
SUBSTITUTED PYRIDINYL AND PYRIMIDINYL DERIVATIVES AS
MODULATORS OF METABOLISM AND THE TREATMENT OF
DISORDERS RELATED THERETO FIELD OF THE INVENTION The
present invention relates to certain substituted
pyridinyl and pyrimidinyl derivatives that are
modulators of glucose metabolism. Accordingly,
compounds of the present invention are useful in the
treatment of metabolic-related disorders and
complications thereof, such as, diabetes and obesity.
BACKGROUND OF THE INVENTION Diabetes mellitus is a
serious disease afflicting over 100 million people
worldwide. In the United States, there are more than
12 million diabetics, with 600,000 new cases diagnosed
each year. Diabetes mellitus is a diagnostic term for
a group of disorders characterized by abnormal glucose
homeostasis resulting in elevated blood sugar. There
are many types of diabetes, but the two most common
are Type I (also referred to as insulin-dependent
diabetes mellitus or IDDM) and Type II (also referred
to as non-insulin-dependent diabetes mellitus or
NIDDM). The etiology of the different types of
diabetes is not the same; however, everyone with
diabetes has two things in common: overproduction of
glucose by the liver and little or no ability to move
glucose out of the blood into the cells where it
becomes the body's primary fuel. People who do not
have diabetes rely on insulin, a hormone made in the
pancreas, to move glucose from the blood into the
cells of the body. However, people who have diabetes
either don't produce insulin or can't efficiently use
the insulin they produce; therefore, they can't move
glucose into their cells. Glucose accumulates in the
blood creating a condition called hyperglycemia, and
over time, can cause serious health problems. Diabetes
is a syndrome with interrelated metabolic, vascular,
and neuropathic components. The metabolic syndrome,
generally characterized by hyperglycemia, comprises
alterations in carbohydrate, fat and protein
metabolism caused by absent or markedly reduced
insulin secretion and/or ineffective insulin action.
The vascular syndrome consists of abnormalities in the
blood vessels leading to cardiovascular, retinal and
renal complications. Abnormalities in the peripheral
and autonomic nervous systems are also part of the
diabetic syndrome. People with IDDM, which accounts
for about 5% to 10% of those who have diabetes, don't
produce insulin and therefore must inject insulin to
keep their blood glucose levels normal. IDDM is
characterized by low or undetectable levels of
endogenous insulin production caused by destruction of
the insulin-producing b cells of the pancreas, the
characteristic that most readilydistinguishes IDDM
from NDDDM. IDDM, once termed juvenile-onset diabetes,
strikes young and older adults alike. Approximately 90
to 95% of people with diabetes have Type II (or
NIDDM). NIDDM subjects produce insulin, but the cells
in their bodies are insulin resistant: the cells don't
respond properly to the hormone, so glucose
accumulates in their blood. NIDDM is characterized by
a relative disparity between endogenous insulin
production and insulin requirements, leading to
elevated blood glucose levels. In contrast to IDDM,
there is always some endogenous insulin production in
NIDDM; many NEDDM patients have normal or even
elevated blood insulin levels, while other NIDDM
patients have inadequate insulin production (Rotwein,
R. et al. N. Engl. J. Med. 308, 65-71 (1983)). Most
people diagnosed with NIDDM are age 30 or older, and
half of all new cases are age 55 and older. Compared
with whites and Asians, NIDDM is more common among
Native Americans, African-Americans, Latinos, and
Hispanics. In addition, the onset can be insidious or
even clinically inapparent, making diagnosis difficult
The primary pathogenic lesion on NIDDM has remained
elusive. Many have suggested that primary insulin
resistance of the peripheral tissues is the initial
event. Genetic epidemiological studies have supported
this view. Similarly, insulin secretion abnormalities
have been argued as the primary defect in NIDDM. It is
likely that both phenomena are important contributors
to the disease process (Rimoin, D. L., et. al. Emery
and Rimoin's Principles and Practice of Medical
Genetics 3rd Ed. 1:1401-1402 (1996)). Many people with
NIDDM have sedentery lifestyles and are obese; they
weigh approximately 20% more than the recommended
weight for their height and build. Furthermore,
obesity is characterized by hyperinsulinemia and
insulin resistance, a feature shared with NIDDM,
hypertension and atherosclerosis. Obesity and diabetes
are among the most common human health problems in
industrialized societies. In industrialized countries
a third of the population is at least 20% overweight.
In the United States, the percentage of obese people
has increased from 25% at the end of the 1970s, to 33%
at the beginning the 1990s. Obesity is one of the most
important risk factors for NIDDM. Definitions of
obesity differ, but in general, a subject weighing at
least 20% more than the recommended weight for his/her
height and build is considered obese. The risk of
developing NDDDM is tripled in subjects 30%
overweight, and three-quarters with NIDDM are
overweight. Obesity, which is the result of an
imbalance between caloric intake and energy
expenditure, is highly correlated with insulin
resistance and diabetes in experimental animals and
human. However, the molecular mechanisms that are
involved in obesity-diabetes syndromes are not clear.
During early development of obesity, increase insulin
secretion balances insulin resistance and protects
patients from hyperglycemia (Le Stunff, et al.
Diabetes 43, 696-702 (1989)). However, after several
decades, b cell function deteriorates and
non-insulin-dependentdiabetes develops in about 20% of
the obese population (Pederson, P. Diab. Metab. Rev.
5, SOSO (1989)) and (Brancati, F. L., et al., Arch.
Intern. Med. 159, 957-963 (1999)). Given its high
prevalence in modern societies, obesity has thus
become the leading risk factor for NIDDM (Hill, J. O.,
et al., Science 280, 1371-1374 (1998)). However, the
factors which predispose a fraction of patients to
alteration of insulin secretion in response to fat
accumulation remain unknown. Whether someone is
classified as overweight or obese is generally
determined on the basis of their body mass index (BMI)
which is calculated by dividing body weight (kg) by
height squared (m2) . Thus, the units of BMI are kg/m
2 and it is possible to calculate the BMI range
associated with minimum mortality in each decade of
life. Overweight is defined as a BMI in the range
25-30 kg/m 2, and obesity as a BMI greater than 30
kg/m 2 (see TABLE below). There are problems with this
definition in that it does not take into account the
proportion of body mass that is muscle in relation to
fat (adipose tissue). To account for this, obesity can
also be defined on the basis of body fat content:
greater than 25% and 30% in males and females,
respectively. CLASSIFICATION OF WEIGHT BY BODY MASS
INDEX (BMI) As the BMI increases there is an increased
risk of death from a variety of causes that is
independent of other risk factors. The most common
diseases with obesity are cardiovascular disease
(particularly hypertension), diabetes (obesity
aggravates the development of diabetes), gall bladder
disease (particularly cancer) and diseases of
reproduction. Research has shown that even a modest
reduction in body weight can correspond to a
significant reduction in the risk of developing
coronary heart disease. Compounds marketed as
anti-obesity agents include Orlistat (XENICAL(tm)) and
Sibutramine. Orlistat (a lipase inhibitor) inhibits
fat absorption directly and tends to produce a high
incidence of unpleasant (though relatively harmless)
side-effects such as diarrhea. Sibutramine (a mixed
5-HT/noradrenaline reuptake inhibitor) can increase
blood pressure and heart rate in some patients. The
serotonin releaser/reuptake inhibitors
fenfluramine(Pondimin(tm)) and dexfenfluramine
(Redux(tm)) have been reported to decrease food intake
and body weight over a prolonged period (greater than
6 months). However, both products were withdrawn after
reports of preliminary evidence of heart valve
abnormalities associated with their use. Accordingly,
there is a need for the development of a safer
anti-obesity agent. Obesity considerably increases the
risk of developing cardiovascular diseases as well.
Coronary insufficiency, atheromatous disease, and
cardiac insufficiency are at the forefront of the
cardiovascular complication induced by obesity. It is
estimated that if the entire population had an ideal
weight, the risk of coronary insufficiency would
decrease by 25% and the risk of cardiac insufficiency
and of cerebral vascular accidents by 35%. The
incidence of coronary diseases is doubled in subjects
less than 50 years of age who are 30% overweight. The
diabetes patient faces a 30% reduced lifespan. After
age 45, people with diabetes are about three times
more likely than people without diabetes to have
significant heart disease and up to five times more
likely to have a stroke. These findings emphasize the
inter-relations between risks factors for NIDDM and
coronary heart disease and the potential value of an
integrated approach to the prevention of these
conditions based on the prevention of these conditions
based on the prevention of obesity (Perry, I . J., et
al, BAdJ310, 560-564 (1995)). Diabetes has also been
implicated in the development of kidney disease, eye
diseases and nervous-system problems. Kidney disease,
also called nephropathy, occurs when the kidney's
"filter mechanism" is damaged and protein leaks into
urine in excessive amounts and eventually the kidney
fails. Diabetes is also a leading cause of damage to
the retina at the back of the eye and increases risk
of cataracts and glaucoma. Finally, diabetes is
associated with nerve damage, especially in the legs
and feet, which interferes with the ability to sense
pain and contributes to serious infections. Taken
together, diabetes complications are one of the
nation's leading causes of death. SUMMARY OF THE
INVENTION The present invention is drawn to compounds
which bind to and modulate the activity of a GPCR,
referred to herein as RUP3, and uses thereof. The term
RUP3 as used herein includes the human sequences found
in GeneBank accession number AY288416,
naturallyoccurring allelic variants, mammalian
orthologs, and recombinant mutants thereof. A
preferred human RUP3 for use in screening and testing
of the compounds of the invention is provided in the
nucleotide sequence of Seq. DD.No:l and the
corresponding amino acid sequence in Seq. ID.No:2. One
aspect of the present invention encompasses certain
substituted pyridinyl and pyrimidinyl derivatives as
shown in Formula (Ia):or a pharmaceutically acceptable
salt, solvate or hydrate thereof; wherein: X is N or
CRs wherein R8 is H or halogen; Y is NH or O; Z is CH
or N; Ri is carbo-Ci. -alkoxy, oxadiazolyl or
pyrimidinyl wherein said carbo-Ci.g-alkoxy,
oxadiazolyl and pyrimidinyl are each optionally
substituted with 1 or 2 substituents selected
independently from the group consisting of Q -4 alkyl,
Q -4 alkoxy and C3-5 cycloalkyl; R2 is H or C1-4
alkyl; R is C1.4 alkoxy, O-C2-4-alkynyl or hydroxyl;
R4 is selected from the group consisting of H, Q -4
alkoxy, Ci- alkyl, C -4 alkynyl and halogen; R5 is
selected from the group consisting of Q 4
acylsulfonamide, Ci-4 alkoxy, C1 alkyl, C1-4
alkylamino, C1.4 alkylsulfonyl, C1-4 alkylthio, cyano,
heterocyclyl, di-Q -4- dialkylamino and sulfonamide,
wherein said Ci-4 alkoxy, C 4 alkyl, Ci-4 alkylamino,
Ci-4 alkylsulfonyl, Ci-4 alkylthio,
di-Ci-4-dialkylamino and heterocyclyl are each
optionally substituted with 1 or 2 substituents
selected independently from the group consisting
OfC2-4 alkynyl, Ci-4 alkoxy, Ci-4 alkylcarboxamide, Q
-4 alkylsulfonyl, C3-5 cycloalkyl, C3-5 cycloalkyloxy,
di-Q^-alkylcarboxamide, hydroxyl and phosphonooxy,
wherein said Ci-4 alkylcarboxamide is optionally
substituted with hydroxyl; or R5 is a group of Formula
(A): (A) wherein "m", "n" and "q" are each
independently 0, 1, 2 or 3; "r" is 0, 1 or 2; and "t"
is 0 or 1; R is H or halogen; and R7 is H or Ci-4
alkyl. One aspect of the present invention pertains to
pharmaceutical compositions comprising at least one
compound of the present invention and a
pharmaceutically acceptable carrier.One aspect of the
present invention pertains to methods for the
treatment of a metabolic-related disorder in an
individual comprising administering to the individual
in need of such treatment a therapeutically effective
amount of a compound of the present invention or a
pharmaceutical composition thereof. One aspect of the
present invention pertains to methods of decreasing
food intake of an individual comprising administering
to the individual in need thereof a therapeutically
effective amount of a compound of the present
invention or pharmaceutical composition thereof. One
aspect of the present invention pertains to methods of
inducing satiety in an individual comprising
administering to the individual in need thereof a
therapeutically effective amount of a compound of the
present invention or pharmaceutical composition
thereof. One aspect of the present invention pertains
to methods of controlling or decreasing weight gain of
an individual comprising administering to the
individual in need thereof a therapeutically effective
amount of a compound of the present invention or
pharmaceutical composition thereof. One aspect of the
present invention pertains to methods of modulating a
RUP3 receptor in an individual comprising contacting
the receptor with a compound of the present invention.
In some embodiments, the compound is an agonist for
the RUP3 receptor. In some embodiments, the modulation
of the RUP3 receptor is the treatment of a
metabolicrelated disorder. Some embodiments of the
present invention include a method of modulating a
RUP3 receptor in an individual comprising contacting
the receptor with a compound of the present invention
wherein the modulation of the RUP3 receptor reduces
food intake of the individual. Some embodiments of the
present invention include a method of modulating a
RUP3 receptor in an individual comprising contacting
the receptor with a compound of the present invention
wherein the modulation of the RUP3 receptor induces
satiety in the individual. Some embodiments of the
present invention include a method of modulating a
RUP3 receptor in an individual comprising contacting
the receptor with a compound of the present invention
wherein the modulation of the RUP3 receptor controls
or reduces weight gain of the individual. One aspect
of the present invention pertains to use of a compound
of the present invention for production of a
medicament for use in the treatment of a
metabolic-related disorder. One aspect of the present
invention pertains to use of a compound of the present
invention for production of a medicament for use in
decreasing food intake in an individual.One aspect of
the present invention pertains to use of a compound of
the present invention for production of a medicament
for use of inducing satiety in an individual. One
aspect of the present invention pertains to use of a
compound of the present invention for production of a
medicament for use in controlling or decreasing weight
gain in an individual. One aspect of the present
invention pertains to a compound of the present
invention for use in a method of treatment of the
human or animal body by therapy. One aspect of the
present invention pertains to a compound of the
present invention for use in a method of treatment of
a metabolic-related disorder of the human or animal
body by therapy. In some embodiments the individual is
a mammal. In some embodiments the mammal is a human.
Some embodiments of the present invention pertain to
methods wherein the human has a body mass index of
about 18.5 to about 45. In some embodiments, the human
has a body mass index of about 25 to about 45. In some
embodiments, the human has a body mass index of about
30 to about 45. In some embodiments, the human has a
body mass index of about 35 to about 45. In some
embodiments, the metabolic-related disorder is
hyperlipidemia, type 1 diabetes, type 2 diabetes
mellitus, idiopathic type 1 diabetes (Type Ib), latent
autoimmune 



diabetes in adults (LADA), early-onset type 2 diabetes
(EOD), youth-onset atypical diabetes (YOAD), maturity
onset diabetes of the young (MODY),
malnutrition-related diabetes, gestational diabetes,
coronary heart disease, ischemic stroke, restenosis
after angioplasty, peripheral vascular disease,
intermittent claudication, myocardial infarction (e.g.
necrosis and apoptosis), dyslipidemia, post-prandial
lipemia, conditions of impaired glucose tolerance
(IGT), conditions of impaired fasting plasma glucose,
metabolic acidosis, ketosis, arthritis, obesity,
osteoporosis, hypertension, congestive heart failure,
left ventricular hypertrophy, peripheral arterial
disease, diabetic retinopathy, macular degeneration,
cataract, diabetic nephropathy, glomerulosclerosis,
chronic renal failure, diabetic neuropathy, metabolic
syndrome, syndrome X, premenstrual syndrome, coronary
heart disease, angina pectoris, thrombosis,
atherosclerosis, myocardial infarction, transient
ischemic attacks, stroke, vascular restenosis,
hyperglycemia, hyperinsulinemia, hyperlipidemia,
hypertrygliceridemia, insulin resistance, impaired
glucose metabolism, conditions of impaired glucose
tolerance, conditions of impaired fasting plasma
glucose, obesity, erectile dysfunction, skin and
connective tissue disorders, foot ulcerations and
ulcerative colitis, endothelial dysfunction and
impaired vascular compliance. In some embodiments, the
metabolic-related disorder is type I diabetes, type II
diabetes, inadequate glucose tolerance, insulin
resistance, hyperglycemia,
hyperlipidemia,hypertriglyceridemia,
hypercholesterolemia, dyslipidemia or syndrome X. In
some embodiments, the metabolic-related disorder is
type II diabetes. In some embodiments, the
metabolic-related disorder is hyperglycemia. In some
embodiments, the metabolic-related disorder is
hyperlipidemia. In some embodiments, the
metabolic-related disorder is hypertriglyceridemia. In
some embodiments, the metabolic-related disorder is
type I diabetes. In some embodiments, the
metabolic-related disorder is dyslipidemia. In some
embodiments, the metabolic-related disorder is
syndrome X. One aspect of the present invention
pertains to a method of producing a pharmaceutical
composition comprising admixing at least one compound,
as described herein, and a pharmaceutically acceptable
carrier. Applicant reserves the right to exclude any
one or more of the compounds from any of the
embodiments of the invention. Applicant additionally
reserves the right to exclude any disease, condition
or disorder from any of the embodiments of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS Figure IA
shows RT-PCR analysis of RUP3 expression in human
tissues. A total of twenty-two (22) human tissues were
analyzed. Figure IB shows the cDNA Dot-Blot analysis
of RUP 3 expression in human tissues. Figure 1C shows
analysis of RUP3 by RT-PCR with isolated human
pancreatic islets of Langerhans. Figure ID shows
analysis of RUP3 expression with cDNAs of rat origin
by RT-PCR. Figure 2A shows a polyclonal anti-RUP3
antibody prepared in Rabbits. Figure 2B shows the
expression of RUP3 in insulin-producing b cells of
pancreatic islets. Figure 3 shows in vitro functional
activities of RUP3. Figure 4 shows a RXJP3 RNA blot.
DETAILED DESCRIPTION OF THE INVENTION DEFINITIONS The
scientific literature that has evolved around
receptors has adopted a number of terms to refer to
ligands having various effects on receptors. For
clarity and consistency, the following definitions
will be used throughout this patent document. AGONISTS
shall mean moieties that interact and activate the
receptor, such as the RUP3 receptor and initiates a
physiological or pharmacological response
characteristic of that receptor. For example, when
moieties activate the intracellular response upon
binding to the receptor, or enhance GTP binding to
membranes.The term ANTAGONISTS is intended to mean
moieties that competitively bind to the receptor at
the same site as agonists (for example, the endogenous
ligand), but which do not activate the intracellular
response initiated by the active form of the receptor,
and can thereby inhibit the intracellular responses by
agonists or partial agonists. Antagonists do not
diminish the baseline intracellular response in the
absence of an agonist or partial agonist. CHEMICAL
GROUP, MOIETY OR RADICAL: The term "Ci -4 acyl" refers
to a Ci 6 alkyl radical attached directly to the
carbon of a carbonyl group wherein the definition for
alkyl is as described herein; some examples include,
but not limited to, acetyl, propionyl, ??-butanoyl,
isobutanoyl, sec-butanoyl, ^-butanoyl (also referred
to as pivaloyl) and the like. The term "Ci -
acylsulfonamide" refers to a Ci- acyl attached
directly to the nitrogen of the sulfonamide, wherein
the definitions for C acyl and sulfonamide have the
same meaning as described herein, and a C1.4
acylsulfonamide group can be represented by the
following formula: alkyl Some embodiments of the
present invention are when acylsulfonamide is a C]-3
acylsulfonamide, some embodiments are Ci-2
acylsulfonamide and some embodiments are Ci
acylsulfonamide. Examples of an acylsulfonamide group
include, but not limited to, acetylsulfamoyl [-S(=O)
2NHC(=O)Me], propionylsulfamoyl [-S(=O) 2NHC(=O)Et],
isobutyrylsulfamoyl, butyrylsulfamoyl, and the like.
The term "Ci -4 alkoxy" refers to an alkyl radical, as
defined herein, attached directly to an oxygen atom
(i.e., -0-Ci -4 alkyl). Examples include methoxy,
ethoxy, n-propoxy, iso-propoxy, n-butoxy, t-butoxy,
iso-butoxy, sec-butoxy and the like. The term "Ci -4
alkyl" refers to a straight or branched carbon radical
containing 1 to 4 carbons, some embodiments are 1 to 3
carbons, some embodiments are 1 to 2 carbons. Examples
of an alkyl include, but not limited to, methyl,
ethyl, npropyl, iso-propyl, n-butyl, iso-butyl,
t-butyl, sec-butyl, and the like. The term "Ci -4
alkylamino" refers to one alkyl radical attached
directly to an amino radical (-HN-C 1.4 alkyl) wherein
the alkyl radical has the same meaning as described
herein. Some examples include, but not limited to,
methylamino (i.e., - HNCH 3), ethylamino,
n-propylamino, iso-propylamino, n-butylamino,
sec-butylamino, iso-butylamino, t-butylamino, and the
like. The term "Ci -4 alkylcarboxamide" or "Ci -4
alkylcarboxamido" refers to a single C1- alkyl group
attached to the nitrogen of an amide group, wherein
alkyl hasthe same definition as described herein. The
C1.4 alkylcarboxamido may be represented by the
following: alkyl Examples include, but not limited to,
N-methylcarboxamide, N-ethylcarboxamide, N-
"-propylcarboxamide, N-zso-propylcarboxamide,
N-rc-butylcarboxamide, N-secbutylcarboxamide, N-
-butylcarboxamide, N-f-butylcarboxamide and the like.
The term "C1-4 alkylsulfonyl" refers to a alkyl
radical attached to a sulfone radical of the formula:
-S(O)2- wherein the alkyl radical has the same
definition as described herein. Examples include, but
not limited to, methylsulfonyl, ethylsulfonyl,
n-propylsulfonyl, iso-propylsulfonyl, n-butylsulfonyl,
sec-butylsulfonyl, isobutylsulfonyl, t-butyl, and the
like. The term "C1-4 alkylthio" refers to a alkyl
radical attached to a sulfide of the formula: -S-
wherein the alkyl radical has the same definition as
described herein. Examples include, but not limited
to, methylsulfanyl (i.e., CH3S-), ethylsulfanyl,
npropylsulfanyl, iso-propylsulfanyl, n-butylsulfanyl,
sec-butylsulfanyl, isobutylsulfanyl, t-butyl, and the
like. The term "C2-4 alkynyl" refers to a radical
containing 2 to 4 carbons and at least one
carbon-carbon triple bond (-CC-), some embodiments are
2 to 3 carbons, and some embodiments have 2 carbons
(-CCH). Examples of a C2 alkynyl include, but not
limited to, ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, and the like. The
term C2- alkynyl includes di- and tri-ynes. The term
"amino" refers to the group -NH 2. The term
"carbo-Ci^-alkoxy" refers to an alkoxy group attached
directly to the carbon of a carbonyl and can be
represented by the formula -C(=O)O-Ci. 6-alkyl,
wherein the C1 alkyl group is as defined herein. In
some embodiments, the carbo- Ci.6-alkoxy group is
further bonded to a nitrogen atom and together form a
carbamate group (e.g., NC(=O)O-C 1-6-alkyl). Examples
of the carbo-Ci. 6-alkoxy group include, but not
limited to, methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
sec-butoxycarbonyl, o-butoxycarbonyl, tbutoxycarbonyl,
w-pentoxycarbonyl, zso-pentoxycarbonyl,
z-pentoxycarbonyl, neopentoxycarbonyl,
rc-hexyloxycarbonyl, and the like. The term "cyano"
refers to the group -CN. The term "C3-5 cycloalkyl"
refers to a saturated ring radical containing 3 to 5
carbons; some embodiments contain 3 to 4 carbons; some
embodiments contain 3 carbons. Examples include
cyclopropyl, cyclobutyl, cyclopentyl, and the like.The
term "C3-5-CyClOaIkOXy" refers to a cycloalkyl, as
defined herein, attached directly to an oxygen atom
(i.e., -0-C 3-5 cycloalkyl). Examples include, but not
limited to, cyclopropoxy, cyclobutoxy, cyclopentoxy,
and the like. The term "di-Ci^-dialkylamino" refers to
an amino group substituted with two of the same or
different .4 alkyl radicals wherein alkyl radical has
the same definition as described herein. Some examples
include, but not limited to, dimethylamino,
methylethylamino, diethylamino, methylpropylamino,
methylisopropylamino, ethylpropylamino,
ethylisopropylamino, dipropylamino,
propylisopropylamino and the like. The term or "di-Ci.
4-alkylcarboxamido" refers to two C1.4 alkyl radicals,
that are the same or different, attached to an amide
group, wherein alkyl has the same definition as
described herein. A di-Q. 4- alkylcarboxamido can be
represented by the following group: wherein C1 has the
same definition as described herein. Examples of a
dialkylcarboxamide include, but not limited to,
N,N-dimethylcarboxamide, N-methyl- N-ethylcarboxamide,
N,N-diethylcarboxamide,
N-methyl-N-isopropylcarboxamide, and the like. The
term "halogen" or "halo" refers to to a fluoro,
chloro, bromo or iodo group. The term "heterocyclyl"
refers to anon-aromatic carbon ring (i.e., cycloalkyl
or cycloalkenyl) wherein one, two or three ring
carbons are replaced by a heteroatom selected from,
but not limited to, the group consisting of -O-, -S-,
-S(=O)-, -S(=O)2-, and -NH-, and the ring carbon atoms
are optionally substituted with oxo or thiooxo thus
forming a carbonyl or thiocarbonyl group respectively.
The heterocyclic group can be a 3, 4, 5 or 6-member
containing ring. Examples of a heterocyclic group,
include but not limited to, aziridin-1-yl,
aziridin-2-yl, azetidin-1-yl, azetidin-2-yl,
azetidin-3-yl, piperidin-1-yl, piperidin-4-yl,
morpholin-4-yl, piperzin-1-yl, piperzin-4-yl,
pyrrolidin-1- yl, pyrrolidin-3-yl, [l,3]-dioxolan-2-yl
and the like. The term "hydroxyl" refers to the group
-OH. The term "oxadiazolyl" refers to the group
represented by the following formulae:The tepn "oxo"
refers generally to a double bonded oxygen; typically
"oxo" is a substitution on a carbon and together form
a carbonyl group. The term "phosphonooxy" refers to a
group of the formula -OP(O)(OH) 2 and can be
represented by the following chemical structure: The
term "pyrimidinyl" refers to the group represented by
the following formulae: The term "sulfonamide" refers
to the group -S(=O)2NH2. COMPOSITION shall mean a
material comprising at least two compounds or two
components; for example, and without limitation, a
Pharmaceutical Composition is a Composition comprising
a compound of the present invention and a
pharmaceutically acceptable carrier. COMPOUND EFFICACY
shall mean a measurement of the ability of a compound
to inhibit or stimulate receptor functionality, as
opposed to receptor binding affinity. CONTACT or
CONTACTING shall mean bringing the indicated moieties
together, whether in an in vitro system or an in vivo
system. Thus, "contacting" a RUP3 receptor with a
compound of the invention includes the administration
of a compound of the present invention to an
individual, for example a human, having a RUP3
receptor, as well as, for example, introducing a
compound of the invention into a sample containing a
cellular or more purified preparation containing a
RUP3 receptor. IN NEED OF TREATMENT as used herein
refers to a judgment made by a caregiver (e.g.
physician, nurse, nurse practitioner, etc. in the case
of humans; veterinarian in the case of animals,
including non-human mammals) that an individual or
animal requires or will benefit from treatment. This
judgment is made based on a variety of factors that
are in the realm of a caregiver's expertise, but that
includes the knowledge that the individual is ill, or
will be ill, as the result of a disease, condition or
disorder that is treatable by the compounds of the
invention. The term "treatment" also refers in the
alternative to "prophylaxis." Therefore, in general,
"in need of treatment" refers to the judgment of the
caregiver that the individual is already ill,
accordingly, the compounds of the present invention
are used to alleviate, inhibit or ameliorate the
disease, condition or disorder. Furthermore, the
phrase also refers, in the alternative, to the
judgment made by the caregiver that the individual
will become ill. In this context, the compounds of the
invention are used in a protective or preventive
manner.INDIVIDUAL as used herein refers to any animal,
including mammals, preferably mice, rats, other
rodents, rabbits, dogs, cats, swine, cattle, sheep,
horses, or primates, and most preferably humans.
INHIBIT or INHIBITING, in relationship to the term
"response" shall mean that a response is decreased or
prevented in the presence of a compound as opposed to
in the absence of the compound. INVERSE AGONISTS shall
mean moieties that bind the endogenous form of the
receptor or to the constitutively activated form of
the receptor, and which inhibit the baseline
intracellular response initiated by the active form of
the receptor below the normal base level of activity
which is observed in the absence of agonists or
partial agonists, or decrease GTP binding to
membranes. Preferably, the baseline intracellular
response is inhibited in the presence of the inverse
agonist by at least 30%, more preferably by at least
50%, and most preferably by at least 75%, as compared
with the baseline response in the absence of the
inverse agonist. LIGAND shall mean an endogenous,
naturally occurring molecule specific for an
endogenous, naturally occurring receptor. As used
herein, the terms MODULATE or MODULATING shall mean to
refer to an increase or decrease in the amount,
quality, response or effect of a particular activity,
function or molecule. PHARMACEUTICAL COMPOSITION shall
mean a composition comprising at least one active
ingredient, whereby the composition is amenable to
investigation or treatment of a specified, efficacious
outcome in a mammal (for example, without limitation,
a human). Those of ordinary skill in the art will
understand and appreciate the techniques appropriate
for determining whether an active ingredient has a
desired efficacious outcome based upon the needs of
the artisan. THERAPEUTICALLY EFFECTIVE AMOUNT as used
herein refers to the amount of active compound or
pharmaceutical agent that elicits the biological or
medicinal response in a tissue, system, animal,
individual or human that is being sought by a
researcher, veterinarian, medical doctor or other
clinician, which includes one or more of the
following: (1) Preventing the disease; for example,
preventing a disease, condition or disorder in an
individual that may be predisposed to the disease,
condition or disorder but does not yet experience or
display the pathology or symptomatology of the
disease, (2) Inhibiting the disease; for example,
inhibiting a disease, condition or disorder in 



an individual that is experiencing or displaying the
pathology or symptomatology of the disease, condition
or disorder (i.e., arresting further development of
the pathology and/or symptomatology), and(3)
Ameliorating the disease; for example, ameliorating a
disease, condition or disorder in an individual that
is experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder
(i.e., reversing the pathology and/or symptomatology).
Compounds of the Present Invention: One aspect of the
present invention encompasses certain substituted
pyridinyl and pyrimidinyl derivatives as shown in
Formula (Ia): or a pharmaceutically acceptable salt,
hydrate or solvate thereof; wherein X, Y, Z, R1, R2,
R3, R4, R5, R6 and R7 have the same definitions as
described herein, supra and infra. It is appreciated
that certain features of the invention, which are, for
clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the
context of a single embodiment, may also be provided
separately or in any suitable subcombination. All
combinations of the embodiments pertaining to the
chemical groups represented by the variables (e.g.,
R1, R2, R3, R4, R5, Re, R7, X, Y, and Z) contained
within the generic chemical formulae described herein
[e.g. (Ia), (Ha), (lie), (He), (Hg), etc.] are
specifically embraced by the present invention just as
if they were explicitly disclosed, to the extent that
such combinations embrace compounds that result in
stable compounds (ie., compounds that can be isolated,
characterized and tested for biological activity). In
addition, all subcombinations of the chemical groups
listed in the embodiments describing such variables,
as well as all subcombinations of uses and medical
indications described herein, are also specifically
embraced by the present invention just as if each of
such subcombination of chemical groups and
subcomination of uses and medical indications were
explicitly disclosed herein. As used herein,
"substituted" indicates that at least one hydrogen
atom of the chemical group is replaced by a
non-hydrogen substituent or group, the non-hydrogen
substituent or group can be monovalent or divalent.
When the substituent or group is divalent, then it is
understood that this group is further substituted with
another substituent or group. When a chemical group
herein is "substituted" it may have up to the full
valance of substitution; for example, a methyl group
can be substituted by 1, 2, or 3 substituents, a
methylene group can be substituted by 1 or 2
substituents, a phenyl group can be substituted by 1,
2, 3, 4, or 5 substituents, a naphthyl group can be
substituted by 1, 2, 3, 4, 5, 6, or 7substituents and
the like. Likewise, "substituted with one or more
substituents" refers to the substitution of a group
with one substituent up to the total number of
substituents physically allowed by the group. Further,
when a group is substituted with more than one group
they can be identical or they can be different. It is
understood and appreciated that compounds of the
invention may have one or more chiral centers, and
therefore can exist as enantiomers and/or
diastereomers. The invention is understood to extend
to and embrace all such enantiomers, diastereomers and
mixtures thereof, including, but not limited to,
racemates. Accordingly, some embodiments of the
present invention pertain to compounds that are R
enantiomers. Further, some embodiments of the present
invention pertain to compounds that are S enantiomers.
When more than one chiral center is present, for
example two chiral centers then, some embodiments of
the present invention are compounds that are RS or SR
enantiomers. In further embodiments, compounds of the
present invention are RR or SS enantiomers. It is
understood that compounds of Formula (Ia) and formulae
used throughout this disclosure are intended to
represent all individual enantiomers and mixtures
thereof, unless stated or shown otherwise. Compounds
of the invention can also include tautomeric forms,
such as keto-enol tautomers, and the like. Tautomeric
forms can be in equilibrium or sterically locked into
one form by appropriate substitution. It is understood
that the various tautomeric forms are within the scope
of the compounds of the present invention. Compounds
of the invention can also include all isotopes of
atoms occurring in the intermediates and/or final
compounds. Isotopes include those atoms having the
same atomic number but different mass numbers. For
example, isotopes of hydrogen include deuterium and
tritium. Some embodiments of the present invention
pertain to compounds wherein X is N. Some embodiments
of the present invention pertain to compounds wherein
X is CRg. In some embodiments, Rs is H or F. Some
embodiments of the present invention pertain to
compounds wherein Y is NH. Some embodiments of the
present invention pertain to compounds wherein Y is O.
Some embodiments of the present invention pertain to
compounds wherein Z is CH. Some embodiments of the
present invention pertain to compounds wherein Z is N.
Some embodiments of the present invention pertain to
compounds wherein Ri is carbo-C 6-alkoxy optionally
substituted with C3-5 cycloalkyl. Some embodiments of
the present invention pertain to compounds wherein Ri
is selected form the group consisting of C(O)OCH 2CH3,
C(O)OCH(CH 3)2, C(O)OCH(CH 3)(CH 2CH3), C(O)OCH
2-cyclopropyl, C(O)OCH(CH 3)(cyclopropyl), and
C(O)OCH(CH 2CH3)2.Some embodiments of the present
invention pertain to compounds wherein R is selected
form the group consisting OfC(O)OCH2CH3,
C(O)OCH(CH3)2, C(O)OCH(CH3)(CH2CH3),
C(O)OCH2-cyclopropyl and C(O)OCH(CH3)(cyclopropyl);
these can be represented by the respective formulae:
Some embodiments of the present invention pertain to
compounds wherein R is oxadiazolyl optionally
substituted with one C alkyl group. Some embodiments
of the present invention pertain to compounds wherein
Ri is 5- isopropy1- [1,2,4]oxadiazol-3-y1. Some
embodiments of the present invention pertain to
compounds wherein Ri is pyrimidinyl optionally
substituted with one C1 alkoxy group. Some embodiments
of the present invention pertain to compounds wherein
R is 5- methoxy-pyrimidin-2-yl. Some embodiments of
the present invention pertain to compounds wherein R2
is H. Some embodiments of the present invention
pertain to compounds wherein R2 is CH3. Some
embodiments of the present invention pertain to
compounds wherein R3 is C1 alkoxy. Some embodiments of
the present invention pertain to compounds wherein R3
is OCH3 or OCH2CH3. Some embodiments of the present
invention pertain to compounds wherein R3 is OCH3.
Some embodiments of the present invention pertain to
compounds wherein R3 is OH or O-C CH. Some embodiments
of the present invention pertain to compounds wherein
R4 is selected from the group consisting of H, OCH3,
CH3, CH2CH3, F, Cl and CCH. Some embodiments of the
present invention pertain to compounds wherein R4 is
CH3. Some embodiments of the present invention pertain
to compounds wherein R5 is selected from the group
consisting OfOCH2CH2CH3, OCH2CH2CH2OH, S(O)2CH3,
CH2CH2S(O)2CH3, NHCH2CH2OH, cyano, CH2CH2OCH ,
CH2CH2OH, CH2CH2CH(CH3)OH, CH2CH2OP(O)(OH)2
S(O)2NHC(O)CH2CH3, CH2CH2O-cyclopropyl, NHCH2CH2OCH3,
OCH2CH2S(O)2CH3,NHCH 2CH(CH3)OH, CH2CH2CH2OH,
CH2CH2CH2OP(O)(OH)2, NHCH2CH(CH3)S(O)2CH3,
N(CH3)CH2CH(CH3)S(O)2CH3,
3-methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH2C(O)N(CH 3)2, 3-
methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH 2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH) 2, S(O)2CH2CH3, NHCH
2CH(OH)CH 2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH) 2,
OCH2CH2CH2OP(O)(OH) 2, S(O)2NH2, CH3, SCH2CH2CH3,
S(O)2CH2CH2CH3, SCH2CH3 SCH(CH 3)2, S(O)2CH(CH 3)2,
and CH2OH. Some embodiments of the present invention
pertain to compounds wherein R5 is selected from the
group consisting OfOCH 2CH2CH3, OCH2CH2CH2OH,
S(O)2CH3, CH2CH2S(O) 2CH3 NHCH 2CH2OH, cyano,
CH2CH2OCH3, CH2CH2OH, CH2CH2CH(CH 3)OH,
CH2CH2OP(O)(OH) 2, S(O)2NHC(O)CH 2CH3,
CH2CH2O-cyclopropyl, NHCH 2CH2OCH3, OCH2CH2S(O)2CH3,
NHCH 2CH(CH 3)OH, CH2CH2CH2OH, CH2CH2CH2OP(O)(OH) 2,
NHCH 2CH(CH 3)S(O) 2CH3, N(CH 3)CH2CH(CH 3)S(O) 2CH3,
3- methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH2C(O)N(CH 3)2, 3-
methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH 2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH) 2, S(O)2CH2CH3, NHCH
2CH(OH)CH 2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH) 2,
OCH2CH2CH2OP(O)(OH) 2 and S(O)2NH2. Some embodiments
of the present invention pertain to compounds wherein
R5 is selected from the group consisting OfOCH
2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3, NHCH 2CH2OH,
cyano, CH2CH2OH, CH2CH2CH(CH 3)OH, CH2CH2OP(O)(OH) 2,
S(O) 2NHC(O)CH 2CH3, CH2CH2CH2OH, S(O)2CH2CH3, NHCH
2CH(OH)CH 2OH, amino, NHCH 2CH3, NHCH(CH 3)2 and
NHCH(CH 3)CH2CH3. Some embodiments of the present
invention pertain to compounds wherein R5 is a group
other than -CH2-Ri 0, wherein R10 is selected from the
group consisting of Ci 4 alkylcarboxamide, C1.4
alkylsulfonyl, di-Ci-4-alkylcarboxamide, and
phosphonooxy. In some embodiments, R5 is a group other
than -CH2-RiO, wherein Ri0 is C1.4 alkylcarboxamide.
In some embodiments, R5 is a group other than -CH2-RiO
wherein Ri0 is C14 alkylsulfonyl. In some embodiments,
R5 is a group other than -CH2-RiO, wherein Ri0 is
di-Ci. 4- alkylcarboxamide. In some embodiments, R5 is
a group other than -CH2-RiO, wherein Ri0 is
phosphonooxy. Some embodiments of the present
invention pertain to compounds wherein R5 is selected
from the group consisting of OCH2CH2CH3, OCH2CH2CH2OH,
S(O)2CH3, CH2CH2S(O)2CH3, NHCH 2CH2OH, cyano,
CH2CH2OCH3, CH2CH2OH, CH2CH2CH(CH 3)OH,
CH2CH2OP(O)(OH) 2, S(O)2NHC(O)CH 2CH3,
CH2CH2O-cyclopropyl, NHCH 2CH2OCH3, OCH 2CH2S(O) 2CH3
3 NHCH 2CH(CH 3)OH, CH2CH2CH2OH, CH2CH2CH2OP(O)(OH) 2,
NHCH 2CH(CH 3)S(O) 2CH3, N(CH 3)CH 2CH(CH 3)S(O) 2CH3,
3- methanesulfonyl-pyrrolidin- 1-yl,
3-methanesulfonyl-piperidin- 1-yl, 3-methanesulfony 1-
azetidin-1-yl, CH2C(O)NHCH 2CH2OH, SCH2CH2OH,
S(O)2CH2CH2OP(O)(OH) 2,S(O)2CH2CH3, NHCH 2CH(OH)CH
2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH)2
OCH2CH2CH2OP(O)(OH)2 and S(O)2NH2. Some embodiments of
the present invention pertain to compounds wherein R5
is a group of Formula (A): (A) wherein "m", "n" and
"q" are each independently 0, 1, 2 or 3; "r" is 0, 1
or 2; and "t" is Oor 1. In some embodiments, "m" and
"n" are each independently Oor 1. In some embodiments,
"q" is Oor 1 and "r" is 1 or 2. In some embodiments,
"t" is 1. In some embodiments, "t" is O. Some
embodiments of the present invention pertain to
compounds wherein R5 is a group of Formula (B): (B)
wherein "m", "n", "q" and "r" are as described herein,
supra and infra. Some embodiments of the present
invention pertain to compounds wherein R5 is selected
from the group consisting of: Some embodiments of the
present invention pertain to compounds wherein R is H.
Some embodiments of the present invention pertain to
compounds wherein R is F. Some embodiments of the
present invention pertain to compounds wherein R7 is
H. Some embodiments of the present invention pertain
to compounds wherein R is CH . Some embodiments of the
present invention pertain to compounds having Formula
(Ha):(Ha) or a pharmaceutically acceptable salt,
solvate or hydrate thereof; wherein: Y is NH or O; R]
is carbo-Ci.e-alkoxy optionally substituted with C3.5
cycloalkyl; R2 is H or CH3; R 3 is C1.4 alkoxy; R4 is
selected from the group consisting of H, OCH3, CH3,
CH2CH3, F and Cl; R5 is selected from the group
consisting OfOCH2CH2CH3, OCH2CH2CH2OH, S(O)2CH3,
CH2CH2S(O)2CH3, NHCH2CH2OH, cyano, CH2CH2OCH3,
CH2CH2OH, CH2CH2CH(CH3)OH, CH2CH2OP(O)(OH)2,
S(O)2NHC(O)CH2CH3, CH2CH20-cyclopropyl, NHCH2CH2OCH3,
OCH2CH2S(O)2CH3, NHCH2CH(CH3)OH, CH2CH2CH2OH,
CH2CH2CH2OP(O)(OH)2,NHCH2CH(CH3)S(O)2CH3,
N(CH3)CH2CH(CH3)S(O)2CH3, 3-
methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH2C(O)N(CH3)2, 3-
methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH)2, S(O)2CH2CH3,
NHCH2CH(OH)CH2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH)2,
OCH2CH2CH2OP(O)(OH)2 and S(O)2NH2; Re is H or F; and
R7 is H or CH3. Some embodiments of the present
invention pertain to compounds having Formula (Ha):
(Ha) or a pharmaceutically acceptable salt, solvate or
hydrate thereof; wherein: Y is NH or O; Ri is
carbo-C1-6-alkoxy optionally substituted with C3-5
cycloalkyl; R2 is H or CH3; R3 is C1-4 alkoxy;t is
selected from the group consisting of H, OCH3, CH3,
CH2CH3, F and Cl; R5 is selected from the group
consisting OfOCH2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3,
NHCH2CH2OH, cyano, CH2CH2OH, CH2CH2CH(CH3)OH,
CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH 2CH3, CH2CH2CH2OH,
S(O)2CH2CH3, NHCH 2CH(OH)CH 2OH and S(O)2NH2; R is H
or F; and R7 is H or CH3. Some embodiments of the
present invention pertain to compounds having Formula
(lie): (Hc) or a pharmaceutically acceptable salt,
solvate or hydrate thereof; wherein: Ri is carbo-Ci
-6-alkoxy optionally substituted with C3- cycloalkyl;
R2 is H or CH3; R is Ci-4 alkoxy; R4 is selected from
the group consisting of H, OCH3, CH3, CH2CH3, F and
Cl; R5 is selected from the group consisting
OfOCH2CH2CH3, OCH2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3,
NHCH2CH2OH, cyano, CH2CH2OCH3, CH2CH2OH,
CH2CH2CH(CH3)OH, CH2CH2OP(O)(OFT)2, S(O)2NHC(O)CH
2CH3, CH2CH2O-cyclopropyl, NHCH2CH2OCH3,
OCH2CH2S(O)2CH3, NHCH2CH(CH3)OH, CH2CH2CH2OH,
CH2CH2CH2OP(O)(OH)2, NHCH2CH(CH3)S(O)2CH3,
N(CH3)CH2CH(CH3)S(O)2CH3, 3-
methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH2C(O)N(CH3)2, 3-
methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH) 2, S(O)2CH2CH3,
NHCH2CH(OH)CH2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH)2,
OCH2CH2CH2OP(O)(OH)2 and S(O)2NH2; R is H or F; and R7
is H or CH3. Some embodiments of the present invention
pertain to compounds having Formula (lie):(lie) or a
pharmaceutically acceptable salt, solvate or hydrate
thereof; wherein: 



Ri is carbo-Ci.6-alkoxy optionally substituted with
C3-5 cycloalkyl; R2 is H or CH3; R3 is C1.4 alkoxy; Rt
is selected from the group consisting of H, OCH3, CH3,
CH2CH3, F and Cl; R5 is selected from the group
consisting OfOCH2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3,
NHCH2CH2OH, cyano, CH2CH2OH, CH2CH2CH(CH3)OH,
CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH2CH3, CH2CH2CH2OH,
S(O)2CH2CH3, NHCH 2CH(OH)CH 2OH and S(O)2NH2; R6 is H
or F; and R7 is H or CH3. Some embodiments of the
present invention pertain to compounds having Formula
(He): or a pharmaceutically acceptable salt, solvate
or hydrate thereof; wherein: Ri is carbo-Ci 6-alkoxy
optionally substituted with C3-5 cycloalkyl; R2 is H
or CH3; R3 is C1.4 alkoxy; R4 is selected from the
group consisting of H, OCH3, CH3, CH2CH3, F and Cl; R5
is selected from the group consisting OfOCH2CH2CH3,
OCH2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3, NHCH2CH2OH,
cyano, CH2CH2OCH3, CH2CH2OH, CH2CH2CH(CH3)OH,
CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH2CH3,
CH2CH2O-cyclopropyl, NHCH2CH2OCH3, OCH 2CH2S(O) 2CH3
5NHCH 2CH(CH 3)OH, CH2CH2CH2OH, CH2CH2CH2OP(O)(OH)2,
NHCH2CH(CH3)S(O)2CH3, N(CH3)CH2CH(CH3)S(O)2CH3, 3-
methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH C(O)N(CHs)2,
3-methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH)2, S(O)2CH2CH3, NHCH
2CH(OH)CH 2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH)2,
OCH2CH2CH2OP(O)(OH)2 and S(O)2NH2; R is H or F; and R7
is H or CH3. Some embodiments of the present invention
pertain to compounds having Formula (lie): (He) or a
pharmaceutically acceptable salt, solvate or hydrate
thereof; wherein: R1 is carbo-Ci.6-alkoxy optionally
substituted with C3-5 cycloalkyl; R2 is H or CH3; R3
is Ci 4 alkoxy; R4 is selected from the group
consisting of H, OCH3, CH3, CH2CH3, F and Cl; R5 is
selected from the group consisting of OCH2CH2CH2OH,
S(O)2CH3, CH2CH2S(O)2CH3, NHCH2CH2OH, cyano, CH2CH2OH,
CH2CH2CH(CH3)OH, CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH2CH3,
CH2CH2CH2OH, S(O)2CH2CH3, NHCH 2CH(OH)CH 2OH and
S(O)2NH2; R is H or F; and R7 is H or CH3. Some
embodiments of the present invention pertain to
compounds having Formula (Hg): (Hg) or a
pharmaceutically acceptable salt, solvate or hydrate
thereof; wherein: Ri is carbo-Ci.6-alkoxy optionally
substituted with C3-5 cycloalkyl; R2 is H or CH3; R3
is Ci-4 alkoxy;R4 is selected from the group
consisting of H, OCH3, CH3, CH2CH3, F and Cl; R5 is
selected from the group consisting OfOCH2CH2CH3
OCH2CH2CH2OH, S(O)2CH3, CH2CH2S(O)2CH3, NHCH2CH2OH5
cyano, CH2CH2OCH3, CH2CH2OH, CH2CH2CH(CH3)OH,
CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH2CH3,
CH2CH2O-cyclopropyl, NHCH2CH2OCH3, OCH2CH2S(O)2CH3,
NHCH2CH(CH3)OH, CH2CH2CH2OH, CH2CH2CH2OP(O)(OH)2,
NHCH2CH(CH3)S(O)2CH3, N(CH3)CH2CH(CH3)S(O)2CH3, 3-
methanesulfonyl-pyrrolidin-1-yl,
3-methanesulfonyl-piperidin-l-yl, CH2C(O)N(CH3)2, 3- '
methanesulfonyl-azetidin-1-yl, CH2C(O)NHCH2CH2OH,
SCH2CH2OH, S(O)2CH2CH2OP(O)(OH)2, S(O)2CH2CH3, NHCH
2CH(OH)CH 2OH, S(O)2CH2CH2OH, OCH2CH2OP(O)(OH)2,
OCH2CH2CH2OP(O)(OH)2 and S(O)2NH2; R6 is H or F; and
R7 is H or CH3. Some embodiments of the present
invention pertain to compounds having Formula (Hg):
(Hg) or a pharmaceutically acceptable salt, solvate or
hydrate thereof; wherein: Ri is carbo-Ci.6-alkoxy
optionally substituted with C3-5 cycloalkyl; R2 is H
or CH3; R3 is C alkoxy; R4 is selected from the group
consisting of H, OCH3, CH3, CH2CH3, F and Cl; R5 is
selected from the group consisting OfOCH2CH2CH2OH,
S(O)2CH3, CH2CH2S(O)2CH3, NHCH2CH2OH, cyano, CH2CH2OH,
CH2CH2CH(CH3)OH, CH2CH2OP(O)(OH)2, S(O)2NHC(O)CH2CH3,
CH2CH2CH2OH, S(O)2CH2CH3, NHCH 2CH(OH)CH 2OH and
S(O)2NH2; R6 is H or F; and R7 is H or CH3. Some
embodiments of the present invention pertain to
compounds having Formula (EB):(DB) or a
pharmaceutically acceptable salt, solvate or hydrate
thereof; wherein: "m" and "n" are each independently 0
or 1; "q" is Oor 1; "r" is 1 or 2; X is N or O; Ri is
carbo-Ci-6-alkoxy optionally substituted with C3-5
cycloalkyl; R2 is H or CH3; R3 is Ci-4 alkoxy; R4 is
selected from the group consisting of H, OCH3, CH3,
CH2CH3, F and Cl; R is H or F; and R7 is H or CH3.
Some embodiments of the present invention include
every combination of one or more compounds selected
from the following group in Table A: TABLE ACmpd
Structure Chemical Name No. 4-[5-Fluoro-2-(2-fluoro-4-
methanesulfonyl-phenylamino)-3-
methoxy-pyridin-4-yloxy]-piperidine- 1-carboxylic acid
isopropyl ester (6)-4-{2-[2-Ethyl-4-(2-
methanesulfonyl-ethyl)-phenylamino]-
3-methoxy-pyridin-4-y loxy}-2- methyl-piperidine-1
-carboxylic acid isopropyl ester 4-{5-Fluoro-2-
[6-(2-hydroxy-ethoxy)- 2-methyl-pyridin-3-ylamino]-3-
methoxy-pyridin-4-yloxy}-piperidine- 1-carboxylic acid
isopropyl ester
4-{2-[2-Fluoro-4-(2-methanesulfbnylethyl)-
phenylamino] -3-methoxypyridin- 4-yloxy }-piperidine-
1- carboxylic acid isopropyl ester
4-{2-[6-(2-Hydroxy-ethylamino)-2- methyl-pyridin-3
-ylamino]-3- methoxy-pyridin-4-yloxy}-piperidine-
1-carboxylic acid isopropyl ester
4-[2-(4-Cyano-2-fluoro-phenylamino)-
3-methoxy-pyridin-4-y loxy]- piperidine- 1-carboxylic
acid isopropyl esterCXCR4 ANTAGONISTS FOR THE
TREATMENT OF HIV INFECTION CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims priority to U.S.
Provisional Application No. 60/642,375, filed January
7, 2005 and U.S. Provisional Application No.
60/642,374, filed January 7, 2005. FIELD OF THE
INVENTION The invention provides compounds,
pharmaceutical compositions and methods of use of
certain compounds that are antagonists of the
chemokine CXCR4 receptor. The compounds are useful to
modulate a medical condition that is modulated by
CXCR4 receptor activity or signaling, and in
particular in the treatment or prevention of human
immunodeficiency virus infections (HTV). BACKGROUND As
of the end of 2004, an estimated 39.4 million people
worldwide were living with HIV/AIDS, and the Centers
for Disease Control and Prevention (CDC) estimate that
850,000 to 950,000 U.S. residents are living with HTV
infection (UNAIDS/WHO AIDS epidemic update, December
2004; Fleming, PX. et al. HTV Prevalence in the United
States, 2000. 9th Conference on Retroviruses and
Opportunistic Infections, Seattle, Wash., Feb. 24-28,
2002. Abstract 11). Although new infections have
decreased in recent years, an estimated 4.9 million
new HIV infections occurred worldwide during 2004 and
approximately 40,000 new HIV infections occur each
year in the United States. HIV entry within the target
cells involves a series of molecular events. The three
main steps of virus entry within the cell are: (i)
attachment of the virus to the host cells; (ii)
interaction of the virus with the co-receptors; (iii)
fusion of the virus and host cell membranes.
Considering the complexity of the molecular events
involved in viral infection, all three of these steps
have been considered for the drug design of HIV entry
inhibitors. The T-lymphocyte cell surface protein CD4
is the primary receptor involved in the interaction
with the viral glycoprotein gpl20, but a cellular
co-receptor is also needed for the successful entry of
the virus within the cell. At least two types of such
co-receptors have been identified so far, both of
which are chemokine receptors. These chemokine
receptors are therefore gateways for HIV entry,
determinants of viral tropism and
sensitivity.Chemokines are a superfamily of small,
secreted cytokines that induce, through their
interaction with G-protein-coupled receptors,
cytoskeletal rearrangements and directional migration
of several cell types (Butcher,et al. (1999) Adv
Immunol 72: 209-253; Campbell and Butcher (2000) Curr
Opin Immunol 12: 336-341; Zlotnik and Yoshie (2000)
Immunity 12: 121-127). The chemokine receptor, CXCR4,
is known in viral research as a major coreceptor for
the entry of T cell line-tropic HIV (Feng, et al.
(1996) Science 272: 872-877; Davis, et al. (1997) J
Exp Med 186: 1793-1798; Zaitseva, et al. (1997) Nat
Med 3: 1369- 1375; Sanchez, et al. (1997) J Biol
Chem.212: 27529-27531). T Stromal cell derived factor
1 (SDF-I) is a chemokine that interacts specifically
with CXCR4. When SDF-I binds to CXCR4, CXCR4 activates
Goti-protein-mediated signaling (pertussis
toxin-sensitive) (Chen, et al. (1998) MoI Pharmacol
53: 177-181), including downstream kinase pathways
such as Ras/MAP Kinases and phosphatidylinositol
3-kinase (PI3K)/Akt in lymphocyte, megakaryocytes, and
hematopoietic stem cells (Bleul, et al. (1996) Nature
382: 829-833; Deng, et al. (1997) Nature 388: 296-300;
Kijowski, et al. (2001) Stem Cells 19: 453-466; Majka,
et al. (2001) Folia. Histochem. Cytobiol. 39: 235-244;
Sotsios, et al. (1999) J. Immunol. 163: 5954-5963;
Vlahakis, et al. (2002) J. Immunol. 169: 5546-5554).
Compounds targeting CXCR4 have been developed which
are aimed at treatment of HTV infection. For example,
U.S. Patent No. 6,429,308 to Hisamitsu Pharmaceutical
Co., Inc. discloses an antisense oligonucleotide to
CXCR4 to inhibit the expression of the CXCR4 protein
for use as an anti-HIV agent. Peptide antagonists of
CXCR4 receptors have also been disclosed. Tamamura et
al (Tamamura, et al. (2000) Bioorg. Med. Chem. Lett.
10: 2633-2637; Tamamura, et al. (2001) Bioorg. Med.
Chem. Lett. 11: 1897-1902) reported the identification
of a specific peptidebased CXCR4 inhibitor, T140. T140
is a 14-residue peptide that possessed high levels of
anti-HIV activity and antagonism of T cell line-tropic
HIV-I entry among all antagonists of CXCR4 (Tamamura,
et al. (1998) Biochem. Biophys. Res. Commun. 253:
877-882). The compound has been altered to increase
its efficacy and bioavailability by, for example,
amidating the C-terminal of T-140 and reducing the
total positive charges by substituting basic residues
with nonbasic polar amino acids to generate TN14003,
which is less cytotoxic and more stable in serum
compared to T140. The concentration of TN14003
required for 50% protection of HTV-induced
cytopathogenicity in MT-4 cells is 0.6 nM in contrast
to 410 mM leading to 50% toxicity. U.S. Patent No.
6,344,545 to Progenies Pharmaceuticals, Inc. describes
methods for preventing HTV-I infection of CD4+ cells
with peptide fragments.U.S. Patent No. 6,534,626 to
the U.S. Department of Health & Human Services
describes certain peptide chemokine variants for
treating HIV infections. Although advances have been
made, inadequate absorption, distribution, metabolism,
excretion or toxicity properties of peptide inhibitors
have limited their clinical use. Small non-peptide
drugs remain a major goal of medicinal chemistry
programs in this area. At the present time, the
metal-chelating cyclams and bicyclams represent one of
the few reported non-peptide molecules to effectively
block CXCR4 (Onuffer and Horuk (2002) Trends Pharmacol
Sd 23: 459-467.36). One of these non-peptide molecules
is AMD3100, which entered clinical trials as an
anti-HIV drug that blocks CXCR4-mediated viral entry
(Donzella, et al. (1998) Nat Med 4: 72-77; Hatse, et
al. (2002) FEBS Lett 527: 255-262; Fujii, et al.
(2003) Expert Opin Investig Drugs 12: 185-195; Schols,
et al. (1997) Antiviral Res 35: 147-156). However, a
clinical study showed cardiac-related side effect of
AMD3100 (Scozzafava, et al. (2002) J Enzyme InHb Med
Chem 17: 69-7641). In fact, AMD3100, was recently
withdrawn from the clinical trials due in part to a
cardiac-related side effect (Hendrix, et al. (2004)
Journal of Acquired Immune Deficiency Syndromes
37(2)). The latter was not a result of the compound's
ability to block CXCR4 function, but due to its
presumed structural capacity for encapsulating metals.
Other nitrogen containing bicyclic molecules have also
been developed as CXCR4 antagonists. European Patent
Publication No. 1 431 290 and PCT Publication No. WO
02/094261 to Kureha Chemical Industry Co., Ltd cover
CXCR4 inhibitors that are potentially useful in
treating various diseases including HIV infection.
U.S. Patent Publication No. 2004/0254221 to Yamamazi,
et al. also provides compounds and use thereof to
treat various diseases including HIV infections that
are CXCR4 antagonists. The compounds are of the
general formula:in which A is A1-G1-N(R1)-; A1 is
hydrogen or an optionally substituted, mono- or
polycyclic, heteroaromatic or aromatic ring; Gi is a
single bond or -C(R2)(R )-; R1, R2, and R3 can be
optionally substituted hydrocarbon groups; W is an
optionally substituted hydrocarbon or heterocyclic
ring; x is-C(=O)NH-; y is -C(=O)-; and D1 is hydrogen
atom, alkyl with a polycyclic aromatic ring, or amine.
PCT Publication No. WO 00/56729 and U.S. Patent No.
6,750,348 to AnorMED describe certain heterocyclic
small molecule CXCR4 binding compounds, teaching that
these 



are useful for the protection against HIV infection.
The compounds are of the general formula: in which W
can be a nitrogen or carbon atom; Y is absent or is
hydrogen; R1 to R7 can be hydrogen or straight,
branched or cyclic C1- alkyl; R8 is a substituted
heterocyclic or aromatic group; Ar is an aromatic or
heteroaromatic ring; and X is specified ring
structure. PCT Publication No. WO 2004/091518 to
AnorMED also describes certain substituted nitrogen
containing compounds that bind to CXCR4 receptors. The
compounds are described as having the effect of
increasing progenitor cells and/or stem cells,
enhancing production of white blood cells, and
exhibiting antiviral properties. PCT Publication No.
WO 2004/093817 to AnorMED also discloses substituted
heterocyclic CXCR4 antagonists which are described as
useful to alleviate inflammatory conditions and
elevate progenitor cells, as well as white blood cell
counts. Similarly, PCT Publication No. WO 2004/106493
to AnorMED describes heterocyclic compounds that bind
to CXCR4 and CCR5 receptors consisting of a core
nitrogen atom surrounded by three pendant groups,
wherein two of the three pendant groups are preferably
benzimidazolyl methyl and tetrahydroquinolyl, and the
third pendant group contains nitrogen and optionally
contains additional rings. The compounds demonstrate
protective effects against infections of target cells
by a human immunodeficiency virus (HIV).It is an
object of the invention to provide new compounds,
methods and compositions for the treatment of viral
infection, notably HTV. SUMMARY Compounds, methods and
pharmaceutical compositions for the treatment or
prevention of diseases viral diseases, notably HIV, or
symptoms associated with HTV infection or AIDS
(acquired immune deficiency syndrome) are provided.
While not wanting to be bound by theory, it is
believed that the compounds provided herein may
interfere with the binding of the native SDF-I ligand
to the CXCR4 receptor and inhibit activation of the
receptor and subsequent downstream signaling pathways.
The invention provides compounds, methods and
pharmaceutical compositions for the treatment of
pathogenic conditions including certain viral
diseases, in particular HIV infection, and
particularly for the reduction of cell invasion by the
virus. The compounds, methods and compositions include
an effective treatment amount of a compound of
Formulas (I)-(XVII), or a pharmaceutically acceptable
salt, ester or prodrug thereof. In one embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula I, or a pharmaceutically acceptable salt,
ester or prodrug thereof: wherein each K is
independently N or CH; Q, T, U, V, W, X, Y and Z are
independently selected from H, R, acyl, F, Cl, Br, I,
OH, OR, NH2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR', NHacyl, N(acyl)2, CO2H, CO2R, where R
and R' are independently selected from straight chain,
branched or cyclic alkyl or aralkyl groups, as well as
aryl and heteroaryl groups; andR1, R2, R3, R4, R5 and
R6 are independently selected from H, straight chain,
branched or cyclic alkyl, aralkyl, aryl heteroaryl,
acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
In another embodiment, the compound has the formula:
wherein each K is independentlyN or CH; Q, T, U, and V
are independently selected from H, R, acyl, F, Cl, Br,
I, OH, OR, NH2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR', NHacyl, N(acyl)2, CO2H, CO2R, where
each R and R are independently selected from straight
chain, branched or cyclic alkyl or aralkyl groups, as
well as aryl and heteroaryl groups; Ra is
independently selected from R, acyl, F, Cl, Br, I, OH,
OR, NH2, NHR, NO2, NR2, SO2, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR', NHacyl, N(acyl)2, C(O)R, CO2H, CO2R;
n ,n' and n" are independently 0, 1, 2, 3, 4, or 5;
and R1, R2, R3, R4, R5 and R6 are independently
selected from H, straight chain, branched or cyclic
alkyl, aralkyl, aryl heteroaryl, acyl (RC-) and
imidoyl (RC(NH)- or RC(NR1)-) groups. In another
embodiment the compound has the formula: each K is
independently N or CH; Q, T, U, and V are
independently selected from H, R, acyl, F, Cl, Br, I,
OH, OR, NH2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR', NHacyl, N(acyl)2, CO2H, CO2R, where
each R and R are independently selected from straight
chain, branched or cyclic alkyl or aralkyl groups, as
well as aryl and heteroaryl groups; Ra, n, n' and n"
and R1, R2, R3, R4, R5 and R6 are as defined above.In
another embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of HTV infection, or for reduction of
symptoms associated with AIDS, in a host in need
thereof is provided including a compound of Formula Ha
or lib, or a pharmaceutically acceptable salt, ester
or prodrug thereof: wherein each K is independently N
or CH; Q, T,U, V,W, X, Y and Z are as defined above; A
and B are one and two atom tethers independently
selected from -CR=, -CR3R -, -CR3=, - N=, -O-, -NR3-,
-S-, -CR3=CR4-, -CR3R4-CR5R6-, -CR3=N-, -CR0R4-NR5-,
-N=CR3-, and - NR3-CR4R5-; R and R1are as defined
above; -D-E- and -G-J- are independently either
-NR3-CR4- or -N=C-; and R1, R2, R3, R4, R5, R , R7 and
R8 are independently selected from H, straight chain,
branched or cyclic alkyl , aralkyl, aryl heteroaryl,
acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
In another embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of HTV infection, or for reduction of
symptoms associated with AIDS, in a host in need
thereof is provided including a compound of Formula
III, or a pharmaceutically acceptable salt, ester or
prodrug thereof:wherein each K is independently N or
CH; Q, T, U, V,W, X, Y and Z are as defined above; and
R, R', R1, R2, R3, R4, R5 and R6 are as defined above.
In a further embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of HIV infection, or for reduction of
symptoms associated with AIDS, in a host in need
thereof is provided including a compound of Formula
IVa or IVb, or a pharmaceutically acceptable salt,
ester or prodrug thereof: wherein each K is
independentlyN or CH; Q, T, U, V,W, X, Y and Z are as
defined above; R, R', R1, R2, R3, R4, R , R , R7 and
R8 are as defined above; and A and B and -D-E- and
-G-J- are as defined above.In another embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof isincluding a compound of Formula Va,
Vb or Vc, or a pharmaceutically acceptable salt, ester
or prodrug thereof: wherein each K is independently N
or CH; Q, T, U,W,X,Y and Z are as defined above; and
R, R', R1, R2, R , R4, R and R6 are as defined above.
In a further embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of HTV infection, or for reduction of
symptoms associated with AIDS, in a host in need
thereof is provided including a compound of Formula
VIa or VIb, or a pharmaceutically acceptable salt,
ester or prodrug thereof:wherein each K is
independently N or CH; Q, T, U,W, X, Y and Z are as
defined above; R, R', R1, R2, R3, R4, R5, R , R7 and R
are as defined above; and A and B and -D-E- and -G-J-
are as defined above. In yet another embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula VII, or a pharmaceutically acceptable salt,
ester or prodrug thereof: wherein each K is
independently N or CH; U, V,W, X,Y and Z are as
defined above; R1, R2, R3, R4, R5 and R are as defined
above; andM is O, S or NR3- In a further embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula VIIIa or VIIIb, or a pharmaceutically
acceptable salt, ester or prodrug thereof: wherein
each K is independentlyN or CH; U, V,W,X, Y and Z are
as defined above; R1, R2, R , R4, R5, R , R7 and R8
are as defined above; and A and B and -D-E- and -G-J-
are as defined above; and M is O, S orNR 3. In a ninth
principal embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of HIV infection, or for reduction of
symptoms associated with AIDS, in a host in need
thereof is provided including a compound of Formula
IX, or a pharmaceutically acceptable salt, ester or
prodrug thereof:wherein each K is independently N or
CH; W, X,Y and Z are as defined above; R1, R2, R3, R4,
R5 and R6 are as defined above; A* is independently
selected from the group consisting of formulas a-g: ;
and M is O, S or NR3. In another embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula X, or a pharmaceutically acceptable salt,
ester or prodrug thereof:wherein each K is
independently N or CH; W, X, Y and Z are as defined
above; R1, R2, R3, R4, R5, R6, R7 and R8 are as
defined above; and A and B and -D-E- and -G-J- are as
defined above; and A* is as defined above; and M is as
defined above. In another principal embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula XI, or a pharmaceutically acceptable salt,
ester or prodrug thereof: wherein each K is
independently N or CH; Q, T, U, V,W, X, Y and Z are as
defined above; and R1, R2, R3, R4, R5 and R6 are as
defined above. In another embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula XII, or a pharmaceutically acceptable salt,
ester or prodrug thereof:wherein each K is
independently N or CH; Q, T,U,V,W, X, Y and Z are as
defined above; R1, R2, R3, R4, R5, R6, R7 and R8 are
as defined above; and A and B and -D-E- and -G-J- are
as defined above. In another embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula XIII, or a pharmaceutically acceptable salt,
ester or prodrug thereof: wherein K, Q, T, U, V,W, X,
Y and Z are as defined above; R1, R2, R3, R4, R5 and
R6 are as defined above; and "spacer" is independently
a bond, straight chained or branched C1-C5 alkyl,
C2-C5 alkenyl, C2-C5 alkynyl, C1-C5 alkoxy, C2-C5
alkenoxy, and C2-C5 alkynoxy wherein the alkyl group
can be substituted by a heteroatom (such as N, O or S)
for example -CH2-OCH2-, -CH2CH2- OCH2-,
-CH2CH2-OCH2CH2-, -CH2-OCH2CH2-, -CH2CH2-OCH2CH2CH2-,
-CH2CH2CH2- OCH2-, -GH2GH2CH2-OCH2CH2-,
-CH2CH2-OCH2CH2CH2-, -(CH2)n-OH(CH3)-(CH2)n-,
CH2-OH(CH3)-O-CH2, -(CH2)n-, -(CH2)n-C0-, -(CH2)n-N-,
-(CH2)n-0-, -(CH2)n-S-, -(CH2O)-, -(OCH2)-, -(SCH2)-,
-(CH2S-), -(aryl-O)-, -(O-aryl)-, -(alkyl-O)-,
-(O-alkyl)- wherein n is independently 0, 1, 2, 3, 4,
5, 6, 7, 8, 9, or 10. In another principal embodiment,
a method, compound and pharmaceutical composition for
the treatment or prevention of HIV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof is provided including a compound of
Formula XIVa or XIVb, or a pharmaceutically acceptable
salt, ester or prodrug thereof: wherein K, Q, T, U,
V,W, X, Y and Z are as defined above; R1, R , R , R4,
R5 and R6 are as defined above; "spacer" is as defined
above; and "heterocycle" and "heteroaromatic" are as
defined herein. In one embodiment, a method of
treating or preventing HIV infection, or of reducing
symptoms associated with AIDS is provided including
administering a compound of Formula (I)-(XVII) to a
host. In certain embodiments, the compound can be
provided to a host in combination with treatment of
the infection with a second active compound. In a
separate embodiment, the compound is provided to a
patient that has been treated for viral infection to
keep viral load low, or reduce mortality associated
with a particular infection, for example by reducing
progression of AIDS related symptoms. The compound of
Formula (I)-(XVII) can also be provided in conjunction
with another active compound.In one particular
embodiment, a method of treating or preventing HIV
infection, or of reducing symptoms associated with
AIDS is provided including administering to a host in
need thereof an effective amount of a compound of
Formula XV, or a pharmaceutically acceptable salt,
ester or prodrug thereof, is provided: In a particular
subembodiment, the compound is a salt of a compound of
Formula XV, particularly a chloride salt. In another
particular embodiment, a method of treating or
preventing HIV infection, or of reducing symptoms
associated with AIDS is provided that includes
contacting the cells with a compound of Formula XVI,
or a pharmaceutically acceptable salt, ester or
prodrug thereof, is provided: In another particular
embodiment, a method of treating or preventing HFV
infection, or of reducing symptoms associated with
AIDS is provided that includes contacting the cells
with a compound of Formula XVII, or a pharmaceutically
acceptable salt, ester or prodrug thereof, is
provided: In a separate embodiment, a method of
treating or preventing HTV infection, or of reducing
symptoms associated with AIDS by administering a
compound of Formulas (I)-(XVII) to a host in need of
treatment is provided. The compounds of the invention
can be administered to a host in need thereof to
reduce the incidence of recurrence of infection. In
another embodiment, the invention provides a method of
treating a host infected with other infections
associated with CXCR4 receptor activation, for
example, liver diseases associated with flavivirus or
pestivirus infection, and in particular, HCV or HBV,
by administering an effective amount of a compound
described herein. The cell can be in a host animal,
including a human. 



In another embodiment, pharmaceutical compositions
including at least one compound of Formulas (I)-(XVII)
are provided. In certain embodiments, at least a
second active compound is administered to the host to
achieve combination therapy. The second active
compound can be another antiviral agent. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows images of
stained cells and blots indicating the specificity of
TN14003. A: The binding of TN14003 to CXCR4 was
blocked by preincubation of 400ng/ml SDF-I . Cells
were immunostained by using biotin-labeled control
peptide (a) or biotinlabeled TN14003 (b & c) and
streptavidin-conjugated rhodamine (red). Cells were
preincubated with SDF-I for 10 min and then fixed in
ice-cold acetone (c). B: Northern blot analysis and
western blot analysis results show the different
expression levels of CXCR4 from breast cancer cell
lines, MDA-MB-231 and MDA-MB-435. b-actin was used as
a loading control for both. C: Confocal micrographs of
CXCR4 protein on cell's surface from MDA-MB-231 and
MDA-MB-435 cell lines by using biotinylated TN14003
and streptavidin-conjugated R-PE (red color). Nuclei
were counter-stained by cytox blue. D: Representative
immunofluorescence staining of CXCR4 with the
biotinylated TN14003 on paraffin embedded tissue
sections of breast cancer patients and normal breast
tissue. Figure 2 is an image of a western blot showing
phosphorylation of Akt. Incubating MDA-MB-231 cells
with 100 ng/ml of SDF-I for 30 min stimulated
phosphorylation of Akt. This activation was blocked
with TN14003 or AMD3100 in a dose-dependent manner.
Figure 3 is a graph of HRE activity. The graph shows
that HRE-Luc MB-231 cells have moderately high HRE
activity in normoxia that can be suppressed by either
CXCR4 siRNA or HIF-I siRNA. HRE acitivity increase 2.5
fold in hypoxia that can also be suppressed by either
CXCR4 siRNA or HIF-I siRNA.Figure 4 shows images of a
drug screen methodology utilizing biotin-labeled
TN14003 as a reporter. Figure 5 shows images of
stained cells. Biotin-labeled TN14003 was used to
detect CXCR4 protein from the cells pre-incubated with
various concentrations of WZZL81 IS. Results indicate
that IC50 of WZZL81 IS is less than 1 nM. Figure 6
shows the chemical structure of WZZL811S. Figure 7
shows a graph of the HPLC analysis performed as
described in Example 8. DETAILEDDESCRIPTION OF THE
INVENTION Compounds, methods and compositions to treat
or prevent HIV infection, reduce viral load or
alleviate progression towards or the symptoms of AIDS
in a host in need thereof. Compounds described herein
have the capacity to interact with CXCR4 receptors and
potentially inhibit receptor signaling. It was found
that these compounds have increased bioavailability
and efficacy in inhibiting CXCR4 receptors and SDF-I
-dependent signaling over known CXCR4 antagonists.
Active Compound, and Physiologically Acceptable Salts
and Prodrugs Thereof In one embodiment, a compound of
Formula I, or a pharmaceutically acceptable salt,
ester or prodrug thereof, is provided for the
treatment or prevention of HTV infection, or for
reduction of symptoms associated with AIDS, in a host
in need thereof: wherein each K is independently N or
CH; Q, T, U, V,W, X5Y and Z are independently selected
from H, R, acyl, F, Cl, Br, I, OH, OR, NH2, NHR, NR2,
SR, SR, S2R, S-NHR, S2-NHR, S-NRR1, S2-NRR', NHacyl,
N(acyl)2, CO2H, CO2R, where R and R' are independently
selected from straight chain, branched or cyclic alkyl
or aralkyl groups, as well as aryl and heteroaryl
groups; and . R1, R2, R3, R , R5 and R are
independently selected from H, straight chain,
branched or cyclic alkyl , aralkyl, aryl heteroaryl,
acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groupsIn
one subembodiment of Formula I, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X,Y and Z are all
hydrogen. Zou et al. (Zou, et al. (2003) Acta Cryst.
E59: online 1312-ol313) described the synthesis of a
potentially tetradentate ligand,
1,4-bis-(pyridine-2-aminomethyl)benzene. Zou described
this compound as a potential ligand for metal ions. In
a subembodiment, a compound of Formula I-1 to I-10, or
a pharmaceutically acceptable salt, ester or prodrug
thereof, is provided for the treatment or prevention
of HIV infection, or for reduction of symptoms
associated with AIDS, in a host in need thereof:
wherein Q, T, U, V,W, X, Y and Z are as defined above;
and R1, R2, R3, R4, R and R6 are as defined above.In
another sub-embodiment, a compound of Formula I-11 to
1-20, or a pharmaceutically acceptable salt, ester or
prodrug, is provided for the treatment or prevention
of HIV infection, , or for reduction of symptoms
associated with AIDS, in a host in need thereof:
wherein Q, T, U, V,W, X, Y and Z are as defined above;
and R1, R2, R3, R4, R5 and R6 are as defined above. In
another embodiment, the invention provides a compound
of Formula IIa or lIb, or a pharmaceutically
acceptable salt, ester or prodrug thereof:wherein each
K is independently N or CH; Q, T, U, V,W, X, Y and Z
are as defined above; A and B are one and two atom
tethers independently selected from -CR=, -CR3R4-,
-CR3=, - N=, -O-, -NR3-, -S-, -CR3=CR4-,
-CR3R4-CR5R6-, -CR3=N-, -CR3R4-NR5-, -N=CR3-, and -
NR3-CR4R5-; -D-E- and -G-J- are independently either
-NR3-CR4- or -N=C-; and R1, R2, R3, R4, R5, R5, R7 and
R8 are independently selected from H, straight chain,
branched or cyclic alkyl, aralkyl, aryl heteroaryl,
acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
In one subembodiment of Formula II, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X, Y and Z are all
hydrogen. In a subembodiment, the invention provides a
compound of Formula II-1 to II-18 , or a
pharmaceutically acceptable salt, ester or prodrug
thereof:CXCR4 ANTAGONISTS FOR THE TREATMENT OF MEDICAL
DISORDERS CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims priority to U.S. Provisional
Application No. 60/642,375, filed January 7, 2005 and
U.S. Provisional Application No. 60/642,374, filed
January 7, 2005. FIELD OF THE INVENTION The invention
provides compounds, pharmaceutical compositions and
methods of use of certain compounds that are
antagonists of the chemokine CXCR4 receptor. The
compounds are useful to mediate any medical condition
that is modulated by CXCR4 receptor signaling, and in
particular for treating or reducing the severity of
hyperproliferative diseases by inhibiting metastasis.
BACKGROUND Cancer is currently the second leading
cause of death in developed nations. In 2004, the
American Cancer Society estimated that approximately
1.37 million new cases were diagnosed in the U.S.
alone, and approximately 550,000 deaths occurred due
to cancer (American Cancer Society, Cancer Facts &
Figures 2004, see URL: http://www.cancer.org/
docroot/STT/stt_0.asp). Metastasis, the spread and
growth of tumor cejls to distant organs, is the most
devastating attribute of cancer. Most morbidity and
mortality associated with certain types of cancer,
such as breast cancer, is associated with disease
caused by metastatic cells rather than by the primary
tumor. Therapy for metastasis currently relies on a
combination of early diagnosis and aggressive
treatment of the primary tumor. The establishment and
growth of metastases at distant sites is thought to
depend on interactions between tumor cells and the
host environment. Metastasis is the result of several
sequential steps and represents a highly organized,
non-random and organ-selective process. Although a
number of mediators have been implicated in the
metastasis of breast cancer, the precise mechanisms
determining the directional migration and invasion of
tumor cells into specific organs remain to be
established. An incomplete understanding of the
molecular and cellular mechanisms underlying
metastasis has hindered the development of effective
therapies that would eliminate or ameliorate this
condition.Several strategies have been developed to
reduce metastatic invasion of malignant cells by
regulating adhesion of endothelial cells with
antibodies or adhesion molecules (see for example, PCT
Publication No. WO 97/00956, U.S. Patent Nos.
5,993,817; 6,433,149; 6,475,488; and 6,358,915).
However no commercial strategy has provided an
effective treatment to prevent metastasis. Chemokines
are a superfamily of small cytokines that induce,
through their interaction with G-protein-coupled
receptors, cytoskeletal rearrangements and directional
migration of several cell types (Butcher,et al. (1999)
Adv Immunol 72: 209-253; Campbell and Butcher (2000)
Curr Opin Immunol 12: 336-341; Zlotnik and Yoshie
(2000) Immunity 12: 121-127). These secreted proteins
act in a coordinated fashion with cell-surface
proteins to direct the homing of various subsets of
cells to specific anatomical sites (Morales, et al.
(1999) Proc Natl Acad Sd USA96: 14470-14475; Homey,
B., et al. (2000) J Immunol 164: 3465-3470; Peled, et
al. (1999) Science 283: 845-848; Forster, et al.
(1999) Cell 99: 23-33). Chemokines are considered to
be principal mediators in the initiation and
maintenance of inflammation. They have also been found
to play an important role in the regulation of
endothelial cell function, including proliferation,
migration and differentiation during angiogenesis and
re-endothelialization after injury (Gupta et al.
(1998) J Biol Chem, 7:4282-4287). Two specific
chemokines have also been implicated in the etiology
of infection by human immunodeficiency virus (HIV).
The chemokine receptor, CXCR4, is known in viral
research as a major coreceptor for the entry of T cell
line-tropic HIV (Feng, et al. (1996) Science 272:
872-877; Davis, et al. (1997) J Exp Med 186:
1793-1798; Zaitseva, et al. (1997) Nat Med 3:
1369-1375; Sanchez, et al. (1997) J Biol Chemlll:
27529-27531). T Stromal cell derived factor 1 (SDF-I)
is a chemokine that interacts specifically with CXCR4.
When SDF-I binds to CXCR4, CXCR4 activates
Gcii-protein-mediated signaling (pertussis
toxin-sensitive) (Chen, et al. (1998) MoI Pharmacol
53: 177-181), including downstream kinase pathways
such as Ras/MAP Kinases and phosphatidylinositol
3-kinase (PI3K)/Akt in lymphocyte, megakaryocytes, and
hematopoietic stem cells (Bleul, et al. (1996) Nature
382: 829-833; Deng, et al. (1997) Nature 388: 296-300;
Kijowski, et al. (2001) Stem Cells 19: 453-466; Majka,
et al. (2001) Folia. Histochem. Cytobiol. 39: 235-244;
Sotsios, et al. (1999) J. Immunol. 163: 5954-5963;
Vlahakis, et al. (2002) J. Immunol. 169: 5546-5554).
In mice transplanted with human lymph nodes, SDF-I
induces CXCR4-positive cell migration into the
transplanted lymph node(Blades, et al. (2002) J.
Immunol. 168: 4308-4317). These results imply that the
interaction between SDF-I and CXCR4 directs cells to
the organ sites with high levels of SDF-I . Recently,
studies have shown that CXCR4 interactions may
regulate the migration of metastatic cells. Hypoxia, a
reduction in partial oxygen pressure, is a
microenvironmental change that occurs in most solid
tumors and is a major inducer of tumor angiogenesis
and therapeutic resistance. Hypoxia increases CXCR4
levels (Staller, et al. (2003) Nature 425: 307-311).
Microarray analysis on a sub-population of cells from
a bone metastatic model with elevated metastatic
activity showed that one of the genes increased in the
metastatic phenotype was CXCR4. Furthermore,
overexpression CXCR4 in isolated cells significantly
increased the metastatic activity (Kang, et al. (2003)
Cancer Cell 3: 537-549). In samples collected from
various breast cancer patients, Muller et al. (Muller,
et al. (2001) Nature 410: 50-56) found that CXCR4
expression level is higher in primary tumors relative
to normal mammary gland or epithelial cells. These
results suggest that the expression of CXCR4 on cancer
cell surfaces may direct the cancer cells to sites
that express high levels of SDF-I. Consistent with
this hypothesis, SDF-I is highly expressed in the most
common destinations of breast cancer metastasis
including lymph nodes, lung, liver, and bone marrow.
Moreover, 'CXCR4 antibody treatment has been shown to
inhibit metastasis to regional lymph nodes when
compared to control isotypes that all metastasized to
lymph nodes and lungs (Muller, et al. (2001)). In
addition to regulating migration of cancer cells,
CXCR4-SDF-1 interactions may regulate vascularization
necessary for metastasis. Blocking either CXCR4/SDF-1
interaction or the major G-protein of CXCR4/SDF-1
signaling pathway (Ga) inhibits VEGF-dependent
neovascularization. These results indicate that
SDF-1/CXCR4 controls VEGF signaling systems that are
regulators of endothelial cell morphogenesis and
angiogenesis. Numerous studies have shown that VEGF
and MMPs actively contribute to cancer progression and
metastasis. Several groups have identified chemokines
including CXCR4 as a target for treatment of
metastatic cancers. For example, PCT Publication Nos.
WO 01/38352 to Schering Corporation, WO 04/059285 to
Protein Design Labs, Inc., and WO 04/024178 to Burger
generally describe methods of treating diseases and
specifically inhibiting metastasis by blocking
chemokine receptor signaling. Compounds targeting
CXCR4 have been developed primarily for treatment of
HIV because CXCR4 is a major coreceptor for T-tropic
HIV infection. For example, U.S. PatentNo. 6,429,308
to Hisamitsu Pharmaceutical Co., Inc. discloses an
antisense oligonucleotide that inhibits the expression
of the CXCR4 protein for use as an anti-HTV agent. PCT
Publication No. WO 01/56591 to Thomas Jefferson
University describes peptide fragments of viral
macrophage inflammatory protein II which are described
as selectively preventing CXCR4 signal transduction
and coreceptor function in mediating entry of HTV-I.
Peptide antagonists of CXCR4 receptors have been
disclosed. Tamamura et al (Tamamura, et al. (2000)
Bioorg. Med. Chem. Lett. 10: 2633-2637; Tamamura, et
al. (2001) Bioorg. Med. Chem. Lett. 11: 1897-1902)
reported the identification of a specific peptidebased
CXCR4 inhibitor, T140. T140 is a 14-residue peptide
that possesses anti-HIV activity and antagonism of T
cell line-tropic HTV-I entry among all antagonists of
CXCR4 (Tamamura, et al. (1998) Biochem. Biophys. Res.
Commun. 253: 877-882). The compound was altered to
increase its efficacy and bioavailability by, for
example, amidating the Cterminal of T-140 and reducing
the total positive charges by substituting basic
residues with nonbasic polar amino acids to generate
TN14003, which is less cytotoxic and more stable in
serum compared to T140. The concentration of TN14003
required for 50% protection of HIV-induced
cytopathogenicity in MT-4 cells is 0.6 nM in contrast
to 410 mM leading to 50% toxicity. PCT Publication No.
WO 04/087068 to Emory University describes CXCR4
peptide antagonists, particularly TNl 4003, and
methods of their use to treat metastasis. Other
peptide-based antagonists have also been disclosed.
For example, European Patent Publication Nos. 1 286
684 and 1 061 944 to the University Of British
Columbia cover methods of treatment of diseases,
including metastasis, using modified peptide CXCR4
antagonists derived from the native SDF-I ligand. PCT
Publication No. WO 04/020462 to Takeda Chemical
Industries, Ltd. provides peptide CXCR4 antagonists
for treatment and prevention of breast cancer and
chronic rheumatoid arthritis. U.S. Patent Application
No. 2004/0132642 to the U.S. Dept. of Health & Human
Services in part covers methods of inhibiting
metastasis or growth of a tumor cell with a
polypeptide CXCR4 inhibitor. Although advances have
been made, inadequate absorption, distribution,
metabolism, excretion or toxicity properties of
peptide inhibitors have limited their clinical uses.
Small non-peptide drugs remain as a major goal of
medicinal chemistry programs in this area. At the
present time, the metal-chelating cyclams and
bicyclams represent one of the few reported
non-peptide molecules to effectively block CXCR4
(Onuffer and Horuk (2002) Trends Pharmacol Sd 23:
459-467.36). One of these non-peptide molecules is
AMD3100, which entered clinical trials as an anti-HIV
drug that blocks CXCR4-mediated viral entry(Donzella,
et al. (1998) Nat Med A: 72-77; Hatse, et al. (2002)
FEBS Lett 527: 255-262; Fujii, et al. (2003) Expert
Opin Investig Drugs 12: 185-195; Schols, et al. (1997)
Antiviral Res 35: 147-156). A H D3 100 It has not been
reported whether AMD3100 can efficiently block breast
cancer metastasis, modulated via CXCR4. More
importantly, a clinical study showed cardiac-related
side effect of AMD3100 (Scozzafava, et al. (2002) J
Enzyme InUb Med Chem 17: 69-7641). In fact, AMD3100,
was recently withdrawn from the clinical trials due in
part to a cardiac-related 



side effect (Hendrix, et al. (2004) Journal of
Acquired Immune Deficiency Syndromes 37(2)). The
latter was not a result of the compound's ability to
block CXCR4 function, but due to its presumed
structural capacity for encapsulating metals. Other
nitrogen containing bicyclic molecules have been
developed as CXCR4 antagonists. European Patent
Publication No. 1 431 290 and PCT Publication No. WO
02/094261 to Kureha Chemical Industry Co., Ltd cover
CXCR4 inhibitors that are potentially useful in
treating various diseases including cancer metastatic
disease. U.S. Patent Publication No. 2004/0254221 to
Yamamazi, et al. also provides compounds and use
thereof to treat various diseases including cancer
metastasis that are CXCR4 antagonists. The compounds
are of the general formula: / ' A- (CH 2 1- W - x-CH -
y- N (CH 2)n2 D2 B in which A is Ai-G 1-N(R1)-; A1 is
hydrogen or an optionally substituted, mono- or
polycyclic, heteroaromatic or aromatic ring; Gi is a
single bond or -C(R2)(R )-; R1, R2, and R3 can be
optionally substituted hydrocarbon groups; W is an
optionally substituted hydrocarbon or heterocyclic
ring; x is -C(=O)NH-; y is -C(=O)-; and D is hydrogen
atom, alkyl with a polycyclic aromatic ring, or amine.
PCT Publication No. WO 00/56729 and U.S. Patent No.
6,750,348 to AnorMED and describe certain heterocyclic
small molecule CXCR4 binding compounds, teaching that
theseare useful for the treatment of HIV infection,
tumerogenesis, psoriasis or allergy. The compounds are
of the general formula: X Y - W(CR1R2)nArCR3R4N (R
5)(C R6R7)DR8 Z in which W can be a nitrogen or carbon
atom; Y is absent or is hydrogen; R1 to R7 can be
hydrogen or straight, branched or cyclic C1 alkyl; R8
is a substituted heterocyclic or aromatic group; Ar is
an aromatic or heteroaromatic ring; and X is specified
ring structure. PCT Publication No. WO 2004/091518 to
AnorMED also describes certain substituted nitrogen
containing compounds that bind to CXCR4 receptors. The
compounds are described as having the effect of
increasing progenitor cells and/or stem cells,
enhancing production of white blood cells, and
exhibiting antiviral properties. PCT Publication No.
WO 2004/093817 to AnorMED also discloses substituted
heterocyclic CXCR4 antagonists which are described as
useful to alleviate inflammatory conditions and
elevate progenitor cells, as well as white blood cell
counts. Similarly, PCT Publication No. WO 2004/106493
to AnorMED describes heterocyclic compounds that bind
to CXCR4 and CCR5 receptors consisting of a core
nitrogen atom surrounded by three pendant groups,
wherein two of the three pendant groups are preferably
benzimidazolyl methyl and tetrahydroquinolyl, and the
third pendant group contains nitrogen and optionally
contains additional rings. The compounds demonstrate
protective effects against infections of target cells
by a human immunodeficiency virus (HIV). In light of
the fact that the CXCR4 receptor is implicated in
metastatic signaling as well as a number of other
pathogenic conditions, it is important to identify new
effective receptor antagonists. It is therefore an
object of the invention to provide new compounds,
methods and compositions that inhibit CXCR4 receptor
signaling. It is another object of the invention to
provide compounds, methods and compositions that bind
to the CXCR4 receptor and interfere with binding to
its native ligand. It is a more specific object of the
invention to provide compound, methods and
compositions for treatment of proliferative disorders,
and in particular, for the inhibition of cancer
metastases.SUMMARY Compounds, methods and
pharmaceutical compositions for the treatment or
prevention of diseases associated with pathogenic or
undesired CXCR4 receptor activity and/or signaling are
provided. In particular, it is believed that the
compounds provided herein interfere with the binding
of the native SDF-I ligand to the CXCR4 receptor and
inhibit activation of the receptor and subsequent
downstream signaling pathways. Based on this pathway,
the invention provides compounds, methods and
pharmaceutical compositions for the treatment of
pathogenic conditions, including hyperproliferative
diseases, and particularly for the reduction of cell
migration and differentiation associated with cancer
metastasis, modulated via CXCR4. The compounds,
methods. and compositions include an effective
treatment amount of a compound of Formulas (I)-(XVII),
or a pharmaceutically acceptable salt, ester or
prodrug thereof. In a first principal embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of a disorder associated
with CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula I, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Form ula I
wherein each K is independently N or CH; Q, T, U, V,
W, X, Y and Z are independently selected from H, R,
acyl, F, Cl, Br, I, OH, OR, NH2, NHR, NR2, SR, SR,
S2R, S-NHR, S2-NHR, S-NRR', S2-NRR1, NHacyl, N(acyl)
2, CO2H, CO2R, where R and R1 are independently
selected from straight chain, branched or cyclic alkyl
or aralkyl groups, as well as aryl and heteroaryl
groups; and R1, R2, R3, R4, R5 and R are independently
selected from H, straight chain, branched or cyclic
alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and
imidoyl (RC(NH)- or RC(NR')-) groups. In another
embodiment, the compound has the formula:Ib wherein
each K is independently N or CH; Q, T, U, and V are
independently selected from H, R, acyl, F, Cl, Br, I,
OH, OR, NH2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR,
S-NRR1, S2-NRR1, NHacyl, N(acyl)2, CO2H, CO2R, where
each R and R' are independently selected from straight
chain, branched or cyclic alkyl or aralkyl groups, as
well as aryl and heteroaryl groups; Ra is
independently selected from R, acyl, F, Cl, Br, I, OH,
OR, NH2, NHR, NO2, NR2, SO2, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR', NHacyl, N(acyl)2, C(O)R, CO2H, CO2R;
n ,n' and n" are independently 0, 1, 2, 3, 4, or 5;
and R1, R2, R3, R4, R and R are independently selected
from H, straight chain, branched or cyclic alkyl,
aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl
(RC(NH)- or RC(NR')-) groups. In another embodiment,
the compound has the formula: (CR1R2)ny / X (CR3R4)n'
(CR5R6)n" v T Ia each K is independently N or CH; Q,
T, U, and V are independently selected from H, R,
acyl, F, Cl, Br, I, OH, OR, NH2, NHR, NR2, SR, SR,
S2R, S-NHR, S2-NHR, .S-NRR', S2-NRR', NHacyl,
N(acyl)2, CO2H, CO2R, where each R and R' are
independently selected from straight chain, branched
or cyclic alkyl or aralkyl groups, as well as aryl and
heteroaryl groups; Ra, n, n' and n" and R1, R2, R ,
R4, R5 and R are as defined above. In a second
principal embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4
receptor' activation, and particularly a proliferative
disorder, including cancer metastasis, modulated ,,,
yia CXCR4 is provided that includes a compound of
Formula Ha or lib, or a pharmaceutically acceptable
salt, ester or prodrug thereof: Form ula Ha Form ula
lib .wherein each K is independently N or CH; Q, T, U,
V,W, X, Y and Z are as defined above; A and B are one
and two atom tethers independently selected from -CR=,
-CR3R4-, -CR3=, - N=, -O-, -NR3-, -S-, -CR3=CR4-,
-CR3R4-CR5R6-, -CR3=N-, -CR0R4-NR5-, -N=CR3-, and -
NR3-CR4R5-; R and R' are as defined above; -D-E- and
-G-J- are independently either -NR3-CR4- or -N=C-; and
R1, R2, R3, R4, R5, R , R7 and R are independently
selected from H, straight chain, branched or cyclic
alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and
imidoyl (RC(NH)- or RC(NR1)-) groups. In a third
principal embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis, modulated via
CXCR4 is provided that includes a compound of Formula
III, or a pharmaceutically acceptable salt, ester or
prodrug thereof:Form ula III wherein each K is
independently N or CH; Q, T, U, V,W, X, Y and Z are as
defined above; and R, R', Ri, R2, R3, R4, R5 and R are
as defined above. In a fourth principal embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of a disorder associated
with CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula IVa or IVb, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Form ula IV
b Form ula IV a wherein each K is independently N or
CH; Q, T, U, V,W, X, Y and Z are as defined above; R,
R', Ri, R2, R3, R4, R5, R >R7 and R8 are as defined
above; and A and B and -D-E- and -G-J- are as defined
above.In a fifth principal embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of a disorder associated with
CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula Va, Vb or Vc, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula Va Form ula Vb Form ula Vc wherein
each K is independently N or CH; Q, T, U,W, X, Y and Z
are as defined above; and R, R', Ri, R2, R3, R4, R5
and R are as defined above. In a sixth principal
embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a
disorder associated with CXCR4 receptor activation,
and particularly a proliferative disorder, including
cancer metastasis, modulatedvia CXCR4 is provided that
includes a compound of Formula Via or VIb, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula VIa Form ula VIb wherein each K is
independently N or CH; Q, T, U,W, X, Y and Z are as
defined above; R, R', Ri, R2, R3, R4, R5, R , R7 and
R8 are as defined above; and A and B and -D-E- and
-G-J- are as defined above. In a seventh principal
embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a
disorder associated with CXCR4 receptor activation,
and particularly a proliferative disorder, including
cancer metastasis, modulated via CXCR4 is provided
that includes a compound of Formula VII, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula VII whereineach K is independently N
or CH; U, V,W, X, Y and Z are as defined above; R1,
R2, R3, R4, R5 and R are as defined above; and M is O,
S orNR 3. In an eight principal embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of a disorder associated with
CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula Villa or VIIIb, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula VIlia Form ula VIIIb wherein each K
is independently N or CH; U, V,W, X, Y and Z are as
defined above; R1, R2, R , R , R , R , R7 and R8 are
as defined above; and A and B and -D-E- and -G-J- are
as defined above; and M is O, S orNR 3. In a ninth
principal embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis, modulated via
CXCR4 is provided that includes a compound of Formula
IX, or a pharmaceutically acceptable salt, ester or
prodrug thereof:Form ula IX wherein each K is
independently N or CH; W, X, Y and Z are as defined
above; Ri, R2, R3, R , R5 and R are as defined above;
A* is independently selected from the group consisting
of formulas a-g: (a ) (b ) ( C) (d ) (e) (f) 9 ) ; and
M is O, S orNR 3. In a tenth principal embodiment, a
method, compound and pharmaceutical composition for
the treatment or prevention of a disorder associated
with CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula X, or a pharmaceutically
acceptable salt, ester or prodrug thereof:Form ula X
wherein each K is independently N or CH; W, X, Y and Z
are as defined above; Ri, R2, R3, R , R R R7 and R are
as defined above; and A and B and -D-E- and -G-J- are
as defined above; and A* is as defined above; and M is
as defined above. In an eleventh principal embodiment,
a method, compound and pharmaceutical composition for
the treatment or prevention of a disorder associated
with CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula XI, or a pharmaceutically
acceptable salt, ester or prodrug thereof: 



wherein each K is independently N or CH; Q, T, U, V,W,
X, Y and Z are as defined above; and Ri, R2, R3, R4,
R5 and R are as defined above. In a twelfth principal
embodiment, a method, compound and pharmaceutical
composition for the treatment or prevention of a
disorder associated with CXCR4 receptor activation,
and particularly a proliferative disorder, including
cancer metastasis, modulatedvia CXCR4 is provided that
includes a compound of Formula XII, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Formula XII wherein each K is independently N
or CH; Q, T, U, V, W, X, Y and Z are as defined above;
R1, R2, R3, R4, R5, R , R7 and R8 are as defined
above; and A and B and -D-E- and -G-J- are as defined
above. In a thirteenth principal embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of a disorder associated with
CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula XIII, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Formula
XIII wherein K, Q, T, U5V,W, X, Y and Z are as defined
above; Ri5R2, R , R4, R and R6 are as defined above;
and "spacer" is independently a bond, straight chained
or branched C1-C5 alkyl, C2-C alkenyl, C2-C5 alkynyl,
C1-C5 alkoxy, C2-C5 alkenoxy, and C2-C5 alkynoxy
wherein the alkyl group can be substituted by a
heteroatom (such as N5O or S), including but not
limited to-CH 2- OCH2-,' CH2CH2-OCH2-,
-CH2CH2-OCH2CH2-, -CH2-OCH2CHl-, -CH2CH2-OCH2CH2CH2-,
- CH2CH2CH2-OCH2-, -CH2CH2CH2-OCH2CH2-,
-CH2CH2-OCH2CH2CH2-, -(CH2)n- OH(CH 3)-(CH 2)n-,
CH2-OH(CH 3)-O-CH2, -(CH2)n-, -(CH2)n-C0-, -(CH2)n-N-,
-(CH2)n-0-, - (CH2)n-S-, -(CH2O)-, -(0CH 2)-,
-(SCH2)-, -(CH2S-), -(aryl-0)-, -(0-aryl)-,
-(alkyl-0)-, -(0- alkyl)- wherein n is independently
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. . In a fourteenth
principal embodiment, a method, compound and
pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis, modulated via
CXCR4 is provided that includes a compound of Formula
XTVa or XIVb,. or a pharmaceutically acceptable salt,
ester or prodrug thereof: hete I . heter (space
heteroaryl (spacer) or -(space / heterocycle \ Formula
XIVb wherein K, Q, T, U, V,W, X, Y and Z are as
defined above; Ri, R2, R3, R4, R5 and R are as defined
above; "spacer" is as defined above; and "heterocycle"
and "heteroaromatic" are as defined herein. The
compounds of the invention are particularly useful for
inhibiting CXCR4 receptor interactions with native
ligands. In one embodiment, a method is provided to
inhibit CXCR4-mediated disorders by contacting a cell
with a compound of Formula (I)-(XVII). The compounds
described above, are particularly useful for the
treatment or prevention of adisorder associated with
CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4. In one embodiment, a method of
preventing metastases of a malignant cell is provided
that includes administering a compound of Formula
(I)-(XVII) to a host. The malignant cell can be a
tumor cell. In certain embodiments, the compound can
be provided to a host before treatment of a tumor with
a second active compound. In a separate embodiment,
the compound is provided to a patient that has been
treated for cancer to reduce the likelihood of
recurrence, or reduce mortality associated with a
particular tumor. The compound of Formula (I)-(XVII)
can also be provided in conjunction with another
active compound. In one particular embodiment, a
method of preventing metastasis of a malignant cell is
provided that includes contacting the cells with a
compound of Formula XV, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Form ula X
V . In a particular subembodiment, the compound is a
salt of a compound of Formula XV, particularly a
chloride salt. In another particular embodiment, a
method of preventing metastasis of a malignant cell is
provided that includes contacting the cells with a
compound of Formula XVI, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Formula
XVI. In another particular embodiment, a method of
preventing metastasis of a malignant cell is provided
that includes contacting the cells with a compound of
Formula XVII, or a pharmaceutically acceptable salt,
ester or prodrug thereof:Formula XVII. In a separate
embodiment, a method of treating disorders mediated by
CXCR4, including metastasis, by administering a
compound of Formulas (I)-(XVII) to a host in need of
treatment is provided. In certain embodiments, the
proliferative disorder is cancer, and in particular
subembodiments, the disorder is a metastatic cancer.
The compounds of the invention can be administered to
a host in need thereof to reduce the incidence of
metastasis. In particular embodiments, the disease is
breast, brain, pancreatic, ovarian, particularly an
ovarian epithelial, prostate, kidney, or non-small
cell lung cancer. In a subembodiment, the compound is
administered in combination or alternation with
another active compound. In another embodiment, the
invention provides a method of reducing
neovascularization, particularly VEGF-dependent
neocascularization, by contacting a cell with a
compound described herein. The cell can be in a host
animal, including a human. In another embodiment,
pharmaceutical compositions including at least one
compound of Formulas (I)-(XVII) are provided. In
certain embodiments, at least a second active compound
is included in the composition. The second active
compound can be a chemotherapeutic, particularly an
agent active against a primary tumor. In one
embodiment, a compound of Formula (I)-(XVII) is used
to stimulate the production, proliferation and
isolation of stem cells and progenitor cells bearing a
CXCR4 reeceptors. Such cells include but are not
limited to bone marrow progenitor and/or stem cells or
progenitor cells for cardiac tissue. In a separate
embodiment, a method for treating diseases of
vasculature, inflammatory and degenerative diseases is
provided including administering a compound of Formula
(I)- (XVII) to a host. In a separate embodiment, a
process for screening potential drug candidates is
provided. The process includes providing a labeled
peptide-based CXCR4 antagonist that has a detectable
signal when bound to a CXCR4 receptor; contacting a
CXCR4 receptor with at least one test molecule at a
known concentration to form a test sample; contacting
the test sample with the peptide-based antagonist;
separately, contacting the peptide-based antagonist to
a sample not including any test molecule to form a
control sample; and comparing the signal from the test
sample to the signal from the control sample. In a
specific subembodiment, the peptide-based antagonist
is derived from TN14003 (described in PCT Publication
No. WO 04/087068 to Emory University). In a further
subembodiment, the antagonist is labeled with a biotin
molecule and the signal is elicited when the
biotin-labeled antagonist is contacted with a
streptavadin-conjugated signal molecule. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 shows images of
stained cells and blots indicating the specificity of
TN14003. A: The binding of TN14003 to CXCR4 was
blocked by preincubation of 400ng/ml SDF-I . Cells
were immunostained by using biotin-labeled control
peptide (a) or biotinlabeled TN14003 (b & c) and
streptavidin-conjugated rhodamine (red). Cells were
preincubated with SDF-I for 10 min and then fixed in
ice-cold acetone (c). B: Northern blot analysis and
western blot analysis results show the different
expression levels of CXCR4 from breast cancer cell
lines, MDA-MB-23 1 and MDA-MB-435. b-actin was used as
a loading control for both. C: Confocal micrographs of
CXCR4 protein on cell's surface from MDA-MB-23 1 and
MDA-MB-435 cell lines by using biotinylated TN14003
and streptavidin-conjugated R-PE (red color). Nuclei
were counter-stained by cytox blue. D: Representative
immunofluorescence staining of CXCR4 with the
biotinylated TN14003 on paraffin embedded tissue
sections of breast cancer patients and normal breast
tissue. Figure 2 is an image of a western blot showing
phosphorylation of Akt. Incubating MDA-MB-23 1 cells
with 100 ng/ml of SDF-I for 30 min stimulated
phosphorylation of Akt. This activation was blocked
with TN14003 or AMD3 100 in a dose-dependent manner.
Figure 3 shows images of stained cells and blots
showing invasion of MDA-MB-23 1 cells transfected with
CXCR4 siRNAs. A: H&E staining of invasion of MDA-MB-23
1 cells transfected with control siRNA, siRNAl alone,
or siRNA2 alone in matrigel invation assay. The
invasiveness of MDA-MB-23 1 cells transfected with
siRNAl+2, siRNAl and siRNA2 relative to the control
are 16% (PO.0003), 39% (PO.0014) and 51% (PO.0026)
respectively. B: VEGF, HIF-I and CD44 mRNA levels.
Actin was used as a loading control. Figure 4 shows
images of cells and lungs, as well as graphs of the
effect of CXCR4 siRNAs on inhibition of breast cancer
metastasis in vivo. A: The photographs of lungs and
their H&E stainings of one representative from each
group. B: The average real-time PCR (RT-PCR) of hHPRT
using primers that only recognize human cells from
siRNA-treated groups relative to that of control
group. 1: Group 2; 2: Group 2; 3: Group 3; 4: Group 4.
C:The percentage of human CXCR4 average expression
level of each treated group is relative to that of
control group. Figure 5 shows Representative images of
FDG-PET of animals in Group 1 (control siRNA) and
Group 2 (siRNAl+2) indicating the effect of CXCR4
siRNAs on inhibition of breast cancer metastasis in
vivo. A: The maximum intensity projection of 6
representative mice from Group 1 (left 3 mice) and
Group 2 (right 3 mice). B: Coronal sectional images
from the lung area from the same animals in A. C: The
transaxial sectional images from the lung area from
the same animals in A. Figure 6 is a graph of HRE
activity. The graph shows that HRE-Luc MB-231 cells
have moderately high HRE activity in normoxia that can
be suppressed by either CXCR4 siRNA or HIF-I siRNA.
HRE acitivity increase 2.5 fold in hypoxia that can
also be suppressed by either CXCR4 siRNA or HIF-I
siRNA. Figure 7 is images of fluorescence micrographs
of cells showing a drug screen methodology utilizing
biotin-labeled TN14003 as a reporter. Figure 8 is
images of fluorescens micrographs of stained cells.
Biotin-labeled TN14003 was used to detect CXCR4
protein from the cells pre-incubated with various
concentrations of WZZL81 IS. Results indicate that
IC50 of WZZL81 IS is less than 1 nM. Figure 9 is a
representation of the chemical structure of WZZL81 IS.
Figure 10 is a graph and representative blot of
matrigel invasion and Akt phosphorylation in cells. A:
Inhibition of CXCR4/SDF-1 mediated invasion of MDA-MB-
231 in vitro by WZZL81 IS. CXCR4/SDF-1 mediated
invasion of MDA-MB-231 was blocked either by 2 nM of
TN14003 or WZZL81 IS. B: Incubating MDA-MB-231 cells
with 100 ng/ml of SDF-I for 30 min stimulated
phosphorylation of Akt that,blocked by WZZL811S in a
dose-dependent manner Figure 11 is X-ray images of
mice showing bone metastasis of MDA-MB-231 cells. A:
FDG-PET (left, transacial; right coronal). B: X-ray
mammography. The animal xenograft was generated by
injecting tumor cells intra-tibia. Figure 12 is
FDG-PET images of mice animals described in Example 7.
Figure 13 is a graph of the HPLC analysis performed as
described in Example 8. Figure 14 is images and a
graph of endothelial capillary tube formation assay.
A) is micrographs of endothelial cell tube formation.
B) is a graph of the number of tubes in each treatment
group. Figure 15 is a graph of p27 levels measured
after incubation with indicated amounts of WZZL811S,
WZ40 or WZ41S.Figure 16 is a graph of p27 levels
measured after incubation with indicated amounts of
WZ40 and infection with SHIV for 2, 4 or 5 days.
Figure 17 is graphs of the amount of WZZL81 IS
measured at indicted times after systemic
administration, indicating the in vivo stability of
WZZL81 IS and WZ40. A) is a graph of the levels of
WZZL811S at indicated times after administration of
400mg/kg compound by oral gavage. B) is a graph of the
levels of WZ40 at 15, 30, 60 and 90 minutes after
intraperitoneal injection of 400mg/kg. DETAILED
DESCRIPTION OF THE INVENTION Compounds, methods and
compositions are provided that modulate the effect of
the CXCR4 receptor. These compounds can be used to
treat tumor metastsis or any other disease,
particularly hyperproliferative diseases, involving
CXCR4. Exemplary compounds of the invention were
identified using structural comparisons the known
CXCR4 antagonists AMD3100 (a metal-chelating bicyclam)
and T140 (a peptide antagonist). Rhodopsin-based
homology models of CXCR4 shows that AMD3100 is a weak
partial agonist because it interacts with CXCR4/SDF-1
binding by two aspartic acids while the peptide-based
CXCR4 antagonist, T140 (similar to TN14003) strongly
binds the SDF-I binding site of CXCR4 in extracellular
domains and regions of the hydrophobic core proximal
to the cell surface. This structural information was
used to create a library of compounds with multiple
nitrogens throughout the molecular framework, but
structurally different from AMD3100. These compounds
were screened for their capacity to compete with
epeptide ligand, T140, for SDF-I binding to CXCR4.
Compounds described herein have the capacity to
interact with and potentially inhibit CXCR4 receptor
activation. Exemplary compounds have increased
bioavailability and efficacy in inhibiting CXCR4
receptors and SDF-I -dependent signaling over known
CXCR4 antagonists. Although not to be bound by theory,
these compounds may inhibit metastasis through their
capacity to inhibit SDF-1-CXCR4 interactions, which
can decrease cell targeting, and may also reduce
VEGF-dependent endothelial cell morphogenesis and
angiogenesis. This endothelial cell growth is a key
event in metastases of tumors. Active Compound, and
Physiologically Acceptable Salts and Prodrugs Thereof
In a first principal embodiment, a compound of Formula
I, or a pharmaceutically acceptable salt, ester or
prodrug thereof, is provided for the treatment or
prevention of adisorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder,
including cancer metastasis, modulated via CXCR
modulated via CXCR4: Form ula I wherein each K is
independently N or CH; Q, T, U, V, W, X, Y and Z are
independently selected from H, R, acyl, F, Cl, Br, I,
OH, OR, NH2, NHR, NR2 SR, SR, S2R, S-NHR, S2-NHR,
S-NRR', S2-NRR1, NHacyl, N(acyl) 2, CO2H, CO2R, where
R and R are independently selected from straight
chain, branched or cyclic alkyl or aralkyl groups, as
well as aryl and heteroaryl groups; and R1, R2, R3,
R4, R5 and R are independently selected from H,
straight chain, branched or cyclic alkyl , aralkyl,
aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or
RC(NR')-) groups. In one subembodiment of Formula I, Y
and Z are each hydrogen. Alternatively, W and X are
each hydrogen. In yet another subembodiment, W, X, Y
and Z are all hydrogen. Zou et al. (Zou, et al. (2003)
Acta Cryst. E59: online 1312-ol313) described the
synthesis of a potentially tetradentate ligand,
l,4-bis-(pyridine-2-aminomethyl)benzene. Zou described
this compound as a potential ligand for metal ions.
There is no suggestion in this reference that the
compound could be used for treatment of any diseases,
in particular for 



treatment of cancer metastasis, modulated via CXCR4.
In a subembodiment, a compound of Formula 1-1 to 1-10,
or a pharmaceutically acceptable salt, ester or
prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis, mediated by
CXCR4:(M ) (1-2 ) ( 1-7 ) (1-8 ) (1-9 ] (M O) wherein
Q, T, U, V5W, X, Y and Z are as defined above; and Ri,
R2, R3, R4, R and R6 are as defined above. In another
sub-embodiment, a compound of Formula I-11 to 1-20, or
a pharmaceutically acceptable salt, ester or prodrug,
is provided for the treatment or prevention of a
disorder associated with CXCR4 receptor activation,
and particularly a proliferative disorder, including
cancer metastasis,:(M 1) (1-1 2) (M 3) [M 4) (1-1 5)
(1-1 6) (1-1 7) (M B) (M i ) (1-20 ) wherein Q, T, U,
V,W, X, Y and Z are as defined above; and R1, R2, R ,
R4, R and R are as defined above. In a second
principal embodiment, the invention provides a
compound of Formula Ha or lib, or a pharmaceutically
acceptable salt, ester or prodrug thereof:Formula Hb
wherein each K is independently N or CH; Q, T, U, V,
W, X, Y and Z are as defined above; A and B are one
and two atom tethers independently selected from -CR=,
-CR3R4-, -CR3=, - N=, -O-, -NR3-, -S-, -CR3=CR4-,
-CR3R4-CR5R6-, -CR3=N-, -CR3R4-NR5-, -N=CR3-, and -
NR3-CR4R5-; -D-E- and -G-J- are independently either
-NR3-CR4- or -N=C-; and R1, R2, R3, R4, R , R5, R7 and
R8 are independently selected from H, straight chain,
branched or cyclic alkyl , aralkyl, aryl heteroaryl,
acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
In one subembodiment of Formula II, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X, Y and Z are all
hydrogen. In a subembodiment, the invention provides a
compound of Formula II- 1 to 11-18 , or a
pharmaceutically acceptable salt, ester or prodrug
thereof:(II-6)wherein Q, T, U, V, W, X, Y and Z are as
defined above; A and -D-E- are as defined above; and
R1, R , R , R4, R , Re, R7 and R8 are as defined
above. In another subembodiment, the invention
provides a compound of Formula II- 19 through 11-30,
or a pharmaceutically acceptable salt, ester or
prodrug thereof:wherein Q, T, U, V,W, X, Y and Z are
as defined above; A, B, -D-E- and -G-J- are as defined
above; and Ri, R2, R3, R4, R , R R7 and R8 are as
defined above.In an third principal embodiment, a
compound of Formula III, or a pharmaceutically
acceptable salt, ester or prodrug thereof, is provided
for the treatment or prevention of a disorder
associated with CXCR4 receptor activation, and
particularly a proliferative disorder, including
cancer metastasis,: Form ula III wherein each K is
independently N or CH; Q, T,U, V,W, X, Y and Z are as
defined above; and Ri, R2, R , R4, R5 and R are as
defined above. In one subembodiment of Formula III, Y
and Z are each hydrogen. Alternatively, W and X are
each hydrogen. In yet another subembodiment, W, X, Y
and Z are all hydrogen. Reyes et al. (Reyes, et al.
(2002) Tetrahedron 58:8573-8579) described the
synthesis of certain polyamines from starting
pyridinium N-aminides. No specific functions were
attributed to these compounds. In a subembodiment, a
compound of Formula IH-I through III-10, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided for the treatment or prevention
of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder,
including cancer metastasis,:wherein Q, T, U, V,W, X,
Y and Z are as defined above; and Ri, R2, R3, R4, R5
and R are as defined above. In another subembodiment,
a compound of Formula III- 11 through 111-20, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided for the treatment or prevention
of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder,
including cancer metastasis,:wherein Q, T, U, V,W, X,
Y and Z are as defined above; and Ri, R2, R3, R4, R5
and R are as defined above. In an fourth principal
embodiment, the invention provides a compound of
Formula IVa or IVb, or a pharmaceutically acceptable
salt, ester or prodrug thereof:Form ula IV a Form ula
IV b wherein each K is independently N or CH; Q, T, U,
V,W, X, Y and Z are as defined above; R1, R2, R3, R4,
R5, R , R7 and R are as defined above; and A and B and
-D-E- and -G-J- are as defined above. In one
subembodiment of Formula IVa or IVb, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X, Y and Z are all
hydrogen. In one subembodiment, the invention provides
a compound of Formula IV-I to IV-12, or a
pharmaceutically acceptable salt, ester or prodrug
thereof:wherein Q, T5U, V,W, X, Y and Z are as defined
above; Ri, R2, R3, R4, R , Rs, R7 and R8 are as
defined above; and A and -D-E- are as defined above.
In another subembodiment, compounds of the Formula
IV-13 to IV-20, or a pharmaceutically acceptable salt,
ester or prodrug thereof, are provided:(IV - 1 3) (IV
.14) (IV - 1 7) (IV - 18) (IV - 1 9) (IV 2 0) wherein
Q, T, U, V,W, X, Y and Z are as defined above; R1, R2,
R , R4, R5, Re, R7 and R are as defined above; and A,
B, -D-E- and -G-J- are as defined above. In an fifth
principal embodiment, a compound of Formula Va, Vb, or
Vc or a pharmaceutically acceptable salt, ester or
prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis,: Form ula
VaForm ula Vb Form ula Vc wherein each K is
independently N or CH; Q, T, U,W, X, Y and Z are as
defined above; and Ri, R2, R3, R4, R5 and R are as
defined above. In one subembodiment of Formula Va-c, Y
and Z are each hydrogen. Alternatively, W and X are
each hydrogen. In yet another subembodiment, W, X, Y
and Z are all hydrogen. In one subembodiment, a
compound of Formula V-I through V-3, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided for the treatment or prevention
of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder,
including cancer metastasis,:wherein each K is
independently N or CH; Q, T, U,W, X, Y and Z are as
defined above; and Ri, R2, R3, R4, R and R are as
defined above. In another subembodiment, a compound of
Formula V-4 through V-9, or a pharmaceutically
acceptable salt, ester or prodrug thereof, is provided
for the treatment or prevention of a disorder
associated with CXCR4 receptor activation, and
particularly a proliferative disorder, including
cancer metastasis,: wherein each K is independently N
or CH; Q, T, U, W, X, Y and Z are as defined above;
and R1, R2, R3, R4, R and R are as defined above. In
an sixth principal embodiment, the invention provides
a compound of Formula Via or VTb, or a
pharmaceutically acceptable salt, ester or prodrug
thereof:Form ula Vi a Form ula VIb wherein each K is
independently N or CH; Q, T, U,W, X, Y and Z are as
defined above; Ri, R2, R3, R4, R , R6, R7 and R8 are
as defined above; and A and B and -D-E- and -G-J- are
as defined above. In one subembodiment of Formula Via
or b, Y and Z are each hydrogen. Alternatively, W and
X are each hydrogen. In yet another subembodiment, W,
X, Y and Z are all hydrogen. In one subembodiment, a
compound of Formula VI-I to VI-6, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided:wherein Q, T,U,W, X,Y and Z are
as defined above; R1, R , R , R4, R5, Re, R7 and R are
as defined above; and A and -D-E- are as defined
above. In another subembodiment, a compound of Formula
VI-7 to VI-IO, or a pharmaceutically acceptable salt,
ester or prodrug thereof, is provided: wherein Q,
T,U,W, X, Y and Z are as defined above; R1, R2, R ,
R4, R , R , R7 and R are as defined above; and A and B
and -D-E- and -G-J- are as defined above.In an seventh
principal embodiment, the invention provides a
compound of Formula VII, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Form ula
VII wherein each K is independently N or CH; U, V,W,
X, Y and Z are as defined above; Ri, R2, R3, R4, R and
R are as defined above; and M is O, S orNR 3. In one
subembodiment of Formula VII, Y and Z are each
hydrogen. Alternatively, W ,,and X are each hydrogen.
In yet another subembodiment, W, X, Y and Z are all
hydrogen. In one subembodiment, a compound of Formula
VII-I to VII-IO, or a pharmaceutically acceptable
salt, ester or prodrug thereof, is provided:wherein U,
V,W, X, Y and Z are as defined above; Ri, R2, R3, R4,
R5 and R are as defined above; and M is O, S orNR 3.
In another subembodiment, a compound of Formula VII-Il
to VII-20, or a pharmaceutically acceptable salt,
ester or prodrug thereof, is provided:wherein U, V,W,
X, Y and Z are as defined above; Ri, R2, R3, R4, R and
R are as defined above; and M is O, S or NR3. In an
eight principal embodiment, the invention provides a
compound of Formula Villa or VIIIb, or a
pharmaceutically acceptable salt, ester or prodrug
thereof:Form ula Villa Form ula VIIIb wherein each K
is independently N or CH; U, V,W, X, Y and Z are as
defined above; Ri, R2, R3, R , R , R6, R7 and R are as
defined above; and A and B and -D-E- and -G-J- are as
defined above; and M is O, S orNR 3. In one
subembodiment of Formula Villa or b, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X, Y and Z are all
hydrogen. In a subembodiment, a compound of Formula
VIII-I to VIII-12, or a pharmaceutically acceptable
salt, ester or prodrug thereof, is provided:wherein M,
U5V,W, X, Y and Z are as defined above; R1, R2, R3,
R4, R , R6, R7 and R are as defined above; and A and
-D-E- are as defined above. In another subembodiment,
a compound of Formula VIII- 13 to VIH-20, or a
pharmaceutically acceptable salt, ester or prodrug
thereof, is provided:(V III-1 7) (V III-1 8) (V 111-1
9 ) (V III-2 0) wherein M, U, V,W, X,Y and Z are as
defined above; Ri, R2, R , R4, R , R R7 and Rs are as
defined above; and A5B, -D-E- and -G-J- are as defined
above. In a ninth principal embodiment, the invention
provides a compound of Formula IX, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula IX wherein each K is independently N
or CH; W, X, Y and Z are as defined above;Ri, R2, R3,
R4, R and R are as defined above; iA.* is
independently selected from the group consisting of
formulas a-g: (a) (b) (C) (d ) (e ) (f) ) ; and M is
O, S orNR 3. In one subembodiment, a compound of
Formula IX-I to IX-12 is provided, or a
pharmaceutically acceptable salt, ester or prodrug
thereof:wherein W, X, Y and Z are as defined above;
and R1, R2, R3, R4, Rs and R are as defined above. In
another subembodiment, a compound of Formula IX-13 to
IX-24 is provided, or a pharmaceutically acceptable
salt, ester or prodrug thereof:wherein M , W , X , Y
and Z are a s defined above; and Ri, R 2 , R 3 , R 4 ,
R and R are a s defined above. I1n11 yyeoti a
niiuotLhiiecri suuub ecmmubouduimmiecnmt,, aa . c
oummppuouunndu ouf Frourimmuuliaa IX-25 t o IX-36 i s
provided, o r a pharmaceutically acceptable salt,
ester o r prodrug 1wherein M, W, X, Y and Z are as
defined above; and R 1, R2, R , R , R and R are as
defined above. In a tenth principal embodiment, the
invention provides a compound of Formula X, or 



a pharmaceutically acceptable salt, ester or
proddrru-g thereof:Form ula X wherein each K is
independently N or CH; W, X, Y and Z are as defined
above; R1, R2, R3, R4, R5, R R7 and R8 are as defined
above; and A and B and -D-E- and -G-J- are as defined
above; and A* is as defined above; and M is as defined
above. In one subembodiment, a compound of Formula X-I
to X-14 is provided, or a pharmaceutically acceptable
salt, ester or prodrug thereof:wherein M,W,X, Y and Z
are as defined above; R1, R2, R , R , R5, R , R7 and R
are as defined above; and A and B and -D-E- and -G-J-
are as defined above. In another subembodiment, a
compound of Formula X-1 5 to X-28 is provided, or a
pharmaceutically acceptable salt, ester or prodrug
thereof:wherein M , W , X , Y and Z are a s defined
above; Ri, R 2 , R , R 4 , R 5 , R , R 7 and R 8 are a
s defined above; and A and B and -D-E- and -G-J- are a
s defined above. Iinn yyeett aannootthneerr
ssuubDeemnibDooadiimmeenntt,, a ccoommppoouunndc o f
Formula X-29 t o X-38 i s provided, o r t pharm
maacceeuuttiiccaallllvy aacccceeopttaabbllee
ssaalltt,, eesstteerr orr prrooddrruuge
thereof:'wherein M,W, X, Y and Z are as defined above;
R1 R2, R3, R4, R5, R , R7 and R are as defined above;
and A and B and -D-E- and -G-J- are as defined above.
In an eleventh principal embodiment, the invention
provides a compound of Formula XI, or a
pharmaceutically acceptable salt, ester or prodrug
thereof: Form ula X] wherein each K is independently N
or CH;Q5T5U, V,W, X, Y and Z are as defined above; and
R1, R2, R , R4, R5 and R are as defined above. In one
subembodiment of Formula XI, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment,W, X,Y and Z are all
hydrogen. In one subembodiment, a compound of Formula
XI-I to XI-6 is provided, or a pharmaceutically
acceptable salt, ester or prodrug thereof: wherein Q,
T,U, V,W5X5Y and Z are as defined above; and R1, R2,
R3, R4, R and R are as defined above. In a twelfth
principal embodiment, the invention provides a
compound of Formula XII5or a pharmaceutically
acceptable salt, ester or prodrug thereof:Formula XIl
wherein each K is independently N or CH; Q, T, U, V W,
X, Y and Z are as defined above; Ri, R2, R3, R4, R , R
, R7 and R8 are as defined above; and A and B and
-D-E- and -G-J- are as defined above. In one
subembodiment of Formula XII, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In
yet another subembodiment, W, X, Y and Z are all
hydrogen. In one subembodiment, a compound of Formula
XII-I to XII-5 is provided, or a pharmaceutically
acceptable salt, ester or prodrug thereof: (X II-5)
wherein Q T, U, V,W, X, Y and Z are as defined above;
R1, R2, R3, R4, R5, R , R7 and R8 are as defined
above; andA and B and -D-E- and -G-J- are as defined
above. In a thirteenth principal embodiment, a method,
compound and pharmaceutical composition for the
treatment or prevention of a disorder associated with
CXCR4 receptor activation, and particularly a
proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a
compound of Formula XIII, or a pharmaceutically
acceptable salt, ester or prodrug thereof: Formula
XIII wherein K, Q, T, U, V,W, X, Y and Z are as
defined above; R1, R2, R3, R4, R and R are as defined
above; and "spacer" is independently a bond, straight
chained or branched C1-Cs alkyl, C2-C alkenyl, C2-C5
alkynyl, Ci-C 5 alkoxy, C2-C5 alkenoxy, and C2-C5
alkynoxy wherein the alkyl group can be substituted by
a heteroatom (such asN, O or S) for example
-CH2-OCH2-, -CH2CH2- OCH2-, -CH2CH2-OCH2CH2-,
-CH2-OCH2Cm-, -CH2CH2-OCH2CH2CH2-, -CH2CH2CH2- OCH2-,
-CH2CH2CH2-OCH2CH2-, -CH2CH2-OCH2CH2CH2-,
-(CH2)n-OH(CH 3)-(CH2)n-, CH2-OH(CH3)-O-CH2, -(CH2)n-,
-(CH2)n-CO-, -(CH2)n-N-, -(CH2)n-0-, -(CH2)n-S-, -
(CH2O)-, -(OCH2)-, -(SCH2)-, -(CH2S-), -(aryl-O)-,
-(O-aryl)-, -(alkyl-O)-, -(O-alkyl)- wherein n is
independently 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. In
a fourteenth principal embodiment, a method, compound
and pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4
receptor activation, and particularly a proliferative
disorder, including cancer metastasis, modulated via
CXCR4 is provided that includes a compound of Formula
XTVa or XIVb, or a pharmaceutically acceptable salt,
ester or prodrug thereof:Form ula XIV a Form ula XIVb
wherein JC, Q, T, U, V,W, X, Y and Z are as defined
above; R1, R2, R , R4, R5 and R are as defined above;
"spacer" is as defined above; and "heterocycle" and
"heteroaromatic" are as defined herein. In one
particular embodiment, a method of preventing
metastasis of a malignant cell is provided that
includes contacting the cells with a compound of
Formula XV, or a pharmaceutically acceptable salt,
ester or prodrug thereof: Formula XV In a particular
subembodiment, the compound is a salt of a compound of
Formula XV, particularly a chloride salt. In another
particular embodiment, a method of preventing
metastasis of a malignant cell is provided that
includes contacting the cells with a compound of
Formula XVI, or a pharmaceutically acceptable salt,
ester or prodrug thereof:2006/000604 Formula XVI. In
another particular embodiment, a method of preventing
metastasis of a malignant cell is provided that
includes contacting the cells with a compound of
Formula XVII, or a pharmaceutically acceptable salt,
ester or prodrug thereof: Formula XVII. Definitions
The term alkyl, as used herein, unless otherwise
specified, refers to a saturated straight, branched,
or cyclic, primary, secondary, or tertiary hydrocarbon
of typically C to C10 an specifically includes methyl,
trifluoromethyl, ethyl, propyl, isopropyl,
cyclopropyl, butyl, isobutyl, -butyl, pentyl,
cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl,
cyclohexyl, cyclohexylmethyl, 3-methylpentyl,
2,2-dimethylbutyl, and 2,3rdimethylbutyl. The term
optionally includes substituted alkyl groups. Moieties
with which the alkyl group can be substituted are
selected from the group consisting of hydroxyl, amino,
alkylamino, arylamino, alkoxy, arylpxy, nitro, cyano,
sulfonic acid, sulfate, phosphonic acid, phosphate, or
phosphonate, either unprotected, or protected as
necessary, as known to those skilled in the art, for
example, as taught in Greene, et al., Protective
Groups in Organic Synthesis , John Wiley and Sons,
Second Edition, 1991, hereby incorporated by
reference. Whenever the terms "Ci-C 5 alkyl ", "C2 -C5
alkenyl", "Ci-C 5 alkoxy", "C2 -C5 alkenoxy", "C2 -C5
alkynyl", and "C2 -C5 alkynoxy" are used, these are
considered to include, independently, each member of
the group, such that, for example, C -C5 alkyl
includes straight, branched and where appropriate
cyclic Cj, C2 , C3, C4 and C5 alkyl functionalities;
C2 -C5 alkenyl includes straight, branched, and where
appropriate cyclic C2 , C3, C4 and C 5 alkenyl
functionalities; Ci-C 5 alkoxy includes straight,
branched, and whereappropriate cyclic C , C2, C3, C4
and C5 alkoxy functionalities; C2-C5 alkenoxy includes
straight, branched, and where appropriate cyclic C2,
C3, C4 an( C5 alkenoxy functionalities; C2-C5 alkynyl
includes straight, branched and where appropriate
cyclic C\, C2, C3, C 4 and C5 alkynyl functionalities;
and C2-C5 alkynoxy includes straight, branched, and
where appropriate cyclic C2, C3, C4 and C5 alkynoxy
functionalities. The term lower alkyl, as used herein,
and unless otherwise specified, refers to a C to C4
saturated straight, branched, or if appropriate, a
cyclic (for example, cyclopropyl) alkyl group,
optionally including substituted forms. Unless
otherwise specifically stated in this application,
when alkyl is a suitable moiety, lower alkyl is
preferred. Similarly, when alkyl or lower alkyl is a
suitable moiety, unsubstituted alkyl or lower alkyl is
preferred. The term alkylamino or arylamino refers to
an amino group that has one or two alkyl or aryl
substituents, respectively. The term "protected" as
used herein and unless otherwise defined refers to a
group that is added to an oxygen, nitrogen, or
phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen
protecting groups are known to those skilled in the
art of organic synthesis. The term aryl, as used
herein, and unless otherwise specified, refers to
phenyl, biphenyl, or aphthyl, and preferably phenyl.
The term includes both substituted and unsubstituted
moieties. The aryl group can be substituted with one
or more moieties selected from the group consisting of
hydroxyl, amino, alkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphonate, either
unprotected, or protected as necessary, as known to
those skilled in the art, for example, as taught in
Greene, et al, Protective Groups in Organic Synthesis,
John Wiley and Sons, Second Edition, 1991. The term
alkaryl or alkylaryl refers to an alkyl group with an
aryl substituent. The term aralkyl or arylalkyl refers
to an aryl group with an alkyl substituent. The term
halo, as used herein, includes chloro, bromo, iodo,
and fluoro. The term acyl refers to a carboxylic acid
ester in which the non-carbonyl moiety of the ester
group is selected from straight, branched, or cyclic
alkyl or lower alkyl, alkoxyalkyl including
methoxymethyl, aralkyl including ben yl, aryloxyalkyl
such as phenoxymethyl, aryl including phenyl
optionally substituted with halogen, C to C4 alkyl or
C to C4 alkoxy, sulfonate esters such as alkyl or
aralkyl sulphonyl including methanesulfonyl, the mono,
di ortriphosphate ester, trityl or monomethoxytrityl,
substituted benzyl, trialkylsilyl (e.g. dimethylt-
butylsilyl) or diphenylmethylsilyl. Aryl groups in the
esters optimally comprise a phenyl group. The term
"lower acyl" refers to an acyl group in which the
non-carbonyl moiety is lower alkyl. The term
"pharmaceutically acceptable salt, ester or prodrug"
is used throughout the specification to describe any
pharmaceutically acceptable form (such as an ester,
phosphate ester, salt of an ester or a related group)
of a compound which, upon administration to a patient,
provides the compound described in the specification.
Pharmaceutically acceptable salts include those
derived from pharmaceutically acceptable inorganic or
organic bases and acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, ethanesulfonic
acid, p-toluensulfonic acid, salicylic acid, malic
acid, maleic acid, succinic acid, tartaric acid,
citric acid and the like. Suitable salts include those
derived from alkali metals such as potassium and
sodium, alkaline earth metals such as calcium and
magnesium, among numerous other acids well known in
the art. Pharmaceutically acceptable "prodrugs" refer
to a compound that is metabolized, for example
hydrolyzed or oxidized, in the host to form the
compound of the present invention. Typical examples of
prodrugs include compounds that have biologically
labile protecting groups on a functional moiety of the
active compound. Prodrugs include compounds that can
be oxidized, reduced, aminated, deaminated,
hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated,
deacylated, phosphorylated, dephosphorylated to
produce the active compound. The term "heterocyclic"
refers to a nonaromatic cyclic group that may be
partially (contains at least one double bond) or fully
saturated and wherein there is at least one
heteroatom, such as oxygen, sulfur, nitrogen, or
phosphorus in the ring. The term heteroaryl or
heteroaromatic, as used herein, refers to an aromatic
that includes at least one sulfur, oxygen, nitrogen or
phosphorus in the aromatic ring. Nonlimiting examples
of heterocylics and heteroaromatics are pyrrolidinyl,
tetrahydrofuryl, piperazinyl, piperidinyl, morpholino,
thiomorpholino, tetrahydropyranyl, imidazolyl,
pyrolinyl, pyrazolinyl, indolinyl, dioxolanyl, or
1,4-dioxanyl. aziridinyl, furyl, furanyl, pyridyl,
pyrimidinyl, benzoxazolyl, 1,2,4- oxadiazolyl,
1,3,4-oxadiazolyl, 1,3,4-thiadiazole, indazolyl,
1,3,5-triazinyl, thienyl, tetrazolyl, benzofuranyl,
quinolyl, isoquinolyl, benzothienyl, isobenzofuryl,
indolyl, isoindolyl, benzimidazolyl, purine,
carbazolyl, oxazolyl, thiazolyl, benzothiazolyl,
isothiazolyl, 1,2,4- thiadiazolyl, isooxazolyl,
pyrrolyl, quinazolinyl, cinnolinyl, phthalazinyl,
xanthinyl, hypoxanthinyl, pyrazole, 1,2,3-triazole,
1,2,4-triazole, 1,2,3-oxadiazole, thiazine,
pyridazine,b'enzothiophenyl, isopyrrole, thiophene,
pyrazine, or pteridinyl wherein said heteroaryl or
^heterocyclic group can be optionally substituted with
one or more substituent selected from the group
consisting of halogen, haloalkyl, alkyl, alkoxy,
hydroxy, carboxyl derivatives, amido, hydroxyl, acyl,
amino, alkylamino, dialkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate,
phophonic acid, phosphate, or phosphonate, either
unprotected, or. protected as necessary, as known to
those skilled in the art, for example, as taught in
Greene, et al, "Protective Groups in Organic
Synthesis," John Wiley and Sons, Second , Edition,
1991, hereby incorporated by reference. Functional
oxygen and nitrogen groups on the heteroaryl group can
be protected as necessary or desired. Suitable
protecting groups are well known to those skilled in
the art, and include trimethylsilyl,
dimethylhexylsilyl, *-butyldimethylsilyl, and
f-butyldiphenylsilyl, trityl or substituted trityl,
alkyl groups, acycl groups such as acetyl and
propionyl, methanesulfonyl, and p-toluenelsulfonyl.
The term purine or pyrimidine includes, but is not
limited to, adenine, N6- alkylpurines, N6-acylpurines
(wherein acyl is C(O)(alkyl, aryl, alkylaryl, or
arylalkyl), N6- benzylpurine, N6-halopurine,
N6-acetylenic purine, N6-acyl purine, N6-hydroxyalkyl
purine, N6-thioalkyl purine, N2-alkylpurines,
N2-alkyl-6-thiopurines, thymine, cytosine,
5-fluorocytosine, 5-methylcytosine, 6-azapyrimidine,
including 6-azacytosine, 2- and/or
4-mercaptopyrmidine, uracil, 5-halouracil, including
5-fluorouracil, C5-alkylpyrimidines,
C5-benzylpyrimidines, C5-halopyrimidines,
C5-vinylpyrimidine, C5- acetylenic pyrimidine, C5-acyl
pyrimidine, C5-hydroxyalkyl purine,
C5-amidopyrimidine, C5- cyanopyrimidine,
C5-nitropyrimidine, C5-aminopyrimidine,
N2-alkylpurines, N2-alkyl-6- thiopurines,
5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl, and
pyrazolopyrimidinyl. Purine bases include, but are not
limited to, guanine, adenine, hypoxanthine,
2,6-diaminopurine, and 6-chloropurine. Processesfor
the Preparation of Active Compounds General Methods.
1H NMR or 13C NMR spectra were recorded either on 400
MHz or 100 MHz INOVA Spectrometer or 600 MHz or 150
MHz INOVA Spectrometer. The spectra obtained were
referenced to the residual solvent peak. They were
recorded in deuterated chloroform, dimethyl
sulfoxide-</6, deuterium oxide or acetone-J . Melting
points were taken on a Thomas Hoover capillary melting
point apparatus and are uncorrected. Lowresolution EI
mass spectra were recorded on a JEOL spectrometer.
Element analyses wereperformed by Atlantic Mircolab
(Norcross, GA). Flash column chromatography was
performed using Scientific Absorbent Incorporated
Silica Gel 60. Analytical thin layer chromatography
(TLC) was performed on precoated glass backed plates
from Scientific Adsorbents Incorporated (Silica Gel 60
F2 4) . Plates were visualized using ultraviolet or
iodine vapors or phosphomolybdic acid (PMA). Six
different methods were used to prepare the compounds
of the invention and the 



characterization data were listed in Table 1. Method
A: Nucleophilic addition between amines and
cyanamides. This method is performed according to a
modified literature procedure (Braun, etal. (1938) J.
Am. Chem. Soc. 3: 146-149). 1.0 eq. of diamine
dihydrohalide and 3.0 eq. of cyanamide in absolute
ethanol were stirred together under refluxing for
hours. The solvent was removed under reducing pressure
to get the crude salt which was purified by
recrystallization in methanol. H2 Method B:
Addition-elimination between amines and methyl
mercapto derivatives. This method is almost similar to
a literature procedure (Linton, et al. (2001) J. Org.
Chem. 66(22): 7313-7319). 1.0 eq. of diamine and 2.0
eq. methyl mercapto hydrohalide derivatives were
dissolved in methanol. A condenser equipped with a
NaOH trap at the top was attached. After refluxing for
hours, the solution was reduced to minimal volume
under reduced pressure. Ethyl either was added to
produce white precipitate. This was recrystallized in
hot methanol to give pure product. H2N-<tinter)-NH2 +
CH3OH Method C: Condensation between aldehydes/ketones
and amino guanidines to give guanylhydrozone
derivatives. This method is modified from the
literature procedure (Murdock, et al. (1982) J. Med.
Chem. 25:505-518). A mixture of 1.0 eq.
dialdehyde/ketone and 2.0 eq. amino guanidine
hydrohalides in ethanol was heated under reflux for
hours. The mixture was cooled to room temperature and
filtered to give the guanylhydrozone
hydrohalides.Method D: Reductive animation between
aldehydes/ketones and amines (Abdel- Magid, et al.
(1996) . Org. Chem. 61:3849-3862). 1.0 eq. dialdehydes
or ketones and 2.0 eq. amines were mixed in 1,
2-dichloroethane and then treated with 3.0 eq. sodium
triacetoxyborohydride (1.0-2.0 mol eq. acetic acid may
also be added in reactions of ketones). The mixture
was stirred at room temperature under an argon or
nitrogen atmosphere for hours until the disappearance
of the reactants in TLC plates. The reaction mixture
was quenched by adding 1N NaOH, and the product was
extracted by ethyl ether, washed by Brine and 4ried by
anhydrous MgSO4. The solvent was evaporated to give
the crude free base which could be purified by
chromatography. The free base dissolved in ethanolic
hydrochloride or tartaric acid to give the salts which
usually can recrystallize from MeOH/Et2O. Method E:
Reduction of amides (Micovic and Mihailovic (1953) J.
Org. Chem. 18:1 190). The amides could be prepared
from the corresponding carboxylic acid or carboxylic
chlorides. A mixture of carboxylic acid and thionyl
chloride was refluxed for hours in.an anhydrous system
with a condenser equipped with a NaOH trap at the top.
The excess thionyl chloride was removed under reduced
pressure to get the carboxylic chloride. The
carboxylic chloride was dissolved in dichloromethane
following the addition of 2.0 eq. amine and 3 eq.
pyridine. The mixture was stirred at room temperature
until the disappearance of the reactants in the TLC
plates. The solvent was removed under reduced pressure
to get the crude amides which can be purified by
chromatography. The mixture of 1 eq. amide and 1.9 eq.
LiAlH4 in THF was refluxed until the disappearance of
the amide from TLC plates. Then the solution was
quenched with the addition of water and 15% NaOH
aqueous as described in lit.5 and extracted with ethyl
ether, dried over MgSO4. Removal of the solvent gave
the free amine product which can be purified by the
chromatography. The free base dissolved in ethanolic
hydrochloride or tartaric acid to give the salts which
usually can recrystallize from MeOHTEt2O.Method
F:,NucIeophiIic substitution of halides with amines. A
mixture of 1.0 eq. halides, 2.0 eq. amines and 3 eq.
pyridine in ethanol was refiuxed for hours until the
disappearance of the reactants. The solution was
condensed and extracted with ethyl ether, washed with
brine, dried with MgSO . Removal of the solvent gave
the free amine product which can be purified by the
chromatography. The free base dissolved in ethanolic
hydrochloride or tartaric acid to give the salts which
usually can recrystallize from MeOHZEt2O. Amines
PyridineSYSTEM AND METHOD FOR MULTIPLEXING PDH AND
PACKET DATA BACKGROUND Digital transmission of signals
has become widespread. To this end, a variety of
digital transmission media are available which have
different transmission characteristics and different
information capacity. In order to make efficient use
of the various transmission media, a hierarchy of
transmission systems has been developed which operates
at different transmission bit rates. In North America,
the hierarchy includes the DSl signal transmitted at
1.544 Mb/sec, the DS2 signal transmitted at 6.312
Mb/sec and the DS3 signal transmitted at 44.736 Mb/sec
on multiple Tl channels. In Europe, a similar but
different hierarchy includes multiple El channels
transmitted at 2.048 Mb/sec. The digital signals to be
transmitted over a medium enter and leave the digital
hierarchy by means of a signal conversion apparatus.
In order to go from one digital transmission rate to a
different digital transmission rate, one or more
multiplexing steps may be required. For high capacity
transmission, it is desirable to efficiently combine
or multiplex a plurality of one or more of the digital
signals in the hierarchy without the need for
intermediate multiplexer (demultiplexer) stages or a
number of different multiplexing (demultiplexing)
schemes. Additionally, it is equally desirable to
efficiently add and/or drop one or more digital
signals of one or more digital transmission bit rates
without the need for multiple multiplexing and/or
demultiplexing processes. There are several known
methods utilized to combine or multiplex digital
signals such as Plesiochronous Digital Hierarchy (PDH)
, Synchronous Digital Hierarchy (SDH) , and
asynchronous data with packet data. Some methods
include Asyncrhonous Transfer Mode (ATM) or mapping
the signals into aSynchronous Optical Network (SONET)
or an SDH frame. These methods are subject to several
known problems. For example, in the asynchronous mode,
ATM information may be transferred in standard-length
53-byte ATM cells. However, the payload transferred on
the radio path does not usually measure 48 bytes, i.e.
384 bits, wherefore padding oits are needed. In
addition, if the payload in a block on the radio path
is longer than 48 bytes, the content of one block must
be transmitted in several ATM cells. Thus, ATM mapping
generally is not the most efficient method of
utilizing bandwidth. Another problem with ATM and
SONET/SDH mapping is that the addition of padding bits
and/or division of the payload between a plural number
of cells adds to the processing of the information to
be transferred when the transmission network is
entered or exited. Such characteristics are
undesirable in point-to-point radio applications which
require efficient bandwidth utilization and low
latency per link. Thus, a need exists in the art to
efficiently combine or multiplex digital signals,
i.e., Tl or El, having various digital hierarchies
with packet or Ethernet signals for transmission as a
single data stream. Ic is therefore an object of the
present disclosure to provide a novel method of
transmitting data in a communication system that is
adapted to receive a first type of data having two
data streams with different clocks and a second type
of data. The novel method comprises the steps of
receiving data from the first and second types of
sources, providing a frame having plural bit
positions, synchronizing the received first type of
data thereby generating a synchronized data rate,
assigning the synchronized first type of data in ones
of the bit positions of the frame, distributing the
second type of data in ones of the unassigned bit
positions as a function of the synchronized data rate,
and transmitting the frame.It is a further object of
the present disclosure to provide a novel method for
transmitting communication signals in a predetermined
frame format. The novel method comprises the steps of
receiving data from a plurality of sources including a
first and second type of data source, synchronizing
the received first type of data source to thereby
generate a synchronized data rate, and transmitting
the synchronized first type of data and received
second type of data in a predetermined frame format
whereby the packet data is assigned in the
predetermined frame format as a function of the
synchronized data rate. It is another object of the
present disclosure to provide a novel method where
data from plural PDH sources and from a packet source
are received, .assigned to bit positions in a frame,
and transmitted as a single data stream whereby the
data received from the packet source is arranged in
the data stream as a function of a synchronized data
rate of the received PDH sources. It is still another
object of the present disclosure to provide a novel
method of combining data from plural first type of
data sources and at least one second type of data
source. The novel method comprises the steps of
synchronizing the plural first type of data sources to
thereby generate a synchronized data rate, providing a
frame having plural bit positions, assigning the
synchronized first type of data in ones of the bit
positions of the frame, and arranging the second type
of data in the frame as a function of the synchronized
data rate to thereby combine data from different types
of data sources. It is an object of the present
disclosure to provide a novel method of transmitting
data received from plural sources that are not
synchronized with each other and a packet source as a
single data stream. The novel method comprises the
steps of synchronizing data received from the plural
sources thatare not synchronized with each other to
thereby generate a synchronized data rate, providing a
frame format comprising a plurality of frames each
frame having plural sub-frames the number of which
correlates to the number of received plural sources
that are not synchronized with each other and each
sub-frame comprising a plurality of blocks, assigning
the synchronized data and data received from the
packet source in bit positions of the frame format,
and transmitting the assigned data as a single data
stream. It is also an object of the present disclosure
to provide a novel system where data from sources
having different synchronisms and packet sources is
transmitted in a frame format as a single data stream
the improvement wherein the packet data is arranged in
said data stream as a function of a data rate of said
sources having differeit synchronisms. These objects
and other advantages of the disclosed subject matter
will be readily apparent to one skilled in the art to
which the disclosure pertains from a perusal of the
claims, the appended drawings, and the following
detailed description of the preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an
illustration of a Tl/El and Ethernet data multiplexer
according to an embodiment of the present subject
matter. Figure 2 is an illustration of an exemplary
frame format according to an embodiment of the present
subject matter. Figure 3 is a representative flow
chart for the operation of a communication system
according to a.i embodiment of the present subject
matter. Figure 4 is a representative flow chart for
the operation of a communication system according to
another embodiment of the present subject
matter.DETAILED DESCRIPTION The present disclosure is
generally directed to a onestep programmable data
multiplex scheme to combine a mixture of standard
Plesiochronous Digital Hierarchy (PDH) , Synchronous
Digital Hierarchy (SDH) and asynchronous data sources
such as multiples of El and Tl data with packet data
sources for transmission over a medium such as a radio
link, cable, fiber or other suitable transmission
medium. With reference to Figure 1 , an embodiment of
the present disclosure is illustrated that enables
flexible transmission of many different capacities of
either mixed PDH data and packet data, all PDH data,
or all packet data in a given payload capacity. No
constraint exists on the embodiment illustrated in
Figure 1 with regard to the data received therein; PDH
data is shown for exemplary purposes only and should
not be construed to limit the disclosure. A s shown,
all PDH tributaries or sources 1 , 2 , 3 , ..., N to
be multiplexed in a predetermined frame format having
plural sub-frames are synchronized by a synchronizer
11, 12, 13, ..., SN . The synchronizers 11, 12, 13,
..., SN may be provided with a multiplex synchronous
clock 52 or other known clock means to produce a
synchronized data rate. Several known methods may be
utilized to synchronize the PDH source data. For
example, the PDH source data may be synchronized by
positive bit stuffing. In an embodiment of the present
disclosure, at least one stuffing opportunity may be
assigned to each PDH data source per frame and the
stuffing occurrence will be indicated through stuffing
indication bits in its associated sub-frame. Thus, the
stuffing opportunity for PDH1 is in subframe 1 , and
the stuffing opportunity for PDH2 is in sub-frame 



2 , and so on. When the maximum number of PDH data
sources is less than that of the number of sub-frames,
the number of stuffing opportunities for each PDH
source per frame may beincreased to improve the jitter
performance of a communication system. As shown in
Figure 1 , Ethernet or packet data is received by
multiple ports El,... EN such as 10/100 Base-T ports
or other suitable ports adapted to receive packet
data. The ports El,... EN provide the packet data to
an Ethernet switch 70 or bridge (not shown) . The
Ethernet switch 70 may be provided with an Ethernet
capacity clock 54 having an input from a multiplexer
50 or from another suitable clock means. The
multiplexer 50 may also be provided with a clock
source 56 from a master clock or other suitable means.
The synchronized data from the plurality of PDH data
sources are provided to a respective plurality of data
selectors 21, 22, 23,... DN . Each data selector may
also be provided with an input from the Ethernet
switch 70 thereby providing a packet data input to the
plurality of data selectors. It is also envisioned
that multiple Ethernet switches may be utilized
thereby providing multiple packet data inputs to the
plurality of data selectors. The data selectors 21,
22, 23, ..., DN may be programmed by software to
provide the multiplexer 50 with data from plural or
select sources or exclude plural or select sources.
Synchronized PDH data and packet data provided to the
multiplexer 50 are arranged in the frame format in the
multiplexer 50 which then provides a single data
stream 58 for transmission over a medium. The packet
data to be transmitted is arranged in the frame format
to have an integer t (t=l, 2 , 3 , 4 , ...) multiple
of the synchronized PDH data rate. Although the actual
PDH source number to be multiplexed may be limited due
to practical application purposes, the aggregate
payload data rate of the transmitted single data
stream 58 using the multiplexing scheme according to
an embodiment of the present disclosure can be as low
as ITl or IEl to as high as over 100Tl or over 100El
equivalent capacity.With reference to Figure 2 , an
embodiment of the frame format of the present
disclosure comprises at least one frame 100 having
plural sub-frames 110. Each sub-frame 110 comprises
plural blocks 120 having a plurality of sub-blocks
130. A s illustrated, each sub-block 130 includes one
bit position for each synchronized PDH source and/or
one bit position for the packet data that is
equivalent to the synchronized data rate. Each block
120 within a sub-frame 110 includes n sub-blocks 130,
one or more frame complementary overhead bit positions
112, n bit positions for synchronized data from each
PDH source and (t*n) bit positions for packet data.
Any of the n bit positions for the synchronized data
from each PDH source may be filled with packet data if
the bit positions are not provisioned to carry the
synchronized PDH data. Thus, packet data to be
multiplexed may occupy part of all of the bit
positions for synchronized PDH data. The synchronized
PDH data and/or packet data may also be sequentially
bit interleaved in each block or arranged in the frame
format by other known suitable sequencing means . For
systems having maximum N*PDH data sources with
additional t*Tl or t*El equivalent packet data rate
capacity, there will be n* (N+t) bit positions for
synchronized PDH data and packet data per block. Thus,
in the instance that the total mixed data capacity
exceeds the capacity designated for the PDH data,
additional capacity for packet data may be added in
the increment of t (t=l, 2 , 3 , 4 , ...) times the
synchronized PDH (i.e., Tl or El) rate. As discussed
above, this is accomplished by adding (t*n) bits for
the additional packet data per block in all the blocks
of the frame. A s shown in Figure 2 , the frame
complementary overhead bit positions 112 may contain
auxiliary data to be transmitted with the main
payload. This auxiliary data may be used to carry
network management data, service channel data and
other data. The frame complementary overhead bit
positions 112 mayalso provide frame house keeping bits
such as a Frame Alignment Word (FAW) 114, stuffing
indication bits, parity bits and other known
housekeeping bits. The stuffing indication bits,
parity bits and other known housekeeping bits may be
distributed throughout the frame in unused overhead
bit positions 112. To speed up frame acquisition time,
bunched FAW (i.e., 1111011000101000) may be utilized.
The FAW 114 would be arranged in the first block of
the first sub-frame and the frame complementary
overhead bit positions 112 designated for the FAW 114
in the sub-frames may be filled with synchronized PDH
data bits and/or packet data bits. It is also
envisioned that other housekeeping bits, such as
parity bits may be utilized in overhead bit positions
of the first sub-frame. The FAW 114 may also be
distributed in the embodied frame format. In such an
embodiment, the FAW bits are distributed in the
complementary overhead bit positions 112. The minimum
number of sub-frames 110 required in the frame 100
depends on the maximum number of PDH sources received.
For example, if the maximum number of PDH sources is
16, a minimum of 16 sub-frames 110 per frame 100 are
used. The number of sub-blocks 130 per block 120 and
the number of blocks 120 per sub-frame 110 are
determined by the required capacity of the auxiliary
data, the number of stuffing indication bits (C bits)
, the number of parity bits, the size of the frame
(bits per frame) and/or the available bandwidth in the
transmission medium. With reference to Figure 3 , a
representative flow chart is shown illustrating the
operation of a communication system according to an
embodiment of the present subject matter. A
communication system 300 may be adapted to receive a
first type of data having at least two data streams
with different clocks and a second type of data from a
first and second types of sources, as shown in Block
310. The system 300synchronizes the received first
type of data thereby generating a synchronized data
rate, as shown in Block 320. A frame format is
provided having plural bit positions, as shown in
Block 330. The synchronized first type of data are
assigned in ones of the bit positions of the frame
while the second type of data are distributed in ones
of the unassigned bit positions as a function of the
synchronized data rate, as shown in Block 340. The
system 300 then transmits the frame as shown in Block
350. With reference to Figure 4 , a representative
flow chart is shown illustrating for the operation of
a communication system according to another embodiment
of the present subject matter. A communication system
400 is adaptable to receive data from a plurality of
sources including a first and second type of data
source, as shown in Block 410. The received first type
of data source is synchronized to thereby generate a
synchronized data rate, as shown in Block 420. The
synchronized first type of data and received second
type of data is transmitted in a predetermined frame
format whereby the packet data may be assigned in the
predetermined frame format as a function of the
synchronized data rate, as shown in Block 430. While
preferred embodiments of the disclosed system and
method have been described, it is to be understood
that the embodiments described are illustrative only
and that the scope of the embodiments of the disclosed
system and method are to be defined solely by the
appended claims when accorded a full range of
equivalence, many variations and modifications
naturally occurring to those of skill in the art from
a perusal hereof.CLAIMS 1 . A method for transmitting
communication signals in a predetermined frame format
comprising the steps of: (a) receiving data from a
plurality of sources including a first and second type
of data source; (b) synchronizing the received first
type of data source to thereby generate a synchronized
data rate; and (c) transmitting the synchronized first
type of data and received second type of data in a
predetermined frame format whereby the packet data is
assigned in the predetermined frame format as a
function of the synchronized data rate. 2 . The method
of Claim 1 wherein the step of providing a frame
includes providing a frame having plural sub-frames
with plural blocks and sub-blocks, each sub-block
including a synchronized first type of data bit
position or a second type of data bit position and
each block having at least one overhead bit position
and further including the steps of: inserting a frame
alignment word in bit positions of the first block of
the first sub-frame; and distributing synchronized
data bits of the first type of data or data bits of
the second type of data in unused overhead bit
positions of other blocks. 3 . The method of Claim 2
further comprising the step of distributing parity
bits in unused overhead bit positions. 4 . The method
of Claim 1 wherein the received first type of sources
are synchronized by bit stuffing. 5 . The method of
Claim 1 wherein the first type of data source includes
at least one of synchronous, asynchronous, and
plesiochronous sources.6 . The method of Claim 1
wherein the second type of data source is a packet
data source. 7 . The method of Claim 1 further
comprising the step of sequentially bit interleaving
synchronized first type of data and second type of
data in the frame format. 8 . A system adaptable to
receive data from plural first type of data sources
and at least one second type of data source that are
not synchronized with each other and to transmit the
data as a single data stream, wherein if data from
both the plural first type of data source and second
type of data source ar; received, the plural first
type of data source is synchronized to thereby
generate a synchronized data rate, a frame is provided
having plural bit positions, the synchronized first
type of data are assigned in ones of the bit positions
of the frame format, and the second type of data are
arranged in the frame format as a function of the
synchronized data rate for transmission thereof,
wherein if data from only the first type of data
source is received, the plural first type of data
source is synchronized to thereby generate a
synchronized data rate, a frame format is provided
having plural bit positions, and the synchronized
first type of data are assigned in ones of the bit
positions of the frame format for transmission
thereof, wherein if data from only the second type of
data source is received, a frame format is provided
having plural bit positions and the second type of
data are arranged in the frame format for transmission
thereof.9 . The system of Claim 8 wherein said frame
format comprises a plurality of frames each frame
having plural sub-frames the number of which
correlates to the number of received plural sources
that are not synchronized with each other and each
sub-frame comprising a plurality of blocks each block
comprising: at least one overhead bit position, (n)
bit positions of synchronized data from the plural
sources; (m) bit positions of data received from the
packet source arranged as a function of the
synchronized data rate, and a plurality of sub-blocks
each having a bit position for the synchronized data
or a bit position for data received from the packet
source. 10. The system of Claim 8 wherein the
synchronized first type of data bits and the second-
type of data bits are sequentially bit interleaved in
the frame format. 


