-fur-4-ylmethanesulfonylmethyl,
3-CN-fur-4-ylmethanesulfonylmethyl, 2-CF3-fur-3-
ylmethanesulfonylmethyl,
S-CFs-thiazol^-ylmethanesulfonylmethyl,
3-CN-thiazol-2- ylraethanesulfonylmethyl,
3-CF3-thiazol-4-ylmethanesulfonylmethyl,
3-CN-thiazol-4- ylmethanesulfonylmethyl,
2-CF3-thiazol-3-ylmethanesulfonylmethyl,
N-CH3-3-CF3-lHpyrazol- 5-ylmethanesulfonylmethyl,
N-CH3-3-(l-CH 3-l-hydroxyethyl)-l H-pyrazol-5-
ylmethane-sulfonylmethyl,
N-CHs-S-phenyl-lH-pyrazol-S-ylmethanesulfonylmethyl,
N-CH - 3-CF3-lH-pyrazol-4-ylmethanesulfonylmethyl,
N-CH3-4-CN-lH-pyrazol-3- ylmethanesulfonylmethyl,
N-phenyl-4-CN-lH-pyrazol-3-ylmethanesulfonylmethyl,
Nphenyl- 3-CF3-lH-pyrazol-4-ylmethanesulfonylmethyl,
N-phenyl-5-CF3-lH-pyrazol-4- ylmethanesulfonylmethyl,
(N-CH3-4-CF3-lH-imidazol-2-ylmethane)-sulfonylmethyl,
[NC H3-4-(l-C H3-l-hydroxyethyl)-l
-imidazol-2-ylmethane]-sulfonylmethyl, (N-CH3-4-
phenyl-l H-imidazol-2-ylmethane)-sulfonyhnethyl,
N-CH3-3-CF3-lH-pyrazol-4- ylmethanesulfonyhnethyl,
(N-CH3-2-CF3-l -imidazol-5-yhnethane)-sulfonylmethyl,
(NCH3- 2-rhenyl-l
H-imidazol-5-yhnethane)-sulfonylmethyl,
(N-CH3-S-CF3-lH-imidazol-4- ylmethane)-sulfonyhnethyl,
(N-phenyl-5-CF3-lH-imidazol-4-yhnethane)-sulfonylmethy
l, 4- CN-[l,2]oxazol-5-ylmethanesulfonyhnethyl
4-CN-3-phenyl-[l,2]oxazol-5- yhnethanesulfonyhnethyl,
4-CN-[l,2]oxazol-3-ylmethanesulfonyhnethyl,
4-CN-5-phenyl- [1,2]oxazol-3-ylmethanesulfonyhnethyl,
4-CN-isothiazol-5-yhnethanesulfonyhnethyl, 4-CN-
3-phenyl-isothiazol-5-ylmethanesulfonyhnethyl,
4-CN-isothiazol-3- ylmethanesulfonyhnethyl,
4-CN-5-phenyl-isothiazol-3-yhnethane-sulfonylmethyl,
4-CF3- [1,2]oxazol-5-yhnethanesulfonyhnethyl,
4-CF3-3-CH3-[l ,2]oxazol-5- ylmethanesulfonylmethyl,
4-CF3-3-phenyl-[l,2]oxazol-5-yhnethanesulfonylmethyl,
4-CF3- [l,2]oxazol-3-yhnethanesulfonyhnethyl,
4-CF3-5-CH3-[l,2]oxazol-3- ylmethanesulfonyhnethyl
4-CF3-5-phenyl-[l,2]oxazol-3-yhnethanesulfonylmethyl.
3-CF3- [l,2]oxazol-4-yhnethane-sulfonyhnethyl,
5-CF3-[1,2]oxazol-4-ylmethanesulfonyhnethyl, 4-
CF3-[l,2]oxazol-5-yhnethanesulfonylmethyl,
4-CF3-3-CH3-[l,2]oxazol-5- ylmethanesulfonyhnethyl,
4-CF3-3-phenyl-[l,2]oxazol-5-yhnethanesulfonyhnethyl,
4-CF3- [l,2]oxazol-3-yhnethanesulfonylmethyl,
4-CF3-5-CH3-[l,2]oxazol-3- ylmethanesulfonyhnethyl,
4-CF3-5-phenyl-[l,2]oxazol-3-ylmethanesulfonyhnethyl,
3-CF3- [l,2]oxazol-4-yhnethanesulfonyhnethyl,
5-CF3-[l,2]oxazol-4-yhnethanesulfonyhnethyl, 4-
CH3-[1,2]oxazol-5-yhnethanesulfonyhnethyl,
4-CH3-3-phenyl-[l,2]oxazol-5- ylmethanesulfonyhnethyl,
4-CH3-[l,2]oxazol-3-ylmethanesulfonyhnethyl,
4-CH3-5-phenyl[ 1,2]oxazol-3-ylmethanesulfonylmethyl,
3-CH3-[1,2]oxazol-4-ylmethane-sulfonylmethyl, 5-
CH3-[1,2]oxazol-4-ylmethanesulfonylmethyl,
4-CH3-isothiazol-5-ylmethane-sulfonylmethyl,
4-CH3-3-phenyl-isothiazol-5-ylmethanesulfonylmethyl,
4-CH3-isothiazol-3- ylmethanesulfonylmethyl,
4-CH3-5-phenyl-isothiazol-3-ylmethanesulfonylmethyl,
3-CH3- isothiazol-4-ylmethanesulfonylmethyl,
5-CH3-isothiazol-4-ylmethanesulfonylmethyl, 4-CF3-
2-CH3-[1,3]oxazol-5-ylmethanesulfonylmethyl,
4-CF3-[1,3]oxazol-5- ylmethanesulfonylmethyl,
4-CF3-2-phenyl-[ 1,3]oxazol-5-ylmethanesulfonylmethyl,
5-CF3-2- CH3-[1 ,3]oxazol-4-yl-methanesulfonylmethyl,
5-CF3-[1,3]oxazol-4- ylmethanesulfonylmethyl,
5-CF3-2-phenyl-[l,3]oxazol-4-ylmethanesulfonylmethyl,
5-CH3- [l,3]oxazol-2-ylmethanesulfonylmethyl,
5-CF3-[l,3]oxazol-2-ylmethanesulfonylmethyl, 5-
phenyl-[ 1,3]oxazol-2-ylmethane-sulfonylmethyl,
4-CH3-[1,3]oxazol-2- ylmethanesulfonylmethyl,
4-CF3-[l,3]oxazol-2-ylmethanesulfonylmethyl, 4-phenyl-
[l,3]oxazol-2-ylmethanesulfonylmethyl,
iV-methyl-indol-2-ylmethanesulfonylmethyl, 3-CF3-
indol-2-ylmethanesulfonylmethyl,
3-CF3-iV:-methyl-mdol-2-ylpiethanesulfonylmetliyl, 5-
fluoro-iV-methyl-indol-2-ylmethanesulfonylmethyl,
iV-methyl-indol-3- ylmethanesulfonylmethyl,
2-CF3-indol-3-ylmethanesulfonylmethyl,
2-CF3-iV-methyl-indol-3- ylmethanesulfonylmethyl,
S-fluoro-iV-methyl-indol-3-ylmethanesulfonylniethyl,,
5-CF3-Nmethyl- indol-4-ylmethanesulfonylmethyl,
5-CN-N-methyl-indol-4-ylmethanesulfonylmethyl,
2-CF3-N-methyl-mdol-4-ylmethanesulfonylmethyl, 3-CF3-
-methyl-indol-4- ylmethanesulfonylmethyl,
-CFs-iV-methyl-indol-T-ylmethanesulfonylmethyl,
6-CN-Nmethyl- indol-7-ylmethanesulfonylmethyl,
2-CF3-N-methyl-indol-7-ylmethanesulfonylmethyl,
S-CFs-iV-methyl-indol-T-ylmethanesulfonylmethyl,
benzofuran-2-ylmethanesulfonylmethyl,
3-CF3-benzofuran-2-ylmetlianesulfonylmethyl,
3-CN-benzofuran-2- ylmethanesulfonylmethyl,
5-F-benzofuran-2-ylmethanesulfonylmethyl,
benzofuran-3- ylmethanesulfonylmethyl,
2-CF3-benzofuran-3-ylmethanesulfonylmethyl,
2-CH3-benzofuran-
3-ylmethanesulfonylmethyl,5-F-benzofuran-3-ylmethanesu
lfonyhnethyl, 5-CF3-benzofuran-
4-yhnethanesulfonyhnethyl,
5-CN-benzofuran-4-ylmethanesulfonylmethyl, 2-CF3-
benzoniran-4-ylmethanesulfonybnethyl,
3-CF3-benzofuran-4-yhnethanesulfonylmethyl, 6-
CF3-benzofiiran-7-yhnethanesulfonyhnethyl,
-CN-benzofuran-T-yhnethanesulfonyknethyl,
2-CF3-benzofuran-7-yhnethanesulfonyhnethyl,
3-CF3-benzofuran-7- ylmethanesulfonyhnethyl,
benzothien-2-yhnethanesulfonyhnethyl,
(3-CF3-benzothien-2- ylmethane)-sulfonyhnethyl,
(3-CN-benzothien-2-ylmethane)-sulfonyhnethyl,
(5-Fbenzothien- 2-yhnethane)-sulfonyhnethyl,
benzothien-3-yhnethanesulfonyhnethyl, (2-CF -
benzothien-3-yhnethane)-sulfonyhnethyl,
(2-CH3-benzothien-3-yhnethane)-sulfonyhnethyl,(5-fluor
o-benzothien-3-ylmethane)-sulfonylmethyl,
(5-CF3-benzotMen-4-ylmethane)- sulfonylmethyl,
(5-CN-benzotMen-4-ylmethane)-sulfonylmethyl,
(2-CF3-benzothien-4- ylmethane)-sulfonylmethyl,
(3-CF3-benzotbien-4-ylmethane)-sulfonylmethyl, (6-CF3-
benzothien-7-ylmethane)-sulfonylmethyl,
(6-CN-benzothien-7-ylmethane)-sulfonylmethyl,
(2-CF3-benzothien-7-ylmethane)-sulfonylmethyl,
(3-CF3-benzothien-7-ylmethane)- sulfonylmethyl,
N-methyl-benzimidazol-2-ylmethanesulfonylmethyl,
(5-fluoro-JV-methylbenzimidazol-
2-ylmethane)-sulfonylmethyl, (
-methyl-indazol-3-ylmethane)- sulfonylmethyl,
(5-fluoro-iV-methyl-indazol-3-ylmethane)-sulfonylmeth.
yl, (2-CF3-iV-methylbenzimidazol-
4-ylmethane)-sulfonylmethyl, (2-CF3-
-memyl-benzimidazol-7-ylmethane)- sulfonylmethyl,
(iV-methyl-indazol-4-ylmethane)-sulfonylmethyl,
(5-CF3- -methyl-indazol- 4-ylmethane)-sulfonylmethyl,
(3-CF3-iV-methyl-indazol-4-ylniethane)-sulfonylmethyl,
(6-
CF3-iV-methyl-indazol-7-ylmethaiie)-sulfonylmethyl,
(6-CN-iV-methyl-indazol-7-ylmethane)- sulfonylmethyl,
or
(3-CF3-N-methyl-indazol-7-ylmethane)-sulfonylmethyl.
[0112] Within the groups above, the stereochemistry at
the carbon to which R5 is attached is (R) and to which
R4 and R6 are attached is (S). [0113] Within the
groups above, the stereochemistry at the carbon to
which R5 and R6 are attached is (R) and to which R4 is
attached is (S). [01 14] (B) Another preferred group
of compounds of Formula (I) is that wherein: R3 is
alkyl, preferably methyl or ethyl and R4 is alkyl,
preferably methyl, ethyl, propyl or butyl, more
preferably R4 is methyl. Preferably, R3 and R4 are
methyl. [0115] (C) Yet another preferred group of
compounds of Formula (I) is that wherein R3 and R4
together with the carbon atom to which they are
attached form cycloalkylene, preferably
cyclopropylene, cyclopentylene, or cyclohexylene, more
preferably cyclopropylene. [0116] (D) Yet another
preferred group of compounds of Formula (I) is that
wherein R3 and R4 together with the carbon atom to
which they are attached form piperidin-4-yl
substituted at the nitrogen atom with ethyl,
2,2,2-trifluoroethyl or cyclopropyl,
tetrahydropyran-4-yl, tetrahydrothiopyran-4-yl, or
l,l-dioxotetrahydrothiopyran-4-yl. [0117] (E) Yet
another preferred group of compounds of Formula (I) is
that wherein R6 is haloalkyl, preferably,
difluoromethyl, trifluoromethyl, 2,2,2-trifiuoroethyl,
or 1,1,2,2,2- pentafluoroethyl and R7 and R8 are
hydrogen.[0118] (F) Yet another preferred group of
compounds of Formula (I) is that wherein R6 is
haloalkyl, preferably, difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, or 1,1,2,2,2-
pentafluoroethyl, R7 is haloalkyl, preferably,
trifluoromethyl, 2,2,2-trifluoroethyl, or
1,1,2,2,2-pentafluoroethyl, and R8 are hydrogen.
[0119] (G) Yet another preferred group of compounds of
Formula (I) is that wherein R6 is haloalkyl,
preferably, difluoromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, or 1,1,2,2,2- pentafluoroethyl,
R7 is alkyl, preferably, methyl, ethyl, or propyl, and
R8 are hydrogen. [0120] (H) Yet another preferred
group of compounds of Formula (I) is that wherein R6
is haloalkyl, preferably, 1,1,2,2,2-pentafluoroethyl
or 1,1,2,2,3,3,3-heptafluororropyl, R7 and R8 are
hydrogen. [0121] With the preferred groups (B)-(H),
more preferred groups of compounds are those wherein
R1, R2, R5, R6, R7 and R8 are as defined for group (A)
above. [0122] With the preferred groups (D)-(H), more
preferred groups of compounds are those wherein R1,
R2, R3, R4, and R5 are as defined for group (A) above.
[0123] It should be noted that reference to the
preferred embodiments set forth above includes all
combinations of particular and preferred groups unless
stated otherwise. [0124] Representative compound of
the compound of Formula (I) where R1 is hydrogen, R6
is trifluoromethyl and other groups are as defined in
Table I below are:FOAMS MADE FROM INTERPOLYMERS OF
ETHYLENE/a-OLEFINS FIELD OF THE INVENTION [1] This
invention relates to foams comprising at least one
ethylene/a-olefin interpolymers and methods of making
and using the foams in various applications,
particularly footwear applications. BACKGROUND OF THE
INVENTION [2] Vulcanized rubbers, such as vulcanized
styrene-butadiene rubber (SBR), butadiene rubber (BR)
and natural rubber (NR), are popular soling materials
because they possess a well balance of desirable
properties such as abrasion resistance, tensile
strength, tear strength and flexibility. However, the
vulcanized rubbers can be difficult to process, and
may lose the desirable properties when foamed. [3]
Ethylene vinyl acetate copolymers (EVA), polyolefins
(PO) and blends thereof are used to fabricate foam
products in footwear applications such as inner soles,
midsoles, outer soles, unisoles, and sole inserts.
Formulating these foams often requires a tradeoff
among desirable properties such as compression set
resistance, rebound resilience, shrinkage, hardness,
abrasion, flexibility, grip, and split tear
properties. For example, a low foam density can be
desirable in some applications where flexibility and
good grip properties are needed. However, a low foam
density generally results in low compression set, low
abrasion resistance, and high foam shrinkage. [4]
Foams with a low compression set, i.e., high
compression set resistance, can be desirable in some
applications such as footwear articles (e.g., shoe,
boot, sandal, and the like). However, achieving a low
compression set generally requires increasing the foam
density, the cross-link density and/or the polymer
crystallinity of the foams. Increasing the
cross-linking density of the foams may increase foam
shrinkage, and increasing polymer crystallinity may
decrease rebound resilience and produce a "harder"
foam. Moreover, the cross-linking density of foams for
footwear articles generally has a practical upper
limit because most footwear foams should remain
sufficiently thermoplastic for thermoforming into a
finished shape. [5] Foams with high rebound resilience
generally are desirable for using as footwear foams to
maximize energy return to the wearer. Rebound
resilience can be increased by decreasing the polymer
crystallinity and by increasing cross-linking
density.However, a combination of low polymer
crystallinity and high cross-linking density may
contribute to high foam shrinkage and low split tear
resistance. [6] Because of the importance of
compression set resistance and rebound resilience
properties for most of the footwear applications, the
foams for such applications are generally cured above
the ideal level. However, as mentioned above, a high
cure level (i.e., high cross-linking density) can
negatively impact the split tear and shrinkage
properties of the foams. [7] For the above reasons,
there are still needs for improved foams that have a
good balance of desirable foam properties, such as
compression set resistance, rebound resilience,
shrinkage, hardness, abrasion, flexibility, grip
and/or split tear properties. SUMMARY OF THE INVENTION
[1] The aforementioned needs are met by various
aspects of the inventions. In one aspect, the
invention relates to a foam comprising at least one
ethylene/a-olefm interpolymer disclosed herein wherein
the density of the foam is from greater than 150 to
about 500 kg/m3. In one embodiment, the
ethylene/a-olefm interpolymer has a Mw/Mn from about
1.7 to about 3.5, at least one melting point, Tm, in
degrees Celsius, and a density, d, in grams/cubic
centimeter, wherein the numerical values of Tm and d
correspond to the relationship: Tm > -2002.9 +
4538.5(d) - 2422.2(d)2. [9] In another embodiment, the
ethylene/a-olefin interpolymer has a Mw/Mn from about
1.7 to about 3.5, and is characterized by a heat of
fusion, DH in J/g, and a delta quantity, DT, in
degrees Celsius defined as the temperature difference
between the tallest DSC peak and the tallest CRYSTAF
peak, wherein the numerical values of DT and DH have
the following relationships: DT > -0. 1299(DH) + 62.8
1 for DH greater than zero and up to 130 J/g, DT > 48
0C for DH greater than 130 J/g , wherein the CRYSTAF
peak is determined using at least 5 percent of the
cumulative polymer, and if less than 5 percent of the
polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30 0C.[10] In another
embodiment, the ethylene/a-olefin interpolymer is
characterized by an elastic recovery, Re5 in percent
at 300 percent strain and 1 cycle measured with a
compression-molded film of the ethylene/a-olefin
interpolymer, and has a density, d, in grams/cubic
centimeter, wherein the numerical values of Re and d
satisfy the following relationship when the
ethylene/a-olefin interpolymer is substantially free
of a cross-linked phase: Re >1481-1629(d). [1] In
another embodiment, the ethylene/a-olefin interpolymer
has a molecular fraction which elutes between 40 0C
and 130 0C when fractionated using TREF, characterized
in that the fraction has a molar comonomer content of
at least 5 percent higher than that of a comparable
random ethylene interpolymer fraction eluting between
the same temperatures, wherein said comparable random
ethylene interpolymer has the same comonomer(s) and
has a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a-olefin interpolymer. [12] In another
embodiment, the ethylene/a-olefin interpolymer is
characterized by a storage modulus at 25 C, G'(25 C),
and a storage modulus at 100 C, G'(100 0C), wherein
the ratio of G' (25 0C) to G' (100 0C) is from about
1:1 to about 10:1. [13] In another embodiment, the
ethylene/a-olefin interpolymer has at least one
molecular fraction which elutes between 40 0C and 130
0C when fractionated using TREF, characterized in that
the fraction has a block index of at least 0.5 and up
to about 1 and a molecular weight distribution, Mw/Mn,
greater than about 1.3. In another embodiment, the
ethylene/a-olefin interpolymer has an average block
index greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than
about 1.3. [14] In another embodiment, the a-olefm in
the ethylene/a-olefm interpolymer is styrene,
propylene, 1-butene, 1-hexene, 1-octene,
4-methyl-l-pentene, norbornene, 1- decene,
1,5-hexadiene, or a combination thereof. In another
embodiment, the ethylene/a- olefin interpolymer is
cross-linked by a cross-linking agent or radiation. In
another embodiment, the foam is cross-linked and/or
contains more than 5 % of gel per ASTM D- 2765-84
Method A.[1] In another embodiment, the foam further
comprises at least an additive, wherein the additive
is a blowing agent, a cross-linking agent, a stability
control agent, a nucleating agent, a filler, a
pigment, an antioxidant, an acid scavenger, a UV
stabilizer, a flame retardant, a lubricant, a
processing aid, an extrusion aid, a blowing agent
activator, a coagent or a combination thereof. In
another embodiment, the foam further comprises an
ethylene vinyl acetate copolymer (EVA). In another
embodiment, the ratio of the EVA to the
ethylene/a-olefm interpolymer is from about 1:10 to
about 10:1. [16] In another aspect, the invention
relates to foamable compositions comprising the
ethylene/a-olefm interpolymer disclosed herein, a
blowing agent and a crosslinking agent. [17] In
another aspect, the invention relates to foamed
articles made from a foam comprising the
ethylene/a-olefm interpolymer disclosed herein. In one
embodiment, the foamed article is a footwear article.
[18] Additional aspects of the invention and
characteristics and properties of various embodiments
of the invention become apparent with the following
description.BRIEF DESCRIPTION OF THE DRAWINGS [19]
Figure 1 shows the melting point/density relationship
for the inventive 



polymers (represented by diamonds) as compared to
traditional random copolymers (represented by circles)
and Ziegler-Natta copolymers (represented by
triangles). [20] Figure 2 shows plots of delta
DSC-CRYSTAF as a function of DSC Melt Enthalpy for
various polymers. The diamonds represent random
ethylene/octene copolymers; the squares represent
polymer examples 1-4; the triangles represent polymer
examples 5-9; and the circles represent polymer
Examples 10-19. The "X" symbols represent polymer
Comparative Examples A*-F*. [21] Figure 3 shows the
effect of density on elastic recovery for unoriented
films made from inventive interpolymers(represented by
the squares and circles) and traditional copolymers
(represented by the triangles which are various Dow
AFFINITY(r) polymers). The squares represent inventive
ethylene/butene copolymers; and the circles represent
inventive ethylene/octene copolymers. [22] Figure 4 is
a plot of octene content of TREF fractionated
ethylene/ 1-octene copolymer fractions versus TREF
elution temperature of the fraction for the polymer of
Example 5 (represented by the circles) and comparative
polymer Comparative Examples E* and F* (represented by
the "X" symbols). The diamonds represent traditional
random ethylene/octene copolymers. [23] Figure 5 is a
plot of octene content of TREF fractionated ethylene/
1-octene copolymer fractions versus TREF elution
temperature of the fraction for the polymer of Example
5 (curve 1) and for polymer Comparative Examples F*
(curve 2). The squares represent polymer Comparative
Examples F*; and the triangles represent Example 5.
[24] Figure 6 is a graph of the log of storage modulus
as a function of temperature for comparative
ethylene/1 -octene copolymer (curve 2) and
ethylene/propylene copolymer (curve 3) and for two
ethylene/ 1-octene block copolymers of the invention
made with differing quantities of chain shuttling
agent (curves 1). [25] Figure 7 shows a plot of TMA
(lmm) versus flex modulus for some inventive polymers
(represented by the diamonds), as compared to some
knownpolymers. The triangles represent various Dow
VERSIFY(r) polymers; the circles represent various
random ethylene/styrene copolymers; and the squares
represent various Dow AFFINITY(r) polymers. DETAILED
DESCRIPTION OF THE INVENTION General Definitions [26]
"Polymer" means a polymeric compound prepared by
polymerizing monomers, whether of the same or a
different type. The generic term "polymer" embraces
the terms "homopolymer," "copolymer," "terpolymer" as
well as "interpolymer." [27] "Interpolymer" means a
polymer prepared by the polymerization of at least two
different types of monomers. The generic term
"interpolymer" includes the term "copolymer" (which is
usually employed to refer to a polymer prepared from
two different monomers) as well as the term
"terpolymer" (which is usually employed to refer to a
polymer prepared from three different types of
monomers). It also encompasses polymers made by
polymerizing four or more types of monomers. [1] The
term "ethylene/a-olefin interpolymer" generally refers
to polymers comprising ethylene and an a-olefin having
3 or more carbon atoms. Preferably, ethylene comprises
the majority mole fraction of the whole polymer, i.e.,
ethylene comprises at least about 50 mole percent of
the whole polymer. More preferably ethylene comprises
at least about 60 mole percent, at least about 70 mole
percent, or at least about 80 mole percent, with the
substantial remainder of the whole polymer comprising
at least one other comonomer that is preferably an
a-olefin having 3 or more carbon atoms. For many
ethylene/octene copolymers, the preferred composition
comprises an ethylene content greater than about 80
mole percent of the whole polymer and an octene
content of from about 10 to about 15, preferably from
about 15 to about 20 mole percent of the whole
polymer. In some embodiments, the ethylene/a-olefin
interpolymers do not include those produced in low
yields or in a minor amount or as a by-product of a
chemical process. While the ethylene/a- olefin
interpolymers can be blended with one or more
polymers, the as-produced ethylene/a- olefin
interpolymers are substantially pure and often
comprise a major component of the reaction product of
a polymerization process.[29] The ethylene/a-olefn
interpolymers comprise ethylene and one or more
copolymerizable a-olefm comonomers in polymerized
form, characterized by multiple blocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties. That is, the
ethylene/a-olefm interpolymers are block
interpolymers, preferably multi-block interpolymers or
copolymers. The terms "interpolymer" and copolymer"
are used interchangeably herein. In some embodiments,
the multi-block copolymer can be represented by the
following formula: (AB)n where n is at least 1,
preferably an integer greater than 1, such as 2, 3, 4,
5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, or
higher, "A" represents a hard block or segment and "B"
represents a soft block or segment. Preferably, As and
Bs are linked in a substantially linear fashion, as
opposed to a substantially branched or substantially
star-shaped fashion. In other embodiments, A blocks
and B blocks are randomly distributed along the
polymer chain. In other words, the block copolymers
usually do not have a structure as follows. AAA-
AA-BBB-BB In still other embodiments, the block
copolymers do not usually have a third type of block,
which comprises different comonomer(s). In yet other
embodiments, each of block A and block B has monomers
or comonomers substantially randomly distributed
within the block. In other words, neither block A nor
block B comprises two or more sub-segments (or
subblocks) of distinct composition, such as a tip
segment, which has a substantially different
composition than the rest of the block. [30] The
multi-block polymers typically comprise various
amounts of "hard" and "soft" segments. "Hard" segments
refer to blocks of polymerized units in which ethylene
is present in an amount greater than about 95 weight
percent, and preferably greater than about 98 weight
percent based on the weight of the polymer. In other
words, the comonomer content (content of monomers
other than ethylene) in the hard segments is less than
about 5 weight percent, and preferably less than about
2 weight percent based on the weight of the polymer.
In some embodiments, the hard segments comprises all
or substantially all ethylene. "Soft" segments, on the
other hand, refer to blocks of polymerized units in
which the comonomer content (content of monomers other
than ethylene) is greater than about 5 weight percent,
preferably greater than about 8 weight percent,
greater than about 10 weight percent, or greater than
about 15 weight percent based on the weight of the
polymer. In some embodiments, the comonomer content in
the soft segments can be greater than about 20weight
percent, greater than about 25 weight percent, greater
than about 30 weight percent, greater than about 35
weight percent, greater than about 40 weight percent,
greater than about 45 weight percent, greater than
about 50 weight percent, or greater than about 60
weight percent. [31] The soft segments can often be
present in a block interpolymer from about 1 weight
percent to about 99 weight percent of the total weight
of the block interpolymer, preferably from about 5
weight percent to about 95 weight percent, from about
10 weight percent to about 90 weight percent, from
about 15 weight percent to about 85 weight percent,
from about 20 weight percent to about 80 weight
percent, from about 25 weight percent to about 75
weight percent, from about 30 weight percent to about
70 weight percent, from about 35 weight percent to
about 65 weight percent, from about 40 weight percent
to about 60 weight percent, or from about 45 weight
percent to about 55 weight percent of the total weight
of the block interpolymer. Conversely, the hard
segments can be present in similar ranges. The soft
segment weight percentage and the hard segment weight
percentage can be calculated based on data obtained
from DSC or NMR. Such methods and calculations are
disclosed in a concurrently filed U.S. Patent
Application Serial No. (insert when known), Attorney
Docket No. 385063-999558, entitled "Ethylene/a-Olefm
Block Interpolymers", filed on March 15, 2006, in the
name of Colin L.P. Shan, Lonnie Hazlitt, et. al. and
assigned to Dow Global Technologies Inc., the disclose
of which is incorporated by reference herein in its
entirety. [32] The term "crystalline" if employed,
refers to a polymer that possesses a first order
transition or crystalline melting point (Tm) as
determined by differential scanning calorimetry (DSC)
or equivalent technique. The term can be used
interchangeably with the term "semicrystalline". The
term "amorphous" refers to a polymer lacking a
crystalline melting point as determined by
differential scanning calorimetry (DSC) or equivalent
technique. [33] The term "multi-block copolymer" or
"segmented copolymer" refers to a polymer comprising
two or more chemically distinct regions or segments
(referred to as "blocks") preferably joined in a
linear manner, that is, a polymer comprising
chemically differentiated units which are joined
end-to-end with respect to polymerized ethylenic
functionality, rather than in pendent or grafted
fashion. In a preferred embodiment, the blocks differ
in the amount or type of comonomer incorporated
therein, the density, theamount of crystallinity, the
crystallite size attributable to a polymer of such
composition, the type or degree of tacticity
(isotactic or syndiotactic), regio-regularity or
regio-irregularity, the amount of branching, including
long chain branching or hyper-branching, the
homogeneity, or any other chemical or physical
property. The multi-block copolymers are characterized
by unique distributions of both polydispersity index
(PDI or MwMn), block length distribution, and/or block
number distribution due to the unique process making
of the copolymers. More specifically, when produced in
a continuous process, the polymers desirably possess
PDI from 1.7 to 2.9, preferably from 1.8 to 2.5, more
preferably from 1.8 to 2.2, and most preferably from
1.8 to 2.1. When produced in a batch or semi-batch
process, the polymers possess PDI from 1.0 to 2.9,
preferably from 1.3 to 2.5, more preferably from 1.4
to 2.0, and most preferably from 1.4 to 1.8. [34] In
the following description, all numbers disclosed
herein are approximate values, regardless whether the
word "about" or "approximate" is used in connection
therewith. They may vary by 1 percent, 2 percent, 5
percent, or, sometimes, 10 to 20 percent. Whenever a
numerical range with a lower limit, RL and an upper
limit, Ru , is disclosed, any number falling within
the range is specifically disclosed. In particular,
the following numbers within the range are
specifically disclosed: R=RL+k*(Ru -RL), wherein k is
a variable ranging from 1 percent to 100 percent with
a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent,..., 50
percent, 51 percent, 52 percent,..., 95 percent, 96
percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two
R numbers as defined in the above is also specifically
disclosed. [1] Embodiments of the invention provide
foams comprising at least one ethylene/a- olefin
interpolymer disclosed herein wherein the foam has a
density from greater than 150 to about 500 kg/m3. The
foams disclosed herein can be prepared from a foamable
composition comprising at least one ethylene/a-olefin
interpolymer, a blowing agent and a cross-linking
agent. The foams possess a well balance of desirable
properties that are suitable for a variety of
applications, such as footwear applications. In some
embodiments, the ethylene/a-olefm interpolymers are a
multi-block copolymer comprising at least one soft
block and at least one hard block. In other
embodiments, the foam is cross-linked. When
cross-linked, the foam has a gel content of more than
about 5 weight percent, preferably from about 5 to
about 90weight percent and more preferably from about
30 to about 70 weight percent according to ASTM
D-2765-84, method A. Ethylene/a-Olefin Interpolvmers
[36] The ethylene/a-olefin interpolymers used in
embodiments of the invention (also referred to as
"inventive interpolymer" or "inventive polymer")
comprise ethylene and one or more copolymerizable
a-olefin comonomers in polymerized form, characterized
by multiple blocks or segments of two or more
polymerized monomer units differing in chemical or
physical properties (block interpolymer), preferably a
multi-block copolymer. The ethylene/a-olefm
interpolymers are characterized by one or more of the
aspects described as follows. [37] In one aspect, the
ethylene/a-olefin interpolymers used in embodiments of
the invention have a Mw/Mn from about 1.7 to about 3.5
and at least one melting point, Tm, in degrees Celsius
and density, d, in grams/cubic centimeter, wherein the
numerical values of the variables correspond to the
relationship: T1n > -2002.9 + 4538.5(d) - 2422.2(d)2,
and preferably Tm > -6288.1 + 13141(d) - 6720.3(d)2,
and more preferably Tm > 858.91 - 1825.3(d) +
1112.8(d)2. [38] Such melting point/density
relationship is illustrated in Figure 1. Unlike the
traditional random copolymers of ethylene/a-olefins
whose melting points decrease with decreasing
densities, the inventive interpolymers (represented by
diamonds) exhibit melting points substantially
independent of the density, particularly when density
is between about 0.87 g/cc to about 0.95 g/cc. For
example, the melting point of such polymers are in the
range of about 110 C to about 130 C when density
ranges from 0.875 g/cc to about 0.945 g/cc. In some
embodiments, the melting point of such polymers are in
the range of about 115 C to about 125 C when density
ranges from 0.875 g/cc to about 0.945 g/cc. [1] In
another aspect, the ethylene/a-olefin interpolymers
comprise, in polymerized form, ethylene and one or
more a-olefins and are characterized by a DT, in
degree Celsius, defined as the temperature for the
tallest Differential Scanning Calorimetry ("DSC") peak
minus the temperature for the tallest Crystallization
Analysis Fractionation ("CRYSTAF") peak and a heat of
fusion in J/g, DH, and DT and DH satisfy the following
relationships: DT > -0.1299(DH) + 62.81, and
preferably DT > -0.1299(DH) + 64.38, and more
preferablyDT  -0.1299(DH) + 65.95, for DH up to 130
J/g. Moreover, DT is equal to or greater than 48 0C
for DH greater than 130 J/g. The CRYSTAF peak is
determined using at least 5 percent of the cumulative
polymer (that is, the peak must represent at least 5
percent of the cumulative polymer), and if less than 5
percent of the polymer has an identifiable CRYSTAF
peak, then the CRYSTAF temperature is 30 0C, and DH is
the numerical value of the heat of fusion in J/g. More
preferably, the highest CRYSTAF peak contains at least
10 percent of the cumulative polymer. Figure 2 shows
plotted data for inventive polymers as well as
comparative examples. Integrated peak areas and peak
temperatures are calculated by the computerized
drawing program supplied by the instrument maker. The
diagonal line shown for the random ethylene octene
comparative polymers corresponds to the equation DT =
-0.1299 (DH) + 62.81. [40] In yet another aspect, the
ethylene/a-olefm interpolymers have a molecular
fraction which elutes between 40 0C and 130 0C when
fractionated using Temperature Rising Elution
Fractionation ("TREF"), characterized in that said
fraction has a molar comonomer content higher,
preferably at least 5 percent higher, more preferably
at least 10 percent higher, than that of a comparable
random ethylene interpolymer fraction eluting between
the same temperatures, wherein the comparable random
ethylene interpolymer contains the same comonomer(s),
and has a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent
of that of the block interpolymer. Preferably, the
Mw/Mn of the comparable interpolymer is also within 10
percent of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content
within 10 weight percent of that of the block
interpolymer. [1] In still another aspect, the
ethylene/a-olefm interpolymers are characterized by an
elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured on a compressionmolded film of an
ethylene/a-olefm interpolymer, and has a density, d,
in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase: Re >1481-1629(d); and
preferably Re >1491-1629(d); and more preferably Re
>1501-1629(d); and even more preferably Re
1511-1629(d).[42] Figure 3 shows the effect of density
on elastic recovery for unoriented films made from
certain inventive interpolymers and traditional random
copolymers. For the same density, the inventive
interpolymers have substantially higher elastic
recoveries. [43] In some embodiments, the
ethylene/a-olefin interpolymers have a tensile
strength above 10 MPa, preferably a tensile strength >
11MPa5more preferably a tensile strength > 13 MPa
and/or an elongation at break of at least 600 percent,
more preferably at least 700 percent, highly
preferably at least 800 percent, and most highly
preferably at least 900 percent at a crosshead
separation rate of 11 cm/minute. [44] In other
embodiments, the ethylene/a-olefin interpolymers have
(1) a storage modulus ratio, G'(25C)/G'(100C), of from
1 to 50, preferably from 1 to 20, more preferably from
1 to 10; and/or (2) a 7O0C compression set of less
than 80 percent, preferably less than 70 percent,
especially less than 60 percent, less than 50 percent,
or less than 40 percent, down to a compression set of
0 percent. [1] In still other embodiments, the
ethylene/a-olefin interpolymers have a 7O0C
compression set of less than 80 percent, less than 70
percent, less than 60 percent, or less than 50
percent. Preferably, the 7O0C compression set of the
interpolymers is less than 40 percent, less than 30
percent, less than 20 percent, and may go down to
about 0 percent. [46] In some embodiments, the
ethylene/a-olefin interpolymers have a heat of fusion
of less than 85 J/g and/or a pellet blocking strength
of equal to or less than 100 pounds/foot2 (4800 Pa),
preferably equal to or less than 50 lbs/ft2 (2400 Pa),
especially equal to or less than 5 lbs/ft2 (240 Pa),
and as low as 0 lbs/ft2 (0 Pa). [47] In other
embodiments, the ethylene/a-olefin interpolymers
comprise, in polymerized form, at least 50 mole
percent ethylene and have a 7O0C compression set of
less than 80 percent, preferably less than 70 percent
or less than 60 percent, most preferably less than 40
to 50 percent and down to close zero percent. [48] In
some embodiments, the multi-block copolymers possess a
PDI fitting a Schultz-Flory distribution rather than a
Poisson distribution. The copolymers are further
characterized as having both a polydisperse block
distribution and a polydisperse distribution of block
sizes and possessing a most probable distribution of
block lengths. Preferred multiblock copolymers are
those containing 4 or more blocks or segments
including terminal blocks. More preferably, the
copolymers include at least 5, 10 or 20 blocks or
segments including terminal blocks .[49] Comonomer
content may be measured using any suitable technique,
with techniques based on nuclear magnetic resonance
("NMR") spectroscopy preferred. Moreover, for polymers
or blends of polymers having relatively broad TREF
curves, the polymer desirably is first fractionated
using TREF into fractions each having an eluted
temperature range of 1O0C or less. That is, each
eluted fraction has a collection temperature window of
1O0C or less. Using this technique, said block
interpolymers have at least one such fraction having a
higher molar comonomer content than a corresponding
fraction of the comparable interpolymer. [1] In
another aspect, the inventive polymer is an olefin
interpolymer, preferably comprising ethylene and one
or more copolymerizable comonomers in polymerized
form, characterized by multiple blocks (i.e., at least
two blocks) or segments of two or more polymerized
monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a
multi-block copolymer, said block interpolymer having
a peak (but not just a molecular fraction) which
elutes between 4O0C and 13O0C (but without collecting
and/or isolating individual fractions), characterized
in that said peak, has a comonomer content estimated
by infra-red spectroscopy when expanded using a full
width/half maximum (FWHM) area calculation, has an
average molar comonomer content higher, preferably at
least 5 percent higher, more preferably at least 10
percent higher, than that of a comparable random
ethylene interpolymer peak at the same elution
temperature and expanded using a full width/half
maximum (FWHM) area calculation, wherein said
comparable random ethylene interpolymer has the same
comonomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within
10 percent of that of the blocked interpolymer.
Preferably, the Mw/Mn of the comparable interpolymer
is also within 10 percent of that of the blocked
interpolymer and/or the comparable interpolymer has a
total comonomer content within 10 weight percent of
that of the blocked interpolymer. The full width/half
maximum (FWHM) calculation is based on the ratio of
methyl to methylene response area [CH3/CH2] from the
ATREF infra-red detector, wherein the tallest
(highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution
measured using an ATREF peak, the FWHM area is defined
as the area under the curve between T1 and T2, where
T1 and T2 are points determined, to the left and right
of the ATREF peak, by dividing the peak height by two,
and then drawing a line horizontal to the base line,
that intersects the left and right portions of the
ATREF curve. A calibration curve for comonomer content
is made using random ethylene/a-olefmcopolymers,
plotting comonomer content from NMR versus FWHM area
ratio of the TREF peak. For this infra-red method, the
calibration curve is generated for the same comonomer
type of interest. The comonomer content of TREF peak
of the inventive polymer can be determined by
referencing this calibration curve using its FWHM
methyl : methylene area ratio [CH3/CH2] of the TREF
peak. [51] Comonomer content may be measured using any
suitable technique, with techniques based on nuclear
magnetic resonance (NMR) spectroscopy preferred. Using
this technique, said blocked interpolymers has higher
molar comonomer content than a corresponding
comparable interpolymer. [52] Preferably, for
interpolymers of ethylene and 1-octene, the block
interpolymer has a comonomer content of the TREF
fraction eluting between 40 and 13O0C greater than or
equal to the quantity (- 0.2013) T + 20.07, more
preferably greater than or equal to the quantity
(-0.2013) T+ 21.07, where T is the numerical value of
the peak elution temperature of the TREF fraction
being compared, measured in 0C. [53] Figure 4
graphically depicts an embodiment of the block
interpolymers of ethylene and 1-octene where a plot of
the comonomer content versus TREF elution temperature
for several comparable ethylene/ 1-octene
interpolymers (random copolymers) are fit to a line
representing (- 0.2013) T + 20.07 (solid line). The
line for the equation (- 0.2013) T + 21.07 is depicted
by a dotted line. Also depicted are the comonomer
contents for fractions of several block ethylene/1
-octene interpolymers of the invention (multi-block
copolymers). All of the block interpolymer fractions
have significantly higher 1-octene content than either
line at equivalent elution temperatures. This result
is characteristic of the inventive interpolymer and is
believed to be due to the presence of differentiated
blocks within the polymer chains, having both
crystalline and amorphous nature. [54] Figure 5
graphically displays the TREF curve and comonomer
contents of polymer fractions for Example 5 and
comparative F to be discussed below. The peak eluting
from 40 to 13O0C, preferably from 6O0C to 950C for
both polymers is fractionated into three parts, each
part eluting over a temperature range of less than
1O0C. Actual data for Example 5 is represented by
triangles. The skilled artisan can appreciate that an
appropriate calibration curve may be constructed for
interpolymers containing different comonomers and a
line used as a comparison fitted to the TREF values
obtained from comparative interpolymers of the same
monomers, preferably random copolymers made using a
metallocene or other homogeneous catalyst composition.
Inventive interpolymers arecharacterized by a molar
comonomer content greater than the value determined
from the calibration curve at the same TREF elution
temperature, preferably at least 5 percent greater,
more preferably at least 10 percent greater. [55] In
addition to the above aspects and properties described
herein, the inventive polymers can be characterized by
one or more additional characteristics. In one aspect,
the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form,
characterized by multiple blocks or segments of two or
more polymerized monomer units differing in chemical
or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block
interpolymer having a molecular fraction which elutes
between 4O0C and 13O0C, when fractionated using TREF
increments, characterized in that said fraction has a
molar comonomer content higher, preferably at least 5
percent higher, more preferably at least 10, 15, 20 or
25 percent higher, than that of a comparable random
ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random
ethylene interpolymer comprises the same comonomer(s),
preferably it is the same comonomer(s), and a melt
index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the
blocked interpolymer. Preferably, the Mw/Mn of the
comparable interpolymer is also within 10 percent of
that of the blocked interpolymer and/or the comparable
interpolymer has a total comonomer content within 10
weight percent of that of the blocked interpolymer.
[1] Preferably, the above interpolymers are
interpolymers of ethylene and at least one a- olefin,
especially those interpolymers having a whole polymer
density from about 0.855 to about 0.935 g/cm3, and
more especially for polymers having more than about 1
mole percent comonomer, the blocked interpolymer has a
comonomer content of the TREF fraction eluting between
40 and 13O0C greater than or equal to the quantity (-
0.1356) T + 13.89, more preferably greater than or
equal to the quantity (-0.1356) T+ 14.93, and most
preferably greater than or equal to the quantity
(-0.2013)T + 21.07, where T is the numerical value of
the peak ATREF elution temperature of the TREF
fraction being compared, measured in 0C. [57]
Preferably, for the above interpolymers of ethylene
and at least one alphaolefin especially those
interpolymers having a whole polymer density from
about 0.855 to about 0.935 g/cm3, and more especially
for polymers having more than about 1 mole percent
comonomer, the blocked interpolymer has a comonomer
content of the TREF fraction eluting between 40 and
13O0C greater than or equal to the quantity (- 0.2013)
T + 20.07, morepreferably greater than or equal to the
quantity (-0.2013) T+ 21.07, where T is the numerical
value of the peak elution temperature of the TREF
fraction being compared, measured in 0C. [58] In still
another aspect, the inventive polymer is an olefin
interpolymer, preferably comprising ethylene and one
or more copolymerizable comonomers in polymerized
form, characterized by multiple blocks or segments of
two or more polymerized monomer units differing in
chemical or physical properties (blocked
interpolymer), most preferably a multi-block
copolymer, said block interpolymer having a molecular
fraction which elutes between 4O0C and 13O0C, when
fractionated using TREF increments, characterized in
that every fraction having a comonomer content of at
least about 6 mole percent, has a melting point
greater than about 100C. For those fractions having a
comonomer content from about 3 mole percent to about 6
mole percent, every fraction has a DSC melting point
of about 110C or higher. More preferably, said polymer
fractions, having at least 1 mol percent comonomer,
has a DSC melting point that corresponds to the
equation: Tm > (-5.5926)(mol percent comonomer in the
fraction) + 135.90. [59] In yet another aspect, the
inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form,
characterized by multiple blocks or segments of two or
more polymerized monomer units differing in chemical
or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block
interpolymer having a molecular fraction which elutes
between 4O0C and 13O0C, when fractionated using TREF
increments, characterized in that every fraction that
has an ATREF elution temperature greater than or equal
to about 76C, has a melt enthalpy (heat of fusion) as
measured by DSC, corresponding to the equation: Heat
of fusion (J/gm) < (3.1718)(ATREF elution temperature
in Celsius) - 136.58, [60] The inventive block
interpolymers have a molecular fraction which elutes
between 4O0C and 13O0C, when fractionated using TREF
increments, characterized in that every fraction that
has an ATREF elution temperature between 40C and less
than about 76C, has a melt enthalpy (heat of fusion)
as measured by DSC, corresponding to the equation:
Heat of fusion (J/gm) < (1.1312)(ATREF elution
temperature in Celsius) + 22.97.ATREF Peak Comonomer
Composition Measurement by Infra-Red Detector [61] The
comonomer composition of the TREF peak can be measured
using an IR4 infra-red detector available from Polymer
Char, Valencia, Spain (http .7/www.polymerchar.com/").
[62] The "composition mode" of the detector is
equipped with a measurement sensor (CH2) and
composition sensor (CH3) that are fixed narrow band
infra-red filters in the region of 2800-3000 cm"1 .
The measurement sensor detects the methylene (CH2)
carbons on the polymer (which directly relates to the
polymer concentration in solution) while the
composition sensor detects the methyl (CH3) groups of
the polymer. The mathematical ratio of the composition
signal (CH3) divided by the measurement signal (CH )
is sensitive to the comonomer content of the measured
polymer in solution and its response is calibrated
with known ethylene alpha-olefin copolymer standards.
[63] The detector when used with an ATREF instrument
provides both a concentration (CH2) and composition
(CH3) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be
created by measuring the area ratio of the CH3 to CH2
for polymers with known comonomer content (preferably
measured by NMR). The comonomer content of an ATREF
peak of a polymer can be estimated by applying a the
reference calibration of the ratio of the areas for
the individual CH3 and CH response (i.e. area ratio
CH3/CH2 versus comonomer content). [64] The area of
the peaks can be calculated using a full width/half
maximum (FWHM) calculation after applying the
appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full
width/half maximum calculation is based on the ratio
of methyl to methylene response area [CH3/CH2] from
the ATREF infra red detector, wherein the tallest
(highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution
measured using an ATREF peak, the FWHM area is defined
as the area under the curve between Tl and T2, where
Tl and T2 are points determined, to the left and right
of the ATREF peak, by dividing the peak height by two,
and then drawing a line horizontal to the base line,
that intersects the left and right portions of the
ATREF curve. [65] The application of infra-red
spectroscopy to measure the comonomer content of
polymers in this ATREF-infra-red method is, in
principle, similar to that of GPC/FTIR systems as
described in the following references: Markovich,
Ronald P.; Hazlitt, Lonnie G.; Smith, Linley;
"Development of gel-permeation chromatography-Fourier
transform infraredspectroscopy for characterization of
ethylene-based polyolefin copolymers". Polymeric
Materials Science and Engineering (1991), 65, 98-100.;
and Deslauriers, PJ.; Rohlfing, D.C ; Shieh, E.T.;
"Quantifying short chain branching microstructures in
ethylene-1-olefin copolymers using size exclusion
chromatography and Fourier transform infrared
spectroscopy (SEC-FTIR)", Polymer (2002), 43, 59-170.,
both of which are incorporated by reference herein in
their entirety. [66] In other embodiments, the
inventive ethylene/a-olefin interpolymer is
characterized by an average block index, ABI, which is
greater than zero and up to about 1.0 and a molecular
weight distribution, Mw/Mn, greater than about 1.3.
The average block index, ABI, is the weight average of
the block index ("BI") for each of the polymer
fractions obtained in preparative TREF from 2O0C and H
O0C, with an increment of 50C : ABI = (WBI ) where BIj
is the block index for the ith fraction of the
inventive ethylene/a-olefm interpolymer obtained in
preparative TREF, and w; is the weight percentage of
the ith fraction. [67] For each polymer fraction, BI
is defined by one of the two following equations (both
of which give the same BI value): BI = \ITX -\IT XO o
r BI = _LnPx - LnPxo TA - TLB LnPA-LnPAB where Tx is
the ATREF elution temperature for the ith fraction
(preferably expressed in Kelvin), Px is the ethylene
mole fraction for the ith fraction, which can be
measured by NMR or IR as described above. PAB is the
ethylene mole fraction of the whole ethylene/a- olefin
interpolymer (before fractionation), which also can be
measured byNMR or IR. TA and PA are the ATREF elution
temperature and the ethylene mole fraction for pure
"hard segments" (which refer to the crystalline
segments of the interpolymer). As a first order
approximation, the TA and PA values are set to those
for high density polyethylene homopolymer, if the
actual values for the "hard segments" are not
available. For calculations performed herein, TAis
372K, PAis 1. [68] TAB is the ATREF temperature for a
random copolymer of the same composition and having an
ethylene mole fraction of PAB- TAB can be calculated
from the following equation: bwhere a and b are two
constants which can be determined by calibration using
a number of known random ethylene copolymers. It
should be noted that a and b may vary from instrument
to instrument. Moreover, one would need to create
their own calibration curve with the polymer
composition of interest and also in a similar
molecular weight range as the fractions. There is a
slight molecular weight effect. If the calibration
curve is obtained from similar molecular weight
ranges, such effect would be essentially negligible.
In some embodiments, random ethylene copolymers
satisfy the following relationship: Ln P =
-237.83/TATREF+ 0.639 Tco is the ATREF temperature for
a random copolymer of the same composition and having
an ethylene mole fraction of Px. Tco can be calculated
from LnPx = a/Tco + b. Conversely, Pco is the ethylene
mole fraction for a random copolymer of the same
composition and having an ATREF temperature of
Tc5which can be calculated from Ln Pco = a/Tx + b.
[69] Once the block index (BI) for each preparative
TREF fraction is obtained, the weight average block
index, ABI, for the whole polymer can be calculated.
In some embodiments, ABI is greater than zero but less
than about 0.3 or from about 0.1 to about 0.3. In
other embodiments, ABI is greater than about 0.3 and
up to about 1.0. Preferably, ABI should be in the
range of from about 0.4 to about 0.7, from about 0.5
to about 0.7, or from about 0.6 to about 0.9. hi some
embodiments, ABI is in the range of from about 0.3 to
about 0.9, from about 0.3 to about 0.8, or from about
0.3 to about 0.7, from about 0.3 to about 0.6, from
about 0.3 to about 0.5, or from about 0.3 to about
0.4. In other embodiments, ABI is in the range of from
about 0.4 to about 1.0, from about 0.5 to about 1.0,
or from about 0.6 to about 1.0, from about 0.7 to
about 1.0, from about 0.8 to about 1.0, or from about
0.9 to about 1.0. [1] Another characteristic of the
inventive ethylene/a-olefm interpolymer is that the
inventive ethylene/a-olefin interpolymer comprises at
least one polymer fraction which can be obtained by
preparative TREF, wherein the fraction has a block
index greater than about 0.1 and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than
about 1.3. In some embodiments, the polymer fraction
has a block index greater than about 0.6 and up to
about 1.0, greater than about 0.7 and up to about 1.0,
greater than about 0.8 and up to about 1.0, or greater
than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index
greater than about 0.1 and up to about 1.0, greater
than about 0.2 and up to about 1.0, greater than about
0.3 and up to about 1.0, greater than about 0.4 and
upto about 1.0, or greater than about 0.4 and up to
about 1.0. In still other embodiments, the polymer
fraction has a block index greater than about 0.1 and
up to about 0.5, greater than about 0.2 and up to
about 0.5, greater than about 0.3 and up to about 0.5,
or greater than about 0.4 and up to about 0.5. In yet
other embodiments, the polymer fraction has a block
index greater than about 0.2 and up to about 0.9,
greater than about 0.3 and up to about 0.8, greater
than about 0.4 and up to about 0.7, or greater than
about 0.5 and up to about 0.6. [71] For copolymers of
ethylene and an a-olefm, the inventive polymers
preferably possess (1) a PDI of at least 1.3, more
preferably at least 1.5, at least 1.7, or at least
2.0, and most preferably at least 2.6, up to a maximum
value of 5.0, more preferably up to a maximum of 3.5,
and especially up to a maximum of 2.7; (2) a heat of
fusion of 80 J/g or less; (3) an ethylene content of
at least 50 weight percent; (4) a glass transition
temperature, Tg, of less than -250C, more preferably
less than -3O0C, and/or (5) one and only one Tm. [1]
Further, the inventive polymers can have, alone or in
combination with any other properties disclosed
herein, a storage modulus, G', such that log (G') is
greater than or equal to 400 kPa, preferably greater
than or equal to 1.0 MPa, at a temperature of 1000C.
Moreover, the inventive polymers possess a relatively
flat storage modulus as a function of temperature in
the range from 0 to 1000C (illustrated in Figure 6)
that is characteristic of block copolymers, and
heretofore unknown for an olefin copolymer, especially
a copolymer of ethylene and one or more C - aliphatic
a-olefns. (By the term "relatively flat" in this
context is meant that log G' (in Pascals) decreases by
less than one order of magnitude between 50 and 1000C,
preferably between 0 and 1000C). [73] The inventive
interpolymers may be further characterized by a
thermomechanical analysis penetration depth of 1mm at
a temperature of at least 9O0C as well as a flexural
modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa).
Alternatively, the inventive interpolymers can have a
thermomechanical analysis penetration depth of 1mm at
a temperature of at least 1040C as well as a flexural
modulus of at least 3 kpsi (20 MPa). They may be
characterized as having an abrasion resistance (or
volume loss) of less than 90 mm3. Figure 7 shows the
TMA ( 1 mm) versus flex modulus for the inventive
polymers, as compared to other known polymers. The
inventive polymers have significantly better
flexibility-heat resistance balance than the other
polymers. [74] Additionally, the ethylene/ a-olefin
interpolymers can have a melt index, I , from 0.01 to
2000 g/10 minutes, preferably from 0.01 to 1000 g/10
minutes, more preferably from 0.01 to 500 g/10
minutes, and especially from 0.01 to 100 g/10 minutes.
In certainembodiments, the ethylene/a-olefm
interpolymers have a melt index, I2, from 0.01 to 10
g/10 minutes, from 0.5 to 50 g/10 minutes, from 1 to
30 g/10 minutes, from 1 to 6 g/10 minutes or from 0.3
to 10 g/10 minutes. In certain embodiments, the melt
index for the ethylene/a-olefin polymers is lg/10
minutes, 3 g/10 minutes or 5 g/10 minutes. [1] The
polymers can have molecular weights, Mw, from 1,000
g/mole to 5,000,000 g/mole, preferably from 1000
g/mole to 1,000,000, more preferably from 10,000
g/mole to 500,000 g/mole, and especially from 10,000
g/mole to 300,000 g/mole. The density of the inventive
polymers can be from 0.80 to 0.99 g/cm3 and preferably
for ethylene containing polymers from 0.85 g/cm3 to
0.97 g/cm3. In certain embodiments, the density of the
ethylene/a-olefm polymers ranges from 0.860 to 0.925
g/cm3 or 0.867 to 0.910 g/cm3. [76] The process of
making the polymers has been disclosed in the
following patent applications: U.S. Provisional
Application No. 60/553,906, filed March 17, 2004; U.S.
Provisional Application No. 60/662,937, filed March
17, 2005; U.S. Provisional Application No. 60/662,939,
filed March 17, 2005; U.S. Provisional Application No.
60/5662938, filed March 17, 2005; PCT Application No.
PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17,
2005; and PCT Application No. PCT/US2005/008917, filed
March 17, 2005, all of which are incorporated by
reference herein in their entirety. For example, one
such method comprises contacting ethylene and
optionally one or more addition polymerizable monomers
other than ethylene under addition polymerization
conditions with a catalyst composition comprising: the
admixture or reaction product resulting from
combining: (A) a first olefin polymerization catalyst
having a high comonomer incorporation index, (B) a
second olefin polymerization catalyst having a
comonomer incorporation index less than 90 percent,
preferably less than 50 percent, most preferably less
than 5 percent of the comonomer incorporation index of
catalyst (A), and (C) a chain shuttling agent. [77]
Representative catalysts and chain shuttling agent are
as follows. Catalyst (Al) is
[N-(2,6-di(l-methylethyl)phenyl)amido)(2-isopropylphen
yl)( a-
naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium
dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740.[78] Catalyst (A2) is
[N-(2,6-di(l-methylethyl)phenyl)amido)(2-
methylphenyl)(l
,2-phenylene-(6-pyridin-2-diyl)methane)]hafnium
dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. [79] Catalyst (A3) is bis [N
N"'-(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hafhium
dibenzyl. [80] Catalyst (A4) is
bis((2-oxoyl-3-(dibenzo-lH-pyrrole-l-yl)-5-(methyl)phe
nyl)- 2-phenoxymethyl)cyclohexane-l,2-diyl zirconium
(IV) dibenzyl, prepared substantially according to the
teachings of US-A-2004/0010103.[81] Catalyst (Bl) is
1,2-bis-(3,5-di-t-butylphenylene)(l -(N-(I -
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
[82] Catalyst (B2) is
l,2-bis-(3,5-di-t-butylphenylene)(l-(N-(2-methylcycloh
exyl)- immino)methyl)(2-oxoyl) zirconium dibenzyl [1]
Catalyst (Cl) is
(t-butylamido)dimethyl(3-N-pyrrolyl-l,2,3,3a,7a-h-inde
n-lyl) silanetitanium dimethyl prepared substantially
according to the techniques of USP 6,268,444:[84]
Catalyst (C2) is
(t-butylamido)di(4-methylrhenyl)(2-methyl-l,2,3,3a,7a-
h- inden-l-yl)silanetitanium dimethyl prepared
substantially according to the teachings of USA-
2003/004286: [85] Catalyst (C3) is
(t-butylamido)di(4-methylphenyl)(2-methyl-l,2,3,3a,8a-
h-sindacen- l-yl)silanetitanium dimethyl prepared
substantially according to the teachings of USA-
2003/004286: [86] Catalyst (Dl) is
bis(dimethyldisiloxane)(indene-l-yl)zirconium
dichloride available from Sigma-Aldrich:[87] Shuttling
Agents The shuttling agents employed include
diethylzinc, di(ibutyl) zinc, di(n-hexyl)zinc,
triethylaluminum, trioctylaluminum, triethylgallium,
ibutylaluminum bis(dimethyl(t-butyl)siloxane),
i-butylaluniinum bis(di(trimethylsilyl)amide),
n-octylaluminum di(pyridine-2-methoxide),
bis(n-octadecyl)i-butylaluminum, ibutylaluminum
bis(di(n-pentyl)amide), n-octylaluminum
bis(2,6-di-t-butylphenoxide, noctylaluminum
di(ethyl(l-naphthyl)amide), ethylaluminum
bis(t-butyldimethylsiloxide), 



ethylaluminum di(bis(trimethylsilyl)amide),
ethylaluminum
bis(2,3,6,7-dibenzo-lazacycloheptaneamide),
n-octylaluminum
bis(2,3,6,7-dibenzo-l-azacycloheptaneamide),
noctylaluminum bis(dimethyl(t-butyl)siloxide,
ethylzinc (2,6-diphenylphenoxide), and ethylzinc
(t-butoxide). [1] Preferably, the foregoing process
takes the form of a continuous solution process for
forming block copolymers, especially multi-block
copolymers, preferably linear multi-block copolymers
of two or more monomers, more especially ethylene and
a C3-20 olefin or cycloolefin, and most especially
ethylene and a C4-20 a-olefin, using multiple
catalysts that are incapable of interconversion. That
is, the catalysts are chemically distinct. Under
continuous solution polymerization conditions, the
process is ideally suited for polymerization of
mixtures of monomers at high monomer conversions.
Under these polymerization conditions, shuttling from
the chain shuttling agent to the catalyst becomes
advantaged compared to chain growth, and multi-block
copolymers, especially linear multiblock copolymers
are formed in high efficiency. [89] The inventive
interpolymers may be differentiated from conventional,
random copolymers, physical blends of polymers, and
block copolymers prepared via sequential monomer
addition, fluxional catalysts, anionic or cationic
living polymerization techniques. In particular,
compared to a random copolymer of the same monomers
and monomer content at equivalent crystallinity or
modulus, the inventive interpolymers have better
(higher) heatresistance as measured by melting point,
higher TMA penetration temperature, higher
hightemperature tensile strength, and/or higher
high-temperature torsion storage modulus as determined
by dynamic mechanical analysis. Compared to a random
copolymer containing the same monomers and monomer
content, the inventive interpolymers have lower
compression set, particularly at elevated
temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking
resistance, faster setup due to higher crystallization
(solidification) temperature, higher recovery
(particularly at elevated temperatures), better
abrasion resistance, higher retractive force, and
better oil and filler acceptance. [90] The inventive
interpolymers also exhibit a unique crystallization
and branching distribution relationship. That is, the
inventive interpolymers have a relatively large
difference between the tallest peak temperature
measured using CRYSTAF and DSC as a function of heat
of fusion, especially as compared to random copolymers
containing the same monomers and monomer level or
physical blends of polymers, such as a blend of a high
density polymer and a lower density copolymer, at
equivalent overall density. It is believed that this
unique feature of the inventive interpolymers is due
to the unique distribution of the comonomer in blocks
within the polymer backbone. In particular, the
inventive interpolymers may comprise alternating
blocks of differing comonomer content (including
homopolymer blocks). The inventive interpolymers may
also comprise a distribution in number and/or block
size of polymer blocks of differing density or
comonomer content, which is a Schultz-Flory type of
distribution. In addition, the inventive interpolymers
also have a unique peak melting point and
crystallization temperature profile that is
substantially independent of polymer density, modulus,
and morphology. In a preferred embodiment, the
microcrystalline order of the polymers demonstrates
characteristic spherulites and lamellae that are
distinguishable from random or block copolymers, even
at PDI values that are less than 1.7, or even less
than 1.5, down to less than 1.3. [1] Moreover, the
inventive interpolymers may be prepared using
techniques to influence the degree or level of
blockiness. That is the amount of comonomer and length
of each polymer block or segment can be altered by
controlling the ratio and type of catalysts and
shuttling agent as well as the temperature of the
polymerization, and other polymerization variables. A
surprising benefit of this phenomenon is the discovery
that as the degree of blockiness is increased, the
optical properties, tear strength, and high
temperature recovery properties of the resulting
polymer are improved. In particular, haze decreases
while clarity,tear strength, and high temperature
recovery properties increase as the average number of
blocks in the polymer increases. By selecting
shuttling agents and catalyst combinations having the
desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other
forms of polymer termination are effectively
suppressed. Accordingly, little if any b-hydride
elimination is observed in the polymerization of
ethylene/ a-olefin comonomer mixtures according to
embodiments of the invention, and the resulting
crystalline blocks are highly, or substantially
completely, linear, possessing little or no long chain
branching. [92] Polymers with highly crystalline chain
ends can be selectively prepared in accordance with
embodiments of the invention. In elastomer
applications, reducing the relative quantity of
polymer that terminates with an amorphous block
reduces the intermolecular dilutive effect on
crystalline regions. This result can be obtained by
choosing chain shuttling agents and catalysts having
an appropriate response to hydrogen or other chain
terminating agents. Specifically, if the catalyst
which produces highly crystalline polymer is more
susceptible to chain termination (such as by use of
hydrogen) than the catalyst responsible for producing
the less crystalline polymer segment (such as through
higher comonomer incorporation, regio-error, or
atactic polymer formation), then the highly
crystalline polymer segments will preferentially
populate the terminal portions of the polymer. Not
only are the resulting terminated groups crystalline,
but upon termination, the highly crystalline polymer
forming catalyst site is once again available for
reinitiation of polymer formation. The initially
formed polymer is therefore another highly crystalline
polymer segment. Accordingly, both ends of the
resulting multi-block copolymer are preferentially
highly crystalline. [1] The ethylene a-olefin
interpolymers used in the embodiments of the invention
are preferably interpolymers of ethylene with at least
one C3-C20 a-olefin. Copolymers of ethylene and a
C3-C20 -olefn are especially preferred. The
interpolymers may further comprise C4-C18 diolefin
and/or alkenylbenzene. Suitable unsaturated comonomers
useful for polymerizing with ethylene include, for
example, ethylenically unsaturated monomers,
conjugated or nonconjugated dienes, polyenes,
alkenylbenzenes, etc. Examples of such comonomers
include C3-C20 a-olefins such as propylene,
isobutylene, 1-butene, 1-hexene, 1-pentene,
4-methyl-l-pentene, 1-heptene, 1-octene, 1-nonene,
1-decene, and the like. 1- Butene and 1-octene are
especially preferred. Other suitable monomers include
styrene, haloor alkyl-substituted styrenes,
vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene,
and naphthenics (e.g., cyclopentene, cyclohexene and
cyclooctene). [94] While ethylene/a-olefin
interpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as
used herein refer to a family of unsaturated
hydrocarbon-based compounds with at least one
carbon-carbon double bond. Depending on the selection
of catalysts, any olefin may be used in embodiments of
the invention. Preferably, suitable olefins are C3-C20
aliphatic and aromatic compounds containing vinylic
unsaturation, as well as cyclic compounds, such as
cyclobutene, cyclopentene, dicyclopentadiene, and
norbornene, including but not limited to, norbornene
substituted in the 5 and 6 position with C1-C20
hydrocarbyl or cyclohydrocarbyl groups. Also included
are mixtures of such olefins as well as mixtures of
such olefins with C4-C40 diolefm compounds. [95]
Examples of olefin monomers include, but are not
limited to propylene, isobutylene, 1-butene,
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene,
1-decene, and 1- dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-
1-butene, 3- methyl-1-pentene, 4-methyl- 1-pentene,
4,6-dimethyl- 1-heptene, 4-vinylcyclohexene,
vinylcyclohexane, norbornadiene, ethylidene
norbornene, cyclopentene, cyclohexene,
dicyclopentadiene, cyclooctene, C4-C40 dienes,
including but not limited to 1,3-butadiene,
1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene,
1,7-octadiene, 1,9-decadiene, other C4-C40 a- olefins,
and the like. In certain embodiments, the a-olefin is
propylene, 1-butene, 1- pentene, 1-hexene, 1-octene or
a combination thereof. Although any hydrocarbon
containing a vinyl group potentially may be used in
embodiments of the invention, practical issues such as
monomer availability, cost, and the ability to
conveniently remove unreacted monomer from the
resulting polymer may become more problematic as the
molecular weight of the monomer becomes too high. [96]
The polymerization processes described herein are well
suited for the production of olefin polymers
comprising monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene,
t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be
prepared by following the teachings herein.
Optionally, copolymers comprising ethylene, styrene
and a C3-C20 alpha olefin, optionally comprising a
C4-C20 diene, having improved properties can be
prepared.[97] Suitable non-conjugated diene monomers
can be a straight chain, branched chain or cyclic
hydrocarbon diene having from 6 to 15 carbon atoms.
Examples of suitable non-conjugated dienes include,
but are not limited to, straight chain acyclic dienes,
such as 1,4-hexadiene, 1,6-octadiene, 1,7-octadiene,
1,9-decadiene, branched chain acyclic dienes, such as
5-methyl-l ,4-hexadiene; 3,7-dimethyl-l ,6-octadiene;
3,7-dimethyl-l ,7-octadiene and mixed isomers of
dihydromyricene and dihydroocinene, single ring
alicyclic dienes, such as 1,3-cyclopentadiene;
1,4-cyclohexadiene; 1,5-cyclooctadiene and
1,5-cyclododecadiene, and multi-ring alicyclic fused
and bridged ring dienes, such as tetrahydroindene,
methyl tetrahydroindene, dicyclopentadiene,
bicyclo-(2,2,l)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as
5-methylene-2-norbornene (MNB); 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene,
5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene,
and norbornadiene. Of the dienes typically used to
prepare EPDMs, the particularly preferred dienes are
1,4-hexadiene (HD), 5-ethylidene-2-norbornene (ENB),
5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MNB), and dicyclopentadiene (DCPD). The
especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD).
[98] One class of desirable polymers that can be made
in accordance with embodiments of the invention are
elastomeric interpolymers of ethylene, a C3-C20
a-olefm, especially propylene, and optionally one or
more diene monomers. Preferred a-olefins for use in
this embodiment of the present invention are
designated by the formula CH2=CHR*, where R* is a
linear or branched alkyl group of from 1 to 12 carbon
atoms. Examples of suitable a-olefins include, but are
not limited to, propylene, isobutylene, 1-butene,
1-pentene, 1-hexene, 4-methyl- 1-pentene, and
1-octene. A particularly preferred a-olefn is
propylene. The propylene based polymers are generally
referred to in the art as EP or EPDM polymers.
Suitable dienes for use in preparing such polymers,
especially multi-block EPDM type polymers include
conjugated or non-conjugated, straight or branched
chain-, cyclic- or polycyclic- dienes comprising from
4 to 20 carbons. Preferred dienes include
1,4-pentadiene, 1,4-hexadiene,
5-ethylidene-2-norbornene, dicyclopentadiene,
cyclohexadiene, and 5- butylidene-2-norbornene. A
particularly preferred diene is
5-ethylidene-2-norbornene. [99] Because the diene
containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the
diene (including none) and a-olefn (including none),
the total quantity of diene and a-olefin may be
reduced without loss of subsequent polymer properties.
That is, because the diene and a-olefin monomers
arepreferentially incorporated into one type of block
of the polymer rather than uniformly or randomly
throughout the polymer, they are more efficiently
utilized and subsequently the crosslink density of the
polymer can be better controlled. Such crosslinkable
elastomers and the cured products have advantaged
properties, including higher tensile strength and
better elastic recovery. [1] In some embodiments, the
inventive interpolymers made with two catalysts
incorporating differing quantities of comonomer have a
weight ratio of blocks formed thereby from 95:5 to
5:95. The elastomeric polymers desirably have an
ethylene content of from 20 to 90 percent, a diene
content of from 0.1 to 10 percent, and an a-olefm
content of from 10 to 80 percent, based on the total
weight of the polymer. Further preferably, the
multi-block elastomeric polymers have an ethylene
content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-olefm content of from
10 to 40 percent, based on the total weight of the
polymer. Preferred polymers are high molecular weight
polymers, having a weight average molecular weight
(Mw) from 10,000 to about 2,500,000, preferably from
20,000 to 500,000, more preferably from 20,000 to
350,000, and a polydispersity less than 3.5, more
preferably less than 3.0, and a Mooney viscosity (ML
(1+4) 1250C.) from 1 to 250. More preferably, such
polymers have an ethylene content from 65 to 75
percent, a diene content from 0 to 6 percent, and an
a-olefm content from 20 to 35 percent. [101] The
ethylene/a-olefm interpolymers can be functionalized
by incorporating at least one functional group in its
polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono-
and di-functional carboxylic acids, ethylenically
unsaturated mono- and di-functional carboxylic acid
anhydrides, salts thereof and esters thereof. Such
functional groups may be grafted to an ethylene/ a
-olefin interpolymer, or it may be copolymerized with
ethylene and an optional additional comonomer to form
an interpolymer of ethylene, the functional comonomer
and optionally other comonomer(s). Means for grafting
functional groups onto polyethylene are described for
example in U.S. Patents Nos. 4,762,890, 4,927,888, and
4,950,541, the disclosures of these patents are
incorporated herein by reference in their entirety.
One particularly useful functional group is malic
anhydride. [102] The amount of the functional group
present in the functional interpolymer can vary. The
functional group can typically be present in a
copolymer-type functionalized interpolymer in an
amount of at least about 1.0 weight percent,
preferably at least about 5 weight percent, and more
preferably at least about 7 weight percent. The
functional groupwill typically be present in a
copolymer-type functionalized interpolymer in an
amount less than about 40 weight percent, preferably
less than about 30 weight percent, and more preferably
less than about 25 weight percent. Preparation of
Foams [103] The foams disclosed herein can be prepared
from a foamable composition comprising at least one
blowing agent, at least one cross-linking agent and at
least one ethylene/a-olefin interpolymer disclosed
herein. Optionally, the foamable composition may
further comprise at least a second polymer component,
at least one other additive or a combination thereof.
Non-limiting examples of suitable other additives
include grafting initiators, cross-linking catalysts,
blowing agent activators (e.g., zinc oxide, zinc
stearate and the like), coagents (e.g., triallyl
cyanurate), plasticizers, colorants or pigments,
stability control agents, nucleating agents, fillers,
antioxidants, acid scavengers, ultraviolet
stabilizers, flame retardants, lubricants, processing
aids, extrusion aids, and combinations thereof. [104]
The foams disclosed herein may take any physical forms
known in the art, such as sphere, cylinder, disk,
cube, prism, sheet, plank, foam slab stock or
irregular shapes. Further, they can be injection
molded articles, compression molded articles, or
extruded articles. Other useful forms are expandable
or foamable particles, moldable foam particles, or
beads, and articles formed by expansion and/or
coalescing and welding of those particles. [105] In
some footwear applications such as inner soles,
midsoles, outer soles, unisoles, and sole inserts, the
foams disclosed herein can be substantially
cross-linked. A foam is substantially cross-linked
when the foam contains more than 5 % of gel per ASTM
D-2765-84 Method A. In some embodiments, the foam
disclosed herein contains more than about 5 % of gel,
more than about 10 % of gel, more than about 15 % of
gel, more than about 20 % of gel, more than about 25 %
of gel, more than about 30 % of gel, more than about
35 % of gel, or more than about 40 % of gel per ASTM
D-2765-84 Method A. In other embodiments, the foam
disclosed herein contains less than about 95 % of gel.
In further embodiments, the foam disclosed herein
contains less than about 85 % of gel. In further
embodiments, the foam disclosed herein contains less
than about 75 % of gel. [106] The foams or foamable
compositions disclosed herein can have a density from
150 to about 600 kg/m3, from 150 to about 500 kg/m3,
from 150 to about 400 kg/m3, from 150 to about 350
kg/m3, from about 150 to about 300 kg/m3, or from
about 150 to about 250 kg/m3. In some embodiments, the
foam disclosed herein has a density from 150 to about
500kg/m3. In other embodiments, the foam disclosed
herein has a density from 175 to about 500 kg/m3. In
further embodiments, the foam disclosed herein has a
density from 200 to about 500 kg/m3. The foam
disclosed herein can have an average cell size from
about 0.05 to about 5.0 mm, from about 0.2 to about
2.0 mm, from about 0.1 to about 1.5 mm, from about 0.1
to about 1.0 mm, or from about 0.2 to about 0.6 mm
according to ASTM D3576. [107] The foams or foamable
compositions disclosed herein can be either
closedcelled or open-celled. Disclosed herein, a foam
is a closed cell foam when the foam contains 80 % or
more closed cells or less than 20 % open cells
according to ASTM D2856-A. In some embodiments, the
foams disclosed herein can have less than about 1%
open cells, less than about 10 % open cells, less than
about 20 % open cells, less than about 30 % open
cells, less than about 40 % open cells, less than
about 50 % open cells, less than about 60 % open
cells, less than about 10 % open cells, less than
about 70 % open cells, less than about 80 % open cells
or less than about 90 % open cells. In other
embodiments, the foams disclosed herein can have
between about 10 % and about 90 % open cells, between
about 10 % and about 50 % open cells, between about 50
% and about 90 % open cells, or between about 10 % and
about 30 % open cells. [1] In some embodiments, the
foamable composition comprises the ethylene/a-olefm
interpolymer disclosed herein. In other embodiments,
the foamable composition comprises a polymer blend
(hereinafter "polymer blend") comprising the
ethylene/a-olefin interpolymer and a second polymer
component. Some non-limiting examples of the second
polymer component include EVA, polyolefins (e.g.,
polyethylene and polypropylene), foamable polymers
(e.g., polystyrene, ABS, SBS and the like) and
combinations thereof. In some embodiments, the second
polymer component is EVA, polyethylene, polypropylene,
polystyrene, ABS, SBS or a combination thereof. The
second polymer component may be blended with the
ethylene/a-olefin interpolymer before it is added to
the foamable composition. In some embodiments, the
second polymer component is added directly to the
foamable composition without pre-blending with the
ethylene/a-olefin interpolymer. [109] The weight ratio
of the ethylene/a-olefin interpolymer to the second
polymer component in the polymer blend can be between
about 1:99 and about 99: 1, between about 1:50 and
about 50:1, between about 1:25 and about 25:1, between
about 1:10 and about 10:1, between about 1:9 and about
9:1, between about 1:8 and about 8:1, between about
1:7 and about 7:1, between about 1:6 and about 6:1,
between about 1:5 and about 5:1, between about1:4 and
about 4:1, between about 1:3 and about 3:1, between
about 1:2 and about 2:1, between about 3:7 and about
7:3 or between about 2:3 and about 3:2. [1] In some
embodiments, the second polymer component is a
polyolefin. Any polyolefin that is partially or
totally compatible with the ethylene/a-olefm
interpolymer may be used. Non-limiting examples of
suitable polyolef ns include polyethylenes;
polypropylenes; polybutylenes (e.g., polybutene-1);
polypentene-1; polyhexene-1; polyoctene-1;
polydecene-1; poly-3-methylbutene-l; poly-4-
methylpentene-1; polyisoprene; polybutadiene;
poly-l,5-hexadiene; interpolymers derived from
olefins; interpolymers derived from olefins and other
polymers such as polyvinyl chloride, polystyrene,
polyurethane, and the like; and mixtures thereof. In
some embodiments, the polyolefin is a homopolymer such
as polyethylene, polypropylene, polybutylene,
polypentene-1, poly-3-methylbutene-l, poly-4-
methylpentene-1, polyisoprene, polybutadiene,
poly-l,5-hexadiene, polyhexene-1, polyoctene-1 and
polydecene-1. [111] Some non-limiting examples of
suitable polyethylenes include ultra low density
polyethylene (ULDPE), linear low density polyethylene
(LLDPE), low density polyethylene (LDPE), medium
density polyethylene (MDPE), high density polyethylene
(HDPE), high molecular weight high density
polyethylene (HMW-HDPE), ultra high molecular weight
polyethylene (UHMW-PE) and combinations thereof. Some
non-limiting examples of polypropylenes include low
density polypropylene (LDPP), high density
polypropylene (HDPP), high-melt strength polypropylene
(HMS-PP) and combination thereof. In some embodiments,
the second polymer component is or comprises
high-meltstrength polypropylene (HMS-PP), low density
polyethylene (LDPE) or a combination thereof. [112]
The blowing agents suitable for making the foams
disclosed herein can include, but are not limited to,
inorganic blowing agents, organic blowing agents,
chemical blowing agents and combinations thereof. Some
blowing agents are disclosed in Sendijarevic et al,
"Polymeric FoamsAnd Foam Technology,"Hanser Gardner
Publications, Cincinnati, Ohio, 2nd edition, Chapter
18, pages 505-547 (2004), which is incorporated herein
by reference. [113] Non-limiting examples of suitable
inorganic blowing agents include carbon dioxide,
nitrogen, argon, water, air, nitrogen, and helium.
Non-limiting examples of suitableorganic blowing
agents include aliphatic hydrocarbons having 1-6
carbon atoms, aliphatic alcohols having 1-3 carbon
atoms, and fully and partially halogenated aliphatic
hydrocarbons having 1-4 carbon atoms. Non-limiting
examples of suitable aliphatic hydrocarbons include
methane, ethane, propane, n-butane, isobutane,
n-pentane, isopentane, neopentane, and the like.
Non-limiting examples of suitable aliphatic alcohols
include methanol, ethanol, npropanol, and isopropanol.
Non-limiting examples of suitable fully and partially
halogenated aliphatic hydrocarbons include
fluorocarbons, chlorocarbons, and chlorofluorocarbons.
Nonlimiting examples of suitable fluorocarbons include
methyl fluoride, perfluoromethane, ethyl fluoride,
1,1-difluoroethane (HFC-152a), 1,1,1-trifluoroethane
(HFC-143a), 1,1,1,2- tetrafluoro-ethane (HFC-134a),
pentafluoroethane, difluoromethane, perfluoroethane,
2,2- difluoropropane, 1,1,1-trifluoropropane,
perfluoropropane, dichloropropane, difluoropropane,
perfluorobutane, perfluorocyclobutane. Non-limiting
examples of suitable partially halogenated
chlorocarbons and chlorofluorocarbons include methyl
chloride, methylene chloride, ethyl chloride,
1,1,1-tricliloroethane, 1,1-dichloro-l-fluoroethane
(HCFC- 14 Ib), 1- chloro-1,1 difluoroethane
(HCFC-142b), l,l-dichloro-2,2,2-trifluoroethane
(HCFC-123) and 1-chloro-l,
2,2,2-tetrafluoroethane(HCFC- 124). Non-limiting
examples of suitable fully halogenated
chlorofluorocarbons include trichloromonofluoromethane
(CFC-Il), dichlorodifluoromethane (CFC- 12),
trichlorotrifluoroethane (CFC-1 13), 1,1,1-
trifluoroethane, pentafluoroethane,
dichlorotetrafluoroethane (CFC-1 14),
chloroheptafluoropropane, and
dichlorohexafluoropropane. Non-limiting examples of
suitable chemical blowing agents include
azodicarbonamide, azodiisobutyro-nitrile,
benezenesulfonhydrazide, 4,4-oxybenzene
sulfonyl-semicarbazide, p-toluene sulfonyl
semicarbazide, barium azodicarboxylate,
N,N'-dimethyl-N,N'-dinitrosoterephthalamide, and
trihydrazino triazine. hi some embodiments, the
blowing agent is azodicarbonamide isobutane, CO2, or a
mixture of thereof. [114] The amount of the blowing
agent in the foamable composition disclosed herein may
be from about 0.1 to about 20 wt%, from about 0.1 to
about 10 wt%, or from about 0.1 to about 5 wt%, based
on the weight of the ethylene/a-olefin interpolymer or
the polymer blend. In other embodiments, the amount of
the blowing agent is from about 0.2 to about 5.0 moles
per kilogram of the interpolymer or polymer blend,
from about 0.5 to about 3.0 moles per kilogram of the
interpolymer or polymer blend, or from about 1.0 to
about 2.50 moles per kilogram of the interpolymer or
polymer blend.[115] The foams disclosed herein can be
perforated to enhance or accelerate permeation of the
blowing agent from the foam cells and/or air into the
foam cells. In some embodiments, the foams are
perforated to form channels which extend entirely
through the foam from one surface to another or
partially through the foam. The channels can be spaced
up to about 2.5 centimeters or up to about 1.3
centimeters apart. The channels can be present over
substantially an entire surface of the foam and
preferably are uniformly dispersed over the surface.
In other embodiments, the foams can employ a stability
control agent of the type described below in
combination with perforation to allow accelerated
permeation or release of the blowing agent while
maintaining a dimensionally stable foam. The teachings
of foam perforation are disclosed in U.S. Patent Nos.
5,424,016 and 5,585,058, both of which are
incorporated herein by reference. [116] The foamable
compositions disclosed herein comprise a cross-linking
agent. Any cross-linking agent that can cross-link the
ethylene/a-olefin interpolymer or the polymer blend
disclosed herein can be used. The cross-linking agent
can be incorporated into the ethylene/a-olefin
interpolymer or the polymer blend in the same manner
as the blowing agent. The amount of the cross-linking
agent in the foamable compositions or foams can be
from about greater than 0 to about 10 wt%, from about
0.1 to about 7.5 wt%, or from about 1 to about 5 wt%
based on the weight of the ethylene/a-olefn
interpolymer or the polymer blend. [117] When a
cross-linking agent is used, the cross-linking of the
foams can be induced by activating the cross-linking
agent in the foamable composition. The crosslinking
agent can be activated by exposing it to a temperature
above its decomposition temperature. Alternatively,
the cross-linking agent can be activated by exposing
it to a radiation that causes the generation of free
radicals from the cross-linking agent. Similarly, the
foaming or expansion of the foams disclosed herein can
be induced by activating the blowing agent in the
foamable composition. In some embodiments, the blowing
agent is activated by exposing it to a temperature
above its activation temperature. Generally, the
activations of the cross-linking and foaming can occur
either simultaneously or sequentially. In some
embodiments, the activations occur simultaneously. In
other embodiments, the activation of the cross-linking
occurs first and the activation of the foaming occurs
next. In further embodiments, the activation of the
foaming occurs first and the activation of the
cross-linking occurs next.[118] The foamable
composition can be prepared or processed at a
temperature of less than 150 0C to prevent the
decomposition of the blowing agent and the
cross-linking agent. When radiation cross-linking is
used, the foamable composition can be prepared or
processed at a temperature of less than 160 0C to
prevent the decomposition of the blowing agent. In
some embodiments, the foamable composition can be
extruded or processed through a die of desired shape
to form a foamable structure. Next, the foamable
structure can be expanded and cross-linked at an
elevated temperature (e.g., from about 150 0C to about
250 0C) to activate the blowing agent and the
cross-linking agent to form a foam structure. In some
embodiments, the foamable structure can be irradiated
to cross-link the polymer material, which can then be
expanded at the elevated temperature as described
above. [119] Some suitable cross-linking agents have
been disclosed in Zweifel Hans et ah, "Plastics
Additives Handbook" Hanser Gardner Publications,
Cincinnati, Ohio, 5th edition, Chapter 14, pages
725-812 (2001); Encyclopedia of Chemical Technology,
Vol. 17, 2nd edition, Interscience Publishers (1968);
and Daniel Seern, "Organic Peroxides," Vol. 1,
Wiley-Interscience, (1970), all of which are
incorporated herein by reference. In some embodiments,
there is no cross-linking agent in the foamable
compositions or foams disclosed herein. [120]
Non-limiting examples of suitable cross-linking agents
include peroxides, phenols, azides, aldehyde-amine
reaction products, substituted ureas, substituted
guanidines; substituted xanthates; substituted
dithiocarbamates; sulfurcontaining compounds, such as
thiazoles, sulfenamides, thiuramidisulfides,
paraquinonedioxime, dibenzoparaquinonedioxime, sulfur;
imidazoles; silanes and combinations thereof. [121]
Non-limiting examples of suitable organic peroxide
cross-linking agents include alkyl peroxides, aryl
peroxides, peroxyesters, peroxycarbonates,
diacylperoxides, peroxyketals, cyclic peroxides and
combinations thereof. In some embodiments, the organic
peroxide is dicumyl peroxide, t-butylisopropylidene
peroxybenzene, 1,1-di-t-butyl peroxy-
3,3,5-trimethylcyclohexane,
2,5-dimethyl-2,5-di(t-butyl peroxy) hexane,
t-butyl-cumyl peroxide, di-t-butyl peroxide,
2,5-dimethyl-2,5-di-(t-butyl peroxy) hexyne or a
combination thereof. In one embodiment, the organic
peroxide is dicumyl peroxide. Additional teachings
regarding organic peroxide cross-linking agents are
disclosed in C. P. Park, "Polyoleb n Foam", Chapter 9
of Handbook of Polymer Foams and Technology, edited by
D. Klempnerand K. C. Frisch, Hanser Publishers, pp.
198-204, Munich (1991), which is incorporated herein
by reference. [122] Non-limiting examples of suitable
azide cross-linking agents include azidoformates, such
as tetramethylenebis(azidoformate); aromatic
polyazides, such as 4,4'- diphenylmethane diazide; and
sulfonazides, such as p,p'-oxybis(benzene sulfonyl
azide). The disclosure of azide cross-linking agents
can be found in U.S. Patent Nos. 3,284,421 and
3,297,674, both of which are incorporated herein by
reference. [1] The poly(sulfonyl azide) is any
compound having at least two sulfonyl azide groups
(i.e., -SO2N3) that are reactive towards the
ethylene/a-olefin interpolymer disclosed herein. In
some embodiments, the poly(sulfonyl azide)s have a
structure of X-R-X wherein each X is -SO2N3 and R
represents an unsubstituted or inertly substituted
hydrocarbyl, hydrocarbyl ether or silicon-containing
group. In some embodiments, the R group has sufficient
carbon, oxygen or silicon, preferably carbon, atoms to
separate the sulfonyl azide groups sufficiently to
permit a facile reaction between the ethylene/a-olefin
interpolymer and the sulfonyl azide groups. In other
embodiments, the R group has at least 1, at least 2,
or at least 3 carbon, oxygen or silicon, preferably
carbon, atoms between the sulfonyl azide groups. The
term "inertly substituted" refers to substitution with
atoms or groups which do not undesirably interfere
with the desired reaction(s) or desired properties of
the resulting cross-linked polymers. Such groups
include fluorine, aliphatic or aromatic ethers,
siloxanes and the like. Non-limiting examples of
suitable structures of R include aryl, alkyl, alkaryl,
arylalkyl, silanyl, heterocyclyl, and other inert
groups. In some embodiments, the R group includes at
least one aryl group between the sulfonyl groups. In
other embodiments, the R group includes at least two
aryl groups (such as when R is 4,4' diphenylether or
4,4'-biphenyl). When R is one aryl group, it is
preferred that the group have more than one ring, as
in the case of naphthylene bis(sulfonyl azides). In
some embodiments, the poly(sulfonyl)azides include
l,5-pentane bis(sulfonylazide), l,8-octane
bis(sulfonyl azide), 1,10-decane bis(sulfonyl azide),
1,10-octadecane bis(sulfonyl azide),
l-octyl-2,4,6-benzene tris(sulfonyl azide),
4,4'-diphenyl ether bis(sulfonyl azide),
l,6-bis(4'-sulfonazidophenyl)hexane, 2,7- naphthalene
bis(sulfonyl azide), and mixed sulfonyl azides of
chlorinated aliphatic hydrocarbons containing an
average of from 1 to 8 chlorine atoms and from about 2
to 5 sulfonyl azide groups per molecule, and
combinations thereof. In other embodiments, the
poly(sulfonyl azide)s include
oxy-bis(4-sulfonylazidobenzene), 2,7-naphthalene
bis(sulfonylazido), 4,4'-bis(sulfonyl azido)biphenyl,
4,4'-diphenyl ether bis(sulfonyl azide) and bis(4-
sulfonyl azidophenyl)methane, and combinations
thereof. [124] Non-limiting examples of suitable
aldehyde-amine reaction products include
formaldehyde-ammonia,
formaldehyde-ethylchloride-ammonia,
acetaldehyde-ammonia, formaldehyde-aniline,
butyraldehyde-aniline, heptaldehyde-aniline, and
combinations thereof. [125] Non-limiting examples of
suitable substituted ureas include trimethylthiourea,
diethylthiourea, dibutylthiourea, tripentylthiourea,
l,3-bis(2- benzothiazolylmercaptomethyl)urea,
N,N-diphenylthiourea, and combinations thereof. [126]
Non-limiting examples of suitable substituted
guanidines include diphenylguanidine,
di-o-tolylguanidine, diphenylguanidine phthalate, the
di-o-tolylguanidine salt of dicatechol borate, and
combinations thereof. [127] Non-limiting examples of
suitable substituted xanthates include zinc
ethylxanthate, sodium isopropylxanthate, butylxanthic
disulfide, potassium isopropylxanthate, zinc
butylxanthate, and combinations thereof. [128]
Non-limiting examples of suitable dithiocarbamates
include copper dimethyl-, zinc dimethyl-, tellurium
diethyl-, cadmium dicyclohexyl-, lead dimethyl-, lead
dimethyl-, selenium dibutyl-, zinc pentamethylene-,
zinc didecyl-, zinc isopropyloctyl-dithiocarbamate,
and combinations thereof. [129] Non-limiting examples
of suitable thiazoles include 2-mercaptobenzothiazole,
zinc mercaptothiazolyl mercaptide,
2-benzothiazolyl-N,N-diethylthiocarbamyl sulfide,
2,2'- dithiobis(benzothiazole), and combinations
thereof. [130] Non-limiting examples of suitable
imidazoles include 2-mercaptoimidazoline
2-mercapto-4,4,6-trimethyldihydropyrimidine, and
combinations thereof. [131] Non-limiting examples of
suitable sulfenamides include N-t-butyl-2-
benzothiazole-, N-cyclohexylbenzothiazole-,
N,N-diisopropylbenzothiazole-, N-(2,6- dimethylmof
holino)-2-benzothiazole-,
N,N-diethylbenzothiazole-sulfenamide, and combinations
thereof.[132] Non-limiting examples of suitable
thiuramidisulfides include N,N'-diethyl-, tetrabutyl-,
N,N'-diisopropyldioctyl-, tetramethyl-,
N,N'-dicyclohexyl-, N N1-
tetralaurylthiuramidisulfide, and combinations
thereof. [1] In some embodiments, the cross-linking
agents are silanes. Any silane that can effectively
graft to and/or cross-link the ethylene/a-olefin
interpolymer or the polymer blend disclosed herein can
be used. Non-limiting examples of suitable silane
cross-linking agents include unsaturated silanes that
comprise an ethylenically unsaturated hydrocarbyl
group, such as a vinyl, allyl, isopropenyl, butenyl,
cyclohexenyl or gamma-(meth)acryloxy allyl group, and
a hydrolyzable group such as a hydrocarbyloxy,
hydrocarbonyloxy, and hydrocarbylamino group.
Non-limiting examples of suitable hydrolyzable groups
include methoxy, ethoxy, formyloxy, acetoxy,
proprionyloxy, alkyl and arylamino groups. In other
embodiments, the silanes are the unsaturated alkoxy
silanes which can be grafted onto the interpolymer.
Some of these silanes and their preparation methods
are more fully described in U.S. Pat. No. 5,266,627,
which is incorporated herein by reference. In further
embodiments, the silane cross-linking agents are
vinyltrimethoxysilane, vinyltriethoxysilane,
vinyltris(2-methoxyethoxy)silane,
vinyltriacetoxysilane, vinylmethyldimethoxysilane, 3-
methacryloyloxypropyltrimethoxysilane, and
combinations thereof. [1] The amount of the silane
cross-linking agent can vary widely, depending upon
the nature of the ethylene/a-olefin interpolymer or
the polymer blend, the silane employed, the processing
conditions, the amount of grafting initiator, the
ultimate application, and other factors. When
vinyltrimethoxysilane (VTMOS) is used, the amount of
VTMOS is generally at least about 0.1 weight percent,
at least about 0.5 weight percent, or at least about 1
weight percent, based on the combined weight of the
silane cross-linking agent and the interpolymer or the
polymer blend. [1] Optionally, the foamable
composition disclosed herein may comprise a grafting
initiator. Those skilled in the art will be readily
able to select the amount of the grafting initiator
based on the characteristics of the ethylene/a-olefin
interpolymer or the polymer blend, such as molecular
weight, molecular weight distribution, comonomer
content, as well as the presence of cross-linking
enhancing coagents, additives, and the like. [136]
Optionally, the foamable composition disclosed herein
may comprise a catalyst. Any cross-linking catalyst
that can promote the cross-linking of the ethylene/a-
olefin interpolymer or the polymer blend can be used.
Non-limiting examples of suitablecatalysts include
organic bases, carboxylic acids, and organometallic
compounds. In some embodiments, the catalyst includes
organic titanates and complexes or carboxylates of
lead, cobalt, iron, nickel, zinc and tin. In other
embodiments, the catalyst is or comprises dibutyltin
dilaurate, dioctyltin maleate, dibutyltin diacetate,
dibutyltin dioctanoate, stannous acetate, stannous
octanoate, lead naphthenate, zinc caprylate, cobalt
naphthenate or a combination thereof. In further
embodiments, the catalyst is or comprises a tin
carboxylate such as dibutyltin dilaurate and
dioctyltin maleate. [137] Alternatively, the
cross-linking of the foams or foamable compositions
disclosed herein can be effected by using radiation.
Non-limiting examples of suitable radiation include
electron beam or beta ray, gamma rays, X-rays, or
neutron rays. Radiation is believed to activate the
cross-linking by generating radicals in the polymer
which may subsequently combine and cross-link.
Additional teachings concerning radiation crosslinking
are disclosed in C. P. Park, supra, pages 198-204,
which is incorporated herein by reference. In some
embodiments, the foam or foamable composition is not
cross-linked by radiation. [1] Radiation dosage
generally depends upon many factors. Those skilled in
the art will be readily able to select suitable
radiation levels based on thickness and geometry of
the article to be irradiated, as well as the
characteristics of the ethylene/a-olefin interpolymer
or the polymer blend, such as molecular weight,
molecular weight distribution, comonomer content, the
presence of cross-linking enhancing coagents,
additives (e.g., oil), and the like. In general, the
dosage does not exceed what is required to effect the
desired level of crosslinking. In some embodiments,
the dosage causes more than 5 % gel in the foam per
ASTM D-2765-84 Method A. [139] In some embodiments,
dual cure systems, which comprises at least two
activation methods selected from cross-linking agents
and radiation, can be effectively employed. For
instance, it may be desirable to employ a peroxide
cross-linking agent in conjunction with a silane
cross-linking agent, a peroxide cross-linking agent in
conjunction with radiation, a sulfur-containing
cross-linking agent in conjunction with a silane
crosslinking agent, or the like. [1] Those skilled in
the art will be readily able to select the amount of
cross-linking agent, based on the desired
cross-linking level, the characteristics of the
polymer such as molecular weight, molecular weight
distribution, comonomer content, the presence of
cross-linkingenhancing coagents, other additives and
the like. Since it is expressly contemplated that the
ethylene/a-olefin interpolymer can be blended with
other polymers such as EVA and polyolefins prior to
cross-linking, those skilled in the art may use the
disclosure herein as a reference point in optimizing
the amount of the cross-linking agent for a particular
polymer in question. [141] Optionally, the foams or
foamable compositions disclosed herein can comprise at
least one other additive. Any foam additive that can
improve and/or control the processibility, appearance,
physical, chemical, and/or mechanical properties of
the foam structures or articles can be used.
Non-limiting examples of suitable other additives
include grafting initiators, cross-linking catalysts,
blowing agent activators (e.g., zinc oxide, zinc
stearate and the like), coagents (e.g., triallyl
cyanurate), plasticizers, colorants or pigments,
stability control agents, nucleating agents, fillers,
antioxidants, acid scavengers, ultraviolet (UV)
stabilizers, flame retardants, lubricants, processing
aids, extrusion aids, and combinations thereof. The
total amount of the other additives can range from
about greater than 0 to about 80%, from about 0.001 %
to about 70%, from about 0.01 % to about 60%, from
about 0.1 % to about 50%, from about 1% to about 40%,
or from about 10 % to about 50% of the total weight of
the foam. Some suitable additives have been described
in Zweifel Hans et al., "Plastics Additives Handbook"
Hanser Gardner Publications, Cincinnati, Ohio, 5th
edition (2001), which is incorporated herein by
reference in its entirety. [142] The foams or foamable
compositions disclosed herein may optionally comprise
a stability control agent or gas permeation modifier.
Any stability control agent that can enhance the
dimensional stability of the foams can be used.
Non-limiting examples of suitable stability control
agents include amides and esters of C10-24 fatty
acids. Such agents are described in U.S. Patent Nos.
3,644,230 and 4,214,054, both of which are
incorporated herein by reference. In some embodiments,
the stability control agents include stearyl
stearamide, glycerol monostearate, glycerol
monobehenate, sorbitol monostearate and combinations
thereof. In general, the amount of the stability
control agents is from about 0.1 to about 10 parts,
from about 0.1 to about 5 parts, or from about 0.1 to
about 3 parts by weight per hundred parts by weight of
the polymer. In some embodiment, the stability control
agent is glycerol monostearate. [143] The foams or
foamable compositions disclosed herein may optionally
comprise a nucleating agent. Any nucleating agent that
can control the size of foam cells canbe used.
Non-limiting examples of suitable nucleating agents
include inorganic substances such as calcium
carbonate, talc, clay, titanium oxide, silica, barium
sulfate, diatomaceous earth, citric acid, sodium
bicarbonate, sodium carbonate, and combinations
thereof. In some embodiments, the nucleating agent is
a combination of citric acid and sodium bicarbonate or
a combination of citric acid and sodium carbonate. In
other embodiments, the nucleating agent is HYDROCEROL
(r) CF 20 from Clariant Corporation, Charlotte, NC.
The amount of nucleating agent employed can range from
0.01 to 5 parts by weight per hundred parts by weight
of the polymer. [1] In some embodiments, the foams or
foamable compositions disclosed herein comprise an
antioxidant. Any antioxidant that can prevent the
oxidation of polymer components and organic additives
in the foams can be added to the foams disclosed
herein. Non-limiting examples of suitable antioxidants
include aromatic or hindered amines such as alkyl
diphenylamines, phenyl-a- naphthylamine, alkyl or
aralkyl substituted phenyl-a-naphthylamine, alkylated
p-phenylene diamines, tetramethyl-diaminodiphenylamine
and the like; phenols such as 2,6-di-t-butyl-4-
methylphenol; l,3,5-trimethyl-2,4,6-tris(3',5
l-di-t-butyl-4'-hydroxybenzyl)benzene;
tetrakis[(methylene(3,5-di-t-butyl-4-hydroxyhydrocinna
mate)]methane (e.g., IRGANOX(tm) 1010, from Ciba
Geigy, New York); acryloyl modified phenols;
octadecyl-3,5-di-t-butyl-4-hydroxycinnamate (e.g.,
IRGANOX(tm) 1076, commercially available from Ciba
Geigy); phosphites and phosphonites; hydroxylamines;
benzofuranone derivatives; and combinations thereof.
Where used, the amount of the antioxidant in the foam
can be from about greater than 0 to about 5 wt%, from
about 0.0001 to about 2.5 wt%, from about 0.001 to
about 1 wt%, or from about 0.001 to about 0.5 wt% of
the total weight of the foam. Some antioxidants have
been described in Zweifel Hans et ah, "Plastics
Additives Handbook" Hanser Gardner Publications,
Cincinnati, Ohio, 5th edition, Chapter 1, pages 1-140
(2001), which is incorporated herein by reference.
[145] In other embodiments, the foams or foamable
compositions disclosed herein comprise a UV
stabilizer. Any UV stabilizer that may prevent or
reduce the degradation of the foams by UV radiations
can be added to the foams disclosed herein.
Non-limiting examples of suitable UV stabilizers
include benzophenones, benzotriazoles, aryl esters,
oxanilides, acrylic esters, formamidines, carbon
black,hindered amines, nickel quenchers, hindered
amines, phenolic antioxidants, metallic salts, zinc
compounds and combinations thereof. Where used, the
amount of the UV stabilizer in the foam can be from
about greater than 0 to about 5 wt%, from about 0.01
to about 3 wt%, from about 0.1 to about 2 wt%, or from
about 0.1 to about 1 wt% of the total weight of the
foam. Some UV stabilizers have been described in
Zweifel Hans et ah, "Plastics Additives Handbook"
Hanser Gardner Publications, Cincinnati, Ohio, 5th
edition, Chapter 2, pages 141-426 (2001), which is
incorporated herein by reference. [146] In further
embodiments, the foams or foamable compositions
disclosed 



herein comprise a colorant or pigment. Any colorant or
pigment that can change the look of the foams to human
eyes can be added to the foams disclosed herein.
Nonlimiting examples of suitable colorants or pigments
include inorganic pigments such as metal oxides such
as iron oxide, zinc oxide, and titanium dioxide, mixed
metal oxides, carbon black, organic pigments such as
anthraquinones, anthanthrones, azo and monoazo
compounds, arylamides, benzimidazolones, BONA lakes,
diketopyrrolopyrroles, dioxazines, disazo compounds,
diarylide compounds, flavanthrones, indanthrones,
isoindolinones, isoindolines, metal complexes, monoazo
salts, naphthols, b-naphthols, naphthol AS, naphthol
lakes, perylenes, perinones, phthalocyanines,
pyranthrones, quinacridones, and quinophthalones, and
combinations thereof. Where used, the amount of the
colorant or pigment in the foam can be from about
greater than 0 to about 10 wt%, from about 0.1 to
about 5 wt%, or from about 0.25 to about 2 wt% of the
total weight of the foam. Some colorants have been
described in Zweifel Hans et ah, "Plastics Additives
Handbook," Hanser Gardner Publications, Cincinnati,
Ohio, 5th edition, Chapter 15, pages 813-882 (2001),
which is incorporated herein by reference. [147]
Optionally, the foams or foamable compositions
disclosed herein can comprise a filler. Any filler
which can be used to adjust, inter alia, volume,
weight, costs, and/or technical performance can be
added to the foams disclosed herein. Nonlimiting
examples of suitable fillers include talc, calcium
carbonate, chalk, calcium sulfate, clay, kaolin,
silica, glass, fumed silica, mica, wollastonite,
feldspar, aluminum silicate, calcium silicate,
alumina, hydrated alumina such as alumina trihydrate,
glass microsphere, ceramic microsphere, thermoplastic
microsphere, barite, wood flour, glass fibers, carbon
fibers, marble dust, cement dust, magnesium oxide,
magnesium hydroxide, antimony oxide, zinc oxide,
barium sulfate, titanium dioxide, titanates
andcombinations thereof. In some embodiments, the
filler is barium sulfate, talc, calcium carbonate,
silica, glass, glass fiber, alumina, titanium dioxide,
or a mixture thereof. In other embodiments, the filler
is talc, calcium carbonate, barium sulfate, glass
fiber or a mixture thereof. Where used, the amount of
the filler in the foam can be from about greater than
0 to about 80 wt%, from about 0.1 to about 60 wt%,
from about 0.5 to about 40 wt%, from about 1 to about
30 wt%, or from about 10 to about 40 wt% of the total
weight of the foam. Some fillers have been disclosed
in U.S. Patent No. 6,103,803 and Zweifel Hans et ah,
"Plastics Additives Handbook" Hanser Gardner
Publications, Cincinnati, Ohio, 5th edition, Chapter
17, pages 901-948 (2001), both of which are
incorporated herein by reference. [148] Optionally,
the foams or foamable compositions disclosed herein
can comprise a lubricant. Any lubricant that can be
used, inter alia, to modify the rheology of the molten
foamable compositions, to improve the surface finish
of molded foamed articles, and/or to facilitate the
dispersion of fillers or pigments can be added to the
foams disclosed herein. Non-limiting examples of
suitable lubricants include fatty alcohols and their
dicarboxylic acid esters, fatty acid esters of
short-chain alcohols, fatty acids, fatty acid amides,
metal soaps, oligomeric fatty acid esters, fatty acid
esters of long-chain alcohols, montan waxes,
polyethylene waxes, polypropylene waxes, natural and
synthetic paraffin waxes, fluoropolymers and
combinations thereof. Where used, the amount of the
lubricant in the foam can be from about greater than 0
to about 5 wt%, from about 0.1 to about 4 wt%, or from
about 0.1 to about 3 wt% of the total weight of the
foam. Some suitable lubricants have been disclosed in
Zweifel Hans et ah, "Plastics Additives Handbook"
Hanser Gardner Publications, Cincinnati, Ohio, 5th
edition, Chapter 5, pages 5 11-552 (2001), both of
which are incorporated herein by reference. [149]
Optionally, the foams or foamable compositions
disclosed herein can comprise an antistatic agent. Any
antistatic agent that can increase the conductivity of
the foams and to prevent static charge accumulation
can be added to the foams disclosed herein.
Non-limiting examples of suitable antistatic agents
include conductive fillers {e.g., carbon black, metal
particles and other conductive particles), fatty acid
esters (e.g., glycerol monostearate), ethoxylated
alkylamines, diethanolamides, ethoxylated alcohols,
alkylsulfonates, alkylphosphates, quaternaryammonium
salts, alkylbetaines and combinations thereof. Where
used, the amount of the antistatic agent in the foam
can be from about greater than 0 to about 5 wt%, from
about 0.01 to about 3 wt%, or from about 0.1 to about
2 wt% of the total weight of the foam. Some suitable
antistatic agents have been disclosed in Zweifel Hans
et ah, "Plastics Additives Handbook," Hanser Gardner
Publications, Cincinnati, Ohio, 5th edition, Chapter
10, pages 627-646 (2001), both of which are
incorporated herein by reference. [150] The processes
of making polyolefm foams are described in C. P. Park,
"PolyolefinFoam", Chapter 9 of Handbook of Polymer
Foams and Technology, edited by D. Klempner and K. C.
Frisch, Hanser Publishers, Munich (1991), which is
incorporated herein by reference. [151] The
ingredients of the foamable composition can be mixed
or blended in any suitable mixing or blending devices
known to skilled artisans. The ingredients in the
foamable composition can then be mixed at a
temperature below the decomposition temperature of the
blowing agent and the cross-linking agent to ensure
that all ingredients are homogeneously mixed and
remain intact. After the foamable composition is
relatively homogeneously mixed, the composition is
shaped and then exposed to conditions {e.g. heat,
pressure, shear, etc.) over a sufficient period of
time to activate the blowing agent and the
cross-linking agent to make the foam. [152] In some
embodiments, the ingredients of the foamable
composition can be mixed and melt blended by any
mixing or blending device known to a person of
ordinary skill in the art. Non-limiting examples of
suitable mixing or blending devices include extruders,
mixers, blenders, mills, dispersers, homogenizers and
the like. In other embodiments, the blowing agent is
dry-blended with the ethylene/a-olefin interpolymer or
the polymer blend before the foamable composition is
heated to a molten form. In further embodiments, the
blowing agent is added when the foamable composition
is in a molten phase. In some embodiments, the
foamable composition disclosed herein is extruded
through a die where the cross-linking is activated.
Next, the extruded foamable composition may be exposed
to an elevated temperature to activate the blowing
agent to form the foams. [1] The foams disclosed
herein can be prepared by conventional extrusion
foaming processes. The foam can generally be prepared
by heating the ethylene/a-olefm interpolymer or the
polymer blend to form a plasticized or melt polymer
material, incorporating therein ablowing agent to form
a foamable composition, and extruding the foamable
composition through a die to form foam products. Prior
to mixing with the blowing agent, the ethylene/a-
olefin interpolymer can be heated to a temperature at
or above its glass transition temperature or melting
point. The blowing agent can be incorporated or mixed
into the molten ethylene/a-olefin interpolymer by any
means known in the art such as with an extruder,
mixer, blender, and the like. The blowing agent can be
mixed with the molten ethylene/a- olefn interpolymer
at an elevated pressure sufficient to prevent
substantial expansion of the molten ethylene/a-olefm
interpolymer and to generally disperse the blowing
agent homogeneously therein. Optionally, a nucleating
agent can be blended in the interpolymer melt or dry
blended with the ethylene/a-olefin interpolymer prior
to plasticizing or melting. The foamable composition
can be cooled to a lower temperature to optimize
physical characteristics of the foam structure. The
foamable composition can be then extruded or conveyed
through a die of desired shape to a zone of reduced or
lower pressure to form the foam structure. The zone of
lower pressure can be at a pressure lower than that in
which the foamable composition is maintained prior to
extrusion through the die. The lower pressure can be
super-atmospheric or sub-atmospheric (vacuum), but is
preferably at an atmospheric level. [154] In some
embodiments, the foams disclosed herein are formed in
a coalesced strand form by extrusion of the
ethylene/a-olefin interpolymer through a multi-orifice
die. The orifices can be arranged so that contact
between adjacent streams of the molten extrudate
occurs during the foaming process and the contacting
surfaces adhere to one another with sufficient
adhesion to result in a unitary foam structure. The
streams of the molten extrudate exiting the die can
take the form of strands or profiles, which can
desirably foam, coalesce, and adhere to one another to
form a unitary structure. Desirably, the coalesced
individual strands or profiles should remain adhered
in a unitary structure to prevent strand delamination
under stresses encountered in preparing, shaping, and
using the foams. Apparatuses and methods for producing
foam structures in coalesced strand form are disclosed
in U.S. Patent Nos. 3,573,152 and 4,824,720, both of
which are incorporated herein by reference. [1] In
other embodiments, the foams disclosed herein are
formed by an accumulating extrusion process as seen in
U.S. Patent No. 4,323,528, which is incorporated by
reference herein. In the accumulating extrusion
process, low density foams having large lateral
crosssectional areas are prepared by: 1) forming under
pressure a foamable composition of theethylene/a-olefn
interpolymer and a blowing agent at a temperature at
which the viscosity of the foamable composition is
sufficient to retain the blowing agent when the
foamable composition is allowed to expand; 2)
extruding the foamable composition into a holding zone
maintained at a temperature and pressure which does
not allow the foamable composition to foam, the
holding zone having an outlet die defining an orifice
opening into a zone of lower pressure at which the
foamable composition foams, and an openable gate
closing the die orifice; 3) periodically opening the
gate; 4) substantially concurrently applying
mechanical pressure by a movable ram on the foamable
composition to eject it from the holding zone through
the die orifice into the zone of lower pressure, at a
rate greater than that at which substantial foaming in
the die orifice occurs and less than that at which
substantial irregularities in cross-sectional area or
shape occurs; and 5) permitting the ejected foamable
composition to expand unrestrained in at least one
dimension to produce the foam structure. [1] In some
embodiments, the foams disclosed herein are formed
into non-crosslinked foam beads suitable for molding
into articles. To make the foam beads, discrete
ethylene/a- olefin interpolymer particles such as
granulated ethylene/a-olefm interpolymer pellets are:
(1) suspended in a liquid medium in which they are
substantially insoluble such as water; (2) impregnated
with a blowing agent by introducing the blowing agent
into the liquid medium at an elevated pressure and
temperature in an autoclave or other pressure vessel;
and (3) rapidly discharged into the atmosphere or a
region of reduced pressure to expand to form the foam
beads. This process is well taught in U.S. Patent Nos.
4,379,859 and 4,464,484, which are incorporated herein
by reference. [1] In a derivative of the above
process, styrene monomer can be impregnated into the
suspended ethylene/a-olefm interpolymer pellets prior
to impregnation with blowing agent to form a graft
interpolymer with the ethylene/a-olefm interpolymer.
The resulted graft interpolymer beads can be cooled
and discharged from the vessel substantially
unexpanded. The beads are then expanded and molded by
the conventional expanded polystyrene bead molding
process. The process of making some graft interpolymer
beads is described in U.S. Patent No. 4,168,353, which
is incorporated herein by reference. [158] The foam
beads can be molded into articles by any method known
to a person of ordinary skill in the art. In some
embodiments, the foam beads are charged to the mold,
compressed by compressing the mold, and heated with a
heat source such as steam to effect coalescing and
welding of the foam beads to form the articles. In
other embodiments, thefoam beads are impregnated with
air or other blowing agent at an elevated pressure and
temperature prior to charging to the mold. In further
embodiments, the foam beads are heated prior to
charging to the mold. The beads can then be molded to
blocks or shaped articles by a suitable molding method
known in the art. Some of the methods are taught in
U.S. Pat. Nos. 3,504,068 and 3,953,558 and in C. P.
Park, supra, p. 191, pp. 197-198, and pp. 227-229, all
of which are incorporated herein by reference. [159]
In some embodiments, the foams disclosed herein can be
prepared by either compression molding or injection
molding. In other embodiments, the foams are prepared
by compression molding at a temperature above the
decomposition temperatures of the peroxide and the
blowing agent which is followed by a post expansion
when the mold open. In further embodiments, the foams
are prepared by injection molding the
ethylene/a-olefin interpolymer melts at temperatures
below the decomposition temperatures of the peroxide
and the blowing agent into molds at temperature above
the decomposition temperatures of the peroxide and the
blowing agent which is followed by a post expansion
after opening the molds (from about 160 to about
19O0C). [160] In some embodiments, microcellular
thermoplastic vulcanizate ("TPV") foams could be made
using supercritical fluids (e.g., CO or N2) . Such
techniques are taught in U.S. Patent Nos. 5,158,986;
5,160,674; 5,334,356; 5,866,053; 6,169,122; 6,284,810;
and 6,294,1 15, which are incorporated by reference
herein in their entirety. The methods disclosed
therein can be used in embodiments of the invention
with or without modifications. TPV compositions based
on the inventive polymers disclosed herein are taught
in U.S. Provisional Application No. 60/718,186, filed
September 16, 2005, which is incorporated by reference
herein in its entirety. Such TPV compositions could be
used in embodiments of the invention to make
microcellular TPV foams. Blending of the Ingredients
Of the Foams [1] The ingredients of the foams, i.e.,
the ethylene/a-olefin interpolymer, the blowing agent,
the optional second polymer component (e.g., EVA,
polyethylene, and polypropylene) and additives {e.g.,
the cross-linking agent) can be mixed or blended using
methods known to a person of ordinary skill in the
art. Non-limiting examples of suitable blending
methods include melt blending, solvent blending,
extruding, and the like.[162] In some embodiments, the
ingredients of the foams are melt blended by a method
as described by Guerin et al. in U.S. Patent No.
4,152,189. First, all solvents, if there are any, are
removed from the ingredients by heating to an
appropriate elevated temperature of about 1000C to
about 2000C or about 15O0C to about 1750C at a
pressure of about 5 torr (667 Pa) to about 10 torr
(1333 Pa). Next, the ingredients are weighed into a
vessel in the desired proportions and the foam is
formed by heating the contents of the vessel to a
molten state while stirring. [163] In other
embodiments, the ingredients of the foams are
processed using solvent blending. First, the
ingredients of the desired foam are dissolved in a
suitable solvent and the mixture is then mixed or
blended. Next, the solvent is removed to provide the
foam. [1] In further embodiments, physical blending
devices that can provide dispersive mixing,
distributive mixing, or a combination of dispersive
and distributive mixing can be used in preparing
homogenous blends. Both batch and continuous methods
of physical blending can be used. Non-limiting
examples of batch methods include those methods using
BRABENDER(r) mixing equipments (e.g., BRABENDER PREP
CENTER(r), available from C.W. Brabender Instruments,
Inc., South Hackensack, NJ.) or BANBURY(r) internal
mixing and roll milling (available from Farrel
Company, Ansonia, Conn.) equipment. Non-limiting
examples of continuous methods include single screw
extruding, twin screw extruding, disk extruding,
reciprocating single screw extruding, and pin barrel
single screw extruding. In some embodiments, the
additives can be added into an extruder through a feed
hopper or feed throat during the extrusion of the
ethylene/a-olefin interpolymer, the optional second
polymer component or the foam. The mixing or blending
of polymers by extrusion has been described in C.
Rauwendaal, "Polymer Extrusion", Hanser Publishers,
New York, NY, pages 322-334 (1986), which is
incorporated herein by reference. [165] When one or
more additives are required in the foams, the desired
amounts of the additives can be added in one charge or
multiple charges to the ethylene/a-olefin
interpolymer, the second polymer component or the
polymer blend. Furthermore, the addition can take
place in any order. In some embodiments, the additives
are first added and mixed or blended with the
ethylene/a-olefin interpolymer and then the
additive-containing interpolymer is blended with the
second polymercomponent. In other embodiments, the
additives are first added and mixed or blended with
the second polymer component and then the
additive-containing second polymer component is
blended with the ethylene/a-olefm interpolymer. In
further embodiments, the ethylene/a-olefin
interpolymer is blended with the second polymer
component first and then the additives are blended
with the polymer blend. [166] The following examples
are presented to exemplify embodiments of the
invention. AUnumerical values are approximate. When
numerical ranges are given, it should be understood
that embodiments outside the stated ranges may still
fall within the scope of the invention. Specific
details described in each example should not be
construed as necessary features of the invention.
EXAMPLES Testing Methods In the examples that follow,
the following analytical techniques are employed: GPC
Method for Samples 1-4 and A-C [167] An automated
liquid-handling robot equipped with a heated needle
set to 16O0C is used to add enough
1,2,4-trichlorobenzene stabilized with 300 ppm Ionol
to each dried polymer sample to give a final
concentration of 30 mg/mL. A small glass stir rod is
placed into each tube and the samples are heated to
160C for 2 hours on a heated, orbital-shaker rotating
at 250 rpm. The concentrated polymer solution is then
diluted to 1 mg/ml using the automated liquid-handling
robot and the heated needle set to 16O0C. [1] A Symyx
Rapid GPC system is used to determine the molecular
weight data for each sample. A Gilson 350 pump set at
2.0 ml/min flow rate is used to pump heliumpurged
1,2-dichlorobenzene stabilized with 300 ppm Ionol as
the mobile phase through three Plgel 10 micrometer
(mm) Mixed B 300mm x 7.5mm columns placed in series
and heated to 1600C. A Polymer Labs ELS 1000 Detector
is used with the Evaporator set to 2500C, the
Nebulizer set to 165C, and the nitrogen flow rate set
to 1.8 SLM at a pressure of 60-80 psi (400-600 kPa) N
. The polymer samples are heated to 1600C and each
sample injected into a 250 ml loop using the
liquid-handling robot and a heated needle. Serial
analysis of the polymer samples using two switched
loops and overlapping injections are used. The sample
data is collected and analyzed usingSymyx Epoch(tm)
software. Peaks are manually integrated and the
molecular weight information reported uncorrected
against a polystyrene standard calibration curve.
Standard CRYSTAF Method [169] Branching distributions
are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit
commercially available from PolymerChar, Valencia,
Spain. The samples are dissolved in 1,2,4
trichlorobenzene at 16O0C (0.66 mg/mL) for 1 hr and
stabilized at 95C for 45 minutes. The sampling
temperatures range from 95 to 3O0C at a cooling rate
of 0.2C/min. An infrared detector is used to measure
the polymer solution concentrations. The cumulative
soluble concentration is measured as the polymer
crystallizes while the temperature is decreased. The
analytical derivative of the cumulative profile
reflects the short chain branching distribution of the
polymer. [170] The CRYSTAF peak temperature and area
are identified by the peak analysis module included in
the CRYSTAF Software (Version 200 Lb, PolymerChar,
Valencia, Spain). The CRYSTAF peak finding routine
identifies a peak temperature as a maximum in the
dW/dT curve and the area between the largest positive
inflections on either side of the identified peak in
the derivative curve. To calculate the CRYSTAF curve,
the preferred processing parameters are with a
temperature limit of 7O0C and with smoothing
parameters above the temperature limit of 0.1, and
below the temperature limit of 0.3 . DSC Standard
Method (Excluding Samples 1-4 and A-C) [171]
Differential Scanning Calorimetry results are
determined using a TAI model QlOOO DSC equipped with
an RCS cooling accessory and an autosampler. A
nitrogen purge gas flow of 50 ml/min is used. The
sample is pressed into a thin film and melted in the
press at about 175C and then air-cooled to room
temperature (250C). 3-10 mg of material is then cut
into a 6 mm diameter disk, accurately weighed, placed
in a light aluminum pan (ca 50 mg), and then crimped
shut. The thermal behavior of the sample is
investigated with the following temperature profile.
The sample is rapidly heated to 180C and held
isothermal for 3 minutes in order to remove any
previous thermal history. The sample is then cooled to
-40C at 10C/min cooling rate and held at -4O0C for 3
minutes. The sample is then heated to 150 0C at
10C/min. heating rate. The cooling and second heating
curves are recorded.[172] The DSC melting peak is
measured as the maximum in heat flow rate (W/g) with
respect to the linear baseline drawn between -3O0C and
end of melting. The heat of fusion is measured as the
area under the melting curve between -3O0C and the end
of melting using a linear baseline. GPC Method
(Excluding Samples 1-4 and A-C) [173] The gel
permeation chromatographic system consists of either a
Polymer Laboratories Model PL-210 or a Polymer
Laboratories Model PL-220 instrument. The column and
carousel compartments are operated at 140 0C. Three
Polymer Laboratories 10-micron Mixed-B columns are
used. The solvent is 1,2,4 trichlorobenzene. The
samples are prepared at a concentration of 0.1 grams
of polymer in 50 milliliters of solvent containing 200
ppm of butylated hydroxytoluene (BHT). Samples are
prepared by agitating lightly for 2 hours at 16O0C.
The injection volume used is 100 microliters and the
flow rate is 1.0 ml/minute. [174] Calibration of the
GPC column set is performed with 2 1 narrow molecular
weight distribution polystyrene standards with
molecular weights ranging from 580 to 8,400,000,
arranged in 6 "cocktail" mixtures with at least a
decade of separation between individual molecular
weights. The standards are purchased from Polymer
Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50
milliliters of solvent for molecular weights equal to
or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at
8O0C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of
decreasing highest molecular weight component to
minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene
molecular weights using the following equation (as
described in Williams and Ward, J. Polym. Sci. Porym.
Let., 6, 621 (1968)): Mpoiyethylene = 0.431(Mp
Olystyrene). [175] Polyethylene equivalent molecular
weight calculations are performed using Viscotek
TriSEC software Version 3.0. Compression Set [176]
Compression set is measured according to ASTM D 395.
The sample is prepared by stacking 25.4 mm diameter
round discs of 3.2 mm, 2.0 mm, and 0.25 mm thickness
until a total thickness of 12.7 mm is reached. The
discs are cut from 12.7 cmx 12.7 cm compression molded
plaques molded with a hot press under the following
conditions: zero pressure for 3 min at 19O0C5followed
by 86 MPa for 2 min at 190C, followed by cooling
inside the press with cold running water at 86 MPa.
Density [177] Samples for density measurement are
prepared according to ASTM D 1928. Measurements are
made within one hour of sample pressing using ASTM
D792, Method B. Flexural/Secant Modulus/ Storage
Modulus [178] Samples are compression molded using
ASTM D 1928. Flexural and 2 percent secant moduli are
measured according to ASTM D-790. Storage modulus is
measured according to ASTM D 5026-01 or equivalent
technique. Optical properties [179] Films of 0.4 mm
thickness are compression molded using a hot press
(Carver Model #4095-4PR1001R). The pellets are placed
between polytetrafluoroethylene sheets, heated at 190
C at 55 psi (380 kPa) for 3 min, followed by 1.3 MPa
for 3 min, and then 2.6 MPa for 3 min. The film is
then cooled in the press with running cold water at
1.3 MPa for 1 min. The compression molded films are
used for optical measurements, tensile behavior,
recovery, and stress relaxation. [180] Clarity is
measured using BYK Gardner Haze-gard as specified in
ASTM D 1746. [181] 45 gloss is measured using BYK
Gardner Glossmeter Microgloss 45 as specified in ASTM
D-2457. [182] Internal haze is measured using BYK
Gardner Haze-gard based on ASTM D 1003 Procedure A.
Mineral oil is applied to the film surface to remove
surface scratches. Mechanical Properties - Tensile,
Hysteresis, and Tear [183] Stress-strain behavior in
uniaxial tension is measured using ASTM D 1708
microtensile specimens. Samples are stretched with an
Instron at 500 % min 1 at 21C. Tensile strength and
elongation at break are reported from an average of 5
specimens.[1] 100% and 300% Hysteresis is determined
from cyclic loading to 100% and 300% strains using
ASTM D 1708 microtensile specimens with an Instron(tm)
instrument. The sample is loaded and unloaded at 267 %
min 1 for 3 cycles at 2 10C. Cyclic experiments at
300% and 8O0C are conducted using an environmental
chamber. In the 80 0C experiment, the sample is
allowed to equilibrate for 45 minutes at the test
temperature before testing. In the 2 1 0C, 300% strain
cyclic experiment, the retractive stress at 150%
strain from the first unloading cycle is recorded.
Percent recovery for all experiments are calculated
from the first unloading cycle using the strain at
which the load returned to the base line. The percent
recovery is defined as: %Recovery - x 100 e f where ef
is the strain taken for cyclic loading and es is the
strain where the load returns to the baseline during
the 1st unloading cycle. [185] Stress relaxation is
measured at 50 percent strain and 37 0C for 12 hours
using an INSTRON(tm) instrument equipped with an
environmental chamber. The gauge geometry was 76 mm x
25 mm x 0.4 mm. After equilibrating at 37C for 45 min
in the environmental chamber, the sample was stretched
to 50% strain at 333% min 1. Stress was recorded as a
function of time for 12 hours. The percent stress
relaxation after 12 hours was calculated using the
formula: %Stress Relaxation =  ~ n x 100 0 where L0 is
the load at 50% strain at 0 time and L1 is the load at
50 percent strain after 12 hours. [186] Tensile
notched tear experiments are carried out on samples
having a density of 0.88 g/cc or less using an
INSTRON(tm) instrument. The geometry consists of a
gauge section of 76 mm x 13 mm x 0.4 mm with a 2 mm
notch cut into the sample at half the specimen length.
The sample is stretched at 508 mm min 1 at 2 1 0C
until it breaks. The tear energy is calculated as the
area under the stress-elongation curve up to strain at
maximum load. An average of at least 3 specimens are
reported. TMA [187] Thermal Mechanical Analysis
(Penetration Temperature) is conducted on 30mm
diameter x 3.3 mm thick, compression molded discs,
formed at 180C and 10MPa molding pressure for 5
minutes and then air quenched. The instrument used is
a TMA 7, brand available from Perkin-Elmer. In the
test, a probe with 1.5 mm radius tip (P/N N519-0416)
is applied to the surface of the sample disc with IN
force. The temperature is raised at 5C/min from 25C.
The probe penetration distance is measured as a
function of temperature. The experiment ends when the
probe has penetrated 1mm into the sample. DMA [188]
Dynamic Mechanical Analysis (DMA) is measured on
compression molded disks formed in a hot press at
18O0C at 10 MPa pressure for 5 minutes and then water
cooled in the press at 90C / min. Testing is conducted
using an ARES controlled strain rheometer (TA
instruments) equipped with dual cantilever fixtures
for torsion testing. [189] A 1.5mm plaque is pressed
and cut in a bar of dimensions 32xl2mm. The sample is
clamped at both ends between fixtures separated by
10mm (grip separation DL) and subjected to successive
temperature steps from -100C to 200C (5C per step). At
each temperature the torsion modulus G' is measured at
an angular frequency of 10 rad/s, the strain amplitude
being maintained between 0.1 percent and 4 percent to
ensure that the torque is sufficient and that the
measurement remains in the linear regime. [1] An
initial static force of 10 g is maintained
(auto-tension mode) to prevent slack in the sample
when thermal expansion occurs. As a consequence, the
grip separation DL increases with the temperature,
particularly above the melting or softening point of
the polymer sample. The test stops at the maximum
temperature or when the gap between the fixtures
reaches 65 mm. Melt Index [191] Melt index, or I2, is
measured in accordance with ASTM D 1238, Condition
190C/2.16 kg. Melt index, or I10 is also measured in
accordance with ASTM D 1238, Condition 190C/10 kg.
ATREF [192] Analytical temperature rising elution
fractionation (ATREF) analysis is conducted according
to the method described in USP 4,798,081 and Wilde,
L.; RyIe,T.R.; Knobeloch, D.C ; Peat, I.R.;
Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. ScL,
20, 441-455 (1982), which are incorporated by
reference herein in their entirety. The composition to
be analyzed is dissolved in trichlorobenzene and
allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the
temperature to 2O0C at a cooling rate of 0.1C/min. The
column is equipped with an infrared detector. An ATREF
chromatogram curve is then generated by eluting the
crystallized polymer sample from the column by slowly
increasing the temperature of the eluting solvent
(trichlorobenzene) from 20 to 12O0C at a rate of
1.5C/min. 13C NMR Analysis [1] The samples are
prepared by adding approximately 3g of a 50/50 mixture
of tetrachloroethane-d 2/orthodichlorobenzene to 0.4 g
sample in a 10 mm NMR tube. The samples are dissolved
and homogenized by heating the tube and its contents
to 1500C. The data are collected using a JEOL
ECLIPSE(tm) 400 MHz spectrometer or a Varian Unity
PLUS(tm) 400 MHz spectrometer, corresponding to a 3C
resonance frequency of 100.5 MHz. The data are
acquired using 4000 transients per data file with a 6
second pulse repetition delay. To achieve minimum
signal-to-noise for quantitative analysis, multiple
data files are added together. The spectral width is
25,000 Hz with a minimum file size of 32K data points.
The samples are analyzed at 130 0C in a 10 mm broad
band probe. The comonomer incorporation is determined
using Randall's triad method (Randall, J.C.; JMS-Rev.
Macromol. Chem. Phys., C29, 201-317 (1989), which is
incorporated by reference herein in its entirety.
Polymer Fractionation by TREF [194] Large-scale TREF
fractionation is carried by dissolving 15-20 g of
polymer in 2 liters of 1,2,4-trichlorobenzene (TCB)by
stirring for 4 hours at 160C. The polymer solution is
forced by 15 psig (100 kPa) nitrogen onto a 3 inch by
4 foot (7.6 cm x 12 cm) steel column packed with a
60:40 (v:v) mix of 30-40 mesh (600-425 mm) spherical,
technical quality glass beads (available from Potters
Industries, HC 30 Box 20, Brownwood, TX3 76801) and
stainless steel, 0.028" (0.7mm) diameter cut wire shot
(available from Pellets, Inc. 63 Industrial Drive,
North Tonawanda, NY, 14120). The column is immersed in
a thermally controlled oil jacket, set initially to
160 0C. The column is first cooled ballistically to
125 0C, then slow cooled to 20 C at 0.04 Cper minute
and held for one hour. Fresh TCB is introduced at
about 65 ml/min while the temperature is increased at
0.167 C per minute. [195] Approximately 2000 ml
portions of eluant from the preparative TREF column
are collected in a 16 station, heated fraction
collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to
100 ml of the polymer solution remains. The
concentrated solutions are allowed to stand overnight
before adding excess methanol, filtering, and rinsing
(approx. 300-500 ml of methanol including the final
rinse). The filtration step is performed on a 3
position vacuum assisted filtering station using 5.0
mm polytetrafluoroethylene coated filter paper
(available from Osmonics Inc., Cat# Z50WP04750). The
filtrated fractions are dried overnight in a vacuum
oven at 60 C and weighed on an analytical balance
before further testing. Melt Strength [196] Melt
Strength (MS) is measured by using a capillary
rheometer fitted with a 2.1 mm diameter, 20:1 die with
an entrance angle of approximately 45 degrees. After
equilibrating the samples at 1900C for 10 minutes, the
piston is run at a speed of 1 inch/minute (2.54
cm/minute). The standard test temperature is 19O0C.
The sample is drawn uniaxially to a set of
accelerating nips located 100 mm below the die with an
acceleration of 2.4 mm/sec . The required tensile
force is recorded as a function of the take-up speed
of the nip rolls. The maximum tensile force attained
during the test is defined as the melt strength. In
the case of polymer melt exhibiting draw resonance,
the tensile force before the onset of draw resonance
was taken as melt strength. The melt strength is
recorded in centiNewtons ("cN"). Catalysts [197] The
term "overnight", if used, refers to a time of
approximately 16-18 hours, the term "room
temperature", refers to a temperature of 20-25 0C, and
the term "mixed alkanes" refers to a commercially
obtained mixture of C - aliphatic hydrocarbons
available under the trade designation ISOPAR E(r),
from ExxonMobil Chemical Company. In the event the
name of a compound herein does not conform to the
structural representation thereof, the structural
representation shall control. Thesynthesis of all
metal complexes and the preparation of all screening
experiments were carried out in a dry nitrogen
atmosphere using dry box techniques. All solvents used
were HPLC grade and were dried before their use. [198]
MMAO refers to modified methylalumoxane, a
triisobutylaluminum modified methylalumoxane available
commercially from Akzo-Noble Corporation. The
preparation of catalyst (Bl) is conducted as follows.
a Preparation of d -methylethyiy2-hydroxy-3
.5-dift-butypphenyPmethylimine [199]
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10
mL of isopropylamine. The solution rapidly turns
bright yellow. After stirring at ambient temperature
for 3 hours, volatiles are removed under vacuum to
yield a bright yellow, crystalline solid (97 percent
yield). b) Preparation of
1,2-bis-(3,5-di-t-butyrphenylene)(T -(N-(Tmethylethyl)
immino)methyl)(2-oxoyP) zirconium dibenzyl [200] A
solution of
(l-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine
(605 mg, 2.2 mmol) in 5 mL toluene is slowly added to
a solution OfZr(CH2Ph)4 (500 mg, 1.1 mmol) in 50 mL
toluene. The resulting dark yellow solution is stirred
for 30 min. Solvent is removed under reduced pressure
to yield the desired product as a reddish-brown solid.
The preparation of catalyst (B2) is conducted as
follows. a) Preparation of (T -(2-methylcyclohexyl
)ethviy2-oxoyl-3,5-di(t-butyl)phenyl)imine [201]
2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is
dissolved in methanol (90 mL), and
di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is
added. The reaction mixture is stirred for three hours
and then cooled to -250C for 12 hrs. The resulting
yellow solid precipitate is collected by filtration
and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of
a yellow solid. 1H NMR is consistent with the desired
product as a mixture of isomers. b) Preparation of
bis-d-(2-methylcyclohexyl)ethylX2-oxoyl-3,5-di(t-butyl
)phenyl) immino^zirconium dibenzyl [202] A solution of
(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(tbutyl)
phenyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is
slowly added to a solution OfZr(CH2Ph)4 (5.28 g, 11.6
mmol) in 600 mL toluene. The resulting dark
yellowsolution is stirred for 1 hour at 250C. The
solution is diluted further with 680 mL toluene to
give a solution having a concentration of 0.00783 M.
[1] Cocatalyst 1 A mixture of methyldi(C 14-18
alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-afiter
armeenium borate), prepared by reaction of a long
chain trialkylamine (ARMEEN(tm) M2HT, available from
Akzo- Nobel, Inc.), HCl and Li[B(C6F5)4],
substantially as disclosed in USP 5,919,9883, Ex. 2.
[204] Cocatalyst 2 Mixed Ci4-18 alkyldimethylammonium
salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazol
ide, prepared according to USP 6,395,671, Ex. 16.
[205] Shuttling Agents The shuttling agents employed
include diethylzinc (DEZ, SAl), di(i-butyl)zinc (SA2),
di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SA5), triethylgallium (SA6),
i-butylaluminum bis(dimethyl(tbutyl) siloxane) (SA7),
i-butylaluminum bis(di(trimethylsilyl)amide) (SA8),
noctylaluminum di(pyridine-2-methoxide) (SA9),
bis(n-octadecyl)i-butylaluminurn (SAlO),
i-butylaluminum bis(di(n-pentyl)amide) (SAl 1),
n-octylaluminum bis(2,6-dit- butylphenoxide) (SA12),
n-octylaluminum di(ethyl(l-naphthyl)amide) (SA13),
ethylaluminum bis(t-butyldimethylsiloxide) (SAl 4),
ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
ethylaluminum
bis(2,3,6,7-dibenzo-lazacycloheptaneamide) (SA16),
n-octylaluminum
bis(2,3,6,7-dibenzo-lazacycloheptaneamide) (SAl 7),
n-octylaluminum bis(dimethyl(t-butyl)siloxide(SA18),
ethylzinc (2,6-diphenylphenoxide) (SA19), and
ethylzinc (t-butoxide) (SA20). Examples 1-4,
Comparative A-C General High Throughput Parallel
Polymerization Conditions [206] Polymerizations are
conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx
technologies, Inc. and operated substantially
according to USP's 6,248,540, 6,030,917, 6,362,309,
6,306,658, and 6,316,663. Ethylene copolymerizations
are conducted at 13O0C and 200 psi (1.4 MPa) with
ethylene on demand using 1.2 equivalents of cocatalyst
1 based on total catalyst used (1.1 equivalents when
MMAO is present). A series of polymerizations are
conducted in a parallel pressure reactor (PPR)
contained of 48 individual reactor cellsin a 6 x 8
array that are fitted with a pre-weighed glass tube.
The working volume in each reactor cell is 6000 mL.
Each cell is temperature and pressure controlled with
stirring provided by individual stirring paddles. The
monomer gas and quench gas are plumbed directly into
the PPR unit and controlled by automatic valves.
Liquid reagents are robotically added to each reactor
cell by syringes and the reservoir solvent is mixed
alkanes. The order of addition is mixed alkanes
solvent (4 ml), ethylene, 1-octene comonomer ( 1 ml),
cocatalyst 1 or cocatalyst 1/MMAO mixture, shuttling
agent, and catalyst or catalyst mixture. When a
mixture of cocatalyst 1 and MMAO or a mixture of two
catalysts is used, the reagents are premixed in a
small vial immediately prior to addition to the
reactor. When a reagent is omitted in an experiment,
the above order of addition is otherwise maintained.
Polymerizations are conducted for approximately 1-2
minutes, until predetermined ethylene consumptions are
reached. After quenching with CO, the reactors are
cooled and the glass tubes are unloaded. The tubes are
transferred to a centrifuge/vacuum drying unit, and
dried for 12 hours at 60 C. The tubes containing dried
polymer are weighed and the difference between this
weight and the tare weight gives the net yield of
polymer. Results are contained in Table 1. In Table 1
and elsewhere in the application, comparative
compounds are indicated by an asterisk (*) [207]
Examples 1-4 demonstrate the synthesis of linear block
copolymers by the present invention as evidenced by
the formation of a very narrow MWD, essentially
monomodal copolymer when DEZ is present and a bimodal,
broad molecular weight distribution product (a mixture
of separately produced polymers) in the absence of
DEZ. Due to the fact that Catalyst (Al) is known to
incorporate more octene than Catalyst (Bl), the
different blocks or segments of the resulting
copolymers of the invention are distinguishable based
on branching or density.Table 1 C6 or higher chain
content per 1000 carbons 2 Bimodal molecular weight
distribution [208] It may be seen the polymers
produced according to the invention have a relatively
narrow polydispersity (Mw/Mn) and larger
block-copolymer content (trimer, tetramer, or larger)
than polymers prepared in the absence of the shuttling
agent. [209] Further characterizing data for the
polymers of Table 1 are determined by reference to the
figures. More specifically DSC and ATREF results show
the following: [210] The DSC curve for the polymer of
Example 1 shows a 115.70C melting point (Tm) with a
heat of fusion of 158.1 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 34.5C with a peak area
of 52.9 percent. The difference between the DSC Tm and
the Tcrystaf is 81.2C. [211] The DSC curve for the
polymer of Example 2 shows a peak with a 109.7C
melting point (Tm) with a heat of fusion of 214.0 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 46.2C with a peak area of 57.0 percent. The
difference between the DSC Tm and the Tcrystaf is
63.50C. 



[212] The DSC curve for the polymer of Example 3 shows
a peak with a 120.70C melting point (Tm) with a heat
of fusion of 160.1 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 66.1C with a peak area
of 71.8 percent. The difference between the DSC Tm and
the Tcrystaf is 54.6C. [213] The DSC curve for the
polymer of Example 4 shows a peak with a 104.50C
melting point (Tm) with a heat of fusion of 170.7 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 30 0C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystaf is
74.5C.[214] The DSC curve for Comparative Example A*
shows a 90.00C melting point (Tm) with a heat of
fusion of 86.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.50C with a peak area of
29.4 percent. Both of these values are consistent with
a resin that is low in density. The difference between
the DSC Tm and the Tcrystaf is 41.8C. [215] The DSC
curve for Comparative Example B* shows a 129.8C
melting point (Tm) with a heat of fusion of 237.0 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 82.40C with a peak area of 83.7 percent. Both of
these values are consistent with a resin that is high
in density. The difference between the DSC Tm and the
Tcrystaf is 47.4C. [216] The DSC curve for Comparative
Example C* shows a 125.3C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 8 1.8 0C with a peak
area of 34.7 percent as well as a lower crystalline
peak at 52.4 0C. The separation between the two peaks
is consistent with the presence of a high crystalline
and a low crystalline polymer. The difference between
the DSC Tm and the Tcrystaf is 43.50C. Examples 5-19,
Comparative Examples D*-F*, Continuous Solution
Polymerization, Catalyst A1/B2 + DEZ [217] Continuous
solution polymerizations are carried out in a computer
controlled autoclave reactor equipped with an internal
stirrer. Purified mixed alkanes solvent (ISOPAR(tm) E
available from ExxonMobil Chemical Company), ethylene
at 2.70 lbs/hour (1.22 kg/hour), 1-octene, and
hydrogen (where used) are supplied to a 3.8 L reactor
equipped with a jacket for temperature control and an
internal thermocouple. The solvent feed to the reactor
is measured by a mass-flow controller. A variable
speed diaphragm pump controls the solvent flow rate
and pressure to the reactor. At the discharge of the
pump, a side stream is taken to provide flush flows
for the catalyst and cocatalyst 1 injection lines and
the reactor agitator. These flows are measured by
Micro-Motion mass flow meters and controlled by
control valves or by the manual adjustment of needle
valves. The remaining solvent is combined with
1-octene, ethylene, and hydrogen (where used) and fed
to the reactor. A mass flow controller is used to
deliver hydrogen to the reactor as needed. The
temperature of the solvent/monomer solution is
controlled by use of a heat exchanger before entering
thereactor. This stream enters the bottom of the
reactor. The catalyst component solutions are metered
using pumps and mass flow meters and are combined with
the catalyst flush solvent and introduced into the
bottom of the reactor. The reactor is run liquidfull
at 500 psig (3.45 MPa) with vigorous stirring. Product
is removed through exit lines at the top of the
reactor. AUexit lines from the reactor are steam
traced and insulated. Polymerization is stopped by the
addition of a small amount of water into the exit line
along with any stabilizers or other additives and
passing the mixture through a static mixer. The
product stream is then heated by passing through a
heat exchanger before devolatilization. The polymer
product is recovered by extrusion using a
devolatilizing extruder and water cooled pelletizer.
Process details and results are contained in Table 2.
Selected polymer properties are provided in Table
3.Table 2 Process details for preparation of exemplary
polymers Cat Cat Al Cat B2 DEZ DEZ Cocat Cocat Poly
SoIv. H2 T Al 2 Flow B23 Flow Cone Flow Cone. Flow
[C2H4]/ Rate5 Conv Solids Ex. kg/hr kg/hr seem1 0C ppm
kg/hr ppm kg/hr % kg/hr ppm kg/hr [DEZ]4 kg/hr %6 %
Eff. 7 D* 1.63 12.7 29.90 120 142.2 0.14 - - 0.19 0.32
820 0.17 536 1.81 88.8 11.2 95.2 E* 9.5 5.00 - - 109
0.10 0.19 1743 0.40 485 1.47 89.9 11.3 126.8 F* 11.3
251.6 71.7 0.06 30.8 0.06 - ~ 0.11 - 1.55 88.5 10.3
257.7 5 - 0.14 30.8 0.13 0.17 0.43 0.26 419 1.64 89.6
11.1 118.3 6 4.92 0.10 30.4 0.08 0.17 0.32 0.18 570
1.65 89.3 11.1 172.7 7 21.70 0.07 30.8 0.06 0.17 0.25
0.13 718 1.60 89.2 10.6 244.1 8 36.90 0.06 0.10 0.12
1778 1.62 90.0 10.8 261.1 9 78.43 0.04 4596 1.63 90.2
10.8 267.9 10 0.00 123 71.1 0.12 30.3 0.14 0.34 0.19
1743 0.08 415 1.67 90.31 11.1 131.1 11 120 71.1 0.16
0.17 0.80 0.15 1743 0.10 249 1.68 89.56 11.1 100.6 12
121 71.1 0.15 0.07 0.09 1743 0.07 396 1.70 90.02 11.3
137.0 13 122 71.1 0.12 0.06 0.05 1743 0.05 653 1.69
89.64 11.2 161.9 14 120 71.1 0.05 0.29 0.10 1743 0.10
395 1.41 89.42 9.3 114.1 15 2.45 71.1 0.14 0.17 0.14
1743 0.09 282 1.80 89.33 11.3 121.3 16 122 71.1 0.10
0.13 0.07 1743 0.07 485 1.78 90.11 11.2 159.7 17 121
71.1 0.10 0.14 0.08 1743 506 1.75 89.08 11.0 155.6 18
0.69 121 71.1 0.22 0.11 1743 0.10 331 1.25 89.93 8.8
90.2 19 0.32 122 71.1 0.06 0.09 1743 0.08 367 1.16
90.74 8.4 106.0 * Comparative Example, not an example
of the invention 1 standard cm3/min 2
psT-(2,6-di(l-methylethyl)phenyl)amido)(2-isopropylphe
n 3
bis-(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-but
yl)phenyl)immino) zirconium dibenzyl 4 molar ratio in
reactor 5 polymer production rate 6 percent ethylene
conversion in reactor 7 efficiency, kg polymer/g M
where g M = g Hf+ g ZrComparative Example, not an
example of the invention[218] The resulting polymers
are tested by DSC and ATREF as with previous examples.
Results are as follows: [219] The DSC curve for the
polymer of Example 5 shows a peak with a 119.6 C
melting point (Tm) with a heat of fusion of 60.0 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 47.6C with a peak area of 59.5 percent. The delta
between the DSC Tm and the Tcrystaf is 72.0C. [220]
The DSC curve for the polymer of Example 6 shows a
peak with a 115.2 C melting point (Tm) with a heat of
fusion of 60.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 44.2C with a peak area of
62.7 percent. The delta between the DSC Tm and the
Tcrystaf is 71.00C. [221] The DSC curve for the
polymer of Example 7 shows a peak with a 121 .3 C
melting point with a heat of fusion of 69.1 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
49.2C with a peak area of 29.4 percent. The delta
between the DSC Tm and the Tcrystaf is 72.1 0C. [222]
The DSC curve for the polymer of Example 8 shows a
peak with a 123.5 C melting point (Tm) with a heat of
fusion of 67.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.1C with a peak area of
12.7 percent. The delta between the DSC Tm and the
Tcrystaf is 43.40C. [223] The DSC curve for the
polymer of Example 9 shows a peak with a 124.6 0C
melting point (Tm) with a heat of fusion of 73.5 J/g.
The corresponding CRYSTAF curve shows the tallest peak
at 80.80C with a peak area of 16.0 percent. The delta
between the DSC Tm and the Tcrystaf is 43.80C. [224]
The DSC curve for the polymer of Example 10 shows a
peak with a 115.6 C melting point (Tm) with a heat of
fusion of 60.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 40.90C with a peak area of
52.4 percent. The delta between the DSC Tm and the
Tcrystaf is 74.7C. [225] The DSC curve for the polymer
of Example 11 shows a peak with a 113.6 0C melting
point (Tm) with a heat of fusion of 70.4 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
39.6C with a peak area of 25.2 percent. The delta
between the DSC Tm and the Tcrystaf is 74. 10C.[226]
The DSC curve for the polymer of Example 12 shows a
peak with a 113.2 0C melting point (Tm) with a heat of
fusion of 48.9 J/g. The corresponding CRYSTAF curve
shows no peak equal to or above 30 0C. (Tcrystaf for
purposes of further calculation is therefore set at
3O0C). The delta between the DSC Tm and the Tcrystaf
is 83.2C. [227] The DSC curve for the polymer of
Example 13 shows a peak with a 114.4 0C melting point
(Tm) with a heat of fusion of 49.4 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
33.8 C with a peak area of 7.7 percent. The delta
between the DSC Tm and the Tcrystaf is 84.4C. [228]
The DSC for the polymer of Example 14 shows a peak
with a 120.8 C melting point (Tm) with a heat of
fusion of 127.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 72.9 C with a peak area of
92.2 percent. The delta between the DSC Tm and the
Tcrystaf is 47.9C. [229] The DSC curve for the polymer
of Example 15 shows a peak with a 114.3 0C melting
point (Tm) with a heat of fusion of 36.2 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
32.3 0C with a peak area of 9.8 percent. The delta
between the DSC Tm and the Tcrystaf is 82.0C. [230]
The DSC curve for the polymer of Example 16 shows a
peak with a 116.6 C melting point (Tm) with a heat of
fusion of 44.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.0 C with a peak area of
65.0 percent. The delta between the DSC Tm and the
Tcrystaf is 68.6C. [231] The DSC curve for the polymer
of Example 17 shows a peak with a 116.0 0C melting
point (Tm) with a heat of fusion of 47.0 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
43.1 C with a peak area of 56.8 percent. The delta
between the DSC Tm and the Tcrystaf is 72.9C. [232]
The DSC curve for the polymer of Example 18 shows a
peak with a 120.5 0C melting point (Tm) with a heat of
fusion of 141.8 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 70.0 C with a peak area of
94.0 percent. The delta between the DSC Tm and the
Tcrystaf is 50.5 C.[233] The DSC curve for the polymer
of Example 19 shows a peak with a 124.8 C melting
point (Tm) with a heat of fusion of 174.8 J/g. The
corresponding CRYSTAF curve shows the tallest peak at
79.9 0C with a peak area of 87.9 percent. The delta
between the DSC Tm and the Tcrystaf is 45.0 0C. [234]
The DSC curve for the polymer of Comparative Example
D* shows a peak with a 37.3C melting point (Tm) with a
heat of fusion of 31.6 J/g. The corresponding CRYSTAF
curve shows no peak equal to and above 30C. Both of
these values are consistent with a resin that is low
in density. The delta between the DSC Tm and the
Tcrystaf is 7.3 0C. [235] The DSC curve for the
polymer of Comparative Example E* shows a peak with a
124.0 C melting point (Tm) with a heat of fusion of
179.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 79.3C with a peak area of 94.6
percent. Both of these values are consistent with a
resin that is high in density. The delta between the
DSC Tm and the Tcrystaf is 44.6C. [236] The DSC curve
for the polymer of Comparative Example F* shows a peak
with a 124.8 0C melting point (Tm) with a heat of
fusion of 90.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 77.6C with a peak area of
19.5 percent. The separation between the two peaks is
consistent with the presence of both a high
crystalline and a low crystalline polymer. The delta
between the DSC Tm and the Tcrystaf is 47.20C.
Physical Property Testing [1] Polymer samples are
evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA
temperature testing, pellet blocking strength, high
temperature recovery, high temperature compression set
and storage modulus ratio, G'(25C)/G'(100C). Several
commercially available polymers are included in the
tests: Comparative G* is a substantially linear
ethylene/ 1-octene copolymer (AFFINITY(r), available
from The Dow Chemical Company), Comparative H* is an
elastomeric, substantially linear ethylene/ 1-octene
copolymer (AFFINITY(r) EG8100, available from The Dow
Chemical Company), Comparative Example I* is a
substantially linear ethylene/ 1-octene copolymer
(AFFINITY(r) PLl 840, available from The Dow Chemical
Company), Comparative Example J* is a
hydrogenatedstyrene/butadiene/styrene triblock
copolymer (KRATON(tm) G1652, available from KRATON
Polymers), Comparative Example K* is a thermoplastic
vulcanizate (TPV, a polyolefm blend containing
dispersed therein a crosslinked elastomer). Results
are presented in Table 4. Table 4 High Temperature
Mechanical Properties [238] In Table 4, Comparative
Example F* (which is a physical blend of the two
polymers resulting from simultaneous polymerizations
using catalyst Al and Bl) has a 1mm penetration
temperature of about 7O0C5while Examples 5-9 have a
1mm penetration temperature of 1000C or greater.
Further, examples 10-19 all have a 1mm penetration
temperature of greater than 850C, with most having 1mm
TMA temperature of greater than 9O0C or even greater
than 1000C. This shows that the novel polymers have
better dimensional stability at higher temperatures
compared to a physical blend. Comparative Example J*
(a commercial SEBS) has a good 1mm TMA temperature of
about 1070C, but it has very poor (high temperature
7O0C) compression set of about 100 percent and it also
failed to recover (sample broke) during a
hightemperature (8O0C) 300 percent strain recovery.
Thus the exemplified polymers have a unique
combination of properties unavailable even in some
commercially available, high performance thermoplastic
elastomers. [239] Similarly, Table 4 shows a low
(good) storage modulus ratio, G'(25C)/G'(1 000C), for
the inventive polymers of 6 or less, whereas a
physical blend (Comparative Example F*) has a storage
modulus ratio of 9 and a random ethylene/octene
copolymer (Comparative Example G*) of similar density
has a storage modulus ratio an order of magnitude
greater (89). It is desirable that the storage modulus
ratio of a polymer be as close to 1 as possible. Such
polymers will be relatively unaffected by temperature,
and fabricated articles made from such polymers can be
usefully employed over a broad temperature range. This
feature of low storage modulus ratio and temperature
independence is particularly useful in elastomer
applications such as in pressure sensitive adhesive
formulations. [240] The data in Table 4 also
demonstrate that the polymers of the invention possess
improved pellet blocking strength. In particular,
Example 5 has a pellet blocking strength of 0 MPa,
meaning it is free flowing under the conditions
tested, compared to Comparative Examples F* and G*
which show considerable blocking. Blocking strength is
important since bulk shipment of polymers having large
blocking strengths can result in product clumping or
sticking together upon storage or shipping, resulting
in poor handling properties. [241] High temperature
(7O0C) compression set for the inventive polymers is
generally good, meaning generally less than about 80
percent, preferably less than about 70 percent and
especially less than about 60 percent. In contrast,
Comparative Examples F*, G*, H* and J* all have a 7O0C
compression set of 100 percent (the maximum possible
value, indicating no recovery). Good high temperature
compression set (low numerical values) is especially
needed for applications such as gaskets, window
profiles, o-rings, and the like.1 Tested at 5 1
cm/minute 2- measured at 380C for 12 hours[242] Table
5 shows results for mechanical properties for the new
polymers as well as for various comparison polymers at
ambient temperatures. It may be seen that the
inventive polymers have very good abrasion resistance
when tested according to ISO 4649, generally showing a
volume loss of less than about 90 mm3, preferably less
than about 80 mm3, and especially less than about 50
mm3. In this test, higher numbers indicate higher
volume loss and consequently lower abrasion
resistance. [243] Tear strength as measured by tensile
notched tear strength of the inventive polymers is
generally 1000 mJ or higher, as shown in Table 5. Tear
strength for the inventive polymers can be as high as
3000 mJ, or even as high as 5000 mJ. Comparative
polymers generally have tear strengths no higher than
750 mJ. [244] Table 5 also shows that the polymers of
the invention have better retractive stress at 150
percent strain (demonstrated by higher retractive
stress values) than some of the comparative samples.
Comparative Examples F*, G* and H* have retractive
stress value at 150 percent strain of 400 kPa or less,
while the inventive polymers have retractive stress
values at 150 percent strain of 500 kPa (Ex. 11) to as
high as about 1100 kPa (Ex. 17). Polymers having
higher than 150 percent retractive stress values would
be quite useful for elastic applications, such as
elastic fibers and fabrics, especially nonwoven
fabrics. Other applications include diaper, hygiene,
and medical garment waistband applications, such as
tabs and elastic bands. [245] Table 5 also shows that
stress relaxation (at 50 percent strain) is also
improved (less) for the inventive polymers as compared
to, for example, Comparative Example G*. Lower stress
relaxation means that the polymer retains its force
better in applications such as diapers and other
garments where retention of elastic properties over
long time periods at body temperatures is
desired.Optical Testing [246] The optical properties
reported in Table 6 are based on compression molded
films substantially lacking in orientation. Optical
properties of the polymers may be varied over wide
ranges, due to variation in crystallite size,
resulting from variation in the quantity of chain
shuttling agent employed in the polymerization.
Extractions of Multi-Block Copolymers [247] Extraction
studies of the polymers of Examples 5, 7 and
Comparative Example E* are conducted. In the
experiments, the polymer sample is weighed into a
glass fritted extraction thimble and fitted into a
Kumagawa type extractor. The extractor with sample is
purged with nitrogen, and a 50OmL round bottom flask
is charged with 350 mL of diethyl ether. The flask is
then fitted to the extractor. The ether is heated
while being stirred. Time is noted when the ether
begins to condense into the thimble, and the
extraction is allowed to proceed under nitrogen for 24
hours. At this time, heating is stopped and the
solution is allowed to cool. Any ether remaining in
the extractor is returned to the flask. The ether in
the flask is evaporated under vacuum at ambient
temperature, and the resulting solids are purged dry
with nitrogen. Any residue is transferred to a weighed
bottle using successive washes ofhexane. The combined
hexane washes are then evaporated with another
nitrogen purge, and the residue dried under vacuum
overnight at 4O0C. Any remaining ether in the
extractor is purged dry with nitrogen. [248] A second
clean round bottom flask charged with 350 mL of hexane
is then connected to the extractor. The hexane is
heated to reflux with stirring and maintained at
reflux for 24 hours after hexane is first noticed
condensing into the thimble. Heating is then stopped
and the flask is allowed to cool. Any hexane remaining
in the extractor is transferred back to the flask. The
hexane is removed by evaporation under vacuum at
ambient temperature, and any residue remaining in the
flask is transferred to a weighed bottle using
successive hexane washes. The hexane in the flask is
evaporated by a nitrogen purge, and the residue is
vacuum dried overnight at 4O0C. [249] The polymer
sample remaining in the thimble after the extractions
is transferred from the thimble to a weighed bottle
and vacuum dried overnight at 4O0C. Results are
contained in Table 7. Table 7 Determined by C NMR
Additional Polymer Examples 19 A-F, Continuous
Solution Polymerization, Catalyst A1/B2 + DEZ [250]
Continuous solution polymerizations are carried out in
a computer controlled well-mixed reactor. Purified
mixed alkanes solvent (ISOPAR(tm) E available from
ExxonMobil Chemical Company), ethylene, 1-octene, and
hydrogen (where used) are combined and fed to a 27
gallon reactor. The feeds to the reactor are measured
by mass-flow controllers. The temperature of the feed
stream is controlled by use of a glycol cooled heat
exchanger before entering the reactor. The catalyst
component solutions are metered using pumps and mass
flow meters. The reactor is run liquid-full at
approximately 550 psig pressure. Upon exiting the
reactor, water and additive areinjected in the polymer
solution. The water hydrolyzes the catalysts, and
terminates the polymerization reactions. The post
reactor solution is then heated in preparation for a
two-stage devolatization. The solvent and unreacted
monomers are removed during the devolatization
process. The polymer melt is pumped to a die for
underwater pellet cutting. [251] Process details and
results are contained in Table 8. Selected polymer
properties are provided in Table 9.Table 8.
Polymerization Conditions for Polymers 19a-j. Cat Cat
Cat Cat Al 2 Al B23 B2 DEZ DEZ Cocat 1 Cocat 1 Cocat 2
Cocat 2 [Zn]4 in Poly. C2H4 QHi SoIv. H2 T Cone, Flow
Cone, Flow Cone. Flow Cone, Flow Cone, Flow polymer
Rate5 Conv6 Polymer Ex. Ib7hr lb/hr lb/hr seem1 0C ppm
lb/hr ppm lb/hr wt% lb/hr ppm lb/hr ppm lb/hr ppm
lb/hr wt% wt% Eff.7 19a 55.29 32.03 323.03 101 120 600
0.25 200 0.42 3.0 0.70 4500 0.65 525 0.33 248 83.94
88.0 17.28 297 19b 53.95 28.96 325.3 577 120 600 0.25
200 0.55 3.0 0.24 4500 0.63 525 0.11 90 80.72 88.1
17.2 295 19c 55.53 30.97 324.37 550 120 600 0.216 200
0.609 3.0 0.69 4500 0.61 525 0.33 246 84.13 88.9 17.16
293 19d 54.83 30.58 326.33 60 120 600 0.22 200 0.63
3.0 1.39 4500 0.66 525 0.66 491 82.56 88.1 17.07 280
19e 54.95 31.73 326.75 251 120 600 0.21 200 0.61 3.0
1.04 4500 0.64 525 0.49 368 84.11 88.4 17.43 288 19f
50.43 34.80 330.33 124 120 600 0.20 200 0.60 3.0 0.74
4500 0.52 525 0.35 257 85.31 87.5 17.09 319 19g 50.25
33.08 325.61 188 120 600 0.19 200 0.59 3.0 0.54 4500
0.51 525 0.16 194 83.72 87.5 17.34 333 19h 50.15 34.87
318.17 58 120 600 0.21 200 0.66 3.0 0.70 4500 0.52 525
" 0.70 259 83.21 88.0 17.46 312 19i 55.02 34.02 323.59
53 120 600 0.44 200 0.74 3.0 1.72 4500 0.70 525 1.65
600 86.63 88.0 17.6 275 4 191 7.46 9.04 50.6 47 120
150 0.22 76.7 0.36 0.5 0.19 - - - - - - - - - 1
standard cm3/min 2 [N-(2,6-di(
1-methylethyl)phenyl)amido)(2-isopropylphenyl)(
a-naphthalen-2-diyl(6-pyridm-2-diyl)methane)]hafiiiurn
dimethyl 3
bis-(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-but
yl)phenyl)inimino) zirconium dimethyl 4 ppm in final
product calculated by mass balance 5 polymer
production rate 6 weight percent ethylene conversion
in reactor 7 efficiency, kg polymer/g M where gM =
gHf+gZTable 9 Pol mer Ph sical r o erties Table 9A
Average Block Index For exemplary polymers Example
ZnIC-? Average BI Polymer F 0 0 Polymer 8 0.56 0.59
Polymer 19a 1.3 0.62 Polymer 5 2.4 0.52 -4 -4 Polymer
19b 0.56 0.54 Polymer 19h 3.15 0.59 1. Additional
information regarding the calculation of the block
indices for various polymers is disclosed in U.S.
Patent Application Serial No. (insert when known),
entitled "Ethylene/a-Olefin Block Interpolymers",
filed on March 15, 2006, in the name of Colin L.P.
Shan, Lonnie Hazlitt, et. al. and assigned to Dow
Global Technologies Inc., the disclose of which is
incorporated by reference herein in its entirety. 2.
ZoJC2 *1000 = (Zn feed flow*Zn
concentration/1000000/Mw of Zn)/(Total Ethylene feed
flow*(l -fractional ethylene conversion rate)/Mw of
Ethylene)* 1000. Please note that "Zn" hi "Zn/C2*1000"
refers to the amount of zinc in diethyl zinc ("DEZ")
used in the polymerization process, and "C2" refers to
the amount of ethylene used in the polymerization
process.Comparative Examples L-Q [252] Comparative
Example L was a 70/30 blend of ENGAGE(r) 8842 (a
polyolefin elastomer from DuPont Dow Elastomers,
Wilmington, DE) and DOWLEX(r) 2042 (a polyethylene
resin from The Dow Chemical Company, Midland, MI).
Comparative Example M was a 50/50 blend of ENGAGE(r)
8842 and DOWLEX(r) 2042. Comparative Example N was
AFFINITY(r) 8100 (a polyolefin plastomer from The Dow
Chemical Company, Midland, MI). Comparative Example O
was AFFINITY(r) 8200 (a polyolefin plastomer from The
Dow Chemical Company, Midland, MI). Comparative
Example P was AFFINITY(r) PF 1140 (a polyolefin
plastomer from The Dow Chemical Company, Midland, MI).
Comparative Example Q was ELVAX(r) 460 (a copolymer of
ethylene and vinyl acetate (EVA) from DuPont
Industrial Polymers, Wilmington, DE). Measurements of
Polymer Properties [253] The Zn levels, estimated
overall densities, soft segment %, soft segment
densities, hard segment %, estimated hard segment
densities and melt indexes of inventive Polymers 19a,
19b, 19k and 191 and Comparative Examples L-Q are
listed in Table 10 below. Polymers 19k and 191 were
copolymers of ethylene and octene which were prepared
substantially similar to Examples 1-19 and Examples
19a-h. [254] The Zn levels of Polymers 19a, 19b, 19k
and 191 were measured by standard industry procedure.
The melt indexes (I2) of Polymers 19a, 19b, 19k and
191 and Comparative Examples L-Q were measured
according to ASTM D-123 8, Condition 190C/2.16 kg. The
soft segment % and hard segment % of Polymers 19a,
19b, 19k and 191 were calculated based on respectively
the % of a-olefin and ethylene in the ethylene/a-olefm
interpolymers. The hard segment densities of Polymers
19a, 19b, 19k and 191 were estimated based on the
density of a low density polyethylene. The overall
densities of Polymers 19a, 19b, 19k and 191 were
estimated by the sum of soft segment % x soft segment
density (i.e., 0.855) and hard segment % x estimated
hard segment density (i.e., 0.932). The densities of
Comparative Examples L-Q were provided by the
suppliers.Table 10. Some Characteristics of Polymers
19a, 19b, 19k and Comparative Examples LQN/ A = not
available. Examples 20-27 and Comparative Examples
R-Z, AA and AB [255] Examples 20-22 and Comparative
Examples R-V were medium density foams having formulae
as shown in Table 11 and prepared according to the
conditions as shown in Table 14. These foams were made
from different polymers with similar polymer
densities. These examples are used to show the balance
of % of shrinkage, compression set resistance and
split tear properties of cross-linked foams having a
medium foam density of about 0.300 g/cc. [256]
Examples 23-24 and Comparative Examples W-Z and AA
were low density foams having formulae as shown in
Table 12 and prepared according to the conditions as
shown in Table 14. These foams were made from
different polymers with similar polymer densities.
These examples are used to show the balance of % of
shrinkage, compression set resistance and split tear
properties of cross-linked foams having a low foam
density of about 0.200 g/cc. [257] Examples 25-27 and
Comparative Example AB were foams having formulae as
shown in Table 13 and processed according to the
conditions similar to those for Examples 20-24. These
foams were made from EVA and different blends of EVA
and the ethylene/a-olefin interpolymers. These
examples are used to show the balance of % of
shrinkage, compression set resistance and split tear
properties of crosslinked foams having a medium foam
density of about 0.370 g/cc.Table 11. The Formulae of
Examples 20-22 and Comparative Examples R-V. PERKADOX
1440 is a peroxide from Hercules, Wilmington, DE.
CELOGEN(r) AZ130 is an azodicarbonamide from Uniroyal
Chemical Co., Middlebury, CN. The zinc oxide used was
KADOX(r) 9 11 from Zinc Corporation of America,
Monaca, PA. OMYALITE(r) 95T is a surface treated
calcium carbonate from Omya Inc., Florence, VT. Table
12. The Formulae of Examples 23-24 and Comparative
Examples W-Z and AA. Table 13. The Formulae of
Examples 25-27 and Comparative Example AB.SYSTEM FOR
SPECULATIVE BRANCH PREDICTION OPTIMIZATION AND METHOD
THEREOF Field of the Disclosure The present disclosure
is directed to speculative branch prediction
techniques, and more particularly to techniques for
adaptive speculative branch prediction optimization.
Background Branch prediction techniques are frequently
used in processors and other processing devices to
enhance the performance of the processor. One type of
branch prediction includes the speculative branch
prediction whereby after a First conditional branch
prediction is made, one or more speculative branch
predictions may be made prior to resolution of the
first conditional branch prediction, wherein the
number of speculative branch predictions made is
referred to the available speculative branch
prediction depth. Speculative branch predictions often
are advantageous in that if the conditional branch
prediction preceding a speculative branch prediction
is taken, the speculative branch prediction becomes a
conditional branch prediction and instructions related
to the new conditional branch prediction are already
pre-fetched and available for execution by the
pipeline of the processor. This results in a full
utilization of the pipeline of the processor, thereby
preventing stalls of the processor. However,
speculative branch predictions may be disadvantageous
in that if the first conditional branch prediction is
not taken, the pipeline has wasted both time and power
in pre-fetching and loading the instructions related
with the speculative branch prediction into a cache
and/or the pipeline itself. As a result, the processor
also must expend energy and time forcing the pipeline
and removing or ignoring data resulting from the
execution of the erroneously predicted branch.
Accordingly, conventional processing devices may
utilize a predetermined available speculative branch
prediction depth in an attempt to achieve an optimal
balance between the advantages and disadvantages of
speculative branch prediction. However, as the
speculative branch prediction hit/miss rate and the
average number of conditional branches is highly
application specific, the selection of any particular
predefined available speculative branch prediction
depth often proves sub-optimal for some or all of the
applications executed by the processor. Accordingly, a
system and method for adaptive speculative branch
prediction depth optimization would be advantageous.
BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a block
diagram of an exemplary processing device utilizing
adaptive speculative branch prediction depth
optimization in accordance with at least one
embodiment of the present disclosure. FIG. 2 is a
block diagram illustrating an exemplary speculative
branch prediction state machine of the processing
device of FIG. 1 in accordance with at least one
embodiment of the present disclosure.FIG. 3 is a block
diagram illustrating an exemplary prediction
efficiency module in accordance with at least one
embodiment of the present disclosure. FIG. 4 is a flow
diagram illustrating an exemplary method for
determining an optimal speculative branch prediction
depth in accordance with at least one embodiment of
the present disclosure. DETAILED DESCRIPTION OF THE
DRAWINGS FIGS. 1- 4 illustrate various systems and
techniques for adaptive optimization of speculative
branch prediction in processors and other processing
devices. In accordance with at least one embodiment of
the present disclosure, a value representative of a
processor's speculative branch prediction efficiency
is determined and the speculative branch prediction
depth is adjusted in accordance with the efficiency
value. The processor's speculative branch prediction
efficiency may be represented by, for example, the
number of clocks per instruction (CPI), whereby an
increase in the CPI indicates that the processor is
becoming less efficient due to incorrectly predicted
speculative branch predictions and, conversely, a
decrease in the CPI indicates that the processor has a
higher ratio of properly predicted speculative branch
predictions. Thus, when the processor is executing an
application whereby the processor is more effectively
predicting speculative branch predictions, the
available speculative branch prediction depth for the
processor may be increased to take advantage of this
increased efficiency, and when the processor is less
effectively predicting speculative branch predictions,
the available speculative branch prediction depth may
be decreased so as to reduce or minimize the
processing cycles and power used by the processor in
pursuing erroneous speculative branch predictions.
Referring now to FIG. 1, an exemplary processing
device 100 utilizing an adaptive speculative branch
prediction depth optimization technique is illustrated
in accordance with at least one embodiment of the
present disclosure. The processing device 100
comprises a pipeline 102 having a pre-fetch module 104
coupled to an instruction cache 106. As illustrated,
the pipeline 102 further may comprise an instruction
decode module 108, an instruction queue 110, an
address calculation module 112, an execution module
114, a write back module 115, and the like. The
processing device 100 further comprises a speculative
branch prediction state machine 120 coupled to at
least the pre-fetch module 104 and the execution
module 114. The speculative branch prediction state
machine 120, in at least one embodiment, is operable
to dynamically adjust the available speculative branch
prediction depth available to the pre-fetch module 104
based on one or more values determined to be
representative of the processor's speculative branch
prediction efficiency. In one embodiment, the average
clocks per instruction, or CPI, is utilized by the
speculative branch prediction state machine 120 as a
representation of the processor's speculative branch
prediction efficiency, and from this CPI value the
state machine 120 may determine a new speculative
branch prediction depth for use by the pre-fetch
module 104 or may adjust a preexisting speculative
branch prediction depth for use by the pre-fetch
module 104. Referring now to FIG. 2, the state machine
120 is illustrated in greater detail. In the
illustrated example, the state machine 120 comprises a
prediction efficiency module 202 coupled to a depth
adjustment module 206. The prediction efficiency
module 202 includes inputs to receive a periodic
signal, such as pipeline clock 124, aninput to receive
an indication or representation of the number of
instructions to count (ITC) for the current
instruction cycle (ITC signal 123) and a signal 126
received from the execution module 114, where the
execution module 114 asserts the signal 126 or
provides a particular value as signal 126 when an
instruction has been committed by the execution module
114. By using the pulses of the clock signal 124 and a
count of committed instructions derived from signal
126, the prediction efficiency module 202 may
determine an average CPI for an instruction cycle
defined by the ITC signal 123. This average CPI may be
output as signal 204 to the depth adjustment module
206 as an indication of the processor's speculative
branch prediction efficiency for the instruction
cycle. Based upon the average CPI output at signal
204, the depth adjustment module 206 may determine
whether to increment or decrement the speculative
branch prediction depth available to the pre-fetch
module 104, wherein the available depth may be
decremented when the average CPI for the current
instruction cycle is greater than the average CPI for
the previous instruction cycle, and conversely, the
depth adjustment module 206 may increment the
available speculative branch prediction depth for use
by the pre-fetch module 104 when the average CPI of
the current instruction cycle is less than the average
CPI of a previous instruction cycle. Alternatively,
the depth adjustment module 206 may determine a new
available speculative branch prediction depth value
for use by the pre-fetch module 104 based on a
comparison of the CPI value to one or more thresholds.
Thus, the depth adjustment module 206 may dynamically
adjust the available speculative branch prediction
depth based upon a comparison of the average CPI for
one instruction cycle with the average CPI of a
previous instruction cycle so as to gauge the
effectiveness of the speculative branch prediction
depth in use for a given application. Referring now to
FIG. 3, an exemplary implementation of the prediction
efficiency module 202 is illustrated in accordance
with at least one embodiment of the present
disclosure. The module 202 comprises a clock counter
302, a clock count register 304, an instruction
counter 306, a compare module 308, a divider 312, a
delay element 322, an OR gate 320, and the ITC
register 122. The clock counter 302 includes an input
to receive the pipeline clock 124 and an output
coupled to the input of the clock count register 304.
The clock counter register 304 further comprises a
second input coupled to the output of the compare
module 308, and an output coupled to the input of the
divider 312. The instruction counter 306 comprises an
input to receive the committed instruction signal 126
and an output coupled to a first input of the compare
module 308. The compare module further comprises a
second input coupled to an output of the ITC register
122. As noted above, the ITC register 122 may be
loaded with the ITC value which may be provided as ITC
signal 123 via, for example, a software driver or
operating system. In operation, at the beginning of an
instruction cycle the clock counter 302 and
instruction counter 306 are reset via, e.g., a reset
signal provided via the OR gate 320. The clock counter
302 then increments upon each pulse of the pipeline
clock 124. Similarly, the instruction counter 306
increments each time the committed instruction signal
126 is asserted by the execution module 114 so that
the instruction counter 306 represents the present
number of instructions committed by the execution
module 114 during the present instruction cycle. The
present value of the instruction counter 306 is
provided to the compare module 308, as is the ITC
value stored in the ITC register 122. When these
values are equal, or substantially equal, the compare
module 308 asserts an equal signal 310, thereby
indicating that the number of instructions committed
by the execution module 114 isequal, or substantially
equal, to the number of instructions to count directed
by the operating system or software driver. The clock
count register 304, in one embodiment, stores the
present number of clock cycles or pulses determined by
the clock counter 302 from the pipeline clock 124
during the present instruction cycle. In response to
the assertion of the equal signal 310, the clock count
register 304 outputs the present clock count to the
divider 312. The divider 312 divides the clock count
for the present instruction cycle by the number of
instructions to count (ITC) to determine the average
number of clocks per instructions (CPI) for those
instructions committed by the execution module 114
during the present instruction cycle. In one
embodiment, the divider 312 is implemented as a
shifter having as a shift right input the ITC signal
123. A representation of the determined average CPI
may be output as signal 204. Referring now to FIG. 4,
an exemplary method for adjusting the available
speculative branch prediction depth for use by the
processor 100 based on the average CPI for one or more
instruction cycles is illustrated in accordance with
at least one embodiment of the present disclosure. The
method 400 initiates at block 402, wherein the ITC
value or values representative of the number of
instructions to be counted for a particular
instruction cycle are loaded into, for example, the
ITC register 122. At block 404, the number of
instructions committed by the execution module 114 are
counted for the present instruction cycle. At block
406, the number of pulses or cycles of the pipeline
clock 124 are counted. At step 408, the average CPI
for the instruction cycle is determined based on a
ratio of the number of cycles counted at block 406 to
the number of committed instructions counted at block
404. At block 410, the average CPI of the present
instruction cycle is compared to the average CPI of
the previous instruction cycle. A situation where the
average CPI of the present instruction cycle is less
than the average CPI of a previous instruction cycle
may be interpreted as an indication that the
speculative branch predictions of the processor 110
are, or are becoming, more effective and the available
speculative branch prediction depth utilized by the
pre-fetch module 104 therefore may be incremented by a
certain value at block 412. For example, the depth may
be incremented by a fixed increment (e.g., incremented
by one), by a particular percentage (e.g., increment
the speculative branch prediction by 20%) or the like.
The number of instructions to count (i.e., the value
of ITC) is representative of the duration over which
the average CPI is calculated and therefore may be
factor in the resulting average CPI. For example, if
the ITC value is less than the number of instructions
in, for example, a tight loop, the average CPI value
may be calculated as artificially low due to the
execution of the tight loop. Likewise, an ITC value
that is too large may result in an estimate average
CPI value that is not completely reflective of the
processor's branch prediction efficiency. Accordingly,
if the current average CPI is less than the previous
average CPI, the ITC value may be decreased at block
414 so as to refine the duration over which the
average CPI is calculated for the next instruction
cycle. To illustrate, after confirming that the
present ITC value is greater than a predefined minimum
ITC value, the ITC value may be reduced by half by,
for example, shifting the value in the ITC register
122 right one bit. Instances in which the average CPI
of the current instruction cycle is greater than the
average CPI of the previous instruction cycle may be
interpreted as an indication that the processor is or
is becoming less effective in its speculative branch
predictions. Accordingly, the available branch
prediction depth may be decremented by a certain
amount at block 418 so as to reduce the number of
speculative branch predictions that the pre-fetch
module 104 may take, and therefore reduce or minimize
the wasted processor cycle time and power consumption
resultingfrom missed speculative branch predictions.
Moreover, it may be that the current ITC value
represents an insufficient number of instructions over
which an appropriate average CPI value may be
determined. Accordingly, at block 420 the current ITC
value may be increased to increase the number of
instructions counted during the next cycle. For
example, after confirming that the ITC value is less
than a predefined maximum ITC value, the current ITC
value may be increased to double its size by, for
example, shifting the value in the ITC register 122
left one bit. For the next instruction cycle, the once
current average CPI is set to be the previous average
CPI and the method 400 may be repeated for the next
instruction cycle. Accordingly, it will be appreciated
that repeated iterations of method 400 result in a
dynamic tuning of the available speculative branch
prediction depth used by the pre-fetch module 104 so
as to adjust for variations in the effectiveness of
speculative branch predictions made by the processor
as well as variations in the cost of erroneous
speculative branch predictions that are often highly
application-dependent. The above-disclosed subject
matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to
cover all such modifications, enhancements, and other
embodiments that fall within the true spirit and scope
of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is
to be determined by the broadest permissible
interpretation of the following claims and their
equivalents, and shall not be restricted or limited by
the foregoing detailed description.WHAT IS CLAIMED IS:
1. A method comprising: quantifying a number of
periodic pulses occurring during an execution of one
or more instructions by a processor; and adjusting an
available depth of branch predictions based on a
comparison of the number of periodic pulses to a
predefined value. 2. The method as in claim 1, wherein
quantifying the number of periodic pulses comprises
determining a ratio of pulses per instruction. 3. The
method of claim 1, wherein quantifying the number of
periodic pulses comprises determining a number of
periodic pulses for a predefined number of
instructions. 4. The method of claim 1, further
comprising adjusting the predefined number of
instructions in response to adjusting the available
depth of branch predictions. 5. The method as in claim
4, wherein adjusting the predefined number of
instructions includes increasing the predefined number
of instructions in response to decreasing the
available depth of branch predictions. 6. The method
of claim 5, wherein adjusting the predefined number of
instructions includes decreasing the predefined number
of instructions in response to increasing the
available depth of branch predictions. 7. The method
of claim 6, wherein the predefined number of
instructions is maintained within a range set by a
predefined minimum number of instructions and a
predefined maximum number of instructions. 8. The
method as in claim 1, wherein the branch predictions
comprise speculative branch predictions. 9. A system
comprising: a first portion [202] operable to quantify
an instruction execution efficiency of a processor;
and a second portion [206] to adjust an available
speculative branch prediction depth based upon the
instruction execution efficiency. 10. The system as in
claim 9, wherein the first portion [202] has a first
input to receive a periodic signal [124], a second
input [126] to receive an instruction count signal
that is asserted in response to an execution of an
instruction and an output [204] to provide a first
representation of a number of pulses of the periodic
signal compared to a number of instructions executed,
wherein the first representation is representative of
the instruction execution efficiency. 


