
MODULATORS OF CCR9 RECEPTOR AND METHODS OF USE THEREOF
1. PRIORITY CLAIM [0001] This application claims
priority to U.S. provisional application serial no.
60/905,640 filed July 30, 2007 to Anderson et al. The
disclosure of the above referenced application is
incorporated by reference in its entirety. 2. FIELD
[0002] Provided herein are compounds, compositions and
methods for treating, preventing or ameliorating
conditions associated with CCR9 receptor activity. 3.
BACKGROUND [0003] Chemokines are chemotactic cytokines
that are released by a wide variety of cells and
attract various types of immune system cells, such as
macrophages, T cells, eosinophils, basophils and
neutrophils, to sites of inflammation (reviewed in
Schall, Cytokine, 3:165-183 (1991), Schall, et al,
Curr. Opin. Immunol, 6:865 873 (1994) and Murphy, Rev.
Immun., 12:593-633 (1994)). In addition to stimulating
chemotaxis, other changes can be selectively induced
by chemokines in responsive cells, including changes
in cell shape, transient rises in the concentration of
intracellular free calcium ions ([Ca + ]), granule
exocytosis, integrin up-regulation, formation of
bioactive lipids {e.g., leukotrienes) and respiratory
burst, associated with leukocyte activation. Thus, the
chemokines are early triggers of the inflammatory
response, causing inflammatory mediator release,
chemotaxis and extravasation to sites of infection or
inflammation. [0004] CCR9, a seven transmembrane,
G-protein-coupled chemokine receptor was recently
identified as the physiologic receptor for
CCL25/thymus-expressed Chemokine (TECK). CCR9 is
mainly expressed in thymocytes and T lymphocytes from
the small intestine and colon. CCL25/TECK is
predominantly expressed in the thymus and small
intestine. Studies have shown that CCR9 mediates
chemotaxis in response to CCL25/TECK and is likely to
play an important role in regulating the trafficking
of developing T cells within the thymus and be
critical for the development, homeostasis, and/or
function of mucosal T lymphocytes. [0005] It has been
shown that CCR9+ lymphocytes are markedly elevated in
peripheral blood lymphocytes in patients with small
bowel Crohn's or celiac disease. TECK expression is
altered in an inflamed small bowel, being intensely
expressed in a patchy distribution in crypt epithelial
cells in proximity to lymphocytic infiltrates
(Papadakis et al. Gastroenterology, 2001,
121:246-254). In mouse models, neutralization of TECK
inhibitshoming of CD8+ T cells to the IEL
(intraepithelial lymphocyte) compartment. This
directly demonstrates that CCL25 and CCR9 function in
recruiting effector lymphocytes to the small
intestinal epithelium following their activation in
gut-associated lymphoid tissue (GALT). [0006]
Targeting CCL25/TECK and/or CCR9 may provide a way to
selectively modulate small-intestinal immune responses
as suggested by the fact that activated CCR9(+)
CD8alphabeta(+) lymphocytes selectively localized to
the small-intestinal mucosa, and in vivo
neutralization of CCL25/TECK reduced the ability of
these cells to populate the small-intestinal
epithelium. These results demonstrate an important
role for chemokines in the localization of T
lymphocytes to the small-intestinal mucosa. (Svensson
et al, J. CHn. Invest., 2002, 110:1 113-21). CCR9+
gut-homing lymphocytes have also been implicated in
primary sclerosing cholangitis, a chronic liver
disease that is a common complication of inflammatory
bowel disease (Eksteen et al, J. Exp. Med., 2004,
200:151 1- 1517). [0007] CCR9 receptor expression on
human eosinophils from peripheral blood and
bronchoalveolar lavage fluid after segmental antigen
challenge was reported recently (Liu et al, J Allergy
CHn Immunol 2003 September; 112(3):556-62). Studies by
Singh et al. {Clinical Cancer Research, 2004, 10,
8743-8750) suggest that the expression and activation
of CCR9 affect cancer cell migration, invasion, and
MMP expression, which together may affect prostate
cancer metastasis. In a similar fashion, functional
CCR9 has been detected on the surface of small
intestinal melanoma (Letsch et al., 2004 J. Invest.
Dermatol. 122:685-690). [0008] CCR9 was also found to
be selectively expressed on T-ALL CD4+ T cells and
moderately expressed on T-CLL CD4+ T cells. CCL25/TECK
selectively induced TALL CD4+ T cell chemotaxis and
adhesion (Qiuping et al, Cancer Res. 2003 Oct. l;
63(19):6469-77. Annels et al, Blood 2003). A recent
study also demonstrates an increase in the expression
of CCR9 on peripheral blood gammadelta T cells in
individuals having HIV-I infection (Poles et al, J
Virol. 2003 October; 77(19):10456-67). [0009] Because
of the involvement of the CCR9 receptor in a variety
of diseases, there is a continuing need for compounds
that modulate the binding or function of various
chemokines to the CCR9 receptor. 4. SUMMARY [0010]
Provided herein are compounds that are modulators of
CCR9 receptor, pharmaceutical compositions containing
the compounds and methods of use thereof. Incertain
embodiments, the compounds for use in the compositions
and methods provided herein are of formula I : I or a
pharmaceutically acceptable derivative thereof,
wherein the variables are chosen such that the
resulting compounds show activity as a CCR9 modulators
In one embodiment, the compounds are CCR9 receptor
antagonists. [0011] Pharmaceutical compositions
containing a compound of Formula I and a
pharmaceutically acceptable carrier are provided
herein. Also provided are methods for treating,
preventing, or ameliorating one or more symptoms of
CCR9 receptor mediated diseases by administering the
compounds and compositions provided herein. [0012] In
certain embodiments, provided herein are methods for
modulating an activity of CCR9 receptor by contacting
the receptor with a compound or composition provided
herein. In one embodiment, provided herein are methods
for antagonizing an action of CCR9 receptor by
contacting the receptor with a compound or composition
provided herein. In other embodiments, provided herein
are methods for treatment, prevention, or amelioration
of one or more symptoms of diseases or conditions
associated with CCR9 receptor activity, including, but
not limited to inflammatory bowel disease, including
Crohn's disease and ulcerative colitis, celiac disease
and other forms of intestinal inflammation, including
celiac sprue and gluten-sensitive enteropathy; primary
sclerosing cholangitis; HIV; as well as various
cancers, including, prostate cancer, leukemia, and
small intestinal melanoma. 5. DETAILED DESCRIPTION 5.1
DEFINITIONS [0013] Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as is commonly understood by one of
ordinary skill in the art. All patents, applications,
published applications and other publications are
incorporated by reference in their entirety. In the
event that there are a plurality of definitions for a
term herein, those in this section prevail unless
stated otherwise.[0014] As used herein "subject" is an
animal, such as a mammal, including human, such as a
patient. [0015] The terms "CCR9 receptor mediated
disease, or "CCR9 receptor mediated 



condition", as used herein, mean any disease or other
deleterious condition or state in which CCR9 receptor
is known to play a role. Such diseases or conditions
include, without limitation, congestive heart failure,
stroke, ischemic heart disease (angina, myocardial
ischemia), cardiac arrhythmia, hypertension (essential
and pulmonary), renal disease (acute and chronic renal
failure/end stage renal disease) along with peripheral
vascular disease (male erectile dysfunction, diabetic
retinopathy, intermittent claudication/ischemic limb
disease) and ischemic/hemorrhage stroke, COPD,
restenosis, asthma, neurogenic inflammation, migraine,
metabolic vasculopathies, bone/cartilage/joint
disease, arthritis and other inflammatory diseases,
fibrosis (e.g. pulmonary fibrosis), sepsis
atherosclerosis, dyslipidemia, addiction,
schizophrenia, cognitive disorders/ Alzheimers
disease, impulsivity, anxiety, stress, depression,
parkinsons, movement disorders, sleepwake cycle,
incentive motivation, pain, neuromuscular function,
diabetes, gastric reflux, gastric motility disorders,
ulcers and genitourinary diseases. Also included are
inflammatory bowel disease, including Crohn's disease
and ulcerative colitis;celiac disease and other forms
of intestinal inflammation, including celiac sprue,
gluten-sensitive enteropathy; primary sclerosing
cholangitis; HFV; as well as various cancers,
including, prostate cancer, leukemia, small intestinal
and melanoma. [0016] As used herein, biological
activity refers to the in vivo activities of a
compound or physiological responses that result upon
in vivo administration of a compound, composition or
other mixture. Biological activity, thus, encompasses
therapeutic effects and pharmacokinetic behaviour of
such compounds, compositions and mixtures. Biological
activities can be observed in in vitro systems
designed to test for such activities. [0017] As used
herein, pharmaceutically acceptable derivatives of a
compound include, but are not limited to, salts,
esters, enol ethers, enol esters, acetals, ketals,
orthoesters, hemiacetals, hemiketals, acids, bases,
solvates or hydrates thereof. Such derivatives may be
readily prepared by those of skill in this art using
known methods for such derivatization. The compounds
produced may be administered to animals or humans
without substantial toxic effects and either are
pharmaceutically active or are prodrugs.
Pharmaceutically acceptable salts include, but are not
limited to, amine salts, such as but not limited to
N,N'-dibenzylethylenediamine, chloroprocaine, choline,
ammonia,diethanolamine and other hydroxyalkylamines,
ethylenediamine, N-methylglucamine, procaine,
N-benzylphenethylamine,
l-para-chlorobenzyl-2-pyrrolidin-rylmethylbenzimidazol
e, diethylamine and other alkylamines, piperazine and
tris(hydroxymethyl)aminomethane; alkali metal salts,
such as but not limited to lithium, potassium and
sodium; alkali earth metal salts, such as but not
limited to barium, calcium and magnesium; transition
metal salts, such as but not limited to zinc; and
inorganic salts, such as but not limited to, sodium
hydrogen phosphate and disodium phosphate; and also
including, but not limited to, salts of mineral acids,
such as but not limited to hydrochlorides and
sulfates; and salts of organic acids, such as but not
limited to acetates, lactates, malates, tartrates,
citrates, ascorbates, succinates, butyrates,
valerates, mesylates, and fumarates. Pharmaceutically
acceptable esters include, but are not limited to,
alkyl, alkenyl, alkynyl, aryl, aralkyl, and cycloalkyl
esters of acidic groups, including, but not limited
to, carboxylic acids, phosphoric acids, phosphinic
acids, sulfonic acids, sulfinic acids and boronic
acids. Pharmaceutically acceptable enol ethers
include, but are not limited to, derivatives of
formula C=C(OR) where R is alkyl, alkenyl, alkynyl,
aryl, aralkyl and cycloalkyl. Pharmaceutically
acceptable enol esters include, but are not limited
to, derivatives of formula C=C(OC(O)R) where R is
hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl and
cycloalkyl. Pharmaceutically acceptable solvates and
hydrates are complexes of a compound with one or more
solvent or water molecules, or 1 to about 100, or 1 to
about 10, or one to about 2, 3 or 4, solvent or water
molecules. [0018] As used herein, treatment means any
manner in which one or more of the symptoms of a
disease or disorder are ameliorated or otherwise
beneficially altered. Treatment also encompasses any
pharmaceutical use of the compositions herein, such as
use for treating inflammation. [0019] As used herein,
amelioration of the symptoms of a particular disorder
by administration of a particular compound or
pharmaceutical composition refers to any lessening,
whether permanent or temporary, lasting or transient
that can be attributed to or associated with
administration of the composition. [0020] As used
herein, and unless otherwise indicated, the terms
"manage," "managing" and "management" encompass
preventing the recurrence of the specified disease or
disorder in a patient who has already suffered from
the disease or disorder, and/or lengthening the time
that a patient who has suffered from the disease or
disorder remains in remission. The terms encompass
modulating the threshold, development and/or duration
ofthe disease or disorder, or changing the way that a
patient responds to the disease or disorder. [0021] As
used herein, the IC50 refers to an amount,
concentration or dosage of a particular test compound
that achieves a 50% inhibition of a maximal response
in an assay that measures such response. [0022] It is
to be understood that the compounds provided herein
may contain chiral centers. Such chiral centers may be
of either the (R) or (S) configuration, or may be a
mixture thereof. Thus, the compounds provided herein
may be enantiomerically pure, or be stereoisomeric or
diastereomeric mixtures. As such, one of skill in the
art will recognize that administration of a compound
in its (R) form is equivalent, for compounds that
undergo epimerization in vivo, to administration of
the compound in its (S) form. [0023] As used herein,
substantially pure means sufficiently homogeneous to
appear free of readily detectable impurities as
determined by standard methods of analysis, such as
thin layer chromatography (TLC), gel electrophoresis,
high performance liquid chromatography (HPLC) and mass
spectrometry (MS), used by those of skill in the art
to assess such purity, or sufficiently pure such that
further purification would not detectably alter
enzymatic and biological activities of the substance.
Methods for purification of the compounds to produce
substantially chemically pure compounds are known to
those of skill in the art. A substantially chemically
pure compound may, however, be a mixture of
stereoisomers. In such instances, further purification
might increase the specific activity of the compound.
The instant disclosure is meant to include all such
possible isomers, as well as, their racemic and
optically pure forms. Optically active (+) and (-),
(R)- and (S)-, or (D)- and (L)-isomers may be prepared
using chiral synthons or chiral reagents, or resolved
using conventional techniques, such as reverse phase
HPLC. When the compounds described herein contain
olefinic double bonds or other centers of geometric
asymmetry, and unless specified otherwise, it is
intended that the compounds include both E and Z
geometric isomers. Likewise, all tautomeric forms are
also intended to be included. [0024] As used herein,
the nomenclature alkyl, alkoxy, carbonyl, etc. is used
as is generally understood by those of skill in this
art. [0025] As used herein, alkyl, alkenyl and alkynyl
carbon chains, if not specified, contain from 1 to 20
carbons, or 1 to 16 carbons, and are straight or
branched. Alkenyl carbon chains of from 2 to 20
carbons, in certain embodiments, contain 1 to 8 double
bonds, and the alkenyl carbon chains of 2 to 16
carbons, in certain embodiments, contain 1 to 5 



double bonds. Alkynyl carbon chains of from 2 to 20
carbons, in certain embodiments,contain 1 to 8 triple
bonds, and the alkynyl carbon chains of 2 to 16
carbons, in certain embodiments, contain 1 to 5 triple
bonds. Exemplary alkyl, alkenyl and alkynyl groups
herein include, but are not limited to, methyl, ethyl,
propyl, isopropyl, isobutyl, n-butyl, secbutyl,
tert-butyl, isopentyl, neopentyl, tert-pentyl,
isohexyl, ethenyl, propenyl, butenyl, pentenyl,
acetylenyl and hexynyl. As used herein, lower alkyl,
lower alkenyl, and lower alkynyl refer to carbon
chains having from about 1 or about 2 carbons up to
about 6 carbons. As used herein, "alk(en)(yn)yl"
refers to an alkyl group containing at least one
double bond and at least one triple bond. [0026] As
used herein, "heteroalkyl" refers to a straight or
branched aliphatic hydrocarbon group having, inserted
in the hydrocarbon chain one or more oxygen, sulfur,
including S(=O) and S(=O)2 groups, or substituted or
unsubstituted nitrogen atoms, including -NR- and
-N+RR- groups, where the nitrogen substituent(s)
is(are) alkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, S(=O)2R' or COR', where R1is alkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, OY or -NYY',
where Y and Y' are each independently hydrogen, alkyl,
aryl, heteroaryl, cycloalkyl or heterocyclyl, in one
embodiment having from 1to about 20 atoms, in another
embodiment having from 1 to 12 atoms in the chain.
[0027] As used herein, "cycloalkyl" refers to a
saturated mono- or multicyclic ring system, in certain
embodiments of 3 to 10 carbon atoms, in other
embodiments of 3 to 6 carbon atoms; cycloalkenyl and
cycloalkynyl refer to mono- or multicyclic ring
systems that respectively include at least one double
bond and at least one triple bond. Cycloalkenyl and
cycloalkynyl groups may, in certain embodiments,
contain 3 to 10 carbon atoms, with cycloalkenyl
groups, in further embodiments, containing 4 to 7
carbon atoms and cycloalkynyl groups, in further
embodiments, containing 8 to 10 carbon atoms. The ring
systems of the cycloalkyl, cycloalkenyl and
cycloalkynyl groups may be composed of one ring or two
or more rings which may be joined together in a fused,
bridged or spiroconnected fashion.
"Cycloalk(en)(yn)yl" refers to a cycloalkyl group
containing at least one double bond and at least one
triple bond. [0028] As used herein, "substituted
alkyl," "substituted alkenyl," "substituted alkynyl,"
"substituted cycloalkyl," "substituted cycloalkenyl,"
and "substituted cycloalkynyl" refer to alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl and
cycloalkynyl groups, respectively, that are
substituted with one or more substituents, in certain
embodiments one to three or four substituents, where
the substituents are as defined herein, generally
selected from Q1.[0029] As used herein, "aryl" refers
to aromatic monocyclic or multicyclic groups
containing from 6 to 19 carbon atoms. Aryl groups
include, but are not limited to groups such as
fluorenyl, substituted fluorenyl, phenyl, substituted
phenyl, naphthyl and substituted naphthyl. [0030] As
used herein, "heteroaryl" refers to a monocyclic or
multicyclic aromatic ring system, in certain
embodiments, of about 5 to about 15 members where one
or more, in one embodiment 1 to 3, of the atoms in the
ring system is a heteroatom, that is, an element other
than carbon, including but not limited to, nitrogen,
oxygen or sulfur. The heteroaryl group may be
optionally fused to a benzene ring. Heteroaryl groups
include, but are not limited to, furyl, imidazolyl,
pyrimidinyl, tetrazolyl, thienyl, pyridyl, pyrrolyl,
Nmethylpyrrolyl, quinolinyl and isoquinolinyl. [0031]
As used herein, "heterocyclyl" refers to a monocyclic
or multicyclic nonaromatic ring system, in one
embodiment of 3 to 10 members, in another embodiment
of 4 to 7 members, in a further embodiment of 5 to 6
members, where one or more, in certain embodiments, 1
to 3, of the atoms in the ring system is a heteroatom,
that is, an element other than carbon, including but
not limited to, nitrogen, oxygen or sulfur. In
embodiments where the heteroatom(s) is(are) nitrogen,
the nitrogen is optionally substituted with alkyl,
alkenyl, alkynyl, aryl, heteroaryl, aralkyl,
heteroaralkyl, cycloalkyl, heterocyclyl,
cycloalkylalkyl, heterocyclylalkyl, acyl, guanidino,
amidino or the nitrogen may be quaternized to form an
ammonium group where the substituents are selected as
above. [0032] As used herein, "substituted aryl,"
"substituted heteroaryl" and "substituted
heterocyclyl" refer to aryl, heteroaryl and
heterocyclyl groups, respectively, that are
substituted with one or more substituents, in certain
embodiments one to three or four substituents, where
the substituents are as defined herein, generally
selected from Q1. [0033] As used herein, "aralkyl"
refers to an alkyl group in which one of the hydrogen
atoms of the alkyl is replaced by an aryl group.
[0034] As used herein, "heteroaralkyl" refers to an
alkyl group in which one of the hydrogen atoms of the
alkyl is replaced by a heteroaryl group. [0035] As
used herein, "halo", "halogen" or "halide" refers to
F, Cl, Br or I . [0036] As used herein, pseudohalides
or pseudohalo groups are groups that behave
substantially similar to halides. Such compounds can
be used in the same manner and treated in the same
manner as halides. Pseudohalides include, but are not
limited to, cyano, thiocyanate, selenocyanate,
trifluoromethoxy, and azide.[0037] As used herein,
"haloalkyl" refers to an alkyl group in which one or
more of the hydrogen atoms are replaced by halogen.
Such groups include, but are not limited to,
chloromethyl, trifluoromethyl and 1 chloro 2
fluoroethyl. [0038] As used herein, "haloalkoxy"
refers to RO in which R is a haloalkyl group. [0039]
As used herein, "carboxy" refers to a divalent
radical, -C(O)O-. [0040] As used herein,
"aminocarbonyl" refers to -C(O)NH2. [0041] As used
herein, "alkylaminocarbonyl" refers to -C(O)NHR in
which R is alkyl, including lower alkyl. As used
herein, "dialkylaminocarbonyl" refers to -C(O)NR1R in
which R' and R are independently alkyl, including
lower alkyl; "carboxamide" refers to groups of formula
-NR1COR in which R' and R are independently alkyl,
including lower alkyl. [0042] As used herein,
"arylalkylaminocarbonyl" refers to -C(O)NRR' in which
one of R and R' is aryl, including lower aryl, such as
phenyl, and the other of R and R' is alkyl, including
lower alkyl. [0043] As used herein,
"arylaminocarbonyl" refers to -C(O)NHR in which R is
aryl, including lower aryl, such as phenyl. [0044] As
used herein, "hydroxycarbonyl" refers to -COOH. [0045]
As used herein, "alkoxycarbonyl" refers to -C(O)OR in
which R is alkyl, including lower alkyl. [0046] As
used herein, "aryloxycarbonyl" refers to -C(O)OR in
which R is aryl, including lower aryl, such as phenyl.
[0047] As used herein, "alkoxy" and "alkylthio" refer
to RO- and RS- , in which R is alkyl, including lower
alkyl. [0048] As used herein, "aryloxy" and "arylthio"
refer to RO- and RS-, in which R is aryl, including
lower aryl, such as phenyl. [0049] Where the number of
any given substituent is not specified (e.g.,
"haloalkyl"), there may be one or more substituents
present. For example, "haloalkyl" may include one or
more of the same or different halogens. [0050] As used
herein, the abbreviations for any protective groups,
amino acids and other compounds, are, unless indicated
otherwise, in accord with their common usage,
recognized abbreviations, or the IUPAC-IUB Commission
on Biochemical Nomenclature 



(see, (1972) Biochem. 11:942-944).5.2 COMPOUNDS [0051]
In certain embodiments, the compounds for use in the
compositions and methods provided herein are of
Formula I : I or pharmaceutically acceptable
derivatives thereof, wherein R1 is selected as
follows: i) each R1 is independently selected from H,
alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, heteroaryl, halo, pseudohalo, OR8,
C(O)R9 and S(O)PR9; or ii) two R1groups together with
the carbon atoms on which they are substituted form a
cycloalkyl, aryl, heteroaryl or heterocyclyl ring; R2
is selected from H, alkyl, alkenyl, alkynyl, aryl and
cycloalkyl; R3, R4, R5, R6 and R7 are each
independently selected as follows: a) R3, R4, R5, R6
and R7 are each independently selected from H, alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl,
heteroaryl, halo, pseudohalo, OR , C(O)R and S(O)PR9,
or b) at least two of R3, R4, R5, R6 and R7, which
substitute adjacent carbons on the ring, together with
the carbon atoms on which they are substituted form a
fused aryl or cycloalkyl ring; R8 is hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl, alkylcarbonyl, cycloalkylcarbonyl or
arylcarbonyl; R9 is hydrogen, hydroxy, alkyl,
haloalkyl, alkenyl, alkynyl, aryl, alkylaryl,
heterocyclyl, cycloalkyl, aralkyl, alkoxy, alkenyloxy,
alkynyloxy, aryloxy, alkylaryloxy, heterocyclyloxy,
cycloalkyloxy, aralkoxy or-C(O)R8; and n is 0-2; and p
is 0-2. [0052] In one embodiment, the compounds have
formula I, with a proviso that: i) when R1 is
optionally substituted phenyl, pyridinyl or thienyl,
then R3- R7 are other than methyl or chloro; ii) when
R1 and R2 are each hydrogen, then R5 is other than H
or chloro, and iii) when R is benzyl, then R5 is other
than methoxy.[0053] In certain embodiments, R1-R9 are
optionally substituted with one or more, in certain
embodiments, 1, 2, 3 or 4 substituents, each
independently selected from Q1, where Q1 is halo,
pseudohalo, hydroxy, oxo, thioxo, nitrile, nitro,
formyl, mercapto, hydroxycarbonyl,
hydroxycarbonylalkyl, alkyl, haloalkyl, polyhaloalkyl,
aminoalkyl, diaminoalkyl, alkenyl containing 1 to 2
double bonds, alkynyl containing 1 to 2 triple bonds,
cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, heteroaryl, aralkyl,
aralkenyl, aralkynyl, heteroarylalkyl, trialkylsilyl,
dialkylarylsilyl, alkyldiarylsilyl, triarylsilyl,
alkylidene, arylalkylidene, alkylcarbonyl,
arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl,
alkoxycarbonylalkyl, aryloxycarbonyl,
aryloxycarbonylalkyl, aralkoxycarbonyl,
aralkoxycarbonylalkyl, arylcarbonylalkyl,
aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl,
diarylaminocarbonyl, arylalkylaminocarbonyl, alkoxy,
aryloxy, heteroaryloxy, heteroaralkoxy,
heterocyclyloxy, cycloalkoxy, perfluoroalkoxy,
alkenyloxy, alkynyloxy, aralkoxy, alkylcarbonyloxy,
arylcarbonyloxy, aralkylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy,
aralkoxycarbonyloxy, aminocarbonyloxy,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylarylaminocarbonyloxy, diarylaminocarbonyloxy,
guanidino, isothioureido, ureido, N-alkylureido,
N-arylureido, N'-alkylureido, N',N'-dialkylureido, N1-
alkyl-N'-arylureido, N',N'-diarylureido,
N'-arylureido, N,N'-dialkylureido, N-alkyl-N'-
arylureido, N-aryl-N'-alkylureido, N,N'-diarylureido,
N,N',N'-trialkylureido, N,N'-dialkyl- N'-arylureido,
N-alkyl-N',N'-diarylureido,
N-aryl-N',N'-dialkylureido, N,N'-diaryl-N'-
alkylureido, N,N',N'-triarylureido, amidino,
alkylamidino, arylamidino, aminothiocarbonyl,
alkylaminothiocarbonyl, arylaminothiocarbonyl, amino,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
arylaminoalkyl, diarylaminoalkyl, alkylarylaminoalkyl,
alkylamino, dialkylamino, haloalkylamino, arylamino,
diarylamino, alkylarylamino, alkylcarbonylamino,
alkoxycarbonylamino, aralkoxycarbonylamino,
arylcarbonylamino, arylcarbonylaminoalkyl,
aryloxycarbonylaminoalkyl, aryloxyarylcarbonylamino,
aryloxycarbonylamino, alkylsulfonylamino,
arylsulfonylamino, heteroarylsulfonylamino,
heterocyclylsulfonylamino, heteroarylthio, azido,
-N+R5 1R52R53, P(R5O)2, P(=O)(R50)2, OP(=O)(R50)2,
-NR60C(=O)R63, dialkylphosphonyl, alkylarylphosphonyl,
diarylphosphonyl, hydroxyphosphonyl, alkylthio,
arylthio, perfluoroalkylthio,
hydroxycarbonylalkylthio, thiocyano, isothiocyano,
alkylsulfinyloxy, alkylsulfonyloxy, arylsulfinyloxy,
arylsulfonyloxy, hydroxysulfonyloxy,
alkoxysulfonyloxy, aminosulfonyloxy,
alkylaminosulfonyloxy, dialkylaminosulfonyloxy,
arylaminosulfonyloxy, diarylaminosulfonyloxy,
alkylarylaminosulfonyloxy, alkylsulfinyl,
alkylsulfonyl,arylsulfinyl, arylsulfonyl,
hydroxysulfonyl, alkoxysulfonyl, aminosulfonyl,
alkylaminosulfonyl, dialkylaminosulfonyl,
arylaminosulfonyl, diarylaminosulfonyl or
alkylarylaminosulfonyl; or two Q1 groups, which
substitute atoms in a 1,2 or 1,3 arrangement, together
form alkylene, alkylenoxy (i.e., -O-(CH2)y-),
alkylenthioxy (i.e., -S- (CH2)y-), alkylenedioxy
(i.e., -O-(CH2)y-O-), thioalkylenoxy (i.e.,
-S-(CH2)y-O-)or alkylenedithioxy (i.e., -S-(CH2)y-S-)
where y is 1 or 2; or two Q1 groups, which substitute
the same atom, together form alkylene; and each Q1 is
independently unsubstituted or substituted with one,
two or three substituents, each independently selected
from Q2; each Q2 is independently halo, pseudohalo,
hydroxy, oxo, thioxo, nitrile, nitro, formyl,
mercapto, hydroxycarbonyl, hydroxycarbonylalkyl,
alkyl, haloalkyl, polyhaloalkyl, aminoalkyl,
diaminoalkyl, alkenyl containing 1 to 2 double bonds,
alkynyl containing 1 to 2 triple bonds, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,
aryl, heteroaryl, aralkyl, aralkenyl, aralkynyl,
heteroarylalkyl, trialkylsilyl, dialkylarylsilyl,
alkyldiarylsilyl, triarylsilyl, alkylidene,
arylalkylidene, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, alkoxycarbonyl,
alkoxycarbonylalkyl, aryloxycarbonyl,
aryloxycarbonylalkyl, aralkoxycarbonyl,
aralkoxycarbonylalkyl, arylcarbonylalkyl,
aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl,
diarylaminocarbonyl, arylalkylaminocarbonyl, alkoxy,
aryloxy, heteroaryloxy, heteroaralkoxy,
heterocyclyloxy, cycloalkoxy, perfluoroalkoxy,
alkenyloxy, alkynyloxy, aralkoxy, alkylcarbonyloxy,
arylcarbonyloxy, aralkylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy,
aralkoxycarbonyloxy, aminocarbonyloxy,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkylarylaminocarbonyloxy, diarylaminocarbonyloxy,
guanidino, isothioureido, ureido, N-alkylureido,
N-arylureido, N'-alkylureido, N',N'-dialkylureido, N'-
alkyl-N'-arylureido, N',N'-diarylureido,
N'-arylureido, N,N'-dialkylureido, N-alkyl-N'-
arylureido, N-aryl-N'-alkylureido, N,N'-diarylureido,
N,N',N'-trialkylureido, N,N'-dialkyl- N'-arylureido,
N-alkyl-N',N'-diarylureido,
N-aryl-N',N'-dialkylureido, N,N'-diaryl-N'-
alkylureido, N,N',N'-triarylureido, amidino,
alkylamidino, arylamidino, aminothiocarbonyl,
alkylaminothiocarbonyl, arylaminothiocarbonyl, amino,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
arylaminoalkyl, diarylaminoalkyl, alkylarylaminoalkyl,
alkylamino, dialkylamino, haloalkylamino, arylamino,
diarylamino, alkylarylamino, alkylcarbonylamino,
alkoxycarbonylamino, aralkoxycarbonylamino,
arylcarbonylamino, arylcarbonylaminoalkyl,
aryloxycarbonylaminoalkyl, aryloxyarylcarbonylamino, 



aryloxycarbonylamino, alkylsulfonylamino,
arylsulfonylamino,
heteroarylsulfonylamino,heterocyclylsulfonylamino,
heteroarylthio, azido, -N+R5 1R52R53, P(R50)2,
P(=O)(R50)2, OP(=O)(R50)2, -NR60C(=O)R63,
dialkylphosphonyl, alkylarylphosphonyl,
diarylphosphonyl, hydroxyphosphonyl, alkylthio,
arylthio, perfluoroalkylthio,
hydroxycarbonylalkylthio, thiocyano, isothiocyano,
alkylsulfinyloxy, alkylsulfonyloxy, arylsulfinyloxy,
arylsulfonyloxy, hydroxysulfonyloxy,
alkoxysulfonyloxy, aminosulfonyloxy,
alkylaminosulfonyloxy, dialkylaminosulfonyloxy,
arylaminosulfonyloxy, diarylaminosulfonyloxy,
alkylarylaminosulfonyloxy, alkylsulfinyl,
alkylsulfonyl, arylsulfinyl, arylsulfonyl,
hydroxysulfonyl, alkoxysulfonyl, aminosulfonyl,
alkylaminosulfonyl, dialkylaminosulfonyl,
arylaminosulfonyl, diarylaminosulfonyl or
alkylarylaminosulfonyl; or two Q2 groups, which
substitute atoms in a 1,2 or 1,3 arrangement, together
form alkylene, alkylenoxy (i.e., -O-(CH2)y-),
alkylenthioxy (i.e., -S- (CH2)y-), alkylenedioxy
(i.e., -O-(CH2)y-O-), thioalkylenoxy (i.e.,
-S-(CH2)y-O-) or alkylenedithioxy (i.e., -S-(CH2)y-S-)
where y is 1 or 2; or two Q2 groups, which substitute
the same atom, together form alkylene; R50 is hydroxy,
alkoxy, aralkoxy, alkyl, heteroaryl, heterocyclyl,
aryl or -NR70R7 1, where R70 and R7 1 are each
independently hydrogen, alkyl, aralkyl, aryl,
heteroaryl, heteroaralkyl or heterocyclyl, or R70 and
R7 1 together form alkylene, azaalkylene, oxaalkylene
or thiaalkylene; R5 1, R52 and R53 are each
independently hydrogen, alkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, heterocyclyl or
heterocyclylalkyl; R60 is hydrogen, alkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, heterocyclyl or
heterocyclylalkyl; and R63 is alkoxy, aralkoxy, alkyl,
heteroaryl, heterocyclyl, aryl or -NR70R7 1. [0054] In
one embodiment, the compound provided herein is
selected with a proviso that when R1 is optionally
substituted phenyl, pyridinyl or thienyl, then R3- R7
are other than methyl or chloro. In another
embodiment, the compound provided herein is selected
with a proviso that when R1 is optionally substituted
aryl or heteroaryl, then R3- R7 are other than methyl
or chloro. In another embodiment, the compound
provided herein is selected with a proviso that when
R1 is optionally substituted aryl or heteroaryl, then
R3- R7 are other than alkyl or halo. In one
embodiment, the compound provided herein is selected
with a proviso that when R1 is optionally substituted
phenyl, pyridinyl or thienyl, then R3- R7 are other
than alkyl or halo. [0055] In one embodiment, the
compound provided herein is selected with a proviso
that when R1 and R2 are each hydrogen, then R5 is
other than H or chloro. In anotherembodiment, the
compound provided herein is selected with a proviso
that when R1 and R2 are each hydrogen, then R5 is
other than H or halo. [0056] In one embodiment, the
compound provided herein is selected with a proviso
that when R2 is benzyl, then R5 is other than methoxy.
In another embodiment, the compound provided herein is
selected with a proviso that when R2 is benzyl, then
R5 is other than alkoxy. In another embodiment, the
compound provided herein is selected with a proviso
that when R2 is aralkyl, then R5 is other than alkoxy.
In one embodiment, the compound provided herein is
selected with a proviso that when R is aralkyl, then
R5 is other than methoxy. [0057] In one embodiment, Q1
is selected from one, two or three groups selected
from alkyl, halo, alkoxy, hydroxy, haloalkoxy,
haloalkyl, aryl, dialkylamino, or cycloalkyl. In one
embodiment, Q1 is selected from one, two or three
groups selected from methyl, ethyl, isopropyl,
propoxy, dimethylamino, chloro and fluoro. [0058] In
one embodiment, R1 is selected from H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, heteroaryl,
halo, pseudohalo, OR8, C(O)R9 and S(O)PR9. In another
embodiment, R1 is selected from H, alkyl, alkenyl,
alkynyl, aryl and cycloalkyl. In another embodiment,
R1 is H or alkyl. In another embodiment, R1 is H or
lower alkyl. In another embodiment, R1 is H. [0059] In
one embodiment, two R1groups together with the carbon
atoms on which they are substituted form an optionally
substituted aryl or heteroaryl ring. In one
embodiment, two R1groups together with the carbon
atoms on which they are substituted form an optionally
substituted aryl ring In one embodiment, two R1groups
together with the carbon atoms on which they are
substituted form an optionally substituted heteroaryl
ring. In one embodiment, two R1groups together with
the carbon atoms on which they are substituted form an
optionally substituted benzene ri ng In one
embodiment, two R1groups together with the carbon
atoms on which they are substituted form an optionally
substituted pyridine ring. [0060] In one embodiment,
R2 is selected from H, alkyl, alkenyl, alkynyl, aryl
and cycloalkyl. In another embodiment, R2 is H or
alkyl. In another embodiment, R2 is H or lower alkyl.
In another embodiment, R2 is H. [0061] In one
embodiment, R3 and R7 are each independently selected
from H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, heteroaryl, halo, pseudohalo, OR8,
C(O)R9 and S(O)PR9. In another embodiment, R3 and R7
are each independently selected from H, hydroxy,
alkyl, alkenyl, halo, aryl, haloaryl,
dialkylaminoaryl, arylalkenyl,heterocyclyl,
heteroaryl, alkoxy, cyano, aralkyl, C(O)R9, aryloxy,
cycloalkyl, cycloalkylalkyl, cycloalkylalkenyl,
alkyloxyalkenyl, alkoxyalkyl, carboxyalkenyl and
alkylcarbonyloxy. [0062] In another embodiment, R3 and
R7 are each independently selected from H, hydroxy,
alkyl, halo, aryl, dialkylaminoaryl, heteroaryl,
haloaryl, heterocyclyl, cycloalkyl, alkoxy, cyano,
arylalkyl, alkylcarbonyl, aryloxy, cycloalkylalkenyl,
alkoxyalkenyl, alkoxyalkyl and carboxyalkenyl. [0063]
In another embodiment, R3 is selected from H, hydroxy,
alkyl, halo, aryl, dialkylaminoaryl, heteroaryl,
haloaryl and haloheteroaryl. [0064] In another
embodiment, R3 is selected from H, methyl, phenyl,
chloro, 4- dimethylaminophenyl, 2-chloropyridin-4-yl,
piperidin-1-yl, pyrimidin-5-yl, hydroxy, 3-
chlorophenyl, 3-fluorophenyl and t-butyl. [0065] In
another embodiment, R7 is selected from H, hydroxy,
cyano, alkyl, halo, aryl, haloaryl, heterocyclyl,
heteroaryl, cycloalkyl, alkoxy, cyano, arylalkyl,
arylalkenyl, alkylcarbonyl, aryloxy,
cycloalkylalkenyl, alkoxyalkenyl, alkoxyalkyl and
carboxyalkenyl. [0066] In another embodiment, R7 is
selected from morpholinyl, bromo, chloro, fluoro,
cyclopentyl, 4-chlorophenyl, 2-styryl, methoxy,
hydroxy, cyano, phenethyl, acetoxy, methyl, ethyl,
phenoxy, cyclopropylvinyl, 3-methoxyprop-l-enyl,
propyl, cyclopropylethyl, pentyl, 3-methoxypropyl,
furan-3-yl, vinyl and 2-carboxyvinyl. [0067] In one
embodiment, R4 and R5 are selected as follows: a) R4
and R5 are each independently selected from H, alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl,
heteroaryl, halo, pseudohalo, OR8, C(O)R9 and S(O)PR9,
or b) R4 and R5 together with the carbon atoms on
which they are substituted form an optionally
substituted fused cycloalkyl or aryl ring, where the
substiruents, when present are selected from one or
more, in one embodiment, one, two, three or four
alkyl, haloalkyl and halo groups. [0068] In one
embodiment, R4 is hydrogen or alkyl. In one
embodiment, R4 is hydrogen. In one embodiment, R5 is
selected from H, alkyl, halo, haloalkyl, heterocyclyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl,
heteroaryl, halo, pseudohalo, OR8, C(O)R9 



and S(O)PR9. In one embodiment, R5 is selected from H,
alkyl, halo, haloalkyl, heterocyclyl, cycloalkyl,
heteroaryl, and haloalkoxy. In one embodiment, R5 is
selected from H, fluoro, tert-butyl, tert-pentyl,
trifluoromethyl, 4-morpholinyl, sec-butyl, isopropyl,
butyl, 1-pyrrolidinyl, cyclohexyl, pyrazol-1-yl,
cyclopentyl and trifluoromethoxy.[0069] In one
embodiment, R4 and R5 together with the carbon atoms
on which they are substituted form a fused cycloalkyl
or aryl ring optionally substituted with one, two,
three or four alkyl groups In one embodiment, R4 and
R5 together with the carbon atoms on which they are
substituted form a fused 5 or 6 membered cycloalkyl
ring, optionally substituted with 1-4 methyl groups.
In one embodiment, R4 and R5 together with the carbon
atoms on which they are substituted form a fused 6
membered aryl ring, optionally substituted with 1-4
methyl groups. In one embodiment, R4 and R5 together
with the carbon atoms on which they are substituted
form a fused 6 membered aryl ring. [0070] In one
embodiment, R6 is selected from H, aryl, alkylaryl,
alkoxyaryl and alkyl. In one embodiment, R6 is
selected from H, methyl, phenyl, 2,6-dimethylphenyl,
3,5- dimethylphenyl, 2-isopropylphenyl, 2-
propoxyphenyl and 2-ethylphenyl. [0071] In one
embodiment, R is hydrogen or alkyl. In one embodiment,
R is hydrogen. In one embodiment, R9 is hydrogen or
alkyl. In one embodiment, R9 is hydrogen. [0072] In
one embodiment, n is 0, 1 or 2. In one embodiment, n
is 0. In one embodiment, n is 1. In one embodiment, n
is 2. In one embodiment, p is 0, 1 or 2. In one
embodiment, p is 0. In one embodiment, p is 1. In one
embodiment, p is 2. [0073] In one embodiment, the
compound is of formula II: or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described herein. [0074] In one embodiment, the
compound is of formula III: or a pharmaceutically
acceptable derivative thereof, wherein n is 0 or 1 and
other variables are as described elsewhere herein. In
one embodiment, R5 is alkyl. In one embodiment, R is
tert-butyl. [0075] In one embodiment, the compounds
provided herein have formula IV:[0076] or
pharmaceutically acceptable derivatives thereof,
wherein the variables are as described elsewhere
herein. [0077] In one embodiment, the compound is of
formula V: or a pharmaceutically acceptable derivative
thereof, wherein the variables are as described
elsewhere herein. [0078] In one embodiment, the
compound is of formula VA: or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein. [0079] In one
embodiment, the compound is of formula VI or VII: or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. In one embodiment, Q1 is selected from
hydrogen, alkyl or alkoxy. In one embodiment, Q1 is
selected from hydrogen, methyl, ethyl, isopropyl or
propoxy. In one embodiment, n2 is 1 or 2. In one
embodiment, n2 is 1. [0080] In one embodiment, the
compound is of formula VIII:or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as described elsewhere herein. [0081] In one
embodiment, the compound is of formula IXA or IXB: or
a pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. In one embodiment, Q1 is halo. In one
embodiment, Q1 is fluoro. [0082] In one embodiment,
the compound is of formula XA or XB: or a
pharmaceutically acceptable derivative thereof,
wherein the variables are as described elsewhere
herein. [0083] In one embodiment, the compound is of
formula XIA or XIB: or a pharmaceutically acceptable
derivative thereof, wherein the variables are as
described elsewhere herein. In one embodiment, Q is
halo. In one embodiment, Q1 is fluoro. [0084] In one
embodiment, the compound is of formula XIIA or XIIB:or
a pharmaceutically acceptable derivative thereof the
variables are as described elsewhere herein. 5.2.1
PREPARATION OF THE COMPOUNDS [0085] The compounds
provided herein can be prepared by routine chemical
reactions known to one of skill in the art. General
schemes for preparation of exemplary compounds are
illustrated below: SCHEME 1 SCHEME 2 where X is
halogen, and R and R are selected from groups
described for substituents R>3- rR>7 above.SCHEME 3
where X is halogen, and R and Rx are selected from
groups described for substituents R3- R7 above.
Suitable reagents for coupling, protection and
deprotection are known to one of skill in the art. 5.3
FORMULATION OF PHARMACEUTICAL COMPOSITIONS [0086] The
pharmaceutical compositions provided herein contain
therapeutically effective amounts of one or more of
compounds provided herein that are useful in the
preventing, treating, or ameliorating a CCR9-modulated
disease or one or more of the symptoms thereof. The
pharmaceutical compositions comprise one or more
compounds provided herein in a pharmaceutically
acceptable vehicle, carrier, diluent, or excipient, or
a mixture thereof. [0087] In one embodiment, provided
herein are pharmaceutical compositions in modified
release dosage forms, which comprise a compound of
Formula I or a pharmaceutically acceptable derivative
thereof, and one or more release controlling
excipients as described herein. Suitable modified
release dosage vehicles include, but are not limited
to, hydrophilic or hydrophobic matrix devices,
water-soluble separating layer coatings, enteric
coatings, osmotic devices, multiparticulate devices,
and combinations thereof. The pharmaceutical
compositions may also comprise non-release controlling
excipients. [0088] Further provided herein are
pharmaceutical compositions in enteric coated dosage
forms, which comprise a compound of Formula I or a
pharmaceutically acceptablederivative thereof, and one
or more release controlling excipients for use in an
enteric coated dosage form. The pharmaceutical
compositions may also comprise non-release controlling
excipients. [0089] Additionally provided are
pharmaceutical compositions in a dosage form that has
an instant releasing component and at least one
delayed releasing component, and is capable of giving
a discontinuous release of the compound in the form of
at least two consecutive pulses separated in time from
0.1 up to 24 hours. The pharmaceutical compositions
comprise a compound of Formula I or a pharmaceutically
acceptable derivative thereof, and one or more release
controlling and non-release controlling excipients,
such as those excipients suitable for a disruptable
semi-permeable membrane and as swellable substances.
[0090] In certain embodiments, provided herein are
pharmaceutical compositions in a dosage form for oral
administration to a subject, which comprise a compound
of Formula I or a pharmaceutically acceptable
derivative thereof, and one or more pharmaceutically
acceptable excipients or carriers, enclosed in an
intermediate reactive layer comprising a 



gastric juice-resistant polymeric layered material
partially neutralized with alkali and having cation
exchange capacity and a gastric juice-resistant outer
layer. [0091] In one embodiment, the pharmaceutical
compositions herein may be provided in unit-dosage
forms or multiple-dosage forms. Unit-dosage forms, as
used herein, refer to physically discrete units
suitable for administration to human and animal
subjects and packaged individually as is known in the
art. Each unit-dose contains a predetermined quantity
of the active ingredient(s) sufficient to produce the
desired therapeutic effect, in association with the
required pharmaceutical carriers or excipients.
Examples of unit-dosage forms include ampouls,
syringes, and individually packaged tablets and
capsules. Unit-dosage forms may be administered in
fractions or multiples thereof. A multiple-dosage form
is a plurality of identical unit-dosage forms packaged
in a single container to be administered in segregated
unit-dosage form. Examples of multipledosage forms
include vials, bottles of tablets or capsules, or
bottles of pints or gallons. [0092] The compound of
Formula I provided herein may be administered alone,
or in combination with one or more other compounds
provided herein, one or more other active ingredients.
The pharmaceutical compositions that comprise a
compound provided herein may be formulated in various
dosage forms for oral, parenteral, and topical
administration. The pharmaceutical compositions may
also be formulated as modified release dosage forms,
including delayed-, extended-, prolonged-, sustained-,
pulsatile-,controlled-, accelerated- and fast-,
targeted-, programmed-release, and gastric retention
dosage forms. These dosage forms can be prepared
according to conventional methods and techniques known
to those skilled in the art (see, Remington: The
Science and Practice of Pharmacy, supra;
Modified-Release Drug Deliver Technology, Rathbone et
al., Eds., Drugs and the Pharmaceutical Science,
Marcel Dekker, Inc.: New York, NY, 2002; Vol. 126).
[0093] The pharmaceutical compositions provided herein
may be administered at once, or multiple times at
intervals of time. It is understood that the precise
dosage and duration of treatment may vary with the
age, weight, and condition of the patient being
treated, and may be determined empirically using known
testing protocols or by extrapolation from in vivo or
in vitro test or diagnostic data. It is further
understood that for any particular individual,
specific dosage regimens should be adjusted over time
according to the individual need and the professional
judgment of the person administering or supervising
the administration of the formulations. A. Oral
Administration [0094] The pharmaceutical compositions
provided herein may be provided in solid, semisolid,
or liquid dosage forms for oral administration. As
used herein, oral administration also includes buccal,
lingual, and sublingual administration. Suitable oral
dosage forms include, but are not limited to, tablets,
capsules, pills, troches, lozenges, pastilles,
cachets, pellets, medicated chewing gum, granules,
bulk powders, effervescent or non-effervescent powders
or granules, solutions, emulsions, suspensions,
solutions, wafers, sprinkles, elixirs, and syrups. In
addition to the active ingredient(s), the
pharmaceutical compositions may contain one or more
pharmaceutically acceptable carriers or excipients,
including, but not limited to, binders, fillers,
diluents, disintegrants, wetting agents, lubricants,
glidants, coloring agents, dye-migration inhibitors,
sweetening agents, and flavoring agents. [0095]
Binders or granulators impart cohesiveness to a tablet
to ensure that the tablet remains intact after
compression. Suitable binders or granulators include,
but are not limited to, starches, such as corn starch,
potato starch, and pre-gelatinized starch (e.g.,
STARCH 1500); gelatin; sugars, such as sucrose,
glucose, dextrose, molasses, and lactose; natural and
synthetic gums, such as acacia, alginic acid,
alginates, extract of Irish moss, Panwar gum, ghatti
gum, mucilage of isabgol husks,
carboxymethylcellulose, methylcellulose,
polyvinylpyrrolidone (PVP), Veegum, larch
arabogalactan, powdered tragacanth, and guar gum;
celluloses, such as ethyl cellulose, cellulose
acetate, carboxymethyl cellulose calcium, sodium
carboxymethyl cellulose, methyl
cellulose,hydroxyethylcellulose (HEC),
hydroxypropylcellulose (HPC), hydroxypropyl methyl
cellulose (HPMC); microcrystalline celluloses, such as
AVICEL-PH- 101, AVICEL-PH- 103, AVICEL RC-581,
AVICEL-PH-1 05 (FMC Corp., Marcus Hook, PA); and
mixtures thereof. Suitable fillers include, but are
not limited to, talc, calcium carbonate,
microcrystalline cellulose, powdered cellulose,
dextrates, kaolin, mannitol, silicic acid, sorbitol,
starch, pre-gelatinized starch, and mixtures thereof.
The binder or filler may be present from about 50 to
about 99% by weight in the pharmaceutical compositions
provided herein. [0096] Suitable diluents include, but
are not limited to, dicalcium phosphate, calcium
sulfate, lactose, sorbitol, sucrose, inositol,
cellulose, kaolin, mannitol, sodium chloride, dry
starch, and powdered sugar. Certain diluents, such as
mannitol, lactose, sorbitol, sucrose, and inositol,
when present in sufficient quantity, can impart
properties to some compressed tablets that permit
disintegration in the mouth by chewing. Such
compressed tablets can be used as chewable tablets.
[0097] Suitable disintegrants include, but are not
limited to, agar; bentonite; celluloses, such as
methylcellulose and carboxymethylcellulose; wood
products; natural sponge; cation-exchange resins;
alginic acid; gums, such as guar gum and Veegum HV;
citrus pulp; cross-linked celluloses, such as
croscarmellose; cross-linked polymers, such as
crospovidone; cross-linked starches; calcium
carbonate; microcrystalline cellulose, such as sodium
starch glycolate; polacrilin potassium; starches, such
as corn starch, potato starch, tapioca starch, and
pre-gelatinized starch; clays; aligns; and mixtures
thereof. The amount of disintegrant in the
pharmaceutical compositions provided herein varies
upon the type of formulation, and is readily
discernible to those of ordinary skill in the art. The
pharmaceutical compositions provided herein may
contain from about 0.5 to about 15% or from about 1 to
about 5% by weight of a disintegrant. [0098] Suitable
lubricants include, but are not limited to, calcium
stearate; magnesium stearate; mineral oil; light
mineral oil; glycerin; sorbitol; mannitol; glycols,
such as glycerol behenate and polyethylene glycol
(PEG); stearic acid; sodium lauryl sulfate; talc;
hydrogenated vegetable oil, including peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil,
corn oil, and soybean oil; zinc stearate; ethyl
oleate; ethyl laureate; agar; starch; lycopodium;
silica or silica gels, such as AEROSIL(r) 200 (W.R.
Grace Co., Baltimore, MD) and CAB-O-SIL(r) (Cabot Co.
of Boston, MA); and mixtures thereof. The
pharmaceutical compositions provided herein may
contain about 0.1 to about 5% by weight of a
lubricant.[0099] Suitable glidants include colloidal
silicon dioxide, CAB-O-SIL(r) (Cabot Co. of Boston,
MA), and asbestos-free talc. Coloring agents include
any of the approved, certified, water soluble FD&C
dyes, and water insoluble FD&C dyes suspended on
alumina hydrate, and color lakes and mixtures thereof.
A color lake is the combination by adsorption of a
water-soluble dye to a hydrous oxide of a heavy metal,
resulting in an insoluble form of the dye. Flavoring
agents include natural flavors extracted from plants,
such as fruits, and synthetic blends of compounds
which produce a pleasant taste sensation, such as
peppermint and methyl salicylate. Sweetening agents
include sucrose, lactose, mannitol, syrups, glycerin,
and artificial sweeteners, such as saccharin and
aspartame. Suitable emulsifying agents include
gelatin, acacia, tragacanth, bentonite, and
surfactants, such as polyoxyethylene sorbitan
monooleate (TWEEN(r) 20), polyoxyethylene sorbitan 



monooleate 80 (TWEEN(r) 80), and triethanolamine
oleate. Suspending and dispersing agents include
sodium carboxymethylcellulose, pectin, tragacanth,
Veegum, acacia, sodium carbomethylcellulose,
hydroxypropyl methylcellulose, and
polyvinylpyrolidone. Preservatives include glycerin,
methyl and propylparaben, benzoic add, sodium benzoate
and alcohol. Wetting agents include propylene glycol
monostearate, sorbitan monooleate, diethylene glycol
monolaurate, and polyoxyethylene lauryl ether.
Solvents include glycerin, sorbitol, ethyl alcohol,
and syrup. Examples of non-aqueous liquids utilized in
emulsions include mineral oil and cottonseed oil.
Organic acids include citric and tartaric acid.
Sources of carbon dioxide include sodium bicarbonate
and sodium carbonate. [00100] It should be understood
that many carriers and excipients may serve several
functions, even within the same formulation. [00101]
The pharmaceutical compositions provided herein may be
provided as compressed tablets, tablet triturates,
chewable lozenges, rapidly dissolving tablets,
multiple compressed tablets, or enteric-coating
tablets, sugar-coated, or film-coated tablets.
Entericcoated tablets are compressed tablets coated
with substances that resist the action of stomach acid
but dissolve or disintegrate in the intestine, thus
protecting the active ingredients from the acidic
environment of the stomach. Enteric-coatings include,
but are not limited to, fatty acids, fats,
phenylsalicylate, waxes, shellac, ammoniated shellac,
and cellulose acetate phthalates. Sugar-coated tablets
are compressed tablets surrounded by a sugar coating,
which may be beneficial in covering up objectionable
tastes or odors and in protecting the tablets from
oxidation. Film-coated tablets are compressed tablets
that are covered with a thin layer or film of a
water-soluble material. Film coatings include, but are
not limited to, hydroxyethylcellulose, sodium
carboxymethylcellulose, polyethylene glycol4000, and
cellulose acetate phthalate. Film coating imparts the
same general characteristics as sugar coating.
Multiple compressed tablets are compressed tablets
made by more than one compression cycle, including
layered tablets, and press-coated or dry-coated
tablets. [00102] The tablet dosage forms may be
prepared from the active ingredient in powdered,
crystalline, or granular forms, alone or in
combination with one or more carriers or excipients
described herein, including binders, disintegrants,
controlled-release polymers, lubricants, diluents,
and/or colorants. Flavoring and sweetening agents are
especially useful in the formation of chewable tablets
and lozenges. [00103] The pharmaceutical compositions
provided herein may be provided as soft or hard
capsules, which can be made from gelatin,
methylcellulose, starch, or calcium alginate. The hard
gelatin capsule, also known as the dry-filled capsule
(DFC), consists of two sections, one slipping over the
other, thus completely enclosing the active
ingredient. The soft elastic capsule (SEC) is a soft,
globular shell, such as a gelatin shell, which is
plasticized by the addition of glycerin, sorbitol, or
a similar polyol. The soft gelatin shells may contain
a preservative to prevent the growth of
microorganisms. Suitable preservatives are those as
described herein, including methyl- and
propylparabens, and sorbic acid. The liquid,
semisolid, and solid dosage forms provided herein may
be encapsulated in a capsule. Suitable liquid and
semisolid dosage forms include solutions and
suspensions in propylene carbonate, vegetable oils, or
triglycerides. Capsules containing such solutions can
be prepared as described in U.S. Pat. Nos. 4,328,245;
4,409,239; and 4,410,545. The capsules may also be
coated as known by those of skill in the art in order
to modify or sustain dissolution of the active
ingredient. [00104] The pharmaceutical compositions
provided herein may be provided in liquid and
semisolid dosage forms, including emulsions,
solutions, suspensions, elixirs, and syrups. An
emulsion is a two-phase system, in which one liquid is
dispersed in the form of small globules throughout
another liquid, which can be oil-in-water or
water-in-oil. Emulsions may include a pharmaceutically
acceptable non-aqueous liquids or solvent, emulsifying
agent, and preservative. Suspensions may include a
pharmaceutically acceptable suspending agent and
preservative. Aqueous alcoholic solutions may include
a pharmaceutically acceptable acetal, such as a
di(lower alkyl) acetal of a lower alkyl aldehyde,
e.g., acetaldehyde diethyl acetal; and a
water-miscible solvent having one or more hydroxyl
groups, such as propylene glycol and ethanol. Elixirs
are clear, sweetened, and hydroalcoholic solutions.
Syrups are concentrated aqueous solutions of a sugar,
for example, sucrose, and may also contain a
preservative. For a liquid dosage form, forexample, a
solution in a polyethylene glycol may be diluted with
a sufficient quantity of a pharmaceutically acceptable
liquid carrier, e.g. , water, to be measured
conveniently for administration. [00105] Other useful
liquid and semisolid dosage forms include, but are not
limited to, those containing the active ingredient(s)
provided herein, and a dialkylated mono- or
poly-alkylene glycol, including, 1,2-dimethoxymethane,
diglyme, triglyme, tetraglyme, polyethylene
glycol-350-dimethyl ether, polyethylene
glycol-550-dimethyl ether, polyethylene
glycol-750-dimethyl ether, wherein 350, 550, and 750
refer to the approximate average molecular weight of
the polyethylene glycol. These formulations may
further comprise one or more antioxidants, such as
butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), propyl gallate, vitamin E,
hydroquinone, hydroxycoumarins, ethanolamine,
lecithin, cephalin, ascorbic acid, malic acid,
sorbitol, phosphoric acid, bisulfite, sodium
metabisulfite, thiodipropionic acid and its esters,
and dithiocarbamates. [00106] The pharmaceutical
compositions provided herein for oral administration
may be also provided in the forms of liposomes,
micelles, microspheres, or nanosystems. Micellar
dosage forms can be prepared as described in U.S. Pat.
No. 6,350,458. [00107] The pharmaceutical compositions
provided herein may be provided as noneffervescent or
effervescent, granules and powders, to be
reconstituted into a liquid dosage form.
Pharmaceutically acceptable carriers and excipients
used in the non-effervescent granules or powders may
include diluents, sweeteners, and wetting agents.
Pharmaceutically acceptable carriers and excipients
used in the effervescent granules or powders may
include organic acids and a source of carbon dioxide.
[00108] Coloring and flavoring agents can be used in
all of the above dosage forms. [00109] The
pharmaceutical compositions provided herein may be
formulated as immediate or modified release dosage
forms, including delayed-, sustained, pulsed-,
controlled, targeted-, and programmed-release forms.
[00110] The pharmaceutical compositions provided
herein may be co-formulated with other active
ingredients which do not impair the desired
therapeutic action, or with substances that supplement
the desired action, such as antacids, proton pump
inhibitors, and H2-receptor antagonists. B. Parenteral
Administration [00111] The pharmaceutical compositions
provided herein may be administered parenterally by
injection, infusion, or implantation, for local or
systemic administration. Parenteral administration, as
used herein, include intravenous, intraarterial,
intraperitoneal,intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
intramuscular, intrasynovial, and subcutaneous
administration. [00112] The pharmaceutical
compositions provided herein may be formulated in any
dosage forms that are suitable for parenteral
administration, including solutions, suspensions,
emulsions, micelles, liposomes, microspheres,
nanosystems, and solid forms suitable for solutions or
suspensions in liquid prior to injection. Such dosage
forms can be prepared according to conventional
methods known to those skilled in the art of 



pharmaceutical science {see, Remington: The Science
and Practice of Pharmacy, supra). [00113] The
pharmaceutical compositions intended for parenteral
administration may include one or more
pharmaceutically acceptable carriers and excipients,
including, but not limited to, aqueous vehicles,
water-miscible vehicles, non-aqueous vehicles,
antimicrobial agents or preservatives against the
growth of microorganisms, stabilizers, solubility
enhancers, isotonic agents, buffering agents,
antioxidants, local anesthetics, suspending and
dispersing agents, wetting or emulsifying agents,
complexing agents, sequestering or chelating agents,
cryoprotectants, lyoprotectants, thickening agents, pH
adjusting agents, and inert gases. [00114] Suitable
aqueous vehicles include, but are not limited to,
water, saline, physiological saline or phosphate
buffered saline (PBS), sodium chloride injection,
Ringers injection, isotonic dextrose injection,
sterile water injection, dextrose and lactated Ringers
injection. Non-aqueous vehicles include, but are not
limited to, fixed oils of vegetable origin, castor
oil, corn oil, cottonseed oil, olive oil, peanut oil,
peppermint oil, safflower oil, sesame oil, soybean
oil, hydrogenated vegetable oils, hydrogenated soybean
oil, and medium-chain triglycerides of coconut oil,
and palm seed oil. Water-miscible vehicles include,
but are not limited to, ethanol, 1,3-butanediol,
liquid polyethylene glycol (e.g., polyethylene glycol
300 and polyethylene glycol 400), propylene glycol,
glycerin, Nmethyl- 2-pyrrolidone, dimethylacetamide,
and dimethylsulfoxide. [00115] Suitable antimicrobial
agents or preservatives include, but are not limited
to, phenols, cresols, mercurials, benzyl alcohol,
chlorobutanol, methyl and propyl phydroxybenzates,
thimerosal, benzalkonium chloride, benzethonium
chloride, methyl- and propylparabens, and sorbic acid.
Suitable isotonic agents include, but are not limited
to, sodium chloride, glycerin, and dextrose. Suitable
buffering agents include, but are not limited to,
phosphate and citrate. Suitable antioxidants are those
as described herein, including bisulfite and sodium
metabisulfite. Suitable local anesthetics include, but
are not limited to, procaine hydrochloride. Suitable
suspending and dispersing agents are those asdescribed
herein, including sodium carboxymethylcelluose,
hydroxypropyl methylcellulose, and
polyvinylpyrrolidone. Suitable emulsifying agents
include those described herein, including
polyoxyethylene sorbitan monolaurate, polyoxyethylene
sorbitan monooleate 80, and triethanolamine oleate.
Suitable sequestering or chelating agents include, but
are not limited to EDTA. Suitable pH adjusting agents
include, but are not limited to, sodium hydroxide,
hydrochloric acid, citric acid, and lactic acid.
Suitable complexing agents include, but are not
limited to, cyclodextrins, including
alpha-cyclodextrin, betacyclodextrin,
hydroxypropyl-beta-cyclodextrin,
sulfobutylether-beta-cyclodextrin, and sulfobutylether
7-beta-cyclodextrin (CAPTISOL(r), CyDex, Lenexa, KS).
[00116] The pharmaceutical compositions provided
herein may be formulated for single or multiple dosage
administration. The single dosage formulations are
packaged in an ampule, a vial, or a syringe. The
multiple dosage parenteral formulations must contain
an antimicrobial agent at bacteriostatic or
fungistatic concentrations. All parenteral
formulations must be sterile, as known and practiced
in the art. [00117] In one embodiment, the
pharmaceutical compositions are provided as readyto-
use sterile solutions. In another embodiment, the
pharmaceutical compositions are provided as sterile
dry soluble products, including lyophilized powders
and hypodermic tablets, to be reconstituted with a
vehicle prior to use. In yet another embodiment, the
pharmaceutical compositions are provided as
ready-to-use sterile suspensions. In yet another
embodiment, the pharmaceutical compositions are
provided as sterile dry insoluble products to be
reconstituted with a vehicle prior to use. In still
another embodiment, the pharmaceutical compositions
are provided as ready-to-use sterile emulsions.
[00118] The pharmaceutical compositions provided
herein may be formulated as immediate or modified
release dosage forms, including delayed-, sustained,
pulsed-, controlled, targeted-, and programmed-release
forms. [00119] The pharmaceutical compositions may be
formulated as a suspension, solid, semi-solid, or
thixotropic liquid, for administration as an implanted
depot. In one embodiment, the pharmaceutical
compositions provided herein are dispersed in a solid
inner matrix, which is surrounded by an outer
polymeric membrane that is insoluble in body fluids
but allows the active ingredient in the pharmaceutical
compositions diffuse through. [00120] Suitable inner
matrixes include polymethylmethacrylate,
polybutylmethacrylate, plasticized or unplasticized
polyvinylchloride, plasticized nylon, plasticized
polyethyleneterephthalate, natural rubber,
polyisoprene, polyisobutylene, polybutadiene,
polyethylene, ethylene-vinylacetate copolymers,
silicone rubbers,polydimethylsiloxanes, silicone
carbonate copolymers, hydrophilic polymers, such as
hydrogels of esters of acrylic and methacrylic acid,
collagen, cross-linked polyvinylalcohol, and
cross-linked partially hydrolyzed polyvinyl acetate.
[00121] Suitable outer polymeric membranes include
polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers,
ethylene/vinylacetate copolymers, silicone rubbers,
polydimethyl siloxanes, neoprene rubber, chlorinated
polyethylene, polyvinylchloride, vinylchloride
copolymers with vinyl acetate, vinylidene chloride,
ethylene and propylene, ionomer polyethylene
terephthalate, butyl rubber epichlorohydrin rubbers,
ethylene/vinyl alcohol copolymer, ethylene/vinyl
acetate/vinyl alcohol terpolymer, and
ethylene/vinyloxyethanol copolymer. C. Topical
Administration [00122] The pharmaceutical compositions
provided herein may be administered topically to the
skin, orifices, or mucosa. The topical administration,
as used herein, include (intradermal, cohjuctival,
intracorneal, intraocular, ophthalmic, auricular,
transdermal, nasal, vaginal, uretheral, respiratory,
and rectal administration. [00123] The pharmaceutical
compositions provided herein may be formulated in any
dosage forms that are suitable for topical
administration for local or systemic effect, including
emulsions, solutions, suspensions, creams, gels,
hydrogels, ointments, dusting powders, dressings,
elixirs, lotions, suspensions, tinctures, pastes,
foams, films, aerosols, irrigations, sprays,
suppositories, bandages, dermal patches. The topical
formulation of the pharmaceutical compositions
provided herein may also comprise liposomes, micelles,
microspheres, nanosystems, and mixtures thereof.
[00124] Pharmaceutically acceptable carriers and
excipients suitable for use in the topical
formulations provided herein include, but are not
limited to, aqueous vehicles, water-miscible vehicles,
non-aqueous vehicles, antimicrobial agents or
preservatives against the growth of microorganisms,
stabilizers, solubility enhancers, isotonic agents,
buffering agents, antioxidants, local anesthetics,
suspending and dispersing agents, wetting or
emulsifying agents, complexing agents, sequestering or
chelating agents, penetration enhancers,
cryopretectants, lyoprotectants, thickening agents,
and inert gases. [00125] The pharmaceutical
compositions may also be administered topically by
electroporation, iontophoresis, phonophoresis,
sonophoresis and microneedle or needle-free injection,
such as POWDERJECT(tm) (Chiron Corp., Emeryville, CA),
and BIOJECT(tm) (Bioject Medical Technologies Inc.,
Tualatin, OR). [00126] The pharmaceutical compositions
provided herein may be provided in theforms of
ointments, creams, and gels. Suitable ointment
vehicles include oleaginous or hydrocarbon bases,
including such as lard, benzoinated lard, olive oil,
cottonseed oil, and other oils, white petrolatum;
emulsifiable or absorption bases, such as hydrophilic 



petrolatum, hydroxystearin sulfate, and anhydrous
lanolin; water-removable bases, such as hydrophilic
ointment; water-soluble ointment bases, including
polyethylene glycols of varying molecular weight;
emulsion bases, either water-in-oil (W/O) emulsions or
oil-inwater (O/W) emulsions, including cetyl alcohol,
glyceryl monostearate, lanolin, and stearic acid (see,
Remington: The Science and Practice of Pharmacy,
supra). These vehicles are emollient but generally
require addition of antioxidants and preservatives.
[00127] Suitable cream base can be oil-in-water or
water-in-oil. Cream vehicles may be water-washable,
and contain an oil phase, an emulsif er, and an
aqueous phase. The oil phase is also called the
"internal" phase, which is generally comprised of
petrolatum and a fatty alcohol such as cetyl or
stearyl alcohol. The aqueous phase usually, although
not necessarily, exceeds the oil phase in volume, and
generally contains a humectant. The emulsifier in a
cream formulation may be a nonionic, anionic,
cationic, or amphoteric surfactant. [00128] Gels are
semisolid, suspension-type systems. Single-phase gels
contain organic macromolecules distributed
substantially uniformly throughout the liquid carrier.
Suitable gelling agents include crosslinked acrylic
acid polymers, such as carbomers,
carboxypolyalkylenes, Carbopol(r); hydrophilic
polymers, such as polyethylene oxides,
polyoxyethylene-polyoxypropylene copolymers, and
polyvinylalcohol; cellulosic polymers, such as
hydroxypropyl cellulose, hydroxyethyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl
methylcellulose phthalate, and methylcellulose; gums,
such as tragacanth and xanthan gum; sodium alginate;
and gelatin. In order to prepare a uniform gel,
dispersing agents such as alcohol or glycerin can be
added, or the gelling agent can be dispersed by
trituration, mechanical mixing, and/or stirring.
[00129] The pharmaceutical compositions provided
herein may be administered rectally, urethrally,
vaginally, or perivaginally in the forms of
suppositories, pessaries, bougies, poultices or
cataplasm, pastes, powders, dressings, creams,
plasters, contraceptives, ointments, solutions,
emulsions, suspensions, tampons, gels, foams, sprays,
or enemas. These dosage forms can be manufactured
using conventional processes as described in
Remington: The Science and Practice of Pharmacy,
supra. [00130] Rectal, urethral, and vaginal
suppositories are solid bodies for insertion into body
orifices, which are solid at ordinary temperatures but
melt or soften at bodytemperature to release the
active ingredient(s) inside the orifices.
Pharmaceutically acceptable carriers utilized in
rectal and vaginal suppositories include vehicles,
such as stiffening agents, which produce a melting
point in the proximity of body temperature, when
formulated with the pharmaceutical compositions
provided herein; and antioxidants as described herein,
including bisulfite and sodium metabisulfite. Suitable
vehicles include, but are not limited to, cocoa butter
(theobroma oil), glycerin-gelatin, carbowax
(polyoxyethylene glycol), spermaceti, paraffin, white
and yellow wax, and appropriate mixtures of mono-, di-
and triglycerides of fatty acids, hydrogels, such as
polyvinyl alcohol, hydroxyethyl methacrylate,
polyacrylic acid; glycerinated gelatin. Combinations
of the various vehicles may be used. Rectal and
vaginal suppositories may be prepared by the
compressed method or molding. The typical weight of a
rectal and vaginal suppository is about 2 to 3 g.
[00131] The pharmaceutical compositions provided
herein may be administered ophthalmically in the forms
of solutions, suspensions, ointments, emulsions,
gel-forming solutions, powders for solutions, gels,
ocular inserts, and implants. [00132] The
pharmaceutical compositions provided herein may be
administered intranasally or by inhalation to the
respiratory tract. The pharmaceutical compositions may
be provided in the form of an aerosol or solution for
delivery using a pressurized container, pump, spray,
atomizer, such as an atomizer using
electrohydrodynamics to produce a fine mist, or
nebulizer, alone or in combination with a suitable
propellant, such as 1,1,1,2- tetrafluoroethane or
1,1,1,2,3,3,3-heptafluoropropane. The pharmaceutical
compositions may also be provided as a dry powder for
insufflation, alone or in combination with an inert
carrier such as lactose or phospholipids; and nasal
drops. For intranasal use, the powder may comprise a
bioadhesive agent, including chitosan or cyclodextrin.
[00133] Solutions or suspensions for use in a
pressurized container, pump, spray, atomizer, or
nebulizer may be formulated to contain ethanol,
aqueous ethanol, or a suitable alternative agent for
dispersing, solubilizing, or extending release of the
active ingredient provided herein, a propellant as
solvent; and/or a surfactant, such as sorbitan
trioleate, oleic acid, or an oligolactic acid. [00134]
The pharmaceutical compositions provided herein may be
micronized to a size suitable for delivery by
inhalation, such as 50 micrometers or less, or 10
micrometers or less. Particles of such sizes may be
prepared using a comminuting method known to those
skilled in the art, such as spiral jet milling, fluid
bed jet milling, supercritical fluid processing to
form nanoparticles, high pressure homogenization, or
spray drying.[00135] Capsules, blisters and cartridges
for use in an inhaler or insufflator may be formulated
to contain a powder mix of the pharmaceutical
compositions provided herein; a suitable powder base,
such as lactose or starch; and a performance modifier,
such as /- leucine, mannitol, or magnesium stearate.
The lactose may be anhydrous or in the form of the
monohydrate. Other suitable excipients include
dextran, glucose, maltose, sorbitol, xylitol,
fructose, sucrose, and trehalose. The pharmaceutical
compositions provided herein for inhaled/intranasal
administration may further comprise a suitable flavor,
such as menthol and levomenthol, or sweeteners, such
as saccharin or saccharin sodium. [00136] The
pharmaceutical compositions provided herein for
topical administration may be formulated to be
immediate release or modified release, including
delayed-, sustained-, pulsed-, controlled-, targeted,
and programmed release. D. Modified Release [00137]
The pharmaceutical compositions provided herein may be
formulated as a modified release dosage form. As used
herein, the term "modified release" refers to a dosage
form in which the rate or place of release of the
active ingredient(s) is different from that of an
immediate dosage form when administered by the same
route. Modified release dosage forms include delayed-,
extended-, prolonged-, sustained-, pulsatile- or
pulsed-, controlled-, accelerated- and fast-,
targeted-, programmed-release, and gastric retention
dosage forms. The pharmaceutical compositions in
modified release dosage forms can be prepared using a
variety of modified release devices and methods known
to those skilled in the art, including, but not
limited to, matrix controlled release devices, osmotic
controlled release devices, multiparticulate
controlled release devices, ion-exchange resins,
enteric coatings, multilayered coatings, microspheres,
liposomes, and combinations thereof. The release rate
of the active ingredient(s) can also be modified by
varying the particle sizes and polymorphorism of the
active ingredient(s). [00138] Examples of modified
release include, but are not limited to, those
described in U.S. Pat. Nos.: 3,845,770; 3,916,899;
3,536,809; 3,598,123; 4,008,719; 5,674,533; 5,059,595;
5,591,767; 5,120,548; 5,073,543; 5,639,476; 5,354,556;
5,639,480; 5,733,566; 5,739,108; 5,891,474; 5,922,356;
5,972,891; 5,980,945; 5,993,855; 6,045,830; 6,087,324;
6,1 13,943; 6,197,350; 6,248,363; 6,264,970;
6,267,981; 6,376,461; 6,419,961; 6,589,548; 6,613,358;
and 6,699,500. 1. Matrix Controlled Release Devices 



[00139] The pharmaceutical compositions provided
herein in a modified release dosage form may be
fabricated using a matrix controlled release device
known to thoseskilled in the art (see, Takada et al in
"Encyclopedia of Controlled Drug Delivery," Vol. 2,
Mathiowitz ed., Wiley, 1999). [00140] In one
embodiment, the pharmaceutical compositions provided
herein in a modified release dosage form is formulated
using an erodible matrix device, which is
waterswellable, erodible, or soluble polymers,
including synthetic polymers, and naturally occurring
polymers and derivatives, such as polysaccharides and
proteins. [00141] Materials useful in forming an
erodible matrix include, but are not limited to,
chitin, chitosan, dextran, and pullulan; gum agar, gum
arabic, gum karaya, locust bean gum, gum tragacanth,
carrageenans, gum ghatti, guar gum, xanthan gum, and
scleroglucan; starches, such as dextrin and
maltodextrin; hydrophilic colloids, such as pectin;
phosphatides, such as lecithin; alginates; propylene
glycol alginate; gelatin; collagen; and cellulosics,
such as ethyl cellulose (EC), methylethyl cellulose
(MEC), carboxymethyl cellulose (CMC), CMEC,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), cellulose acetate (CA), cellulose propionate
(CP), cellulose butyrate (CB), cellulose acetate
butyrate (CAB), CAP, CAT, hydroxypropyl methyl
cellulose (HPMC), HPMCP, HPMCAS, hydroxypropyl methyl
cellulose acetate trimellitate (HPMCAT), and
ethylhydroxy ethylcellulose (EHEC); polyvinyl
pyrrolidone; polyvinyl alcohol; polyvinyl acetate;
glycerol fatty acid esters; polyacrylamide;
polyacrylic acid; copolymers of ethacrylic acid or
methacrylic acid (EUDRAGIT(r), Rohm America, Inc.,
Piscataway, NJ); poly(2- hydroxyethyl-methacrylate);
polylactides; copolymers of L-glutamic acid and
ethyl-Lglutamate; degradable lactic acid-glycolic acid
copolymers; poly-D-(-)-3-hydroxybutyric acid; and
other acrylic acid derivatives, such as homopolymers
and copolymers of butylmethacrylate,
methylmethacrylate, ethylmethacrylate, ethylacrylate,
(2- dimethylaminoethyl)methacrylate, and
(trimethylaminoethyl)methacrylate chloride. [00142] In
another embodiment, the pharmaceutical compositions
are formulated with a non-erodible matrix device. The
active ingredient(s) is dissolved or dispersed in an
inert matrix and is released primarily by diffusion
through the inert matrix once administered. Materials
suitable for use as a non-erodible matrix device
include, but are not limited to, insoluble plastics,
such as polyethylene, polypropylene, polyisoprene,
polyisobutylene, polybutadiene,
polymethylmethacrylate, polybutylmethacrylate,
chlorinated polyethylene, polyvinylchloride, methyl
acrylate-methyl methacrylate copolymers,
ethylene-vinylacetate copolymers, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers,
vinylchloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionomer
polyethylene terephthalate, butyl
rubberepichlorohydrin rubbers, ethylene/vinyl alcohol
copolymer, ethylene/vinyl acetate/vinyl alcohol
terpolymer, and ethylene/vinyloxyethanol copolymer,
polyvinyl chloride, plasticized nylon, plasticized
polyethyleneterephthalate, natural rubber, silicone
rubbers, polydimethylsiloxanes, silicone carbonate
copolymers, hydrophilic polymers, such as ethyl
cellulose, cellulose acetate, crospovidone, and
cross-linked partially hydrolyzed polyvinyl acetate,;
and fatty compounds, such as carnauba wax,
microcrystalline wax, and triglycerides. [00143] In a
matrix controlled release system, the desired release
kinetics can be controlled, for example, via the
polymer type employed, the polymer viscosity, the
particle sizes of the polymer and/or the active
ingredient(s), the ratio of the active ingredient(s)
versus the polymer, and other excipients in the
compositions. [00144] The pharmaceutical compositions
provided herein in a modified release dosage form may
be prepared by methods known to those skilled in the
art, including direct compression, dry or wet
granulation followed by compression, melt-granulation
followed by compression. 2. Osmotic Controlled Release
Devices [00145] The pharmaceutical compositions
provided herein in a modified release dosage form may
be fabricated using an osmotic controlled release
device, including onechamber system, two-chamber
system, asymmetric membrane technology (AMT), and
extruding core system (ECS). In general, such devices
have at least two components: (a) the core which
contains the active ingredient(s); and (b) a
semipermeable membrane with at least one delivery
port, which encapsulates the core. The semipermeable
membrane controls the influx of water to the core from
an aqueous environment of use so as to cause drug
release by extrusion through the delivery port(s).
[00146] In addition to the active ingredient(s), the
core of the osmotic device optionally includes an
osmotic agent, which creates a driving force for
transport of water from the environment of use into
the core of the device. One class of osmotic agents
waterswellable hydrophilic polymers, which are also
referred to as "osmopolymers" and "hydrogels,"
include, but not limited to, hydrophilic vinyl and
acrylic polymers, polysaccharides such as calcium
alginate, polyethylene oxide (PEO), polyethylene
glycol (PEG), polypropylene glycol (PPG),
poly(2-hydroxyethyl methacrylate), poly(acrylic) acid,
poly(methacrylic) acid, polyvinylpyrrolidone (PVP),
crosslinked PVP, polyvinyl alcohol (PVA), PVA/PVP
copolymers, PVA/PVP copolymers with hydrophobic
monomers such as methyl methacrylate and vinyl
acetate, hydrophilic polyurethanes containing large
PEOblocks, sodium croscarmellose, carrageenan,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), hydroxypropyl methyl cellulose (HPMC),
carboxymethyl cellulose (CMC) and carboxyethyl,
cellulose (CEC), sodium alginate, polycarbophil,
gelatin, xanthan gum, and sodium starch glycolate.
[00147] The other class of osmotic agents is osmogens,
which are capable of imbibing water to affect an
osmotic pressure gradient across the barrier of the
surrounding coating. Suitable osmogens include, but
are not limited to, inorganic salts, such as magnesium
sulfate, magnesium chloride, calcium chloride, sodium
chloride, lithium chloride, potassium sulfate,
potassium phosphate, sodium carbonate, sodium sulfite,
lithium sulfate, potassium chloride, and sodium
sulfate; sugars, such as dextrose, fructose, glucose,
inositol, lactose, maltose, mannitol, raffinose,
sorbitol, sucrose, trehalose, and xylitol; organic
acids, such as ascorbic acid, benzoic acid, fumaric
acid, citric acid, maleic acid, sebacic acid, sorbic
acid, adipic acid, edetic acid, glutamic acid,
p-tolunesulfonic acid, succinic acid, and tartaric
acid; urea; and mixtures thereof. [00148] Osmotic
agents of different dissolution rates may be employed
to influence how rapidly the active ingredient(s) is
initially delivered from the dosage form. For example,
amorphous sugars, such as Mannogeme EZ (SPI Pharma,
Lewes, DE) can be used to provide faster delivery
during the first couple of hours to promptly produce
the desired therapeutic effect, and gradually and
continually release of the remaining amount to
maintain the desired level of therapeutic or
prophylactic effect over an extended period of time.
In this case, the active ingredient(s) is released at
such a rate to replace the amount of the active
ingredient metabolized and excreted. [00149] The core
may also include a wide variety of other excipients
and carriers as described herein to enhance the
performance of the dosage form or to promote stability
or processing. [00150] Materials useful in forming the
semipermeable membrane include various grades of
acrylics, vinyls, ethers, polyamides, polyesters, and
cellulosic derivatives that are water-permeable and
water-insoluble at physiologically relevant pHs, or
are susceptible to 



being rendered water-insoluble by chemical alteration,
such as crosslinking. Examples of suitable polymers
useful in forming the coating, include plasticized,
unplasticized, and reinforced cellulose acetate (CA),
cellulose diacetate, cellulose triacetate, CA
propionate, cellulose nitrate, cellulose acetate
butyrate (CAB), CA ethyl carbamate, CAP, CA methyl
carbamate, CA succinate, cellulose acetate
trimellitate (CAT), CA dimethylaminoacetate, CA ethyl
carbonate, CA chloroacetate, CA ethyl oxalate, CA
methyl sulfonate, CA butylsulfonate, CA p-toluene
sulfonate, agar acetate, amylose triacetate, beta
glucan acetate, beta glucan triacetate, acetaldehyde
dimethyl acetate, triacetate of locust bean gum,
hydroxlated ethylene-vinylacetate, EC, PEG, PPG,
PEG/PPG copolymers, PVP, HEC, HPC, CMC, CMEC, HPMC,
HPMCP, HPMCAS, HPMCAT, poly(acrylic) acids and esters
and poly- (methacrylic) acids and esters and
copolymers thereof, starch, dextran, dextrin,
chitosan, collagen, gelatin, polyalkenes, polyethers,
polysulfones, polyethersulfones, polystyrenes,
polyvinyl halides, polyvinyl esters and ethers,
natural waxes, and synthetic waxes. [00151]
Semipermeable membrane may also be a hydrophobic
microporous membrane, wherein the pores are
substantially filled with a gas and are not wetted by
the aqueous medium but are permeable to water vapor,
as disclosed in U.S. Pat. No. 5,798,1 19. Such
hydrophobic but water-vapor permeable membrane are
typically composed of hydrophobic polymers such as
polyalkenes, polyethylene, polypropylene,
polytetrafluoroethylene, polyacrylic acid derivatives,
polyethers, polysulfones, polyethersulfones,
polystyrenes, polyvinyl halides, polyvinylidene
fluoride, polyvinyl esters and ethers, natural waxes,
and synthetic waxes. [00152] The delivery port(s) on
the semipermeable membrane may be formed postcoating
by mechanical or laser drilling. Delivery port(s) may
also be formed in situ by erosion of a plug of
water-soluble material or by rupture of a thinner
portion of the membrane over an indentation in the
core. In addition, delivery ports may be formed during
coating process, as in the case of asymmetric membrane
coatings of the type disclosed in U.S. Pat. Nos.
5,612,059 and 5,698,220. [00153] The total amount of
the active ingredient(s) released and the release rate
can substantially by modulated via the thickness and
porosity of the semipermeable membrane, the
composition of the core, and the number, size, and
position of the delivery ports. [00154] The
pharmaceutical compositions in an osmotic
controlled-release dosage form may further comprise
additional conventional excipients as described herein
to promote performance or processing of the
formulation. [00155] The osmotic controlled-release
dosage forms can be prepared according to conventional
methods and techniques known to those skilled in the
art {see, Remington: The Science and Practice of
Pharmacy, supra; Santus and Baker, J. Controlled
Release 1995, 35, 1-21; Verma et al., Drug Development
and Industrial Pharmacy 2000, 26, 695-708; Verma et
al., J. Controlled Release 2002, 79, 7-27). [00156] In
certain embodiments, the pharmaceutical compositions
provided herein are formulated as AMT
controlled-release dosage form, which comprises an
asymmetricosmotic membrane that coats a core
comprising the active ingredient(s) and other
pharmaceutically acceptable excipients. See, U.S. Pat.
No. 5,612,059 and WO 2002/17918. The AMT
controlled-release dosage forms can be prepared
according to conventional methods and techniques known
to those skilled in the art, including direct
compression, dry granulation, wet granulation, and a
dip-coating method. [00157] In certain embodiment, the
pharmaceutical compositions provided herein are
formulated as ESC controlled-release dosage form,
which comprises an osmotic membrane that coats a core
comprising the active ingredient(s), hydroxylethyl
cellulose, and other pharmaceutically acceptable
excipients. 3. Multiparticulate Controlled Release
Devices [00158] The pharmaceutical compositions
provided herein in a modified release dosage form may
be fabricated as a multiparticulate controlled release
device, which comprises a multiplicity of particles,
granules, or pellets, ranging from about 10 mm to
about 3 mm, about 50 mm to about 2.5 mm, or from about
100 mm to 1mm in diameter. Such multiparticulates may
be made by the processes know to those skilled in the
art, including wet-and dry-granulation,
extrusion/spheronization, roller-compaction,
meltcongealing, and by spray-coating seed cores. See,
for example, Multiparticulate Oral Drug Delivery;
Marcel Dekker: 1994; and Pharmaceutical Pelletization
Technology; Marcel Dekker: 1989. [00159] Other
excipients as described herein may be blended with the
pharmaceutical compositions to aid in processing and
forming the multiparticulates. The resulting particles
may themselves constitute the multiparticulate device
or may be coated by various filmforming materials,
such as enteric polymers, water-swellable, and
water-soluble polymers. The multiparticulates can be
further processed as a capsule or a tablet. 4.
Targeted Delivery [00160] The pharmaceutical
compositions provided herein may also be formulated to
be targeted to a particular tissue, receptor, or other
area of the body of the subject to be treated,
including liposome-, resealed erythrocyte-, and
antibody-based delivery systems. Examples include, but
are not limited to, U.S. Pat. Nos. 6,316,652;
6,274,552; 6,271,359; 6,253,872; 6,139,865; 6,131,570;
6,120,751; 6,071,495; 6,060,082; 6,048,736; 6,039,975;
6,004,534; 5,985,307; 5,972,366; 5,900,252; 5,840,674;
5,759,542; and 5,709,874. 5.3.1 ARTICLES OF
MANUFACTURE [00161] The compounds or pharmaceutically
acceptable derivatives can be packaged as articles of
manufacture containing packaging material, a compound
or pharmaceuticallyacceptable derivative thereof
provided herein, which is used for treatment,
prevention or amelioration of one or more symptoms
associated with CCR9 activity, and a label that
indicates that the compound or pharmaceutically
acceptable derivative thereof is used for treatment,
prevention or amelioration of one or more symptoms of
CCR9 receptor mediated diseases. [00162] The articles
of manufacture provided herein contain packaging
materials. Packaging materials for use in packaging
pharmaceutical products are well known to those of
skill in the art. See, e.g., U.S. Patent Nos.
5,323,907, 5,052,558 and 5,033,252. Examples of
pharmaceutical packaging materials include, but are
not limited to, blister packs, bottles, tubes,
inhalers, pumps, bags, vials, containers, syringes,
bottles, and any packaging material suitable for a
selected formulation and intended mode of
administration and treatment. A wide array of
formulations of the compounds and compositions
provided herein are contemplated. 5.4 EVALUATION OF
THE ACTIVITY OF THE COMPOUNDS [00163] The CCR9
antagonist activity of the compounds provided herein
can be demonstrated by methods known to one of skill
in the art. Exemplary methods are described in US
Publication Nos. US2004/0 180892 and US 2005/0049286,
which are incorporated herein by reference. An
exemplary assay for determining CCR9 antagonist
activity of the compounds provided herein is CCR9
FLIPR/FlexStation Assay. In certain embodiments, the
following protocol is used for the assay: CCR9
FLIPR/FlexStation Assay Protocol [00164] Calcium assay
in FLIPR/FlexStation determines inhibitors of TECK
induced calcium mobilization in CCR9-Flp-CHO cells
that stably over express human CCR9 receptor.
CCR9-Flp-CHO cells are seeded at 25,000 cells/well in
a clear bottom, black wall 



96-well plate (Greiner #655090) one day prior to
assay. Cells are grown in a tissue culture incubator
at 37C with 5% CO2 for 18 to 24 hours. [00165] Wash
buffer and dye loading buffer are prepared fresh each
time the assay is performed. Wash buffer is prepared
according to the following protocol: 20 ml 10XHBSS
(Invitrogen/Gibco #14065-056), 4 ml 1M HEPES (Sigma
H3784), 174 ml sterile deionized water; then add 140
mg probenecid (Sigma P8761) dissolved in 2 ml 1M NaOH
(Fisher S3 18) to solution and pH to 7.4. This wash
buffer contains IXHBSS, 20 mM HEPES and 2.5 mM
probenecid. For one 96-well plate, dye loading buffer
is prepared as following: 11 ml wash buffer, 44 ml
Fluo-4/pluoronic acid mix (prepared from 22 mL aliquot
of 2 mMFluo-4 (Molecular Probes F14202, 1 mg/tube) +
22 ml 20% pluronic F-127 (Molecular Probes P3000MP).
[00166] Cells are loaded with dye according to the
protocol below: 1. Prepare wash buffer with
1XHBSS/HEPES at room temperature 2. Prepare loading
buffer (keep in dark) 3. Aspirate culture media and
wash with 100 ml wash buffer per well x 1 4. Add 100
ml dye loading buffer to each well 5. Incubate at 37C
for 30 minutes 6. Aspirate loading buffer 7. Wash with
100 ml wash buffer per well x 3 8. Add 100 ml wash
buffer per well 9. Incubate at 37C for 30 minutes 10.
Assay plate with FLIPR or FlexStation [00167] 10 mM
stock compounds in DMSO are prepared and diluted in
DMSO to 1 mM. Compounds are diluted in wash buffer to
make 8 point series dilutions containing same final
concentration of DMSO (1%). Compounds are tested in
duplicate wells for each point. Ligand rhTECK (R&D
Systems 334-TK) was diluted to 6X of its EC70 with
wash buffer. Appropriate amount of 6X ligand is added
to each well. Data is analyzed using XLfit3 software
to calculate IC50 value of antagonist activity for
each compound. IC50 values for antagonist activity of
exemplary compounds are provided in Table 1, Example
64. 5.5 METHODS OF TREATMENT AND PREVENTION [00168] In
certain embodiments, provided herein are methods for
modulating an activity of CCR9 receptor by contacting
the receptor with a compound or composition provided
herein. In one embodiment, provided herein are methods
for antagonizing an action of CCR9 receptor by
contacting the receptor with a compound or composition
provided herein. [00169] In other embodiments,
provided herein are methods for treatment, prevention,
or amelioration of one or more diseases or conditions
associated with CCR9 receptor activity, including, but
not limited to inflammatory bowel disease, including
Crohn's disease and ulcerative colitis, celiac disease
and other forms of intestinal inflammation, including
celiac sprue and gluten-sensitive enteropathy; primary
sclerosingcholangitis; HIV; as well as various
cancers, including, prostate cancer, leukemia, and
small intestinal melanoma. 5.5.1 COMBINATION THERAPY
WITH A SECOND ACTIVE AGENT [00170] The compounds
provided herein may be administered as the sole active
ingredient or in combination with other active
ingredients. Other active ingredients that may be used
in combination with the compounds provided herein
include but are not limited to, compounds known to
treat diseases associated with CCR9 receptor
modulation or compounds known to modulate CCR9
receptor activity. Examples of such compounds include,
but are not limited to antihistamines,
corticosteroids, b2-agonists, steroid receptor
modulators, anticholinergic compounds,
immunomodulators, bronchdilators, leukotriene
modifiers, COX-2 inhibitors and anti-inflammatory
compounds. [00171] Administration of the active
ingredient combination may take place either by
separate administration of the active ingredients to
the patient or in the form of combination products in
which a plurality of active ingredients are present in
one pharmaceutical preparation. [00172] It will be
appreciated that every suitable combination of the
compounds provided herein with one or more of the
aforementioned compounds and optionally one or more
further pharmacologically active substances is
contemplated herein. [00173] It is understood that the
foregoing detailed description and accompanying
examples are merely illustrative, and are not to be
taken as limitations upon the scope of the subject
matter. Various changes and modifications to the
disclosed embodiments will be apparent to those
skilled in the art. Such changes and modifications,
including without limitation those relating to the
chemical structures, substituents, derivatives,
intermediates, syntheses, formulations and/or methods
of use provided herein, may be made without departing
from the spirit and scope thereof. U.S. patents and
publications referenced herein are incorporated by
reference. 6. EXAMPLES [00174] Certain embodiments of
the claimed subject matter are illustrated by the
following non-limiting examples.Example 1: Preparation
of
3-(2-bromo-4-tert-butylphenylsulfonamido)thiophene-2-
carboxylic acid, sodium salt (S) I.
2-Bromo-4-tert-butylbenzenesulfonic acid (1) [00175]
To a cooled (0C) solution of commercially available
l-bromo-3- tertbutylbenzene (42.6 g; 199 mmol) in
anhydrous dichloromethane (800 mL) was added
chlorosulfonic acid (15.9 mL; 239.0 mmol) dropwise.
After addition was complete, the reaction was stirred
at 0C for an additional 30 minutes, allowed to
gradually warm to room temperature and further stirred
overnight. The reaction mixture was concentrated under
reduced pressure to about 500 mL and washed with
aqueous hydrochloric acid (20 mL; 20N). The organic
layer was separated and dried over magnesium sulfate
which resulted in formation of a white precipitate.
Methanol (200 mL) was added to dissolve the
precipitate. The organic solution was filtered and
concentrated under reduced pressure to yield the title
product as a white solid (53.0 g). II.
2-Bromo-4-tert-butylbenzene-l-sulfonyl chloride (2)
[00176] To cooled (0C) solution of 1 (10.1 1 g; 34.48
mmol) in dichloroethane (200 mL) was added phosphorus
pentachloride (10.77 g; 51.70 mmol) slowly and
portion-wise. The reaction was heated at reflux
overnight, cooled to room temperature, and then
concentrated under reduced pressure. The resulting
crude brown oil residue was purified by automated
silica gel column chromatography (Biotage(r)) eluting
with ethyl acetate/hexanes (0 to 15% v/v over 400 mL
gradient elution) to give the title product as an
off-white solid (7.60 g)III. Methyl 3-(2-bromo-4-
tert-butylphenylsulfonamido)thiophene-2-carboxylate
(3) [00177] To a cooled (0C) solution of methyl
3-aminothiophene-2-carboxylate ( 1.84 g; 10.60 mmol),
4-dimethylaminopyridine (323.0 mg; 2.65 mmol) and
pyridine (2.57 mL; 31.0 mmol) in anhydrous
dichloromethane (60 mL) was added 2 (3.33 g; 10.6
mmol) portion-wise. After addition was complete the
reaction mixture was stirred at 0C for 20 minutes,
gradually allowed to warm to room temperature, and
further stirred for 16 hours. The reaction mixture was
allowed to cool to room temperature and washed with
aqueous 



hydrochloric acid (50 mL; 2N). The combined organic
phases were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure to yield a
yellow solid. Trituration from diisopropyl ether
yielded the title product as a yellow solid (3.97 g).
[00178] Note: Alternatively, the crude residue may be
purified by automated silica gel chromatography
(Biotage(r)) using ethyl acetate/hexanes as the eluant
system (0 to 25% v/v over 400 mL gradient elution).
IV. 3-(2-Bromo-4-
tert-butylphenyIsulfonamido)thiophene-2-carboxylic
acid (4) [00179] To a solution of 3 (200.0 mg; 0.46
mmol) in tetrahydrofuran (5 mL) in a 2.5- 5.0 mL
microwave reactor tube was added aqueous lithium
hydroxide (5 mL; excess; 2M). The reaction vessel was
subjected to the following microwave conditions:
Temperature = 140C; Time = 15 minutes; Power = 250 W;
Cooling on; Absorption = Very High. The crude reaction
mixture was allowed to cool to room temperature and
then acidified by the addition of aqueous hydrochloric
acid (15 mL; 2N) and extracted with ethyl acetate (3 x
10 mL). The combined organic phases were dried over
magnesium sulfate, filtered and concentrated under
reduced pressure to afford a beige solid. The latter
was triturated from diisopropyl ether to yield the
title compound as a beige solid (96.0 mg). V.
3-(2-Bromo-4-
tert-butylphenylsulfonamido)thiophene-2-carboxylic
acid, sodium salt (5) [00180] To a solution of 4 (93.4
mg; 0.22 mmol) in acetonitrile (2 mL) was added
aqueous sodium hydroxide (2.23 mL; 0.22 mmol; 0.1 M).
The reaction mixture was frozen in a dry ice/acetone
bath and lyophilized to yield the title compound as a
white solid (54.0 mg).Example 2 : Preparation of
3-(5-tert-butyl-4'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2- carboxylic acid, disodium salt (10) mm 140 10
I. Methyl 3-[2-bromo-4-
tert-butyl-N-(methoxymethyl)phenyIsulfonainido]thiophe
ne-2- carboxylate (6) [00181] To a cooled (0C)
solution of 3 (8.23 g; 19.0 mmol) in N
Ndiisopropylethylamine (5.29 mL; 30.4 mmol) and
anhydrous tetrahydrofuran (200 mL) was added
1-bromo-2-methoxyethane (2.33 mL; 28.5 mmol) dropwise.
After the addition was complete the reaction mixture
was stirred at 0C for 10 minutes, allowed to gradually
warm to room temperature and then stirred for 3 hours.
The reaction mixture was diluted with dichloromethane
(200 mL) and washed with water (100 mL). The organic
layer was separated, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
resulting orange oil residue was further purified by
automated silica gel chromatography (Biotage ) eluting
with ethyl acetate/hexanes (0 to 25% v/v over 400 mL
gradient elution) to afford a clear oil. Trituration
from hexanes afforded the title product as a white
solid (6.51 g). II. Methyl 3-[5-
tert-buryl-4'-chloro-N-
methoxymethyl)biphenyl-2-ylsulfonainido]
thiophene-2-carboxylate (7) [00182] A 2.5-5.0 mL
microwave reaction tube was successively charged with
6 (250 mg; 0.54 mmol), 4-chlorophenylboronic acid (126
mg; 0.81 mmol), cesium carbonate (527 mg; 1.62 mmol),
tetrakis(triphenylphosphine)palladium(0) (3 1.2 mg;
0.03 mmol), toluene (1.3 mL), ethanol (1.3 mL) and
water (1.3 mL). The reaction tube was purged with
nitrogenand subjected to the following microwave
conditions: Temperature = 140C; Power = 250W; Time =
15 minutes; Cooling On; Absorption Very High. The
reaction mixture was allowed to cool to room
temperature and then diluted with ethyl acetate (15
mL) and washed with aqueous hydrochloric acid (3 x 10
mL; 2N). The organic layer was dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The resulting dark oil residue was purified
by automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 30% v/v over
400 mL gradient elution) to yield the title product as
a clear oil (200 mg). III. Methyl
3-(5-tert-butyl-4'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylate (8) [00183] To a solution of 7
(120.0 mg; 0.24 mmol) in tetrahydrofuran (5 mL) was
added aqueous hydrochloric acid (1.2 mL; 2.4 mmol;
2N). The reaction mixture was heated at 75C for 4
hours, and then additional aqueous hydrochloric acid
(3.0 mL; 6N) was added and the reaction mixture
further heated at reflux for 4-5 hours. The reaction
mixture was allowed to cool to room temperature and
then extracted with ethyl acetate (15 mL). The organic
layer was separated, dried over magnesium sulfate,
filtered and concentrated under reduced pressure to
yield a white solid residue which was purified by
automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 20% v/v over
400 mL gradient elution) to yield the title product as
a white solid (80.0 mg). IV. 3-(5-
tert-butyl-4'-chlorobiphenyl-2-ylsulfonamido)thiophene
-2-carboxylic acid (9) [00184] To a solution of 8
(200.0 mg; 0.46 mmol) in tetrahydrofuran (5 mL) in a
2.5- 5.0 mL microwave reactor tube was added aqueous
lithium hydroxide (5.0 mL; excess; 2M). The reaction
vessel was subjected to the following microwave
conditions: Temperature = 140C; Time = 30 minutes;
Power = 250 W; Cooling on; Absorption = Very High. The
crude reaction mixture was allowed to cool to room
temperature, acidified by the addition of aqueous
hydrochloric acid (15 mL; 2N), and extracted with
ethyl acetate (3 x 10 mL). The organic layers were
combined and concentrated under reduced pressure to
afford a beige solid. The latter was triturated from
diisopropyl ether to yield the title compound as a
white solid (37.0 mg). V.
3-(5-tert-Butyl-4'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylic acid, disodium salt (10) [00185] To
a solution of 9 (37.0 mg; 0.08 mmol) in acetonitrile
(2 mL) was added aqueous sodium hydroxide (1.64 mL;
0.16 mmol; 0.1M). The reaction mixture was frozenin a
dry ice/acetone bath and lyophilized to yield the
title compound as a white solid (23.2 mg). Example 3 :
Preparation of
3-[4-tert-butyl-2-(morpholin-4-yl)phenylsulfonamido]th
iophene- 2-carboxylic acid (12) I. Methyl 3-(4-
tert-butyl-2-morpholinophenylsulfonamido)thiophene-2-c
arboxylate (H) [00186] To an evacuated and nitrogen
purged mixture of 3 (50.0 mg; 0.1 1 mmol), copper
iodide (2.0 mg; 0.01 1 mmol), potassium carbonate
(29.0 mg; 0.30 mmol) and LProline (2.4 mg; 0.20 mmol),
dimethyl sulfoxide (0.4 mL) and morpholine (13.7 mg;
0.157 mmol) were added. The reaction mixture was
heated at 90C under nitrogen for 24 hours and then
cooled to room temperature, diluted with water and
extracted with ethyl acetate (2x). The combined
organic extracts were washed with aqueous saturated
sodium chloride, dried over magnesium sulfate, and
concentrated under reduced pressure. The resulting
crude dark oil was purified by automated silica gel
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (10 to 20% gradient elution) to give a
white solid which was further purified by preparative
HPLC to afford the title compound as an off-white
solid (21.8 mg). II.
3-[4-tert-Butyl-2-(morpholin-4-yl)phenylsulfonamido]th
iophene-2-carboxylic acid (12) [00187] To a solution
of 11 (24.7 mg; 0.06 mmol) in tetrahydrofuran (5 mL)
in a 2.5- 5.0 mL microwave reactor tube was added
aqueous lithium hydroxide ( 1 mL; 2M). The 



reaction vessel was subjected to the following
microwave conditions: Temperature = 140C; Time = 15
minutes; Power = 250 W; Cooling on; Absorption = Very
High. The crude reaction mixture was allowed to cool
to room temperature, acidified by the addition of
aqueous hydrochloric acid (15 mL; 2N), and extracted
with ethyl acetate (3 x 10 mL). The organic phases
were combined and dried over magnesium sulfate,
filtered, and concentratedunder reduced pressure to
afford a beige solid. The latter was triturated from
diisopropyl ether to yield the title compound as a
beige solid (24. 1 mg). Example 4: Preparation of
3-[5-tert-butyl-4'-(dimethylamino)biphenyI-2-
ylsulfonamido]thiophene-2-carboxylic acid, disodium
salt (16) 1 4 1155 1 6 I. Methyl
3-[5-tert-butyl-4'-(dimethylamino)-N-(methoxymethyl)bi
phenyl-2- ylsulfonamido]thiophene-2-carboxylate (13)
[00188] A 2.5-5.0 mL microwave reaction tube was
successively charged with 6 (200.0 mg; 0.43 mmol),
4-(dimethylamino)phenylboronic acid (107.0 mg; 0.65
mmol), cesium carbonate (420.0 mg; 1.29 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene (1.3 mL), ethanol (1.3 mL) and
water (1.3 mL). The reaction tube was purged with
nitrogen and subjected to the following microwave
conditions: Temperature = 140C; Power = 250W; Time =
15 minutes; Cooling On; Absorption Very High. The
reaction mixture was allowed to cool to room
temperature and then was diluted with ethyl acetate
(15 mL) and washed with aqueous hydrochloric acid (3 x
10 mL; 2N). The organic layers were combined and dried
over magnesium sulfate, filtered, and concentrated
under reduced pressure. The crude dark oil residue was
purified by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
25% v/v over 400 mL gradient elution) to give the
title product as an off-white foam (157 mg). II.
Methyl
3-[5-tert-butyl-4'-(dimethylamino)biphenyl-2-ylsulfona
mido]thiophene-2- carboxylate (14) [00189] To a
solution of 13 (150.0 mg; 0.30 mmol) in
tetrahydrofuran (6 mL) was added aqueous hydrochloric
acid (1.0 mL; 2.0 mmol; 2N). The reaction mixture was
heated at 75C for 4 hours, and then additional aqueous
hydrochloric acid (3.0 mL; 6N) was added and the
reaction mixture further heated at reflux for 4-5
hours. The reaction mixture was allowed to cool to
room temperature and then extracted with ethyl acetate
(15 mL). The organic phase was dried over magnesium
sulfate and filtered. The filtrate was
concentratedunder reduced pressure and the resulting
white solid residue was purified by automated silica
gel column chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 30% v/v over 400 mL
gradient elution) to give the title product as a clear
oil (50.9 mg). III.
3-[5-tert-Butyl-4'-(dimethylamino)biphenyl-2-ylsulfona
midojthiophene-2- carboxylic acid (15) [00190] To a
solution of 14 (50.0 mg; 0.11 mmol) in tetrahydrofuran
( 1 mL) and methanol ( 1 mL) was added aqueous lithium
hydroxide (2 mL; 2M). The reaction mixture was heated
at 75-80C for 6 hours, allowed to cool to room
temperature and then concentrated under reduced
pressure. The resulting residue was dissolved in
chloroform (15 mL) and washed with aqueous
hydrochloric acid (2 x 10 mL; 2N). The combined
organic phases were dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title compound as a brown solid (47.2 mg).
IV.
3-[5-tert-Butyl-4'-(dimethyIamino)biphenyl-2-ylsulfona
mido]thiophene-2- carboxylic acid, disodium salt (16)
[00191] To a solution of 15 (43.4 mg; 0.10 mmol) in
acetonitrile (2 mL) was added aqueous sodium hydroxide
(1.9 mL; 0.38 mmol; 0.1M). The reaction mixture was
frozen in a dry ice/acetone bath and lyophilized to
yield the title compound as a light brown solid (40.8
mg). Example 5: Preparation of
3-[4-tert-butyl-2-(pyrimidin-5-
yl)phenylsulfonamido]thiophene-2-carboxylic acid,
disodium salt (20) 18 19 20 I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-(pyrimidin-5-yI)ph
enylsulfonamido] thiophene-2-carboxylate (17) [00192]
A 2.5-5.0 mL microwave reaction tube was successively
charged with 6 (200.0 mg; 0.43 mmol),
pyrimidine-5-boronic acid (80.0 mg; 0.645 mmol),
cesium carbonate (420.0 mg; 1.297 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene (1.3 mL), ethanol (1.3 mL) and
water (1.3 mL). The reaction tubewas purged with
nitrogen and subjected to the following microwave
conditions: Temperature = 140C; Power = 250W; Time =
15 minutes; Cooling On; Absorption Very High. The
reaction mixture was allowed to cool to room
temperature and then was diluted with ethyl acetate
(15 mL) and washed with aqueous hydrochloric acid (3 x
10 mL; 2N). The organic layer was dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The crude orange oil residue was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
30% v/v over 400 mL gradient elution) to give the
title product as a clear oil (80.0 mg). II. Methyl
3-[4-tert-butyl-2-(pyrimidin-5-yl)phenylsuIfonamido]th
iophene-2- carboxylate (18) [00193] To a solution of
17 (80.0 mg; 0.17 mmol) in tetrahydrofuran (5 mL) was
added aqueous hydrochloric acid (5.0 mL; 10.0 mmol;
2N). The reaction mixture was heated at 75C for 4
hours, and then additional aqueous hydrochloric acid
(3.0 mL; 6N) was added and the reaction mixture
further heated at reflux for 4-5 hours. The reaction
mixture was allowed to cool to room temperature and
then extracted with ethyl acetate (15 mL). The organic
layer was separated, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
resulting crude clear oil was purified by automated
silica gel column chromatography (Biotage(r)) eluting
with ethyl acetate/hexanes (0 to 30% v/v over 400 mL
gradient elution) to give the title product as a clear
oil (64.0 mg). III.
3-[4--ter-t-Butyl-2-(pyrimidin-5-yl)phenylsulfonamido]
thiophene-2-carboxyIic acid (19) [00194] To a solution
of 18 (62.0 mg; 0.14 mmol) in tetrahydrofuran ( 1 mL)
and methanol ( 1 mL) was added aqueous sodium
hydroxide (2 mL; 2M). The reaction mixture was heated
at 75-80C for 6 hours, allowed to cool to room
temperature and then concentrated under reduced
pressure. The resulting residue was dissolved in
chloroform (15 mL) and washed with aqueous
hydrochloric acid (2 x 10 mL; 2N). The organic phase
was dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
compound as a white oil (68.0 mg). IV.
3-[4-tert-Butyl-2-(pyrimidin-5-yl)phenylsulfonamido]th
iophene-2-carboxylic acid, disodium salt (20) [00195]
To a solution of 19 (50.8 mg; 0.12 mmol) in
acetonitrile (2 mL) was added aqueous sodium hydroxide
(2.4 mL; 0.24 mmol; 0.1 M). The reaction mixture was
frozen in a dry ice/acetone bath and lyophilized to
yield the title compound as a white solid (48.0
mg).Example 6: Preparation of
3-(4-tert-Butyl-2-chlorophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (24) I. Methyl
3-[2-chloro-4- tert-butyl-N-(methoxy
methyl)phenylsulfonamido] thiophene-2- carboxylate
(21) [00196] To a solution of 6 (350.0 mg; 0.76 mmol)
in -dimethylformamide (4.0 mL) in a 2.5-5.0 mL
microwave reactor tube was added copper(I) chloride
(89.9 mg; 0.91 



mmol). The reaction mixture was subjected to the
following microwave conditions: Temperature = 165C;
Power = 200W; Time = 30 minutes; Absorption = High.
The reaction mixture was allowed to cool to room
temperature and then was diluted with ethyl acetate
(15 mL) and washed with aqueous hydrochloric acid (2 x
10 mL; 2N). The organic layer was dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The resulting yellow oil residue was
purified by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
25% v/v over 550 mL gradient elution) to give a clear
oil. Overnight vacuum drying of this clear oil gave
the title product as a white solid (247 mg). II.
Methyl 3-(2-chloro-4-
tert-butylphenylsulfonamido)thiophene-2-carboxylate
(22) [00197] To a solution of 21 (292.0 mg; 0.68 mmol)
in tetrahydrofuran (5 mL) was added aqueous
hydrochloric acid (3.38 mL; 6.76 mmol; 2N). The
reaction mixture was heated at 75C for 4 hours, and
then additional aqueous hydrochloric acid (3.0 mL; 6N)
was added and the reaction mixture further heated at
reflux for 4-5 hours. The reaction mixture was allowed
to cool to room temperature and then extracted with
ethyl acetate (15 mL). The organic layer was
separated, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to yield a white
solid which was purified by automated silica gel
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 25% v/v over 400 mL gradient
elution) to yield the title as an off-white solid (180
mg). III.
3-(4-tert-Butyl-2-chlorophenylsulfonamido)thiophene-2-
carboxylic acid (23)[00198] To a solution of 22 (272.0
mg; 0.73 mmol) in tetrahydrofuran (8 mL) and methanol
(2 mL) was added aqueous lithium hydroxide (4 mL; 2M)-
The reaction mixture was heated at 75-80C for 6 hours,
allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15 mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title compound as a white solid (237 mg).
IV.
3-(4-tert-butyl-2-chlorophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (24) [00199] To a
solution of 23 (237.0 mg; 0.63 mmol) in acetonitrile
(12 mL) was added aqueous sodium hydroxide (12.67 mL;
1.26 mmol; 0.1 M). The reaction mixture was frozen in
a dry ice/acetone bath and lyophilized to yield the
title compound as an off-white solid (245 mg). Example
7: Preparation of
3-(4-tert-butyl-2-styrylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (28) I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-styrylphenylsulfon
amido]thiophene-2- carboxylate (25) [00200] A 2.5-5.0
mL microwave reaction tube was successively charged
with 6 (200.0 mg; 0.43 mmol),
1trans-2-phenylvinylboronic acid (96.0 mg; 0.65 mmol),
cesium carbonate (420.0 mg; 1.30 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene (1.3 mL), ethanol (1.3 mL) and
water (1.3 mL). The reaction tube was purged with
nitrogen and subjected to the following microwave
conditions: Temperature = 140C; Power = 250W; Time =
15 minutes; Cooling On; Absorption Very High. The
reaction mixture was allowed to cool to room
temperature and then was diluted with ethyl acetate
(15 mL) and washed with aqueous hydrochloric acid (3 x
10 mL; 2N).The organic layer was dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The crude dark oil residue was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
30% v/v over 400 mL gradient elution) to give the
title product as a white solid (134 mg). II. Methyl
3-(4-tert-butyl-2-styrylphenylsulfonamido)thiophene-2-
carboxylate (26) [00201] To a solution of 25 (134.0
mg; 0.27 mmol) in tetrahydrofuran (8 mL) was added
aqueous hydrochloric acid (8.0 mL; 16.0 mmol; 2N). The
reaction mixture was heated at 75C for 4 hours, and
then additional aqueous hydrochloric acid (3.0 mL; 6N)
was added and the reaction mixture further heated at
reflux for 4-5 hours. The reaction mixture was allowed
to cool to room temperature and then extracted with
ethyl acetate (15 mL). The organic layer was
separated, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to yield an orange
oil residue which was purified by automated silica gel
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 30% v/v over 400 mL gradient
elution) to yield the title product as a white solid
(60.9 mg). III.
3-(4-tert-Butyl-2-styrylphenylsuIfonamido)thiophene-2-
carboxylic acid (27) [00202] To a solution of 26 (60.0
mg; 0.13 mmol) in tetrahydrofuran ( 1 mL) and methanol
( 1 mL) was added aqueous sodium hydroxide (2 mL; 2M).
The reaction mixture was heated at 75-80C for 6 hours,
allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15 mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title compound as a white solid (59.2 mg).
IV.
3-(4-tert-Butyl-2-styrylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (28) [00203] To a
solution of 27 (57.0 mg; 0.13 mmol) in acetonitrile (2
mL) was added aqueous sodium hydroxide (2.5 mL; 0.25
mmol; 0.1 M). The reaction mixture was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white solid (60.6 mg).Example 8:
Preparation of
3-(tert-buryl-2-methoxyphenyIsulfonamido)thiophene-2-
carboxylic acid, disodium salt (34) I. l
-tert-Butyl-3-methoxybenzene (29) [00204] To a
solution of 3-tert-butylphenol (5.0 g; 33.28 mmol) in
N,Ndimethylformamide (166 mL) at room temperature
under nitrogen was added sodium hydride (2.0 g; 49.92
mmol). The reaction mixture was stirred at room
temperature for 10 minutes and then iodomethane (6.2
mL; 99.84 mmol) was added. After stirring at room
temperature overnight, the reaction mixture was
quenched with water and aqueous hydrochloric acid (2N)
and extracted with ethyl acetate. The combined organic
phases were successively washed with water and aqueous
saturated sodium chloride, dried over magnesium
sulfate, and filtered. The filtrate was concentrated
under reduced pressure and the resulting crude residue
was purified by automated silica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (O to 40% v/v over 400 mL gradient
elution) to yield the title product as a clear oil (6.
19 g). H. 4-tert-ButyI-2-methoxybenzenesulfonic acid
(30) [00205] To a cooled (0C) solution of 29 (6.19 g;
37.69 mmol) in anhydrous dichloromethane (160 mL) was
added chlorosulfonic acid (3.0 mL; 45.22 mmol)
dropwise. After addition was complete, the reaction
was stirred at 0C for an additional 30 minutes,
allowed to gradually warm to room temperature and
further stirred overnight. The reaction mixture was
concentrated under reduced pressure to about 500 mL
and washed with aqueous hydrochloric acid (20 mL;
20N). The organic layer was separated and dried over
magnesium sulfate which resulted in formation of a
white precipitate. Methanol (200 mL)was added to
dissolve the precipitate. The organic solution was
filtered and concentrated under reduced pressure to
yield the title compound as a purple solid (12.07 g).
III. 4-tert-Butyl-2-methoxybenzene-l-sulfonyl chloride
(31) [00206] To cooled (0C) solution of 30 (12.Og;
49.12 mmol) in dichloroethane (200 



mL) was added phosphorus pentachloride (20. 5g; 98.24
mmol) slowly and portion-wise. After addition was
complete, the reaction was heated at reflux overnight,
cooled to room temperature, and then concentrated
under reduced pressure. The resulting crude residue
was purified by automated silica gel column
chromatography (Biotage (r)) eluting with ethyl
acetate/hexanes (0 to 50% v/v over 400 mL gradient
elution) to give the title product as a dark solid
(8.45 g; 65% yield). IV. Methyl
3-(4-tert-butyl-2-methoxyphenylsulfonamido)thiophene-2
-carboxylate (32) [00207] To a solution of 31 (8.45g;
32.16 mmol) and methyl 3-aminothiophene-2- carboxylate
(5.60 g; 35.38 mmol) in tetrahydrofuran (160 mL) at
room temperature was added sodium hydride (1.5 g;
38.59 mmol; 60% mineral oil). The reaction mixture was
stirred at room temperature under nitrogen for 16
hours (an additional equivalent of sodium hydride was
found to be necessary to drive reaction to an
acceptable level of completion) and then quenched with
water and aqueous hydrochloric acid (2N) and extracted
with ethyl acetate. The combined organic phases were
successively washed with water and aqueous saturated
sodium chloride, dried over magnesium sulfate, and
filtered. The filtrate was concentrated under reduced
pressure and the resulting crude residue was taken up
in ethyl acetate. The resulting precipitate was
filtered and triturated from diethyl ether to yield
the title compound as a light brown solid (3.58 g). V.
3-(4-tert-Butyl-2-methoxyphenylsulfonamido)thiophene-2
-carboxyli c acid (33) [00208] To a solution of 32
(0.25 g; 0.65 mmol) in tetrahydrofuran (15 mL) and
methanol (5 mL) was added aqueous sodium hydroxide (10
mL; 2M). The reaction mixture was heated at 75-80C for
6 hours, allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15 mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title compound as a white solid (188 mg).
VI.
3-(4-tert-Butyl-2-methoxyphenylsulfonamido)thiophene-2
-carboxylic acid, disodium salt (34) [00209] To a
solution of 33 (188.0 mg; 0.51 mmol) in acetonitrile
(10 mL) was added aqueous sodium hydroxide (10.2 mL;
1.01 mmol; 0.1 M). The reaction mixture was frozenin a
dry ice/acetone bath and lyophilized to yield the
title compound as a white solid (202 mg). Example 9:
Preparation of
3-(4-tert-butyl-2-hydroxyphenylsulfonamido)thiophene-2
- carboxylic acid, trisodium salt (36) 32 35 36 I.
3-(4-tert-Butyl-2-hydroxyphenylsulfonamido)thiophene-2
-carboxylic acid (35) [00210] To a cooled (0C)
solution of 32 (300.0 mg; 0.78 mmol) in
dichloromethane (3.9 mL) was added boron tribromide
(0.52 mL; 5.47 mL) dropwise. The reaction mixture was
stirred at 0C then allowed to gradually warm to room
temperature. After stirring 4 hours at room
temperature, the reaction mixture was cooled to 0C
again, slowly quenched with methanol; and then diluted
with chloroform. The organic layer was washed with
water, dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The crude residue
was re-dissolved in diethyl ether and washed with
aqueous sodium hydroxide (2N). The aqueous layer was
acidified to pH~ 2 with concentrated hydrochloric acid
and extracted with chloroform (3x). The organic
extracts were combined, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
crude residue was purified by automated silica gel
column chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes and then by preparative HPLC to afford
the title compound as a white solid (101 mg). II.
3-(4-tert-Butyl-2-hydroxyphenylsulfonamido)thiophene-2
-carboxylic acid, trisodium salt (36) [00211] To a
solution of 35 (97.6 mg; 0.27 mmol) in acetonitrile (8
mL) was added aqueous sodium hydroxide (8.2 mL; 0.82
mmol; 0.1 M). The reaction mixture was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white solid ( 119 mg). Example 10:
Preparation of
3-(4-tert-butyl-2-cyanophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (40)I. Methyl
3-[4-tert-butyl-2-cyano-N-(methoxymethyl)phenylsulfona
mido]thiophene-2- carboxylate (37) [00212] To a
solution of 6 (0.6 g; 1.29 mmol) in anhydrous iV,
-dimethylformamide (4 mL) in a 2.5-5.0 mL microwave
tube added zinc cyanide (182.8 mg; 1.55 mmol) and
tetrakis(triphenylphosphine)palladium(0) (74.5 mg;
0.064 mmol). The reaction tube was purged with
nitrogen and subjected to the following microwave
reaction conditions: Power = 200W; Time = 10 minutes;
Temperature = 165C; Cooling On; Absorption High. The
reaction mixture was allowed to cool to room
temperature and then was diluted with ethyl acetate
(15 mL) and washed with aqueous hydrochloric acid (3 x
10 mL; 2N). The organic phase was dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The resulting colorless oil was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
30% v/v over 400 mL gradient elution) to yield the
title product as a white solid (340 mg). II. Methyl
3-(4-tert-butyl-2-cyanophenylsulfonamido)thiophene-2-c
arboxyIate (38) [00213] To a solution of 37 (340.0 mg;
0.80 mmol) in tetrahydrofuran (16 mL) was added
aqueous hydrochloric acid (5 mL; 10 mmol; 2N). The
reaction mixture was heated at 75C for 4 hours, and
then additional aqueous hydrochloric acid (3.0 mL; 6N)
was added and the reaction mixture further heated at
reflux for 4-5 hours. The reaction mixture was allowed
to cool to room temperature and then extracted with
ethyl acetate (15 mL). The organic layer was
separated, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield an
off-white residue which was triturated from
diisopropyl ether to yield the title product as a
white solid (240 mg). III.
3-(4-tert-Butyl-2-cyanophenylsulfonamido)thiophene-2-c
arboxyIic acid (39) [00214] To a solution of 38 (220.0
mg; 0.58 mmol) in tetrahydrofuran (4 mL) and methanol
( 1 mL) was added aqueous lithium hydroxide (1.45 mL;
2M). The reaction mixture was heated at 75-80C for 6
hours, allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered and the solvent evaporated under reduced
pressure. The crude white solid residue was purified
by preparative HPLC to yield the title compound as a
white solid ( 110 mg). IV.
3-(4-tert-Butyl-2-cyanophenylsulfonamido)thiophene-2-c
arboxylic acid, disodium salt (40) [00215] To a
solution of 39 (103.0 mg; 0.28 mmol) in acetonitrile
(3 mL) was added aqueous sodium bicarbonate (5.64 mL;
0.56 mmol; 0.1 M). The reaction mixture was frozen in
a dry ice/acetone bath and lyophilized to yield the
title compound as a white solid ( 110 mg). Example 11:
Preparation of
3-(4-tert-butyl-2-phenethylphenylsulfonamido)thiophene
- 2-carboxylic acid, disodium salt (44) I. Methyl
3-[4-tert-butyl-
-(methoxymethyl)-2-phenethylphenylsulfonamido]
thiophene-2-carboxylate (41) [00216] A suspension of
25 (206.0 mg; 0.47 mmol) and palladium on carbon
(103.0 



mg; 0.91 mmol) in ethanol (2.3 mL) was evacuated and
filled with hydrogen gas (3x) and then stirred at room
temperature under hydrogen overnight. Additional
palladium on carbon (103.0 mg) was added and stirring
was continued at room temperature for 16 hours. The
reaction mixture filtered through celite and the
filtrate concentrated under reduced pressure to afford
the title compound as a clear oil (143 mg). II. Methyl
3-(4-tert-butyI-2-phenethylphenylsulfonamido)thiophene
-2-carboxylate (42) [00217] To a solution of 41 (143.0
mg; 0.32 mmol) in tetrahydrofuran (6 mL) was added
aqueous hydrochloric acid (6 mL; 12 mmol; 2N). The
reaction mixture was heated at 75C for 4 hours, and
then additional aqueous hydrochloric acid (3.0 mL; 6N)
was added and the reaction mixture further heated at
reflux for 4-5 hours. The reaction mixture wasallowed
to cool to room temperature and then extracted with
ethyl acetate (15 mL). The organic layer was
separated, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to yield an orange
oil residue which was purified by automated silica gel
column chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 40% v/v over 400 mL gradient
elution) to yield the title product as a clear oil
(80.0 mg). III.
3-(4-tert-Butyl-2-phenethylphenylsulfonamido)thiophene
-2-carboxylic acid (43) [00218] To a solution of 42
(80.0 mg; 0.17 mmol) in tetrahydrofuran (3 mL) and
methanol ( 1 mL) was added aqueous sodium hydroxide (4
mL; 2M). The reaction mixture was heated at 75-80C for
6 hours, allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15 mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title compound as a clear oil (64.0 mg). IV.
3-(4-tert-Butyl-2-phenethylphenylsulfonamido)thiophene
-2-carboxylic acid, disodium salt (44) [00219] To a
solution of 43 (64.0 mg; 0.14 mmol) in acetonitrile (2
mL) was added aqueous sodium hydroxide (2.9 mL; 0.29
mmol; 0.1 M). The reaction mixture was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white solid (48.7 mg)- Example 12:
Preparation of 3-(2-acetoxy-4-
tert-butylphenylsulfbnamido)thiophene-2- carboxylic
acid, disodium salt (46) 35 45 46 I. 3-(2-Acetoxy-4-
tert-butylphenylsulfonamido)thiophene-2-carboxylic
acid (45) [00220] To a cooled (0C) solution of 35
(137.2 mg; 0.39 mmol) and triethylamine (0.06 mL; 0.46
mmol) in tetrahydrofuran (2 mL) was added acetyl
chloride (0.03 mL; 0.46 mmol). After addition was
complete, the reaction mixture was stirred at 0C for
30 minutes then allowed to warm to room temperature
and stirred for 4 hours. The reaction mixture was
diluted with ethyl acetate, washed successively with
water, aqueous saturated sodium chloride, dried over
magnesium sulfate and concentrated under reduced
pressure. The crude residue was purified by automated
silica gel column chromatography (Biotage(r)) eluting
with ethyl acetate/hexanes to yield the title compound
as a white foam (67.0 mg).II. 3-(2-Acetoxy-4-
tert-butylphenylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (46) [00221] To a solution of 45
(5.1 mg; 0.013 mmol) in acetonitrile (0.5 mL) was
added aqueous sodium bicarbonate (0.26 mL; 0.026 mmol;
0.1 M). The reaction mixture was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white solid (6.6 mg). Example 13:
Preparation of
3-(4-tert-butyl-2-methylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (50) HCI'(aq) THF,
reflux 48 49 50 I. Methyl 3-[4-tert-butyl-N -
methoxymethyl)-2-methylphenylsulfonamido]thiophene-2-
carboxylate (47) [00222] A 2.5-5.0 mL microwave
reaction tube was successively charged with 6 (200.0
mg; 0.43 mmol), trimethylboroxine (65.78ml; 0.48
mmol), potassium carbonate (179.0 mg; 1.29 mmol),
tetrakis(triphenylphosphine)palladium(0) (49.9 mg;
0.043 mmol), dioxane (3 mL) and water (0.5 mL). The
reaction tube was purged with nitrogen and subjected
to the following microwave conditions: Temperature =
160C; Power = 250W; Time = 10 minutes; Cooling On;
Absorption High. The reaction mixture was allowed to
cool to room temperature and then diluted with ethyl
acetate (15 mL) and washed with hydrochloric acid (3 x
10 mL; 2N solution). The organic layer was dried over
magnesium sulfate, filtered, and concentrated under
reduced pressure. The resulting crude residue was
purified by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
15% v/v over 400 mL gradient elution) to give the
title product as a yellow oil (450 mg; yield is from
purification of 5 combined reaction batches obtained
as described above). II. Methyl
3-(4-tert-butyl-2-methylphenylsulfonamido)thiophene-2-
carboxylate (48) [00223] To a solution of 47 (439.0
mg; 1.06 mmol) in tetrahydrofuran (20 mL) was added
aqueous hydrochloric acid (10 mL; 20 mmol; 2N). The
reaction mixture was heated at 75C for 4 hours, and
then additional aqueous hydrochloric acid (3.0 mL; 6N)
was addedand the reaction mixture further heated at
reflux for 4-5 hours. The reaction mixture was allowed
to cool to room temperature and then extracted with
ethyl acetate (15 mL). The organic layer was
separated, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield an
off-white residue which was triturated from
diisopropyl ether to yield the title product as an
off-white solid (260 mg). III.
3-(4-tert-Butyl-2-methylphenylsulfonamido)thiophene-2-
carboxylic acid (49) [00224] To a solution of 48
(256.0 mg; 0.69 mmol) in tetrahydrofuran (15 mL) and
methanol (3 mL) was added aqueous lithium hydroxide
(3.5 mL; 2M). The reaction mixture was heated at
75-80C for 6 hours, allowed to cool to room
temperature and then concentrated under reduced
pressure. The resulting residue was dissolved in
chloroform (15 mL) and washed with aqueous
hydrochloric acid (2 x 10 mL; 2N). The organic phase
was dried over magnesium sulfate, filtered and the
solvent evaporated under reduced pressure. The crude
beige residue was purified by automated silica gel
column chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 10% v/v over 350 mL gradient
elution) to give the title product as a white solid
(187 mg). IV.
3-(4-tert-Butyl-2-methylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (50) [00225] To a
solution of 49 ( 187.0 mg; 0.53 mmol) in acetonitrile
(10 mL) was added aqueous sodium hydroxide (10.6 mL;
1.06 mmol; 0.1 M). The reaction mixture was frozen in
a dry ice/acetone bath and lyophilized to yield the
title compound as a white solid (198 mg).Example 14:
Preparation of
3-(4-sec-butylphenylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (54) acid 5 1 65 0C I.
4-sec-Butylbenzenesulfonyl chloride (51) [00226] To a
solution of commercially available sec-butylbenzene
(1.34 g; 10 mmol) 



in 1,2-dichloroethane (50 mL) was added phosphorus
pentachloride (2.5 g; 12 mmol) followed by
chlorosulfonic acid (1.3 mL; 20 mmol) slowly. The
mixture was heated at 80C overnight, then cooled to
room temperature and mixed with ice water (150 mL).
The organic phase was separated, and the aqueous phase
was extracted with dichloromethane (2 X l OmL). The
organic phases were combined and dried over magnesium
sulfate and concentrated under reduced pressure to
give an orange oil which was used without further
purification (2.3 g). II. Methyl
3-[4-(sec-butyl)phenylsulfonamido]thiophene-2-carboxyl
ate (52) [00227] To a solution of methyl
3-aminothiophene-2-carboxylate (0.68 g; 4.3 mmol) in
pyridine (0.52 mL; 6.4 mmol) and anhydrous
dichloromethane (15 mL), was added a solution of 51
(1.0 g; 4.3 mmol) in dichloromethane (3 mL). After
stirring 16 hours at room temperature, the reaction
was mixed with water (50 mL), and the organic phase
was separated. The aqueous phase was extracted with
dichloromethane (2 x 10 mL), and the combined organic
phases were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The crude
residue was purified by flash chromatography on silica
gel eluting with ethyl acetate/hexanes (0 to 25% v/v
gradient elution) to yield the title product as a
white solid (0.75 g). III.
3-(4-sec-ButylphenylsuIfonamido)thiophene-2-carboxylic
acid (53) [00228] To a solution of 52 (0.75 g; 2.12
mmol) in tetrahydrofuran (10 mL) was added aqueous
sodium hydroxide (5 mL; 2N). The reaction mixture was
heated at 65C for2 days, allowed to cool to room
temperature and then acidified to pH 5 with aqueous
hydrochloric acid (2N) and extracted with
tetrahydrofuran (3 X 5 mL). The combined organic
phases were dried over magnesium sulfate, filtered and
concentrated under reduced pressure to yield a golden
oil (0.7 g), which later solidified. A portion of the
crude residue was purified by preparative HPLC to
afford the title compound as a white solid (129 mg).
IV.
3-(4-sec-Butylphenylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (54) [00229] To a solution of 53
(129 mg; 0.38 mmol) in acetonitrile (2 mL) was added
aqueous sodium hydroxide (7.6 mL; 0.76 mmol; 0.1N).
The reaction mixture was frozen in a dry ice/acetone
bath and lyophilized to yield the title compound as a
white solid (145 mg). Example 15: Preparation of
3-(4-tert-butyl-N-methylphenylsulfonamido)thiophene-2-
carboxylic acid, sodium salt (58) pyridine, 65 0C 110
0C, I. Methyl
3-(4-tert-butylphenylsulfonamido)thiophene-2-carboxyla
te (55) [00230] In an appropriate vessel, methyl
3-aminothiophene-2-carboxylate (2.5 g; 15.9 mmol) was
combined with 4-tert-butylbenzene sulfonyl chloride
(3.70 g; 15.9 mmol) and dissolved by addition of
pyridine (5.00 mL; 63.2 mmol). The reaction mixture
was heated at 65C for 2 hours, cooled to room
temperature, diluted with aqueous hydrochloric acid
(100 mL; 2M) and extracted with dichloromethane (3 x
30 mL). The combined organic extracts were washed with
aqueous hydrochloric acid (100 mL), dried over
magnesium sulfate, filtered, and concentrated under
reduced pressure. The resulting crude solid was
recrystallized from a minimal amount of isopropanol to
give the title product as a yellow solid (5.2 g). II.
Methyl
3-(4-tert-butyl-N-methylphenylsulfonamido)thiophene-2-
carboxylate (56)[00231] To a solution of 55 (0. 15 g;
0.42 mmol) in , -dimethylformamide (2 mL) at room
temperature was added potassium carbonate (0.282 g;
2.12 mmol) followed by iodomethane (0.053 mL; 0.85
mmol). The reaction mixture was heated at 65C for 12
hours, cooled to room temperature, diluted with
aqueous hydrochloric acid (50 mL; 2M) and extracted
with dichloromethane (3 x 25 mL). The combined organic
extracts were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure to yield a
crude residue that was purified by chromatography on
silica gel eluting with a 0 to 10% ethyl
acetate/hexanes gradient to give the title product
(0.129 g). III.
3-(4-tert-Butyl-N-methylphenylsulfonamido)thiophene-2-
carboxylic acid (57) [00232] In an appropriate
microwave vessel, a solution of 56 (0.129 g; 0.35
mmol) in dioxane (2 mL) at 25C was added aqueous
sodium hydroxide (1.5 mL; 3.0 mmol; 2M). The vessel
was sealed and brought to 110C for 10 minutes via the
Biotage Initiator Microwave Synthesizer. Upon cooling
to 25C, the mixture was diluted with water (10 mL) and
washed with diethyl ether (5 mL). The aqueous layer
was treated with concentrated hydrochloric acid to pH
1 and extracted with dichloromethane (2 x 20 mL). The
organic layers were combined, washed with water (5 x
25 mL), dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
product (0.54 g). IV. 3-(4-tert-Butyl-
-methylphenylsulfonamido)thiophene-2-carboxylic acid,
sodium salt (58) [00233] To a solution of 57 (0.054 g;
0.15 mmol) in tetrahydrofuran (2 mL) was added aqueous
sodium hydroxide (0.15 mL; 0.15 mmol; 1.0M). After 15
minutes, the solution was concentrated under reduced
pressure and the resulting residue was dissolved in
1:1 acetonitrile/water (21 mL). The reaction mixture
was frozen in a dry ice/acetone bath and lyophilized
to yield the title compound as a yellow solid (0.017
g). Example 16: Preparation of
3-(4-tert-butylphenylsulfonamido)thiophene-2-carboxyli
c acid, disodium salt (60) 59 60I. Methyl
3-(4-tert-butylphenylsulfonainido)thiophene-2-carboxyl
ate (55) [00234] To a solution of methyl
3-aminothiophene-2-carboxylate (0.55 g; 3.5 mmol) in
pyridine (2 mL) and dichloromethane (2 mL) was added
4-tert-butylbenzenesulfonyl chloride (0.98 g; 4.2
mmol). The resulting mixture was warmed to 40C to aid
in solubility, then stirred at room temperature for 48
hours. The reaction mixture was diluted with
dichloromethane and washed with aqueous hydrochloric
acid (2N). The aqueous layer was separated and
extracted with dichloromethane. The organic layers
were combined, dried over anhydrous sodium sulfate,
decanted, and filtered through a pad of silica. The
silica was washed with dichloromethane. The eluant was
combined with hexanes and allowed to stand. After 24
hours the resulting solid product was collected by
filtration to give the desired product as a white
solid (817 mg). II.
3-(4-tert-Butylphenylsulfonamido)thiopheiie-2-carboxyl
ic acid (59) [00235] To a solution of 55 (0.817 g; 2.3
1 mmol) in methanol (4.5 mL) was added aqueous sodium
hydroxide (9.2 mL; IN). After the reaction was
complete, the mixture was partitioned between diethyl
ether and water; the organic layer was separated and
set aside. The aqueous layer was acidified with excess
aqueous hydrochloric acid (2N) and extracted with
ethyl acetate (2x). The diethyl ether and ethyl
acetate organic layers were combined, dried over
sodium sulfate, decanted, and concentrated under
reduced pressure. The resulting residue yielded the
desired product a white solid from a mixture of
hexanes and dichloromethane (0.54 g). III.
3-(4-tert-Butylphenylsulfonamido)thiophene-2-carboxyli
c acid, disodium salt (60) [00236] The resulting
3-(4-t -Butylphenylsulfonamido)thiophene-2-carboxylic
acid, 59 (0.342 g; 1.01 mmol) was treated directly
with a solution of aqueous sodium hydroxide (19.2 mL;
2.02 mmol; 0.1050N). The reaction mixture was frozen
in a dry ice/acetone bath and lyophilized to give a
white solid (0.39 g) Example 17: Preparation of
3-(Naphthalene-2-sulfonamido)thiophene-2-carboxylic
acid, disodium salt (63)I. Methyl
3-(naphthalene-2-sulfonamido)thiophene-2-carboxylate
(61) 



[00237] To a flask containing a stir bar was added
methyl 3-aminothiophene-2- carboxylate (0.74 g; 4.70
mmol), 2-naphthylenesulfonyl chloride (1.09 g; 4.80
mmol), and anhydrous dichloromethane (15 mL). The
reaction mixture was stirred at room temperature under
nitrogen and then pyridine (1.0 mL; 12.9 mmol) was
added. After stirring overnight, aqueous hydrochloric
acid (75 mL; IN) was added. The aqueous layer was
separated and extracted with dichloromethane (15 mL).
The organic layer was separated and concentrated under
reduced pressure. The resulting crude product was
purified by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
30% v/v gradient elution) to give the title product as
a white solid (1.45 g). II.
3-(Naphthalene-2-sulfonamido)thiophene-2-carboxylic
acid (62) [00238] To a flask containing 61 (1. 1O g;
3.16 mmol) was added tetrahydrofuran (12 mL) and
aqueous sodium hydroxide (8 mL; 2M). Water (4 mL),
methanol (4 mL) and additional tetrahydrofuran (5 mL)
were added to the reaction mixture to aid in
dissolution of the starting methyl ester. The reaction
was heated in an oil bath overnight at 60 C and then
diluted with water (50 mL) and dichloromethane (50
mL). The aqueous phase was separated, acidified with
aqueous hydrochloric acid (IN), and extracted with
ethyl acetate (3 x 20 mL). The organic extracts were
combined, dried with sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting tan
solid was recrystallized from hexanes/ethyl acetate to
yield the desired product as a tan solid (522 mg).
III.
3-(Naphthalene-2-sulfonamido)thiophene-2-carboxylic
acid, disodium salt (63) [00239] To a round bottom
flask containing 62 (468 mg; 1.45 mmol) was added
acetonitrile (4 mL) and aqueous sodium hydroxide (27.6
mL; 2.90 mmol; 0.1 05M). The resulting suspension was
heated to dissolve all solids and then filtered. After
cooling to room temperature, the filtrate was frozen
in a dry ice/acetone bath and lyophilized to give a
white solid (540 mg).Example 18: Preparation of
3-(4-(l,l-Dimethylpropyl)phenylsulfonamido)thiophene-
2-carboxylic acid, sodium salt (66) I. Methyl
3-(4-(l,l-dimethylpropyl)phenylsulfonamido)thiophene-2
-carboxylate (64) [00240] To a solution of methyl
3-aminothiophene-2-carboxylate (0. 184 g; 1.17 mmol)
in dichloromethane (2 mL) were added pyridine (0.199
mL; 2.34 mmol) and 4-(l,ldimethylpropyl)
benzenesulfonyl chloride (0.289 g; 1.17 mmol)
sequentially. The reaction mixture was stirred for 24
hours at room temperature and then 1,2-dichloroethane
(2 mL) and pyridine(l mL) were added. The reaction
mixture was heated at 70C for 24 hours, cooled to room
temperature, diluted with ethyl acetate and acidified
with aqueous hydrochloric acid (2N). The organic layer
was separated, concentrated under reduced pressure,
and the resulting crude product was purified by
chromatography on silica gel eluting with ethyl
acetate/hexanes (1:6 v/v) to give the desired product
as a white solid (0.21 g)- II.
3-(4-(l,l-Dimethylpropyl)phenylsulfonamido)thiophene-2
-carboxylic acid (65) [00241] To a solution of 64 (210
mg; 0.14 mmol) in methanol (2 mL) was added aqueous
sodium hydroxide (2 mL; 2N) and the resulting mixture
was stirred overnight at room temperature. The solvent
was removed under reduced pressure and the resulting
residue was dissolved in water, acidified to pH 2 with
aqueous hydrochloric acid (2N), and extracted with
ethyl acetate. The combined organic layers were dried
over magnesium sulfate, filtered, and concentrated
under reduced pressure. The desired product was
obtained from dichloromethane and hexanes as a yellow
solid (75 mg). III.
3-(4-(l,l-DimethyIpropyl)phenylsuIfonamido)thiophene-2
-carboxylic acid, sodium salt (66) [00242] The
resulting 3-(4-(1,1-dimethylpropyl)pheny
lsulfonamido)thiophene-2- carboxylic acid, 65 (0.072
g; 0.20 mmol) was dissolved in a minimum amount of
acetonitrile, heating as necessary, until the solid
dissolved. A solution of aqueous sodiumhydroxide (1.94
mL; 0.20 mmol; 0.1 050N) was added and then the
acetonitrile was removed under reduced pressure. The
resulting aqueous mixture was frozen in a dry
ice/acetone bath and lyophilized to give an off-white
solid (0.070 g). Example 19: Preparation of
3-(4-butyl-2-chlorophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (73)
I.N-(4-Butylphenyl)acetamide (67) [00243] To 4-butyl
aniline (20 g; 134 mmol) dissolved in toluene (160 mL)
with stirring was added 4-dimethylaminopyridine (0.82
g; 6.70 mmol) and triethylamine (26.0 mL; 188 mmol).
The mixture was then treated with acetic anhydride
(15.2 mL; 161 mmol) dropwise via an addition funnel
over 30 minutes. After addition, the ice bath was
removed and the reaction mixture was stirred for 12
hours at room temperature. The mixture was poured into
aqueous hydrochloric acid (240 mL; 2M) and stirred 20
minutes. The layers were separated and the organic
layer was washed with water. The organic layer was
separated and crystals formed while standing. The
resulting precipitate was isolated by filtration and
dried under vacuum to give the title product as white
crystals (15.0 g). II.
N-(4-Butyl-2-chlorophenyl)acetamide (68)[00244] A
mixture of 67 (7.0 g; 36.6 mmol) and
N-chlorosuccinimide (7.8 g; 58.6 mmol) was dissolved
in -dimethylformamide (70 mL). The reaction was heated
at 70C for 6 hours, cooled to room temperature, then
poured into aqueous hydrochloric acid (400 mL; 2M),
and stirred for 15 minutes. The resulting precipitate
was isolated by filtration and dried under vacuum to
give the title product as an orange solid (8.54 g).
III. 2-Chloro-4-butylaniline (69) [00245] To a
suspension of 68 (8.54 g; 37.9 mmol) in ethanol (20
mL) was added concentrated hydrochloric acid (20 mL).
The resulting mixture was heated at 120C for 5 hours,
allowed to cool to room temperature, then made basic
with aqueous potassium hydroxide, and extracted with
methyl tert-butyl ether (3 x 75 mL). The combined
organic extracts were washed with aqueous saturated
sodium chloride, dried over sodium sulfate, and
filtered. The filtrate was concentrated under reduced
pressure to give the title product as a dark oil (5.89
g). IV. 4-Butyl-2-chlorobenzene-l-sulfonyl chloride
(70) [00246] In a 1 liter 3-necked round bottom flask
equipped with a thermometer and addition funnel, 69
(5.89 g; 32.1 mmol) was dissolved in acetonitrile (250
mL) and cooled to 0C via an ice bath. Upon reaching
the desired temperature, the reaction mixture was
treated with glacial acetic acid (26 mL; 449 mmol) and
concentrated hydrochloric acid (13 mL; 154 mmol) with
stirring. The reaction was treated with a solution of
sodium nitrite (2.66 g; 38.5 mmol) dissolved in water
(10 mL) via syringe dropwise at a rate sufficient to
keep the reaction temperature below 5C (about 20
minutes). After stirring for 30 minutes, the reaction
was treated with a saturated solution of sulfur
dioxide dissolved in glacial acetic acid (137 mL; 30 %
w/w) dropwise via the addition funnel. The solution
was prepared by passing gaseous sulfur dioxide through
a gas dispersion tube into glacial acetic acid for 30
minutes. The rate of addition of the sulfur dioxide
saturated acetic acid solution was such that the
internal reaction temperature did not rise above 5C
(about 30 minutes) in 125 mL portions dictated by the
size of the addition funnel. The remaining portions of
the solution not added were infused with sulfur
dioxide to maintain saturation. Following addition of
the sulfur dioxide saturated acetic acid, the reaction
was treated with a solution of copper(II) chloride
dihydrate (6.84 gm, 40.1 mmol) dissolved in water (10
mL) over 5 minutes. The reaction stirred for 30
minutes at 0C then warmed to room temperature where it
stirred for 



16 hours. The reaction was then poured into ice water
(1.5 L) and stirred 30 minutes. The resulting oil was
isolated by extraction (3 x 200 mL 10% ethyl
acetate/hexanes). The organic extracts were washed
with water, aqueous saturated sodium chloride, dried
oversodium sulfate, passed through a silica plug, and
concentrated under reduced pressure to give the title
product as an orange oil (7.44 g). V. Methyl
3-(4-butyl-2-chlorophenylsulfonamido)thiophene-2-carbo
xylate (71) [00247] A solution of 70 (2.5 g; 9.36
mmol) and methyl 3-aminothiophene-2- carboxylate (1.62
g; 10.30 mmol) in anhydrous pyridine (12.0 mL; 144
mmol) was stirred at room temperature for 12 hours.
The reaction mixture was concentrated under reduced
pressure and the resulting residue was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% v/v) to give the title compound as a clear oil
(1.79 g). VI.
3-(4-ButyI-2-chlorophenylsulfonamido)thiophene-2-carbo
xylic acid (72) [00248] To a solution of 71 ( 1.75 g;
4.5 mmol) in tetrahydrofuran (25 mL) was added aqueous
sodium hydroxide (20 mL; 6M) and then heated at 70C
for 24 hours. The reaction mixture was allowed to cool
to room temperature and then acidified to pH 2 with
concentrated hydrochloric acid. The organic solvent
was removed under reduced pressure and the resulting
aqueous solution was extracted with chloroform (3 x 20
mL). The organic extracts were combined and
successively washed with water and aqueous saturated
sodium chloride, dried over sodium sulfate and
filtered. The filtrate was concentrated under reduced
pressure to yield the title compound as an off-white
solid (1.57 g). VII.
3-(4-Butyl-2-chlorophenylsulfonamido)thiophene-2-carbo
xylic acid, disodium salt (73) [00249] To a solution
of 72 ( 184 mg; 0.49 mmol) in acetonitrile (5 mL) was
added aqueous sodium hydroxide (9.62 mL; 0.98 mmol;
0.1 023M). The reaction mixture was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white powder (201 mg). Example 20:
Preparation of
3-(4-bromophenylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (76) THF, 74 75 76I. Methyl
3-(4-bromophenylsulfonamido)thiophene-2-carboxylate
(74) [00250] To a solution of methyl
3-aminothiophene-2-carboxylate (2.98 g; 11.7 mmol) in
anhydrous dichloromethane (32 mL) were added pyridine
( 1.54 mL; 19.0 mmol) and 4-bromobenzenesulfonyl
chloride (1.49 g; 9.5 mmol) in one portion. The
reaction mixture was heated at 45C for 7 1 hours,
allowed to cool to room temperature, and then diluted
with dichloromethane (100 mL). The resulting mixture
was successively washed with aqueous hydrochloric acid
(50 mL; 2N) and aqueous saturated sodium chloride (50
mL), dried over magnesium sulfate, filtered and the
filtrate was concentrated under reduced pressure to
yield an off-white solid. The crude product was
dissolved in dichloromethane (100 mL) and treated with
aqueous sodium hydroxide (60 mL; 2N) resulting in a
white precipitation. The white solid was isolated by
filtration and washed with dichloromethane (50 mL).
The white solid was then acidified with aqueous
hydrochloric acid (60 mL; 6N) and extracted with
dichloromethane (2 x 100 mL). The organic extracts
were combined, washed with aqueous saturated sodium
chloride, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
compound as a pale yellow solid (2.53 g). II.
3-(4-Bromophenylsulfonamido)thiophene-2-carboxylic
acid (75) [00251] To a solution of 74 (0.20 g; 5.32
mmol) in tetrahydrofuran (2.7 mL) were added aqueous
sodium hydroxide (2.7 mL; 2N) and methanol (1.4 mL),
sequentially. The reaction mixture was heated at 65C
for 18 hours, allowed to cool to room temperature, and
then extracted with aqueous sodium hydroxide (20 mL;
2N). The aqueous layer was washed with diethyl ether
(30 mL x 2), acidified with aqueous hydrochloric acid
(20 mL; 6N), and extracted with dichloromethane (40
mL). The organic layer was successively washed with
water (30 mL) and aqueous saturated sodium chloride
(30 mL), dried over magnesium sulfate, and filtered.
The filtrate was concentrated under reduced pressure
to yield the title compound as a white solid (0. 18
g). III.
3-(4-Bromophenylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (76) [00252] To a solution of 75
(139 mg; 0.38 mmol) in acetonitrile (7 mL) was added
aqueous sodium hydroxide (7.67 mL; 0.77 mmol; 0.1N).
The reaction mixture was frozen in a dry ice/acetone
bath and lyophilized to yield the title compound as a
white solid (105 mg)-Example 21: Preparation of
3-(5,6,7,8-tetrahydronaphthalene-2-
sulfonamido)thiophene-2-carboxylic acid, disodium salt
(80) b) chlorosulfonic acid, 0 0C to RT 77 THF, C 78
79 80 I. 5,6,7,8-Tetrahydronaphthalene-2-sulfonyl
chloride (77) [00253] To a solution of commercially
available 5,6,7,8-tetrahydronaphthalene (1.45 g; 11.3
mmol) in dichloromethane (22.7 mL) cooled to 0C was
added chlorosulfonic acid (0.9 mL; 13.5 mmol) fast
dropwise. The reaction mixture was stirred overnight
warming to room temperature gradually. The reaction
mixture was used in the next reaction directly without
purification. II. Methyl
3-(5,6,7,8-tetrahydronaphthalene-2-sulfonamido)thiophe
ne-2-carboxylate (78) [00254] Synthesized as described
for 52 except using a solution of 77 ( 1.30 g; 5.64
mmol) in anhydrous dichloromethane ( 11 mL), methyl
3-aminothiophene-2-carboxylate (892 mg; 5.67 mmol),
pyridine (1.14 mL; 14.10 mmol) and anhydrous
dichloromethane ( 11 mL). This afforded the desired
product as yellow solid (0.62 g). III.
3-(5,6,7,8-Tetrahydronaphthalene-2-sulfonamido)thiophe
ne-2-carboxylic acid (79) [00255] To a solution of 78
(71 mg; 0.20 mmol) in tetrahydrofuran ( 1 mL) were
added aqueous sodium hydroxide (2 mL; 2N) and methanol
(2 mL). The reaction mixture was heated at 50C for 27
hours, allowed to cool to room temperature, and then
extracted with aqueous sodium hydroxide (20 mL; 2N).
The aqueous layer was washed with diethyl ether (30 mL
x 2), acidified with aqueous hydrochloric acid (20 mL;
6N), and extracted with dichloromethane (40 mL). The
organic layer was separated, dried over
magnesiumsulfate, and filtered. The filtrate was
concentrated under reduced pressure to yield the title
compound as a white solid (51 mg). IV.
3-(5,6,7,8-Tetrahydronaphthalene-2-sulfonamido)thiophe
ne-2-carboxylic acid, disodium salt (80) [00256] A
solution of 79 (51 mg; 0.14 mmol) in aqueous sodium
hydroxide (2.64 mL; 0.28 mmol; 0.1 050N) was achieved
by sonication for 2 minutes. The reaction mixture was
filtered, and the filtrate was frozen in a dry
ice/acetone bath and lyophilized to yield the title
compound as a white solid (47 mg). Example 22:
Preparation of
3-(2'-methylbiphenyl-3-ylsulfonamido)thiophene-2- 



carboxylic acid, disodium salt (84) I. Methyl
3-(3-bromophenylsulfonamido)thiophene-2-carboxylate
(81) [00257] To a solution of commercially available
methyl 3-aminothiophene-2- carboxylate (1.25 g; 7.9
mmol) in anhydrous dichloromethane (19.8 mL) was added
pyridine (1.9 mL; 23.7 mmol), 4-dimethylaminopyridine
(0.10 g; 0.8 mmol), and commercially available
3-bromobenzene-l-sulfonyl chloride (2.43 g; 9.5 mmol),
sequentially. After addition was complete, the
reaction was stirred at room temperature for 48 hours.
The reaction was extracted with dichloromethane (50
mL) and washed with aqueous sodium hydroxide (75 mL;
2N), which resulted in the precipitation of a large
quantity of white solid (sodium salt of 81). The solid
was isolated by filtration on filter paper and was
washed with dichloromethane (50 mL x 2). The white
solid was transferred to a 500-mL Erlenmeyer flask,
suspended in dichloromethane (100 mL), and treated
with aqueous hydrochloric acid (80 mL; 6N). The
mixture was stirred at room temperature for 1 hour,
and the dichloromethane layer was isolated. The
dichloromethane extracts were washed with water (60
mL) and aqueous saturated sodium chloride (60 mL),
dried overmagnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
compound as a pale pink solid (2.79 g). II. Methyl
3-(2'-methylbiphenyl-3-ylsulfonamido)thiophene-2-carbo
xylate (82) [00258] A 2.5-5.0 mL microwave reaction
tube was successively charged with 81 (136 mg; 0.36
mmol), o-tolylboronic acid (67 mg; 0.49 mmol),
bis(triphenylphosphine)palladium(II) dichloride (14
mg; 0.02 mmol), acetonitrile ( 1 mL) and aqueous
saturated sodium bicarbonate (0.25 mL). The reaction
vessel was subjected to the following microwave
conditions: Temperature = 150C; Time = 5 minutes;
Power = 250 W; Cooling on; Absorption = High. After
cooling to room temperature, the reaction mixture was
extracted with dichloromethane (30 mL). The organic
layer was separated and successively washed with
aqueous hydrochloric acid (20 mL; 2N) and aqueous
saturated sodium chloride (20 mL), dried over
magnesium sulfate, filtered, and concentrated under
reduced pressure. The crude residue was purified by a
silica gel plug eluting with a 10% to 20% ethyl
acetate in hexanes gradient to yield the title
compound as a white solid (79 mg). III.
3-(2'-Methylbiphenyl-3-ylsulfonamido)thiophene-2-carbo
xylic acid (83) [00259] To a solution of 82 (78 mg;
0.20 mmol) in tetrahydrofuran (2 mL) were added
aqueous sodium hydroxide ( 1 mL; 2N) and methanol (0.5
mL), sequentially. The reaction mixture was heated at
60C for 17 hours, allowed to cool to room temperature,
and then extracted with aqueous sodium hydroxide (20
mL; 2N). The aqueous layer was washed with
dichloromethane (20 mL), acidified with aqueous
hydrochloric acid (20 mL; 6N), and extracted with
dichloromethane (30 mL). The organic layer was washed
with aqueous saturated sodium chloride (20 mL), dried
over magnesium sulfate, filtered and the filtrate was
concentrated under reduced pressure. The resulting
white solid was purified by a silica gel plug eluting
with a 25% to 100% ethyl acetate gradient to yield the
title compound as a white solid (36 mg). IV.
3-(2'-Methylbiphenyl-3-ylsulfonamido)thiophene-2-carbo
xylic acid, disodium salt (84) [00260] To a partial
solution of 83 (36 mg; 0.096 mmol) in acetonitrile
(1.0 mL) was added aqueous sodium hydroxide ( 1.84 mL;
0.19 mmol; 0.1050N). The reaction mixture was frozen
in a dry ice/acetone bath and lyophilized to yield the
title compound as a white solid (26 mg).Example 23:
Preparation of 3-[(4-morpholin-4-yl)
phenylsulfonamido]thiophene-2- carboxylic acid,
disodium salt (87) I. Methyl
3-(4-morpholinophenyIsulfonamido)thiophene-2-carboxyla
te (85) [00261] To a solution of 74 (1.02 g; 2.7 mmol)
in anhydrous toluene (13.3 mL) were added morpholine
(0.28 mL; 3.2 mmol), sodium tert-butoxide (0.52 g; 5.4
mmol), bis(dibenzylideneacetone)palladium(0) (79 mg;
0.1 mmol), and racemic-BINAP (104 mg; 0.2 mmol),
sequentially. Additional toluene (13.3 mL) was added
to aid in stirring. The reaction mixture was put under
nitrogen atmosphere (flush x 3) and then heated at
100C for 16 hours. After cooling to room temperature,
the reaction mixture was extracted with
dichloromethane (70 mL) and washed with aqueous
hydrochloric acid (30 mL x 2; 2N), water (30 mL), and
aqueous saturated sodium chloride (30 mL). The
dichloromethane extracts were dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure to yield a yellow gel. The crude product was
purified by silica gel chromatography (16% to 25% to
33% to 66% ethyl acetate in hexanes to 10% methanol in
dichloromethane gradient) to yield the title compound
as a pale yellow solid (307 mg). II.
3-[(4-Morpholin-4-yl)
phenylsulfonamido|thiophene-2-carboxylic acid (86)
[00262] To a solution of 85 (306 mg; 0.8 mmol) in
tetrahydrofuran (2.7 mL) were added aqueous sodium
hydroxide (5.3 mL; 2N) and methanol (5.3 mL),
sequentially. The reaction mixture was heated at 40C
for 17 hours, allowed to cool to room temperature, and
then extracted with aqueous sodium hydroxide (20 mL;
2N). The aqueous layer was washed with diethyl ether
(30 mL x 2), acidified with aqueous hydrochloric acid
(40 mL; 6N), and extracted with dichloromethane (40
mL). The organic layer was washed with aqueous
saturated sodium chloride (20 mL), dried over
magnesium sulfate, filtered and the filtrate was
concentrated under reduced pressure. The resulting
pale yellow solid was recrystallized from hot 80%
ethyl acetate in hexanes, to yield the title compound
as a white solid (53 mg).III. 3-[(4-Morpholin-4-yl)
phenylsulfonamido]thiophene-2-carboxylic acid,
disodium salt (87) [00263] A solution of 86 (51 mg;
0.14 mmol) in aqueous sodium hydroxide (2.64 mL; 0.28
mmol; 0.1 050N) was achieved by sonication for 1
minute. The reaction mixture was filtered, and the
filtrate was frozen in a dry ice/acetone bath and
lyophilized to yield the title compound as a white
solid (61 mg). Example 24: Preparation of
3-(4-tert-butylphenylsulfonamido)benzo[ b]thiophene-2-
carboxylic acid, disodium salt (90) CH3CN I. Methyl
3-(4-tert-butylphenylsulfonamido)benzo[
b]thiophene-2-carboxylate (88) [00264] To a solution
methyl 3-aminobenzo[ b]thiophene-2-carboxylate (0.207
g; 1 mmol) in pyridine ( 1 mL) was added
4-tert-butylbenzenesulfonyl chloride (0.256 g; 1.1
mmol). The resulting mixture was stirred at room
temperature for 36 hours and then partitioned between
dichloromethane and aqueous hydrochloric acid (2N).
The organic layer was separated, dried over sodium
sulfate, filtered through a pad of silica gel, and
concentrated under reduced pressure to give the
desired product as a yellow solid (120 mg). II.
3-(4-tert-Butylphenylsulfonamido)benzo[
b]thiophene-2-carboxylic acid (89) [00265] To a
solution of 88 (0. 120 g; 0.3 1 mmol) in methanol (2
mL) was added aqueous sodium hydroxide ( 1 mL; 2 mmol;
2N). Acetonitrile (2 mL) was added to aid in
solubility, and the resulting mixture was stirred
overnight. The reaction mixture was acidified with
aqueous hydrochloric acid (2N) and extracted with
ethyl acetate. The organic layer was dried over sodium
sulfate, decanted, and concentrated under reduced
pressure. Trituration of the crude product from
hexanes and dichloromethane yielded the desired
product as a pink solid (121 mg). III.
3-(4-tert-Butylphenylsulfonamido)benzo[
b]thiophene-2-carboxylic acid, disodium salt
(90)[00266] To a solution of 89 (0.121 g; 0.30 mmol)
in acetonitrile (2 mL), was added 



aqueous sodium hydroxide (5.8 mL; 0.61 mmol; 0.1050
N). After stirring overnight at room temperature, the
reaction mixture was frozen in a dry ice/acetone bath
and lyophilized to give a white solid (0.121 g).
Example 25: Preparation of
3-(4-tert-butyIphenylsulfoiiamido)-5- fluorobenzo[
b]thiophene-2-carboxylic acid, disodium salt (93) I.
Methyl 3-(4-tert-butylphenylsulfonamido)-5-fluorobenzo
[b]thiophene-2-carboxy late (91) [00267] To a solution
methyl 3-amino-4-fluorobenzo[
b]thiophene-2-carboxylate (0.225 g; 1 mmol) in
pyridine ( 1 mL) was added 4-t r -butylbenzenesulfonyl
chloride (0.256 g; 1.1 mmol). The resulting mixture
was stirred at room temperature for 36 hours and then
partitioned between dichloromethane and aqueous
hydrochloric acid (2N). The organic layer was
separated, dried over sodium sulfate, decanted, and
concentrated under reduced pressure. The residue
obtained was purified by chromatography on silica gel
(gradient from 0 to 35% ethyl acetate in hexanes) to
give the desired product as a light yellow solid (176
mg). II.
3-(4-tert-Butylphenylsulfonamido)-5-fluorobenzo[
b]thiophene-2-carboxylic acid (92) [00268] To a
solution of 91 ( 176 mg; 0.42 mmol) in acetonitrile (2
mL) was added aqueous sodium hydroxide (0.83 mL; 2N).
The resulting mixture was stirred overnight at room
temperature. The reaction mixture was acidified with
aqueous hydrochloric acid (2N) and extracted with
ethyl acetate. The organic layer was dried over sodium
sulfate, decanted, and concentrated under reduced
pressure. The desired product was obtained as fine
needles from dichloromethane and hexanes as a
greenish-yellow solid (137 mg).III.
3-(4-tert-ButyIphenylsulfonamido)-5-fluorobenzo[
b]thiophene-2-carboxy lie acid, disodium salt (93)
[00269] To a solution of 92 (0.131 g; 0.33 mmol) in
acetonitrile (3 mL), was added aqueous sodium
hydroxide (6.4 mL; 0.67 mmol; 0.1 050N). The reaction
mixture was frozen in a dry ice/acetone bath and
lyophilized to give a pale yellow solid (0.143 g).
Example 26: Preparation of
3-(4-tert-butylphenylsulfonamido)thieno
[2,3-b]pyridine-2- carboxylic acid, disodium salt (96)
THF, I. Methyl 3-(4-tert-butylphenylsulfonamido)thieno
[2,3-b]pyridine-2-carboxy late (94) [00270] To a
solution of ethyl 3-aminothieno[2,3-
b]pyridine-2-carboxylate (0.3 g; 1.35 mmol) in
pyridine (10 mL) was added 4-tert-butylbenzenesulfonyl
chloride (0.48 g; 2.03 mmol). The reaction was stirred
at room temperature for 18 hours and then diluted with
water and extracted with ethyl acetate. The organic
layer was separated and successively washed with
aqueous hydrochloric acid (2N) and aqueous saturated
sodium chloride solution, dried over magnesium
sulfate, filtered, and evaporated under reduced
pressure. The crude residue was purified by silica gel
chromatography eluting with hexanes/ethyl acetate to
yield the title compound as a white solid (0.070 g).
H. 3-(4-tert-Butylphenylsulfonamido)thieno
[2,3-b]pyridine-2-carboxy lie acid (95) [00271] To a
solution of 94 (0.070 g; 0.17 mmol) in tetrahydrofuran
(2 mL), aqueous sodium hydroxide (2 mL; 4 mmol; 2N)
and water (4 mL) were added. The reaction mixture was
heated at 50C for 5 hours, cooled to room temperature,
and then extracted with diethyl ether (2x). The ether
solution was discarded. The aqueous layer was
acidified with aqueous hydrochloric acid (2N) and
extracted with ethyl acetate. The organic layer was
separated and washed with aqueous saturated sodium
chloride, dried over magnesium sulfate, filtered,and
evaporated under reduced pressure to yield the title
compound as an off-white solid (0.067 g). III.
3-(4-tert-Butylphenylsulfonamido)thieno
[2,2-b]pyridine-2-carboxylic acid, disodium salt (96)
[00272] To a solution of 95 (0.067 g; 0.17 mmol) in
acetonitrile (2 mL), aqueous sodium hydroxide (3.4 mL;
0.34 mmol; 0.1 050N) and water (3 mL) were added. The
reaction mixture was frozen in a dry ice/acetone bath
and lyophilized to yield the title compound as a light
yellow solid (0.076 g). Example 27: Preparation of
3-[2-bromo-4-
(trifluoromethyl)phenylsulfonamido]thiophene-2-carboxy
lic acid, disodium salt (99) I. Methyl
3-[2-bromo-4-(trifluoromethyl)phenylsulfonamido]thioph
ene-2-carboxylate (97) [00273] To a cooled (0C)
solution of methyl 3-aminothiophene-2-carboxylate
(534.0 mg; 3.4 mmol), 4-dimethylaminopyridine (94.3
mg; 0.77 mmol) and pyridine (2.5 mL; 30.9 mmol) in
anhydrous dichloromethane (60 mL) was added 2-bromo-4-
(trifiuoromethyl)benzene-l-sulfonyl chloride (1.0 g;
3.09 mmol) portion-wise. After addition was complete
the reaction mixture was stirred at 0C for 20 minutes,
gradually allowed to warm to room temperature, stirred
for 16 hours, and then washed with aqueous
hydrochloric acid (50 mL; 2N). The organic phase was
dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The crude residue
was purified by automated silica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 30% v/v over 400 mL gradient
elution) to give the title product as a white solid
(330 mg). II.
3-[2-Bromo-4-(trifluoromethyl)phenylsulfonamido]thioph
ene-2-carboxylic acid (98) [00274] To a solution of 97
(330.0 mg; 0.74 mmol) in tetrahydrofuran (8 mL) and
methanol (2 mL) was added aqueous lithium hydroxide (4
mL; 2M). The reaction mixturewas heated at 75-80C for
6 hours, allowed to cool to room temperature and then
concentrated under reduced pressure. The resulting
residue was dissolved in chloroform (15 mL) and washed
with aqueous hydrochloric acid (2 x 10 mL; 2N). The
organic phase was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
crude residue was purified by preparative HPLC to
afford the title compound as a white solid ( 110 mg).
III.
3-[2-Bromo-4-(trifluoromethyl)phenylsulfonamido)thioph
ene-2-carboxylie acid, disodium salt (99) [00275] To a
solution of 98 ( 110.0 mg; 0.25 mmol) in acetonitrile
(5 mL) was added aqueous sodium hydroxide (5.1 mL;
0.51 mmol; 0.1 M). The reaction mixture was frozen in
a dry ice/acetone bath and lyophilized to yield the
title compound as a white solid (85.5 mg). Example 28:
Preparation of
3-(4-tert-butyl-2-phenoxyphenylsulfonamido)thiophene-2
- carboxylic acid, disodium salt (105) I.
4-tert-Butyl-2-iodobenzenesulfonic acid (100) [00276]
Synthesized as described for 1 using
l-tert-butyl-3-iodobenzene (9.65 g; 37.09 mmol),
chlorosulfonic acid (3.20 mL; 48.22 mmol), and
anhydrous dichloromethane (140 mL). Trituration of the
crude product from hexanes yielded the title compound
as a brown oil (12.O g). II.
4-tert-Butyl-2-iodobenzene-l-sulfonyl chloride (101)
[00277] To a suspension of 100 (12.0 g; 35.0 mmol) in
dichloroethane (300 mL) at 5O C was added phosphorus
pentachloride ( 11.01 g; 52.9 mmol). After addition
wascomplete, the reaction mixture was heated at 75-80C
overnight, cooled to 50C, and additional phosphorus
pentachloride (6.0 g; 28.8 mmol) was added. After
heating at 85C for an additional 12 hours, the
reaction mixture was again cooled to 50C and
additional phosphorus pentachloride (2.0 g; 9.60 mmol)
was added. Heating was continued at 90C 



for 4 hours, cooled to room temperature, and
concentrated under reduced pressure. The resulting
crude oil was purified by automated silica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 20% v/v over 400 mL gradient
elution) to give the title compound as a yellow oil
(9.98 g). III. Methyl
3-(4-tert-butyl-2-iodophenylsulfonamido)thiophene-2-ca
rboxylate (102) [00278] Synthesized as described for 3
using methyl 3-aminothiophene-2-carboxylate (723.0 mg;
4.60 mmol), 4-dimethylaminopyridine (127.6 mg; 1.05
mmol), pyridine (3.38 mL; 41.8 mmol) and 101 (1.50 g;
4.18 mmol). The crude pink residue was triturated from
diisopropyl ether to yield the title product as light
pink solid (1.50 g). IV. Methyl
3-(4-tert-butyl-2-phenoxyphenylsulfonamido)thiophene-2
-carboxylate (103) [00279] A mixture of 102 (800 mg;
1.66 mmol), phenol (103 mg; 1.09 mmol),
salicylaldoxime (45.5 mg; 0.33 mmol), copper(I) oxide
( 11.8 mg; 0.083 mmol), cesium carbonate (81 1.3 mg;
2.49 mmol), powdered molecular sieves (300 mg; 3A) and
anhydrous acetonitrile (15 mL) was heated at 85C for
16 hours. The reaction mixture was allowed to cool to
room temperature and then was diluted with ethyl
acetate (20 mL), filtered through a pad of celite and
concentrated under reduced pressure. The resulting
green residue was purified by automated silica gel
chromatography (Biotage ) eluting with ethyl
acetate/hexanes (0 to 15% v/v over 600 mL gradient
elution) to yield the title compound as a white solid
(201 mg). V.
3-(4-tert-Butyl-2-phenoxyphenylsulfonamido)thiophene-2
-carboxylic acid (104) [00280] Synthesized as
described for 23 using 103 (205.0 mg; 0.46 mmol),
aqueous lithium hydroxide (2.3 mL; 4.6 mmol; 2M),
tetrahydrofuran (10 mL) and methanol (2 mL). This
yielded a beige solid which was recrystallized from
hexanes/dichloromethane to afford the title compound
as a white solid (86.0 mg). VI.
3-(4-tert-Butyl-2-phenoxyphenyIsulfonamido)thiophene-2
-carboxylic acid, disodium salt (105) [00281]
Synthesized as described for 5 using 104 (86.0 mg;
0.20 mmol), aqueous sodium hydroxide (3.99 mL; 0.40
mmol; 0.1M) and acetonitrile (7 mL). This afforded the
title compound as a white solid (77.9 mg). Example 29:
Preparation of
3-(4-tert-butyl-2-fluorophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (111)110 111 I. l
-tert-Butyl-3-fluorobenzene (106) [00282] To a
vigorously stirred solution of tetrafluoroboric acid
(73.26 mL; 0.4 mol; 48% wt% solution in water) in a
large beaker at room temperature was slowly added
3-tertbutylaniline (15.0 g; 0.10 mmol). The resulting
mixture was stirred at room temperature for 30
minutes, cooled to 0C and then a solution of sodium
nitrite ( 11.09 g; 0.16 mol) in water (30 mL) was
added. After addition was complete reaction mixture
was stirred at 0C for 30 minutes, warmed to room
temperature and further stirred for 20 minutes. The
resulting beige slushy material was filtered, washed
with tetrafluoroboric acid (20 mL) and ether (3 x 20
mL) to yield an off-white solid (13.54 g). The latter
was dissolved in dichloromethane (300 mL) and heated
at reflux for 2 hours until the solid was dissolved
and no more gas (HF) evolution was observed. The
reaction mixture was cooled to room temperature and
concentrated under reduced pressure to yield a dark
oil that was purified by column chromatography eluting
with ethyl acetate/hexanes (0 to 5% v/v gradient
elution over 1L) to yield the title compound as a pale
yellow liquid ( 1 1.80 g). II.
4-tert-ButyI-2-fluorobenzenesulfonic acid (107)
[00283] Synthesized as described for 1 using 106
(830.0 mg; 5.45 mmol), chlorosulfonic acid (0.44 mL;
6.54 mmol) and anhydrous dichloromethane (25 mL). The
crude gray solid obtained was washed with hexanes and
dried under reduced pressure. This afforded a 3:1
regioisomeric mixture of the title compound and
2-tert-butyl-4- fluorobenzenesulfonic acid (960
mg).III. 4-tert-Butyl-2-fluorobenzeiie-l-sulfoiiyl
chloride (108) [00284] Synthesized as described for 2
using a 3:1 regioisomeric mixture of 107 (23.68 g;
0.10 mol) and 2-tert-butyl-4-fluorobenzenesulfonic
acid, phosphorus pentachloride (23.13 g; 0.1 1 mol)
and dichloroethane (700 mL). The title compound was
obtained as a white solid which was a 1:1
regioisomeric ratio of itself and 2-tert-butyl-4-
fluorobenzene-1-sulfonyl chloride (10.0 g). IV. Methyl
3-(4-tert-butyl-2-fluorophenylsulfonamido)thiophene-2-
carboxylate (109) [00285] Synthesized as described for
3 using a regioisomeric mixture of 108 (2.53 g; 10.09
mmol) and 2-tert-butyl-4-fluorobenzene-l-sulfonyl
chloride, methyl 3- aminothiophene-2-carboxylate (1.44
g; 9.17 mmol), 4-dimethylaminopyridine (280.0 mg; 2.29
mmol), pyridine (15.0 mL; 183 mmol) and anhydrous
dichloromethane (50 mL). Purification of the crude
residue afforded a regioisomeric mixture of 109 and
methyl 3-(2-
tert-butyl-4-fiuorophenylsulfonamido)thiophene-2-carbo
xylate (1:1 ratio by HPLC). Separation of the
regioisomers was achieved by preparative HPLC to give
the title compound as a white solid (122 mg). V.
3-(4-tert-Butyl-2-fluorophenylsulfonamido)thiophene-2-
carboxylic acid (110) [00286] Synthesized as described
for 23 using 109 (122.0 mg; 0.33 mmol), aqueous
lithium hydroxide (1.64 mL; 3.28 mmol; 2M),
tetrahydrofuran (10 mL) and methanol (2 mL). This
afforded the title compound as a white solid ( 115
mg). VI.
3-(4-tert-Butyl-2-fluorophenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (111) [00287]
Synthesized as described for 5 using 110 ( 115.0 mg;
0.32 mmol), aqueous sodium hydroxide (6.4 mL; 0.64
mmol; 0.1M) and acetonitrile (7 mL). This afforded the
title compound as a white solid ( 110 mg). Example 30:
Preparation of 3-[4-tert-butyl-2-(2-
carboxyvinyl)phenylsulfonamido]thiophene-2-carboxylic
acid, trisodium salt (115)I. Methyl
3-[4-tert-butyl-2-(3-ethoxy-3-oxoprop-l-enyI)-
N-(methoxymethyl)phenylsulfonamido]
thiophene-2-carboxylate (112) [00288] A 10.0 mL
microwave reaction vial was charged with 6 (100.0 mg;
0.21 mmol), palladium(II) acetate (2.2 mg; 0.01 1
mmol) and tri(o-tolyl)phosphine (13.0 mg; 0.042 mmol).
The reaction vial was then flushed with nitrogen and
subsequently charged with iV. -dimethylformamide (0.4
mL), triethylamine (0.04 mL; 0.26 mmol) and ethyl
acrylate (0.03 mL; 0.262 mmol). The reaction vial was
sealed and heated for 30 minutes at 120C under
microwave conditions. The reaction mixture was allowed
to cool to room temperature and then was diluted with
dichloromethane (10.0 mL) and washed with water. The
aqueous layer was separated and extracted with
dichloromethane (2 x 10 mL). The organic layers were
combined, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The resulting
yellow oil residue was purified by automated silica
gel column chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 30% v/v gradient elution
over 800 mL and then 30% to 100% v/v gradient elution
over 200 mL) to afford the title compound as a clear
oil (48.6 mg). II. Methyl
3-[4-tert-butyl-2-(3-ethoxy-3-oxoprop-l-enyl)phenylsul
fonamido]thiophene- 2-carboxylate (113) [00289]
Synthesized as described for 22 using 112 (151.0 mg;
0.30 mmol), aqueous hydrochloric acid (5.0 mL; 2N) and
tetrahydrofuran (5.0 mL). After heating reaction at
reflux for 16 hours additional aqueous hydrochloric
acid (3 mL; 6N) and tetrahydrofuran (3 



mL) were added and heated for an additional 4 hours.
The resulting clear oil was purified by automated
silica gel chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 20% v/v over 700 mL
gradient elution followed by 20% to 100% v/v over 200
mL gradient elution) to yield the title compound as a
clear oil (78.5 mg). III.
3-[4-tert-Butyl-2-(2-carboxvvinyl)phenylsulfonamido]th
iophene-2-carboxylic acid (114) [00290] Synthesized as
described for 27 using 113 (73.0 mg; 0.16 mmol),
aqueous sodium hydroxide (5.0 mL; 2M), tetrahydrofuran
(5 mL) and methanol ( 1 mL). This afforded the title
compound as an off-white solid (67.0 mg). IV.
3-[4-tert-Butyl-2-(2-carboxyvinyl)phenylsulfonamido]th
iophene-2-carboxylic acid, trisodium salt (115)
[00291] Synthesized as described for 5 using 114 (59.0
mg; 0.14 mmol), aqueous sodium hydroxide (4.20 mL;
0.42 mmol; 0.1M) and acetonitrile (0.5 mL). This
afforded the title compound as an off-white solid
(82.5 mg).Example 31: Preperation of
3-[4-(1H-pyrazol-l-yl)phenylsulfonamido]thiophene-2-
carboxylic acid, disodium salt (118) THF, I. Methyl
3-[4-(1H-pyrazol-l-yl)phenylsulfonamido]thiopheiie-2-c
arboxylate (116) [00292] To a solution of 4-(l
H-pyrazol-l-yl)benzene-l-sulfonyl chloride (0.5 g; 2.0
mmol) in dichloromethane (4.5 mL) at room temperature,
was added methyl 3- aminothiophene-2-carboxylate (0.27
g; 1.7 mmol) followed by pyridine (0.27 g; 3.4 mmol)
and then stirred at room temperature under a nitrogen
atmosphere for 24 hours. The reaction mixture was
concentrated under reduced pressure and then taken up
in ethyl acetate (50 mL) and washed with water. The
aqueous layer separated and extracted with ethyl
acetate (2 x 50 mL). The combined organic phases were
successively washed with water and aqueous saturated
sodium chloride, dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The
crude residue was recrystallized from ethyl
acetate/hexanes ( 1:9, v/v) to yield the title product
as a tan/yellow solid (404 mg). II.
3-[4-(1H-Pyrazol-l-yl)phenylsulfonamido]thiophene-2-ca
rboxylic acid (117) [00293] To a solution of 116 (0.40
g; 1.1 mmol) in tetrahydrofuran (20 mL) and methanol
(7 mL) was added aqueous sodium hydroxide (20 mL; 2N)
and then heated at 80C for 24 hours. The reaction
mixture was allowed to cool to room temperature and
then extracted with diethyl ether (20 mL). The aqueous
layer was separated and acidified with aqueous
hydrochloric acid (15 mL; 2N) then extracted with
ethyl acetate (2 x 20 mL). The combined organic phases
were dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
product as an off-white solid (0.34g). HI.
3-[4-(1H-Pyrazol-l-yl)phenylsulfonamido]thiophene-2-ca
rboxylic acid, disodium salt (118) [00294] To a
solution of 117 (0.22 g; 0.63 mmol) in acetonitrile (2
mL) was added aqueous sodium hydroxide (12.6 mL; 1.26
mmol; 0.1N) and water (20 mL). The reactionmixture was
frozen in a dry ice/acetone bath and lyophilized to
yield the title compound as a tan solid (0.23 g).
Example 32: Preparation of
3-(3-methyl-4-(pyrrolidin-lyl)
phenylsulfonamido)thiophene-2-carboxylic acid,
disodium salt (124) 1. 1--Tolyl-pyrrolidine (119)
[00295] To a solution of o-toluidine (2.0 g; 18.7
mmol) in methanol (62 mL) was added sodium carbonate
(4.95 g; 46.75 mmol) followed by 1,4-dibromobutane
(4.85g; 22.4 mmol). The resulting mixture was stirred
at 50C under a nitrogen atmosphere overnight and then
diluted with water and extracted with ethyl acetate.
The organic layer was dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
crude residue was purified by automated silica gel
column chromatography (Biotage*j eluting with ethyl
acetate/hexanes (0 to 40% v/v over 900 mL gradient
elution) to yield the title product as a dark
yellow-orange oil ( 1.24 g). II.
3-Methyl-4-(pyrrolidin-l-yl)benzenesulfonic acid (120)
[00296] To a cooled (0C) solution of 119 ( 1.24g; 7.7
mmol) in anhydrous dichloromethane (38 mL) was added
chlorosulfonic acid (0.61 mL; 9.24 mmol) dropwise ( 1
mL/minutes). The reaction mixture was allowed to
gradually warm to room temperature while stirring
overnight. The reaction mixture was concentrated under
reduced pressure. The resulting oil was taken up in
diisopropyl ether (10 mL) and aqueous hydrochloric
acid (0.5 mL; 2N) then stirred vigorously at room
temperature for 2 hours. The organic phasewas
separated and concentrated under reduced pressure to
yield the desired compound as an amber oil (1.8 g).
III. 3-Methyl-4-(pyrroIidin-l-yl)benzene-l-sulfonyl
chloride (121) [00297] To cooled (0C) solution of 120
( 1.8g; 7.7 mmol) in dichloroethane ( 15.3 mL) was
added 1 equivalent of phosphorus pentachloride (total
amount: 3.2g; 15.4 mmol) slowly and portion-wise. The
reaction mixture was heated at reflux for 2 hours, and
then an additional equivalent of phosphorus
pentachloride was added. After addition was complete,
the reaction was heated at reflux for 48 hours.
Additional phosphorus pentachloride (1.6g; 7.7 mmol)
was added, and heating was continued at reflux
overnight, cooled to room temperature, and then
concentrated under reduced pressure. The crude residue
was taken up in ethyl acetate/hexanes (1:1, v/v) and
passed through a plug of silica gel eluting with ethyl
acetate/hexanes (1:1, v/v). The organic phase was
concentrated under reduced pressure then taken up in
ethyl acetate (50 mL) and washed with water (5 mL).
The aqueous phase was extracted with ethyl acetate (2
x 50 mL), dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
product as a dark oil ( 1.5 g). IV. Methyl
3-(3-methyl-4-(pyrrolidin-l-yl)phenylsulfonamido)thiop
hene-2-carboxylate (122) [00298] To a solution of
121(1 .5g; 5.5 mmol) in dichloromethane (14 mL) at
room temperature, methyl
3-aminothiophene-2-carboxylate (0.86 g; 5.5 mmol) was
added followed by pyridine (0.87 g; 11.0 mmol) and
then stirred at room temperature under a nitrogen
atmosphere for 24 hours. The reaction mixture was
concentrated under reduced pressure and then taken up
in ethyl acetate (20 mL) and extracted with water. The
aqueous layer was separated and extracted with ethyl
acetate (2 x 20 mL). The combined organic phases were
successively washed with water and aqueous saturated
sodium chloride, dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The
resulting crude residue was purified by automated
silica gel column chromatography (Biotage(r)) eluting
with ethyl acetate/hexanes (0 to 40% v/v over 900 mL
gradient elution) to give the title product as a light
red solid (86 mg). V.
3-(3-Methyl-4-(pyrrolidin-l-yl)phenylsulfonamido)thiop
hene-2-carboxylic acid (123) [00299] To a solution of
122 (85.0 mg; 0.22 mmol) in tetrahydrofuran (5 mL) and
methanol (5 mL) was added aqueous sodium hydroxide
(7.5 mL; 2N) and then heated at 80C for 16 hours. The
reaction mixture was allowed to cool to room
temperature and then extracted with diethyl ether. The
aqueous layer was separated and acidified with
aqueoushydrochloric acid (15 mL; 2N) then extracted
with ethyl acetate (2 x 15 mL). The combined organic
phases were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The resulting
crude residue was purified by automated silica gel
column chromatography (Biotage(r)) eluting with
dichlormethane/methanol to give the title product as
an off-white solid (47 mg). 



VI.
3-(3-Methyl-4-(pyrrolidin-l-yl)phenyIsulfonamido)thiop
hene-2-carboxylic acid, disodium salt (124) [00300] To
a solution of 123 (46.0 mg; 0.13 mmol) in acetonitrile
(2.0 mL), aqueous sodium hydroxide (2.6 mL; 0.26 mmol;
0.1N) and water (10 mL) were added. The reaction
mixture was frozen in a dry ice/acetone bath and
lyophilized to yield the title compound as a tan solid
(53 mg). Example 33: Preparation of 3-(2,3-dihydro-l
H-indene-5-sulfonamido)thiophene-2- carboxylic acid,
disodium salt (127) THF, 125 I. Methyl
3-(2,3-dihydro-lH-indene-5-sulfonamido)thiophene-2-car
boxylate (125) [00301] To a solution of 2,3-dihydro-l
H-indene-5-sulfonyl chloride (0.5g; 2.3 mmol) in
dichloromethane (5 mL) at room temperature, methyl
3-aminothiophene-2-carboxylate (0.3 g; 1.9 mmol) was
added followed by pyridine (0.32 g; 4.0 mmol) and then
stirred at room temperature under a nitrogen
atmosphere for 24 hours. The reaction mixture was
concentrated under reduced pressure and then taken up
in ethyl acetate (50 mL) and extracted with water. The
aqueous layer separated and extracted with ethyl
acetate (2 x 50 mL). The combined organic phases were
successively washed with water and aqueous saturated
sodium chloride, dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The
resulting crude residue was recrystallized from
acetonitrile to yield the title product as a white
solid (0.3 g). II. 3-(2,3-Dihydro-1
H-indene-5-sulfonamido)thiophene-2-carboxyIic acid
(126)[00302] To a solution of 125 (0.30 g; 0.89 mmol)
in tetrahydrofuran (20 mL) and methanol (7 mL) was
added aqueous sodium hydroxide (20 mL; 2N) and then
heated at 80C for 16 hours. The reaction mixture was
allowed to cool to room temperature and then extracted
with diethyl ether (20 mL). The aqueous layer was
separated and acidified with aqueous hydrochloric acid
(15 mL; 2N) then extracted with ethyl acetate (2 x 20
mL). The combined organic phases were dried over
magnesium sulfate, filtered, and concentrated under
reduced pressure to yield the title product as an
off-white solid (0.29g). III. 3-(23-Dihydro-l
H-indene-5-sulfonamido)thiophene-2-carboxylic acid,
disodium salt (127) [00303] To a solution of 126 (0.19
g; 0.59 mmol) in acetonitrile (2 mL), aqueous sodium
hydroxide ( 11.7 mL; 1.17 mmol; 0.1N) and water (20
mL) were added. The reaction mixture was frozen in a
dry ice/acetone bath and lyophilized to yield the
title compound as a tan solid (0.2 g). Example 34:
Preparation of
3-(4-cyclohexylphenylsulfonamido)thiophene-2-carboxyli
c acid, disodium salt (130) THF, 0C I. Methyl
3-(4-cyclohexylphenylsulfonamido)thiophene-2-carboxyla
te (128) [00304] To a solution of
4-cyclohexylbenzene-l-sulfonyl chloride (0.45g; 1.74
mmol) in dichloromethane (4.0 mL) at room temperature,
methyl 3-aminothiophene-2- carboxylate (0.25 g; 1.6
mmol) was added followed by pyridine (0.25 g; 3.2
mmol) and then stirred at room temperature under a
nitrogen atmosphere for 24 hours. The reaction mixture
was concentrated under reduced pressure and then taken
up in ethyl acetate (50 mL) and extracted with water.
The aqueous layer separated and extracted with ethyl
acetate (2 x 50 mL). The combined organic phases were
successively washed with water and aqueous saturated
sodium chloride, dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The
resulting crude residue was purified by automated
silica gel columnchromatography (Biotage(r)) eluting
with ethyl acetate/hexanes (0 to 40% v/v over 900 mL
gradient elution) to give the title product as an
off-white solid (0.55g). II.
3-(4-Cyclohexylphenylsulfonamido)thiophene-2-carboxyli
c acid (129) [00305] To a solution of 128 (0.55 g;
1.46 mmol) in tetrahydrofuran (20 mL) and methanol (7
mL) was added aqueous sodium hydroxide (20 mL; 2N) and
then heated at 80C for 16 hours. The reaction mixture
was allowed to cool to room temperature and then
extracted with diethyl ether (20 mL). The aqueous
layer was separated and acidified with aqueous
hydrochloric acid (15 mL; 2N) then extracted with
ethyl acetate (2 x 20 mL). The combined organic phases
were dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
product as a gray solid (0.39g). III.
3-(4-Cyclohexylphenylsulfonamido)thiophene-2-carboxyli
c acid, disodium salt (130) [00306] To a solution of
129 (0.39 g; 1.1 mmol) in acetonitrile (2.0, mL),
aqueous sodium hydroxide (21.4mL; 2.14 mmol; 0.1N) and
water (20 mL) were added. The reaction mixture was
frozen in a dry ice/acetone bath and lyophilized to
yield the title compound as a tan solid (0.44 g).
Example 35: Preparation of
3-(2-cycIopentyl-4-fluorophenylsulfonamido)thiophene-2
- carboxylic acid, disodium salt (138)I.
l-Cyclopentyl-3-fluorobeiizene (131) [00307]
3-fluorophenylboronic acid (0.5 g; 3.6 mmol),
bromocyclopentane (0.41 g; 2.7 mmol), potassium
tert-butoxide (0.49g; 4.3 mmol), bathophenanthroline
(72 mg; 0.22 mmol), bis(l,5-cyclooctadiene)nickel(0)
(30 mg; 0.1 1 mmol) and -butanol (9 mL) were added
sequentially to a 10-20 mL microwave reactor tube
containing a stir bar. The vessel was capped, placed
under nitrogen, and then subjected to the following
microwave conditions: Temperature = 160C; Time = 5
minutes; Power = 250 W; Cooling turned on; Absorption
= High; prestir = 5s; FHT turned off. The crude
reaction mixture was allowed to cool to room
temperature and then acidified by the addition of
aqueous hydrochloric acid (15 mL; IN) and extracted
with ethyl acetate (3 x 20 mL). The combined organic
phases were successively washed with aqueous saturated
sodium bicarbonate, aqueous saturated sodium chloride,
dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The resulting
crude residue was purified by automated silica gel
column chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes to give the title product as a light
red solid (0.2 g). II.
4-Cyclopentyl-2-fluorobenzenesulfonic acid (132) and
2-cyclopentyl-4- fluorobenzenesulfonic acid (133)
[00308] To a cooled (0C) solution of 131 (0.2 g; 1.13
mmol) in anhydrous dichloroethane (5.6 mL) was added
chlorosulfonic acid (0.1 mL; 1.36 mmol) dropwise
(lmL/minutes). The reaction mixture was allowed to
gradually warm to room temperature while stirring
overnight. The reaction mixture was diluted with
aqueous hydrochloric acid (2 mL; 2N) and extracted
with ethyl acetate (2 x 10 mL). The combined organic
phases were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to yield a
yellow-orange solid as a mixture of the two
regioisomers (0.25 g). III.
4-Cyclopentyl-2-fluorobenzene-l-sulfonyl chloride
(134) and 2-cyclopentyl-4- fluorobenzene-1-sulfonyl
chloride (135) [00309] To a cooled (0C) solution of
132/133 (0.25 g; 1.0 mmol) in dichloroethane (10 mL)
was added 1.0 equivalent phosphorus pentachloride
(total amount: 0.56 g; 2.7 mmol) slowly. After
addition was complete, the reaction was stirred for 10
minutes then heated at reflux for 4 hours then cooled
to 60C. Another equivalent of the phosphorus
pentachloride was added, and the reaction was stirred
16 hours. The reaction was allowed 



to cool to 60C then the remainder of phosphorus
pentachloride was added. The reaction was stirred for
4 hours. After cooling to room temperature, the
mixture was concentrated under reduced pressure and
the crude residue was purified by automated silica gel
columnchromatography (Biotage(r)) eluting with ethyl
acetate/hexanes to give the 134 as a white solid (0.06
g) and 135 as a white solid (0.1 1 g). IV. Methyl
3-(2-cyclopentyl-4-fluorophenylsulfonamido)thiophene-2
-carboxylate (136) [00310] To a solution of 135 (0. 1
g; 0.4 mmol) in dichloromethane ( 1.6 mL) at room
temperature, methyl 3-aminothiophene-2-carboxylate
(0.063 g; 0.4 mmol) was added followed by pyridine
(0.4 g; 0.8 mmol) and then stirred at room temperature
under a nitrogen atmosphere for 24 hours. The reaction
mixture was concentrated under reduced pressure and
then taken up in ethyl acetate (10 mL) and extracted
with water. The aqueous layer separated and extracted
with ethyl acetate (2 x 10 mL). The combined organic
phases were successively washed with water and aqueous
saturated sodium chloride, dried over magnesium
sulfate, filtered and concentrated under reduced
pressure. The resulting crude residue was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
40% v/v over 900 mL gradient elution) to give the
title product as an off-white solid (79 mg). V.
3-(2-Cyclopentyl-4-fluorophenylsulfonamido)thiophene-2
-carboxylic acid (137) [00311] To a solution of 136
(78.0 mg; 0.2 mmol) in tetrahydrofuran (5 mL) and
methanol (5 mL) was added aqueous sodium hydroxide
(7.5 mL; 2N) and then heated at 80C for 16 hours. The
reaction mixture was allowed to cool to room
temperature and then extracted with diethyl ether (20
mL). The aqueous layer was separated and acidified
with aqueous hydrochloric acid (15 mL; 2N) then
extracted with ethyl acetate (2 x 15 mL). The combined
organic phases were dried over magnesium sulfate,
filtered, and concentrated under reduced pressure to
yield the title product as a brown solid (76 mg). VI.
3-(2-Cyclopentyl-4-fluorophenylsulfonamido)thiophene-2
-carboxylic acid, disodium salt (138) [00312] To a
solution of 137 (74.0 mg; 0.2 mmol) in acetonitrile (2
mL), aqueous sodium hydroxide (4.0 mL; 0.4 mmol; 0.1N)
and water (10 mL) were added. The reaction mixture was
frozen in a dry ice/acetone bath and lyophilized to
yield the title compound as a brown solid (76 mg).
Example 36: Preparation of
3-(4-cyclopentyl-2-fluorophenylsulfonamido)thiophene-2
- carboxylic acid, disodium salt (141)THF, CH2CI2,
pyridine I. Methyl
3-(4-cyclopentyl-2-fluorophenylsulfonamido)thiophene-2
-carboxylate (139) [00313] To a solution of
4-cyclopentyl-2-fluorobenzene-l-sulfonyl chloride, 134
(0.06 g; 0.21 mmol) in dichloromethane ( 1 mL) at room
temperature, methyl 3- aminothiophene-2-carboxylate
(0.033 g; 0.21 mmol) was added followed by pyridine
(0.033 g; 0.42 mmol) and then stirred at room
temperature under a nitrogen atmosphere for 24 hours.
The reaction mixture was concentrated under reduced
pressure and then taken up in ethyl acetate (10 mL)
and washed with water. The aqueous layer was separated
and extracted with ethyl acetate (2 x 10 mL). The
combined organic phases were successively washed with
water and aqueous saturated sodium chloride, dried
over magnesium sulfate, filtered and concentrated
under reduced pressure. The resulting crude residue
was purified by automated silica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 40% v/v over 900 mL gradient
elution) to give the title product as an off-white
solid (34 mg). II.
3-(4-Cyclopentyl-2-fluorophenylsulfonamido)thiophene-2
-carboxylic acid (140) [00314] To a solution of 139
(33.0 mg; 0.084 mmol) in tetrahydrofuran (5 mL) and
methanol (5 mL) was added aqueous sodium hydroxide
(7.5 mL; 2N) and then heated at 80C for 16 hours. The
reaction mixture was allowed to cool to room
temperature and then extracted with diethyl ether. The
aqueous layer was separated and acidified with aqueous
hydrochloric acid (5 mL; 2N) then extracted with ethyl
acetate (2 x 15 mL). The combined organic phases were
dried over magnesium sulfate, filtered, and
concentrated under reduced pressure to yield the title
product as a brown solid (32 mg). III.
3-(4-Cyclopentyl-2-fluorophenylsulfonamido)thiophene-2
-carboxylic acid, disodium salt (141) [00315] To a
solution of 140 (30.0 mg; 0.081 mmol) in acetonitrile
(2 mL), aqueous sodium hydroxide (1.63 mL; 0.16 mmol;
0.1N) and water (10 mL) were added. Thereaction
mixture was frozen in a dry ice/acetone bath and
lyophilized to yield the title compound as a brown
solid (32 mg). Example 37: Preparation of
3-[4-("-propylphenyl)sulfonamido]thiophene-2-
carboxylic acid, disodium salt (144) I. Methyl 3-[4-(
iso-propyl)phenylsulfonamido]thiophene-2-carboxylate
(142) [00316] Synthesized as described for 52 using
commercially available 4-isopropylbenzenesulfonyl
chloride (1.0 g; 4.57 mmol), methyl
3-aminothiophene-2- carboxylate (0.72 g; 4.57 mmol),
pyridine (0.55 mL; 6.86 mmol), and anhydrous
dichloromethane (3 mL). This afforded the title
compound as a white solid (1.0 g). II. 3-[4-(
-PropylphenyI)sulfonamido]thiophene-2-carboxylic acid
(143) [00317] Synthesized as described for 53 using
142 (0.65 g; 1.9 mmol), aqueous sodium hydroxide (5
mL; 2N) and tetrahydrofuran (10 mL). This afforded the
title compound as a white solid (0.21 g). III.
3-[4-(iso-Propylphenyl)sulfonamido]thiophene-2-carboxy
lic acid, disodium salt (144) [00318] Synthesized as
described for 54 using 143 (210 mg; 0.65 mmol),
acetonitrile (2 mL) and aqueous sodium hydroxide (12.9
mL; 1.3 mmol; 0.1N). This afforded the title compound
as an off-white solid (21 1 mg). Example 38:
Preparation of
3-[4-(/f-butyIphenyl)sulfonamide]thiophene-2-carboxyli
c acid, disodium salt (147) I. Methyl
3-[4-(/i-butyl)phenylsulfonamido]thiophene-2-carboxyla
te (145) [00319] Synthesized as described for 52 using
commercially available 4-wbutylbenzenesulfonyl
chloride (0.47 g; 2 mmol), methyl
3-aminothiophene-2-carboxylate (314 mg; 2 mmol),
pyridine (0.2 mL; 2.4 mmol), and anhydrous
dichloromethane (10 mL). This afforded the title
compound as a clear oil which later solidified (0.6
g). II.
3-[4-(/i-Butylphenyl)sulfonamide]thiophene-2-carboxyli
c acid (146) [00320] Synthesized as described for 53
using 145 (166 mg; 0.47 mmol), aqueous lithium
hydroxide ( 1 mL; 2N) and tetrahydrofuran (4 mL). This
afforded the title compound as a white solid (109 mg).
III.
3-[4-(/i-Butylphenyl)sulfonamide]thiophene-2-carboxyli
c acid, disodium salt (147) [00321] Synthesized as
described for 54 using 146 (109 mg; 0.32 mmol),
acetonitrile ( 1 mL) and aqueous sodium hydroxide (6.4
mL; 0.1N). This afforded the title compound as a white
solid (123 mg). Example 39: Preparation of
3-(2'-ethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (150)I. Methyl
3-(2'-ethylbiphenyl-3-ylsulfonamido)thiophene-2-carbox
ylate (148) [00322] Synthesized as described for 82
using 81 (500 mg; 1.33 mmol), 2- ethylphenylboronic
acid (398 mg; 2.65 mmol),
bis(triphenylphosphine)palladium(II) dichloride (47
mg; 0.07 mmol), acetonitrile (3 mL), aqueous saturated
sodium bicarbonate 



(1.1 mL) and Reaction Time = 30 minutes. The crude
product was purified by automated silica gel column
chromatography (Biotage ) eluting with 25% ethyl
acetate in hexanes to give the title compound as a tan
solid (436 mg). II.
3-(2'-Ethylbiphenyl-3-ylsulfonamido)thiophene-2-carbox
ylic acid (149) [00323] Synthesized as described for
83 using 148 (434 mg; 1.08 mmol), tetrahydrofuran (20
mL), methanol (5.8 mL), aqueous sodium hydroxide (13
mL; 26.0 mmol; 2M) and the reaction was heated at 70
C. The crude product was purified by automated silica
gel column chromatography (Biotage(r)) to give the
title compound as a white solid (89 mg). III.
3-(2'-Ethylbiphenyl-3-ylsulfonamido)thiophene-2-carbox
ylic acid, disodium salt (150) [00324] Synthesized as
described for 84 using 149 (89 mg; 0.23 mmol),
acetonitrile (3 mL) and aqueous sodium hydroxide (2.19
mL; 0.23 mmol; 0.1 05M). This afforded the title
compound as a pink solid (81 mg). Example 40:
Preparation of
3-(biphenyl-3-ylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (153) I. Methyl
3-(biphenyl-3-ylsulfonamido)thiophene-2-carboxylate
(151) [00325] To a solution of 81 (318 mg; 0.85 mmol)
in toluene (8.5 mL) was added a solution of
phenylboronic acid (152 mg; 1.12 mmol) in ethanol (5.6
mL). Bis(triphenylphosphine)palladium(II) dichloride
(32 mg; 0.05 mmol) was then added, followed by the
addition of aqueous saturated sodium bicarbonate (3.3
mL). The reaction was placed under a nitrogen
atmosphere and then heated at 80C for 17 hours. After
cooling to room temperature, the reaction was
extracted with dichloromethane (70 mL) and washed with
aqueous hydrochloric acid (40 mL; 2N), water (40 mL),
and aqueous saturated sodium chloride (40 mL). The
dichloromethane extracts were dried over magnesium
sulfate, filtered, and concentrated under reduced
pressure. The crude residue was purified by a silica
gel chromatography (9% to 16% ethyl acetate in hexanes
gradient) to yield the title compound as a white solid
(217 mg). II.
3-(Biphenyl-3-ylsuIfonamido)thiophene-2-carboxylic
acid (152)[00326] Synthesized as described for 83
using 151 (215 mg; 0.58 mmol), tetrahydrofuran (5.8
mL), methanol (1.4 mL) and aqueous sodium hydroxide
(5.8 mL; 2M). This afforded the title compound as
white solid (207 mg). III.
3-(Biphenyl-3-ylsulfonamido)thiophene-2-carboxylic
acid, disodium salt (153) [00327] Synthesized as
described for 84 using 152 (131 mg; 0.36 mmol),
acetonitrile (6.0 mL) and aqueous sodium hydroxide
(6.9 mL; 0.73 mmol; 0.105 M). This afforded the title
compound as off-white solid (43 mg). Example 41:
Preparation of
3-(2',6'-dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (156) I. Methyl
3-(2',6'-dimethylbiphenyl-3-ylsuIfonamido)thiophene-2-
carboxylate (154) [00328] Synthesized as described for
82 using 81 (513 mg; 1.36mmol), 2,6-
dimethylphenyboronic acid (262 mg; 1.75 mmol),
bis(triphenylphosphine)palladium(II) dichloride (47
mg; 0.07 mmol), acetonitrile (2.7 mL) and aqueous
saturated sodium bicarbonate (2.7 mL). The crude
product was purified by automated silica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (4 to 24% v/v gradient elution; 3 runs
required to obtain pure product) to give the title
compound as a white solid (239 mg). II.
3-(2',6'-Dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxyIic acid (155) [00329] A solution of 154 (172
mg; 0.43 mmol) in tetrahydrofuran (2.1 mL) was placed
in a 2.5-5.0 mL microwave reactor tube. Aqueous sodium
hydroxide (2.ImL; 2N) was added and the reaction
vessel was subjected to the following microwave
conditions: Temperature = 140C; Time = 30 minutes;
Power = 250 W; Cooling on; Absorption = High. After
cooling to room temperature, the reaction mixture was
acidified with aqueous hydrochloric acid (25 mL; 6N)
and extracted with ethyl acetate (40 mL x 2). The
organic layers were combined and successively washed
with aqueous sodium hydroxide (20 mL; 2N), aqueous
hydrochloric acid (25 mL; 6N), and aqueous saturated
sodium chloride (25 mL). The dichloromethane extracts
were dried over magnesium sulfate, filtered, and
concentrated under reduced. The resulting white solid
was purified by silica gel chromatography (2 columns;
1st column gradient: 16% ethyl acetate in hexanes to
5% methanol in dichloromethane; 2nd column gradient:
dichloromethane to 5% methanol in dichloromethane) to
yield the title compound as a white solid (61 mg).
III.
3-(2',6'-Dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (156)[00330]
Synthesized as described for 84 using 155 (58 mg; 0.15
mmol), acetonitrile (8.0 mL) and aqueous sodium
hydroxide (2.85 mL, 0.30 mmol; 0.105 M). This afforded
the title compound as white solid (59 mg). Example 42:
Preparation of
3-(3',5'-dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (159) I. Methyl
3-(3',5'-dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylate (157) [00331] Synthesized as described for
82 using 81 (503 mg; 1.34 mmol), 3,5-
dimethylphenyboronic acid (263 mg; 1.75 mmol),
bis(triphenylphosphine)palladium(II) dichloride (48
mg; 0.07 mmol), acetonitrile (2.7 mL) and aqueous
saturated sodium bicarbonate (0.7 mL). This afforded
the title compound as white solid (0.14 g). II.
3-(3',5'-Dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid (158) [00332] Synthesized as described
for 155 using 157 (0.14 g; 0.35 mmol), tetrahydrofuran
(1.7 mL) and aqueous sodium hydroxide (1.7 mL; 3.4
mmol; 2M). The crude white solid was recrystallized
from 16% ethyl acetate in hexanes at room temperature
to yield the title compound as a white solid (62 mg).
III.
3-(3',5'-Dimethylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (159) [00333]
Synthesized as described for 84 using 158 (61 mg; 0.16
mmol), acetonitrile (3.0 mL) and aqueous sodium
hydroxide (3.00 mL; 0.32 mmol; 0.1 05M). This afforded
the title compound as white solid (67 mg). Example 43:
Preparation of
3-(2'-isopropylbiphenyl-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (162) I. Methyl
3-(2'-isopropylbiphenyl-3-ylsulfonamido)thiophene-2-ca
rboxylate (160) [00334] Synthesized as described for
82 using 81 (367 mg; 0.98 mmol), (2-
isopropylphenyl)boronic acid (209 mg; 1.27 mmol),
bis(triphenylphosphine)palladium(II) dichloride (32
mg; 0.05 mmol), acetonitrile (2.0 mL), aqueous
saturated sodium bicarbonate (0.5 mL) and Reaction
Time = 1 minute. This afforded the title compound as
colorless film (184 mg). II.
3-(2'-Isopropylbiphenyl-3-ylsulfonamido)thiophene-2-ca
rboxylic acid (161) [00335] Synthesized as described
for 155 using 160 (70 mg; 0.17 mmol), tetrahydrofuran
( 1.4 mL) and aqueous sodium hydroxide ( 1.4 mL; 2.8
mmol; 2M). The crude product was purified by
semi-preparative HPLC (gradient=30% to 95%
acetonitrile in 0.1% TFA(aq)) to yield the title
compound as a white solid (35 mg). III.
3-(2'-IsopropylbiphenyI-3-ylsulfonamido)thiophene-2-ca
rboxylic acid, disodium salt (162)[00336] Synthesized
as described for 84 using 161 (15 mg; 0.04 mmol),
acetonitrile 



( 1 mL) and aqueous sodium hydroxide (0.72 mL; 0.08
mmol; 0.105M). This afforded the title compound as
white solid (13 mg). Example 44: Preparation of
3-(2'-propoxybiphenyI-3-ylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (165) I. Methyl
3-(2'-propoxybiphenyl-3-ylsulfonamido)thiophene-2-carb
oxylate (163) [00337] Synthesized as described for 82
using 81 (506 mg; 1.34 mmol), 2- propoxyphenylboronic
acid (488 mg; 2.71 mmol),
bis(triphenylphosphine)palladium(II) dichloride (51
mg; 0.07 mmol), acetonitrile (3.3 mL), aqueous
saturated sodium bicarbonate (1.1 mL) and Reaction
Time = 20 minutes. Purification of the crude product
was not performed. This afforded the title compound as
orange-yellow oil (no mass measured). II.
3-(2'-Propoxybiphenyl-3-ylsulfonamido)thiophene-2-carb
oxylic acid (164) [00338] Synthesized as described for
155 using 163 (540 mg; 1.34 mmol), tetrahydrofuran
(2.7 mL), aqueous sodium hydroxide (1.4 mL; 2.80 mmol;
2M) and Reaction Time = 1 hour. This afforded the
title compound as colorless film (77 mg). III.
3-(2'-Propoxybiphenyl-3-ylsulfonamido)thiophene-2-carb
oxylic acid, disodium salt (165) [00339] Synthesized
as described for 84 using 164 (56 mg; 0.14 mmol),
acetonitrile (2.0 mL) and aqueous sodium hydroxide
(2.57 mL; 0.27 mmol; 0.1 05M). This afforded the title
compound as white solid (57 mg). Example 45:
Preparation of
3-[4-tert-Butyl-2-(3-chloropyridin-4-yl)phenylsulfonam
ido] thiophene-2-carboxylic acid (168) I. Methyl
3-[4-tert-butyl-2-(3-chloropyridin-4-yl)-N-(methoxymet
liyl) phenylsulfonamido]thiophene-2-carboxyIate (166)
[00340] Synthesized as described for 7 using
3-chloropyridin-4-ylboronic acid (102.0 mg; 0.65
mmol), 6 (200.0 mg; 0.43 mmol), cesium carbonate
(420.0 mg; 1.29 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene (1.3 mL), ethanol (1.3 mL) and
water (1.3 mL). Purification by automated silica gel
column chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 25% v/v over 400 mL gradient
elution) yielded the title product as a white solid
(25.0 mg). II. Methyl
3-[4-tert-butyl-2-(3-chloropyridin-4-yl)phenylsulfonam
ido]thiophene-2- carboxylate (167) [00341] Synthesized
as described for 22 using 166 (25.0 mg; 0.049 mmol),
tetrahydrofuran ( 1 mL) and aqueous hydrochloric acid
( 1 mL). Purification by automatedsilica gel column
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 30% v/v over 400 mL gradient
elution) yielded the title product as a clear oil
(15.2 mg). III.
3-[4-tert-Butyl-2-(3-chloropyridin-4-yl)phenylsulfonam
ido]thiophene-2-carboxylic acid (168) [00342]
Synthesized as described for 23 using 167 ( 15.2 mg;
0.032 mmol) tetrahydrofuran (0.5 mL), methanol (0.5
mL) and aqueous lithium hydroxide (1.0 mL; 2M).
Purification by preparative HPLC afforded the title
compound as a white solid (7.5 mg). Example 46:
Preparation of
3-(5-tert-butylbiphenyl-2-ylsulfonamido)thiophe pe-2-
carboxylic acid, disodium salt (172) I. Methyl
3-[5-tert-butyl-N-
methoxymethyl)biphenyl-2-ylsulfonamido]thiophene-2-
carboxylate (169) [00343] Synthesized as described for
7 using 6 (200.0 mg; 0.43 mmol), phenylboronic acid
(79.0 mg; 0.65 mmol), cesium carbonate (420 mg; 1.29
mmol), tetrakis(triphenylphosphine)palladium(0) (25.0
mg; 0.022 mmol), toluene (1.3 mL), ethanol ( 1.3 mL)
and water ( 1.3 mL). This yielded the title product as
a yellow oil (127 mg). II. Methyl
3-(5-tert-butylbiphenyl-2-ylsulfonamido)thiophene-2-ca
rboxylate (170) [00344] Synthesized as described for
22 using 169 (126.0 mg; 0.27 mmol), tetrahydrofuran (5
mL) and aqueous hydrochloric acid (5 mL; 2N). The
crude yellow oil was purified by automated silica gel
column chromatography (Biotage ) eluting with ethyl
acetate/hexanes (0 to 30% v/v over 400 mL gradient
elution) to give the title product as clear oil (67.5
mg). III.
3-(5-tert-Butylbiphenyl-2-ylsulfonamido)thiophene-2-ca
rboxylic acid (171) [00345] Synthesized as described
for 23 using 170 (67.0 mg; 0.16 mmol), tetrahydrofuran
(4 mL), methanol ( 1 mL) and aqueous sodium hydroxide
(2.0 mL; 4.0 mmol; 2N). This yielded the title
compound as a white solid (74.0 mg). IV.
3-(5-tert-Butylbiphenyl-2-ylsulfonamido)thiophene-2-ca
rboxylic acid, disodium salt (172) [00346] Synthesized
as described for 5 using 171 (71.0 mg; 0.17 mmol),
aqueous sodium hydroxide (3.4 mL; 0.35 mmol; 0.1M).
This yielded the title compound as a white solid (74.5
mg). Example 47: Preparation of
3-[4-tert-Butyl-2-(piperidin-l-yl)phenylsulfonamido]
thiophene-2-carboxylic acid (174) I. Methyl
3-[4-tert-butyl-2-(piperidin-l-yl)phenylsulfonamido]th
iophene-2-carboxylate (173)[00347] Synthesized as
described for 11 using 3 (200.0 mg; 0.46 mmol),
copper(I) iodide (88.0 mg; 0.46 mmol), potassium
carbonate (190.0 mg; 1.39 mmol), L-Proline (53.0 mg;
0.46 mmol), dimethyl sulfoxide (0.5 mL) and piperidine
(0.091 mL; 0.93 mmol). The crude dark oil was purified
by silica gel column chromatography eluting with ethyl
acetate/hexanes (5 to 20% gradient elution) to give a
white solid which was further purified by preparative
HPLC to afford the title compound as a white solid
(49.4 mg). II.
3-[4-tert-Butyl-2-(piperidin-l-yl)phenylsulfonamido]th
iophene-2-carboxylic acid (174) [00348] Synthesized as
described for 23 using 173 (40.0 mg; 0.091 mmol),
aqueous sodium hydroxide (2 mL; 2M) and
tetrahydrofuran (4 mL) and methanol ( 1 mL). After the
usual work-up the title compound was obtained as a
clear oil (35.0 mg). Example 48: Preparation of
3-(4-tert-butyl-2-ethylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (179) I.
4-tert-Butyl-2-ethylbenzene-l-sulfonyl chloride (176)
[00349] Synthesized as described for 1 using l
-tert-butyl-3-ethylbenzene (5.Og; 30.80 mmol),
chlorosulfonic (2.46 mL; 36.96 mmol), and anhydrous
dichloromethane (200 mL). The crude orange oil was
purified by automated silica gel chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
45% v/v over 350 mL gradient elution) to yield the
title compound as dark oil (1.60 g). II. Methyl
3-(4-tert-butyl-2-ethylphenylsulfonamido)thiophene-2-c
arboxylate (177) [00350] Synthesized as described for
3 using 176 ( 1.60 g; 6.13 mmol), methyl 3-
aminothiophene-2-carboxylate (1.06 g; 6.74 mmol),
4-dimethylaminopyridine (187.0 mg; 1.53 mmol),
pyridine (4.95 mL; 61.3 mmol) and anhydrous
dichloromethane (50 mL). Purification by automated
silica gel chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 10% v/v over 400 mL
gradient elution) yielded the title product as a white
solid (1.24 g). III.
3-(4-tert'-Butyl-2-ethylphenylsulfonainido)thiophene-2
-carboxylic acid (178) [00351] Synthesized as
described for 23 using 177 ( 1.24 g; 3.26 mmol),
tetrahydrofuran (20 mL), methanol (5 mL) and aqueous
lithium hydroxide (16.3 mL; 2M). The crude beige solid
obtained was co-evaporated twice from diisopropyl
ether and then 



washed with hexanes to afford the title compound an
off-white solid as (590 mg).IV.
3-(4-tert-Buty--2-ethyIphenylsulfonamido)thiophene-2-c
arboxylic acid, disodium salt (179) [00352]
Synthesized as described for 5 using 178 (581 mg; 1.58
mmol), acetonitrile (10 mL) and aqueous sodium
hydroxide (31.62 mL; 31.62 mmol; 0.1 M). This afforded
the title compound as an off-white solid (664 mg).
Example 49: Preparation of
3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene-2
- sulfonamido)thiophene-2-carboxylic acid, disodium
salt (182) L Methyl
3-(5,5,8,8-tetramethyI-5,6,7,8-tetrahydronaphthalene-2
-sulfonamido) thiophene-2-carboxylate (180) [00353]
Synthesized as described for 3 using
5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene-2-sulfonyl chloride (500.0 mg;
1.74 mmol), methyl 3- aminothiophene-2-carboxylate
(301.4 mg; 1.91 mmol), 4-dimethylaminopyridine (53.1
mg; 0.44 mmol), pyridine (1.40 mL; 17.4 mmol) and
anhydrous dichloromethane (200 mL). The crude residue
was purified by automated silica gel chromatography
(Biotage (r)) eluting with ethyl acetate/hexanes (0 to
25% v/v over 350 mL gradient elution) to yield the
title compound as a white solid (359 mg). II.
3-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphthalene-2
-sulfonamido)thiophene-2- carboxylic acid (181)
[00354] Synthesized as described for 23 using 180
(350.0 mg; 0.86 mmol), aqueous lithium hydroxide (4.3
mL; 8.6 mmol; 2M) and tetrahydrofuran (10 mL) and
methanol (3 mL). This afforded the title compound as a
white solid (318 mg). III.
3-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphthalene-2
-sulfonamido)thiophene-2- carboxylic acid, disodium
salt (182) [00355] Synthesized as described for 5
using 181 (318 mg; 0.81 mmol), acetonitrile (12 mL),
and aqueous sodium hydroxide (16.16 mL; 1.62 mmol;
0.1M). This afforded the title compound as an
off-white solid (339 mg). Example 50: Preparation of
3-[2-chIoro-4-
(trifluoromethoxy)phenylsulfonamido]thiophene-2-carbox
ylic acid, disodium salt (185) I. Methyl
3-[2-chloro-4-(trifluoromethoxy)phenylsulfonamido]thio
phene-2-carboxylate (183) [00356] Synthesized as
described for 3 using
2-chloro-4-(trifluoromethoxy)benzene- 1-sulfonyl
chloride (5.0 g; 16.94 mmol), methyl 3-amino
thiophene-2-carboxylate (2.93 g; 18.63 mmol),
4-dimethylaminopyridine (517.0 mg; 4.23 mmol),
pyridine (38.0 mL; excess) and anhydrous
dichloromethane (100 mL). The resulting crude white
crystalline solid was washed with acetone to afford
the title compound as a white solid (2.14 g).II.
3-[2-Chloro-4-(trifluoromethoxy)phenylsulfonamido]thio
phene-2-carboxylic acid (184) [00357] Synthesized as
described for 23 using 183 (2. 14 g; 5.15 mmol),
aqueous lithium hydroxide (51.5 mL; 103 mmol; 2M),
tetrahydrofiiran (100 mL) and methanol (25 mL). The
resulting crude beige solid was washed with
acetonitrile to afford the title compound as a white
solid (1.80 g). III.
3-[2-Chloro-4-(trifluoromethoxy)phenylsulfonamido]thio
phene-2-carboxylic acid, disodium salt (185) [00358]
Synthesized as described for 5 using 184 (1.23 g; 3.05
mmol), aqueous sodium hydroxide (61.10 mL; 6.1 1 mmol;
0.1M) and acetonitrile (15 mL). This afforded the
title compound as a white solid (1.05 g). Example 51:
Preparation of 3-[2,6-dichloro-4-
(trifluoromethyl)phenylsulfonamido]thiophene-2-carboxy
lic acid, disodium salt (188) I. Methyl
3-[2,6-dichloro-4-(trifluoromethyl)phenylsulfonamido]t
hiophene-2- carboxylate (186) [00359] Synthesized as
described for 3 using 2,6-dichloro-4-
(trifluoromethyl)benzene-l-sulfonyl chloride (2.5 g;
7.97 mmol), methyl 3-aminothiophene- 2-carboxylate
(1.14 g; 7.25 mmol), 4-dimethylaminopyridine (221.4
mg; 1.81 mmol), pyridine ( 11.81 mL; 145.0 mmol) and
anhydrous dichloromethane (50 mL). Purification by
automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 30% v/v over
400 mL gradient elution) afforded the title compound
as a white solid (2.20 g)- II.
3-[2,6-DichIoro-4-(trifluoromethyl)phenylsulfonamido]t
hiophene-2-carboxylic acid (187) [00360] Synthesized
as described for 23 using 186 (2.20 g; 5.06 mmol),
aqueous lithium hydroxide (50 mL; 100 mmol; 2M),
tetrahydrofiiran (100 mL) and methanol (25 mL). The
resulting crude beige solid was washed with
acetonitrile to yield the title compound as a white
solid (980 mg). III.
3-[2,6-Dichloro-4-(trifluoromethyl)phenylsulfonamido]t
hiophene-2-carboxylic acid, disodium salt (188)
[00361] Synthesized as described for 5 using 187 (980
mg; 2.33 mmol), aqueous sodium hydroxide (46.6 mL;
4.66 mmol; 0.1M) and acetonitrile (15 mL). This
afforded the title compound as a yellow solid (858
mg). Example 52: Preparation of 3-[4-tert-butyl-2-(2-
cyclopropylvinyl)phenylsulfonamido]thiophene-2-carboxy
lic acid, disodium salt (192)I. Methyl
3-[4-tert-butyl-2-(2-cyclopropylvinyl)-
-(methoxymethyl)phenyl
sulfonamido]thiophene-2-carboxylate (189) [00362]
Synthesized as described for 7 using 6 (400.0 mg; 0.87
mmol), cesium carbonate (845.0 mg; 2.60 mmol),
cyclopropylvinylboronic acid pinacol ester (0.27 mL;
1.30 mmol), tetrakis(triphenylphosphine)palladium(0)
(50.0 mg; 0.043 mmol), toluene (2 mL), water (2 mL)
and ethanol (2 mL). The crude brown oil was purified
by automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 5% v/v
gradient elution followed by 10% to 15% gradient
elution) to give the title compound as a yellow oil
(404 mg). II. Methyl-3-[4-
tert-butyl-2-(2-cyclopropylvinyl)phenylsulfonamido]thi
ophene-2- carboxylate (190) [00363] Synthesized as
described for 22 using 189 (400.0 mg; 0.86 mmol),
hydrochloric acid (14.0 mL; 2N) and tetrahydrofuran
(14 mL). After heating reaction at reflux for 16
hours, additional aqueous hydrochloric acid (14 mL;
6N) and tetrahydrofuran (14 mL) were added and heated
for a further 4 hours. The crude clear oil was
purified by automated silica gel chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% gradient elution over 500 mL) to yield the title
compound as a white solid (260 mg). III.
3-[4-tert-Butyl-2-(2-cyclopropylvinyl)phenylsulfonamid
o]thiophene-2-carboxylic acid (191) [00364]
Synthesized as described for 23 using 190 (260.1 mg;
0.62 mmol), aqueous sodium hydroxide (9.0 mL; 2M),
tetrahydrofuran (14 mL) and methanol (5 mL). This
afforded the title compound as an off-white solid (205
mg). IV.
3-[4-tert-Butyl-2-(2-cyclopropylvinyl)phenylsulfonamid
o]thiophene-2-carboxylic acid, disodium salt (192)
[00365] Synthesized as described for 5 using 191 (100
mg; 0.25 mmol), aqueous sodium hydroxide (4.8 mL; 0.49
mmol; 0.1M) and acetonitrile ( 1 mL). This afforded
the title compound as a white solid (107 mg). 



Example 53: Preparation of
3-(5-tert-butyl-3'-chIorobiphenyl-2-
ylsulfonamido)thiophene-2-carboxylic acid, disodium
salt (196) I. Methyl
3-[5-tert-butyl-3'-chloro-N-(methoxymethyl)biphenyl-2-
ylsolfonamido]thiophene-2-carboxylate (193) [00366]
Synthesized as described for 7 using 6 (200.0 mg; 0.43
mmol), cesium carbonate (420.0 mg; 1.30 mmol),
3-chlorophenylboronic acid (100.0 mg; 0.65 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene ( 1 mL), water ( 1mL) and ethanol
( 1 mL). Purification by automated silica gel
chromatography (Biotage(r)) yielded the title compound
as a clear oil (135.6 mg). II. Methyl
3-(5-tert-buty1-3'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxy late (194) [00367] Synthesized as
described for 22 using 193 (135.6 mg; 0.27 mmol),
aqueous hydrochloric acid (5 mL; 2N) and
tetrahydrofuran (5 mL). After heating the reaction at
reflux for 16 hours, additional aqueous hydrochloric
acid (5 mL; 6N) and tetrahydrofuran (5 mL) were added
and the reaction heated for a further 4 hours. The
crude yellow oil was purified by automated silica gel
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 20% gradient elution over 500
mL) to yield the title compound as a clear oil (88
mg). III.
3-(5-tert-ButyI-3'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylic acid (195) [00368] Synthesized as
described for 23 using 194 (85.1 mg; 0.18 mmol),
aqueous sodium hydroxide (4 mL; 2M), tetrahydrofuran
(4 mL) and methanol (1.5 mL). This afforded the title
compound as an off-white solid (70.6 mg). IV.
3-(5-tert-Butyl-3'-chlorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylic acid, disodium salt (196) [00369]
Synthesized as described for 5 using 195 (70.0 mg;
0.16 mmol), aqueous sodium hydroxide (3.0 mL; 0.31
mmol; 0.1M) and acetonitrile ( 1 mL). This afforded
the title compound as a white solid (72 mg). Example
54: Preparation of
3-(5-tert-butyl-3'-fluorobiphenyl-2-
ylsulfonamido)thiophene-2-carboxylic acid, disodium
salt (200) I. Methyl 3-[5-tert-butyl-3'-fluoro-N-
methoxymethyl)biphenyl-2-ylsolfonamido]
thiophene-2-carboxylate (197) [00370] Synthesized as
described for 7 using 6 (200.0 mg; 0.43 mmol), cesium
carbonate (420.0 mg; 1.30 mmol), 3-fluorophenylboronic
acid (91.0 mg; 0.65 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene ( 1 mL), water ( 1 mL) and
ethanol ( 1 mL). Purification of the crude brown oil
by automated silica gel chromatography (Biotage(r))
afforded the title compound as a clear oil (154 mg).
H. Methyl
3-(5-tert-butyl-3'-fluorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylate (198) [00371] Synthesized as
described for 22 using 197 ( 154.0 mg; 0.3 1 mmol),
hydrochloric acid (5.0 mL; 2N) and tetrahydrofuran (5
mL). After heating the reaction atreflux for 16 hours
additional aqueous hydrochloric acid (5 mL; 6N) and
tetrahydrofuran (5 mL) were added and the reaction
heated for a further 4 hours. The crude yellow oil was
purified by automated silica gel chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% gradient elution over 500 mL) to yield the title
compound as a clear oil ( 111 mg). III.
3-(5-tert-Butyl-3'-fluorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxylic acid (199) [00372] Synthesized as
described for 23 using 198 ( 110.8 mg; 0.25 mmol),
aqueous sodium hydroxide (4.0 mL; 2M), tetrahydrofuran
(5 mL) and methanol (2 mL). This afforded the title
compound was obtained as a white solid (108 mg). IV.
3-(5-tert-Butyl-3'-fluorobiphenyl-2-ylsulfonamido)thio
phene-2-carboxyIic acid, disodium salt (200) [00373]
Synthesized as described for 5 using 199 (107 mg; 0.25
mmol), aqueous sodium hydroxide (4.8 mL; 0.49 mmol;
0.1M) and acetonitrile ( 1 mL). This afforded the
title compound as a white solid (103 mg). Example 55:
Preparation of 3-[4-tert-butyl-2-(3-methoxyprop-lenyl)
phenylsulfonamido]thiophene-2-carboxylic acid,
disodium salt (204) I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-(3-methoxyprop-l-e
nyl)phenyl sulfonamido]thiophene-2-carboxylate (201)
[00374] Synthesized as described for 7 using 6 (300.0
mg; 0.65 mmol), cesium carbonate (634.0 mg; 1.95
mmol),
(E)-2-(3-methoxyprop-l-enyl)-4,4,5,5-tetramethyl-l,3,2
- dioxoborolane (193.0 mg; 0.97 mmol),
tetrakis(triphenylphosphine)palladium(0) (37.0 mg;
0.032 mmol), toluene (1.5 mL), water (1.5 mL) and
ethanol (1.5 mL). The crude dark oil purified by
automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 20% gradient
elution over 500 mL) to yield the title compound as a
yellow oil (189 mg). II. Methyl
3-[4-tert-butyl-2-(3-methoxyprop-l-enyl)phenylsulfonam
ido]thiophene-2- carboxylate (202) [00375] Synthesized
as described for 22 using 201 (189.2 mg; 0.40 mmol),
hydrochloric acid (6 mL; 2N) and tetrahydrofuran (6
mL). After heating the reaction at reflux for 16
hours, additional aqueous hydrochloric acid (6 mL; 6N)
and tetrahydrofuran (6 mL) were added and the reaction
heated for a further 4 hours. The crude clear oil was
purified by automated silica gel chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% gradient elution over 500 mL) to yield the title
compound as a yellow solid (176 mg).III.
3-[4-tert-Butyl-2-(3-methoxyprop-l-enyl)phenylsulfonam
ido]thiopheiie-2- carboxylic acid (203) [00376]
Synthesized as described for 23 using 202 (176.0 mg;
0.42 mmol), aqueous sodium hydroxide (7.0 mL; 2M),
tetrahydrofuran (9 mL) and methanol (3.5 mL). This
afforded the title compound was obtained as a
yellowish oil (136 mg). IV.
3-[4-tert-Butyl-2-(3-methoxyprop-l-enyl)phenylsulfonam
ido]thiophene-2- carboxylic acid, disodium salt (204)
[00377] Synthesized as described for 5 using 203 (86.9
mg; 0.21 mmol), aqueous sodium hydroxide (4.2 mL; 0.42
mmol; 0.1 M) and acetonitrile ( 1 mL). This afforded
the title compound as an off-white solid (108 mg).
Example 56: Preparation of
3-(4-tert-butyl-2-propylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (209) I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-(prop-l-enyl)pheny
lsulfonamido] thiophene-2-carboxylate (205) [00378]
Synthesized as described for 7 using 6 (600.0 mg; 1.30
mmol), cesium carbonate (1.27 g; 3.89 mmol),
trans-l-propen-l-ylboronic acid (167.0 mg; 1.95 mmol),
tetrakis(triphenylphosphine)palladium(0) (75.0 mg;
0.065 mmol), toluene (3 mL), water (3 mL) and ethanol
(3.0 mL). This afforded a dark oil which was purified
by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% v/v over 500 mL gradient elution) to give the
title compound as a yellow oil (332 mg). II. Methyl
3-[4-tert-butyl-2-(prop-l-enyl)phenylsulfonamido]thiop
hene-2-carboxylate (206) 



[00379] Synthesized as described for 22 using 205
(332.3 mg; 0.759 mmol), aqueous hydrochloric acid (12
mL; 2N) and tetrahydrofuran (12 mL). After heating the
reaction at reflux for 16 hours, additional aqueous
hydrochloric acid (12 mL; 6N) and tetrahydrofuran (12
mL) were added and the reaction heated for a further 4
hours. The crude clear oil was purified by automated
silica gel chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 20% gradient elution over
500 mL) to yield the title as a yellow solid (321 mg).
III.
3-[4-tert-Buryl-2-(prop-l-enyl)phenylsulfonamido]thiop
hene-2-carboxylic acid (207) [00380] Synthesized as
described for 23 using 206 (321.0 mg; 0.82 mmol),
aqueous sodium hydroxide (13 mL; 2M), tetrahydrofuran
(18 mL) and methanol (7 mL). This afforded the title
compound as a yellow oil (275 mg). IV.
3-(4-tert-Butyl-2-propylphenylsulfonamido)thiophene-2-
carboxylic acid (208)[00381] A reaction vessel was
charged with 207 ( 170.0 mg; 0.448 mmol), palladium on
carbon (85.0 mg) and ethanol (4.5 mL) and then
evacuated and filled with hydrogen gas (3x) and
stirred at room temperature under hydrogen for 7
hours. The reaction mixture filtered through celite
and the filtrate concentrated under reduced pressure
to afford the title compound as a clear oil (147 mg).
IV.
3-(4-tert-Butyl-2-propylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (209) [00382]
Synthesized as described for 5 using 208 (146 mg; 0.38
mmol), aqueous sodium hydroxide (7.70 mL; 0.77 mmol;
0.1M) and acetonitrile ( 1 mL). This afforded the
title compound as an off-white solid (167 mg). Example
57: Preparation of 3-[4-tert-Butyl-2-(2-
cycIopropylethyl)phenylsulfonamido]thiophene-2-carboxy
lic acid, disodium salt (214) I. Methyl
3-[4-tert-butyl-2-(2-cyclopropylvinyl)
-N-(methoxymethyl)phenyl sulfonamide]
thiophene-2-carboxy late (210) [00383] Synthesized as
described for 7 using 6 (400.0 mg; 0.87 mmol), cesium
carbonate (845.0 mg; 2.60 mmol),
cyclopropylvinylboronic acid pinacol ester (0.27 mL;
1.30 mmol), tetrakis(triphenylphosphine)palladium(0)
(50.0 mg; 0.043 mmol), toluene (2 mL), water (2 mL)
and ethanol (2 mL). The crude brown oil was purified
by automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% v/v gradient elution) to give the title compound
as a yellow oil (404 mg). II. Methyl-3-[4-
tert-butyl-2-(2-cyclopropylvinyl)phenylsulfonamido]thi
ophene-2- carboxylate (211) [00384] Synthesized as
described for 22 using 210 (400.0 mg; 0.86 mmol),
aqueous hydrochloric acid (14 mL; 2N) and
tetrahydrofuran (14 mL). After heating reaction at
reflux for 16 hours, additional aqueous hydrochloric
acid (14 mL; 6N) and tetrahydrofuran (14 mL) were
added and the reaction heated for a further 4 hours.
The crude clear oil was purified by automated silica
gel column chromatography (Biotage(r)) eluting with
ethyl acetate/hexanes (0 to 20% v/v gradient elution
over 500 mL) to give the title compound as a white
solid (260 mg). III.
3-[4-tert-Butyl-2-(2-cyclopropylvinyl)phenylsulfonamid
o]thiophene-2-carboxylic acid (212) [00385]
Synthesized as described for 23 using 211 (260. 1 mg;
0.62 mmol), aqueous sodium hydroxide (9 mL; 2M),
tetrahydrofuran (14 ,mL) and methanol (5 mL). This
afforded the title compound as an off-white solid (205
mg).IV.
3-[4-tert-Butyl-2-(2-cycIopropylethyl)phenylsulfonamid
o]thiophene-2-carboxylic acid (213) [00386]
Synthesized as described for 208 using 212 (85.0 mg;
0.21 mmol), palladium on carbon (43.0 mg; 0.91 mmol)
and ethanol (2 mL). This afforded the title compound
as a clear white solid (80.0 mg). V.
3-[4-tert-Butyl-2-(2-cyclopropylethyl)phenylsulfonamid
o]thiophene-2-carboxylic acid, disodium salt (214)
[00387] Synthesized as described for 5 using 213 (100
mg; 0.25 mmol), aqueous sodium hydroxide (4.8 mL; 0.48
mmol; 0.1M) and acetonitrile ( 1 mL) and the reaction
mixture required heating in a water bath in order to
achieve a homogenous solution. This afforded a mixture
of the title compound (214) and
3-(4-tert-butyl-2-pentylphenylsulfonamido)
thiophene-2-carbocylic acid (215; 29.9 mg). The title
compound was purified by preparative HPLC to afford a
white solid (31.5 mg; 0.08 mmol) which was dissolved
in acetonitrile ( 1 mL) and treated with aqueous
sodium hydroxide (1.5 mL; 0.15 mmol; 0.1M). The
reaction mixture was frozen in a dry ice/acetone bath
and lyophilized to yield the title compound as a white
solid (28.9 mg). Example 58: Preparation of
3-(4-tert-butyl-2-pentylphenylsulfonamido)
thiophene-2- carboxylic acid, disodium salt (216) I.
Disodium
(4-tert-butyl-2-pentylphenylsulfonyl)(carboxylatothiop
hen-3-yl)amide (216) [00388] Synthesized as described
for 5 using 215 (by-product from synthesis of 214)
(26.9 mg; 0.066 mmol), aqueous sodium hydroxide (1.3
mL; 0.13 mmol; 0.1M) and acetonitrile (0.5 mL). This
afforded a white solid as the title compound (24.6
mg). Example 59: Preparation of 3-[4-tert-butyl-2-(3-
methoxypropyl)phenylsulfonamido]thiophene-2-carboxylic
acid, disodium salt (221) I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-(3-methoxyprop-l-e
nyl)phenyl sulfonamide] thiophene-2-carboxy late (217)
[00389] Synthesized as described for 7 using 6 (300.0
mg; 0.65 mmol), cesium carbonate (634.0 mg; 1.95
mmol),
(E)-2-(3-methoxyprop-l-enyl)-4,4,5,5-tetramethyl-l,3,2
- dioxoborolane (193.0 mg; 0.97 mmol),
tetrakis(triphenylphosphine)palladium(0) (37.0 mg;
0.032 mmol), toluene (1.5 mL), water (1.5 mL) and
ethanol (1.5 mL). The crude dark oil was purified by
automated silica gel column chromatography
(Biotage(r)) eluting with ethyl acetate/hexanes (0 to
20% v/v gradient elution over 500 mL) to give the
title compound as a yellow oil (189 mg).II. Methyl
3-[4-tert-butyl-2-(3-methoxyprop-l-enyl)phenylsulfonam
ido]thiopheiie-2- carboxylate (218) [00390]
Synthesized as described for 22 using 217 (189.2 mg;
0.40 mmol), aqueous hydrochloric acid (6 mL; 2N) and
tetrahydrofuran (6 mL). After heating the reaction at
reflux for 16 hours, additional aqueous hydrochloric
acid (6 mL; 6N) and tetrahydrofuran (6 mL) were added
and the reaction heated for a further 4 hours. The
crude clear oil was purified by automated silica gel
chromatography (Biotage(r)) eluting with ethyl
acetate/hexanes (0 to 20% gradient elution over 500
mL) to yield the title compound as a yellow solid (176
mg). III.
3-[4-tert-Butyl-2-(3-methoxyprop-l-enyl)phenylsu
-fonainido]thiophene-2- carboxylic acid (219) [00391]
Synthesized as described for 23 using 218 (176.0 mg;
0.42 mmol), aqueous sodium hydroxide (7 mL; 2M),
tetrahydrofuran (9 mL) and methanol (3.5 mL). This
afforded the title compound as a yellow oil (136 mg).
IV.
3-[4-tert-Butyl-2-(3-methoxypropyl)phenylsulfonamido]t
hiophene-2-carboxylic acid (220) [00392] Synthesized
as described for 208 using 219 (50.0 mg; 0.12 mmol),
palladium 



on carbon (25.0 mg) and ethanol ( 1.2 mL). This
afforded the title compound as a clear oil (33.1 mg).
V.
3-[4-tert-Butyl-2-(3-methoxypropyl)phenylsulfonamido]t
hiophene-2-carboxylic acid, disodium salt (221)
[00393] Synthesized as described for 5 using 220 (20.8
mg; 0.051 mmol), aqueous sodium hydroxide ( 1 mL; 0.10
mmol; 0.1M) and acetonitrile (0.3 mL). This afforded
the title compound as an off-white solid (10.4 mg).
Example 60: Preparation of
3-[4-tert-butyl-2-(furan-3-yl)-
phenylsulfonamido]thiophene-2-carboxylic acid,
disodium salt (225) I. Methyl
3-[4-tert-butyl-2-(furan-3-yl)-N-(methoxymethyl)
phenylsulfonamido]thiophene-2-carboxylate (222)
[00394] Synthesized as described for 7 using 6 (300.0
mg; 0.65 mmol), cesium carbonate (634.0 mg; 1.95
mmol), furan-3-ylboronic acid (109.0 mg; 0.97 mmol),
tetrakis(triphenylphosphine)palladium(0) (37.0 mg;
0.032 mmol), toluene (1.5 mL), water (1.5 mL) and
ethanol (1.5 mL). The crude dark oil was purified by
automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 20% gradient
elution over 500 mL followed by 20% to 100% over 200.0
mL gradient elution) to yield the title compound as a
brown oil (263 mg).II. Methyl
3-[4-tert"-butyl-2-(furan-3-yl)-phenylsulfonamido]thio
phene-2-carboxylate (223) [00395] Synthesized as
described for 22 using 222 (263.0 mg; 0.59 mmol),
aqueous hydrochloric acid (8 mL; 2N) and
tetrahydrofuran (8 mL). After heating the reaction at
reflux for 16 hours, additional aqueous hydrochloric
acid (8 mL; 6N) and tetrahydrofuran (8 mL) were added
and the reaction heated for a further 4 hours. The
crude clear oil was purified by automated silica gel
chromatography (Biotage^ eluting with ethyl
acetate/hexanes (0 to 20% gradient elution over 700 mL
followed by 20% to 100% over 200.0 mL gradient
elution) to yield the title compound as a white solid
(172 mg). III.
3-[4-tert-Butyl-2-(furan-3-yl)-phenylsulfonamido]thiop
hene-2-carboxylic acid (224) [00396] Synthesized as
described for 23 using 223 ( 172.0 mg; 0.42 mmol),
aqueous sodium hydroxide (10 mL; 2M), tetrahydrofuran
(6 mL) and methanol (2 mL). This afforded the title
compound as a white solid (137 mg). IV.
3-[4-tert-Butyl-2-(furan-3-yl)-phenylsulfonamido]thiop
hene-2-carboxylic acid, disodium salt (225) [00397]
Synthesized as described for 5 using 224 (135 mg; 0.34
mmol), aqueous sodium hydroxide (6.9 mL; 0.69 mmol;
0.1M) and acetonitrile ( 1.0 mL). This afforded the
title compound as a white solid (132 mg). Example 61:
Preparation of
3-(4-tert-butyl-2-vinylphenylsulfonamido)thiophene-2-
carboxylic acid, disodium salt (229) I. Methyl
3-[4-tert-butyl-N-(methoxymethyl)-2-vinylphenylsulfona
mido]thiophene-2- carboxylate (226) [00398]
Synthesized as described for 7 using 6 (200.0 mg; 0.43
mmol), cesium carbonate (423.0 mg; 1.30 mmol),
2,4,6-trivinylcyclotriboroxane pyridine complex (156.1
mg; 0.65 mmol),
tetrakis(triphenylphosphine)palladium(0) (25.0 mg;
0.022 mmol), toluene ( 1 mL), water ( 1 mL) and
ethanol ( 1 mL). The crude dark oil was purified by
automated silica gel chromatography (Biotage(r))
eluting with ethyl acetate/hexanes (0 to 20% gradient
elution over 700 mL followed by 20% to 100% over 200.0
mL gradient elution) to yield the title compound as a
yellow oil (84.8 mg). II. Methyl
3-(4-tert-butyl-2-vinylphenylsulfonamido)thiophene-2-c
arboxyIate (227) [00399] Synthesized as described for
22 using 226 (84.8 mg; 0.21 mmol), aqueous
hydrochloric acid (3 mL; 2N) and tetrahydrofuran (3
mL). After heating the reaction at reflux for 16
hours, additional aqueous hydrochloric acid (14 mL;
6N) and tetrahydrofuran (14 mL) were added and the
reaction heated for a further 4 hours. The crude clear
oil was purified by automated silica gel column
chromatography (Biotage(r)) eluting with
ethylacetate/hexanes (0 to 20% v/v gradient elution
over 500 mL followed by 20% to 100% v/v gradient
elution) to give the title compound as a white solid
(76.0 mg). III. 3-(4-
tert-Butyl-2-vinylphenylsulfonamido)thiophene-2-carbox
ylic acid (228) [00400] Synthesized as described for
23 using 227 (76.0 mg; 0.21 mmol), aqueous sodium
hydroxide (5 mL; 2M), tetrahydrofuran (5 mL) and
methanol ( 1 mL). This afforded the title compound as
a white solid (56.9 mg). IV. 3-(4-
tert-Butyl-2-vinylphenylsulfonamido)thiophene-2-carbox
ylic acid, disodium salt (229) [00401] Synthesized as
described for 5 using 228 (53.9 mg; 0.15 mmol),
aqueous sodium hydroxide (3.06 mL; 0.31 mmol; 0.1M)
and acetonitrile (0.5 mL). This afforded the title
compound as an off-white solid (52.1 mg). Example 62:
Preparation of 3-(4-
tert-butyl-2,6-dimethylphenylsulfonamido)thiophene-
2-carboxylic acid, disodium salt (233) I.
4-tert-Butyl-2,6-dimethylbenzene-l-sulfonyl chloride
(230) [00402] Synthesized as described for 1 using l
-tert-butyl-3,5-dimethylbenzene (5.76 mL; 30.81 mmol),
chlorosulfonic acid (2.46 mL; 36.96 mmol) and
anhydrous dichloromethane (200 mL). The crude residue
was purified by automated silica gel column
chromatography (Biotage (r)) eluting with ethyl
acetate/hexanes (0 to 25% v/v gradient elution over
400 mL) to give the title compound as a white solid (
1.60 g). II. Methyl 3-(4-
tert-butyl-2,6-dimethylphenylsulfonamido)thiophene-2-c
arboxylate (231) [00403] Synthesized as described for
3 using 230 ( 1.58 g; 6.05 mmol), methyl 3-
aminothiophene-2-carboxylate (1.05 g; 6.66 mmol),
4-dimethylaminopyridine (184.7 mg; 1.51 mmol),
pyridine (4.89 mL; 60.5 mmol) and anhydrous
dichloromethane (60 mL). The crude beige solid was
purified by automated silica gel column chromatography
(Biotage (r)) eluting with ethyl acetate/hexanes (0 to
25% v/v gradient elution over 400 mL) to give the
title compound as a white solid (1.28 g). III. 3-(4-
tert-Butyl-2,6-dimethylphenylsuIfonamido)thiophene-2-c
arboxylic acid (232) [00404] Synthesized as described
for 23 using 231 ( 1.28 g; 3.34 mmol), aqueous lithium
hydroxide (16.7 mL; 33.4 mmol; 2M), tetrahydrofuran
(30 mL) and methanol (8 mL). The crude beige solid
washed with 20:3 v/v mL of hexanes/diisopropyl ether
to afford the title compound as an off-white solid
(590 mg). IV. 3-(4-
tert-Butyl-2,6-dimethylphenylsulfonamido)thiopheiie-2-
carboxylic acid, disodium salt (233)[00405]
Synthesized as described for 5 using 232 (586 mg; 1.59
mmol), aqueous sodium hydroxide (31.9 mL; 3.19 mmol;
0.1M) and acetonitrile (12 mL). This afforded the
title compound as a white solid (661 mg). Example 63:
Preparation of 3-(2-chloro-4-fluoro-5-
methoxyphenylsulfonamido)thiophene-2-carboxylic acid,
disodium salt (236) I. Methyl
3-(2-chloro-4,5-difluorophenylsulfonamido)thiophene-2-
carboxylate (234) [00406] Synthesized as described for
3 using 2-chloro-4,5,-difluorobenzenesulfonyl chloride
(500 mg; 2.02 mmol), methyl
3-aminothiophene-2-carboxylate (382 mg; 2.43 mmol),
4-dimethylaminopyridine (62 mg; 0.51 mmol), pyridine
(10 mL), and anhydrous dichloromethane (10 mL). The
crude product was purified by automated silica gel
chromatography (Biotage(r)) using ethyl
acetate/hexanes as eluant system (0 to 20% v/v over 



7 column volume gradient elution) to yield the title
product as a white solid (249 mg). II.
3-(2-Chloro-4-fluoro-5-methoxyphenylsulfonamido)thioph
ene-2-carboxylic acid (235) [00407] Synthesized as
described for 15 using 234 (0.25 g; 0.67 mmol),
tetrahydrofuran (10 mL; methanol (2 mL) and aqueous
sodium hydroxide (10 mL; 2N). This afforded the title
compound as a white solid (204 mg). III.
3-(2-Chloro-4-fluoro-5-methoxyphenylsulfonamido)thioph
ene-2-carboxy lie acid, disodium salt (236) [00408]
Synthesized as described for 5 using 235 (202 mg; 0.57
mmol), acetonitrile (2 mL) and aqueous sodium
hydroxide ( 11.4 mL; 1.14 mmol; 0.1M). This yielded
the title compound as an off-white solid (237 mg).
Example 64: Biological Activity CCR9 antagonist
activity of exemplary compounds was determined using
CCR9 FLIPR/FlexStation Assay as described in Section
4.4 and is provided in Table 1 below. The IC50 for the
compounds are represented as follows: A < 100 nM;
B>100-500 nM; O500 nM.Table 1COMPOSITIONS INCLUDING
ANDROGEN RECEPTOR DEGRADATION (ARD) ENHANCERS AND
METHODS OF PROPHYLACTIC OR THERAPEUTIC TREATMENT OF
SKIN DISORDERS AND HAIR LOSS CROSS REFERENCE TO
RELATEDAPPLICATIONS The present invention claims
benefit of priority to United States patent
application serial number 60/962,880, filed on July
31, 2007, the entire contents of which are
incorporated herein by reference in its entirety.
TECHNICAL FIELD The present invention relates
generally to methods and compositions useful for the
treatment and prevention of skin disorders and hair
loss, and more specifically to methods and
compositions including an Androgen Receptor
Degradation (ARD) enhancer provided in combination
with a second compound or composition; the combination
having beneficial activity or effects against skin
disorders or hair loss. BACKGROUND Reduced self-esteem
and depression is often present among those suffering
from skin disorders and hair loss. In some instances
psychological effects can be dramatic. Thus, the
development of therapeutics to treat each medical
condition is underway. The present invention addresses
current therapies and provides new compositions that
have promising results. Acne (acne vulgaris) is a
common inflammatory disease of the skin, caused by
changes in the pilosebaceous units (skin structures
including a hair follicle and its associated sebaceous
gland) in response to sexual hormones. Acne is most
often found on the face, chest and back. The condition
is most common at puberty and generally tends to
disappear, or decrease when the individual reaches the
early twenties. However, acne can remain problematic
into the third to fifth decade of life and in some
instances even longer. The basic acne lesion, called a
comedo or comedone is an enlarged hair follicle
plugged by excess oil secreted from the sebaceous
gland in response to androgen. In addition, dead skin
cells and the build up of the bacteria
Propionibacterium acnes also contribute to enlarging
hair follicles. P. acnes produce lipases which can
split triglycerides into free fatty acids, which can
irritate thefollicular cells. The severity of acne can
range from mild to severe. In addition to comedones,
papules, pustules, nodules and inflammatory cysts are
also lesions associated with acne. Non-inflamed
sebaceous cysts, also called epidermoid cysts, may
occur in association with inflammatory acne or alone
but are not usually a constant feature. After
resolution of acne, unsightly scars may remain. Many
products are available for the treatment of acne, the
most popular including exfoliation products,
antibiotics, topical bactericides, retinoids, and oral
hormonal treatments. . However each has potential
drawbacks. More recently compounds capable of inducing
degradation of the androgen receptor are under
investigation as potential treatment for androgen
receptor associated disorders. Exfoliation either
manually or chemically attempts to remove dead skins
cells from the skin therefore reducing the likelihood
of blocked pores. Exfoliation may be performed
manually by using scrubbing products or may be
performed chemically. The chemical exfoliation
products salicylic acid and glycolic acid are
available as a chemical peel. Exfoliation may result
in flaking of the skin or irritation. Antibiotics,
either oral or topical, are commonly used to attack
the bacteria P. acnes. Erythromycin, clindamycin,
cotrimoxazole and numerous tetracycline derivatives
(such as doxycycline, oxytetracycline, tetracycline
chloride, limecyline and minocyline) are commonly
prescribed as treatments for acne. Although
antibiotics are effective at reducing bacterial
colonies, reducing the presence of bacteria does not
affect the oil secretion from the sebaceous gland, and
the potential development of bacterial strains
resistant to antibiotics is also a concern. Like
antibiotics, topical bactericides such as benzoyl
peroxide attack bacteria Propionibacterium acnes.
Although topical bactericides have the added benefit
over antibiotics in that bacterial resistance is not
found, the powerful oxidizer benzoyl peroxide can
cause skin dryness, redness and can bleach clothing.
Therefore methods to reduce the frequency of use or
decreased concentrations of the powerful oxidizer
would be a significant benefit over current therapies.
Retinoids such as the topical retinoids tretinoin
(brand name Retin-A), adapalene (brand name Differin)
and tazarotene (brand name Tazorac) are related to
vitamin A and may regulate the cell cycle in the
follicle lining. Topical retinoids can cause
significant irritation of the skin. Oral retinoids
such as the vitamin A derivative isotrenoin (brand
name Accutane and Sotret) are believed to reduce oil
secretion from the sebaceous gland but are also
believed to have adverse side effects.Androgenetic
Alopecia is the most common form of hair loss in men.
This condition is also commonly known as male-pattern
baldness. Hair is lost in a welldefined pattern,
beginning above both temples. Over time, the hairline
recedes to form a characteristic "M" shape. Hair also
thins at the crown of the head, often progressing to
partial or complete baldness. The pattern of hair loss
in women differs from malepattern baldness. In women,
the hair becomes thinner all over the head, and the
hairline does not recede. Androgenic alopecia in women
rarely leads to total baldness. Minoxidil is the only
FDA-approved treatment for androgenetic alopecia;
however, it is not targeted at the function of
androgen and effectiveness is not widespread. Higher
serum androgen levels have been correlated with the
presence of acne, androgenetic alopecia and hair loss
in some women. Androgens are known for their effects
on sebum excretion, and terminal sebocyte
differentiation is assisted by peroxisome
proliferator-activated receptor ligands. Hormonal
treatments have been identified as having a potential
effect on acne and androgenetic alopecia. Compounds
with anti-androgenic properties include estrogens
combined with progestins, such as ethinyl estradiol
wth cyproterone acetate, chlormadinone acetate,
desogestrel, drospirenone, levonogestrel,
norethindrone acetate, norgestiate. Other 



compounds used as anti-androgens include those that
directly blocking the androgen receptor (such as
flutamide) or inhibit androgen activity at various
levels such as corticosteroids, spironolactone,
cimetidine and ketoconazole. However androgens are
involved in many biological processes; therefore,
blocking or inhibiting androgen binding to its
corresponding receptor results in increased levels of
available androgen in the surrounding environment,
which affects other androgen associated biological
processes and can lead to undesirable side effects. A
new group of anti-androgenic compounds have been
proposed that induce degradation of the androgen
receptor. These compounds differ from conventional
anti-androgens that block androgen receptor and ligand
(androgen) binding. Unlike widely used anti-androgen
therapies, these new compounds prevent the
accumulation of excess ligands (androgen) to act on
androgen receptor and thus are predicted to have fewer
adverse effects. Although a variety of compounds are
proposed, the technology is not yet clinically
available and the long term effects are not yet known.
Although the majority of treatments for skin disorders
utilize a single active compound or pharmaceutical, a
combination of therapies including a topical retinoid
combined with oral antibiotics has been explored in
mild to moderate inflammatoryacne. These combinations
are believed to lead to a rapid dose reduction and
quicker discontinuation of oral antibiotics increasing
the effectiveness and reducing the development of
bacterial resistance to antibiotics. Although
combinations of therapies have been proposed, current
therapies attempt to reduce symptoms associated with
skin disorders and do not selectively target the cause
of the disorder. Therefore there remains a need to
develop methods and compositions that selectively
target pathways that lead to the skin disorders while
also treating associated symptoms. SUMMARY The present
invention addresses deficiencies in current treatments
of skin disorders and hair loss and provides related
benefits. Currently there are no androgenassociated
topical therapies that attempt to block androgen
activity and the only oral treatment for androgenetic
aplopecia, finasteride, is used to block the
conversion of testosterone into DHT; there is no
method to modulate the presence or availability of the
underlying androgen receptor and thus do not target
the cause of the disorder. The present invention
addresses this deficiency by providing compositions
and methods that at least in part modulate the
presence of the androgen receptor itself and thus
provides a more effective treatment. In some
embodiments, a combined modulation approach is
provided, wherein at least one compound is an ARTJ
enhancer as described herein. The methods and
compositions of the present invention treat or prevent
a variety of skin disorders and hair disorders by
administering one or more of the disclosed compounds
or derivatives thereof. The ARD enhancers included
herein include but are not limited to those provided
in FIGS. 1 and 2. Among the ARD enhancers include
ASC-J9, ASC-Jl 5, ASC-Q9, ASC-Q44, ASC-Q49, ASC-Q77,
ASC-Q98, ASC-Q99, ASC-QlOl, ASC-Q102, ASC-Q103, ASC-QI
l Oor ASC-Ql I l , ASC-Ql 13, ASC-Ql 16, ASC-JMl,
ASC-JM2, ASC-JM4, ASC-JM5, ASC-JM6, ASC-JM7, ASC-JM12,
ASC-JM13, ASC-JM14, ASC-JM16, ASC-JM17, ASC-JM18 and
ASC-JM 19. In one aspect of the present invention
compositions for the prevention or treatment of a skin
disorder is provided. In this aspect, the first
compound is an androgen receptor degradation (ARD)
enhancer. ARD enhancers are compounds that modulate
the degradation of the androgen receptor, which is
different fromconventional anti-androgens that
interfere the receptor-ligand (androgen) binding. In
one embodiment, the ARD enhancer induces degradation
of the androgen receptor. In another embodiment, the
ARD enhancer increases the rate of androgen receptor
degradation compared to the absence of an ARD
enhancer. In yet another embodiment, the ARD enhancer
prevents the aggregation of mutant androgen receptors.
In still another embodiment, an ARD enhancer prevents
androgen and androgen receptor (a transcription
factor)-mediated gene activation. The second compound
is selected from at least one of variety of compounds
including a bactericide, an antibiotic, an
anti-microbial peptide, Vitamin A, a Vitamin A
derivative, or a retinoid, and an inflammatory
compound. The combination of such compounds will
provide more effective treatments for skin disorders
while reducing adverse effects in comparison to
current treatments. Though nonlimiting the inventors
believe the ARD enhancer decrease oil secretion from a
sebaceous gland, reduce proliferation of sebocytes or
inhibit or reducing sebocyte differentiation. The
inventors believe the second compound may target
bacteria colonies or will provide additional
anti-inflammatory assistance as needed when treating a
variety of skin disorders. Thus, the present invention
allows for the treatment of symptoms as well as
modulation of a pathway to prevent or limit the
occurrence of the skin disorders. In another aspect of
the present invention a pharmaceutical composition is
disclosed, the pharmaceutical composition including an
androgen receptor degradation (ARD) enhancer, a
bactericide and a pharmaceutically acceptable carrier.
The pharmaceutical may be topically applied, injected
and the like depending on the desired route of
administration. In the preferred embodiment the
bactericide is benzoyl peroxide. In yet aspect of the
present invention a pharmaceutical composition is
disclosed, the pharmaceutical composition including an
androgen receptor degradation (ARD) enhancer, an
antibiotic and a pharmaceutically acceptable carrier.
In still another aspect of the present invention a
pharmaceutical composition is disclosed, the
pharmaceutical composition including an androgen
receptor degradation (ARD) enhancer, an anti-microbial
peptide, and a pharmaceutically acceptable carrier. In
still another aspect of the present invention a
pharmaceutical composition is disclosed, the
pharmaceutical composition including an androgen
receptordegradation (ARD) enhancer, Vitamin A, a
Vitamin A derivative or a retinoid, and a
pharmaceutically acceptable carrier. In still another
aspect of the present invention a pharmaceutical
composition is disclosed, the pharmaceutical
composition including an androgen receptor degradation
(ARD) enhancer, an anti-inflammatory compound, and a
pharmaceutically acceptable carrier. In still another
aspect of the present invention a method of treating
or preventing a skin disorder is provided including
administering to an individual in need thereof a
therapeutically effective amount of a pharmaceutical
composition of the present invention. In one
embodiment the pharmaceutical composition includes an
ARD enhancer and a bactericide. In another embodiment
the pharmaceutical composition includes an ARD
enhancer and an antibiotic. In yet another embodiment
the pharmaceutical composition includes an ARD
enhancer and an anti-microbial peptide. In still
another embodiment the pharmaceutical composition
includes and ARD enhancer and Vitamin A, a Vitamin A
derivative or a retinoid. In still another 



embodiment the pharmaceutical composition includes an
ARD enhancer and an anti inflammatory compound. In
various embodiments, nonlimiting examples of skin
disorders are acne, alopecia, atopic dermatitis,
rosacea, lupus, axillary osmidrosis, a wound and the
like. In still other aspects of the present invention,
the combinations of compounds are provided as a
cosmetic in a cosmetic formulation. The invention
including a cosmetic composition including, in a
cosmetically acceptable carrier, an ARD enhancer and a
compound such as but not limited to a bactericide, an
antibiotic, an anti-microbial peptide, Vitamin A, a
Vitamin A derivative or a retinoid, and an
antiinflammatory compound. In still other aspects of
the present invention an ARD enhancer is combined with
at least one composition or compound for the treatment
or prevention of hair loss. The ARD enhancer may be
combined with oligopeptides, peptides, extracts,
nucleotides and the like. In some embodiments, the
compositions of the present invention treat
androgenetic alopecia. In some embodiments, a compound
suspected of preventing hair loss is provided in
combination with a compound suspected of stimulating
hair growth.BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1
depicts a structural formula of ASC-Jl 5 and ASC-J9,
exemplary ARD enhancers. FIGURE 2 depicts a table of
structural formulas of various ARD enhancers with
corresponding values for relative potency
(corresponding to percent AR reduction, compared to
vehicle control). Anti-AR activity was assayed by
western blot analysis after 48 hours of incubation of
the human prostate cancer cell line LNCaP in the
presence of the corresponding ARD enhancer. The value
indications for activity can be found in Table 1
provided within Example 2. FIGURES 3A and 3B depict
western blot analysis demonstrating the reduction of
Androgen Receptor (AR) protein expression in human
prostate cancer cells (LNCaP) after exposure to
compounds (3A) ASC-Q49, ASC-Q 103, ASC-JM 12, ASC-JM
14; and (3B) ASC-Q49, ASC-Q77, ASC-JM4, and ASC-JM5.
FIGURE 4 depicts a graphical representation of cell
growth (proliferation) and androgen receptor
expression levels in ASC-J9-treated LNCaP cells. LNCaP
cells were plated and incubate for two days. ASC-J9
was added to the medium at a final concentration of 5
uM with and without DHT. Referring to FIGURE 4A, the
results demonstrate that while DHT promote LNCaP cell
growth in culture, ASC-J9 significantly inhibits cell
growth regardless in the presence or absence of DHT.
FIGURE 4B depicts normalized androgen receptor signals
for the ASC-J9 sample as a percentage of baseline (Day
0) value. Cell lysates collected from cell cultured
with ASC-J9 (FIGURE 4A) and AR expression was detected
by Western Blot. Data indicated that the inhibition of
AR expression in LNCaP cells, induced by ASC-J-9, is
in correlation with cell growth inhibition. FIGURE 5
depicts a western blot analysis of LNCaP cell lysates
that were cultured with ASC-J9 for 48 hr. in the
presence or absence of DHT. Data demonstrated that
ASC-J9 reduced AR, PR proteins expression regardless
in the presence or absence of DHT, but did not affect
expression of other proteins, such as ER, PPAR, RXR,
HSP and Actin.FIGURE 6 depicts a western blot analysis
of T47D (a human breast cancer) cell lysates
demonstrating the specificity of ASC-J9's ability to
degrade the androgen receptor. Data demonstrated that
ASC-J9 selectively reduced expression of androgen
receptor (AR). The expression of other receptor
proteins, Peroxisome proliferatoractivated receptors
gamma and beta (PPARg , PPAR b), retinoid X receptor
alpha (RXRa), estrogen receptor alpha and beta (ERa
and Erp), extracellular signal-related kinase (ERK),
heat shock protein 70 (HSP70) and actin, was not
affected. FIGURE 7A depicts a western blot analysis of
LNCaP cell lysates upon exposure to compound ASC-J9
and cyclohexamide, a protein synthesis inhibitor. The
reduction of androgen receptor over time in the
presence of a protein synthesis inhibitor indicates
ASC-J9 enhances degradation of AR protein. FIGURE 7B
is a western blot demonstrating that ASC-J9 is the
only anti-androgen that is capable of reducing AR
protein expression, and not the conventional
anti-androgens, such as CPA (cyproterone acetate), HF
(hydroxyflutamide), or finasteride. FIGURE 8A depicts
fluorescence micrographs of monkey kidney COS-I cells
transfected with the plasmid GFPAR (which contained a
green fluorescent protein gene and wild type androgen
receptor gene). Transfected cells were treated with
vehicle only (control) or with the test compound
ASC-J9. Micrographs were taken under fluorescent
imaging conditions for green fluorescent protein
(GFPAR). Control cells contained dense quantity of
fluorescence in nucleus (i.e., the wild type AR) and
dimmer fluorescence in the cytoplasm. Cells that had
been treated with ASC-J9 dim fluorescent was detected
in both nucleus and cytoplasm, indicated ASC-J9
reduces (or degrades) the expression of AR. FIGURE 8B
depicts fluorescence micrographs of monkey kidney
COS-I cells transfected with the plasmid GFPARQ49
(which contained a green fluorescent protein and a
mutant androgen receptor poly Q49 gene) as described
in detail in Example 5. Transfected cells were treated
with vehicle only (control) or with the test compound
ASC-J9. Micrographs were taken under fluorescent
imaging conditions for green fluorescent protein
(GFPARQ49). Control cells contained large amounts of
fluorescent inclusions or aggregates (i.e., the
aggregated mutant poly Q49) in cytoplasm. Cells that
had been treated with ASC-J9 contained substantially
smaller amounts of fluorescent inclusions, suggesting
that theexpression of mutant poly Q49 androgen
receptor was inhibited or degraded by ASCJ9 treatment.
FIGURE 9 depicts representative photographs of Fuzzy
rats treated as described in detail in Example 6.
Fuzzy rats were treated with topical creams containing
vehicle only (left side animal) or ASC-J9 (25
micromolar, right side animal) for the times
indicated. The photographs show that bands of
sebaceous glands and sebum secretion (skin color) were
reduced within 4-5 weeks in the Fuzzy rats treated
with ASC-J9 (right side animal). FIGURE 10 depicts
representative photographs (FIGURES lOA-C) and
graphical representations of duct and lobe size
(FIGURES 1OD, 10E) of sebaceous glands in Fuzzy rat
skin. Skin tissue samples (split skin) were prepared
and examined by microscopy. FIGURE lOA-C are
photographs depicting the duct and lobe of the
sebaceous gland (of a split skin sample) upon
treatment with a vehicle control (8A) or compound
ASC-J9 (8B) and a castrated animal (8C). In FIGURE
1OD, size of glandular lobes were measured by tracing
the edges of the well-preserved glandular lobules, and
then quantified with Image J software, and expressed
as pixel counts contained within the traced areas. The
data obtained showed topical treatment with the
vehicle only (control cream) did not produce a
significant change in glandular lobe size. Topical
treatment of male rats with the various concentration
of test compounds ASC-J9 resulted in a significant
reduction in the size of the sebaceous glandular lobe,
though not to the extent caused by castration, but are
better than the 



conventional anti-androgen flutamide. FIGURE 1OE
depicts representative data showing that ASC-J9
applied to skin significantly reduced the size of
ducts of sebaceous glands in male Fuzzy rats
comparable to the castration effect and better than
flutamide. FIGURE H A depicts results from studies of
an animal model of alopecia (hair loss or baldness),
as described in detail in EXAMPLE 7. Six-week-old male
C57BL/6J mice were shaved with an electric clipper,
and then treated with a hair-removal cream. One group
of mice, represented by the two left-most animals
(marked "vehicle #1" and "vehicle #2") were shaved and
treated only with ethanol. A second group of mice,
represented by the two right-most animals (marked
"testosterone #1" and"testosterone #2") were shaved
and treated with a testosterone/ethanol solution in
the morning and a control solution in the afternoon.
The animals were photographed at the end of the 20-day
treatment period. Mice treated with the ethanol
vehicle alone (without testosterone) showed rapid
re-growth of hair in the shaved areas after 20 days of
topical treatment. Mice treated with testosterone
showed little or no re-growth of hair in the shaved
areas after 20 days of topical treatment. FIGURE H B
depicts further results from studies of an animal
model of alopecia (hair loss or baldness), as
described in detail in EXAMPLE 7. Six-week-old male
C57BL/6J mice were shaved with an electric clipper,
and then treated with a hair-removal cream. One group
of mice, (represented by the animals marked
"testosterone # 1" and "testosterone #2") were shaved
and treated topically with testosterone in the morning
and control solution in the afternoon for twenty days.
A second group of mice (represented by the animals
marked "ASC-J9/testosterone #1" and
"ASC-J9/testosterone #2") were shaved and treated
topically with testosterone in the morning and ASC-J9
in the afternoon for twenty days. Mice that received
topical morning applications of testosterone and
afternoon applications of the control solution only
showed little or no re-growth of hair in the shaved
areas after 20 days of treatment. Mice that received
topical morning applications of testosterone and
afternoon applications of ASC-J9 showed hair growth on
day 8 and fully re-growth of hair in the shaved areas
after 20 days of topical ASC-J9 treatment. These
results demonstrate that topical application of
ASC-J9, is able to overcome testosterone-induced hair
growth suppression in an animal model. FIGURE 12
depicts a photograph of nude mice inoculated with 2
million LNCaP cells. The mice were given an
intrapertioneal injection with either ASC-J9 (50 mg/kg
of body weight) or a vehicle control three times per
week for 7 weeks. After 7 weeks, the tumor was excised
and weighed. The ASC-J9 treated nude mouse
demonstrated a 75% reduction in tumor size compared to
tumor excised from the mouse treated with vehicle
control, indicated ASC-J9 compound is capable of
inhibits tumor cell growth in vivo.FIGURE 12 depicts a
photograph demonstrating the reduction of LNCaP growth
in nude mice. The ASC-J9 mouse received 100 mg/kg, 3
times per week via IP injection for 7 weeks. The tumor
weight reduced 75% and serum PSA level reduced 90% as
compared to the vehicle control animal. FIGURE 13
demonstrates the ability of ASC-J9 to hasten wound
healing in an animal model using Balb/c mice. Data
depicts the results of treating artificial wounds on
animal skin. Artificial skin wounds were created using
a skin puncher on the neck area of retired breeder
male Balb/c mice. Animals were then treated with
vehicle cream or cream with ASC-J9 (25 mM) twice per
day at the wound areas. Data in FIGURE 13 show ASC-J9
treated animals have smaller wound openings at day 5,
as compare to vehicle treated animals; and wounds were
completely healed in ASC-J9 treated mice on day 10;
whereas in vehicle treated animals, wound scarring
remained visible. This data indicates that an ARD
enhancer, ASC-J9, is capable of hastening wound
healing. FIGURE 14A depicts photographs demonstrating
a representative visible improvement to skin condition
resulting from topical application of the test
compound ASC-J9 (2.5 micromolar in a carrier base) to
the forehead of an acne-affected male volunteer and in
another acne-affected male (back is shown in FIGURE
14B) with ASC-J9 (625 mM), as described in detail in
Example 10. DETAILED DESCRIPTION OF THE INVENTION The
present invention incorporates by reference U.S patent
application serial number 12/008,124 entitled,
"Compounds with (substituted phenyl)-propenal moiety,
their derivatives, biological activity, and uses
thereof." Methods of synthesis and thus methods of
preparation of ARD enhancers described herein may be
found the cited application. Further definitions may
also be found in the incorporated application.A.
Definitions Unless defined otherwise, all technical
and scientific terms used herein have the same meaning
as is commonly understood by one of ordinary skill in
the art to which this invention belongs. All patents,
applications, published applications and other
publications are incorporated by reference in their
entirety. In the event that there are a plurality of
definitions for a term herein, those in this section
prevail unless stated otherwise. The term "androgen
receptor" as used herein or "AR" refers to the
intracellular protein receptor that specifically binds
androgens, testosterone and DHT. AR includes all
mammalian isoforms, splice variants, mutants and
polymorphisms of the androgen receptor. The term
"cosmetically acceptable" as used herein refers to
approved or approvable by a regulatory agency of the
Federal or a state government as a cosmetic for use in
animals, and more particularly in humans. The term
"cosmetically acceptable carrier" as used herein
refers to an approved or approvable diluent, adjuvant,
excipient or carrier, such as but not limited to a
liposome, with which a compound is incorporated or
administered. The term "enhancing degradation of the
androgen receptor" as used herein refers to reducing
the quantity of androgen receptors or increasing the
rate of degradation (reduction) of the androgen
receptors when compared to a placebo or no treatment.
The term "extended release" as used herein refers to
dosage form that provides for the delayed, slowed over
a period of time, continuous, discontinuous, or
sustained release of a compound or composition. The
term "peptide" as used herein refers to a series of
amino acids linked together. An "oligopeptide" refers
to a peptide that is short in length. The term
"pharmaceutically acceptable" as used herein refers to
approved or approvable by a regulatory agency of the
Federal or a state government for use in animals, and
more particularly in humans. The term
"pharmaceutically acceptable carrier" refers to an
approved or approvable diluent, adjuvant, excipient or
carrier, such as but not limited to a liposome, with
which a compound is incorporated or administered.The
term "prodrug" as used herein refers to a compound
that, upon in vivo administration, is metabolized by
one or more steps or processes or otherwise converted
to the biologically, pharmaceutically or
therapeutically active form of the 



compound. To produce a prodrug, the pharmaceutically
active compound is modified such that the active
compound will be regenerated by metabolic processes.
The prodrug may be designed to alter the metabolic
stability or the transport characteristics of a drug,
to mask side effects or toxicity, to improve the
flavor of a drug or to alter other characteristics or
properties of a drug. The term "therapeutically
effective amount" as used herein refers to the amount
of a compound or composition that, when administered
to a patient for treating a disease or disorder, is
sufficient to affect such treatment for the disease or
disorder. The "therapeutically effective amount" will
vary depending on the compound or composition, the
disease or disorder and its severity and the age and
weight of the patient to be treated. B. Compositions
for the Treatment of Skin Disorders It's the belief of
the inventors that the combinations of compounds
provided herein will have increased therapeutic
utility when compared to current therapies for the
treatment of skin disorders. Thus, in one aspect of
the present invention, a composition for the
prevention or treatment of a skin disorder is
provided. The composition of the present invention may
be provided in multiple embodiments, which are
provided below as guidance to those skilled in the art
of medical treatment or the pharmaceutical industry.
Thus, the embodiments of the present invention will
demonstrate a variety of nonlimiting formulations or
useful combinations that may be desirable according to
the skin disorder, the desired administration or
treatment regimen. The compositions of the present
invention include at least two compounds. One compound
includes an Androgen Receptor Degradation (ARD)
enhancer. The second compound can be selected from a
variety of compounds known or suspected of having
utility for the treatment or prevention of a skin
disorder. In various embodiments, the second compound
may include a bactericide, an antibiotic, an anti
microbial peptide, an anti-inflammatory compound, a
compound capable of reducing one or more symptoms
associated with the skin disorder, or a combination
thereof.Thus, the present invention may include an ARD
enhancer provided in combination with one, two, three
or more compounds provided or suggested herein.
Androgen Receptor Degradation (ARD) Enhancers Androgen
receptor degradation (ARD) enhancers are compounds
that modulate or increase degradation of the androgen
receptor. It is believed that many skin disorders are
caused or influenced by androgen-associated gene
activation pathways. Current anti-androgen therapies
target or interfere with receptor-ligand (androgen)
binding, which only works effectively when the
endogenouse androgen levels are low and sometimes
results in accumulation of excess androgens or can
totally block androgen-regulated functions, thus
further affecting other androgen associated functions.
Therefore previous treatments resulting in
accumulation of excess ligand may lead to undesirable
treatment side effects. In contrast, the ARD enhancers
of the present invention provide an effective
alternative that does not induce the accumulation of
endogenous ligand (androgens) in comparison to
conventional therapies. In addition, ARD enhancers,
their function not affected by the endogenous
androgens, may reduce expression of androgen
receptors, which may result in downregulation of the
ligand (androgen) activity. U.S. patent application
serial number 12/008,124 entitled, "Compounds with
(substituted phenyl)-propenal moiety, their
derivatives, biological activity, and uses thereof,"
incorporated herein by reference, discloses a listing
of compounds that are believed to have ARD enhancing
activity however, the activity may vary. In preferred
embodiments, the ARD enhancer is selected from the
group consisting of ASC-J9, ASC-Jl 5, ASC-Q9, ASCQ44,
ASC-Q49, ASC-Q77, ASC-Q98, ASC-Q99, ASC-QlOl,
ASC-Q102, ASCQ103, ASC-Ql 10 or ASC-Ql 11, ASC-Ql 13,
ASC-Ql 16, ASC-JMl, ASC-JM2, ASC-JM4, ASC-JM5,
ASC-JM6, ASC-JM7, ASC-JM12, ASC-JM13, ASC-JM14, ASC-JM
16, ASC-JM 17, ASC-JM 18 and ASC-JMl 9. FIGURE 2
provides a structural formula of preferred ARD
enhancers together with data demonstrating the
relative potency of each. The potency was determined
by Western Blot after incubation of LNCaP (human
prostate cancer cell line) in the presence of the
corresponding compound for 48 hours. Percent reduction
was determined by comparison to a vehicle control.
With respect to skin disorders, androgen receptor
degradation (ARD) enhancers are believed to decrease
oil (sebum) secretion by sebaceous glands that
areassociated with hair follicles, which limits or
decreases the propagation of bacteria (P. Acne).
Sebum, an oily substance, is secreted by the sebaceous
gland in response to stimulation of the androgen
receptor. Whether stimulation of the sebaceous gland
causes proliferation of sebocytes or increased
production of sebum, the ligand-bound androgen
receptor is believed to be a cause of increased sebum
production. Therefore it is believed that enhancing
degradation of the androgen receptor, i.e., avoiding
activation by the ligand (androgen), may decrease
sebum secretion from the sebaceous gland, reduce the
proliferation of sebocytes, or inhibit or reduce
sebocyte differentiation, thereby reducing the
presence of sebum and reducing the presence of
bacteria or bacterial infection. Since ARD enhancers
act differently from the traditional anti-androgens
that act at receptor-ligand interaction, ARD enhancers
may allow modulation of the sebaceous gland without
substantial interference with an alternative androgen
or ligand associated with AR function. A subset of
compounds (ARD enhancers) are believed to induce
degradation of the intracellular androgen receptor,
acting via the proteosome-dependent (or
ubiquitin-mediated) proteolytic pathway. Compounds
such as ASC-J9 have been shown to induce degradation
of the androgen receptor and affect the presence of
acne. Compounds provided in FIGURE 2 area also shown
to decrease expression of the androgen receptor. The
ARD enhancers of the present invention are not limited
to those that affect the sebaceous gland. The ARD
enhancers of the present invention may be act or
affect a variety of cell types, which result in the
reduction of one or more symptoms associated with a
skin disorder. Thus pathways are provided as examples
only and are nonlimiting with respect to the present
invention. Bactericides In another embodiment of the
present invention an ARD enhancer is provided in
combination with a bactericide for the prevention or
treatment of a skin disorder. When used in
combination, ARD enhancers may affect sebocytes or
sebaceous gland while the bactericide affects the
population of P. acnes or other strains of bacteria.
Although nonlimiting, this embodiment's particular
utility may be found for skin disorders such as acne,
rosacea and wound healing because of likely presence
of local bacterial colonies. However this embodiment
will have broad utility, such as any skin disorder
where the reduction of a bacterial population is
desired.Many compounds having bactericidal properties
are known in the art and may be used with the present
invention. Compounds may be identified according to
class or according to desired properties or modes of
action. Examples include sorbic acid, benzoic acid and
para-hydroxybenzoic acid. One particularly desirable
bactericide of 



the present invention is benzoyl peroxide. Benyzol
peroxide includes two benyl groups (benzaldehyde with
the H of CHO removed) joined by a peroxide group.
Benzoyl peroxide may be formed by the combination of
sodium peroxide with benzoyl chloride (forming benzoyl
peroxide and sodium chloride). Benzoyl peroxide may be
administered in a gel or cream form, typically at a
concentration from about 0.1% to about 20%, or about
1% to about 10%, however concentrations outside of
these ranges are also encompassed by the present
invention. When used in combination with an androgen
receptor degradation (ARD) enhancer, the dose of
benzoyl peroxide may be reduced, which reduces the
frequency of skin dryness or irritation frequently
associated with current benzoyl peroxide based
therapies. Antibiotics Antibiotics are classified as
either being bactericidal (compounds that kill
bacteria) or bacteriostatic (compounds that prevent
bacteria from dividing). Antibiotics have limited or
no effect on viruses, fungi or parasites. They are
relatively harmless to the host and therefore can be
used to treat bacterial infections. However the
frequent use of antibiotics has lead to bacterial
resistant strains, among other undesirable
characteristics when used alone. Classes of
antibiotics that may be used in the present invention
include aminoglycosides (including amikacin,
gentamicin, kanamycin, neomycin, netilmicin,
strepomycin and tobramycin); cabacephems (including
loracarbef), cabapenems (including ertepenem,
imipenem/cilastatin and meropenem); first generation
cephalosporins (including cefadroxil, cefazolin and
cephalexin); second generation cephalosporins
(including cefaclor, cefamandole, cefoxitin, cefprozil
and cefuroxime); third generation cephalosporins
(including cefixime, cefdinir, cefditoren,
cefoperazone, cefotaxime, cefpodoxime, ceftazidime,
ceftibuten, ceftizoxime and ceftriaxone); fourth
generation cephalosporins (including cefepime);
gycopeptides (including teicoplanin and vancomycin);
macrolides (including azithromycin, clairthromycin,
dirithromycin, erythromycin, roxithromycin and
troleandomycin); monobactam (including aztreonam);
penicillins (including amoxicillin, ampicillin,
azlocillan, carbenicillin, cloxacillin, dicloxacillin,
flucloxacillin, mezlocillin, nafcillin, penicillin,
piperacillin and ticarcillin); 1 Cpoypeptides
(including bacitracin, colistin and polymyxin B);
quinolones (including ciprofloxacin, enoxacin,
gatifloxacin, levofloxacin, lomefloxacin,
moxifloxacin, norfloxacin, ofloxacin and
trovafloxacin); sulfonamides (including mafenide,
prontosil, sulfacetamide, sulfamethizole,
sulfanilimide, sulfasalizine, sulfisoxazole,
trimethoprim and trimethoprim-sulfamethoxazole);
tetracyclines (including democlocycline, doxycycline,
mincycline and oxytetracycline); and others including
chloramphenicol, clindamycin, ethambutol, fosfomycin,
furazolidone, isoniazid, linezolid, metronidazole,
nitrofurantion, platensimycin, pyrazinaminde,
quinuprisitin, rifampin and sepctinomycin. Currently,
the most common antibiotics used to treat acne include
erythromycin, clindamycin, cotrimoxazole, tetracycline
or tetracycline derivatives such as doxycycline and
minocyline, each of which may be used in the present
invention. Anti-microbial agents and peptides In
another embodiment of the present invention, an ARD
enhancer is used in combination with an anti-microbial
peptide or a compound capable of inducing or mediated
the production or availability of an anti-microbial
peptide. Anti-microbial peptides are typically short
proteins, generally between 12 and 50 amino acids long
(although larger proteins with similar properties are
often classified as anti-microbial peptides and are
incorporated within the scope of the present
invention). These peptides often include two or more
positively charged residues provided by arginine,
lysine or, in acidic environments, histidine, and a
large proportion (generally >50%) of hydrophobic
residues. In addition to killing bacteria directly
they are suspected of having a number of
immunomodulatory functions that may be involved in the
clearance of infection, including the ability to alter
host gene expression, act as chemokines and/or induce
chemokine production, inhibiting lipopolysaccharide
induced pro-inflammatory cytokine production,
promoting wound healing, and modulating the responses
of dendritic cells and cells of the adaptive immune
response. Anti-microbial peptides are thought to vary
in function from affecting bacterial membranes to
having intracellular targets. Nonlimiting examples of
anti microbial peptides that may be used with the
present invention include, but are not limited to
defensins and the cathelicidin family of polypeptides,
which are characterized by a highly conserved region
(cathelin domain) and a highly variable cathelicidin
peptide domain. The anti-microbial effects of
cathelicidins in skin arethought to be mediated by
proteolysis and may involve mast cells, keratocytes
and neutrophils. Kallikrein-mediated proteolysis has
been proposed (FASEB. J 2006 Oct; 20(12):2068-80 which
is herein incorporated by reference in its entirety).
It is believed that when used in combination with ARD
enhancers, the cathelicidin family will be useful as a
treatement for a variety of skin disorders and
particularly useful in the treatment of atopic
dermatitis and rosacea. It may be desirable to provide
a cofactor such as Vitamin D for increased efficacy.
Vitamin A Vitamin A Derivatives and Retinoids In
another aspect of the present invention an ARD
enhancer is provided in combination with Vitamin A or
a Vitamin A derivative. Vitamin A promotes healthy
surface linings of the eyes, respiratory, urinary and
intestinal tracts and helps the skin and mucous
membranes function as a barrier to bacteria and
viruses. In addition, Vitamin A helps regulate the
immune system, which helps prevent or fight off
infections by making white blood cells that destroy
harmful bacteria and viruses. Vitamin A may also help
lymphocytes fight infections more effectively. Vitamin
A derivatives encompassed within the present invention
include modifications such as but not limited to
alkylations, esterifications and the like and may
include the addition of one or more of a variety of
functional groups such as alchohols, enols, ketos,
carboxyls and the like. Vitamin A derivatives may
alter the anti-bacterial characteristics of Vitamin A.
Retinol is the animal form of Vitamin A. Retinol
belongs to a larger family of compounds referred to as
retinoids. Thus, in another aspect of the present
invention a androgen receptor degradation (ARD)
enhancer may be used in combination with a retinoid as
a composition useful for the treatment of a skin
disorder. The compositions of the present invention
provide improvement over previous retinoid therapies
in that at least in part, the dose of a retinoid may
be reduced because of the increased combined activity
with an ARD enhancer. Thus, the reduced dose will
result in reduced skin irritation commonly associated
with retinoid related compounds. Anti-inflammatory
Compounds In another aspect of the present invention
an ARD enhancer is used in combination with an
anti-inflammatory compound. Inflammatory compounds may
bedivided between steroidal anti-inflammatory
compounds and non-steroidal anti inflammatory
compounds, each of which is encompassed within the
present invention. 



Many steroids, such as glucocorticoids, reduce
inflammation by binding to Cortisol receptors. Often
these are referred to as corticosteroid compounds.
Non-steroidal anti-inflammatory compounds include
those that counteract or inhibit the cyclooxygenase
(COX) enzyme. The COX enzyme synthesizes
prostaglandins, which lead to inflammation.
Compositions of the present invention may include
non-steroidal anti-inflammatory compounds that reduce
or prevent synthesis of prostaglandins, thus reducing
or eliminating pain associated with inflammation. Many
herbs or compounds isolated from herbs have
anti-inflammatory properties and may be used in
combination with an ARD. Examples of herbs believed to
have anti-inflammatory properties are hyssop, ginger,
Arnica Montana which contains helenalin, a
sesquiterpene lactone, and willow bark, which contains
salicylic acid. Similarly some foods are thought to
contain anti-inflammatory properties. Thus compounds
isolated from foods suspected of having anti
inflammatory properties are also incorporated within
the present invention. For example, capsaicin and
omega-3 -fatty acids are anti-inflammatory compounds
found in foods and are encompassed by the present
invention. C. Compositions for the Treatment or
Prevention of Hair Loss It's the belief of the
inventors that the combinations of compounds provided
herein will have increased therapeutic utility when
compared to current therapies for the treatment of
hair loss. Thus, in one aspect of the present
invention, a composition for the prevention or
treatment of hair loss is provided. The compositions
and treatment methods are believed to have particular
use in the treatment or prevention of androgenetic
alopecia. However, any hair loss condition associated
with the accumulation or build up of androgen or
associated with the androgen receptor can be treated
or prevented, at least in part by the present
invention. The compositions of the present invention
may be provided in multiple embodiments, which are
provided below as guidance to those skilled in the art
of medical treatment or the pharmaceutical industry.
Thus, the embodiments of the present invention will
demonstrate a variety of nonlimiting formulations or
useful combinations that may bedesirable according to
the medical condition, the desired administration or
treatment regimen. The compositions of the present
invention include at least two compounds. One compound
includes an Androgen Receptor Degradation (ARD)
enhancer. The second compound can be selected from a
variety of compounds known or suspected of having
utility for the treatment or prevention of a hair
loss, baldness or androgenetic alopecia. In some
embodiments the second compound is suspected of
increasing or promoting hair growth. Thus, the present
invention may include an ARD enhancer provided in
combination with one, two or more compounds or
compositions provided or suggested herein. Examples of
ARD enchancers that may be used in the present
invention include those provided in U.S. patent
application serial number 12/008,124 entitled,
"Compounds with (substituted phenyl)-propenal moiety,
their derivatives, biological activity, and uses
thereof," which is incorporated herein by reference,
In preferred embodiments, the ARD enhancer is selected
from the group consisting of ASC-J9, ASC-Jl 5, ASC-Q9,
ASC-Q44, ASC-Q49, ASC-Q77, ASC-Q98, ASC-Q99, ASC-QlOl,
ASC-Q102, ASC-Q103, ASC-Ql 10 or ASC-Ql 11, ASC-Ql 13,
ASC-Ql 16, ASC-JMl, ASC-JM2, ASC-JM4, ASC-JM5,
ASC-JM6, ASC-JM7, ASC-JM12, ASC-JMl 3, ASC-JM14,
ASC-JM16, ASC-JM17, ASC-JM18 and ASC-JM19.
Combinations of compounds or compositions provided
within the present invention may be administered
topically, orally, and the like as known in
pharmaceutical/cosmetic arts or as described in the
present invention. In some embodiments a combination
of compounds are provided, wherein at least one
compound is administered orally and a second compound
is administered topically. In preferred aspects of the
present invention an ARD enhancer is provided in
combination with a compound or composition suspected
of stimulating hair growth. Thus when provided in
combination, the present invention may both prevent
hair loss and stimulate hair growth. Though
nonlimiting, the ARD enhancers of the present
invention may be combined with compounds that interact
with the androgen receptor or androgen. In some
embodiments, an ARD enhancer is combined with a
compound or composition that blocks androgen binding
to the androgen receptor. In some embodiments, an ARD
enhancer is provided in combination with finasteride.
In another embodiment, an ARD enhancer is provided in
combination with flutamide or bicalutamide In another
embodiment an ARD enhancer is providedin combination
with minoxidil. Thus ARD enhancers may be combined
with currently available or proposed treatments for
hair loss. Peptides and Oligopeptides that Promote
Hair Growth The ARX) enhancers disclosed herein may be
combined with peptides or oligopeptides that
demonstrate or are believed to demonstrate potential
activity for hair growth or prevention of hair loss.
The peptides may encode domains that interact with a
receptor such as an androgen receptor, cofactor such
as a STAT and like. As nonlimiting examples, ARD
enhancers may be combined with peptides such as, but
not limited to the following. U.S. patent 7,241,731,
entitled "Oligopeptides for promoting hair growth",
which is incorporated herein by reference, provides a
variety of oligopeptides suspected of having
beneficial activity. Peptides such as
glutamine-containing peptides are also promising in
the treatment or prevention of hair growth. For
example U.S. patent 6,376,557, entitled "Methods of
treating alopecia", which is herein incorporated by
reference, discloses the use of glutamine-containing
peptides used in combination with octyl butyrate. The
above peptides and oligopeptides are not intended to
be limiting but instead exemplary of the compositions
of the present invention that are considered useful
for the treatment or prevention of hair loss when used
in combination with an ARD enhancer. Nucleotides and
Oligonucleotides The ARD enhancers of the present
invention may be used in combination with nucleotides
or oligonucleotides believed to increase or promote
hair growth or decrease hair loss. Such nucleotides
may be those that modulate the androgen receptor,
cofactors of the androgen receptor and the like.
Nucleotides may act upstream or downstream of the
intended gene, enhance or inhibit promoter activity
and the like. In some embodiments, such
oligonucleotides are anti-sense
oligonucleotides.Antimicrobial Agents and Peptides
Compositions to treat or prevent hair loss may also
include ARD enhancer in combination with an
anti-microbial agent or anti-microbial peptide. The
compounds and peptides discussed above with respect to
skin disorders are also incorporated herein. Plant
Extracts 



In some embodiments of the present invention, the ARD
enhancer is combined with one or more plant extracts
(or compositions obtained there from) that are
suspected of including anti-androgenic compounds,
anti-androgenic activity, or help prevent or treat
hair loss. Such extracts include those obtained from
plant leaves, flowers, fruits or berries, trunks,
seeds and the like. The extracts may be crude extracts
or may be purified such as over 50% pure, 60% pure,
75% pure, 80% pure, 90% pure or over 95% pure. Thus
the extracts provided herein, their active compounds
and any compounds believed to be active therewith may
be used in combination with the ARD enhancers of the
present invention. In some embodiments, the extracts
are obtained from saw palmetto plant, an American tree
often found in the southeastern part of the United
States including Georgia and Florida. Saw palmetto
plant extract as well as its combination with acetyl
carnitine and co-enzyme Q is disclosed in United
States patent 6,333,057, entitled "Compositions and
method for topical treatment of androgenetic
alopecia"; which is herein incorporated by reference,
may be used in combination with ARD enhancers. Saw
palmetto plant extract is also provided in combination
with African Pygeum extract and stinging nettle
extract in U.S. patent 5,972,345, entitled "Natural
preparation of treatment of male pattern hair loss",
which is herein incorporated by reference. The present
invention also includes an ARD enhancer in combination
with the following extracts or compounds isolated or
purified there from. The extracts provided in U.S.
patent 7,201,931, entitled "Oral compositions for
treatment of scalp disorders", which is incorporated
herein by reference, discloses the use of Seranoa
repens and Vitis vinifera. Extracts from Seranoa
repens were tested "in vitro" on prostate cancer cells
and revealed a strong affinity to androgen receptors
by displacement with radio labeled
3H-methyltrienolene. U.S. patent 6,358,541, entitled
"Topical preparation for the treatment of hair loss",
which is herein incorporated byreference in its
entirety, discloses the use of saw palmetto berry
alcohol extract containing phytosterols as useful in a
low irritability solution. The above extracts are not
intended to be limiting but instead exemplary of the
different sources of plant extracts that are
considered useful for the treatment or prevention of
hair loss when combined with an ARD enhancer. D.
Pharmaceutical and Cosmetic Compositions The compounds
of the present invention may be combined with a
pharmaceutically acceptable carrier to form a
pharmaceutical or cosmetically acceptable carrier to
form a cosmetic. Techniques of pharmaceutical and
cosmetic production are well known in the art and
typically include mixing a compound or salt thereof in
the presence of a suitable carrier. The compounds of
the present invention may be mixed together with a
single carrier or type of carrier or may be
independently mixed with separate carriers. Suitable
carriers for use with the compounds of the present
invention include diluents, excipients, or other
carrier materials, selected according to the intended
form of administration and consistent with
conventional pharmaceutical or cosmetic practice.
Further nonlimiting examples of suitable carriers
include, but are not limited to, water, physiological
saline, phosphate-buffered saline, a physiologically
compatible buffer, saline buffered with a
physiologically compatible salt, a water-in-oil
emulsion, and an oil-in-water emulsion, an alcohol,
dimethylsulfoxide, dextrose, mannitol, lactose,
glycerin, propylene glycol, polyethylene glycol,
polyvinylpyrrolidone, lecithin, albumin, sodium
glutamate, cysteine hydrochloride, and the like, and
mixtures thereof. Suitable carriers can also include
appropriate pharmaceutically acceptable antioxidants
or reducing agents, preservatives, suspending agents,
solubilizers, stabilizers, chelating agents,
complexing agents, viscomodulators, disintegrating
agents, binders, flavoring agents, coloring agents,
odorants, opacifiers, wetting agents, pH buffering
agents, and mixtures thereof, as is consistent with
conventional pharmaceutical practice ("Remington: The
Science and Practice of Pharmacy", 20th edition,
Gennaro (ed.) and Gennaro, Lippincott, Williams &
Wilkins, 2000), which is herein incorporated by
reference in its entirety. The compositions of the
present invention may be provided in a shampoo.The
compounds are provided in a therapeutically effective
dose. The *therapeutically effective dose may
determined by the particular combination of compounds.
The dose may vary somewhat from compound to compound,
patient to patient, and will depend on the condition
of the patient and route of delivery. As general
guidance, a dosage from about 0.1 to about 50 mg/kg of
the combined compounds or compositions may have
therapeutic efficacy, while still higher or lower
dosages potentially being employed. When determining a
dose for a compound with an ARD enhancer, one can
begin with the dose of the compound initially
prescribed then preferably lower the dose. The
compounds or compositions of the present invention may
be provided in a prodrug configuration, in an extended
release formulation and the like. Alternatively, the
compositions may be provided in an active form
suitable for action without substantial modification.
Similarly, the compounds or compositions of the
present invention may be provided in combination with
a liposome delivery vehicle. Liposomes are lyotropic
liquid crystals composed mainly of amphiphillic
bilayers and have the advantage of primarily
comprising lecithin and cholesterol, which are
materials that occur naturally in the human body.
Lecithin and cholesterol are also present in the body
in large amounts, and thus provide good
bioacceptability. Thus, liposomes can help reduce
toxicity and help deliver the drug to the site of
interest. Active targeting usually involves the
attachment of a ligand to the surface of the liposome
or the alteration of the liposome. Ligands can include
antibodies, or antibody fragments, enzymes, lectins,
sugars and the like. The ligands can be attached
covalently or noncovalently, but covalent attachments
are more useful. Liposomes classified into three
classes: multilamellar vesicles (MLVs); small
unilamellar vesicles (SUVs < 100 run in diameter); and
large unilamellar vesicles (LUVs > 100 run in
diameter). MLVs are easily prepared and require
minimal laboratory equipment. Both MLVs and SUVs have
low encapsulation capacity compared to LUVs. LUVs have
many advantages, including high encapsulation of
water-soluble drugs, cost of lipids, and the high rate
of reproducible drug release. Other delivery vehicles
used in drug delivery known, suspected or published by
those skilled in the art of drug delivery are also
contemplated and incorporated within the scope of the
present invention. For example, nanoparticles are
solid, colloidal particles having macromolecular
substances that vary in size from about 10 nanometers
(run) to about 1000 nm. The compound or composition is
dissolved,entrapped, adsorbed, attached, or
encapsulated in the macromolecular material.
Nanoparticles have been described as having the
following nonlimiting compositions: a microsphere with
a shell-like wall that holds the matrix, a polymer
lattice that encapsulates fluid solution; and a solid
particle (biodegradable or not) for surface attachment
of compounds or compositions and targeting molecules.
Nanoparticles are typically injected. 



Co-administration of Compounds Although the
combination of compounds may be provided in a single
pharmaceutical or cosmetic, in other embodiments, the
compounds of the present invention are provided as two
distinct compositions and administered together or
separately. The routes of administration may be the
same, such as topical application of two or more
compounds or may be different. For example, one
compound may be provided as an oral pharmaceutical and
the second as a topical pharmaceutical or cosmetic. In
this example, the treatment includes application of
two pharmaceuticals, one topically and one orally,
which may or may not be applied concurrently or at
periodic intervals or times. Thus, the compositions
may vary depending on the desired treatment regimen.
E. Methods of Treating Skin Disorders The compositions
of the present invention may be used to treat, prevent
or reduce undesirable symptoms from a variety of skin
disorders. The skin is the largest organ of the body
and obviously the most visible. Although many skin
diseases are localized to a particular area or region,
some are manifestations of internal disease. A variety
of skin disorders have been identified and may be
found in a variety of medical dictionaries, such as
but not limited to Taber's encyclopedic dictionary
(edition 20, 2001, FA Davis Company), which is
incorporated by reference herein in its entirety.
Dermatologists, physician's that specialize in the
diagnosis and treatment of the diseases and tumors of
the skin and appendages, may be consulted for
additional potential therapeutic uses or when
evaluating potential doses of compounds or
compositions. Topical applications are frequently used
in treatment of the skin; however, oral medications
are also common. The compositions of the present
invention areadaptable for topical application, oral
application, injection or any other suitable route of
administration as desired or as pharmaceutically or
cosmetically adaptable. The treatment methods of the
present invention include providing an individual
suffering from a skin disorder and administering to
the patient a therapeutically effective dose of one or
more compositions of the present invention. As
provided, the compositions of the present invention
include at least two of the disclosed compounds,
wherein one of the compounds is an ARD enhancer.
Furthermore, the composition may be in the form of a
pharmaceutical or a cosmetic. Similarly, a skin
disorder may be prevented by administering to a
patient in need thereof a pharmaceutically or
cosmetically acceptable amount of one or more
compositions of the present invention, wherein one of
the compositions includes an ARD enhancer. The
following provides a brief and nonlimiting description
of skin disorders that may be treated or prevented
using compounds and compositions of the present
invention. Acne The compounds or compositions of the
present invention may be used to treat or prevent acne
and may accelerate the healing of lesions resulting
from acne. Acne is caused in part by androgen-induced
AR activation of sebaceous glands. The present
invention affects sebaceous gland activation by
providing an ARD enhancer capable of preventing or
decreasing androgen receptor-associated activation.
Inflammation and wound healing are also believed to be
associated with the androgen receptor in response to
ligand and may therefore be treated. Thus, the methods
of the present invention may include administering a
compound, pharmaceutical or cosmetic formulation to an
individual in need of such treatment or prevention.
Topical applications, oral and injectable forms of
such formulations may be of particular interest with
other routes of administration also encompassed within
the present invention. In various aspects of the
present invention, methods of treating or preventing
acne are provided including administering to an
individual or subject in need thereof, a
therapeutically effective amount of a pharmaceutical
composition or a cosmetic composition. Preferably the
composition reduces the amount of oil secreted and
reduces the population of P. acnes. A therapeutically
effective dosage may varysomewhat from compound to
compound, patient to patient, and will depend on the
condition of the patient and route of delivery. As
general guidance, a dosage from about 0.1 to about 50
mg/kg of the composition may have therapeutic
efficacy, while still higher or lower dosages
potentially being employed. Compositions or
combinations of compounds that are likely to have
particular utility in the treatment or prevention of
acne include an ARD enhancer provided in combination
with a bactericide such as benzoyl peroxide; an ARD
enhancer provided in combination with at least one
antibiotic; an ARD enhancer provided in combination
with an antmicrobial peptide, such as a cathedicin; an
ARD enhancer provided in combination with Vitamin A, a
Vitamin A derivative, or a retinoid; an ARD enhancer
provided in combination with an anti-inflammatory
compound; or combinations thereof. In one embodiment
the pharmaceutical includes an ARD enhancer and a
bactericide such as but not limited to benzoyl
peroxide. In this embodiment the pharmaceutical
composition is preferably provided as a cream or gel
and is applied topically to the affected area(s) of
the skin. There may be a single application or
multiple applications. In other embodiments, the
benzoyl peroxide is applied topically and the ARD
enhancer orally. In another embodiment the
pharmaceutical includes an ARD enhancer and an
antibiotic. In this embodiment the pharmaceutical is
preferably provided for oral administration. However,
topical, injectible or combinations thereof may also
be desired. There may be a single dose or multiple
doses depending on the patient's condition. In yet
another embodiment, the composition includes an ARD
enhancer and an anti-microbial peptide. In still
another embodiment, the composition includes an ARD
enhancer and Vitamin A, a Vitamin A derivative or a
retinoid. In still another embodiment the composition
includes an ARD enhancer and an anti-inflammatory
compound. Atopic Dermatitis Atopic dermatitis is a
chronic form of dermatitis of unknown etiology found
in patients with a history of allergy. The disease
usually begins after the first two months of life and
affected individuals may experience exacerbations and
remissions throughout childhood and adulthood. In many
cases, the family has a history of allergy. The skin
lesions consist of reddened, cracked and thickened
skin that can become crusty from scratching. Scaring
or secondary infections may occur.The present
invention provides a method of treatment or prevention
of atopic dermatitis including administering to a
patient in need thereof a therapeutically effective
amount of a pharmaceutical composition or cosmetic
composition of the present invention. In one
embodiment the pharmaceutical includes an ARD enhancer
and a bactericide such as but not limited to benzoyl
peroxide. In another embodiment the pharmaceutical
includes an ARD enhancer and an antibiotic. In yet
another embodiment, the composition includes an ARD
enhancer and an anti-microbial peptide. In still
another embodiment, the composition includes an ARD
enhancer and Vitamin A, a Vitamin A derivative or a
retinoid. In still another embodiment the 



composition includes an ARD enhancer and an
anti-inflammatory compound. Rosacea Rosacea is a
chronic eruption, usually localized to the middle of
the face, such as the patient's nose, cheeks,
forehead, around the eyes or the chin. As the
condition progresses, small vascular malformations of
the skin may appear and eventually the sebaceous
glands of the nose may swell and produce deformities
(rhinophyma). Current treatment protocols include
topically applying metronizdole, clindamycin or
erythromycin; oral tetracyclines and retinoids. The
disease is chronic, currently used therapies can
attempt to manage the condition but not cure it. The
present invention provides a method of treatment or
prevention of rosacea, which includes administering to
a patient in need thereof a therapeutically effective
amount of a pharmaceutical composition or cosmetic
composition of the present invention. In one
embodiment the pharmaceutical includes an ARD enhancer
and a bactericide such as but not limited to benzoyl
peroxide. In another embodiment the pharmaceutical
includes an ARD enhancer and an antibiotic. In yet
another embodiment, the composition includes an ARD
enhancer and an anti-microbial peptide. In still
another embodiment, the composition includes an ARD
enhancer and Vitamin A, a Vitamin A derivative or a
retinoid. In still another embodiment the composition
includes an ARD enhancer and an anti-inflammatory
compound. Lupus Lupus is a condition of chronic
inflammation caused by an autoimmune disease.
Autoimmune diseases are illnesses that occur when the
body's tissues areattacked by its own immune system.
The immune system is a complex system within the body
that is designed to fight infectious agents, for
example, bacteria, and other foreign invaders. One of
the mechanisms that the immune system uses to fight
infections is the production of antibodies. Patients
with lupus produce abnormal antibodies in their blood
that target tissues within their own body rather than
foreign infectious agents. Because the antibodies and
accompanying cells of inflammation can involve tissues
anywhere in the body, lupus has the potential to
affect a variety of areas of the body. Sometimes lupus
can cause disease of the skin, heart, lungs, kidneys,
joints, and/or nervous system. When only the skin is
involved, the condition is called discoid lupus. When
internal organs are involved, the condition is called
systemic lupus erythematosus (SLE). The present
invention provides a method of treatment or prevention
of lupus, including discoid lupus and SLE, which
includes administering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical
composition or cosmetic composition of the present
invention. In one embodiment the pharmaceutical
includes an ARD enhancer and a bactericide such as but
not limited to benzoyl peroxide. In another embodiment
the pharmaceutical includes an ARD enhancer and an
antibiotic. In yet another embodiment, the composition
includes an ARD enhancer and an anti-microbial
peptide. In still another embodiment, the composition
includes an ARD enhancer and Vitamin A, a Vitamin A
derivative or a retinoid. In still another embodiment
the composition includes an ARD enhancer and an
anti-inflammatory compound. F. Methods of Stimulating
Hair Growth and/or Preventing Hair Loss The treatment
methods of the present invention include providing a
subject suffering from hair loss and administering to
the subject a therapeutically effective dose of one or
more compositions of the present invention. In one
aspect of the present invention the hair loss is due
to androgenetic alopecia. In other aspects the hair
loss is not believed to be associated with
androgenetic alopecia. In some aspects hair loss is
associated with the accumulation of androgen or AR. In
other aspects, the compositions of the present
invention may be provided together with medical
treatments that cause loss of hair or to reduce or
eliminate such effects. In someembodiments a compound
suspected of preventing hair loss is provided in
combination with a compound suspected of stimulating
or promoting hair growth. Multiple doses may be
required and doses may change such as increase or
decrease over time. Thus the ratio of ARD enhancer to
second compound may also vary during treatment, such
as increase or decrease over time. As provided, the
compositions of the present invention include at least
two of the disclosed compounds, wherein at least one
of the compounds is an ARD enhancer. Furthermore, the
composition may be in the form of a pharmaceutical,
shampoo, conditioner, cream, cosmetic and the like.
Similarly, hair loss may be prevented or reduced by
administering to a patient in need thereof a
pharmaceutically acceptable amount of one or more
compositions of the present invention, wherein one of
the compositions includes an ARD enhancer. Similarly,
the methods of present invention include methods or
treatment for stimulating hair growth or resulting in
increased hair growth. The methods include
administering to a subject in need thereof, a
therapeutically effective amount of an ARD enhancer in
combination with a second compound, such as one that
is suspected of stimulating hair growth. Androgenetic
Alopecia Androgenetic alopecia is thought to be due to
the hair follicles' or surrounding tissue's
sensitivity to hormones. This sensitivity is due to
genetic factors and often runs in families.
Androgenetic alopecia in men has been associated with
several other medical conditions including coronary
heart disease and enlargement of the prostate,
prostate cancer, disorders of insulin resistance (such
as diabetes and obesity), and high blood pressure
(hypertension). In women, hair loss can be associated
with an increased risk of polycystic ovary syndrome
(PCOS). PCOS is characterized by a hormonal imbalance
that can lead to irregular menstruation, acne, excess
body hair (hirsutism), and weight gain. Hair loss in
women is often correlated to a build up or increased
amount of androgen. The present invention provides a
method of treatment or prevention of hair disorders,
such as androgenetic alopecia or those associated with
the accumulation of androgen, which includes
administering to a patient in need thereof a
therapeutically effective amount of a pharmaceutical
composition or cosmetic composition of thepresent
invention. The composition includes at least one ARD
enhancer in combination with at least a second
compound. In one embodiment an ARD enhancer is
combined with minoxidil. In another embodiment an ARD
enhancer is combined with finasteride or Propecia. In
another embodiment an ARD enhancer is combined with
anti-androgenic compound. In another embodiment, an
ARD enhancer is combined with a peptide or
oligopeptide. In some embodiments, the methods of the
present invention include a method of treating
androgenetic alopecia including administering to a
subject in need thereof a combination of compounds
including a compound suspected of slowing or
preventing hair loss and a second compound suspected
of stimulating or promoting hair growth. At least one
compound is an ARD enhancer. A compound suspected of
stimulating hair growth is suspected of having hair
growth stimulation activity. Nonlimiting examples
include organic compounds, peptides, small peptides,
nucleic 



acid sequences, plant extracts and the like. Such
activity can be measured or determined using any
suitable method that determines whether hair growth
occurs. EXAMPLES EXAMPLE 1: OVERVIEWOF ENHANCING
DEGRADATIONOF ATRANSCRIPTION FACTOR The following
examples describe non-limiting embodiments of a method
of enhancing degradation of a nuclear receptor (a
transcription factor), such as androgen receptor. Any
mechanism that enhances degradation of the nuclear
receptor of interest can be used, including, but not
limited to, interfering with translocation of the
nuclear receptor into the nucleus or retaining the
nuclear receptor in the cytoplasm of a cell, exposing
a motif within the nuclear receptor able to induce
protease activity, increasing activity of a protease
capable of specifically degrading the nuclear
receptor, inhibiting the stabilization of a nuclear
receptor, reducing the solubility of the nuclear
receptor, activating a pathway able to degrade the
nuclear receptor, increasing ubiquination of the
nuclear receptor, increasing/decreasing
phosphorylation of the nuclear receptor by an
appropriate kinase, inducing apoptosis, or reducing an
interaction between a nuclear receptor and a cofactor
able to stabilize the nuclear receptor. In this
particular example, the nuclear receptor of interest
is the steroid hormone receptor, the androgen
receptor.Various methods and assays can be used to
detect down regulation of nuclear receptor
transcriptional activity and therefore degradation of
the nuclear receptor of interest, or to detect the
downstream effects of such degradation. For example,
assays used to detect the down regulation of the
androgen receptor may be used at least in part to
detect degradation of the androgen receptor.
Non-limiting examples of such methods and assays, as
applicable to the androgen receptor, are described in
general below. Detection of AR Degradation Using
Western Blot Analysis A Western blot method suitable
for detecting degradation of the androgen receptor
(AR) has been previously described (Su et al., 1999).
Briefly, cells (for example, LNCap cells) are
harvested either in 2x sodium dodecyl sulfate (SDS)
loading buffer or in radioimmunoprecipitation assay
(RIPA) lysis buffer (see "Antibodies: A Laboratory
Manual", E. Harlow and D. Lane, Cold Spring Harbor
Laboratory, 1988) containing 10 micrograms/milliliter
of benzamidine, 10 micrograms/milliliter of trypsin
inhibitor, and 1 millimolar of phenylmethylsulfonyl
fluoride (PMSF). Total protein (40 micrograms/sample,
or as desired) from cell lysate is separated on a
SDS-PAGE gel. After separation, proteins are
transferred from the gel to a nitrocellulose membrane
following standard Western blot procedures. The
membrane is blocked with a suitable blocking agent
(such as 10% non-fat milk in phosphate-buffered saline
supplemented with 0.1% Tween-20 (PBST)) to reduce
non-specific binding overnight. The membrane is
incubated with a suitable primary antibody specific
for human AR (for example, anti-human AR from
BD-PharMingen) at 4 degrees Celsius overnight or at
room temperature for 2 hours. The membrane is rinsed
with PBST three times, 10 minutes each time, and then
incubated with an appropriate secondary antibody (for
example, an enzyme-labeled secondary antibody, such as
horseradish peroxidase-conjugated secondary antibody)
for 1 hour at room temperature. The membrane is rinsed
with PBST, and a suitable visualization procedure is
used to detect the secondary antibody (for example,
horseradish peroxidase can be detected with a
colorimetric substrate or by a chemiluminescent
substrate such as that provided by the enhanced
chemiluminescence (ECL Plus) kit from Amersham). The
secondary antibody signal, as a measure of the amount
of androgen receptor protein on the blot, can be
normalized to the total amount of protein loaded for
each sample by stripping themembrane following the
manufacture's recommendations and re-incubating the
membrane with an appropriate antibody (such as an
antibody to beta-actin, Sigma). Quantification of the
protein signals can be carried out by densitometry,
using appropriate software (ImageJ software from the
National Institutes of Health). Compound that Inhibits
AR Activity and Tumor Cell Growth In the non-limiting
examples, compounds were used to degrade the androgen
receptor (AR) in cells. Non-limiting examples of
compounds that were tested for their ability to
degrade AR include compounds, whose structures and
preparations are described in Ohtsu et al. (2002), J.
Med. Chem., 45:5037-5042 and Ohtsu et al. (2003)
Bioorg. Med. Chem., 11:5083-5090, which are
incorporated by reference in their entirety herein. As
examples, the compounds ASC-J9 were tested on cultured
cells. ASC-J9 is a synthetic compound (trivial name,
dimethylcurcumin), and has the structure
5-hydroxy-l,7-
w(3,4-dimethoxyphenyl)-l,4,6-heptatrien-3-one; it is
obtainable, for example, by permethylation of natural
curcumin with diazomethane. EXAMPLE 2: ENHANCING
DEGRADATIONOF ANUCLEAR RECEPTOR This describes a
non-limiting example of methods and assays useful in
studying the effects of degradation of a nuclear
receptor. In this particular example, a compound known
to enhance degradation of the nuclear receptor,
androgen receptor (AR), was examined for its effects
on AR activity and on cell proliferation. One of the
major tasks in cancer management is to control or slow
tumor proliferation. Androgen and AR plays a
significant role in stimulating prostate cancer cell
proliferation, and thus, modulation of AR activity by
AR degradation could serve as a useful means to delay
or control prostate cancer progression. Detection of
Cell Growth and Androgen Receptor Expression in LNCaP
Cells Growth assay LNCaP cells express an endogenous
mutant AR that is found in prostate cancer patients.
This clinically relevant cell model was used to study
ASC-J9's effect in suppressing prostate cancer cell
growth. Cells were plated, at a density ofapproximate
6.5 x 104 cells/well, into 6-well tissue culture
dishes. Two days later, the complete medium was
aspired and 10% charcoal/dextran-treated (hormone
depleted) serum-containing medium was added. Test
compound, ASC-J9 was then added to the medium at a
final concentration of 5 mM with or without 1 nM of
DHT. For vehicle control, the same amount of DMSO was
added into the medium. For the subsequent 5 days, the
medium was aspired once per day, and replaced with
fresh medium containing test compound and/or DHT. At
designated times, a portion of cells was harvested by
trypsinization, and cell count was performed using a
hemacytometer. During a 5-day experimental duration,
the cell number in vehicle controltreated wells
steadily increased (FIGURE 4A). On Day 1, the cell
number of ASC-J9- treated wells was comparable to that
of vehicle control, but starting from Day 2, there was
a marked decrease in cell number in these wells. At
the end of a 5-day incubation, only a minimal number
of viable cells were found in the ASC-J9-treated
wells. ASC-J9's effect on prostate cancer cell growth
was further assessed in the presence of androgen, DHT.
As expected, DHT up-regulated LNCaP cell growth; a
raise in cell number per well became visible after the
cells were allowed to be incubated with this male
hormone for 4-5 days. In the presence of DHT, ASC-J9
still 



displayed a good potency to decrease LNCaP cell
growth; the magnitude of cell growth decrease in the
presence or absence of DHT was actually comparable.
Based upon the above findings, it is concluded that
ASC-J9 can effectively nullify prostate cancer cell
growth in the presence or absence of male hormones.
ASC-J9 may be useful as a drug candidate for prostate
cancer disease management. Western Blot Analysis of AR
Expression AR is the key factor in regulating prostate
cancer cells' response to androgens. We examined
whether ASC-J9 influences the steady-state level of AR
and whether the reduction of AR correlate to the
growth of LNCaP cells. LNCaP cells from the above
described experiment were harvested at designated
times, cell lysate was prepared for Western blot
analysis as described previously. A color detection
method was subsequently employed to examine AR and
actin protein signals in themembranes, and the
resultant protein signals were quantitated by
densitometry. In FIGURE 4B, normalized AR signals (as
relative to actin protein) are reported, which were
expressed as a percentage of baseline (Day 0) value.
The results show that the endogenous level of AR
steadily declined in LNCaP cells treated with ASC-J9.
AR reduction was first observed after 2 days of
continuous incubation with ASC-J9, and at the end of
the 5-day incubation, only -10% initial level of AR
remained in the treated cells. It is noteworthy that
there is a correlation between the decrease in cell
number and in AR reduction after ASC-J9 incubation.
This information strongly suggests that ASC-J9 may
act, at least in part, through the AR reduction
mechanism to down-regulate LNCaP cell growth.
Additional compounds were tested for their ability to
reduce AR expression in LNCaP cells. The results are
summarized in FIGURE 2. LNCaP cells were incubated for
48 hours in the presence of each test compound then
analyzed by Western Blot. The relative potency was
assessed for each compound by determining the percent
AR reduction compared across various concentrations to
vehicle control. The indications are as follows: Table
1 Figures 3A and 3B depict photographs of Western Blot
data of compounds ASCQ49, ASC-Q103, ASC-JM12,
ASC-JM14, ASC-77, ASC-JM4 and ASC-JM5. The
corresponding compounds was added to LNCaP cells and
allowed to incubate for 48 hours prior to analysis.
The results demonstrate Androgen Receptor (AR) protein
expression is reduced upon exposure to the ARD
enhancers. IN VIVO XENOGRAFT TUMOR GROWTH ASSAY In the
related in vivo studies, LNCaP human prostate tumor
cells are xenografted into nude mice by subcutaneous
injection (2 x 106 per site). Mice are subsequently
treated, by intraperitoneal injection, with either the
vehicle solution ascontrol or the test compounds
(ASC-J9 at a dose of 100 milligrams per kilogram body
weight), three times a week for 7 weeks. Tumor volume
is measured twice a week over the next 7 weeks.
Treatment with compounds such as ASC-J9 for a
sufficient period of time (for example, from between 2
weeks to a few months) is expected to result in a
significantly reduced rate of tumor growth. Data in
FIGURE 12 show two nude mice received xenografted
LNCaP tumor and one treated with vehicle solution
(left) and the other with ASC-J9 (right). A
significant reduction in tumor size and PSA content in
plasma were detected in animal received ASC-J9
treatment. Such results can be taken as a strong
indication that the suppression of AR activity and the
resulting reduction of tumor growth induced by
AR-degrading compounds such as ASC-J9, may be
translated into a practical use for treating or
preventing diseases and disorders related to AR
activity, such as prostate and other cancers. EXAMPLE
3: SPECIFICITY OF STEROID HORMONE RECEPTOR
DEGRADATIONIN DIFFERENT CELL LINES This describes a
non-limiting example of specific degradation of
nuclear receptors (in this case, steroid hormone
receptors) in various cell lines. Two representative
tumor cell lines: the human prostate cancer cell line,
LNCaP, and the human mammary adenocarcinoma cell line,
T47D, were used to test the specificity of effects of
ASC-J9 on the androgen receptor and other
intracellular proteins and receptors. Human prostate
cancer LNCaP cells and T47D cells were plated at a
density of 7 x 105 cells per 60 millimeter tissue
culture dish in Richter's Improved MEM Insulin (RPMI)
medium containing 10% FBS. The medium was changed to
RPMI or DME medium containing 10% charcoal-stripped
serum 24 hours later to deplete cellular androgens or
estrogens. After another 24 hours, treatment with the
test compounds began. The test dose of ASC-J9 was 1,
and 5 and micromolar. LNCap cells also received
dihydrotestosterone (DHT) (3 nanomolar). Control cells
received a corresponding amount of the vehicle,
dimethylsulfoxide (DMSO) (<0.04%) for an equivalent
exposure time. Cells were incubated with ASC-J9 for 24
hours, and were lysed in 250 microliters of Ix
SDS/PAGE loading buffer. Approximately 40 micrograms
of total cellular protein was loaded in each lane of a
pre-cast gel(NuPAGE, Invitrogen). Protein separation
and transfer were performed following the
manufacturer's instructions. For the LNCaP cell
lysates, androgen receptor (AR) protein was visualized
by incubating the resultant membranes with an anti-AR
antibody (BD-PharMingen), followed by
chemiluminescence detection (ECL Plus, Amersham). To
examine the effect of the test compounds on other
cellular proteins, several identical gels were
prepared and the resulting membranes incubated with
antibodies specific for progesterone receptor (PR),
estrogen receptor beta (ER beta), peroxisome
proliferatoractivated receptor alpha, beta or gamma
(PPARa, b or g), retinoid X receptor alpha (RXRa), the
70-kDa heat shock protein (hsp70), and a cytoskeletal
protein, actin. Antibodies for PR and other nuclear
receptors were obtained from Santa Cruz Biochemicals,
while the antibodies for hsp70 and actin were from
StressGen and Sigma, respectively. The resultant
protein signals were quantified using densitometry and
NIH ImageJ software. The Western blots of LNCaP cell
lysates are shown in FIGURE 5. Incubating LNCaP cells
with ASC-J9 ( 1 or 5 micromolar, 24 hours), in the
presence or absence of DHT, significantly decreased
the cellular concentrations of AR and to a lesser
degree in progesterone receptor, but did not
substantially affect the other tested nuclear
receptors or proteins. The Western blots of T47D cell
lysates are shown in FIGURE 6. Incubating T47D cells
with ASC-J9 (5 or 10 micromolar) in the presence or
absenec of estrodial (E2) decreased the cellular
concentrations of AR but not other receptor proteins
similarly to the observations made in LNCaP cells.
EXAMPLE 4: ENHANCING DEGRADATIONOF ATRANSCRIPTION
FACTOR IN THE PRESENCE OF APROTEIN SYNTHESIS INHIBITOR
To determine whether the observed reduction of AR
protein levels was due to protein degradation rather
than inhibition of AR protein synthesis, a second set
of three replicate experiments was performed. In these
experiments, the protein synthesis inhibitor
cycloheximide (CHX) was used to prevent the cells from



synthesizing new proteins. In the absence of new AR
protein synthesis, anyalterations in AR levels would
be mainly attributable to protein degradation. LNCaP
cells were cultured in the presence and absence of
ASC-J9 (20 micromolar) and in the presence and absence
of cycloheximide (15 micrograms/milliter). Cells were
then incubated for 0, 3, 6 and 12 hours before
harvesting and analysis of AR levels by Western blot.
A representative western blot from an experiment is
depicted in FIGURE 7A. A reduction of endogenous AR
concentration in the control cells was detected within
3 hours of treatment with cycloheximide, suggesting
that de novo AR synthesis contributes to the
steady-state level of this receptor. The observed
reduction of existing AR protein indicates that the
test compound (ASC-J9) enhanced or increased the
degradation of existing AR protein (and thus decreased
AR activity) within 4 hours or less. To compare the
effect of ARD enhancers with conventional
anti-androgens on their activity in reducing AR
expression, ASC-J9 and conventional anti-androgens CPA
(Cyproterone acetate), HF (hyroxyflutamide) and
Finasteride were tested on LNCaP cells. FIGURE 7B,
LNCaP cells were cultured in the presence of ASC-J9,
CPA, HF or Finasteride for 48 hours. Cells were then
harvested and AR protein was quantified by Western
blot. Only ASC-J9 treatment resulted in decreased AR
protein, indicating ASC-J9 induces degradation of the
androgen receptor while conventional anti-androgens,
CPA, HF and Finasteride, do not. EXAMPLE 5:
DEGRADATIONOF AMUTANTANDROGEN RECEPTOR This describes
a non-limiting example of degradation of a mutant
nuclear receptor in a model of a human disease
associated with accumulation of the mutant nuclear
receptor. In this specific example, a model of Kennedy
disease is investigated. Kennedy disease or
spinobulbar muscular atrophy (SMBA) is a
neurodegenerative disease caused by an androgen
receptor mutation consisting of an abnormally long
polyglutamine expansion in the iV-terminus region of
the AR gene. Experimental transfection of cells with a
mutated AR having expanded polyglutamine (poly Q49 (49
repeat of polyglutamine)) has been shown to be
associated with a decreased transactivational function
and, in some cases, intranuclear inclusions of
misfolded AR proteins (Chamberlain et al. (1994)
Nucleic Acid Res., 22:3181-3186). Thisintranuclear
accumulation of abnormal AR is cytotoxic, triggering
neuronal cell death, consistent with the in vivo
pathology of Kennedy disease. Monkey kidney COS-I
cells were plated at a density of 3 x 104 cells per
0.5- milliliter volume onto alcohol-cleaned and
sterilized cover slips placed in 35- millimeter
suspension culture dishes containing Dulbecco's
modified Eagle's (DME) medium containing 10% FBS. The
cells were transfected with plasmids containing the
wild type AR (GFPAR) or poly Q49 (plasmid GFPARQ49)
mutant androgen receptor and green fluorescent protein
(GFP) as a reporter. For each coverslip, 12.3
microliters SuperFect was added to 3.075 micrograms
plasmid in 102.5 microliters DME medium (to give a 1:4
ratio of DNA to SuperFect reagent); the mixture was
vortexed briefly, and the complex allowed to form over
15 minutes. Each mixture then received 897 microliters
CD/DME and was mixed gently. The resulting 1-
milliliter volumes were added to the dishes containing
the coverslips (final plasmid concentration was 3.02
micrograms per dish). Cells were allowed to incubate
with the transfection solution for 5 hours, then the
medium was changed to fresh 1.5 milliliters CD/DME
medium with either vehicle (DMSO) only added or ASC-J9
(final concentration 5 micromolar). Twenty-four hours
after transfection termination, the medium was changed
again to fresh CD/DME medium (with or without 1.5
nanomolar DHT), and either vehicle or ASC-J9 added
(final concentration 5 micromolar). Twenty-four hours
after changing medium, the medium was removed and the
cells fixed with 1% formaldehyde in phosphate-buffered
saline (PBS) for 1 hour at room temperature. The
formaldehyde was removed and the fixed cells washed
with PBS three times, and the coverslips then allowed
to dry. Coverslips were marked to indicate the
treatment scheme and hydrophobic circles made with a
wax pencil around the cells. Each coverslip was
stained with 200 microliters of propidium iodide (0.7
micrograms per milliliter in water) for 5 minutes at
room temperature, then rinsed three times with PBS.
The coverslips were air-dried, mounted on slides with
a glycerol-based mounting agent, and stored at 4
degrees Celsius if necessary prior to observation with
fluorescence microscopy. Representative micrographs
showing COS-I cells transfected with the GFPAR and
GFPAR poly Q49 plasmids are depicted in FIGURE 8A and
8B. As shown in the micrographs, transfected cells
expressed the plasmid as shown by the fluorescent
reporter protein GFP. Control cells contained large
amounts of fluorescent inclusionsor aggregates (FIGURE
8B). Cells that had been treated with ASC-J9 contained
substantially smaller amounts of fluorescent
inclusions, suggesting that the expressed mutant poly
Q49 androgen receptor was degraded by ASC-J9
treatment. EXAMPLE 6: REDUCTION OF SEBACEOUS GLANDS IN
RATS BY DEGRADATIONOF THE ANDROGEN RECEPTOR In this
example, the test compounds ASC-J9, which were shown
in the previous examples to ameliorate the effects of
the androgen receptor-activated pathway, specifically
by inducing degradation of the androgen receptor, and
to be effective in treating acne in human subjects,
were used to reduce sebaceous glandular lobe size in
an animal model. Effective reduction of sebaceous
glands by topical treatment may be useful in treating
skin conditions such as acne. Fuzzy rats were used in
this animal model as described in Ye et al. (1997)
Skin Pharmacol., 10:10288- 10297, which is
incorporated by reference in its entirety herein.
Topical creams were prepared as later described in
EXAMPLE 12. The test creams contained ASC-J9 (25
micromolar) or a control cream with only vehicle added
was also prepared. The test or control creams were
applied using a cotton swab to the dorsal skin of the
animal, once daily, over a period of 8 weeks. Animals
were then sacrificed and skin samples collected for
microscopic examination. Commercial hair remover was
applied to the dorsal surface of the euthanized
animals. After 5 minutes, the hair remover and hairs
were removed with a tissue. The area was thoroughly
cleaned with 75% isopropyl alcohol. A 4-millimeter
skin punch was used to remove skin tissue samples,
which were incubated for 2 to 3 hours in a
ethylenediaminetetraacetate (EDTA, 17 millimolar),
sodium phosphate (0.1 molar, pH 7.4) solution at 37
degrees Celsius. The epidermis was carefully separated
from the dermis and stored in 10% phosphate-buffered
formalin. Prior to microscopic examination, the
samples were mounted on glass slides. Areas of
well-preserved glandular lobules were selected for
microscopic imaging. Edges of the glandular lobes were
traced and the areas of the traced lobes obtained with
Image J software (National Institutes of Health).
Results are shown in FIGURE 9 and FIGURE 10. As shown
in FIGURE 9, the brown color of skin and bands of
sebaceous glands were reduced within 4 - 5 weeksin the
Fuzzy rats treated with ASC-J9. As shown in FIGURE
lOA-C, topical treatment of male rats with compounds
ASC-J9 (200 mM) resulted in a significant reduction in
the size of the sebaceous gland, though not to the
extent caused by castration. In 



FIGURE 1OD, data showed topical treatment with the
vehicle only (control cream) did not produce a
significant change in glandular lobe size. Topical
treatment with the various concentrations of ASC-J9
resulted in a significant reduction in the size of the
sebaceous glandular lobe (panel A), though not to the
extent caused by castration, but are better than the
conventional anti-androgen flutamide. FIGURE 1OE
(labeled panel B), depicts representative data showing
that ASC-J9 applied to skin significantly reduced the
size of ducts of sebaceous glands in male Fuzzy rats
comparable to the castration effect and better than
flutamide. EXAMPLE 7: TREATMENTOF ANDROGEN-LNDUCED
ALOPECIA IN AN ANIMAL MODEL BY DEGRADATIONOF THE
ANDROGEN RECEPTOR This example describes the treatment
of a nuclear receptor-related disorder in a subject by
degradation of the nuclear receptor. In this example,
the nuclear receptor is the steroid hormone receptor,
the androgen receptor. The nuclear receptor-related
disorder is alopecia (hair loss or baldness), which is
known to be affected by the androgen receptor. In this
example, the test compound ASC-J9, which was shown in
the previous examples to ameliorate the effects of the
androgen receptor-activated pathway, specifically by
inducing degradation of the androgen receptor, is used
to treat hair loss in an animal model. C57BL/6J mice
were used in this animal model for hair loss and
regrowth (Uno et al. (1990) J. Cutaneous Aging & Cosm.
Derm., 1:193, which is incorporated by reference in
its entirety herein). Six-week-old male mice (6 to 7
animals per group) were shaved with an electric
clipper, and then treated with a hair-removal cream
for 1 to 2 minutes. Animals that were found to have a
dark skin color after shaving, indicating that they
were in anagen phase where there is active growth of
hair follicles, were excluded from the study. One day
after hair removal, a first group of animals each
received 100 microliters of a 1% testosterone solution
in ethanol, applied topically to the shaved area, once
each morning for twenty consecutive days. A second
group of animals each received 100 microliters of
vehicle (ethanol) alone,applied topically to the
shaved area, once each morning for twenty consecutive
days. The first group of mice (testosterone-treated)
were divided further into a control group and a
treatment group. Also beginning one day after hair
removal, each mouse in the control group received 100
microliters of a control solution (60% ethanol, 20%
propylene glycol, and 20% water) and each mouse in the
treatment group received 100 microliters of the test
compound, ASC-J9 (0.02% in the same 60% ethanol, 20%
propylene glycol, and 20% water solution), applied
topically to the shaved area, once each afternoon for
twenty consecutive days. Hair re-growth in the shaved
areas was observed and photographed at 0, 4, 8, 11 and
14 days after beginning of the topical treatments.
Mice that were shaved and then received topical
morning applications of testosterone and afternoon
applications of the control solution only showed
little or no re-growth of hair in the shaved areas
after 20 days of treatment (FIGURE HA). Mice that were
shaved and then received topical application of the
ethanol vehicle alone (without testosterone) showed
rapid re-growth of hair in the shaved areas after 20
days of topical vehicle treatment (FIGURE HA). Mice
that were shaved and then received topical morning
applications of testosterone and afternoon
applications of the control solution only showed
little or no re-growth of hair in the shaved areas
after 17 days of treatment (FIGURE HB). Mice that were
shaved and then received topical morning applications
of testosterone and afternoon applications of ASC-J9
showed rapid re-growth of hair in the shaved areas
from day 8 to day 17 (FIGURE HB). These results
demonstrate that topical application of ASC-J9, a
compound known to degrade the androgen receptor, is
able to overcome testosterone-induced hair growth
suppression in an animal model. EXAMPLE 8: INVIVO
REDUCTION OF CANCEROUS TUMOR USING NUCLEAR RECEPTOR
DEGRADATIONCOMPOUND ASC-J9 Two million LNCaP tumor
cells were inoculated, subcutaneously, into the left
flank of nude mice. In the experimental animals, the
nude mice were give an intraperitoneal (ip) injection
of compound ASC-J9 at 100 mg/kg/day three times per
week or with vehicle control only. After 7 weeks of
treatment the tumors were excised, weighed and
compared. The tumor weight in ratio of vehicle control
to /1")ASC-J9 was 0.694g : 0.172 g therefore the
ASC-J9 treated animal demonstrated a 75% reduction in
tumor size. In addition, PSA (prostate specific
antigen) level in plasma from animal treated with
ASC-J9 reduced 90% (reduce from 57.0 ng/ml to 7.6
ng/ml). Results are shown in FIGURE 12. EXAMPLE 9: ARD
ENHANCER ASC-J9 COMPOUND IS CAPABLE O F HASTENING SKIN
WOUND HEALING INANIMAL MODEL The ability of ASC-J9 to
hasten wound healing in an animal model was tested
using Balb/c mice. Using a skin puncher, wounds were
created near the back of the neck region on retired
male breeder Balb/c mice. Mice were treated with
either an ASC-J9 cream (25 uM) or a vehicle control
cream twice per day topically at the wound site.
Referring to Figure 13, ASC-J9 treated animals have
smaller wound size at day 5, as compare to vehicle
treated animals; and wounds were completely healed in
ASC-J9 treated mice on day 10 whereas vehicle treated
animals wound scaring remained visible. EXAMPLE 10:
TREATMENTOF AN ANDROGEN-RELATEDDISORDER IN HUMAN
SUBJECTS BY DEGRADATIONOF THE ANDROGEN RECEPTOR This
example describes the treatment of a nuclear
receptor-related disorder (acne vulgaris) in a subject
by degradation of the nuclear receptor (the androgen
receptor). Acne vulgaris, commonly known simply as
acne, is a red skin rash that typically affects the
face, chest, and back of teenaged and young adult
humans of either sex, though it can occur at any age
and on other body areas (see, for example, J . C.
Harper and J . Fulton, Jr. (2003), "Acne Vulgaris",
electronically available at
www.emedicine.com/derm/topic2.htm, accessed 23 April
2004). Acne affects nearly all people at some point in
their life, and can cause permanent scarring and
emotional distress and low self-esteem, as well as
potentially leading to more severe health problems,
such as skin infections. The androgen receptor, which
is expressed in the basal cells and glandular cells of
sebaceous glands, has a skin distribution that is
similar between males and females (Blauer et al.
(1991) J. Investig. Dermatol., 97:264-268). In the
skin, the androgen receptor stimulates terminal
sebocyte differentiation and the production of sebum.
Common treatments for acne often haveundesirable side
effects. For example, topical retinoids can lead to
sun sensitivity, antibiotics may result in antibiotic
resistance, and benzoyl peroxide can cause contact
dermatitis. There is a need for novel and effective,
preferably topical (non-systemic), treatments for
acne. In this example, human subjects were
successfully treated for acne by topical
administration of a cream containing the compound
ASC-J 15 or ASC-J9, which were shown in the previous
examples to ameliorate the effects of the androgen
receptoractivated pathway, specifically by inducing
degradation of the androgen receptor. A 



basic carrier formulation was prepared by mixing two
solutions: (1) a water-based solution containing
aristoflex avc, Osmocide, Tween 20, and water; and (2)
an oilbased solution containing isopropyl myristate,
coconut dienthanolamine, ethylparaben,
isobutylparaben, methylparaben, and propylparaben. The
test compounds (ASC-Jl 5 or ASC-J9) were added to the
cream to a final concentration of 1 to 2.5 micromolar,
as needed. Male and female human volunteers ranging in
age from 15 years to 52 years were treated by topical
application of the test compounds to the acne-affected
skin. Subjects were asked to apply the cream to the
acne-affected areas twice a day (once in the morning
and once in the evening). Generally, acne symptoms
were observed to significantly subside within 2 to 3
days and completely healed within 1 to 2 weeks. The
results are given in Table 2, and a representative
result (photo pictures) from one volunteer is depicted
in FIGURE 14. FIGURE 14A depicts the volunteer's
forehead and FIGURE 14B depicts the volunteer's
back.Table 2 AUheadings are for the convenience of the
reader and should not be used to limit the meaning of
the text that follows the heading, unless so
specified. Various changes and departures may be made
to the present invention without departing from the
spirit and scope thereof. Accordingly, it is not
intended that the invention be limited to that
specifically described in the specification or as
illustrated in the drawings, but only as set forth in
the claims. 45CLAIMS What is claimed is: 1. A
pharmaceutical composition comprising: a) an ARD
enhancer; b) a second compound selected from the group
consisting of a bactericide, an antibiotic, an
anti-microbial peptide, Vitamin A, a Vitamin A
derivative, a retinoid, and an anti-inflammatory
compound; and c) a pharmaceutically acceptable
carrier. 2. The pharmaceutical composition according
to claim 1, wherein said ARD enhancer is ASC-J9 or
ASC-Jl 5. 3. The pharmaceutical composition according
to claim 1, wherein said ARD enhancer is ASC-Q9 or
ASC-Q44. 4. The pharmaceutical composition according
to claim 1, wherein said ARD enhancer is selected from
the group consisting of ASC-Q49, ASC-Q77, and ASCQ98.
5. The pharmaceutical composition according to claim
1, wherein said ARD enhancer is selected from the
group consisting of ASC-Q99, ASC-QlOl, ASC-Q 102 and
ASC-Q103. 6. The pharmaceutical composition according
to claim 1, wherein said ARD enhancer is ASC-Q 110 or
ASC-Q 111. 7. The pharmaceutical composition according
to claim 1, wherein said ARD enhancer is selected from
the group consisting of ASC-Ql 13, ASC-Ql 16, ASC-JMl,
ASC-JM2 and ASC-JM4.8. The pharmaceutical composition
according to claim 1, wherein aid ARD enhancer is
selected from the group consisting of ASC-JM5,
ASC-JM6, ASC-JM7, ASC-JM12, ASC-JM13, ASC-JM14. 9. The
pharmaceutical composition according to claim 1,
wherein said ARD enhancer is selected from the group
consisting of ASC-JM16, ASC-JMl 7, ASC-JMl 8 and
ASC-JM 19. 10. The pharmaceutical composition
according to claim 1, wherein said bactericide is
benzoyl peroxide. 11. The pharmaceutical composition
according to claim 1, wherein said anti microbial
peptide is a cathedicin. 12. A method of treating a
skin disorder comprising: a) providing a patient
suffering from a skin disorder; and b) administering
to said patient a therapeutically effective amount of
a pharmaceutical composition according to claim 1. 13.
The method according to claim 12, wherein said skin
disorder is acne. 14. A method of treating hair loss
comprising: a) providing a patient suffering from hair
loss; and b) administering to said patient a
therapeutically effective amount of a pharmaceutical
composition comprising: i) an ARD enhancer; and ii) a
second composition or compound comprising hair growth
stimulation activity. 15. The pharmaceutical
composition according to claim 14, wherein said ARD
enhancer is ASC- J9 or ASC-Jl 5.16. The pharmaceutical
composition according to claim 14, wherein said ARD
enhancer is selected from the group consisting of
ASC-Q9, ASC-Q44, ASC-Q49, ASC-Q77, ASC-Q98, ASC-Q99,
ASC-QlOl, ASC-Q102, ASC-Q103, ASC-Ql 10 or ASC-Ql 11,
ASC-Ql 13, ASC-Ql 16, ASC-JMl, ASC-JM2, ASC-JM4,
ASC-JM5, ASC-JM6, ASC-JM7, ASC-JM12, ASC-JM13,
ASC-JM14, ASC-JM16, ASC-JM17, ASC-JM 18 and ASC-JM19. 


