
NON-BASIC MELANIN CONCENTRATING HORMONE RECEPTOR-I
ANTAGONISTS AND METHODS FIELD OF THE INVENTION [0001]
The present invention relates to non-basic melanin
concentrating hormone receptor- 1 (MCHRl) antagonists,
pharmaceutical compositions containing MCHRl
antagonists and methods of treating diabetes, obesity
and related diseases employing such MCHRl antagonists.
BACKGROUND OF THE INVENTION [0002] Several lines of
pharmacological and genetic evidence support the role
of Melanin Concentrating Hormone Receptor- 1
(hereafter "MCHRl") as a modulator of food intake and
body weight. Central administration of melanin
concentrating hormone (MCH) increases food intake and
body weight both in rats and in mice. Chronic ICV
infusion of MCH causes increased food intake and
ultimately obesity in mice, while infusion of an MCH
peptide antagonist blocks MCH-induced food intake and
results in weight loss and decreased feeding in
diet-induced obese mice. [0003] The expression of both
the MCH peptide and receptor are modulated by
nutritional status. MCH mRNA is upregulated both in
hyperphagic obese mice (ob/ob), and fasted animals.
Targeted disruption of the gene for MCH peptide
results in hypophagia and leanness. Disruption of the
MCHRl gene causes leanness, altered metabolism, and
hyperlocomotion accompanied by mild hyperphagia.
Conversely, over-expression of MCH peptide results in
hyperphagia, obesity and diabetes. Small molecule
MCHRl antagonists have been shown to cause weight loss
in rodent weight and feeding models after both oral
and intraperitoneal administration; Eur. J. Pharmacol,
438:129-135 (2002), Nat. Med., 8:825-830 (2002), Eur.
J. Pharmacol, 497:41-47 (2004). [0004] Numerous
non-peptide MCHRl antagonists have been disclosed. The
scope of the genus for each reflects a common
perception regarding the criteria required for ligand
recognition as MCHRl agonists. A recent review of
MCHRl patent disclosures emphasized the commonality of
these structures by the following description;
"Ubiquitous throughout the MCH patent literature are
moleculesconsisting of a central scaffold to which
linkers to an aryl or heteroaryl group and a basic
amino functionality are attached." (Kowalski, TJ. et
al., Expert Opin. Investig. Drugs, 13:11 13-1122
(2004)). Pharmacophore models of these geni
consistently envision a presumed prerequisite
electrostatic interaction between a basic amine center
of the antagonist ligand and aspartic acid 123 of the
receptor which presumably is envisaged to emulate the
mandatory interaction between arginine 14 of MCH
peptide agonists with aspartic acid 123 of the MCHRl
receptor. (Ulven, T., J. Med. Chem., 48:5684-5697
(2005)) However, incorporation of this basic amine in
a MCHRl antagonist increases substantially the
probability of binding to off-target ionchannels and
biogenic amine receptors. [0005] In accordance with
the present invention, there is provided a series of
novel high affinity selective MCHRl antagonists for
which binding affinity is not dependent upon inclusion
of a basic amine functionality that is common to most
of the disclosed MCHR antagonists. As a consequence,
the absence of the basic center greatly reduces the
probability of off-target interactions such as binding
to other biogenic amine receptors as well as binding
to ion channels such as the HERG receptor in the
heart. The reduction/abolition of affinity for the
HERG receptor is especially important since ligand
occupancy is associated with initiation of fatal
arrhythmias. SUMMARY OF THE INVENTION [0006] In one
embodiment of the present invention, a compound of the
Formula I or a pharmaceutically acceptable salt
thereof is provided I wherein0v -' is a phenylene ring
or a heteroaryl ring which is a monocyclic ring or a
bicyclic ring which contains one or two nitrogen atoms
or one oxygen atom;R1 is Z-Y-X-, wherein o  -s=o X is
O, S, -s- , or I ; Y is a bond, a 3- to 6-membered
cycloalkyl, or an alkyl chain; and Z is aryl such as
phenyl and naphthyl, or heteroaryl such as pyridinyl,
pyridimidinyl, pyrazinyl, benzimidazolyl,
benzothiazolyl, benzoxazolyl, or other "heteroaryl";
R2 is -E-G-(J) n , with m being an integer from 1 to
3; 



E is O, S, or a bond; G is lower alkyl, phenylalkyl,
cycloalkyl, cycloalkylalkyl, alkylcycloalkyl,
cycloalkoxy, alkylcycloalkoxy, or cycloalkoxyalkyl;
each J is independently hydrogen, hydroxyl, CN,
-SO2R7, -SR7, -SOR7, lower alkyl, lower alkoxy, CF3,
CF3O-, -COOR 5 (wherein R5 is H, Ci_3 alkyl, or
cycloalkyl), or -CO-NR 5aR6 wherein R5a and R6 are
each independently selected from H, C1-3 alkyl, or
cycloalkyl, or R5a and R6 taken together can be
propanediyl, butanediyl or pentanediyl to form with
the N atom to which they are attached a 4-, 5- or 6-
membered cyclic amine, such as azetidinyl,
pyrrolidinyl, piperidinyl, morpholinyl, or
piperazinyl, optionally substituted with substituents
as set out for "heterocyclo"; R7 is lower alkyl; R3 is
Ci-6 alkyl, cycloalkyl ,C1 alkoxy, halogen, hydrogen,
-S-Ci-6 alkyl, CN, CF3O, or CF3; and wherein R2 and R3
can be taken together to form a 5- to 7-membered ring
which is saturated, unsaturated, or partially
unsaturated and may include an E heteroatom, which is
O, or O, 1 or 2 N atoms, which ring is substituted
with one or two of -O-G-(J) m groups, wherein at least
one J is OH, and optionally other substituents as set
out for "alkyl", "aryl", or "heteroaryl", such as
alkyl and/or OH; with the proviso that where - is a
phenylene ring, E-G and R3 are not identical
unsubstituted lower alkoxy groups, and when G is lower
alkyl and J is H, R3 is not hydrogen; and R8 and R9
are each independently hydrogen, halogen, or lower
alkyl;including esters thereof, prodrugs thereof,
solvates thereof, and all stereoisomers thereof.
[0007] Any of the foregoing Z moieties may either be
unsubstituted or substituted with 1, 2 or 3 of amino,
halo, Ci-6 alkyl, C1-3 alkylamino, di-Ci-3 alkylamino,
C1-3 alkoxy, C1-3 thioalkyl, C1-3 trifluoroalkoxy,
trifluoromethyl, cycloalkyl, cycloalkoxy, or
heteroaryl such as pyridyl or substituted with any of
the substituents as set out for "aryl", "heteroaryl",
or "alkyl". [0008] Examples of substituents for the J
group in the form of a cyclic amine include but are
not limited to lower alkyl, lower alkoxy, OH, CF3, or
CF3O, or other substituents as set out for "alkyl" and
"heteroaryl". [0009] In a further aspect of the
invention, there is provided a pharmaceutical
composition which contains a therapeutically effective
amount of the compound of the invention Formula I as
defined above, in association with a pharmaceutically
acceptable carrier or diluent. [0010] There is also
provided a method for the treatment of diabetes,
obesity and other related conditions involving the
MCHRl in a mammal (such as a human, dog or cat) in
need thereof, which includes the steps of
administering to the mammal a therapeutically
effective amount of the compound of Formula I of the
invention as defined above. [0011] The invention also
sets forth one or more methods for making the compound
of Formula I of the invention. In one embodiment,
there is provided a process for the preparation of the
compound of Formula I of the invention, wherein the
compound a is reacted with the alkali metal salt
OfZ-Y-X 1H (b) (X1 = O or S), preferably Z- (CH2) -X
1H n = O, 1, 2 or 3).[0012] In another embodiment of
the invention, there is provided a process for the
preparation of the compound of Formula I of the
invention, wherein the compound c is reacted with
Z-Y-X1H (b), preferably Z-(CH2) -X1H (n = 0, 1, 2 or
3), and preferably in the presence of an activating
agent. [0013] The present invention is directed to
these, as well as other important ends, hereinafter
described. DETAILED DESCRIPTION OF THE INVENTION
[0014] The present application provides compounds,
including all stereoisomers, solvates, prodrugs and
pharmaceutically acceptable forms thereof according to
Formula I . Additionally, the present application
provides pharmaceutical compositions containing at
least one compound according to Formula I of the
invention alone and optionally at least one additional
therapeutic agent. Finally, the present application
provides methods for treating a patient suffering from
an MCHR- 1 modulated disease or disorder such as, for
example, obesity, diabetes, depression or anxiety by
administration of a therapeutically effective dose of
a compound according to Formula I of the invention as
defined above. DEFINITIONS 



[0015] Unless otherwise indicated, the term "lower
alkyl" as may be employed herein alone or as part of
another group includes both straight and branched
chain hydrocarbons containing 1 to 8 carbons, and the
terms "alkyl", "alk", "alkyl chain", "alkylene", or
"alkylene chain" as may be employed herein alone or as
part of another group includes both straight and
branched chain hydrocarbons containing 1 to 20
carbons, preferably 1 to 10 carbons, more preferably 1
to 8 carbons, in the normal chain, such as methyl,
ethyl, propyl, isopropyl, butyl, ?-butyl, isobutyl,
pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,
octyl, 2,2,4-trimethylpentyl, nonyl, decyl,undecyl,
dodecyl, the various branched chain isomers thereof,
and the like as well as such groups including 2 free
bonds and thus are linking groups, namely "alkylene",
as well as such groups including 1 to 4 substituents
such as halo, for example F, Br, Cl or I or CF3,
alkyl, alkoxy, aryl, aryloxy, aryl(aryl) or diaryl,
arylalkyl, arylalkyloxy, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkylalkyloxy,
hydroxy, hydroxyalkyl, acyl, alkanoyl, heteroaryl,
heteroaryloxy, cycloheteroalkyl, arylheteroaryl,
arylalkoxycarbonyl, heteroarylalkyl, heteroarylalkoxy,
aryloxyalkyl, aryloxyaryl, alkylamido, alkanoylamino,
arylcarbonylamino, nitro, cyano, thiol, haloalkyl,
trihaloalkyl and/or alkylthio. [0016] Unless otherwise
indicated, the term "cycloalkyl" or "lower cycloalkyl"
as may be employed herein alone or as part of another
group includes saturated or partially unsaturated
(containing 1 or 2 double bonds) cyclic hydrocarbon
groups containing 1 to 3 rings, any one of which may
optionally be a spiro substituted cycloalkyl,
including monocycloalkyl, bicycloalkyl and
tricycloalkyl, containing a total of 3 to 20 carbons
forming the rings, preferably 3 to 10 carbons, forming
the ring and which may be fused to 1 or 2 aromatic
rings as described for aryl, which include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl, as well as such groups including 2 free
bonds and thus are linking groups, any of which groups
may be optionally substituted with 1 to 4 substituents
such as halogen, alkyl, alkoxy, hydroxy, aryl,
aryloxy, arylalkyl, cycloalkyl, alkylamido,
alkanoylamino, oxo, acyl, arylcarbonylamino, nitro,
cyano, thiol and/or alkylthio and/or any of the
substituents set for "alkyl". [0017] Unless otherwise
indicated, the term "cycloalkoxy" or "lower
cycloalkoxy" as employed herein alone or as part of
another group, represents a 4-, 5- or 6-membered
saturated ring containing an oxygen in the ring and
includes . as well as such groups including 2 free
bonds and thus arelinking groups, and which may be
optionally substituted with 1 or two of any of the
substituents as set out for cycloalkyl. [0018] The
term "heterocyclo", "heterocycle", "heterocyclyl",
"heterocyclic" or "cycloheteroalkyl" ring, as may be
used herein, represents an unsubstituted or
substituted stable 4- to 7-membered monocyclic ring
system which may be saturated or unsaturated,
preferably saturated or partially unsaturated, and
which consists of carbon atoms, with one to four
heteroatoms selected from nitrogen, oxygen or sulfur,
and wherein the nitrogen and sulfur heteroatoms may
optionally be oxidized, and the nitrogen heteroatom
may optionally be quaternized, and including any
bicyclic group in which the heterocyclic ring is fused
to a benzene ring. The heterocyclic ring may be
attached at any heteroatom or carbon atom which
results in the creation of a stable structure.
Examples of such heterocyclic groups include, but is
not limited to, piperidinyl, piperazinyl,
oxopiperazinyl, oxopiperidinyl, oxopyrrolidinyl,
oxoazepinyl, azepinyl, pyrrolyl, pyrrolidinyl,
furanyl, thienyl, pyrazolyl, pyrazolidinyl,
imidazolyl, imidazolinyl, imidazolidinyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl,
oxazolidinyl, isooxazolyl, isoxazolidinyl,
morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
thiadiazolyl, tetrahydropyranyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiamorpholinyl sulfone,
oxadiazolyl, , and other heterocycles described in
Katritzky, A.R. et al., eds., Comprehensive
Heterocyclic Chemistry: The Structure, Reactions,
Synthesis and Uses of Heterocyclic Compounds, Pergamon
Press, New York, NY, publ. (1984); and Katritzky, A.R.
et al., eds., Comprehensive Heterocyclic Chemistry II:
A Review of the Literature 1982-1995, Elsevier
Science, Inc., Tarrytown, NY, publ. (1996); and
references therein, as well as such groups including 2
free bonds and thus are linking groups, as well as
such groups optionally substituted with 1 to 3 of F,
Br, Cl or I or CF3, alkyl, alkoxy, aryl, aryloxy,
aryl(aryl) or diaryl, arylalkyl, arylalkyloxy,
alkenyl, alkynyl, cycloalkyl,
cycloalkenyl,cycloalkylalkyl, cycloalkylalkyloxy,
hydroxy, hydroxyalkyl, acyl, alkanoyl, heteroaryl,
heteroaryloxy, cycloheteroalkyl, arylheteroaryl,
arylalkoxycarbonyl, heteroarylalkyl, heteroarylalkoxy,
aryloxyalkyl, aryloxyaryl, alkylamido, 



alkanoylamino, arylcarbonylamino, nitro, cyano, thiol,
haloalkyl, trihaloalkyl, and/or alkylthio. [0019] The
term "alkanoyl" as may be used herein alone or as part
of another group refers to alkyl linked to a carbonyl
group. [0020] The term "halogen" or "halo" as may be
used herein alone or as part of another group refers
to chlorine, bromine, fluorine, and iodine, with
chlorine or fluorine being preferred. [0021] The term
"metal ion" refers to alkali metal ions such as
sodium, potassium or lithium and alkaline earth metal
ions such as magnesium and calcium, as well as zinc
and aluminum. [0022] Unless otherwise indicated, the
term "aryl" or "Aryl" as may be employed herein alone
or as part of another group refers to monocyclic and
bicyclic aromatic groups containing 6 to 10 carbons in
the ring portion (such as phenyl or naphthyl including
1-naphthyl and 2-naphthyl) and may optionally include
one to three additional rings fused to a carbocyclic
ring or a heterocyclic ring (such as aryl, cycloalkyl,
heteroaryl or cycloheteroalkyl rings), for example and
as well as such groups including 2 free bonds and thus
are linking groups, and may be optionally substituted
through available carbon atoms with 1, 2, or 3 groups
selected from hydrogen, halo, haloalkyl, alkyl,
haloalkyl, alkoxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl,
cycloalkyl-alkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryloxy, aryloxyalkyl, arylalkoxy,alkoxycarbonyl,
arylcarbonyl, arylalkenyl, aminocarbonylaryl,
arylthio, arylsulfinyl, arylazo, heteroarylalkyl,
heteroarylalkenyl, heteroarylheteroaryl,
heteroaryloxy, hydroxy, nitro, cyano, thiol,
alkylthio, arylthio, heteroarylthio, arylthioalkyl,
alkoxyarylthio, alkylcarbonyl, arylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylcarbonyloxy, arylcarbonyloxy,
alkylcarbonylamino, arylcarbonylamino, arylsulfinyl,
arylsulfinylalkyl, arylsulfonylamino and
arylsulfonaminocarbonyl and/or any of the substituents
for "alkyl" set out herein. [0023] Unless otherwise
indicated, the term "heteroaryl" as may be used herein
alone or as part of another group refers to a 5- or
6-membered aromatic ring which includes 1, 2, 3 or 4
hetero atoms such as nitrogen, oxygen or sulfur. Such
rings may be fused to an aryl, cycloalkyl, heteroaryl
or heterocyclyl and include possible Noxides as
described in Katritzky, A.R. et al, eds.,
Comprehensive Heterocyclic Chemistry: The Structure,
Reactions, Synthesis and Uses of Heterocyclic
Compounds, Pergamon Press, New York, NY, publ. (1984);
and Katritzky, A.R. et al., eds., Comprehensive
Heterocyclic Chemistry II: A Review of the Literature
1982-1995, Elsevier Science, Inc., Tarrytown, NY,
publ. (1996); and references therein as well as such
groups including 2 free bonds and thus are linking
groups. Further, "heteroaryl", as defined herein, may
optionally be substituted with one or more
substituents such as the substituents included above
for "alkyl" and/or "aryl". Examples of heteroaryl
groups include the following:and the like. [0024]
Unless otherwise indicated, the term "lower alkoxy",
"alkoxy", "aryloxy" or "aralkoxy" as may be employed
herein alone or as part of another group includes any
of the above alkyl, aralkyl or aryl groups linked to
an oxygen atom. [0025] Unless otherwise indicated, the
term "lower alkylthio", alkylthio", "arylthio" or
"aralkylthio" as may be employed herein alone or as
part of another group includes any of the above alkyl,
aralkyl or aryl groups linked to a sulfur atom. [0026]
The term "polyhaloalkyl" as may be used herein refers
to an "alkyl" group as defined above which includes
from 2 to 9, preferably from 2 to 5, halo
substituents, such as F or Cl, preferably F, such as
CF3CH2, CF3 or CF3CF2CH2. [0027] The term
"polyhaloalkyloxy" as may be used herein refers to an
"alkoxy" or "alkyloxy" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo
substituents, such as F or Cl, preferably F, such as
CF3CH2O, CF3O or CF3CF2CH2O. [0028] Unless otherwise
indicated, the term "alkenyl" as used herein alone or
as part of another group refers to straight or
branched chain radicals of 2 to 20 carbons, preferably
2 to 12 carbons, and more preferably 1 to 8 carbons in
the normal chain, which include one to six double
bonds in the normal chain, such as vinyl, 2-propenyl,
3-butenyl, 2-butenyl, 4-pentenyl, 3-pentenyl,
2-hexenyl, 3-hexenyl, 2-heptenyl, 3- heptenyl,
4-heptenyl, 3-octenyl, 3-nonenyl, 4-decenyl,
3-undecenyl, 4-dodecenyl, 4,8,12-tetradecatrienyl, and
the like. Optionally, said alkenyl group may be
substituted with one or substituents, such as those
substituents disclosed for alkyl. 



[0029] Unless otherwise indicated, the term "alkynyl"
as used herein alone or as part of another group
refers to straight or branched chain radicals of 2 to
20 carbons, preferably 2 to 12 carbons and more
preferably 2 to 8 carbons in the normal chain, which
include one triple bond in the normal chain, such as
2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl,
3-pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl,
3-heptynyl, 4- heptynyl, 3-octynyl, 3-nonynyl,
4-decynyl,3-undecynyl, 4-dodecynyl and the like.
Optionally, said alkynyl group may be substituted with
one or substituents, such as those substituents
disclosed for alkyl. [0030] The term "cycloalkenyl" as
employed herein alone or as part of another group
refers to partially unsaturated cyclic hydrocarbons
containing 3 to 12 carbons, preferably 5 to 10 carbons
and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclobutenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, cyclooctenyl, cyclohexadienyl, and
cycloheptadienyl. Optionally, said cycloalkenyl group
may be substituted with one or substituents, such as
those substituents disclosed for alkyl. [0031] The
term "bicycloalkyl" as employed herein alone or as
part of another group includes saturated bicyclic ring
groups such as, without limitation,
[3.3.0]bicyclooctane, [4.3.0]bicyclononane,
[4.4.0]bicyclodecane (decalin), [2.2.2]bicyclooctane,
and so forth. [0032] The term "polycycloalkyl" as
employed herein alone or as part of another group
includes two or more cycloalkyl ring systems, as
defined herein, wherein at least one carbon atom is a
part of at least two separately identifiable ring
systems. The polycycloalkyl group may contain bridging
between two carbon atoms, for example,
bicyclo[1.1.0]butyl, bicyclo[3.2.1]octyl,
bicyclo[5.2.0]nonyl, tricycl[2.2.1.0.sup.l ]heptyl,
norbornyl and pinanyl. The polycycloalkyl group may
contain one or more fused ring systems, for example,
decalinyl (radical from decalin) and
perhydroanthracenyl. The polycycloalkyl group may
contain a spiro union, in which a single atom is the
only common member of two rings, for example,
spiro[3.4]octyl, spiro[3.3]heptyl and spiro[4.5]decyl.
[0033] The term "acyl" as employed herein by itself or
part of another group, as defined herein, refers to an
organic radical linked to a carbonyl ( "c )' group;
examples of acyl groups include a substituent group
attached to a carbonyl, such as alkanoyl, alkenoyl,
aroyl, aralkanoyl, heteroaryl, cycloalkanoyl,
cycloheteroalkanoyl and the like. [0034] "Optional" or
"optionally" means that the subsequently described
event or circumstance may or may not occur, and that
the description includes, withoutlimitation, instances
where said event or circumstance occurs and instances
in which it does not. For example, optionally
substituted alkyl means that alkyl may or may not be
substituted by those groups enumerated in the
definition of substituted alkyl. [0035] "Substituted,"
as used herein, whether express or implied and whether
preceded by "optionally" or not, means that any one or
more hydrogen on the designated atom (C, N, etc.) is
replaced with a selection from the indicated group,
provided that the designated atom's normal valency is
not exceeded, and that the substitution results in a
stable compound. For instance, when a CH2 is
substituted by a keto substituent (=0), then 2
hydrogens on the atom are replaced. Combinations of
substituents and/or variables are permissible only if
such combinations result in stable compounds. Further,
when more than one position in a given structure may
be substituted with a substituent selected from a
specified group, the substituents may be either the
same or different at every position. [0036] The
designation " x " or attached to a ring or other group
refers to a free bond or linking group. SPECIFIC
EMBODIMENTS [0037] The Q~ group may be phenylene or a
heteroaryl which is monocyclic or bicyclic and
includes rings such as (chromanyl) o r (chromenyl)
with phenylene and pyridinyl being preferred. [0038]
The Formula I compound of the invention may have the
structureIA , or IC or ID or IE or[0039] In the
compound of Formula I of the invention, it is desired
that Q IS phenylene or pyridinyl; X is O or S; and/or
Y is a bond or an alkylene chain of 1, 2 or 3 atoms;
and/or 



Z is phenyl; or Z is a heteroaryl such as pyridinyl or
benzothiazole; and/or R2 is E-G-J; and/or E is O or S;
and/or G is a lower alkyl or alkylcycloalkyl; and/or J
is H, OH, SO2R7, lower alkyl, lower alkoxy, or CF3,
more preferably OH; and/or R3 is Ci-6 alkyl, C1
alkoxy, H, or halo; and/or R8 and R9 are independently
H or CH3; and/or wherein R2 and R3 can be taken
together to form a 5- to 7-membered ring which is
saturated, unsaturated, or partially unsaturated and
may include an E heteroatom, which is O, or 0, 1 or 2
N atoms, which ring is substituted with one or two of
-O-G-(J) m groups, wherein at least one J is OH and
optionally other substituents as set out for "alkyl",
"aryl", or "heteroaryl", such as alkyl and/or OH.
[0040] The above groups may be substituted as
indicated herein. [0041] Examples of the various
groups of the compounds of Formula I of the invention
are set out below: Q- IS phenylene or pyridinyl; Z
is(1) aryl, such as phenyl or naphthyl, each of which
is optionally substituted with: a) halogen such as Cl,
Br or F, b) alkyl such as CH3, C2H5 or -C3H7, c)
alkoxy such as CH3O, d) polyhaloalkyl such as CF3, e)
polyhaloalkoxy such as CF3O, CH3 N N- f ) amino,
alkylamino or dialkylamino such as CH3 , g) alkylthio
such as CH3S, h) OH, i) esters such as -COOCH3, or j )
aryl such as phenyl, (2) monocyclic heteroaryl such as
a) pyridinyl, b) pyrazinyl, or c) pyrimidinyl, each of
a), b) or c) being optionally substituted with alkyl
such as methyl, polyhaloalkyl such as trifluoromethyl,
halogen such as Cl or F, or alkoxy such as CH3O; (3)
benzothiazole optionally substituted with halo such as
F, Cl, alkoxy such as CH3O, (4) benzoxazole optionally
substituted with halo such as Cl, (5) benzimidazole,
(6) thiazole optionally substituted with aryl such as
phenyl, and alkyl such as -C4H9, (7) indanyl, (8)
quinolinyl optionally substituted with CF3, or (9)
imidazolidinyl; and/or Y is a bond or alkylene such as
methylene, or ethylene or propylene; and/or X is S, O,
SO, or SO2; and/orJ is (1) H, (2) -CO-NR5aR6 where R5a
and R6 together with the N to which they are attached
form a pyrrolidinyl ring, (3) OH, (4) COOH, (5)
COOalkyl such as COOCH3, (6) SO2R7 such as SO2C2H5, or
(7) prodrug esters such as glycine , phosphate HO OH
PO (-o-P=o and the corresponding Na salt thereof), and
valine m is 1 or 2; and/or -CH 2- CH- CH3 CH3 I \ / 



G is CH2, (CH 2)2, (CH 2)3, H3 -CH 2- C- t ,
cycloalkoxy such as CH2-CH-CF 3 o r alkylcycloalkyl
such as CH2 > E is O; and/or R3 is H, alkoxy such as
CH3O, hydroxyalkyl such as HOCH2CH2-, alkyl such as
CH3 or C2H5, halo such as F or Cl, CN, or
hydroxyalkoxy such as HOCH2CH2O-; and/orR2 and R3 can
be optionally taken together to form a 5- or
6-membered unsaturated or aromatic ring containing one
or two N atoms, which ring is optionally CH3 CH3
substituted with hydroxy alkyl such as - C-OH , for
example or where R2 and R3 can be optionally taken
together to form a 6-membered saturated, unsaturated
or partially unsaturated O-containing ring, which ring
is CH3 CH3 optionally substituted with hydroxyalkyl
such as - C-OH , alkyl such as CH3 and OH, for example
R8 is H, halo such as F and Cl, or alkyl such as
methyl; and/or R9 is H. [0042] In a further embodiment
of the compound of Formula I of the invention, X = 0
and C*_ ) is phenylene or pyridinyl. In another
embodiment, X = S andC- ) iis phenylene. [0043] In a
further embodiment in Formula I of the invention, Y is
a bond. Also in a further embodiment, Y is methylene,
ethylene or propylene. In addition, the alkyl chain or
alkyl moiety in Y may be attached to the
ortho-position of Z to generate a bicyclic moiety. In
this embodiment, the bicyclic moiety is preferably 1-
indanyl or 2-indanyl when Z is phenyl.[0044] In a
further embodiment, Z is selected from phenyl,
naphthyl, pyridinyl, pyrazinyl, benzimidazolyl,
benzothiazolyl, and benzoxazolyl, preferably phenyl
and pyridinyl. [0045] Furthermore, in the embodiment
wherein R5 and R6 taken together form a 4-, 5- or
6-membered cyclic amine, it is preferred that this
component be selected from the group consisting of
azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,
and piperazinyl. [0046] Also preferred is the
embodiment wherein R3 is C1-Ce alkoxy. Especially
preferred is the embodiment wherein R3 is C1-C alkoxy
or C1-C3 alkyl. Even more preferably, R3 is methoxy or
methyl. [0047] In one embodiment of the invention, R1
may be selected from the group consisting of: [0048]
It is also desirable that in Formula I, R2 is
-O-2-hydroxy-propane, R3 is methoxy, and R1 is
selected from the group consisting of:[0049] In
another embodiment of the invention, it is desirable
that Q-phenylene; RMs ; or R and R can be optionally
taken together to form a 5- or 6-membered unsaturated
or aromatic ring containing one or two N atoms, which
ring is optionally CH3 CH3 substituted with hydroxy
alkyl such as - C-OH , for example R3 is methoxy or
methyl, and R1 is selected from the group consisting
of:[0050] Also desired is the prodrug embodiment,
hereinafter described, wherein in Formula I,  NH R2 is
E-G-hydroxyl- Pro Drag or more preferably 7 R is
methoxy; and R is selected from , and[0051] Also
desired are compounds of Formula I wherein Q IS
phenylene; R1 is Z-Y-X- wherein X is S, Y is an alkyl
chain of 1 to 3 carbons or a bond, Z is heteroaryl or
phenyl, each of which Z is optionally substituted with
CF3, CF3O, or halo; R2 is -E-G-J wherein E is O, CH3
CH3 G is lower alkyl such as '-CH 22-C- or
alkylcycloalkyl such as - CH2- CH 



D , and J is OH; R3 is H, alkoxy such as CH3O, or
alkyl such as CH3; R8 and R9 are independently H or
CH3; and R2 and R3 can be optionally taken together to
form a 5- or 6-membered unsaturated or aromatic ring
containing one or two N atoms, which ring is
optionally CH3 CH3 substituted with hydroxy alkyl such
as - C-OH , for example [0052] In still more preferred
compounds of Formula I, (L-) is phenylene; X is S; Y
is a bond or (CH2)2;R3 is CH3O or CH3; R8 and R9 are
each H; and R2 and R3 can be optionally taken together
to form a 5- or 6-membered unsaturated or aromatic
ring containing one or two N atoms, which ring is
optionally CH3 CH3 substituted with hydroxy alkyl such
as - C-OH , for example [0053] Some preferred
compounds of the invention include the following:Also
desired are compounds of Formula I wherein R1 is
Z-Y-X- wherein X is S, Y is an alkyl chain of 1 to 3
carbons such as (CH2)2 or a bond, Z is heteroaryl such
as 2-pyridyl or phenyl, each of which Z is optionally
substituted with CF3, CF3O, or halo such as F, so that
R1 can be selected from:R is -E-G-J wherein E is O, G
is lower alkyl or alkylcycloalkyl, and J is OH, for
example, R2 is R is alkoxy such as CH3O, alkyl such as
CH3, or halo such as Cl; and R8 and R9 are
independently H or CH3. In still more desired
compounds of Formula I, X is S; Y is a bond or (CH2 ;
-G-J is and R3 is CH3, H or Cl. METHODS OF
PREPARATION[0056] The compounds of Formula I according
to the various embodiments herein described can be
prepared as shown in the following non-limiting
reaction schemes and description thereof, as well as
relevant published literature procedures that may be
used by one skilled in the art. [0057] Scheme 1 below
portrays a generalized reaction sequence for the
synthesis of compounds of Formula I . [0058] Compounds
of Formula I, for which R1 is Z-Y-O or Z-Y-S and R2
does not contain a tertiary alcohol, can be prepared
by condensation of compounds of Formula II in a
solvent such as THF with alkali metal salts such as
Na+ or K+ of compounds of Formula III. The alkali
salts of compounds of Formula III had been previously
prepared by addition of compounds of Formula III to a
stirred dispersion of NaH or KH in a solvent such as
THF under an inert atmosphere of N2 or Ar. Compounds
of Formula II can be prepared by treatment of
compounds of Formula IV with thionyl chloride in a
solvent such as DMF. Compounds of Formula III are
commercially available or may be readily prepared by
one skilled in the arts. [0059] Alternatively, a
general synthesis of compounds of Formula I, for which
R1 is Z-Y-O, Z-Y-S or Z-Y-NR 4H, entails condensation
of compounds of Formula IV with compounds of Formula
III by stirring these components in a solvent such as
DMF containing
benzotriazo-1-yl-oxy-trispyrrolidinophosphonium
hexafluoroborate (PyBOP) as an activating agent, DMAP
and a hindered amine such as Et(VPr) N. Other
activating agents may be utilized by the skilled
artisan. [0060] Compounds of Formula IV can be
prepared by heating compounds of Formula V to
120-1500C in microwave in a 1:1.1 mixture of HOAc/TFA.
Compounds of Formula V can be prepared by stirring
compounds of Formula VI with 2,2-dimethoxyethylamine
in a solvent such as EtOAc. Compounds of Formula VI
can be prepared by treatment of compounds of Formula
VII with ethyl oxalyl chloride 



in a mixture of EtOAC and water containing a weak base
such as potassium carbonate. Compounds of Formula VII
are either commercially available or can be prepared
as described in USSN 11/586,255. [0061] Compounds of
Formula I for which R1 is Z-Y-SO or Z-Y-SO 2 can be
prepared by treatment of compounds of Formula I where
R1 is Z-Y-S with one or twoequivalents of an oxidant
such as m-chloroperbenzoic acid in a solvent such as
CH2Cl2. Scheme 1 [0062] Alternatively compounds of
formula I can be prepared as outlined in Scheme 2. by
Cu catalyzed arylation of compounds of formula X by
heating X with aryl halides or iodides of formula XI
in a solvent such as dioxane containing a cuprous salt
such as cuprous iodide along with potassium tribasic
phosphate and a chelating agent such as N-methyl,
N'-methyl ethylene diamine. Compounds of formula X can
be prepared by heating compounds of formula IX in TFA.
Compounds of formula IX can be prepared by
condensation of compound of Formula VIII with
compounds of Formula III by stirring these components
in a solvent such as DMF containing benzotriazo-
1-yl-oxy-trispyrrolidinophosphonium hexafluoroborate
(PyBOP) as an activating agent, DMAP and a hindered
amine such as Et(ZPr)2N. Compound of formula VIII is
readily obtained from p-methoxybenzyl amine utilizing
the chemistry described in Scheme 1. Aryl halides of
formula XI are readily prepared by one skilled in the
arts by alkylation of the corresponding commercially
available halogenated phenol.Scheme 2 DMF H HN XII Xl
X2 = Br or I X2 = Br or I [0063] Other methods of
preparing the compounds of Formula I are within the
scope of the invention as well. PRODRUGS, SALTS,
ESTERS AND STEREOISOMERS [0064] The compounds of the
invention also include "prodrugs". The term "prodrug"
as used herein encompasses both the term "prodrug
esters" and the term "prodrug ethers". The term
"prodrug esters" as employed herein includes esters
and carbonates formed by reacting one or more
hydroxyls of compounds of Formula I with either alkyl,
alkoxy, or aryl substituted acylating agents or
phosphorylating agent employing procedures known to
those skilled in the art to generate acetates,
pivalates, methylcarbonates, benzoates, amino acid
esters, phosphates, half acid esters such as
malonates, succinates or glutarates, and the like. In
certain embodiments, amino acid esters may be
especially preferred.[0065] Examples of such prodrug
esters include isopropyl or other alkyl group) (for
example, 2 ) OR1 [0066] The term "prodrug ethers"
include both phosphate acetals and Oglucosides.
Representative examples of such prodrug ethers include
[0067] The compounds of Formula I can also be present
as salts, which are further within the scope of this
invention. Pharmaceutically acceptable (i.e.,
nontoxic, physiologically acceptable) salts are
preferred. If the compounds of Formula I have, for
example, at least one basic center, they can form acid
addition salts. These are formed, for example, with
strong inorganic acids, such as mineral acids, for
example sulfuric acid, phosphoric acid (phosphate
ester) or a hydrohalic acid, with organic carboxylic
acids, such as alkanecarboxylic acids of 1 to 4 carbon
atoms, for example acetic acid, which are
unsubstituted or substituted, for example, by halogen
as chloroacetic acid, such as saturated or unsaturated
dicarboxylic acids, for example oxalic, malonic,
succinic, maleic, fumaric, phthalic or terephthalic
acid, such as hydroxycarboxylic acids, for example
ascorbic, glycolic, lactic, malic, tartaric or citric
acid, such as amino acids, (for example aspartic acid,
glutamic acid, glycine, valine, lysine, or arginine),
or benzoic acid, or with organic sulfonic acids, such
as (Ci -C ) alkyl or arylsulfonic acids which are
unsubstituted or substituted, for example by halogen,
for example methyl- or p-toluene- sulfonic acid.
Corresponding acid addition salts can also be formed
having, if desired, an additionally present
basiccenter. The compounds of Formula I having at
least one acid group (for example COOH) can also form
salts with bases. Suitable salts with bases are, for
example, metal salts, such as alkali metal or alkaline
earth metal salts, for example sodium, potassium or
magnesium salts, or salts with ammonia or an organic
amine, such as morpholine, thiomorpholine, piperidine,
pyrrolidine, a mono, di or tri-lower alkylamine, for
example ethyl, tert-butyl, diethyl, diisopropyl,
triethyl, tributyl or 



dimethyl-propylamine, or a mono, di or trihydroxy
lower alkylamine, for example mono, di or
triethanolamine. Corresponding internal salts may
furthermore be formed. Salts which are unsuitable for
pharmaceutical uses but which can be employed, for
example, for the isolation or purification of free
compounds of Formula I or their pharmaceutically
acceptable salts, are also included. [0068] Preferred
salts of the compounds of Formula I which contain a
basic group include monohydrochloride,
hydrogensulfate, methanesulfonate, phosphate, nitrate
or acetate. [0069] Preferred salts of the compounds of
Formula I which contain an acid group include sodium,
potassium and magnesium salts and pharmaceutically
acceptable organic amines. [0070] All stereoisomers of
the compounds of the invention are contemplated,
either in admixture or in pure or substantially pure
form. The compounds of the present application can
have asymmetric centers at any of the carbon atoms
including any one of the R substituents. Consequently,
compounds of Formula I can exist in enantiomeric or
diastereomeric forms or in mixtures thereof. The
processes for preparation can utilize racemates,
enantiomers or diastereomers as starting materials.
When diastereomeric or enantiomeric products are
prepared, they can be separated by conventional
methods for example, chromatographic or fractional
crystallization. UTILITY [0071] The compounds of the
present application can be administered to mammals,
preferably humans, for the treatment of a variety of
conditions and disorders, including, but not limited
to metabolic and eating disorders as well as
conditions associated with metabolic disorders (e.g.,
obesity, diabetes, arteriosclerosis, hypertension,
polycystic ovary disease, cardiovascular
disease,osteoarthritis, dermatological disorders,
impaired glucose hemostasis, insulin resistance,
hypercholesterolemia, hypertriglyceridemia,
choletithiasis, dislipidemic conditions, bulimia
nervosa and compulsive eating disorders); sleep
disorders; and psychiatric disorders, such as
depression, anxiety, schizophrenia, substance abuse,
cognition-enhancement and Parkinson's disease. [0072]
The compounds described in the present application
could be used to enhance the effects of
cognition-enhancing agents, such as
acetylcholinesterase inhibitors (e.g., tacrine),
muscarinic receptor- 1 agonists (e.g., milameline),
nicotinic agonists, glutamic acid receptor (AMPA and
NMDA) modulators, and nootropic agents (e.g.,
piracetam, levetiracetam). Examples of suitable
therapies for treatment of Alzheimer's disease and
cognitive disorders for use in combination with the
compounds of the present application include
donepezil, tacrine, revastigraine, 5HT6, gamma
secretase inhibitors, beta secretase inhibitors, SK
channel blockers, Maxi-K blockers, and KCNQs blockers.
[0073] The compounds described in the present
application could be used to enhance the effects of
agents used in the treatment of Parkinson's Disease.
Examples of agents used to treat Parkinson's Disease
include: levadopa with or without a COMT inhibitor,
antiglutamatergic drugs (amantadine, riluzole),
alpha-2 adrenergic antagonists such as idazoxan,
opiate antagonists, such as naltrexone, other dopamine
agonists or transporter modulators, such as
ropinirole, or pramipexole or neurotrophic factors
such as glial derived neurotrophic factor (GDNF).
PHARMACEUTICAL COMBINATIONS [0074] The present
application includes within its scope pharmaceutical
compositions comprising, as an active ingredient, a
therapeutically effective amount of at least one of
the compounds of Formula I, alone or in combination
with a pharmaceutical carrier or diluent. Optionally,
compounds of the present application can be used
alone, in combination with other suitable therapeutic
agents useful in the treatment of the aforementioned
disorders including: anti-obesity agents;
anti-diabetic agents, appetite suppressants;
cholesterol/lipid-lowering agents, HDL-raising agents,
cognition enhancing agents, agents used to treat
neurodegeneration, agents used to treat respiratory
conditions, agents used to treat bowel disorders,
anti-inflammatoryagents; anti-anxiety agents;
anti-depressants; anti-hypertensive agents; cardiac
glycosides; and anti-tumor agents. [0075] Such other
therapeutic agent(s) may be administered prior to,
simultaneously with, or following the administration
of the melanin-concentrating hormone receptor (MCHR)
antagonists in accordance with the application. [0076]
Examples of suitable anti-obesity agents for use in
combination with the compounds of the present
application include melanocortin receptor (MC4R)
agonists, cannabinoid receptor modulators, growth
hormone secretagogue receptor 



(GHSR) antagonists, galanin receptor modulators,
orexin antagonists, CCK agonists, GLP-I agonists, and
other Pre-proglucagon-derived peptides; NPYl or NPY5
antagonist, NPY2 and NPY4 modulators, corticotropin
releasing factor agonists, histamine receptor-3 (H3)
modulators, aP2 inhibitors, PPAR gamma modulators,
PPAR delta modulators, acetyl-CoA carboxylase (ACC)
inhibitors, 11-b-HSD-l inhibitors, adinopectin
receptor modulators; beta 3 adrenergic agonists, such
as AJ9677 (Takeda/Dainippon), L750355 (Merck), or CP33
1648 (Pfizer) or other known beta 3 agonists as
disclosed in U.S. Patent Nos. 5,541,204, 5,770,615,
5,491,134, 5,776,983 and 5,488,064, a thyroid receptor
beta modulator, such as a thyroid receptor ligand as
disclosed in WO 97/21993 (U. CaI SF), WO 99/00353
(KaroBio) and WO 00/039077 (KaroBio), a lipase
inhibitor, such as orlistat or ATL- 962 (Alizyme),
serotonin receptor agonists, (e.g., BVT-933
(Biovitrum)), monoamine reuptake inhibitors or
releasing agents, such as fenfluramine,
dexfenfluramine, fluvoxamine, fluoxetine, paroxetine,
sertraline, chlorphentermine, cloforex, clortermine,
picilorex, sibutramine, dexamphetamine, phentermine,
phenylpropanolamine or mazindol, anorectic agents such
as topiramate (Johnson & Johnson), CNTF (ciliary
neurotrophic factor) /Axokine(r) (Regeneron), BDNF
(brainderived neurotrophic factor), leptin and leptin
receptor modulators, or cannabinoid- 1 receptor
antagonists, such as SR-141716 (Sanofi) or SLV-319
(Solvay). [0077] Examples of suitable anti-diabetic
agents for use in combination with the compounds of
the present application include: insulin secretagogues
or insulin sensitizers, which may include biguanides,
sulfonyl ureas, glucosidase inhibitors, aldose
reductase inhibitors, PPAR g agonists such as
thiazolidinediones, PPAR a agonists (such as fibric
acid derivatives), PPAR d antagonists or agonists,
PPAR a/gdual agonists, 11-b-HSD-l inhibitors,
dipeptidyl peptidase IV (DP4) inhibitors including
saxagliptin, SGLT2 inhibitors including dapagliflozin
and serglifozin, glycogen phosphorylase inhibitors,
and/or meglitinides, as well as insulin, and/or
glucagon-like peptide- 1 (GLP-I), GLP-I agonist,
incretin modulators, AMP kinase activators,
glucocortical antagonists, fructose bis
1,6-phosphatase inhibitors, glucokinase inhibitors
and/or a PTP-IB inhibitor (protein tyrosine
phosphatase- IB inhibitor). [0078] The antidiabetic
agent may be an oral antihyperglycemic agent
preferably a biguanide such as metformin or phenformin
or salts thereof, preferably metformin HCl. Where the
antidiabetic agent is a biguanide, the compounds of
the present application will be employed in a weight
ratio to biguanide within the range from about 0.001:1
to about 10:1, preferably from about 0.01:1 to about
5:1. [0079] The antidiabetic agent may also preferably
be a sulfonyl urea such as glyburide (also known as
glibenclamide), glimepiride (disclosed in U.S. Patent
No. 4,379,785), glipizide, gliclazide or
chlorpropamide, other known sulfonylureas or other
antihyperglycemic agents which act on the
ATP-dependent channel of the betacells, with glyburide
and glipizide being preferred, which may be
administered in the same or in separate oral dosage
forms. The oral antidiabetic agent may also be a
glucosidase inhibitor such as acarbose (disclosed in
U.S. Patent No. 4,904,769) or miglitol (disclosed in
U.S. Patent No. 4,639,436), which may be administered
in the same or in a separate oral dosage forms. [0080]
The compounds of the present application may be
employed in combination with a PPAR g agonist such as
a thiazolidinedione oral anti-diabetic agent or other
insulin sensitizers (which has an insulin sensitivity
effect in NIDDM patients) such as rosiglitazone (SKB),
pioglitazone (Takeda), Mitsubishi's MCC-555 (disclosed
in U.S. Patent No. 5,594,016), Glaxo-Wellcome's
GL-262570, englitazone (CP-68722, Pfizer) or
darglitazone (CP-86325, Pfizer, isaglitazone
(MIT/J&J), JTT- 501 (JPNT/P&U), L-895645 (Merck), R-1
19702 (Sankyo/WL), NN-2344 (Dr. Reddy/NN), or YM-440
(Yamanouchi), preferably rosiglitazone and
pioglitazone. [0081] The compounds of the present
application may also be employed with a PPARa/g dual
agonist such as MK-767/KRP-297 (Merck/Kyorin; as
described in Yajima, K. et al, Am. J. Physiol.
Endocrinol. Metab., 284:E966-E971 (2003)), AZ242
(tesaglitazar; Astra-Zeneca; as described in Ljung, B.
et al, J. Lipid Res., 43:1855-1863 (2002));
muraglitazar; or the compounds described in U.S.
Patent No. 6,414,002. [0082] The compounds of the
present invention may be employed in combination with
anti-hyperlipidemia agents, or agents used to treat
arteriosclerosis. An example of an hypolipidemic agent
would be an HMG CoA reductase inhibitor which
includes, but is not limited to, mevastatin and
related compounds as disclosed in U.S. Patent No.
3,983,140, lovastatin (mevinolin) and related
compounds as disclosed in 



U.S. Patent No. 4,231,938, pravastatin and related
compounds such as disclosed in U.S. Patent No.
4,346,227, simvastatin and related compounds as
disclosed in U.S. Patent Nos. 4,448,784 and 4,450,171.
Other HMG CoA reductase inhibitors which may be
employed herein include, but are not limited to,
fluvastatin, disclosed in U.S. Patent No. 5,354,772,
cerivastatin disclosed in U.S. Patent Nos. 5,006,530
and 5,177,080, atorvastatin disclosed in U.S. Patent
Nos. 4,681,893, 5,273,995, 5,385,929 and 5,686,104,
pitavastatin (Nissan/Sankyo's nisvastatin (NK-104) or
itavastatin), disclosed in U.S. Patent No. 5,011,930,
Shionogi-Astra/Zeneca rosuvastatin (visastatin
(ZD-4522)) disclosed in U.S. Patent No. 5,260,440, and
related statin compounds disclosed in U.S. Patent No.
5,753,675, pyrazole analogs of mevalonolactone
derivatives as disclosed in U.S. Patent No. 4,613,610,
indene analogs of mevalonolactone derivatives as
disclosed in PCT application WO 86/03488,
6-[2-(substituted-pyrrol-l-yl)-alkyl)pyran-2-ones and
derivatives thereof as disclosed in U.S. Patent No.
4,647,576, Searle's SC-45355 (a 3-substituted
pentanedioic acid derivative) dichloroacetate,
imidazole analogs of mevalonolactone as disclosed in
PCT application WO 86/07054,
3-carboxy-2-hydroxy-propanephosphonic acid derivatives
as disclosed in French Patent No. 2,596,393, 2,3-
disubstituted pyrrole, furan and thiophene derivatives
as disclosed in European Patent Application No.
0221025, naphthyl analogs of mevalonolactone as
disclosed in U.S. Patent No. 4,686,237,
octahydronaphthalenes such as disclosed in U.S. Patent
No. 4,499,289, keto analogs of mevinolin (lovastatin)
as disclosed in European Patent Application No.0142146
A2, and quinoline and pyridine derivatives disclosed
in U.S. Patent Nos. 5,506,219 and 5,691,322. In
addition, phosphinic acid compounds usefulin
inhibiting HMG CoA reductase suitable for use herein
are disclosed in GB 2205837. [0083] The squalene
synthetase inhibitors suitable for use herein include,
but are not limited to, a-phosphono-sulfonates
disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller, et al, J. Med. Chem.,
31:1869-1871 (1998) including isoprenoid
(phosphinyl-methyl)phosphonates as well as other known
squalene synthetase inhibitors, for example, as
disclosed in U.S. Patent Nos. 4,871,721 and 4,924,024
and in Biller, S.A. et al., Current Pharmaceutical
Design, 2:1-40 (1996). [0084] In addition, other
squalene synthetase inhibitors suitable for use herein
include the terpenoid pyrophosphates disclosed by
Ortiz de Montellano, P. et al., J. Med. Chem.,
20:243-249 (1977), the farnesyl diphosphate analog A
and presqualene pyrophosphate (PSQ-PP) analogs as
disclosed by Corey et al., J. Am. Chem. Soc,
98:1291-1293 (1976), phosphinylphosphonates reported
by McClard, R.W. et al., J. Am. Chem. Soc, 109:5544
(1987) and cyclopropanes reported by Capson, T.L.,
Ph.D., dissertation, June, 1987, Dept. Med. Chem., U.
of Utah, Abstract, Table of Contents, pp. 16, 17,
40-43, 48-51, Summary. [0085] Other hypolipidemic
agents suitable for use herein include, but are not
limited to, fibric acid derivatives, such as
fenofibrate, gemfibrozil, clofibrate, bezafibrate,
ciprofibrate, clinofibrate and the like, probucol, and
related compounds as disclosed in U.S. Patent No.
3,674,836, probucol and gemfibrozil being preferred,
bile acid sequestrants such as cholestyramine,
colestipol and DEAE-Sephadex (SECHOLEX, POLICEXIDE)
and cholestagel (Sankyo/Geltex), as well as lipostabil
(Rhone-Poulenc), Eisai E-5050 (an N-substituted
ethanolamine derivative), imanixil (HOE-402),
tetrahydrolipstatin (THL),
istigmastanylphosphorylcholine (SPC, Roche),
aminocyclodextrin (Tanabe Seiyoku), Ajinomoto AJ-814
(azulene derivative), melinamide (Sumitomo), Sandoz
58-035, American Cyanamid CL- 277,082 and CL-283,546
(disubstituted urea derivatives), nicotinic acid
(niacin), acipimox, acifran, neomycin,
p-aminosalicylic acid, aspirin,
poly(diallylmethylamine) derivatives such as disclosed
in U.S. Patent No. 4,759,923, quaternary amine
poly(diallyldimethylammonium chloride) and ionenes
such as disclosed in U.S. Patent No. 4,027,009, and
other known serum cholesterol lowering agents.[0086]
The other hypolipidemic agent may be an ACAT inhibitor
(which also has anti-atherosclerosis activity) such as
disclosed in, Drugs of the Future, 24:9-15 (1999),
(Avasimibe); Nicolosi et al., "The ACAT inhibitor,
Cl-101 1 is effective in the prevention and regression
of aortic fatty streak area in hamsters",
Atherosclerosis (Shannon, Irel), 137(l):77-85 (1998);
Ghiselli, G., "The pharmacological profile of FCE
27677: a novel ACAT inhibitor with potent
hypolipidemic activity mediated by selective
suppression of the hepatic secretion of
ApoBlOO-containing lipoprotein", Cardiovasc. Drug
Rev., 16(l):16-30 (1998); Smith, C. et al., "RP 73163:
a bioavailable alkylsulfinyl-diphenylimidazole ACAT
inhibitor", Bioorg. Med. Chem. Lett., 6(l):47-50
(1996); Krause, B.R. et al., Chapter 6 : "ACAT
Inhibitors: 



Physiologic Mechanisms for Hypolipidemic and
Anti-Atherosclerotic Activities in Experimental
Animals", Inflammation: Mediators and Pathways, CRC
Press, Inc., publ, Ruffolo, Jr., R.R. et al., eds.,
pp. 173-198 (1995); Sliskovic et al., "ACAT
inhibitors: potential anti-atherosclerotic agents",
Curr. Med. Chem., l(3):204-225 (1994); Stout et al.,
"Inhibitors of acyl-CoA:cholesterol O-acyl transferase
(ACAT) as hypocholesterolemic agents. 6. The first
water-soluble ACAT inhibitor with lipidregulating
activity. Inhibitors of acyl-CoA:cholesterol
acyltransferase (ACAT). 7. Development of a series of
substituted N-phenyl-N'-[(l-phenylcyclopentyl)-
methyl]ureas with enhanced hypocholesterolemic
activity", Chemtracts: Org. Chem., 8(6):359-362
(1995), or TS-962 (Taisho Pharmaceutical Co. Ltd), as
well as F-1394, CS-505, F-1251 1, HL-004, K-10085 and
YIC-C8-434. [0087] The hypolipidemic agent may be an
upregulator of LDL receptor activity such as MD-700
(Taisho Pharmaceutical Co. Ltd) and LY295427 (Eli
Lilly). The hypolipidemic agent may be a cholesterol
absorption inhibitor preferably Schering- Plough's
SCH48461 (ezetimibe) as well as those disclosed in
Atherosclerosis, 115:45-63 (1995) and J. Med. Chem.,
41:973 (1998). [0088] The other lipid agent or
lipid-modulating agent may be a cholesteryl transfer
protein inhibitor (CETP) such as Pfizer's CP-529,414
as well as those disclosed in WO/0038722 and in EP
818448 (Bayer) and EP 992496, and Pharmacia's SC-744
and SC-795, as well as CETi-I and JTT-705. [0089] The
hypolipidemic agent may be an ileal NaVbile acid
co-transporter inhibitor such as disclosed in Drugs of
the Future, 24:425-430 (1999). The ATPcitrate lyase
inhibitor which may be employed in the combination of
the application may include, for example, those
disclosed in U.S. Patent No. 5,447,954. [0090] The
other lipid agent also includes a phytoestrogen
compound such as disclosed in WO 00/30665 including
isolated soy bean protein, soy protein concentrate or
soy flour as well as an isoflavone such as genistein,
daidzein, glycitein or equol, or phytosterols,
phytostanol or tocotrienol as disclosed in WO
2000/015201; a beta-lactam cholesterol absorption
inhibitor such as disclosed in EP 675714; an HDL
upregulator such as an LXR agonist, a PPAR a-agonist
and/or an FXR agonist; an LDL catabolism promoter such
as disclosed in EP 1022272; a sodium-proton exchange
inhibitor such as disclosed in DE 19622222; an
LDL-receptor inducer or a steroidal glycoside such as
disclosed in U.S. Patent No. 5,698,527 and GB 2304106;
an anti-oxidant such as beta-carotene, ascorbic acid,
a-tocopherol or retinol as disclosed in WO 94/15592 as
well as Vitamin C and an antihomocysteine agent such
as folic acid, a folate, Vitamin B6, Vitamin B12 and
Vitamin E; isoniazid as disclosed in WO 97/35576; a
cholesterol absorption inhibitor, an HMG-CoA synthase
inhibitor, or a lanosterol demethylase inhibitor as
disclosed in WO 97/48701; a PPAR d agonist for
treating dyslipidemia; or a sterol regulating element
binding protein-I (SREBP-I) as disclosed in WO
2000/050574, for example, a sphingolipid, such as
ceramide, or neutral sphingomyelenase (N-SMase) or
fragment thereof. Preferred hypolipidemic agents are
pravastatin, lovastatin, simvastatin, atorvastatin,
fluvastatin, pitavastatin and rosuvastatin, as well as
niacin and/or cholestagel. [0091] The compounds of the
present invention may also be employed in combination
with anti-hypertensive agents. Examples of suitable
anti-hypertensive agents for use in combination with
the compounds of the present application include beta
adrenergic blockers, calcium channel blockers (L-type
and/or T-type; e.g., diltiazem, verapamil, nifedipine,
amlodipine and mybefradil), diuretics (e.g.,
chlorothiazide, hydrochlorothiazide, flumethiazide,
hydroflumethiazide, bendroflumethiazide,
methylchlorothiazide, trichloromethiazide,
polythiazide, benzthiazide, ethacrynic acid
tricrynafen, chlorthalidone, furosemide, musolimine,
bumetanide, triamtrenene, amiloride, spironolactone),
renin inhibitors, ACE inhibitors (e.g., captopril,
zofenopril, fosinopril, enalapril, ceranopril,
cilazopril, delapril, pentopril, quinapril, ramipril,
lisinopril), AT-I receptor antagonists (e.g.,
losartan,irbesartan, valsartan), ET receptor
antagonists (e.g., sitaxsentan, atrsentan and
compounds disclosed in U.S. Patent Nos. 5,612,359 and
6,043,265), Dual ET/AII antagonist (e.g., compounds
disclosed in WO 00/01389), neutral endopeptidase (NEP)
inhibitors, vasopepsidase inhibitors (dual NEP-ACE
inhibitors) (e.g., omapatrilat and gemopatrilat), and
nitrates. [0092] MCHRl antagonists could also be
useful in treating other diseases associated with
obesity, including sleep disorders. Therefore, the
compounds described in the present application could
be used in combination with therapeutics for treating
sleep disorders. Examples of suitable therapies for
treatment of sleeping disorders for use in combination
with the compounds of the present application 



include melatonin analogs, melatonin receptor
antagonists, ML 1 B agonists, GABA receptor
modulators; NMDA receptor modulators, histamine-3 (H3)
receptor modulators, dopamine agonists and orexin
receptor modulators. [0093] MCHRl antagonists may
reduce or ameliorate substance abuse or addictive
disorders. Therefore, combination of cannabinoid
receptor modulators with agents used to treat
addictive disorders may reduce the dose requirement or
improve the efficacy of current addictive disorder
therapeutics. Examples of agents used to treat
substance abuse or addictive disorders are: selective
serotonin reuptake inhibitors (SSRI), methadone,
buprenorphine, nicotine and bupropion. [0094] MCHRl
antagonists may reduce anxiety or depression;
therefore, the compounds described in this application
may be used in combination with ant i anxiety agents
or antidepressants. Examples of suitable anti-anxiety
agents for use in combination with the compounds of
the present application include benzodiazepines (e.g.,
diazepam, lorazepam, oxazepam, alprazolam,
chlordiazepoxide, clonazepam, chlorazepate, halazepam
and prazepam), 5HT1A receptor agonists (e.g.,
buspirone, flesinoxan, gepirone and ipsapirone), and
corticotropin releasing factor (CRF) antagonists.
[0095] Examples of suitable classes of
anti-depressants for use in combination with the
compounds of the present application include
norepinephrine reuptake inhibitors (tertiary and
secondary amine tricyclics), selective serotonin
reuptake inhibitors (SSRIs) (fluoxetine, fluvoxamine,
paroxetine and sertraline), monoamine oxidase
inhibitors (MAOIs) (isocarboxazid, phenelzine,
tranylcypromine, selegiline),reversible inhibitors of
monoamine oxidase (RIMAs) (moclobemide), serotonin and
norepinephrine reuptake inhibitors (SNRIs)
(venlafaxine), corticotropin releasing factor (CRF)
receptor antagonists, alpha-adrenoreceptor
antagonists, and atypical antidepressants (bupropion,
lithium, nefazodone, trazodone and viloxazine). [0096]
The combination of a conventional antipsychotic drug
with a MCHRl antagonist could also enhance symptom
reduction in the treatment of psychosis or mania.
Further, such a combination could enable rapid symptom
reduction, reducing the need for chronic treatment
with antipsychotic agents. Such a combination could
also reduce the effective antipsychotic dose
requirement, resulting in reduced probability of
developing the motor dysfunction typical of chronic
antipsychotic treatment. [0097] Examples of suitable
antipsychotic agents for use in combination with the
compounds of the present application include the
phenothiazine (chlorpromazine, mesoridazine,
thioridazine, acetophenazine, fluphenazine,
perphenazine and trifluoperazine), thioxanthine
(chlorprothixene, thiothixene), heterocyclic
dibenzazepine (clozapine, olanzepine and
aripiprazole), butyrophenone (haloperidol),
diphenylbutylpiperidine (pimozide) and indolone
(molindolone) classes of antipsychotic agents. Other
antipsychotic agents with potential therapeutic value
in combination with the compounds in the present
application include loxapine, sulpiride and
risperidone. [0098] Combination of the compounds in
the present application with conventional
antipsychotic drugs could also provide an enhanced
therapeutic effect for the treatment of schizophrenic
disorders, as described above for manic disorders. As
used here, schizophrenic disorders include paranoid,
disorganized, catatonic, undifferentiated and residual
schizophrenia, schizophreniform disorder,
schizoaffective disorder, delusional disorder, brief
psychotic disorder and psychotic disorder not
specified. Examples of suitable antipsychotic drugs
for combination with the compounds in the present
application include the antipsychotics mentioned
above, as well as dopamine receptor antagonists,
muscarinic receptor agonists, 5HT2A receptor
antagonists and 5HT2A/dopamine receptor antagonists or
partial agonists (e.g., olanzepine, aripiprazole,
risperidone, ziprasidone).DOSAGE FORMS [0099] The
compounds of the present invention can be administered
in oral dosage form The dosage form for said
pharmaceutical composition includes such oral dosage
forms as granules, powders, tablets, capsules, syrups,
emulsions, suspensions, etc. and such non-oral dosage
forms as injections (e.g., subcutaneous, intravenous,
intramuscular and intraperitoneal injections), drip
infusions, external application forms (e.g., nasal
spray preparations, transdermal preparations,
ointments, etc.), and suppositories (e.g., rectal and
vaginal suppositories). [00100] These dosage forms can
be manufactured by the per se known technique
conventionally used in pharmaceutical procedures. The
specific manufacturing procedures are as follows. 



[00101] To manufacture an oral dosage form, an
excipient (e.g., lactose, sucrose, starch, mannitol,
etc.), a disintegrator (e.g., calcium carbonate,
carboxymethylcellulose calcium, etc.), a binder (e.g.,
a-starch, gum arabic, carboxymethylcellulose,
polyvinylpyrrolidone, hydroxypropylcellulose, etc.),
and a lubricant (e.g., talc, magnesium stearate,
polyethylene glycol 6000, etc.), for instance, are
added to the active component or components and the
resulting composition is compressed. Where necessary,
the compressed product is coated, by the per se known
technique, for masking the taste or for enteric
dissolution or sustained release. The coating material
that can be used includes, for instance,
ethylcellulose, hydroxymethylcellulose,
polyoxyethylene glycol, cellulose acetate phthalate,
hydroxypropylmethylcellulose phthalate, and Eudragit
(Rohm & Haas, Germany, methacrylic-acrylic copolymer).
[00102] Injections can be manufactured typically by
the following procedure. The active component or
components are dissolved, suspended or emulsified in
an aqueous vehicle (e.g., distilled water,
physiological saline, Ringer's solution, etc.) or an
oily vehicle (e.g., vegetable oil such as olive oil,
sesame oil, cottonseed oil, corn oil, etc. or
propylene glycol) together with a dispersant, e.g.,
Tween 80 (Atlas Powder, U.S.A.), HCO 60 (Nikko
Chemicals), polyethylene glycol,
carboxymethylcellulose, sodium alginate, etc.), a
preservative (e.g., methyl phydroxybenzoate, propyl
p-hydroxybenzoate, benzyl alcohol, chlorobutanol,
phenol, etc.), an isotonizing agent (e.g., sodium
chloride, glycerol, sorbitol, glucose, invertedsugar,
etc.) and other additives. If desired, a solubilizer
(e.g., sodium salicylate, sodium acetate, etc.), a
stabilizer (e.g., human serum albumin), a soothing
agent (e.g., benzalkonium chloride, procaine
hydrochloride, etc.) and other additives can also be
added. [00103] A dosage form for external application
can be manufactured by processing the active component
or components into a solid, semi-solid or liquid
composition. To manufacture a solid composition, for
instance, the active component or components, either
as they are or in admixture with an excipient (e.g.,
lactose, mannitol, starch, microcrystalline cellulose,
sucrose, etc.), a thickener (e.g., natural gums,
cellulose derivatives, acrylic polymers, etc.), etc.,
are processed into powders. The liquid composition can
be manufactured in substantially the same manner as
the injections mentioned above. The semi-solid
composition is preferably provided in a hydrous or
oily gel form or an ointment form. These compositions
may optionally contain a pH control agent (e.g.,
carbonic acid, phosphoric acid, citric acid,
hydrochloric acid, sodium hydroxide, etc.), and a
preservative (e.g., phydroxybenzoic acid esters,
chlorobutanol, benzalkonium chloride, etc.), among
other additives. [00104] Suppositories can be
manufactured by processing the active component or
components into an oily or aqueous composition,
whether solid, semi-solid or liquid. The oleaginous
base that can be used includes, for instance, higher
fatty acid glycerides [e.g., cacao butter, Witepsols
(Dinamit-Nobel), etc.], medium-chain fatty acids
[e.g., Migriols (Dinamit-Nobel), etc.], vegetable oils
(e.g., sesame oil, soybean oil, cotton-seed oil,
etc.), etc. The water-soluble base includes, for
instance, polyethylene glycols propylene glycol, etc.
The hydrophilic base includes, for instance, natural
gums, cellulose derivatives, vinyl polymers, and
acrylic polymers, etc. DOSAGES [00105] The dosage of
the pharmaceutical composition of the present
invention may be appropriately determined with
reference to the dosages recommended for the
respective active components and can be selected
appropriately according to the recipient, the
recipient's age and body weight, current clinical
status, administrationtime, dosage form, method of
administration, and combination of the active
components, among other factors. For example, the
dosage of the compound of Formula I of the invention
for a human adult can be selected from the clinical
oral dose range of 0.01 to 30 mg/kg body weight
(preferably 0.05 to 10 mg/kg body weight, more
preferably 0.05 to 5 mg/kg body weight) or the
clinical parenteral dose range of 0.005 to 10 mg/kg
body weight (preferably 0.01 to 10 mg/kg body weight,
more preferably 0.01 to 1 mg/kg body weight) or 1 to
1000 mg/day. The other active component or components
having different modes of action for use in
combination can also be used in dose ranges selected
by referring to the respective recommended clinical
dose ranges. Administration is generally carried out
in a single dose/day or in divided doses, for example,
2 to 4 times a day. ABBREVIATIONS 



[00106] The following abbreviations may be employed
herein: Ph = phenyl Bn = benzyl t-Bu =tertiary butyl
Me = methyl Et = ethyl TMS = trimethylsilyl TBS =
tert-butyldimethylsilyl Et2O = diethyl ether EtOAc =
ethyl acetate MeOH = methanol EtOH = ethanol i-PrOH =
isopropanol HOAc or AcOH = acetic acid 1-Pr NEt =
diisopropylethylamine Et3N = triethylamine DMAP =
4-dimethylaminopyridine NaBH4 = sodium borohydride
n-BuLi = n-butyllithiumPd/C = palladium on carbon KOH
= potassium hydroxide NaOH = sodium hydroxide LiOH =
lithium hydroxide K2CO3 = potassium carbonate NaHCq 3=
sodium bicarbonate Ar = argon N2 = nitrogen min =
minute(s) h or hr = hour(s) L = liter mL = milliliter
mL = microliter g = gram(s) mg = milligram(s) mol =
moles mmol = millimole(s) meq = milliequivalent RT =
room temperature sat or sat'd = saturated aq. =
aqueous TLC = thin layer chromatography HPLC = high
performance liquid chromatography LC/MS = high
performance liquid chromatography/mass spectrometry MS
or Mass Spec = mass spectrometry NMR = nuclear
magnetic resonance mp = melting point EXAMPLES [00107]
The following examples are provided to illustrate
various preferred embodiments of the invention, and
should not be construed as limiting the scope
thereof.GENERAL EXPERIMENTAL INFORMATION SECTION
[00108] In the following examples, nomenclature
conforms to either IUPAC or CAS guidelines; was
generated using (or is consistent with) the Autonom(r)
module (version 2.1) distributed with ChemDraw Ultra
6.0(r); or are taken from vendor literature. brine =
saturated aqueous sodium chloride DIC =
diisopropylcarbodiimide DMF = N,N-dimethylformamide
HOBT = Hydroxybenzotriazole PyBOP =
benzotriazo-1-yl-oxy-trispyrrolidinophosphonium
hexafluoroborate TFA = trifluoroacetic acid THF =
tetrahydrofuranyl WSC =
l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride Analytical Chromatography Methods 



[00109] HPLC: column: Method 1: Phenom-Luna (ODS) S-5,
4.6 mm x 50 mm; flow-5.0 mL/min.; detection at 220 nm;
solvent- A = 10% methanoI/water + 0.2% phosphoric
acid, B = 90% methanol/water + 0.2% phosphoric acid;
gradient-linear, 0% B to 100% B over 4 min and 100% B
for 1 min. Method 2: YMC Combiscreen S-5, 4.6 mm x 50
mm; flow-4.0 mL/min.; detection at 220 nm; solvent- A
= 10% methanol/water + 0.2% phosphoric acid, B = 90%
methanol/water + 0.2% phosphoric acid;
gradient-linear, 0% B to 100% B over 4 min and 100% B
for 1 min. LC MS: column-Phen-Luna (S5 ODS column) 4.6
mm x 30 mm; detection at 220 nm; flow-4 mL/min;
solvent- A = 10% methanol/water + 0.1% TFA, B = 90%
methanol/water + 0.1% TFA; linear gradient, 0% B to
100% B over 2 min and 100% B for 1 min. Preparative
HPLC Chromatography Method[00110] Phenomenex Luna C18,
S5, 2 1 x 100 mm; flow-20 mL/min, detection at 220 nm;
solvent- A = 10% methanol/water + 0.1% TFA, B = 90%
methanol/water + 0.1% TFA; gradient-linear, 10% B to
90% B over 20 min. General Experimental Procedures for
Preparation of 3-(Arylthio)-l-(aryl)pyrazin-2(lH)-one
Preparation of 1-Aryl pyrazine-2,3(lH,4H)-dione Part A
[00111] Ethyl oxalyl chloride (7.8 g, 6.8 mL, 57 mmol)
was added to a mixture of 3,4-dimethoxyaniline (4.4 g,
29 mmol) and K2CO3 (14 g, 140 mmol) in EtOAc (44 mL)
and water (12 mL) at 00C. After stirring at 00C for 10
min, water (18 mL) was added; whereupon the mixture
was transferred to a separatory funnel and extracted
with EtOAc (2 x 40 mL). The combined EtOAc were
filtered through Na2SO4 and evaporated to about 30 mL.
After addition of 2,2-dimethoxyethylamine (3.8 g, 3.9
mL, 36 mmol), the reaction was stirred at ambient
temperature overnight. The resultant white solid was
filtered and then washed with hexane to afford Nl
-(2,2-
dimethoxyethyl)-N2-(3,4-dimethoxyphenyl)oxalamide as a
light purple-grey solid (6.3 g, 71% yield). HPLC 33%
2.47 min and 63% at 2.79 min. LC MS 1.37 min (M+1 =
281 and 335). H-NMR (CDCl3) 9.15 (broad s, IH), 7.76
(broad s, IH), 7.41 (d, J = 2.4 Hz, IH), 7.06 (dd, J =
2.4, 8.7 Hz, IH), 6.85 (d, J = 8.7 Hz, IH), 4.45 (t, J
= 5.5 Hz, IH), 3.90 (s, 3H), 3.88 (s, 3H), 3.52 (t, J
= 5.5 Hz, 2H), 3.42 (s, 6 H). Part B[00112] After
addition of trifluoroacetic acid (0.12 mL, 1.7 mmol)
to a mixture of the aryl oxalamide prepared in Part A
(0.50 g, 1.6 mmol) in acetic acid (1.0 mL), the
resulting solution was heated to 125C for 20 min using
a microwave. Following evaporation of the solvent, the
residue was triturated with EtOAc to afford l-(3,4-
dimethoxyphenyl)pyrazine-2,3(lH,4H)-dione as a white
solid (1.1 g, 92% yield). HPLC 1.83 min. LC MS 1.20
min (M+l = 249). H-NMR (CD3OD) 7.06 (m, 2H), 6.97 (m,
IH), 6.56 (d, J = 5.7 Hz, IH), 6.45 (d, J = 5.7 Hz,
IH), 3.89 (s, 3H), 3.85 (s, 3H). Preparation of
Desired Substituted 3-thio-l-aryl-pyrazin-2(lH)-one
Method 1 Part C [00113] Thionyl chloride (0.28 g, 0.17
mL, 2.4 mmol) was slowly added to a stirred solution
of the 1-aryl pyrazine-2,3(lH,4H)-dione prepared in
Part B (0.54 g, 2.2 mmol) in EtOAc (0.88 mL) and DMF
(0.44 mL) at 45C. After stirring at 55 to 600C for 2
h, the reaction was transferred to a separatory
funnel, diluted with EtOAc and 2N KHCO3 and extracted
with EtOAc (2 x). The combined organic layers were
washed with 2N KHCO3 and water; whereupon, the
combined aqueous layers were extracted with CH2CI2.
All of the organic layers were combined prior to
drying over MgSO4 to afford
3-chloro-l-(3,4-dimethoxyphenyl)pyrazin-2(lH)-one
(0.34 g, 59% yield). HPLC 2.33 min. LC MS 1.00 min
(M+l = 267/269). The chloropyrazinone was used in the
subsequent steps without further purification.Part D
[00114] 4-Chlorobenzylmercaptan (71 mg, 0.059 mL, 0.45
mmol) was added to a stirred THF (1.0 mL) suspension
of sodium hydride (60% oil dispersion, 18 mg, 0.45
mmol), that had been previously washed with hexane 3x.
The reaction was stirred at ambient temperature for 20
min until it became a solid mass; whereupon, the
chloropyrazinone prepared in Part C (100 mg, 0.38
mmol) in THF (5 mL) was added resulting in gas
evolution. After stirring at ambient temperature for
40 min, the reaction was diluted with CH2CI2/H2O,
extracted with CH2CI2 (2 x) and dried over MgSO to
afford 220 mg of crude product after evaporation of
the solvent. The 



desired was purified by chromatography on silica gel
(12 g) employing gradient elution (0 - 100%
EtOAc/hexane over 12 min) to elute the desired 3-(4-
chlorobenzylthio)-l-(3,4-dimethoxyphenyl)pyrazin-2(lH)
-one (130 mg, 89% yield). Method 2 [00115] A solution
of the 1-aryl pyrazine-2,3(lH,4H)-dione prepared in
Part B (67 mg, 0.27 mmol), diisopropylethyl amine
(0.15 mL, 0.81 mmol), pyBOP (0.23 g, 0.46 mmol), and
dimethylaminopyridine (13 mg) in DMF (1.2 mL) was
stirred at ambient temperature for 15 min. After
addition of 2-pyridylethyl mercaptan (28 mg, 0.40
mmol), the reaction was stirred at ambient temperature
for 2.5 h prior to quenching by addition OfH2O and
extraction with EtOAc. The EtOAc extracts were washed
with water (2 x), brine, dried over MgSO and
concentrated to yield 204 mg of crude product.
Chromatography on silica employing a gradient elution
with hexane/EtOAc afforded the desired product
l-(3,4-dimethoxyphenyl)-3-(2-(pyrazin-2-
yl)ethylthio)pyrazin-2(lH)-one (17 mg, 17% yield).
Method 2a [00116] The same procedure was employed as
that described in Method 2 except that the reaction
was run for 18 hr.Method 3 [00117] Following
preparation of the oxalamide as described in Part A,
ring closure can be effected by prolonged thermal
heating in TFA/HOAc at 78C for Id. In the case of
3-methoxy-4-(2-(pyrrolidin-l-yl)ethoxy)aniline which
contained a basic amine, the reaction was brought to
pH 6 to 7 with saturated NaHCq 3 and then evaporated
in vacuo. The residue was absorbed on silica gel and
purified by flash chromatography (5 to 15% 2N NH3 in
MeOH/CH2Cl2) to afford the desired 1-aryl
pyrazine-2,3(lH,4H)-dione in 36% yield. This material
was subsequently converted to final product following
the procedure described in Method 2. Method 4 [00118]
If the oxalamide as described in Part A contained a
primary or secondary alcohol, prolonged thermal
heating in TFA/HOAc at 78C for 1 day not only effected
ring closure but also converted the alcohol moiety to
an acetate. The resulting 1-aryl
pyrazine-2,3(lH,4H)-dione was converted to the desired
3-thio substituted- 1- arylpyrazin-2-one employing
Method 1. Following workup and purification as
described in Method 1, the acetylated product was
converted to the desired 3-thio substituted-
l-arylpyrazin-2-one (19 mg, 0.041 mmol) bearing a free
hydroxyl by dissolution in MeOH (1.0 mL) and H2O (0.1
mL) and stirring at ambient temperature for Ih after
addition of potassium carbonate (30 mg). The reaction
was then diluted with CH2C 12/H2O prior to extraction
with CH2Cl2 (2 x). After drying the combined organic
layers over MgSO , concentration afforded the desired
final product (16 mg, 93% yield). Method 5 [00119] For
weakly nucleophilic thiols more forcing conditions
were required effect PyBOP mediated conversion of the
1-aryl pyrazine-2,3(lH,4H)-dione to a 3- thio
substituted- l-arylpyrazin-2-ones. Accordingly, a DMF
solution (0.4 mL) containing the 1-aryl
pyrazine-2,3(lH,4H)-dione prepared in Part B (92 mg,
0.30 mmol), PyBOP (0.27 g, 0.53 mmol) and
diisopropylethylamine (0.16 mL, 0.9 mmol) was stirred
for 3 h before addition of a DMF solution prepared by
stirring 5- methoxybenzo[d]thiazole-2-thiol (296 mg,
1.502 mmol) with NaH (60.1 mg, 1.502mmol, rinsed with
hexane 2x) in DMF (0.2 mL) at ambient temperature for
10 min. After stirring at ambient temperature for 7
days, the reaction mixture was diluted with EtOAc and
washed sequentially with water (2 x) and brine prior
to drying over MgSO . After evaporation of the
solvent, CH2CI2 (10 mL) was added to the 0.30 g of
crude product. Filtration to remove any residual
solids followed by evaporation of the filtrate
afforded 0.10 g crude product. Final purification
required flash chromatography on 12 g silica gel using
gradient elution (0 to 100% EtOAc/CH 2Cl2 ) followed
by preparatory HPLC (YMC S5 ODS 20x100 mm, 20 mL/min,
30 to 100% B in A over 10 min, .Solvent A = 10% MeOH/H
2O - 0.1% TFA, Solvent B = 90% MeOH/H 2O - 0.1% TFA)
to afford pure desired product ( 6.3 mg, 4% yield).
Method 6 General Experimental Procedures for
Preparation of l-(4-(2-Hydroxy-2-
methylpropoxy)-3-methylphenyl)-3-(4-(trifluoromethoxy)
phenylthio)pyrazin- 2(lH)-one Part A.
Nl-(2,2-Dimethoxyethyl)-N2-(4-methoxybenzyl)oxalamide
[00120] To a mixture of (4-methoxyphenyl)methanamine
(9.90 g, 72.2 mmol) in THF (40 mL) was slowly added
ethyl 2-chloro-2-oxoacetate (10.84 g, 79 mmol). 



After stirring the reaction at RT for 15 min, a
solution of 2,2-dimethoxyethanamine (9.10 g, 87 mmol)
and N,N-diisopropylethylamine (37.8 mL, 217 mmol) in
EtOAc (40.0 mL) was added. The reaction was heated at
reflux for 18 hours; whereupon, after cooling to RT,
saturated NaHC q 3 (50 ml) was added and the mixture
extracted with EtOAc (50 ml). The EtOAc layer was
dried over Na SO and concentrated. The crude product
was purified by silica gel chromatography employing a
solvent gradient (CH2Cl2 to 5 % MeOH/ CH2Cl2) to elute
Nl-(2,2-dimethoxyethyl)-N2-(4-methoxybenzyl)oxalamide
(7.50 g, 25.3 mmol, 35.1 % yield) as white solid. IH
NMR (400 MHz, chloroform-d) d ppm 9.07 ( 1 H, s), 7.69
( 1 H, t, J=5.65 Hz), 7.59 ( 1 H, d, J=8.78 Hz), 6.74
( 1 H, d, J=8.78 Hz), 4.46 ( 1 H, t, J=5.40 Hz), 3.79
(2 H, s), 3.53 (2 H, t), 3.44 (6 H, s), 2.23 (6 H, d,
J=5.27 Hz), 1.37 (6 H, s). Part B.
3-Hydroxy-l-(4-methoxybenzyl)pyrazin-2(lH)-one [00121]
A solution of
Nl-(2,2-dimethoxyethyl)-N2-(4-methoxybenzyl)oxalamide
(7.5 g, 25.3 mmol) and TFA (2.340 mL, 30.4 mmol) in
AcOH (160 mL) was stirred at 135C in a seal tube for
1.5 hours. After cooling to RT and removal of the
volatiles under vacuum, ethyl ether (150 ml) and sat.
aq. NaHC q 3 solution (150 ml) were added. The
resulting precipitate was collected by filtration,
washed with H2O (50 ml) and ether (50 ml) prior to
drying under high vacuum to yield 3-hydroxy- 1-(4-
methoxybenzyl)pyrazin-2(lH)-one (5.30 g, 21.68 mmol,
86 % yield) as brown solid. IH NMR (400 MHz, DMSO-d 6)
d ppm 11.17 ( 1 H, br. s.), 7.18 (2 H, d), 6.81 (2 H,
d), 6.46 ( 1 H, d, J=5.77 Hz), 6.23 ( 1 H, br. s.),
4.74 (2 H, s), 3.24 ( 1 H, s). Part C.
l-(4-Methoxybenzyl)-3-(4-(trifluoromethoxy)phenylthio)
pyrazin-2(lH)- [00122] A mixture of 3-hydroxy-
l-(4-methoxybenzyl)pyrazin-2(lH)-one (2.0 g, 8.61
mmol), PyBOP (7.84 g, 15.07 mmol) and
N,N-diisopropylethylamine (4.51 mL, 25.8 mmol) in DMF
(40 mL) was stirred at RT under N2 for 3 hours
whereupon 4- (trifluoromethoxy)benzenethiol (2.007 g,
10.33 mmol) was added. After having stirred for 18
additional hours, the reaction was diluted with
saturated aq. NaHC q 3 (65 ml) and was then extracted
with EtOAc (60 ml). The EtOAc layer was dried over
Na2SO and concentrated. The crude product was purified
by silica gel chromatography employing a solvent
gradient (hexane to 75 % EtOAc/hexane) to elute
l-(4-methoxybenzyl)-3-(4-(trifluoromethoxy)phenylthio)
pyrazin-2(lH)-one(2.76 g, 6.42 mmol, 74.6 % yield) as
white solid. IH NMR (400 MHz, chloroform-d) d ppm 7.58
(2 H, d, J=8.78 Hz), 7.21 - 7.35 (4 H, m), 7.02 ( 1 H,
d, J=4.52 Hz), 6.90 (2 H, d, J=8.78 Hz), 6.85 ( 1 H,
d, J=4.27 Hz), 5.03 (2 H, s), 3.81 (3 H, s). Part D.
3-(4-(Trifluoromethoxy)phenylthio)pyrazin-2(lH)-one
[00123] A solution of
l-(4-methoxybenzyl)-3-(4-(trifluoromethoxy)phenylthio)
- pyrazin-2(lH)-one (2.76 g, 6.76 mmol) in TFA (25 mL)
was stirred at reflux for 2 days. Since LC-MS analysis
revealed that 28 % SM remained, the reaction was
stirred for 7 days. After removal of the TFA under
vacuum, the crude product was purified by silica gel
chromatography employing a solvent gradient (hexane to
100 % EtOAc to elute
3-(4-(trifluoromethoxy)phenylthio)pyrazin-2(lH)-one
(1.60 g, 5.27 mmol, 78 % yield) as off-white solid. IH
NMR (400 MHz, chloroform-d) d ppm 7.61 (2 H, d, J=9.03
Hz), 7.29 (2 H, d, J=7.78 Hz), 7.24 ( 1 H, d, J=4.02
Hz), 7.07 ( 1 H, d). Part E.
l-(4-(2-Hydroxy-2-methylpropoxy)-3-methylphenyl)-3-(4-
(trifluoromethoxy)phenylthio)pyrazin-2(lH)-one [00124]
A mixture of
3-(4-(trifluoromethoxy)phenylthio)pyrazin-2(lH)-one
(100 mg, 0.347 mmol),
l-(4-bromo-2-methylphenoxy)-2-methylpropan-2-ol (90
mg, 0.347 mmol), N l,N2-dimethyl ethane- 1,2-diamine
(92 mg, 1.041 mmol), copper(I) iodide (19.82 mg, 0.104
mmol) and K3PO4 (221 mg, 1.041 mmol) in dioxane (1.0
mL) was stirred at 1150C in a sealed tube for 2 hours.
After removal of the precipitate by filtration, the
filtrate was concentrated. The crude product was
purified by silica gel chromatography employing a
solvent gradient (hexane to 100 % EtOAc) to elute 1-
(4-(2-hydroxy -2-methylpropoxy)-3-methylphenyl)-3-(4-
(trifluoromethoxy)phenylthio)-pyrazin-2(lH)-one (18.65
mg, 0.040 mmol, 11.52 % yield) as off-white solid. IH
NMR (500 MHz, methanol-d 3) d ppm 7.62 - 7.68 (2 H,m),
7.37 (2 H, d, J=7.97 Hz), 7.21 - 7.28 (3 H, m), 7.16 (
1 H, d, J=4.40 Hz), 7.02 ( 1 H, d, J=8.25 Hz), 3.84 (2
H, s), 2.31 (3 H, s), 1.36 (6 H, s). Method 7 General
Experimental Procedures for Preparation of
3-(4-Chlorophenethoxy)-l-
(4-(2-hydroxy-2-methylpropoxy)phenyl)pyrazin-2(lH)-one
Part A. 2-(4-Chlorophenethoxy)-3-methoxypyrazine
NaHMDS, THF [00125] To a mixture of
2-(4-chlorophenyl)ethanol (1.246 g, 7.96 mmol) in THF
was added 1.0 M sodium bis(trimethylsilyl)amide in THF
(6.92 mL, 6.92 mmol). After stirring at RT under
nitrogen for 18 hours, the reaction was diluted with a



solution of saturated NaHCq 3 (65 ml) and extracted
with EtOAc 720 ml). The ethyl acetate layer was dried
over Na2SO and concentrated. The crude product was
purified by silica gel chromatography employing a
solvent gradient (hexane to 30 % ethyl acetate) to
elute 2-(4-chlorophenethoxy)-3-methoxypyrazine (1.25
g, 4.72 mmol, 68.3 % yield) as clear oil. IH NMR (500
MHz, CDCl3) d ppm 7.61 - 7.64 ( 1 H, m), 7.59 - 7.61 (
1 H, m), 7.26 - 7.30 (2 H, m), 7.20 - 7.24 (2 H, m),
7.15 ( 1 H, d, J=8.52 Hz), 4.49 - 4.63 (2 H, m), 4.02
(3 H, s), 3. 12 (2 H, t, J=7.29 Hz). Part B.
3-(4-Chlorophenethoxy)pyrazin-2(lH)-one NaHCO3, DMA,
135C [00126] A mixture of benzo[d]thiazole-2-thiol
(1.264 g, 7.56 mmol), 2-(4-
chlorophenethoxy)-3-methoxypyrazine (1.00 g, 3.78
mmol) and NaHCO (1.587 g, 18.89 mmol) in DMA (10 mL)
was stirred at 135C for 6 hours. After cooling to
RT,the mixture was diluted with a solution of
saturated NaHCO (55 ml) and was then extracted with
EtOAc (60 ml). The EtOAc layer was dried over Na2SO
and concentrated. The crude product was purified by
silica gel chromatography employing a solvent gradient
(hexane to 100 % EtOAc) to elute 3-(4-
chlorophenethoxy)pyrazin-2(lH)-one (477 mg, 1.808
mmol, 47.9 % yield) as offwhite solid. IH NMR (400
MHz, chloroform-d) d ppm 7.27 - 7.3 1 (2 H, m), 7.19 -
7.25 (2 H, m), 6.95 ( 1 H, d, J=4.27 Hz), 6.89 ( 1 H,
d, J=4.52 Hz), 4.54 (2 H, t, J=7.53 Hz), 3.14 (2 H, t,
J=7.40 Hz). Part C.
3-(4-Chlorophenethoxy)-l-(4-(2-hydroxy-2-
methylpropoxy)phenyl)pyrazin-2(lH)-one [00127] A
mixture of 3-(4-chlorophenethoxy)pyrazin-2(lH)-one (25
mg, 0.100 mmol), K3PO4 (63.5 mg, 0.299 mmol), copper
(1) iodide (18.99 mg, 0.100 mmol), 1-
(4-bromophenoxy)-2-methylpropan-2-ol and
N,N'-dimethylethylenediamine (0.032 mL, 0.299 mmol) in
dioxane (1.0 mL) was stirred at 110 0C for 60 min.
After removal of the precipitate by filtration, the
filtrate was concentrated. The crude product was
purified by silica gel chromatography employing a
solvent gradient (CH2Cl2 to 10 % MeOH/ CH2Cl2) to
elute 3-(4-chlorophenethoxy)-l-(4-(2-hydroxy-
2-methylpropoxy)phenyl)pyrazin-2(lH)-one (31.82 mg,
0.073 mmol, 73.1 % yield) as white solid. IH NMR (500
MHz, chloroform-d) d ppm 7.32 (2 H, d), 7.23 - 7.29 (4
H, m), 7.02 (2 H, d), 6.84 (2 H, s), 4.51 (2 H, t,
J=7.29 Hz), 3.83 (2 H, s), 3.13 (2 H, t, J=7.15 Hz),
1.36 (6 H, s).TABLE 1 3-Thio
substituted-l-arylpyrazin-2(lH)-onesGLP-I-Fc FUSION
PROTEIN FORMULATION FIELD OF THE INVENTION The present
invention relates to a commercial formulation of a
glucagon-like peptide analog fused to an Fc portion of
an immunoglobulin. This formulation can be used to
treat diabetes and obesity as well as a variety of
other conditions or disorders. BACKGROUND OF THE
INVENTION Glucagon-like peptide- 1 (GLP-I) analogs and
derivatives show promise in clinical trials for the
treatment of type 2 diabetes. GLP-I induces numerous
biological effects such as stimulating insulin
secretion, inhibiting glucagon secretion, inhibiting
gastric emptying, inhibiting gastric motility or
intestinal motility, and inducing weight loss. A
significant characteristic of GLP-I is its ability to
stimulate insulin secretion without the associated
risk of hypoglycemia that is seen when using insulin
therapy or some types of oral therapies that act by
increasing insulin expression. The usefulness of
therapy involving GLP-I peptides has been limited by
the fact that GLP- 1(1 -37) is poorly active, and the
two naturally occurring truncated peptides, GLP-I
(7-37)OH and GLP-I (7-3 6)NFL;, are rapidly cleared in
vivo and have extremely short in vivo half lives. It
is known that endogenously produced
dipeptidyl-peptidase IV (DPP-IV) inactivates
circulating GLP-I peptides by removing the N-terminal
histidine and alanine residues and is a major reason
for the short in vivo half-life. Various approaches
have been undertaken to extend the elimination
half-life of a GLP- 1 peptide or reduce clearance of
the peptide from the body while maintaining biological
activity. One approach involves fusing a GLP-I peptide
to the Fc portion of an immunoglobulin.
Immunoglobulins typically have long circulating
half-lives in vivo. For example, IgG molecules can
have a half-life in humans of up to 23 days. The Fc
portion of the immunoglobulin is responsible, in part,
for this in vivo stability. GLP-IFc fusion proteins
take advantage of the stability provided by the Fc
portion of an immunoglobulin while preserving the
biological activity of the GLP-I molecule. Although
this approach is feasible for GLP-I therapeutics (See
WO 02/46227), there is a general concern regarding the
antigenicity of various fusion proteins when
administered repeatedly over prolonged periods of
time. This is especially a concern forGLP-I-Fc fusion
therapeutics as a patient with diabetes must be
treated for her entire life 



once diagnosed with the disease. In addition, Fc
fusion protein therapeutics can be a concern if the Fc
portion retains unwanted effector functions. This
approach is the focus of PCT/US 04/15595
(WO2005/000892), in which problems associated with the
potential immunogenicity and effector activity
associated with administration of GLP-I-Fc fusion
proteins are overcome by identifying specific GLP-I-Fc
fusion proteins that have a reduced risk of inducing
an immune response after repeated and prolonged
administration and no longer have effector function.
The fusion proteins of this nature are technically too
large and complex to produce synthetically or
recombinantly in bacterial cells. These fusion
proteins are typically produced in mammalian cells,
such as CHO, 293, or NSO. It was observed that the
fusion proteins produced in mammalian cells where more
readily susceptible to degradation by endogenous
proteases and chemical alteration than non-fusion
proteins produced in bacterial cells. This problem was
sought to be overcome in PCT/US 2005/045376
(WO2006/0689 10) wherein it was discovered that a
formulation comprising a GLP- 1-Fc fusion protein
buffered between about pH 6 and about pH 8.5 provided
increased chemical stability. Yet, even when the
instabilities caused by host cell proteases are held
in check, the formulation may not be suitable if it is
physically unstable. Another problem observed by the
present inventor is the formation of soluble
aggregates and insoluble particles upon long term
storage of a solution formulation. This problem is
sought to be overcome by a specific combination of
excipients and a specific concentration of a GLP- 1-Fc
fusion protein. SUMMARY OF THE INVENTION In order to
overcome the problem of soluble aggregates and
insoluble particles upon long term storage of a
solution formulation of a GLP- 1-Fc fusion protein,
the present inventor has developed a physically and
chemically stable solution formulation comprising
about 0.5 to about 10 mg/mL of a GLP-I-Fc fusion
protein, 5 to 20 mM citrate buffer, 0.01 to 0.05%
(w/v) polysorbate-80, and 4.0 to 5.3% (w/v) mannitol,
and having a pH of 6-7. This formulation provided
unexpectedly and considerably less soluble aggregates
and insoluble particles upon long term storage. In
addition, thepresent inventor discovered that this
solution formulation is more stable in a syringe than
in a vial after prolonged shelf storage. The present
invention also includes methods of treating patients
suffering from diabetes and obesity as well as a
variety of other conditions or disorders comprising
administering the formulation of the GLP- 1-Fc fusion
protein. DETAILED DESCRIPTION OF THE INVENTION The
GLP-I-Fc fusion protein of the present invention
comprises a GLP-I compound fused at its C-terminus via
a peptide linker to the N-terminus of an analog of an
Fc portion of an immunoglobulin. The fusion protein is
biologically active as a monomer or as a homodimer and
has an increased half-life compared to native GLP- 1.
The preferred GLP-I-Fc fusion protein comprises the
amino acid sequence given by (SEQ ID NO: 1). The more
preferred GLP-I-Fc fusion protein consists essentially
of the amino acid sequence given by (SEQ ID NO: 1).
The most preferred GLP-I-Fc fusion protein consists of
the amino acid sequence given by (SEQ ID NO: 1).
His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Glu-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-
Val-Lys-Gly-Gly-Gly-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-
Gly-Ser-Gly-Gly-Gly-Gly-Ser-Ala-Glu-Ser-Lys-Tyr-Gly-
PrO-PrO-CyS 55-PrO-PrO-CyS
58-PrO-AIa-PrO-GIu-AIa-AIa-GIy-
Gly-Pro-Ser-Val-Phe-Leu-Phe-Pro-Pro-Lys-Pro-Lys-Asp-
Thr-Leu-Met-Ile-Ser-Arg-Thr-Pro-Glu-Val-Thr-Cysgo-Val-
Val-Val-Asp-Val-Ser-Gln-Glu-Asp-Pro-Glu-Val-Gln-Phe-
Asn-Trp-Tyr-Val-Asp-Gl y-Val-Glu- VaI-Hi s-Asn-Ala-Lys
- Thr-Ly s - Pro- Arg -GIu -GIu -GIn- Phe-Asn- Ser-
Thr-Tyr-Arg - VaI -VaI -Ser- VaI -Leu-Thr- VaI -Leu
-His -GIn- Asp -Trp -Leu- Asn -GIy- Lys -GIu- Tyr- Ly
S-CySi 50 -Lys- VaI -Ser- Asn-Lys -GIy-
Leu-Pro-Ser-Ser-Ile-Glu-Lys -Thr-Ile-Ser-Lys-Ala-Lys-
Gly-Gln -Pro -Arg -GIu -Pro -GIn -VaI -Tyr- Thr- Leu
-Pro -Pro - Ser -GIn -GIu -GIu -Met- Thr-Lys -Asn -GIn
-VaI -Ser -Leu-Thr - Cysi 96 -Leu -VaI -Lys- GIy- Phe-
Tyr -Pro -Ser -Asp - I I e -Ala -VaIGIu -Trp -GIu- Ser
-Asn -Gly-Gln -Pro -GIu -Asn-Asn-Tyr-Lys-AThr -Thr-
Pro -Pro -VaI -Leu -Asp- Ser- Asp -GIy- Ser-Phe-Phe -
Leu-Tyr-Ser-Arg-Leu-Thr-Val -Asp-Lys-Ser-Arg-Trp-Gln- 



Glu-Gly-Asn- VaI- Phe-Ser-Cys 254 -Ser- VaI -Met -His
-Glu-Ala- Leu-His-Asn-His-Tyr-Thr-Gln-Lys
-Ser-Leu-Ser- Leu-Ser-Leu-Gly (SEQ ID NO:1) Disulfide
linkages can exist intra-chain (on either chain - A or
B) and/or inter chain (between both chains - A and B).
Examples of intra chain disulfide linkages are: Cys90A
- Cysl50A, Cysl96A - Cys254A, Cys90B - Cysl50B,
Cysl96B - Cys254B. Examples of inter-chain disulfide
linkages are: Cys55A - Cys55B, Cys58A - Cys58B.
Biological activity refers to the ability of the
fusion protein to bind to and activate the GLP-I
receptor in vivo and elicit a response. Responses
include, but are not limited to, secretion of insulin,
suppression of glucagon, inhibition of appetite,
weight loss, induction of satiety, inhibition of
apoptosis, induction of pancreatic beta cell
proliferation, and differentiation of pancreatic beta
cells. The GLP-I-Fc fusion protein formulation
comprises about 0.25 to about 10 mg/ml of a GLP-I-Fc
fusion protein. The preferred concentration of the
fusion protein, in mg/mL, is in the range of about 0.5
to 10, 0.5 to 5, 0.5 to 2.5, 0.5 to 2, 0.5 to 1.67,
0.5 to 1.5, 0.5 to 1.25, 0.5 to 1, 0.5 to 0.9, 0.5 to
0.8, 0.5 to 0.75, 0.6 to 2, 0.7 to 2, 0.8 to 2, 0.9 to
2, 0.5 to 3, 0.6 to 3, 0.7 to 3, 0.8 to 3, 0.9 to 3,
0.5 to 4, 0.6 to 4, 0.7 to 4, 0.8 to 4, 0.9 to 4, l to
2, 1.1 to 2, 1.2 to 2, 1.3 to 2, 1.4 to 2, 1.5 to 2,
1.6 to 2, 0.7 to 1.67, 0.9 to 1.1, 1 to 4, 1.0 to 4.0,
0.5 to 5, 0.25 to 7, 0.25 to 5, 0.25 to 4, 0.25 to 3,
0.25 to 2, 0.25 to 1.5, 0.25 to 1, 0.25 to 0.5. The
preferred concentration of the GLP-I-Fc fusion
protein, in mg/mL, is about 0.25, about 0.42, about
0.5, about 0.6, about 0.67, about 0.7, about 0.75,
about 0.8, about 0.83, about 0.9, about 1, about 1.1,
about 1.2, about 1.25, about 1.3, about 1.4, about
1.5, about 1.6, about 1.67, about 1.7, about 1.8,
about 1.9, about 2, about 2.5, about 3, about 3.33,
about 4, about 5, about 6.67, or about 10. The
GLP-I-Fc fusion protein formulation is buffered in the
range of about 5 to 20 mM citrate. The preferred
citrate concentration, in mM, is in the range of about
5 to 15, 5 to 12.5, 5 to 10, 7.5 to 20, 7.5 to 15, 7.5
to 12.5, 7.5 to 10, 8 to 20, 8 to 15, 8 to 12.5, 8 to
11, 8 to 10, 9 to 20, 9 to 15, 9 to 12.5, 10 to 20, 10
to 17.5, 10 to 15, 10 to 12.5, 6 to 14, 7 to 13, 8 to
12, 9 to 11, 12 to 20, 14 to 20, 16 to 20, and 18 to
20. The particularly preferredcitrate concentration is
in the range of about 9 to about 11, and about 8 to
about 12 mM. The particularly preferred citrate
concentration is about 10 or about 10.0. The pH is
adjusted in range of about 6 to 7 to provide
acceptable stability, to maintain the solubility and
insulinotropic activity of the GLP-I-Fc fusion protein
and be acceptable for parenteral administration. The
pH can be adjusted by adding acid, such as HCl, or
base such as NaOH, to the desired pH or a combination
of citrate buffer and citric acid can be added to
achieve both the desired buffer concentration and the
desired pH. The preferred pH value is in the range of
about 6.3 to 6.7, 6.25 to 6.75, 6.2 to 6.8, 6.15 to
6.85, 6.1 to 6.9. The preferred pH value is about 6.5.
The GLP-I-Fc fusion protein formulation further
comprises mannitol as an isotonicity agent. The
mannitol concentration is in the range of 4.0 to 5.3%
(w/v). The unit "(w/v)" means mass of the constituent
per volume of the final formulation. Thus, a
formulation having a mannitol concentration of 4.6%
(w/v) has 46 mg of mannitol per mL of formulation, or
expressed another way, it has 4.6 grams of mannitol
dissolved in a total volume of 100 mL of formulation.
The preferred mannitol concentration, in % (w/v) is in
the range of about 4.0 to about 4. 1, about 4. 1 to
about 4.2, about 4.2 to about 4.3, about 4.3 to about
4.4, about 4.4 to about 4.5, about 4.5 to about 4.6,
about 4.6 to about 4.7, about 4.55 to about 4.75,
about 4.5 to about 4.8, about 4.4 to about 4.9, about
4.3 to about 5.0, about 4.2 to about 5.1, about 4.1 to
about 5.2, about 4.7 to about 4.8, about 4.8 to about
4.9, about 4.9 to about 5.0, about 5.0 to about 5.1,
about 5.1 to about 5.2, about 5.2 to about 5.3. The
preferred mannitol concentration, in % (w/v) is about
4.3, about 4.5, about 4.55, about 4.6, about 4.65,
about 4.64, about 4.7, about 4.75, about 4.8, about
4.9, about 5.0, about 5.1, about 5.2, or about 5.3.
The GLP-I-Fc fusion protein formulation further
comprises polysorbate-80 as a solubilizer and/or
stabilizer. The concentration of polysorbate-80 is in
the range of about 0.01 to 0.05% (w/v) (or expressed
in terms of mg/ml, about 0.1 to 0.5 mg/mL). This
concentration of polysorbate-80 was determined in
combination with the GLP-Fc fusion protein and
mannitol to minimize the formation of soluble
aggregates and insoluble particles. The preferred
concentration of polysorbate-80, in % (w/v) is in the
range of about 0.01 to 0.04, 0.01 to 0.03, 0.015 to
0.025. A preferred concentration of polysorbate-80 is
in the range of about 0.018 to about 0.022 % (w/v).
Another preferredconcentration of polysorbate-80 is in
the range of about 0.015 to about 0.025 % (w/v). A
particularly preferred concentration of polysorbate-80
is about 0.02% (w/v). A particularly preferred
formulation comprises the GLP-Fc fusion protein of
having the amino acid sequence of SEQ ID NO: 1 in a
concentration in the range of about 



0.25 to about 10 mg/mL, citrate buffer in a
concentration of about 10 mM, polysorbate-80 in a
concentration of about 0.02% (w/v), mannitol in a
concentration of about 4.6% (w/v), and a pH of about
6.5. Another particularly preferred formulation
comprises the GLP-Fc fusion protein of having the
amino acid sequence of SEQ ID NO: 1 in a concentration
in the range of about 0.25 to about 5 mg/mL, citrate
buffer in a concentration of about 10 mM,
polysorbate-80 in a concentration of about 0.02%
(w/v), mannitol in a concentration of about 4.6%
(w/v), and a pH of about 6.5. Another particular
formulation comprises the GLP-Fc fusion protein of
having the amino acid sequence of SEQ ID NO: 1 in a
concentration in the range of about 0.25 to about 10
mg/mL, citrate buffer in a concentration in the range
of about 5 to about 20 mM, polysorbate-80 in a
concentration of about 0.02% (w/v), mannitol in a
concentration in the range of about 4.5 to about 4.8%
(w/v), and a pH in the range of about 6.3 to about
6.7. Another particular formulation comprises the
GLP-Fc fusion protein of having the amino acid
sequence of SEQ ID NO: 1 in a concentration in the
range of about 0.25 to about 5 mg/mL, citrate buffer
in a concentration in the range of about 5 to about 20
mM, polysorbate-80 in a concentration of about 0.02%
(w/v), mannitol in a concentration in the range of
about 4.5 to about 4.8% (w/v), and a pH in the range
of about 6.3 to about 6.7. Administration of the
formulations may be via any route known to be
effective by the physician of ordinary skill.
Peripheral parenteral is one such method. Parenteral
administration is commonly understood in the medical
literature as the injection of a dosage form into the
body by a sterile syringe or some other mechanical
device such as an infusion pump. Peripheral parenteral
routes can include intravenous, intramuscular,
subcutaneous, and intraperitoneal routes of
administration. Subcutaneous administration is the
preferred route. The formulation of the present
invention can be used to treat subjects with
noninsulin dependent diabetes or at risk of developing
non-insulin dependent diabetes, insulin dependent
diabetes, or obesity. An effective amount of the
GLP-I-Fc fusion protein in the context of the
described formulation is the quantity which results in
a desiredtherapeutic and/or prophylactic effect
without causing unacceptable side-effects when
administered to a subject in need of GLP-I receptor
stimulation. It is preferable that the fusion proteins
be administered either once every two weeks or once a
week. Depending on the disease being treated, it may
be necessary to administer the fusion protein more
frequently such as two to three time per week. The
present invention will now be described only by way of
non-limiting example with reference to the following
Examples. EXAMPLES In vitro GLP-I receptor activation
assay HEK-293 cells stably expressing the human GLP-I
receptor, using a CRELuciferase system, are seeded at
30,000 cells/well/80 ml low serum DMEM F 12 medium
into 96 well plates. The day after seeding, 20 ml
aliquots of test protein dissolved in 0.5% BSA are
mixed and incubated with the cells for 5 hours.
Generally 12 dilutions containing from 3 pM to 3 nM
are prepared at a 5X concentration for each test
protein before addition to the cells to generate a
dose response curve from which EC50 values are
determined. After incubation, 100 ml of Luciferase
reagent is added directly to each plate and mixed
gently for 2 minutes. Plates are placed in a Tri-lux
luminometer and light output resulting from luciferase
expression is calculated. Analytical testing of GLP-Fc
fusion formulation GLP-Fc fusion formulation stability
is assessed using the following methods: ultra
violet-visible spectrometry (UV), reversed phase (RP)
chromatography, size exclusion chromatography, anion
exchange chromatography, limited digest with RP
chromatography, absorbance at 550 nm, dynamic light
scattering, instron, HIAC and differential scanning
calorimetry (microDSC). Reversed-phase (RP)
chromatography is used to monitor formation of clipped
form GLP-Fc, oxidation in the Fc region and
corresponding loss of intact main peak. Size exclusion
(SE) HPLC is used to monitor polymer (soluble
aggregate) formation and corresponding loss of
monomer. Anion exchange (AEX) HPLC is used to monitor
charge heterogeneity, particularly formation of acidic
variants (AV), which usually corresponds to
deamidation, and corresponding loss of main peak.
Limited Digest is used to monitor degradation products
specific to thepeptide (GLP-I) portion of the GLP-Fc
molecule, such as N-terminal clipping deletion of Hl
(His at position 1 of SEQ ID NO: 1) and/or G2 (GIy at
position 2 of SEQ ID NO: 1), protease clips at F22
(Phe at position 22 of SEQ ID NO: 1) and/or W25 (Trp
at position 25 of SEQ ID NO:1), pyruvlation at the
N-terminus, oxidation at W25 (Trp at position 25 of
SEQ ID NO: 1), and phosphorylation at S46 (Ser at
position 46 of SEQ ID NO: 1). Absorbance at 550 nm to
monitor turbidity of the solution due to formation of
insoluble 



particles. Dynamic light scattering is used to measure
large soluble aggregate. Instron is used to measure
filtration resistance, which is a semi - quantitative
method initially developed to measure formation of gel
- like structures in glucagon solution. This technique
has been widely used to assess physical instability of
GLP - 1 peptide solution. Since GLP-Fc fusion is a
combination of a GLP - 1 analog with an IgG4 Fc chain,
filtration resistance testing may provide further
insight into the nature of the physical instability.
The test is performed to measure back pressure from
pushing the solution in syringe through a 13 mm
diameter filter of PVDF membrane with 0.2 mm pore
size. The pressure feedback graph has no slope if
there is no resistance or aggregation. Increasing
slopes over time indicate increasing amounts of
aggregation and/or gelation. In order to simplify
comparison of runs, only the maximum resistance values
are reported here. HIAC is a light obstruction
technique widely used in parenteral formulation
development to monitor formation of insoluble
particulate matters. Differential scanning calorimetry
is used to monitor the unfolding characteristics as
indicated by thermal transition temperature when the
protein starts to undergo structural transition.
GLP-Fc fusion formulations are prepared according to
the following table:The GLP-Fc fusion formulations are
sterile filtered through a 0.22 mm polyvinylidene
fluoride (PVDF) membrane. The solutions are stored in
5 mL glass vials at 5, 15, 25, 37 and 45C until
analyzed or up to 20 weeks. Effects of pH on GLP-Fc
stability: The following table shows the rate
constants for the formation of clipped forms of GLP-Fc
fusion protein at 37C as determined by RP
chromatography. The following table shows the rate
constants for acidic variant formation of acidic
variants of GLP-Fc fusion protein at 37C as determined
by AEX HPLC.The following table shows the formation of
soluble aggregates (polymer %) of GLP-Fc fusion
protein after 20 week storage at 37C as determined by
SE HPLC. The following table shows the rate constants
for N-terminal clipping (des H1/H1G2) at 37 0C by
limited digest.Solubility and viscosity The following
table shows the effect of pH on the solubility and
viscosity of GLPFc fusion formulation. The solution is
first prepared in the appropriate buffer, the pH is
adjusted and then the solution is concentrated by
centrifugation using a Centricon concentrator. The
solution is checked visually for signs of reaching the
solution's solubility limit. Concentration is
determined by UV absorbance. Viscosity is measured in
Poise (P) where I P = I g cm 1 s 1. Water at 200C has
a viscosity of approximately 0.01 g crrf 1 s 1which is
the same as 1 centi-Poise (cP). Solution formulation
stability comparison A Design of Experiment (DoE)
study is set up to elucidate the relationship between
key formulation parameters and chemical/physical
stability properties of the molecule. Based on the
data, a quantitative model is developed to (i) define
an optimal target formulation with respect to chemical
and physical stability properties; (ii) explore
formulation design space to define parameter range for
product with acceptable performance and (iii)
establish the adequate robustness of the formulation
performance within the design space explored in the
study. All the formulations tested in the DoE study
are summarized in the following table. The various
formulations are prepared and sterile filtered through
a 0.22 mm polyvinylidene fluoride (PVDF) membrane. The
formulations are stored in 3 mL glass vials at 5, 25
and 400C until analyzed or up to 3 months.The
stability of formulations is assessed by monitoring
decrease of main peak % by reversed phase (RP)
chromatography. The rate constants for all
formulations are shown in the following table.There
are two types of clip forms that can be monitored by
RP chromatography. The first one is the clipped forms
at F22 and/or W25 of the GLP region by residual
proteases. The second type is clipped at the linker
region via chemical mechanism. The rate constants for
all formulations are shown in the following table as
determined by RP chromotography. Soluble aggregate
formation is monitored by size exclusion HPLC. The
rate constants for monomer decrease at 40 0C are shown
in the following table.N-terminal clipping by limited
digest within the GLP region is monitored by limited
digest analysis. The rate constants for Des H1/H1G2
are shown in the following table. Soluble aggregation
formation after agitation by orbital shaking at 400
RPM for 24 hours was monitored by SE HPLC. The monomer
% results are shown in the following table.A major
concern for agitation stability is the formation of
insoluble particulate matters, which can be monitored
by HIAC measurements. The HIAC results after agitation
by orbital shaking at 400 RPM for 24 hours are shown
in the following table. Comparison of NaCl vs.
Mannitol formulation in Syringe and Vial0.02% (w/v)
Polysorbate 80 Stability comparison at 5C of the above
two formulations comparing mannitol 



and NaCl and syringe and vial storage. ND = Not
Determined Stability comparison at 25 C of the above
two formulations comparing mannitol and NaCl and
syringe and vial storageND = Not Determined Stability
comparison at 40 C of the above two formulations
comparing mannitol and NaCl and syringe and vial
storage ND = Not Determined Mannitol concentration
determination The mannitol concentration needed to
achieve the target tonicity of 290 milli-
Osmolarity/Kg for a GLP-Fc fusion protein solution
formulation is determined by titration experiment. The
following table summarizes the resulted osmolality as
a function of mannitol concentration. Based on linear
regression analysis of the osmolality results to
mannitol concentration with a statistical p value of <
0.01, the mannitol concentration is determined to be
46.4 mg/mL or 4.64%.CATALYTIC OLEFIN BLOCK COPOLYMERS
WITH CONTROLLED BLOCK SEQUENCE DISTRIBUTION AND AT
LEAST ONE LOW CRYSTALLINITY HARD BLOCK CROSS REFERENCE
TO RELATED APPLICATIONS This application claims
priority to US Provisional Application No. 60/949,690
having attorney docket number 66258, filed on July 13,
2007, which is herein incorporated by reference in its
entirety. This application is related to the following
US applications, all filed provisionally and
concurrently with this application and having attorney
docket numbers 66257, 66259 and 65862: Serial No
60/949,698; Serial No. 60/949,702 and Serial No.
60/949,670 all of which are herein incorporated by
reference. FIELD OF THE INVENTION [1] This invention
relates to catalytic olefin block copolymers with a
controlled block sequence distribution and at least
one low crystallinity hard block. BACKGROUND OF THE
INVENTION [2] Block copolymers comprise sequences
("blocks") of monomer units, covalently bound to
sequences of unlike type. The blocks can be connected
in a variety of ways, such as A-B in diblock and A-B-A
triblock structures, where A represents one block and
B represents a different block. In a multi-block
copolymer, A and B can be connected in a number of
different ways and be repeated multiply. It may
further comprise additional blocks of different type.
Multi-block copolymers can be either linear
multi-block or multiblock star polymers (in which all
blocks bond to the same atom or chemical moiety). [3]
A linear block copolymer is created when two or more
polymer molecules of different chemical composition
are covalently bonded in an end-to-end fashion. While
a wide variety of block copolymer architectures are
possible, most block copolymers involve the covalent
bonding of hard plastic blocks, which are
substantially crystalline or glassy, to elastomeric
blocks forming thermoplastic elastomers. Other block
copolymers, such as
rubber-rubber(elastomer-elastomer), glass-glass, and
glass-crystalline block copolymers, are also possible
and may have commercial importance. [4] One method to
make block copolymers is to produce a "living
polymer". Unlike typical Ziegler-Natta polymerization
processes, living polymerization processes involve
only initiation and propagation steps and essentially
lack chain terminating side reactions. This permits
the synthesis of predetermined and well-controlled
structures desired in a block copolymer. A polymer
created in a "living" system can have a narrow or
extremely narrow distribution of molecular weight and
be essentially monodisperse (i.e., the molecular
weight distribution is essentially one). Living
catalyst systems are characterized by an initiation
rate which is on the order of or exceeds the
propagation rate, and the absence of termination or
transfer reactions. In addition, these catalyst
systems are characterized by the presence of a single
type of active site. To produce a high yield of block
copolymer in a polymerization process, the catalyst
must exhibit living characteristics to a substantial
extent. [5] Butadiene-isoprene block copolymers have
been synthesized via anionic polymerization using the
sequential monomer addition technique. In sequential
addition, a certain amount of one of the monomers is
contacted with the catalyst. Once a first such monomer
has reacted to substantial extinction forming the
first block, a certain amount of the second monomer or
monomer species is introduced and allowed to react to
form the second block. The process may be repeated
using the same or other anionically polymerizable
monomers. However, ethylene and other a-olefins, such
as propylene, butene, 1-octene, etc., are not directly
block polymerizable by anionic techniques. [6]
Recently, a method has been described for a process of
catalytically making block copolymers with a
controlled sequence distribution in publication
WO2007/035485. As 



discussed in this publication, it has long been known
that polymers containing a block-type structure often
have superior properties compared to random copolymers
and blends. For example, triblock copolymers of
styrene and butadiene (SBS) and hydrogenated versions
of the same (SEBS) have an excellent combination of
heat resistance and elasticity. Other block copolymers
are also known in the art. Generally, block copolymers
known as thermoplastic elastomers (TPE) have desirable
properties due to the presence of "soft" or
elastomeric block segments connecting "hard" either
crystallizable or glassy blocks in the same polymer.
At temperatures up to the melt temperature or glass
transition temperature of the hard segments,the
polymers demonstrate elastomeric character. At higher
temperatures, the polymers become flowable, exhibiting
thermoplastic behavior. Known methods of preparing
block copolymers include anionic polymerization and
controlled free radical polymerization. Unfortunately,
these methods of preparing block copolymers require
sequential monomer addition with polymerization to
relative completeness and the types of monomers that
can be usefully employed in such methods are limited.
For example, in the anionic polymerization of styrene
and butadiene to form a SBS type block copolymer, each
polymer chain requires a stoichiometric amount of
initiator and the resulting polymers have extremely
narrow molecular weight distribution, Mw/Mn,
preferably from 1.0 to 1.3. That is, the polymer block
lengths are substantially identical. Additionally,
anionic and free-radical processes are relatively
slow, resulting in poor process economics, and not
readily adapted to polymerization of a-olefins. [7] It
would be desirable to produce block copolymers
catalytically, that is, in a process wherein more than
one polymer molecule is produced for each catalyst or
initiator molecule. In addition, it would be highly
desirable to produce copolymers having properties
resembling block copolymers from olefin monomers such
as ethylene, propylene, and higher alphaolefins that
are generally unsuited for use in anionic or
free-radical polymerizations. In certain of these
polymers, it is highly desirable that some or all of
the polymer blocks comprise amorphous polymers such as
a copolymer of ethylene and a comonomer, especially
amorphous random copolymers comprising ethylene and an
a-olefin having 3 or more carbon atoms. Finally, it
would be desirable to prepare pseudo-block or block
copolymers wherein a substantial fraction of the
polymer molecules are of a controlled block number,
especially diblocks or triblocks, but wherein the
block lengths are a most probable distribution, rather
than identical or nearly identical block lengths. [8]
It would be useful to produce additional such block
copolymers which are based on ethylene and a-olefins
and have at least one low crystallinity hard block.
SUMMARY OF INVENTION [9] The invention provides an
ethylene/a-olefin interpolymer comprising two or more
substantially homogeneous intramolecular segments or
blocks comprising differing chemical or physical
properties, said intramolecular segments characterized
by possessing a mostprobable molecular weight
distribution, wherein the ethylene/a-olefin
interpolymer comprises a hard segment and a soft
segment, and: (a) has a Mw/Mn from about 1.7 to about
3.5; (b) has an ethylene content in the hard segment
in the range of from 60 wt% to 95 wt% based on based
on total monomer content in hard segment; (c) (i) has
a hard segment composition of at least 40%, at least
one melting point, Tm, in degrees Celsius and an
amount of ethylene in weight percent, wt% C2, wherein
the numerical values of Tm and wt% C2 correspond to
the relationship: 90 0C > Tm > 4.1276(wt% C2) -
244.76; or (ii) has a hard segment composition of less
than 40%, at least one melting point, Tm, in degrees
Celsius and an amount of ethylene in weight percent,
wt% C , wherein the numerical values of Tm and wt% C2
correspond to the relationship: 80 0C > Tm <
4.1276(wt% C2) - 264.95; or (iii) is characterized by
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; or (iv) has a molecular
fraction which elutes between 00C and 1300C when
fractionated using low temperature 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; or 



(v) has a relationship between ethylene content in wt%
and log molecular weight such that a line plotted of
ethylene content vs log molecular weight as measured
by GPC-IR has an absolute slope, m, of equal to or
less than 4; and, (d) has a turbidity measurement of a
1.0 wt% solution of the ethylene/a-olefin interpolymer
in oil or a 1.5 wt% solution in dodecane of less than
orequal to that of a comparable copolymer wherein the
comparable copolymer has the same DSC enthalpy (J/g)
at greater than 55 0C within 5 J/g and the same
overall ethylene content within 10%. [10] The
invention also provides an ethylene/a-olefin
interpolymer comprising two or more substantially
homogeneous intramolecular segments or blocks
comprising differing chemical or physical properties,
said intramolecular segments characterized by
possessing a most probable molecular weight
distribution, wherein the ethylene/a-olefin
interpolymer comprises a hard segment and a soft
segment, and wherein: (a) has a Mw/Mn from about 1.7
to about 3.5; (b) has an ethylene content in the hard
segment in the range of from 60 wt% to 95 wt% based on
based on total monomer content in hard segment; (c)
(i) has a hard segment in an amount of at least 40%,
at least one melting point, Tm, in degrees Celsius and
an amount of ethylene in weight percent, wt% C2,
wherein the numerical values of Tm and wt% C2
correspond to the relationship: 0 0C > Tm > 3.4405(wt%
C2) - 218.99; or (ii) has a hard segment composition
of less than 40%, at least one melting point, Tm, in
degrees Celsius and an amount of ethylene in weight
percent, wt% C , wherein the numerical values of Tm
and wt% C2 correspond to the relationship: 80 0C > Tm
< 4.1276(wt% C2) - 264.95; or (iii) is characterized
by 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; or (iv) has a molecular
fraction which elutes between 00C and 1300C when
fractionated using low temperature 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; or(v) has a
relationship between ethylene content in wt% and log
molecular weight such that a line plotted of ethylene
content vs log molecular weight as measured by GPC-IR
has an absolute slope, m, of equal to or less than 4;
and, (d) has a turbidity measurement of a 1.0 wt%
solution of the ethylene/ a-olefin interpolymer in oil
or a 1.5 wt% solution in dodecane of less than or
equal to that of a comparable copolymer wherein the
comparable copolymer has the same DSC enthalpy (J/g)
at greater than 55 0C within 5 J/g and the same
overall ethylene content within 10%. The
ethylene/a-olefin interpolymer can have one or any
combination of the above characteristics. [11] In one
embodiment, the ethylene/a-olefin interpolymer has (a)
at least one molecular fraction which elutes between
00C and 130C 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 or
(b) 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. [12] In one embodiment, the
a-olefin used in the ethylene/a-olefin interpolymer is
styrene, propylene, 1-butene, 1-hexene, 1-octene,
4-methyl-l-pentene, norbornene, 1-decene,
1,5-hexadiene, or a combination thereof. [13] In
another embodiment, the ethylene/a-olefin interpolymer
has a melt index in the range of about 0.1 to about
2000 g/10 minutes, about 2 to about 1500 g/10 minutes,
about 2 to about 1000 g/10 minutes or about 2 to about
500 g/10 minutes measured according to ASTM D-1238,
Condition 190C/2.16 kg. [14] Additional aspects of the
invention and characteristics and properties of 



various embodiments of the invention will become
apparent with the following description. BRIEF
DESCRIPTION OF THE DRAWING The Figure shows a plot of
Tm vs wt% C2 for hard segment majority copolymers of
the invention and for Comparative Examples.DETAILED
DESCRIPTION OF THE INVENTION General Definitions [15]
"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." [16] "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. [17] 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/propylene copolymers, the preferred
composition comprises an ethylene content in the range
of from about 55 wt% to about 75 wt%, preferably in
the range of from about 60 wt% to about 73 wt%, based
on the weight of the 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. [18] The terms
"pseudo-block copolymer" or "block copolymer" refer to
a copolymer comprising two or more blocks or segments
of differing chemical or physical property, such as
variable comonomer content, crystallinity, density,
tacticity, regio-error, or other property.
Non-adjacent blocks are not necessarily of identical
chemical composition, but may vary in one or more of
the foregoing respects, from the composition of all
other blocks or regions.[19] The pseudo-block
copolymers 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 in the range of from about 60 wt%
to about 95 wt%, and preferably in the range of from
about 70 wt% to about 85 wt%, based on the weight of
the polymer. "Soft" segments, on the other hand, refer
to blocks of polymerized units in which the comonomer
content (content of monomers other than ethylene) is
in the range of from about 30 wt% to about 80 wt%,
preferably in the range of from about 35 wt% to about
80 wt%, based on the weight of the polymer. [20] 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 polymer is said to
have a hard segment majority when the amount of hard
segment present is greater than 40 % and a soft
segment majority when the amount of hard segment is
less than 60 %. 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 U.S. Patent
Application Serial No. 11/376,835, US Patent
Application Publication Number 2006-0199930, 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 disclosure of which is
incorporated by reference herein in its entirety. [21]
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 may 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.[22] Ethylene/a-olefin interpolymers
containing low crystallinity hard blocks are polymers
that have hard blocks that have melting points that
are less than 1000C. These polymers differ from high
melting point block copolymers in that their primary
use is for compatibilization of polymer blend
components and/or improving the solubility of polymers
in solvents and oils. Applications include oil
viscosity modifiers, thermoplastic olefin impact
modifiers and compatibilizers, elastomer cross-linking
and heat sealing polymers. Applications such as these
require polymers with a low but broad range of
temperatures for thermosetting and heat sealing
operations. [23] Processes useful for making the
polymers have been described in WO2007/035485, which
is herein incorporated by reference in its entirety.
In particular, the polymers may be made by a process
comprising contacting an addition polymerizable
monomer or mixture of monomers under addition
polymerization conditions with a composition
comprising at least one addition polymerization
catalyst, a cocatalyst and a chain shuttling agent,
said process being characterized by formation of at
least some of the growing polymer chains under
differentiated process conditions in two or more
reactors operating under steady state polymerization
conditions or in two or more zones of a reactor
operating under plug flow polymerization conditions.
Chain terminating agents such as hydrogen may be used
if desired to control reactor viscosity or polymer
molecular weight. The copolymers of the invention are
characterized by unique distributions of polymer
polydispersity (PDI or Mw/Mn) and block length
distribution, with two or three, preferably two
different block compositions. This is due, in a
preferred embodiment, to the effect of the use of one
or more shuttling agents in combination with a high
activity metal complex based polymerization catalyst
in two or more polymerization reactors or zones
operating under differing polymerization conditions.
More specifically, the copolymers of the invention
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. The copolymers may also
possess PDI of less than 1.8. [24] 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 numberswithin 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, 5 1 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. [25]
Disclosed herein is an ethylene/a-olefin interpolymer
comprising two or more substantially homogeneous
intramolecular segments or blocks comprising differing
chemical or physical properties, said intramolecular
segments characterized by possessing a most probable
molecular weight distribution, wherein the
ethylene/a-olefin interpolymer comprises a hard
segment and a soft segment, and: [26] (a) has a Mw/Mn
from about 1.7 to about 3.5; [27] (b) has an ethylene
content in the hard segment in the range of from 60
wt% to 95 wt% based on based on total monomer content
in hard segment; (c) (i) has a hard segment in an
amount of at least 40%, at least one melting point,
Tm, in degrees Celsius and an amount of ethylene in
weight percent, wt% C2, wherein the numerical values
of Tm and wt% C2 correspond to the relationship: 90 0C
> Tm > 4.1276(wt% C2) - 244.76; or (ii) has a hard
segment composition of less than 40%, at least one
melting point, Tm, in degrees Celsius and an amount of
ethylene in weight percent, wt% C , wherein the
numerical values of Tm and wt% C2 correspond to the
relationship: 80 0C > Tm < 4.1276(wt% C2) - 264.95; or
(iii) is characterized by 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; or
(iv) has a molecular fraction which elutes between 00C
and 



1300C when fractionated using low temperature 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, andmolar comonomer content (based on the
whole polymer) within 10 percent of that of the
ethylene/a-olefin interpolymer; or (v) has a
relationship between ethylene content in wt% and log
molecular weight such that a line plotted of ethylene
content vs log molecular weight as measured by GPC-IR
has an absolute slope, m, of equal to or less than 4;
and, (d) has a turbidity measurement of a 1.0 wt%
solution of the ethylene/a-olefin interpolymer in oil
or a 1.5 wt% solution in dodecane of less than or
equal to that of a comparable copolymer wherein the
comparable copolymer has the same DSC enthalpy (J/g)
at greater than 55 0C within 5 J/g and the same
overall ethylene content within 10%. [28] In some
embodiments, the invention provides an
ethylene/a-olefin interpolymer comprising two or more
substantially homogeneous intramolecular segments or
blocks comprising differing chemical or physical
properties, said intramolecular segments characterized
by possessing a most probable molecular weight
distribution, wherein the ethylene/a-olefin
interpolymer comprises a hard segment and a soft
segment, and wherein: (a) has a Mw/Mn from about 1.7
to about 3.5; (b) has an ethylene content in the hard
segment in the range of from 60 wt% to 95 wt% based on
based on total monomer content in hard segment; (c)
(i) has a hard segment in an amount of at least 40%,
at least one melting point, Tm, in degrees Celsius and
an amount of ethylene in weight percent, wt% C2,
wherein the numerical values of Tm and wt% C2
correspond to the relationship: 0 0C > Tm > 3.4405(wt%
C2) - 218.99; or (ii) has a hard segment composition
of less than 40%, at least one melting point, Tm, in
degrees Celsius and an amount of ethylene in weight
percent, wt% C , wherein the numerical values of Tm
and wt% C2 correspond to the relationship: 80 0C > Tm
< 4.1276(wt% C2) - 264.95; or (iii) is characterized
by 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; or(iv) has a molecular
fraction which elutes between 00C and 1300C when
fractionated using low temperature 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; or (v) has a
relationship between ethylene content in wt% and log
molecular weight such that a line plotted of ethylene
content vs log molecular weight as measured by GPC-IR
has an absolute slope, m, of equal to or less than 4;
and, (d) has a turbidity measurement of a 1.0 wt%
solution of the ethylene/ a-olefin interpolymer in oil
or a 1.5 wt% solution in dodecane of less than or
equal to that of a comparable copolymer wherein the
comparable copolymer has the same DSC enthalpy (J/g)
at greater than 55 0C within 5 J/g and the same
overall ethylene content within 10%. In another
embodiment, the ethylene/a-olefin interpolymer has a
hard segment in an amount of at least 40%, at least
one melting point, Tm, in degrees Celsius and an
amount of ethylene in weight percent, wt% C2, wherein
the numerical values of Tm and wt% C2 correspond to
the relationship: 0 0C > Tm > 3.4405(wt% C2) - 212.42.
The ethylene/ a-olefin interpolymer can have one or
any combination of the above characteristics.
Ethylene/ a-Olefin Interpolymers [29] 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 segments of two or
more polymerized monomer units differing in chemical
or physical properties (block interpolymer). These
pseudo-block copolymers comprise two or more
substantially homogeneous intramolecular segments or
blocks comprising differing chemicalor physical
properties, said intramolecular segments characterized
by possessing a most probable molecular weight
distribution [30] In one aspect, the ethylene/a-olefin
interpolymers have a molecular fraction which elutes
between 0 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. [31] In some embodiments, the
pseudo-block copolymers possess a PDI fitting a
Schultz-Flory distribution rather than a Poisson
distribution. The copolymers are further characterized
as having a polydisperse distribution of block sizes
and possessing a most probable distribution of block
lengths. Preferred block copolymers are those
containing 2 or more blocks or segments including
terminal blocks. [32] 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 10 0C or less. That is, each
eluted fraction has a collection temperature window of
10 0C 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. [33] In
another aspect, the inventive polymer is an olefin
interpolymer, preferably comprising ethylene and one
or more copolymerizable comonomers in polymerized
form, characterized by a number of blocks (i.e., at
least two blocks) or segments of two or more
polymerized monomer units differing in chemical or
physical properties (blocked interpolymer), said block
interpolymer having a peak (but not just a molecular
fraction) which elutes between 0 0C and 130 0C (but
without collecting and/or isolating individual
fractions), characterized in that said peak, has a
comonomer content estimated by infra-redspectroscopy
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-olefin copolymers,
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. ATREF Peak Comonomer Composition Measurement by
Infra-Red Detector [34] The comonomer composition of
the TREF peak can be measured using an IR4 infra-red
detector available from Polymer Char, Valencia, Spain
(http://www.polyinerchar.com/). [35] The "composition
mode" of the detector is equipped with a measurement 



sensor (CH2) and composition sensor (CH ) 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 (CH2) is sensitive to thecomonomer content of
the measured polymer in solution and its response is
calibrated with known ethylene alpha-olefin copolymer
standards. [36] 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 the reference calibration of the ratio of
the areas for the individual CH3 and CH2 response
(i.e. area ratio CH3/CH2 versus comonomer content).
[37] 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. [38] 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 infrared spectroscopy
for characterization of ethylene-based polyolefin
copolymers". Polymeric Materials Science and
Engineering (1991), 65, 98-100.; and Deslauriers,
P.J.; 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.
[39] 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 blockindex, ABI,
is the weight average of the block index ("BI") for
each of the polymer fractions obtained in preparative
TREF from 200C and 1100C, with an increment of 5C : )
where BI1is the block index for the ith fraction of
the inventive ethylene/a-olefin interpolymer obtained
in preparative TREF, and W1is the weight percentage of
the ith fraction. [40] For each polymer fraction, BI
is defined by one of the two following equations (both
of which give the same BI value): \IT X -\IT XO LnPx -
LnP' BI = - or BI = - x o l/T A -l/T AB LnPA - LnPAB
where Tx is the preparative 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 by NMR 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 PAvalues are set to those for high density
polyethylene homopolymer, if the actual values for the
"hard segments" are not available. For calculations
performed herein, TA is 3720K, PA is 1. [41] 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: Ln PAB = a/TAB + b where 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
. Tx o can be calculated from LnPx = a/Tx o + b.
Conversely, PXo is the ethylene mole fraction for a
random copolymer of the samecomposition and having an
ATREF temperature of Tx , which can be calculated from
Ln Px o [42] 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. In 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. [43] Another
characteristic of the inventive ethylene/a-olefin
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 up to 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. [44]
For copolymers of ethylene and an a-olefin, 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) anethylene
content of at least 50 weight percent; (4) a glass
transition temperature, Tg, of less than -25C, more
preferably less than -300C, and/or (5) one and only
one Tm. [45] Additionally, the ethylene/a-olefin
interpolymers can have a melt index, I2, 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 certain embodiments, the ethylene/a-olefin
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 Ig/ 10
minutes, 3 g/10 minutes or 5 g/10 minutes. [46] 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-olefin polymers ranges from 0.860 to 0.925
g/cm3 or 0.867 to 0.910 g/cm3. In some embodiments,
the ethylene/a-olefin interpolymers additionally have
a Tm in the range of from -25 0C to 100 0C, preferably
from 30 0C to 80 0C, and more preferably from 35 0C to
75 0C . In some embodiments, they may also have a Tm
in the range of from 15 0C to 50 0C, from 30 0C to 45
0C or from 35 0C to 4O0C. In some embodiments, the
interpolymers have a Tm that is less than that of a
comparable random copolymer with same weight percent
comonomer within 10%. In addition, in some embodiments
the end of melting occurs at less than 100 0C,
preferably in the range of from 85 0C to 95 0C. [47]
The ethylene/a-olefin interpolymers may also comprise
additives and adjuvants. Suitable additives include,
but are not limited to, fillers, such as organic or
inorganic particles, including clays, talc, titanium
dioxide, zeolites, powdered metals, organic or
inorganic fibers, nano-sized particles, clays, and so
forth; tackifiers, oil extenders, 



including paraffinic or napthelenic oils; and other
natural and synthetic polymers, including other
polymers according to embodiments of the invention.
Additionally, minor amounts of a different polymer may
be used as a carrier for any of the additives. An
example of such a polymer would be polyethylene, for
example AFFINITY(r) resins (The Dow Chemical Company)
or EXACT(r) resins (ExxonMobil Chemical Company.[48]
Representative catalysts and chain shuttling agent are
as follows. Chemical structures follow each
description. 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 ofWO 03/40195,
2003US0204017, USSN 10/429,024, filed May 2, 2003, and
WO 04/24740. 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 ofWO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2,
2003, and WO 04/24740. Catalyst (A3) is
bis[N,N'"-(2,4,6-tri(methylphenyl)amido)ethylenediamin
e]hafnium dibenzyl. 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.Catalyst (A5) is
(bis-(l-methylethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)imm
ino)zirconium dibenzyl. The preparation of catalyst
(A5) is conducted as follows. a) Preparation of
(l-methylethyl)(2-hydroxy-3.5-di(t-butyl)phenyl)imine
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10
inL 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
(bis-(l-methylethyl)(2-oxoyl-3.5-di(t-butyl)phenyl)imm
ino) zirconium dibenzyl 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.
Catalyst (A6) is
bis-(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-but
yl)phenyl)immino) zirconium dibenzylThe preparation of
catalyst (A6) is conducted as follows. a) Preparation
of
(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3.5-di(t-butyl)p
henyl)imine 2-Methylcyclohexylamine (8.44 mL, 64.0
mmol) is dissolved in methanol (90 mL), and
di-tbutylsalicaldehyde (10.00 g, 42.67 mmol) is added.
The reaction mixture is stirred for three hours and
then cooled to -25 0C 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-(l
-(2-methylcyclohexyl)ethyl)(2-oxoyl-3.5-di(t-butyl)phe
nyl) immino)zirconium dibenzyl A solution of
(l-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)p
henyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is
slowly added to a solution of Zr(CH2Ph)4 (5.28 g, 11.6
mmol) in 600 mL toluene. The resulting dark yellow
solution is stirred for 1 hour at 25 0C. The solution
is diluted further with 680 mL toluene to give a
solution having a concentration of 0.00783 M. Catalyst
(A7) is
(t-butylamido)dimethyl(3-N-pyrrolyl-l,2,3,3a,7a-
h-inden-l-yl)silanetitanium dimethyl prepared
substantially according to the techniques of USP
6,268,444: Catalyst (A8) is
(t-butylamido)di(4-methylphenyl)(2 -methyl-
1,2,3,3a,7a-h-inden- 1- yl)silanetitanium dimethyl
prepared substantially according to the teachings of
US-A-2003/004286:Catalyst (A9) is
(t-butylamido)di(4-methylphenyl)(2 -methyl-
1,2,3,3a,8a-h-s-indacen- 1- yl)silanetitanium dimethyl
prepared substantially according to the teachings of
US-A-2003/004286: Catalyst (AlO) is
bis(dimethyldisiloxane)(indene-l-yl)zirconium
dichloride available from Sigma-Aldrich: [49]
Shuttling Agents The shuttling agents employable
include diethylzinc, di(ibutyl) zinc, di(n-hexyl)zinc,
triethylaluminum, trioctylaluminum, triethylgallium,
ibutylaluminum bis(dimethyl(t-butyl)siloxane),
i-butylaluminum 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). [50] The inventive interpolymers may
comprise alternating blocks of differing comonomer
content (including homopolymer blocks). The inventive
interpolymers may also comprise a distribution in
block size of polymer blocks of differing density or
comonomer content, which is a Schultz-Flory type of
distribution. 



[51] 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-C2O a-olefin
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 -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. Propylene and
non-conjugated dienes are preferred. Other suitable
monomers include styrene, halo- or alkyl-substituted
styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-
octadiene, and naphthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). [52] 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 diolefin
compounds. [53] 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-l-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,l-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. [54]
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-C2O alpha olefin, optionally comprising a
C4-C2O diene, having improved properties can be
prepared. [55] 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- 1,4-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).
[56] One class of desirable polymers that can be made
in accordance with embodiments of the invention are
elastomeric interpolymers of ethylene, a C3-C2O
a-olefin, esoeciallv oroovlene. and ootionallv one or
more diene monomers. Preferred a-olefins foruse 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-olefin 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. [57] Because the diene
containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the
diene (including none) and a-olefin (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 are
preferentially 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. [58] 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 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-olefin content of from 10 to
80 percent, based on the total weight of the polymer.
Further preferably, the pseudo-block polymers have an
ethylene content of from 60 to 90 percent, a diene
content of from 0.1 to 10 percent, and an a-olefin
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) 125C) 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-olefin content from 20 to 35
percent.[59] The ethylene/a-olefin 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. Patent 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. [60] 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 group will 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. [61] The ethylene/
a-olefin interpolymers of the present invention may be
used in a number of applications, a non-limiting set
of examples of which are given below. The
interpolymers may be used an impact modifier for
polypropylene; a compatibilizer for random
ethylene/alpha olefin copolymers or termonomers and
polypropylene; and, the interpolymers may be used as a
peroxide crosslinked elastomer with either
ethylene/alpha olefin copolymers or ethylene/alpha
olefin/nonconjugated diene termonomers. Additionally,
the lower melting point allows for manufacture in
standard thermoset applications. Such applications
include, but are not limited to: conveyor belting;
V-belting; crosslinked foams, including, but not
limited to, midsole foams in footwear, foamed mats,
wet suits, extruded sponge profiles, dual hardness
sponge/solid coextruded profiles, single ply roofing,
and windshield wipers. For an ethylene/alpha
olefin/nonconjugated diene termonomer composition,
sulfur or phenolic cured versions of elastomeric
compositions may be produced. Similar applications may
be used as described for peroxide crosslinked
elastomers.The compositions of the present invention
may also be used in oil extended gel compounds in
thermoplastic or thermoset applications. In addition,
the ethylene/a-olefin interpolymers of the present
invention may be used in noise, vibration and
harshness (NVH) control related applications. [62] The
following examples are presented to exemplify
embodiments of the 



invention but are not intended to limit the invention
to the specific embodiments set forth. Unless
indicated to the contrary, all parts and percentages
are by weight. All numerical 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-IR Method Gel Permeation Chromatography (GPC) [63]
The gel permeation chromatographic system is either a
Polymer Laboratories Model PL-210 or a Polymer
Laboratories Model PL-220 instrument. The column and
carousel compartments are operated at 150 0C. Four
Polymer Laboratories 20-micron Mixed- A 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 1600C.
The injection volume used is 200 microliters and the
flow rate is 1.0 ml/minute. [64] 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
800C with gentle agitation for 30 minutes. The narrow
standards mixtures are run first and in order of
decreasing highest molecular weight component to
minimizedegradation. The polystyrene standard peak
molecular weights are converted to polyethylene
molecular weights using the following equation (as
described in Williams and Ward, Polym. ScL, Polym.
Let. , 6, 621 (1968)): Mpoiyethyiene = 0.431(M
poiystyrene). [65] Polyetheylene equivalent molecular
weight calculations are performed using Viscotek
TriSEC software Version 3.0. Molecular
Weight-Comonomer Composition Measurement by Infra- Red
Detector [66] The comonomer composition throughout the
GPC curve can be measured using an IR4 infra-red
detector that is available from Polymer Char,
Valencia, Spain [67] The "composition mode" of the
detector is equipped with a measurement sensor (CH 2)
and composition sensor (CH 3) that are fixed narrow
band infra-red filters in the region of 2800-3000 cm 1
. The measurement sensor detects the methylene (CH 2)
carbons on the polymer (which directly relates to the
polymer concentration in solution) while the
composition sensor detects the methyl (CH 3) groups of
the polymer. The mathematical ratio of the composition
signal (CH 3) divided by the measurement signal (CH 2)
is sensitive to the comonomer content of the measured
polymer in solution and its response is calibrated
with known ethylene alpha-olefin copolymer standards.
[68] The detector when used with a GPC instrument
provides both a concentration (CH ) and composition
(CH 3) signal response of the eluted polymer during
the GPC 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 distribution of a
polymer can be estimated by applying a reference
calibration of the ratio of the areas for the
individual CH3 and CH2 response (i.e. area ratio
CH3/CH 2 versus comonomer content). [69] By taking the
ratio of the CH3/CH 2 response at each elution volume,
the response to the polymer's composition is measured.
After applying the appropriate reference calibration,
the composition response can be used to estimate the
comonomer amount at each elution volume. Integration
of the entire GPC profile provides the average
comonomer content of the polymer while the slope of
the line from the comonomer versus molecular weight
provides an indication of the uniformity of the
comonomer distribution. When integrating the GPC
chromatograph for composition determination, the
integration regionshould be set to be greater than 5
weight percent of the polymer on either end of the
chromatogram. [70] The application of infra-red
spectroscopy to measure the comonomer content of
polymers in this system is similar in principle to
GPC/FTIR systems as described in the following
references: [71] Markovich, Ronald P.; Hazlitt, Lonnie
G.; Smith, Linley; "Development of gel-permeation
chromatography-Fourier transform infrared spectroscopy
for characterization 



of ethylene-based polyolefin copolymers", Polymeric
Materials Science and Engineering (1991), 65, 98-100.
[72] 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.
DSC Standard Method [73] 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 1750C and then air-cooled
to room temperature (25C). 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 18O0C and held
isothermal for 3 minutes in order to remove any
previous thermal history. The sample is then cooled to
- 4O0C 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. [74] The DSC melting peak is
measured as the maximum in heat flow rate (W/g) with
respect to the linear baseline drawn between -30 0C
and end of melting. The heat of fusion is measured as
the area under the melting curve between -30 0C and
the end of melting using a linear baseline. Density
[75] 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.Melt Index [76] 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. Mooney Viscosity
[77] Mooney viscosity is measured in accordance with
ASTM D1646-06 at 125C, ML 1+4 (MU)). ATREF [78]
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, LR. ; 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 200C 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 1200C at a rate of 1.5C/min. 13C NMR
Analysis [79] 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 15O0C. The data are collected using a JEOL
Eclipse(tm) 400MHz spectrometer or a Varian Unity
Plus(tm) 400MHz spectrometer, corresponding to a 13C
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.Additional Method for 13C NMR analysis [80]
The following generally describes an NMR methodology
to determine the composition, sequence distribution
and ratio of amorphous and semi-crystalline blocks of
an ethylene-propylene olefin block copolymer with
ethylene/propylene segment/block compositions that
differ by less than 25-30 wt% ethylene by using the
relationship between NMR integrals and comonomer
concentration. For a diblock copolymer with both
blocks made by a specific catalyst, the NMR integrals
fit the following equation: I=P*f(El)+(l-P)*f(E2) 



Where 1is the integral for a selected peak of
copolymer P is the weight fraction of the first block
El is the concentration of ethylene in first block E2
is the concentration of ethylene in second block f(El)
is the integral contribution from the first block
f(E2) is the integral contribution from the second
block As there are more than 3 integrals and only
three unknowns (P, El and E2), an optimized solution
of P, El and E2 can be obtained from normalized NMR
integrals. In the second step, assign an initial value
to El corresponding to the value expected from the
process parameters and calculate corresponding
integrals with equations. In the third step, assign an
initial value to E2 corresponding to the value
expected from the process parameters and calculate
corresponding integrals with equations. In the fourth
step, assign an initial value to P corresponding to
the value expected from the process parameters and the
equation, I=P*f(El)+(l-P)*f(E2), is used to get
simulated integrals. Lastly, the calculated residual
errors between raw normalized and simulated integrals
are minimized to minimize the sum of the residual
errors to get P, El and E2 . Polymer Fractionation by
TREF [81] 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
16O0C. The polymer solution is forced by 15 psig (100
kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm)
steelcolumn 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, TX, 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 0C at 0.04 0C per minute and held
for one hour. Fresh TCB is introduced at about 65
ml/min while the temperature is increased at 0.167 0C
per minute. [82] 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 0C and weighed on an
analytical balance before further testing. Turbidity
[83] Turbidity of the oil or solvent solutions were
measured using a HACH RATIO Turbidimeter Model 18900
using the 0-20 NTU resolution scale (+/- 0.1 NTU).
Catalysts [84] 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 -9 aliphatic hydrocarbons
available under the trade designation Isopar E , 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. The synthesis of all metal complexes
and the preparation of all screening experiments are
carried out in a dry nitrogen atmosphere using dry box
techniques. All solvents used are HPLC grade and are
dried before their use. [85] MMAOrefers to modified
methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commercially from Akzo-Nobel
Corporation. [86] Cocatalyst 1 A mixture of
methyldi(Ci4_i8 alky1) ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in- after
armeenium borate), prepared by reaction of along chain
trialkylamine (Armeen(tm) M2HT, available from
Akzo-Nobel, Inc.), HCl and Li[B(C 6F5)4],
substantially as disclosed in USP 5,919,9883, Ex. 2.
[87] Cocatalyst 2 Mixed Ci _i8 alkyldimethylammonium
salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazol
ide, prepared according to USP 6,395,671, Ex. 16.
Examples 1-4, Comparative Example A [88]
Ethylene/propylene copolymers are prepared using two
continuous stirred tank reactors (CSTR) connected in
series. Each reactor is hydraulically full and set to
operate at steady state conditions. The shuttling
agent (SAl) is added to the first reactor along with
catalyst A-I, Cocatalyst 1, a scavenger
(triisobutylaluminum modified methylalumoxane 



MMAO, available from Akzo-Nobel, Inc.), and solvent
(mixed alkanes (Isopar(tm) E, available from
ExxonMobil Chemicals, Inc.). Operating conditions for
the two reactors are provided in Tables 1 and 2.
Polymer properties are provided in Table 3. Examples
5-12 [89] Examples 5 - 12 are manufactured using a
non-adiabatic polymerization system consisting of two
recirculating loop reactors configured in series. The
shuttling agent (SAl) is added to the first reactor
along with catalyst A-I, Cocatalyst 1, a scavenger
(triisobutylaluminum modified methylalumoxane MMAO,
available from Akzo-Nobel, Inc.), and solvent (mixed
alkanes (Isopar(tm) E, available from ExxonMobil
Chemicals, Inc.). Operating conditions for the two
reactors are provided in Tables 1 and 2. Polymer
properties are provided in Table 3. Comparative
Example B is Paratone 8941 (ExxonMobil Chemical Co.)
and Comparative Example C is Nordel 225 (The Dow
Chemical Company).Table 1. Process Conditions First
CSTR or Loop Reactor 4- *Comparative, not an example
of the invention. 1 Total flow (recycle + fresh, Ex. 5
- 12) 2 Standard cm3/min 3 The DEZ solution also
contains 1-5 mol percent of MMAO. 4 Percent ethylene
conversion in reactor. 5 Percent of polymer produced
in reactor 1.Table 2. Process Conditions Second CSTR
or Loop Reactor. Ul * Comparative, not an example of
the invention. 1 Total feed (carryover + fresh, ex. 5
- 12). 2 Percent ethylene conversion in reactor 2. 3
Percent of polymer produced in reactor 2.Table 3.
Polymer Characterization Data * comparative, not an
example of the invention 2 dg/minReactor 1 products
Run Wt % Ethylene Wt% Mw Mn Mw/ Tm D Hfusion Tc (0C)
(FTIR) Ethylene (g/mol) (g/mol) Mn (0C) (J/g) (NMR) A*
72.2 75.9 86440 31770 2.7 43.6 65.2 29.6 1 72.2 75.9
86440 31770 2.7 43.6 65.2 29.6 2 71.0 72.0 119900
58840 2.0 28.8 46.3 17 3 71.4 75.2 125000 59330 2.1
40.2 59.4 25.9 4 71.4 75.2 125000 59330 2.1 40.2 59.4
25.9GPC-IR and Turbidity Measurements [90] Comonomer
composition throughout the GPC curve was monitored via
GPC-IR. The numerical values of the comonomer content
vs molecular weight fractions were plotted and fitted
to a line, mx+b. The absolute slope, ImI, and
turbidities in oil and dodecane are given in Table 4
below. As may be seen, for the inventive polymers, ImI
is less than 4 and the turbidity is equal to or less
than that of a comparable copolymer with a comparable
DSC enthalpy, J/g, at greater than 55 0C, DH>55.C.
Table 4 [91] While the invention has been described
with respect to a limited number of embodiments, the
specific features of one embodiment should not be
attributed to other embodiments of the invention. No
single embodiment is representative of all aspects of
the invention. In some embodiments, the compositions
or methods may include numerous compounds or steps not
mentioned herein. In other embodiments, the
compositions or methods do not include, or are
substantially free of, any compounds or steps not
enumerated herein. Variations and modifications from
the described embodiments exist. Finally, any number
disclosed herein should be construed to mean
approximate, regardless of whether the word "about" or
"approximately" is used in describing the number. The
appended claims intend to cover all those
modifications and variations as falling within the
scope of the invention.What is claimed is: 1. An
ethylene/a-olefin interpolymer comprising two or more
substantially homogeneous intramolecular segments or
blocks comprising differing chemical or physical
properties, said intramolecular segments characterized
by possessing a most probable molecular weight
distribution, wherein the ethylene/a-olefin
interpolymer comprises a hard segment and a soft
segment, and wherein: (a) has a Mw/Mn from about 1.7
to about 3.5; (b) has an ethylene content in the hard
segment in the range of from 60 wt% to 95 



wt% based on based on total monomer content in hard
segment; (c) (i) has a hard segment in an amount of at
least 40%, at least one melting point, Tm, in degrees
Celsius and an amount of ethylene in weight percent,
wt% C2, wherein the numerical values of Tm and wt% C2
correspond to the relationship: 90 0C > Tm >
4.1276(wt% C2) - 244.76; or (ii) has a hard segment
composition of less than 40%, at least one melting
point, Tm, in degrees Celsius and an amount of
ethylene in weight percent, wt% C2, wherein the
numerical values of Tm and wt% C2 correspond to the
relationship: 80 0C > Tm < 4.1276(wt% C2) - 264.95; or
(iii) is characterized by 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; or
(iv) has a molecular fraction which elutes between 00C
and 1300C when fractionated using low temperature
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; or (v) has a
relationship between ethylene content in wt% and log
molecular weight such that a line plotted of ethylene
content vs logmolecular weight as measured by GPC-IR
has an absolute slope, m, of equal to or less than 4;
and, (d) has a turbidity measurement of a 1.0 wt%
solution of the ethylene/a-olefin interpolymer in oil
or a 1.5 wt% solution in dodecane of less than or
equal to that of a comparable copolymer wherein the
comparable copolymer has the same DSC enthalpy (J/g)
at greater than 55 0C within 5 J/g and the same
overall ethylene content within 10%. 2.An
ethylene/a-olefin interpolymer comprising two or more
substantially homogeneous intramolecular segments or
blocks comprising differing chemical or physical
properties, said intramolecular segments characterized
by possessing a most probable molecular weight
distribution, wherein the ethylene/a-olefin
interpolymer comprises a hard segment and a soft
segment, and wherein: (a) has a Mw/Mn from about 1.7
to about 3.5; (b) has an ethylene content in the hard
segment in the range of from 60 wt% to 95 wt% based on
based on total monomer content in hard segment; (c)
(i) has a hard segment in an amount of at least 40%,
at least one melting point, Tm, in degrees Celsius and
an amount of ethylene in weight percent, wt% C2,
wherein the numerical values of Tm and wt% C2
correspond to the relationship: 0 0C > Tm > 3.4405(wt%
C2) - 218.99; or (ii) has a hard segment composition
of less than 40%, at least one melting point, Tm, in
degrees Celsius and an amount of ethylene in weight
percent, wt% C , wherein the numerical values of Tm
and wt% C2 correspond to the relationship: 80 0C > Tm
< 4.1276(wt% C2) - 264.95; or (iii) is characterized
by 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; or (iv) has a molecular
fraction which elutes between 00C and 1300C when
fractionated using low temperature 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, andmolar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a-olefin interpolymer; or (v) has a
relationship between ethylene content in wt% and log
molecular weight such that a line plotted of ethylene
content vs log molecular weight as measured by GPC-IR
has an absolute slope, m, of equal to or less than 4;
and, 



(d) has a turbidity measurement of a 1.0 wt% solution
of the ethylene/a-olefin interpolymer in oil or a 1.5
wt% solution in dodecane of less than or equal to that
of a comparable copolymer wherein the comparable
copolymer has the same DSC enthalpy (J/g) at greater
than 55 0C within 5 J/g and the same overall ethylene
content within 10%. 3. The ethylene/a-olefin
interpolymer of Claim 1 or 2 comprising ethylene in an
amount in the range of from about 55 wt% to about 75
wt%. 4. The ethylene/a-olefin interpolymer of Claim 1
or 2 comprising ethylene in an amount in the range of
from about 60 wt% to about 73 wt%. 5. The
ethylene/a-olefin interpolymer of any of the preceding
claims wherein the hard segments comprise ethylene in
an amount in the range of from about 60 wt% to about
95 wt%. 6. The ethylene/a-olefin interpolymer of any
of the preceding claims wherein the hard segments
comprise ethylene in an amount in the range of from
about 70 wt% to about 85 wt%. 7. The ethylene/a-olefin
interpolymer of any of the preceding claims having a
Tm in the range of from about -25 0C to about 100 0C.
8. The ethylene/a-olefin interpolymer of any of the
preceding claims having a Tm in the range of from
about 30 0C to about 80 0C. 9. The ethylene/a-olefin
interpolymer of any of the preceding claims having a
Tm in the range of from about 35 0C to about 75 0C.
10. The ethylene/a-olefin interpolymer of any of the
preceding claims having a Tm that is less than that of
a comparable random copolymer having a total weight
percent comonomer within 10 wt% of that of the
ethylene/a-olefin interpolymer. 11. The
ethylene/a-olefin interpolymer of any of the preceding
claims having a turbidity in a 1.0 wt% solution of the
ethylene/a-olefin interpolymer in oil or a 1.5wt%
solution in dodecane that is less than 1.5 NTU and a
DSC enthalpy at greater than 55 0C of less than 2 J/g.


