
TITLE METHOD FOR TREATING ADAMTS-5-ASSOCIATED DISEASE
CROSS REFERENCE TO RELATED APPLICATIONS [0OO1] This
application claims priority under 35 U.S.C.  119(e) to
United States Provisional Application No. 60/526,883,
filed December 4, 2003. FIELD OF THE INVENTION [OO02]
The present invention relates to a method of treating
an ADAMTS-5-associated disease, and particularly,
osteoarthritis. As employed herein, the term "ADAMTS"
means a disintegrin and metalloprotease with
thrombosondin type I motifs. As employed herein, the
term "KO" refers to animals carrying a mutation
resulting in substantial reduction or absence of
expression of a gene product, such as the ADAMTS-5
gene product in the cells of the transgenic animal.
BACKGROUND OF THE INVENTION [0O03] Osteoarthritis is a
pathologic condition in synovial joints characterized
by cartilage extracellular matrix degradation. A major
component of cartilage extracellular matrix is the
proteoglycan aggrecan. Pathologic cleavage of aggrecan
occurs at 2 primary sites within the interglobular
domain of the protein backbone which results in
release of the functional entity from the
extracellular matrix. One site (N341"342F) is cleaved
by matrix metalloproteases (MMPs), while a second,
non-MMP cleavage site within aggrecan is at E373 374A.
The E373374A cleavage site has been identified as an
important site of degradation in osteoarthritic
synovial fluid samples (Lohmander, Neame and Sandy,
1993,Arthritis & Rhuem 36:1214) and cytokine
stimulated cartilage cultures (Sandy et al., 1991,J.
Biol. Chem. 266:8683). Several ADAMTS enzymes have
been demonstrated to be capable of cleaving aggrecan
at 



the E373 374A, or "aggrecanase" site (Kuno et al.,
2000, FEBS Letters 478 -JAl; Rodriquez- Manzaneque et
al., 2002, Biochem. Biophys. Res. Commun. 293:501;
Somerville et al., 2003, Biol. Chem. 278:9503; U.S.
PatentNo. 6,451,575 ) . ADAMTS-4 and ADAMTS-5, or
Aggrecanase- 1 and Aggrecanase-2, respectively, appear
to be the two enzymes capable of being synthesized by
articular cartilage with by far (>1000 fold) the most
efficient "aggrecanase" activity (Tortorella et al.,
1999, Science 284:1664; and Abbaszade et al., 1999, J.
Biol. Chem. 274:23443). However, it is not clear
whether these enzymes, either collectively or
independently, are responsible for the aggrecan
degradation in osteoarthritis. [0004] Evidence of
ADAMTS-4 in joint disease is found in several reports
of increased expression ofADAMTS-4 after stimulation
of articular tissues with inflammatory cytokines . Bau
et al., 2002, Arthritis &Rhuem 46:2648-2657; Curtis et
al., 2O00, J. Biol. Chem. 275:721-724; Tortorella et
al., 2001, Osteoarthritis Cartilage 9:539-552; Little
etal, 2002, Arthritis &Rhuem 46:124-129; and Yamanashi
et al., 2002, J. Immunol. 168:1405-1412. In vitro
findings indicate that ADAMTS-4 is one of the few
enzymes that can efficiently cleave aggrecan at the
site that is cleaved in naturally occurring disease.
Tortorella et al., 2000, J. Biol. Chem.
275:18566-18573; Tortorella et al., 2002, MatrixBiol.
21:499-511. [0005] In addition, aggrecanases are known
to play a role in other disorders in which
extracellular protein degradation or destruction
occurs, such as cancer, asthma, chronic obstructive
pulmonary disease ("COPD"), atherosclerosis,
age-related macular degeneration, myocardial
infarction, corneal ulceration and other ocular
surface diseases, hepatitis, aortic aneurysms,
tendonitis, central nervous system diseases, abnormal
wound healing, angiogenesis, restenosis, cirrhosis,
multiple sclerosis, glomerulonephritis, graft versus
host 



disease, diabetes, inflammatory bowel disease, shock,
invertebral disc degeneration, stroke, osteopenia, and
periodontal diseases. [0006] The generation of the
ADAMTS-4 knockout (KO) has previously been reported
(Glasson et al., 2004, Arthritis and Rheum,
50:2547-2558). While many reports showed at least some
evidence that ADAMTS-4 is involved in the development
of osteoarthritis,surprisingly this mouse did not show
any differences in the onset of osteoarthritis than
wildtype (WT) and did not exhibit any difference in
aggrecanase activity. Although, it is still possible
that ADAMTS-4 is involved in osteoarthritis in other
animals, including humans, to date, the aggrecanase
activity associated with the pathological accumulation
of aggrecan degradation products has not been
identified. SUMMARY OF THE INVENTION [0007] The
present invention provides a method for treating an
ADAMTS-5-associated disease, and particularly
osteoarthritis, comprising administering to a subject
an effective amount of an ADAMTS-5 inhibitory agent.
In one embodiment, the ADAMTS-5 inhibitory agent
inhibits the metalloproteinase activity of ADAMTS-5.
In another embodiment, the agent inhibits the
aggrecanase activity of ADAMTS-5. Particularly
preferred agents that are useful for treating
ADAMTS-5-associated diseases, and particularly
osteoarthritis, include biaryl sulfonamide compounds
and antibodies thatbind to and inhibit ADAMTS-5.
[0008] Preferred biaryl sulfonamide compounds of the
invention are those of the formula I : O 3 R3 wherein:
E is H or Cl-C alkyl; R2 is H, C1-C6 alkyl, (CH2)nR2>,
phenyl, or benzyl; 



n is 0-6; R2' is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl;R3 is, independently with respect to
each occurrence, H, halogen, OC(halogen) 3,
C(halogen)3, alkoxy, or C1-C6 alkyl; X is selected
from CH2O, OCH2, C(R3)=C(R3), C(R3)2-C(R3)2,
CH2NHC(=O), 0(C=O)NH, O, C(=O)CH2, SO2CH2C(=O)NH,
SO2NH3 OC(O), CH2S(O), and CH2S(O)2; and Z is at least
one aryl or heteroaryl moiety. [0009] Particularly
preferred biaryl sulfonamides of the invention are
listed in Table 1below in Example 4. [0010] In
addition, the present invention provides a method for
identifying agents useful for the treatment of
osteoarthritis using the transgenic animals of the
invention, and cells isolated therefrom. In a
particularly embodiment, the methods comprise
administering to an ADAMTS-5 transgenic animal of the
invention and an animal having ADAMTS-5 activity a
potential therapeutic agent and determining whether
the potential therapeutic agent is capable of
abrogating the onset of induced osteoarthritis in the
WT type animal but not in the ADAMTS-5 transgenic
animal. In another embodiment, the methods comprise
contacting a cell derived from an ADAMTS-5 transgenic
animal and a cell derived from an animal having
ADAMTS-5 activity, with a potential therapeutic agent,
and determining whether the agent inhibits
metalloproteinase activity in the cell having ADAMTS-5
activity but not in the ADAMTS-5 transgenic animal
cell. Both methods may further comprise determining
whether the agent inhibits ADAMTS-5 metalloproteinase
activity and/or aggrecanase activity. 



[0011] In a further embodiment, the methods of
identifying potential agents useful for the treatment
ofADAMTS-5-associated diseases, and particularly
osteoarthritis, comprise identifying agents that
inhibitADAMTS-5 by contacting ADAMTS-5 and determining
whether the agent inhibits ADAMTS-5. In a preferred
embodiment, the agent inhibits the metalloproteinase
activity ofADAMTS-5. In a particularly preferred
embodiment, the agent inhibits the aggrecanase
activity ofADAMTS-5.BRIEF DESCRIPTION OF THE DRAWINGS
[0012] These and other aspects of the invention will
be more clearly understood by reference to the
following detailed description of exemplary
embodiments in conjunction with the accompanying
drawings, in which: [0013] Figure 1 illustrates the
targeted disruption of the murine ADAMTS-5 gene QA)
shows a map of the amino acid sequence of ADAMTS-5,
(B) shows the allelic characterization of the ADAMTS-5
KO animal and the location of primers used to generate
PCR products, (C) shows PCR products generated using
primers 1 and 2 shown in IB, and PCR products
generated using primers 3 and 4 shown in IB, (D) shows
a map of the site of primers used in reverse
transcriptase (RT) PCR to identify mRNA in WT and KO
animals, (E) shows RTPCR products generated using
primers 4 and 5, and (G) shows RT-PCR products
generated using primers 4 and 6; [0014] Figure 2 shows
the immunohistochemical localization of the
aggrecanase generated TEGE373 neoepitope in growth
plates of 14-18 week old WT animals (top), ADAMTS-4 KO
animals (left bottom) and, ADAMTS-5 KO animals (right
bottom); [0015] Figure 3 illustrates the histologic
scores of joints ftom WT, ADAMTS-5 homozygous KO and
ADAMTS-5 heterozygous mice 4 and 8 weeks after
induction of surgical joint in 



stability (A) shows the histologic scores expressed as
the mean maximal score from each joint, and (B) shows
the histologic scores expressed as the mean of the sum
of the scores form each histologic section through the
joints; [0016] Figure 4 illustrates the mean maximal
histologic scores of the medial tibial plateau of WT,
homozygous ADAMTS-5 KO and heterozygous ADAMTS-5 KO
animals 4 and 8 weeks after induction of joint
instability; and [0017] Figure 5 illustrates
proteoglycan release from articular cartilage from WT
and ADAMTS-5 KO animals (A) shows the percent total
proteoglycan released ftom cultured articular
cartilage, (B) shows a western analysis of TEGE373
neoepitope released from articular cartilage, and (C)
shows immunostaining of femoral head articular
cartilage from WT (top), ADAMTS-4 KO (center) and
ADAMTS-5 KO (bottom) articular cartilage.DETAILED
DESCRIPTION OF THE INVENTION [0018] The present
invention relates to the discovery that the expression
ofADAMTS-5 is directly involved in osteoarthritis.
Transgenic ADAMTS-5 KO mice are resistant t o the
onset of osteoarthritis when stimulated to develop
osteoarthritis. These transgenic animals represent the
first animal model in which the disruption in a single
gene has resulted in resistance to osteoarthritis.
Accordingly, this discovery has led to the
determination that ADAMTS-5 is a drug target molecule
for the treatment of osteoarthritis and that
inhibitors, preferably aggrecanase inhibitors, of
ADAMTS-5 can be used to treat osteoarthritis. [0019]
Therefore, the present invention relates to a method
of preventing and/or treating osteoarthritis
comprising administering to a subject an effective
amount of an agent that inhibits ADAMTS-5. Such agents
include, but are not limited to anti-sense RNA, drug
compounds, particularly those that bind to and inhibit
the metalloproteinase site of 



ADAMTS-5, peptides and proteins, and antibodies
capable of binding to and inhibiting ADAMTS-5. [0020]
The term "effective amount," as used herein, refers to
the amount of an agent, that when administered to a
subject, is effective to at least partially ameliorate
(and in preferred embodiments, prevent and/or cure) a
condition from which the subject is suspected to
suffer. [0021] In one preferred embodiment, the agent
is an anti-ADAMTS-5 antibody that is capable of
inhibiting ADAMTS-5 metalloproteinase activity and/or
aggrecanase activity. In a particularly preferred
embodiment, the antibody inhibits ADAMTS-5. Such
antibodies are further discussed below in Example 5.
[0022] In another preferred embodiment, the agent is a
biaryl sulfonamide compound which has been found to
act as a metalloproteinase inhibitor and/or an
aggrecanase inhibitor. In a particularly preferred
embodiment the agent is a biaryl sulfonamide compound
that has been found to act as an ADAMTS-5 inhibitor
and is capable of inhibiting the aggrecanase activity
ofADAMTS-5. [0023] In a preferred embodiment, the
biaryl sulfonamide compound is of the formula I :R
wherein: R1 is H or C1-C6 alkyl; R2 is H C1-C6 alkyl,
(CH2)nR2', phenyl, or benzyl; n is 0-6; R2 is aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl; R3 is,
independently with respect to each occurrence, H,
halogen, OC(halogen)3, C(halogen)3, alkoxy, or C1-C6
alkyl; 



X is selected from CH2O, OCH2, C(R3)=C(R3),
C(R3)2-C(R3)2, CH2NHC(=0), 0(C=O)NH, O, C(=0)CH 2,
SO2CH2C(=O)NH, SO2NH, 0C(=0), CH2S(O), and CH2S(O)2;
and Z is at least one aryl or heteroaryl moiety.
[0024] It is understood that the foregoing definition
includes pharmaceutically acceptable salts and
pro-drugs of these compounds. [0025] In one
embodiment, Z is pyridine, pyrimidine, pyrazine,
pyridazine, phenyl, naphthalene, furan, thiophene,
pyrrole, pyrazole, imidazole, oxazole, isoxazole,
thiazole, benzothiazole, quinoline, or isoquinoline,
or Uwherein: U is selected from S, O C(R3)=C(R3),
C(R3)=N, and N(R4); W is selected from C(R3), and N; M
is selected from C(R3), and N; L is selected from S,
O, C(R3)=C(R3), C(R3)=N, and N(R4); R4 and R5 are,
independently with respect to each occurrence, a bond
to the other, H, Cl-C6 alkyl, orphenyl; R7 is selected
from a bond to R3, H, halogen, C(halogen)3, NR4R5,
N[(CH2)2]2q , N[(CH2)2]2NR4, NHSO2R4, NR4C(=O)R5,
NHC(=O)OR4, NO2, SO2NR4R5, SO2R4, OR4, C(=O)R4, COOR4,
CONR4R5, CN, phenyl, heteroaryl, C1-C6 alkyl, C2-C6
alkenyl, or C2-C6 alkynyl; and R8 is selected from H,
phenyl, heteroaryl, and C1-C6 alkyl. R7, when
substituted, is preferably substituted with NR4R5,
N[(CH2)2]2O, 



N[(CH2)2]2NR4, NHSO2R4,NR4C(=O)R5, NHC(=O)OR4, NO2,
SO2NR4R5, SO2R4, OR8, C(=0)R 4, COOR4, CONR4R5, CN,
phenyl, or heteroaryl. R8, when substituted, is
preferably substituted with NR4R5, N[(CH2)2]2O,
N[(CH2)2]2NR4,NR4SO2R5,NR4C(=O)R5, NHC(=O)OR4, NO2,
SO2NR4R5, SO2R4, C(=O)R4, COOR4, CONR4R5, CN, phenyl,
or heteroaryl. [0026] Preferred among the above noted
R1 groups are H and branched alkyl, and more
preferably isopropyl. [0027] Preferred among the above
noted R3 groups are halogen, CF3, OCH3, and CH3.
[0028] Preferred among the above noted X groups are
CH2O, OCH2, C(R3)=C(R3), and CH2NHC(=0). [0029]
Preferred among the above noted R7 groups are CH3,
ethyl, isopropyl, CF3, CN, and OCH3. [0030] Preferred
among the above noted R8 groups are CH3, phenyl, and
benzyl. [0031] In one embodiment, X is CH2O, and Z is
aryl or heteroaryl, preferably bicyclic. [0032] A
preferred biarylsulfanomide is shown in Formula 2 wich
follows:wherein Rl is H or Ci-C6 alkyl Rc is H,
Halogen, or Ci-Ce alkyl X is 0, CH2O or OCH2; and Z is
at least one aryl or heteroaryl moiety. When Z is
aryl, preferred moieties include substituted phenyl.
Substituents for the phenyl group preferably include
OH, halogen, Ci-C alkoxy, benzoyl, Ci-C6 alkyl or Ci
-C6 alkoyl. 



When Z is a heteroaryl, preferred moieties include
benzyfuranyl, pyridyl, indolyl. [0033] In another
embodiment, X is OCH2, and Z is aryl or heteroaryl,
preferably bicyclic. [0034] In a further embodiment, X
is C(R3)=C(R3), and Z is aryl or heteroaryl,
preferably bicyclic. More preferably, X is a trans
carbon-carbon double bond. [0035] In yet another
embodiment, X is C(R3)2-C(R3)2, Z is aryl or
heteroaryl, preferably bicyclic. [0036] In one
embodiment, X is CH2NHCO, Z is aryl or heteroaryl,
preferably bicyclic. [0037] When X is carbamate
O-CO-NH, Z is preferably aryl or heteroaryl,
preferably bicyclic. [0038] In one embodiment X is
CO2, Z is aryl or heteroaryl, preferably bicyclic.
[0039] In another embodiment, X is O, Z is aryl or
heteroaryl, preferably bicyclic.[0040] In a farther
embodiment, X is C(=O)CH2, Z is aryl or heteroaryl,
preferably bicyclic. [0041] In one embodiment, X is
SO2CH2, Z is aryl or heteroaryl, preferably bicyclic.
[0042] In one embodiment, X is OCH2, Z is aryl or
heteroaryl, preferably bicyclic. Preferably, if
substituted, the substitution is on the second phenyl
ring. [0043] In one embodiment, X is OCH , Z is aryl
or heteroaryl, preferably bicyclic. Preferably, if
substituted, the substitution is on the first phenyl
ring. [0044] In one embodiment, X is CH2OCH2, Z is
aryl or heteroaryl, preferably bicyclic. Preferably,
if substituted, the substitution is on the first
phenyl ring. [0045] The term "alkyl", as used herein,
whether used alone or as part of another group, refers
to a substituted or unsubstituted aliphatic
hydrocarbon chain and includes, but is not limited to,
straight and branched chains containing from 1 to 12
carbon atoms, preferably 1 to 6 carbon atoms, unless
explicitly specified otherwise. For example, methyl,
ethyl, propyl, 



isopropyl, butyl, i-butyl and t-butyl are encompassed
by the term "alkyl." C1-C6 alkyl includes straight and
branched chain aliphatic groups having from 1 to 6
carbons. Specifically included within the definition
of "alkyl" are those aliphatic hydrocarbon chains that
are optionally substituted. [0046] The carbon number
as used in the definitions herein refers to carbon
backbone and carbon branching, but does not include
carbon atoms of the substituents, such as alkoxy
substitutions and the like. [0047] The term "alkenyl",
as used herein, whether used alone or as part of
another group, refers to a substituted or
unsubstituted aliphatic hydrocarbon chain and
includes, but is not limited to, straight and branched
chains having 2 to 8 carbon atoms and containing at
least one double bond. Preferably, the alkenyl moiety
has 1 or 2 double bonds. Such alkenyl moieties may
exist in the E or Z conformations and the compounds of
this invention include both conformations. C2-C6
alkenyl includes a 1 to 6 carbon straight or branched
chain having at least one carbon-carbon double bond.
Specifically included within the definition of
"alkenyl" are those aliphatic hydrocarbon chains that
are optionally substituted. Heteroatoms,such as O, S
or N-Rl, attached to an alkenyl should not be attached
to a carbon atom that is bonded to a double bond.
[0048] The tepn "alkynyl" refers to a hydrocarbon
moiety containing at least one carboncarbon triple
bond. C2-C6 alkynyl includes a 1 to 6 carbon straight
or branched chain having at least one carbon-carbon
triple bond. [0049] The term "cycloalkyl" refers to a
monocyclic, bicyclic, tricyclic, fused, bridged, or
spiro monovalent saturated hydrocarbon moiety, wherein
the carbon atoms are located inside or outside of the
ring system. Any suitable ring position of the
cycloalkyl moiety may be 



covalently linked to the defined chemical structure.
Examples of cycloalkyl moieties include, but are not
limited to, chemical groups such as cyclopropyl,
cyclopropylmethyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexylmethyl, cyclohexylethyl,
cycloheptyl, norbornyl, adamantyl, spiro[4.5]decanyl,
and homologs, isomers, and the like. C3-C6 cycloalkyl
includes monocyclic, saturated rings of 3 to 6
carbons, optionally substituted with R , or spiro
unsaturated hydrocarbon moiety. Examples are
cyclopentane, cyclohexane, and cyclohexadiene. [0050]
The term "cycloalkenyl" refers to a monocyclic,
bicyclic, tricyclic, fused, bridged, or spiro
monovalent saturated hydrocarbon moiety, wherein the
carbon atoms are located inside or outside of the ring
system. Any suitable ring position of the cycloalkyl
moiety may be covalently linked to the defined
chemical structure. Examples of cycloalkyl moieties
include, but are not limited to, chemical groups such
as cyclopropyl, cyclopropylmethyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexylmethyl,
cyclohexylethyl, cycloheptyl, norbornyl, adamantyl,
spiro[4.5]decanyl, and homologs, isomers, and the
like. C3-C6 cycloalkyl includes monocyclic, saturated
rings of 3 to 6 carbons, optionally substituted with
R3. [0051] "Aryl" refers to an unsaturated cyclic
hycrocarbons with one or more rings, and may be fused
with a carbocyclic or heterocyclic ring at any
possible position. Aryl compounds generally have
molecules with the ring structure characteristic of
benzene, naphthalene, or the like. [0052] "Heteroaryl"
refers to a 5 to 6 membered aryl heterocyclic ring
which contains from 1 to 3 heteroatoms selected from
the group consisting of oxygen, nitrogen, and sulfur
atoms inthe ring and may be fused with a carbocyclic
or heterocyclic ring at any possible position.
Including unsaturated hetrocyclics that are not
aromatic, such as theinyl, furyl, pyrrolyl and 



the like. [0053] "Heterocycloalkyl" refers to a 5 to
7-membered saturated ring containing carbon atoms and
from 1 to 2 heteroatoms selected from N, O, and S.
[0054] The term "phenyl", as used herein, whether used
alone or as part of another group, refers to a
substituted or unsubstituted phenyl group. [0055] An
optionally substituted moiety may be substituted with
one or more substituents. Suitable optionally
substituents may be selected independently from H,
halogen, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl,
NR4R5, N[(CH2)2]2O, N[(CH2)2]2NR4, NHSO2R4,
NR4C(=O)R5, NHC(=O)OR 4,NO2, SO2NR4R5, SO2R4, OR4,
C(=O)R4, COOR4, CONR4R5, and CN. [0056] When such
moieties are substituted, for example, they may
typically be mono-, di-, tri- or persubstituted.
Examples for a halogen substituent include 1-bromo
vinyl, 1-fluoro vinyl, 1,2-difluoro vinyl,
2,2-difluorovinyl, 1,2,2-trifluorovinyl, 1,2-dibromo
ethane, 1,2 difluoro ethane, l-fluoro-2-bromo ethane,
CF2CF3, CF2CF2CFa, andthe like. [0057] The term
halogen includes bromine, chlorine, fluorine, and
iodine. [0058] For the sake of simplicity, connection
points ("-") are not depicted. When an atom or
compound is described to define a variable, it is
understood that it is intended to replace the variable
in a manner to satisfy the valency of the atom or
compound. For example, when L is C(R3)=C(R3), both
carbon atoms form a part of the ring in order to
satisfy their respective valences. [0059] The term
"pharmaceutically acceptable salt", as used herein,
refers to salts derived form organic and inorganic
acids such as, for example, acetic, propionic, lactic,
citric, 



tartaric, succinic, fumaric, maleic, malonic,
mandelic, malic, phthalic, hydrochloric, hydrobromic,
phosphoric, nitric, sulfuric, methanesulfonic,
napthalenesulfonic, benzenesulfonic, toluenesulfonic,
camphorsulfonic, and similarly known acceptable acids
when a compound of this invention contains a basic
moiety. Salts may also be formed fromorganic and
inorganic bases, preferably alkali metal salts, for
example, sodium, lithium, or potassium, when a
compound of this invention contains a carboxylate or
phenolic moiety, or similar moiety capable of forming
base addition salts. [0060] The term "subject", as
used herein, refers to a mammal, preferably a human.
[0061] The terms "administer", "administering", or
"administration", as used herein, refer to either
directly administering a compound or composition to a
patient, or administering a prodrug derivative or
analog of the compound to the patient, which will form
an equivalent amount of the active compound or
substance within the patient's body. [0062] The term
"carrier", as used herein, shall encompass carriers,
excipients, and diluents. [0063] The compounds of this
invention may contain an asymmetric carbon atom and
some of the compounds of this invention may contain
one or more asymmetric centers and may thus give rise
to optical isomers and diastereomers. While shown
without respect to stereochemistry in formula I, the
present invention includes such optical isomers and
diastereomers; as well as the racemic and resolved,
enantiomerically pure R and S stereoisomers; as well
as other mixtures of the R and S stereoisomers and
pharmaceutical^ acceptable salts thereof. Where a
stereoisomer is preferred, it may in some embodiments
be provided substantially free of the corresponding
enantiomer. Thus, an enantiomer substantially free of
the corresponding enantiomer refers to a compound that
is isolated or separated via separation techniques or
prepared free of the corresponding enantiomer. 



"Substantially free", as used herein, means that the
compound is made up of a significantly greater
proportion of one stereoisomer, preferably less than
about 50%, more preferably less than about 25%, and
even more preferably less than about 10% of the
corresponding enantiomer. [0064] The present invention
thus provides pharmaceutical compositions comprising
at least one biaryl sulfonamide compound and one or
more pharmaceutically acceptable carriers, excipients,
or diluents. [0065] Examples of such carriers are well
known to those skilled in the art and are prepared in
accordance with acceptable pharmaceutical procedures,
such as, for example, those described in Remington's
Pharmaceutical Sciences, 17th edition, ed. Alfonoso R.
Gennaro,Mack Publishing Company, Easton, PA (1985),
which is incorporated herein by reference in its
entirety. Phapnaceutically acceptable carriers are
those that are compatible with the other ingredients
in the formulation and biologically acceptable. [0066]
The compounds of this invention may be administered
orally or parenterally, alone or in combination with
conventional pharmaceutical carriers. Applicable solid
carriers can include one or more substances which may
also act as flavoring agents, lubricants,
solubilizers, suspending agents, fillers, glidants,
compression aids, binders or tabletdisintegrating
agents or encapsulating materials. They are formulated
in conventional manner, for example, in a manner
similar to that used for known antihypertensive
agents, diuretics and b-blocking agents. Oral
formulations containing the active compounds of this
invention may comprise any conventionally used oral
forms, including tablets, capsules, buccal forms,
troches, lozenges and oral liquids, suspensions or
solutions. In powders, the carrier is a finely divided
solid, which is an admixture with the finely divided
active 



ingredient. In tablets, the active ingredient is mixed
with a carrier having the necessary compression
properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets
preferably contain up to 99% of the active ingredient.
[0067] Capsules may contain mixtures of the active
compound(s) with inert fillers and/or diluents such as
the pharmaceutically acceptable starches (e.g. corn,
potato or tapioca starch), sugars, artificial
sweetening agents, powdered celluloses, such as
crystalline and microcrystallme celluloses, flours,
gelatins, gums, and the like. [0068] Useful tablet
formulations may be made by conventional compression,
wet granulation or dry granulation methods and utilize
pharmaceutically acceptable diluents, binding agents,
lubricants, disintegrants, surface modifying agents
(including surfactants), suspending or stabilizing
agents, including, but not limited to, magnesium
stearate, stearic acid, sodium lauryl sulfate, talc,
sugars, lactose, dextrin, starch, gelatin, cellulose,
methyl cellulose, microcrystalline cellulose, sodium
carboxymethyl cellulose, carboxymethylcellulose
calcium, polyvinylpyrrolidine, alginic acid, acacia
gum, xanthan gum, sodium citrate, complex silicates,
calcium carbonate, glycine, sucrose, sorbitol,
dicalcium phosphate, calcium sulfate, lactose, kaolin,
mannitol, sodium chloride, low melting waxes and ion
exchange resins. Preferred surface modifying agents
include nonionic and anionic surface modifying agents.
Representative examples of surface modifying
agentsinclude, but are not limited to, POLOAXEMER 188,
a block copolymer of ethylene glycol and propylene
glycol, benzalkonium chloride, calcium stearate,
cetostearl alcohol, cetomacrogol emulsifying wax,
sorbitan esters, colliodol silicon dioxide,
phosphates, sodium dodecylsulfate, magnesium aluminum
silicate, and triethanolamine. Oral formulations
herein may utilize standard delay or time release
formulations to alter the absorption of the active 



compound(s). The oral formulation may also consist of
administering the active ingredient in water or fruit
juice, containing appropriate solubilizers or
emulisifiers as needed. [0069] Liquid carriers may be
used in preparing solutions, suspensions, emulsions,
syrups and elixirs. The active ingredient of this
invention can be dissolved or suspended in a
pharmaceutically acceptable liquid carrier such as
water, an organic solvent, a mixture of both or
pharmaceutically acceptable oils or fat. The liquid
carrier can contain other suitable pharmaceutical
additives such as solubilizers, emulsifiers, buffers,
preservatives, sweeteners, flavoring agents,
suspending agents, thickening agents, colors,
viscosity regulators, stabilizers or osmo-regulators.
Suitable examples of liquid carriers for oral and
parenteral administration include water (particularly
containing additives as above, e.g. cellulose
derivatives, preferably sodium carboxymethyl cellulose
solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their
derivatives, and oils (e.g. fractionated coconut oil
and arachis oil). For parenteral administration the
carrier can also be an oily ester such as ethyl oleate
and isopropyl myristate. Sterile liquid carriers are
used in sterile liquid form compositions for
parenteral administration. The liquid carrier for
pressurized compositions can be halogenated
hydrocarbon or other pharmaceutically acceptable
propellant. [0070] Liquid pharmaceutical compositions,
which are sterile solutions or suspensions, can be
utilized by, for example, intramuscular,
intraperitoneal or subcutaneous injection. Sterile
solutions can also be administered intravenously.
Compositions for oral administration may be in either
liquid or solid form. [0071] Preferably the
pharmaceutical composition is in unit dosage form,
e.g. as tablets, 



capsules, powders, solutions, suspensions, emulsions,
granules, or suppositories. In such form, the
composition is sub-divided in unit dose containing
appropriate quantities of the active ingredient; the
unit dosage forms can be packaged compositions, for
example, packeted powders, vials, ampoules, prefilled
syringes or sachets containing liquids. The unitdosage
form can be, for example, a capsule or tablet itself,
or it can be the appropriate number of any such
compositions in package form. Such unit dosage form
may contain from about 1 mg/kg to about 250 mg/kg, and
may given in a single dose or in two or more divided
doses. Such doses may be administered in any manner
useful in directing the active compounds herein to the
recipient's bloodstream, including orally, via
implants, parenterally (including intravenous,
intraperitoneal and subcutaneous injections),
rectally, vaginally, and transdermally. Such
administrations may be carried out using the present
compounds, or pharmaceutically acceptable salts
thereof, in lotions, creams, foams, patches,
suspensions, solutions, and suppositories (rectal and
vaginal). [0072] When administered for the treatment
or inhibition of a particular disease state or
disorder, it is understood that the effective dosage
may vary depending upon the particular compound
utilized, the mode of administration, the condition,
and severity thereof, of the condition being treated,
as well as the various physical factors related to the
individual being treated. In therapeutic application,
compounds of the present invention are provided to a
patient already suffering from a disease in an amount
sufficient to cure or at least partially ameliorate
the symptoms of the disease and its complications. An
amount adequate to accomplish this is defined as a
"therapeutically effective amount". The dosage to be
used in the treatment of a specific case must be
subjectively determined by the attending physician.
The variables involved include the specific condition
and the size, age and response pattern 



ofthe patient. [0073] In some cases it may be
desirable to administer the compounds directly to the
airways in the form of an aerosol. For administration
by intranasal or intrabrachial inhalation, the
compounds of this invention may be formulated into an
aqueous or partially aqueous solution. [0074] The
compounds of this invention may be administered
parenterally or intraperitoneally. Solutions or
suspensions of these active compounds as a free base
or pharmaceutically acceptable salt may be prepared in
water suitably mixed with a surfactant such as
hydroxyl-propylcellulose. Dispersions may also be
prepared in glycerol, liquid polyethylene glycols and
mixtures thereof in oils. Under ordinary conditions of
storage and use, these preparations contain a
preservative to inhibit the growth of
microorganisms.[0075] The pharmaceutical forms
suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable
solutions or dispersions. In all cases, the form must
be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the
conditions of manufacture and storage and must be
preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (e.g., glycerol,
propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, and vegetable oils. [0076]
The compounds of this invention can be administered
transdermally through the use of a transdermal patch.
For the purposes of this disclosure, transdermal
administrations are understood to include all
administrations across the surface of the body and the
inner linings of bodily passages including epithelial
and mucosal tissues. Such administrations may be 



carried out using the present compounds, or
pharmaceutically acceptable salts thereof, in lotions,
creams, foams, patches, suspensions, solutions, and
suppositories (rectal and vaginal). [0077] Transdermal
administration may be accomplished through the use of
a transdermal patch containing the active compound and
a carrier that is inert to the active compound, is
non-toxic to the skin, and allows delivery of the
agent for systemic absorption into the blood stream
via the skin. The carrier may take any number of forms
such as creams and ointments, pastes, gels and
occlusive devices. The creams and ointments may be
viscous liquid or semisolid emulsions of either the
oil-in-water or water-in-oil type. Pastes comprised of
absorptive powders dispersed in petroleum or
hydrophilic petroleum containing the active ingredient
may also be suitable. A variety of occlusive devices
may be used to release the active ingredient into the
blood stream, such as a semi-permeable membrane
covering a reservoir containing the active ingredient
with or without a carrier, or a matrix containing the
active ingredient. Other occlusive devices are known
in the literature. [0078] The compounds of this
invention may be administered rectally or vaginally in
the form of a conventional suppository. Suppository
formulations may be made from traditional materials,
including cocoa butter, with or without the addition
of waxes to alter the suppository's melting point, and
glycerin. Water soluble suppository bases, such as
polyethylene glycols of various molecular weights, may
also be used.[0079] In certain embodiments, the
present invention is directed to prodrugs of biaryl
sulfonamide compounds. Various forms of prodrugs are
known in the art, for example, as discussed in, for
example, Bundgaard, (ed.), Design of Prodrugs,
Elsevier (1985); Widder, et al. (ed.), Methods in
Enzymology, vol. 4, Academic Press (1985);
Krogsgaard-Larsen, et al. 



(ed.), "Design and Application of Prodrugs", Textbook
of Drug Design and Development, Chapter 5, 113-191
(1991), Bundgaard, et al., Journal of Drug Deliver
reviews, 8:1-38 (1992), Bundgaard, J. of
Pharmaceutical Sciences, 77:285 et seq. (1988); and
Higuchi and Stella (eds.) Prodrugs as Novel Drug
Delivery Systems, American Chemical Society (1975),
each of which is incorporated by reference in its
entirety. [0080] It is understood that the dosage,
regimen and mode of administration of the compounds of
the invention will vary according to the malady and
the individual being treated and will be subject to
the judgment of the medical practitioner involved. It
is preferred that the administration of one or more of
the compounds herein begin at a low dose and be
increased until the desired effects are achieved.
[0081] The compounds of the current invention were
prepared according to the following general synthetic
scheme from commercially available starting materials,
materials prepared as described in literature
procedures, or new intermediates described in the
schemes and experimental procedures. This general
scheme covers most of the examples. For more detailed
information, please refer to the schemes in the
Examples section below.General Synthetic Scheme B-O O
B-CVO B-O O Base Coupling ' NH = NH ,=. NH, T / Br Z-L
Base B-OyO 



Hydrolysis NH p= X- Z [0082] Bases used here are
triethylamine, potassium carbonate, NaH, Hunig base,
etc. Coupling was generally concluded by Suzuki
coupling or Stille coupling. Hydrolysis was carried
out using TFA, NaOH, LiOH, K2CO3, etc. [0083] More
specific synthetic routes to many of the compounds of
the invention are included in the following Schemes.
It is understood by those skilled in the art that
protection and deprotection steps not shown in the
Schemes may be required for these syntheses, and that
the order of steps may be changed to accommodate
functionality in the target molecules. [0084] In
Scheme 1 the compounds of the invention, 1, are
prepared in 4 steps. Sulfonylation of valine methyl
ester with 4-bromo-benzenesulfonyl chloride was
carried out in the presence of Hunig base to give
sulfonamide Intennediate 1. This
4-bromo-benzenesulfonamide was furthered coupled with
boronate ester using Palladium catalyst under Suzuki
coupling condition to provide biphenyl sulfonamide
Intermediate 2. Biphenyl sulfonamide Intermediate 2
was then alkylated with various alkylating reagents to
provide biphenyl sulfonamide ester (Intermediate 3).
Hydrolysis of Intermediate 3 was carried out using
bases such as NaOH3or LiOH to form the final product
1.Scheme 1 ,OH I -B Og O Cl Base HOO OH -s; H2N - s
Br' CH2CI2 Br Suzuki 



Intermediate 1 Intermediate 2 R-Cl 0-R 0-R NaH/DMF
Intermediate 3 [0085] An alternative route to
compounds 1 is shown in Scheme 2. Phenol derivative
was converted to pinacolborane (Intermediate 4) under
basic condition in DMF. Pinacolborane was then coupled
with 4-bromo-benzenesulfonamide under Suzuki condition
to provide biphenyl sulfonamide Intermediate 5, which
was hydrolyzed to final product under basic
conditions. Scheme 2 o o P- K2CO3 R _ o R-OH + / v B p
DMF O Pd Intermediate 4 o o 0-R NaOH 0-R 



Intermediate 5 1 [0086] A third option to make
compounds of the invention, 1, are carried out based
on Scheme 3. The synthetic sequence in Scheme 3 is
similar to that in Scheme 1 but using adifferent
starting material, valine tert-butyl ester. Therefore,
thermal step to form the product 1 was carried out by
using TFA to deprotect the tert-butyl ester group of
Intermediate 8. Scheme 3 Q -Cl , , ", Y\ X Base Br' L
CH2Cl2 Intermediate 6 Intermediate 7 -c , f -O Q- TFA
O-R O-R NaH, DMF \  f' ~- lntermediate 8 [0087] A
slight modification of Scheme 3 can be made to produce
the compounds of invention 1. This is illustrated in
Scheme 4A. In this case, boronate esters with suitable
ether moiety are purchased from a commercial source
and used for Suzuki coupling to provide Intermediate
8. TFA deprotection of tert-butyl ester from
Intermediate 8 resulted the desired final product
1.Scheme 4A R- O .0- / g  W- ib g > / O- R
Intermediate 6 Intermediate 8 TFA HO O [0088]
Compounds of the invention 1, can also be made by
hydrolysis of a suitable ester, 



such as Intermediate 10. Scheme 4B PdCI2(dppf), K2CO3
DME/H2O /=\ .o ArOH /=\ - BU4N+ OH- Ar-O ' - - - 0 V 0
silntermediate 4 Intermediate 9 O OH  ' ' Si- I
MgBr2-Et2O Ar - O 1 Intermediate 10 [0089] Scheme 4B
features an alkylation, a Suzuki coupling and a
deprotection step as follows. [0090] Alkylation: The
phenol derivative (4.14 mmol) is dissolved in methanol
(6 mL) and treated with tetraburylammonium hydroxide
(4.14 mmol.) The mixture is stirred for 10minutes, and
the solvent is removed under reduced pressure. The
residue is dissolved in THF (10 mL) and treated with a
solution of the benzylic bromide (4.14 mmol) in THF (5
mL.) The reaction is stirred at room temperature
overnight. The solvent is removed under reduced 



pressure and redissolved in dichloromethane (5 mL) and
ether (50 mL.) The organic solution is washed with
water (4 X 50 mL) and saturated sodium chloride
solution (50 mL,) and dried over magnesium sulfate.
The organic solution is filtered and concentrated
under reduced pressure. The crude material is purified
by flash silica gel chromatography to yield the
purified product in 53% yield, which is Intermediate 4
a boronate ester. [0091] Suzuki Coupling: The boronate
ester (1.07 mmol) and aryl bromide (1.07 mmol) are
dissolved in ethylene glycol dimethyl ether (10 mL)
and the resulting solution is treated with
tetrakis(triphenylphosphine)palladium(0) (0.054 mmol.)
A solution of potassium carbonate (2.14 mmol) in water
(3.5 mL) is added, and the reaction is heated to
reflux for 1h. The reaction is cooled, filtered to
remove solids, diluted with water (10 mL) and
concentrated under reduced pressure. The residue is
extracted with dichloromethane (3 X 25 mL) and the
organic layers are washed with water (25 mL) and
saturated sodium chloride solution (25 mL). The
organic solution is dried over magnesium sulfate,
filtered and concentrated under reduced pressure.
Purification by flash silica gel chromatography
furnishes the product Intermediate 10, a
(triemthylsilyl)ethyl ester of the desired product, in
57% yield. In some cases, PdC12(dppf)was used as the
catalyst instead of
tetralds(triphenylphosphine)palladium(0). [0092]
Deprotection with MgBr2 -. The 2-(trimethylsilyl)ethyl
ester (0.0621 mmol) is dissolved in dichloromethane
(58 mL) and treated with magnesium bromide etherate
(0.186 mmol). The mixture is stirred vigorously
overnight or until reaction is complete and then
shaken with 10% HCl (3 X 25 mL) and saturated sodium
chloride solution (25 mL). The 



organic solution is then dried over magnesium sulfate,
filtered and concentrated under reduced pressure to
yield the product in 95% yield. The crude product
could be purified by HPLC when required. [0093] As
shown in Scheme 4C Suzuki coupling can be carried out
on free acid with boronate ester. Therefore,
hydrolysis of the esters (as in Intermediate 10) is
avoided. This results in direct preparation of
compounds 1.Scheme 4C Pd(PPh3)4, K2CO3 O OH EGDME/H2O
Ar- O Ar- O [0094] Suzuki coupling with free acid: The
boronate ester (1.36mmol) and bromoacid (1.36 mmol)
are dissolved in ethylene glycol dimethyl ether (13.8
mL) and the resulting solution is treated with
tetrakis(triphenylphosphine)palladium(0) (0.068 mmol).
After stirring at room temperature for 10 minutes, a
solution of potassium carbonate (4.08 mmol) in water
(4.8 mL) are added. The solution is heated to reflux
for 2h, and then allowed to cool to room temperature
overnight. The mixture is concentrated to an aqueous
residue under reduced pressure and ethyl acetate (50
mL) is added. The organic mixture is washed with 10%
HCl (2 X 25 mL) and saturated sodium chloride (25 mL).
The organic solution is dried over magnesium sulfate,
filtered and concentrated to a crude residue, which is
purified using flash silica gel chromatography to
obtain the product in 64% yield. [0095] In Scheme 5
the compounds of the invention, 2, are prepared in 3
steps. Boronate ester (Intermediate 11) is prepared by
alkylation under basic condition. Intermediate 11 thus



obtained can be easily coupled with
4-bromo-benzenesulfonamide derivative to provide
biphenyl sulfonamide analog (Intermediate 12). [0096]
The ester functional group in Intermediate 12 can be
hydrolyzed under various conditions to yield the
desired biphenyl sulfonamide product 2.Scheme 5 R2v J
H O K2CO3 R-L /=\ P iwci 0- J - B Pd(PPh DMF  " 3)4
Intermediate 11 deprotection O 0O=S- 00=S - \\ /r \ //
-o R2g J NH - Ri O HO Intermediate 12 [0097] Alternate
route to provide compounds, 2, is shown in Scheme 6.
Starting material 4- hydroxybiphenyl sulfonamide
derivative was readily available through Suzuki
coupling. Alkylation of 4-hydroxybiphenyl sulfonamide
under basic condition provides biphenyl sulfonamide
ester Intermediate 13 with an ether linker. Hydrolysis
of ester (Intermediate 13) using aqueous NaOH provides
the desired product of the invention, 2. Scheme 6 O X
OO=S- -OH R OO=S- OHT> O NaOH oc s - Q-q 



NH R - NH - R HO s Intermediate 13 Deprotection of
esters, such as methyl esters, shown in Scheme 6 can
be conducted employing the routn shown in Scheme
6A.Scheme 6A Deprotection of Methyl esters: CH3
Intermediate 13A [0098] Intermediate 13A methyl ester,
(0.294mmol) was dissolved in THF:MeOH (2:l)(2mL) and
IM LiOH (0.881mmol) was added. The reaction mix was
stirred for 3 days. The solvent was removed and the
remaining white solid was dissolved in H2O. The H2O
was extracted with ether. The ether layer was removed
and the aqueous layer was acidified to pH 2 with HCl
(cone.) forming a cloudy solution. This solution was
extracted with CH2CI2. The resulting aqueous layer was
removed and the remaining organic layer was washed
with brine. The solvent was removed and the remaining
solid was dissolved in minimal CH2CI2 and then hexane
was added thus precipitating a white solid. The solid
was filtered and dried at reduced pressure to provide
the desired product. [0099] Compounds of the
invention, 3, are prepared based on Synthesis Scheme
7. 4- Vinylphenylboronic acid and 4-bromobenzene
sulfonamide derivative were reacted via Suzuki
coupling catalyzed by palladium catalyst to provide
Intermediate 14. Heck reaction of Intermediate 14 with
aryl halide generated Intermediate 15. Intermediate 15
is a biphenyl sulfonamide derivative with a double
bond as a linker connected to an aryl ring. Regular
TFA 



deprotection of the tert-butyl ester of Intermediate
15 provides desired product 3 in high yield.Scheme 7
Suzuki O. Heck o o OH Intermediate 14 Intermediate 15
TFA HCL O [00100] Scheme 8 shows the a multiple step
synthesis leading to the compounds of invention, 4. A
regular Suzuki coupling followed by the alkylation
with triflic anhydride furnishes triflate Intermediate
16. Triflate Intermediate 16 was converted into
alkynylation product 17 through a Sonagoshira
reaction. TBDMS protecting group in 17 was removed by
TBAF followed by another Sonagoshira reaction to
provide Intermediate 18 with a triple bond linking the
biphenyl group with aryl moiety. Intermediate 18 was
then reduced by hydrogenation then TFA deprotection
removed the ester group to give the desired product 4.
Scheme 8 Tf5O r v.0 '0=L\ // \ OH intermediate 16 fO O
TBAF tg 0 O - 1 0 ~ J \ =/ ~ TBDMS Intermediate 17
Intermediate 18 H2, Pd/C TFA[00101] Routes to
compounds of structure 5 are shown in Scheme 9.
4-aminomethyl phenyl 



boronic acid was used for Suzuki coupling to produce
the Intermediate 19. Acylation of Intermediate 19 with
acetic anhydride, followed by the TFA deprotection
provided compounds with structure 5. Scheme 9 B>N PH
Suzuki H2 Ac2O OH Intermediate 19 TFA NH -( o-
Intermediate20 x [00102] An alternate route to make
structures of 5 is presented in Scheme 10.
Intermediate 21 was formed by EDCL coupling
of4-bromophenylacetic acid with phenylamine in DMF.
Stille coupling of Intermediate 21 with corresponding
tin reagent followed by TFA deprotection provided
product 5. Scheme 10 EDCI Br- Stille // NH O
Intermediate 21 TFA 0O=S- OO=S- / r - NH o
Intermediate 22 



[00103] In Scheme 11 the compounds of the invention,
6, are prepared by reacting Ahydroxybiphenyl
sulfonamide derivative with an isocyanate in the
presence of triethylamine.Carbamate (Intermediate 24)
thus obtained was treated with TFA to remove the
tert-butyl ester protectin group to provide compounds
6. Scheme 11 0 R O R TFA O = \ - NH y-NH O HN-SO O HO
Intermediate 23 Intermediate24 [00104] An alternate
route to make compounds 6 is shown in Scheme 12 using
Ahydroxybiphenyl sulfonamide free acid to react with
isocyanate in the presence of triethylamine. Compounds
6 are obtained thereby directly, without a
deprotection step. Scheme 12 HO O HO O R-NCO / / T JT
- \ OH [00105] Routes to compounds of structure 7 are
shown in Scheme 13. Intermediate 23 was coupled with
carboxylic acid using DCC reagent to provide ester 24.
Intermediate 24 was treated with TFA to selectively
remove the tert-butyl group to provide compound 7.
Scheme 13 Q 



OO=S- \ \ - - OH RCO2H O, NH DCC Intermediate23 "
Intermediate24 TFA OOS - / )- (\ jho. HO[00106] In
Scheme 14, the compounds of the invention, 8, are
prepared from Intermediate 23 by alkylation followed
by the deprotection (removal of protectin tert-butyl
group) with TFA. Scheme 4 HO O 0 .0 ArCl NH _ OH Base
O=Slntermediate 23 Intermediate25 [00107] In Scheme 15
the compounds of the invention, 9, are prepared in a
multiple step synthesis. Intermediate 26 was prepared
based on known literature procedure. Stille coupling
followed by TFA deprotection provided the desired
product 9. Scheme 15 P SOCIo ,0 HO Cl -Br -Br TiCW
intermediate 26 



Stile Bu3Sn Coupling Q TFA Q  -O O' Intermediate 27
[00108] Routes to compounds of structure 10 are shown
in Scheme 16. Intermediate 28 (2-
[l,2,3]thiazol-4-yl-phenol) was prepared according to
literature procedure. Alkylation with benzyl bromide
derivative followed by condensation resulted in
thioether intermediate 29.Suzuki ccmpling of 29 with
4-bromobenzene sulfonamide generated Intermediate 30.
Oxidation with mCPBA followed by hydrolysis provided
compound 10. Scheme 1 6 Ar-Br K2CO3 OH 3 - Pd(PPh3)4
Intermediate 29 Iintermediate 28 O OO=S- \\ mCPBA . ~L
/ 1/4 0 o Intermediate 31 Intermediate 30 



v b r HO O 10 Removal of t-butyl ester protecting
group with TFA Scheme 1 7 JL TFA,CH7Cl , 1 5h [00109]
The t-butyl ester protected biphenylsulfonamide
(0.505mmol) was dissolved in CH2Cl2 (2.5mL). TFA
(2.5mL) was dissolved in CH2Cl2 (2.5mL), and this was
slowly added to the dissolved ester and stirred for
1.5h. The solvent was removed at reduced pressure and
the remaining oil dissolved in toluene, and the
toluene removed. Finally, the oil was dissolved in a
minimal amount of CH Cl and hexane was added to
precipitate a white solid. Solvent was removed at
reduced pressure, and, after vacuum pump drying, a
solid dried to give a 98% yield.[OO110] The present
invention further relates to methods of identifying
agents useful for the treatment of osteoarthritis. The
methods of identifying agents useful for the treatment
of osteoarthritis comprise determining whether a
particular agent has ADAMTS-5-specific aggrecanase
inhibitory activity. The methods may also comprise
using ADAMTS-5 transgenic animals to determine whether
a potential agent useful for the treatment of
osteoarthritis is effective in an animal having
ADAMTS-5 activity but is not effective in an animal
not exhibiting ADAMTS-5 activity. [00111] As further
described in the Examples below, the ADAMTS-5 gene
allele is functionally disrupted in a cell by
homozygous recombination between the allele and a
mutant ADAMTS-5 gene, or a portion thereof. The cell
can be a differentiated cell type that normally
expresses ADAMTS-5, such as a macrophage or monocyte,
or a macrophage-like or 



monocyte-like cell line. Alternatively, the cell can
be a pluripotent progenitor cell that can develop into
an animal, such as an embryonic stem cell. In a
preferred embodiment, an embryonic stem cell is used.
The embryonic stem cell can be introduced into a
blastocyst and the blastocyst introduced into a
pseudopregnant animal to produce an animal having
somatic and germ cells in which an ADAMTS-5 gene
allele is functionally disrupted. Such an animal is a
"homologous recombinant" animal. A preferred
homologous recombinant animal of the invention is a
mouse. Mice are a preferred animal because they are
more easily utilized for laboratory studies and
because they provide an art recognized model, as
further described in the Examples below. However, any
animal may be used, including, but not limited to,
pigs, cows, sheep, goats, and other animals. In a
particularly preferred embodiment, the animal is an
inbred mouse. [00112] To create a homologous
recombinant cell or animal, a targeting vector can be
prepared which contains DNA encoding an ADAMTS-5
protein, or a portion thereof, having a mutation
introduced therein. The targeting vector may include a
nonhomologous ADAMTS-5 replacement portion, which
preferably includes Cre/Lox-P sites; a first homology
region located upstream of the nonhomologous portion
which has substantial identity to a first ADAMTS-5
gene sequence; and a second homology region located
downstream of the nonhomologous portion which has
substantial identity to a second ADAMTS-5 gene
sequence. As used herein, "substantial identity" is
intended to describe a nucleotide sequence having
sufficient homology to an ADAMTS-5 gene to allow
forhomologous recombination between the nucleotide
sequence and an endogenous sequence to allow for
homologous recombination between the nucleotide
sequence and the endogenous ADAMTS sequence in a host
cell. Typically, the nucleotide sequences of the
flanking 



homology regions are from about 80% to about 100%
identical to the endogenous sequences. In a
particularly preferred embodiment, they are 100%
identical. The homology regions are also of sufficient
length to allow for homologous recombination with the
endogenous gene in a host cell, i.e., at least 1
kilobase in length, and more preferably at least
several kilobases in length. [00113] The targeting
vector may further include positive and negative
selection cassettes. These cassettes include
nucleotide sequences encoding positive and negative
selection markers operatively linked to regulatory
elements that control expression of the selection
marker. [00114] To functionally disrupt an endogenous
ADAMTS-5 gene allele in a host cell, a targeting
vector is introduced into the host cell, e.g., a
differentiated cell or an embryonic stem cell. The
targeting vector may be introduced into the cell by
any technique known in the art, including, but not
limited to, calcium phosphate precipitation,
DEAE-dextran transfection, microinjection,
lipofection, electroporation and the like. After
introduction of the vector into the host cell, the
cell is cultured for a period of time and under
conditions sufficient to allow for homologous
recombination between the introduced targeting vector
and the endogenous ADAMTS-5 gene. Host cells are
selected (e.g. by positive and/or negative selection)
and screened for homologous recombination at the
endogenous ADAMTS-5 gene locus by standard techniques
known in the art (e.g. Southern hybridizations or PCR
using probes/primers which distinguish the normal
endogenous allele from the homologous recombinant
allele.) [00115] To create a homologous recombinant
animal, an embryonic cell having at least one 



ADAMTS-5 gene allele functionally disrupted is
introduced into a blastocyst, the blastocyst is
implanted into a pseudopregnant foster mother, and the
embryo is allowed to develop to term. The resultant
animal is a chimera having cells descendent from the
embryonic stem cell. Chimeric animals in which the
embryonic stem cell has contributed to the germ cells
of the animal can be mated with WT animals to produce
animals heterozygous for the ADAMTS-5 gene disruption
in all somatic and germ cells. The heterozygous
animals canthen be mated to create animals homozygous
for the ADAMTS-5 gene disruption (i.e. having both
ADAMTS- 5 gene alleles functionally disrupted). Any
sort of mutation may be introduced into a transgenic
animal, including null mutations and point mutations.
A point mutation may result in normal expression of
the ADAMTS-5 gene product but the product may have
aberrant activity, e.g. it may not have aggrecanase
activity. [00116] In addition, cells from the animal
homozygous for the ADAMTS-5 gene disruption can be
isolated from the animals and cultured in vitro for
various studies, including for screening assays.
[00117] ADAMTS-5 transgenic animals and cells derived
therefrom are useful as positive controls by which to
evaluate the efficacy ofADAMTS-5 inhibitors. The
homozygous and heterozygous animals provide such
standards. In a screening assay to identify and assess
the efficacy of ADAMTS-5 inhibitors, a WT animal (or
cells derived therefrom) not treated with inhibitor is
used as the 0% inhibition standard, an animal
homozygous for an ADAMTS-5 disruption is used as the
100% inhibition standard, while an animal heterozygous
for an ADAMTS-5 gene disruption is used as standard
for less than 100% inhibition but more than 0%
inhibition. The amount of ADAMTS-5 activity in a
subject treated with an ADAMTS-5 inhibitor is then
assessed relative to these standards. The inhibition
may be measured by the 



% inhibition of aggrecanase activity or the %
reduction in osteoarthritic symptoms. [00118] The
transgenic animals and cells derived therefrom also
can be used to screen ADAMTS-5 inhibitors for side
effects or toxicity resulting from the inhibitor's
action on a target(s) other than ADAMTS-5 (e.g.
ADAMTS-5 isoforms or ADAMTS-4). For example, an
ADAMTS-5 inhibitor may be administered to an ADAMTS-5
animal of the invention to evaluate side effects or
toxicity of the inhibitor. Because the ADAMTS-5
transgenic animal lacks the normal target for the
inhibitor, an effect observed upon administration of
the inhibitor to the ADAMTS-5 null mutant can be
attributed to a side effect of the ADAMTS-5 inhibitor
on other target(s). Accordingly, ADAMTS-5 transgenic
animals are useful for distinguishing these side
effects from the direct effects of the inhibitor on
ADAMTS-5 activity. [00119] The transgenic animals may
also be used for in vivo screening assays to identify
diseases in which ADAMTS-5 plays a role in the
pathogenesis of the disease condition. Suchscreening
assays are further useful for identifying other
diseases that may be treated with ADAMTS-5 inhibitors.
For example, the transgenic animals may be useful in
evaluating the role ofADAMTS-5 in other disorders in
which extracellular protein degradation or destruction
occurs, such as cancer, asthma, chronic obstructive
pulmonary disease ("CODP"), atherosclerosis,
age-related macular degeneration, myocardial
infarction, corneal ulceration and other ocular
surface diseases, hepatitis, aortic aneurysms,
tendonitis, central nervous system diseases, abnormal
would healing, angiogenesis, restenosis, cirrhosis,
multiple sclerosis, glomerulonephritis, graft versus
host disease, diabetes, inflammatory bowel disease,
shock, invertebral disc degeneration, stroke,
osteopenia, rheumatoid arthritis and other forms of
arthritis, and periodontal disease. A stimulus may be
administered to the transgenic 



animals of the invention to induce the disease
condition, as further described below in the Examples
for osteoarthritis. Alternatively the transgenic
animals of the invention may be bred with an animal
genetically prone to a particular disease. Following
induction of the disease in the ADAMTS-4 or ADAMTS-5
null mutant animal, the susceptibility or resistance
of the animal to the disease condition is determined.
Resistance of the animal to the disease condition,
relative to WT, is indicative that the pathology of
the disease condition involves the action of ADAMTS-4
or ADAMTS-5, and thus the disease condition is
treatable with an inhibitor of ADAMTS-4 or ADAMTS-5,
respectively. As an example of this utility, Example
1below and Figure 3A and Figure 3B demonstrate that
homozygous and heterozygous ADAMTS-5 transgenic
animals are resistant to induced osteoarthritis.
[00120] ADAMTS-5 transgenic animals homozygous
ADAMTS-5 null mutation, or a cell derived therefrom,
can be reconstituted with a human equivalent of the
gene to create a nonhuman cell or animal that
expresses a human ADAMTS-5 gene product. These cells
and animals can b e used to screen compounds to
identify agents that inhibit the activity of human
ADAMTS-5, either in cultured cells or in vivo. Such
animals and cells can be made by techniques well known
to the skilled artisan. A nonhuman animal having cells
expressing human ADAMTS-5 polypeptide, and/or cells
derived therefrom, can be used to screen and identify
agents that can inhibit human ADAMTS-5 in vivo.
[00121] ADAMTS-5 transgenic animals are also useful to
determine whether a particular substance is a
substrate for ADAMTS-5. ADAMTS-5 are
metalloproteinases having aggrecanase activity. To
assess whether a precursor form of a putative
substrate is cleaved byADAMTS-5, the presence or
absence of cleaved product in the ADAMTS-5 animals may
be assessed. The cleaved product will be substantially
reduced or absent in the transgenic 



animals. [00122] The following examples are offered to
illustrate, but not to limit the present invention.
EXAMPLES Example 1: Materials and Methods Generationof
ADAMTS5 KO mice [00123] ADAMTS-5KO mice used in these
studies were generated from inbred 129SvEv- Brd mice
carrying a Cre/LoxP type conditional KO allele of the
ADAMTS5 gene (Lexicon Genetics, The Woodlands, TX).
The conditional allele contained LoxP sites flanking
exon 3 so that Cre recombination resulted in deletion
of exon 3, which encodes the majority of the enzyme
active site, as shown in Figure IA. [00124] Mice
carrying the ADAMTS-5 conditional KO allele were
created by homologous recombination in ES cells
followed by blastocyst injection to generate chimeric
mice. The ADAMTS-5KO mouse line was produced by
crossing conditional KO mice with Protamine- Cre
transgenic mice (provided by Lexicon Genetics) which
resulted in Cre mediated deletion of exon 3 in the
sperm of male offspring carrying both the mutant
ADAMTS-5 and Prot-Cre alleles, as shown in Figure IB.
Genotypingfor ADAMTS5 WT, conditional KO and KO
alleles [00125] Genotyping for alleles of the ADAMTS-5
gene was performed by PCR using DNA template from
crude proteinase K digest of tail biopsies. The wild
type and heterozygous KO alleles were identified by
PCR using a forward primer of the sequence (5'TGT TCA
CCC AAA GCAACT AC3') (primer 1) and a reverse primer
of the sequence (5'TAG AGG AGA 



GGA GAGGAG G3') (primer 2). These primers flanked the
insertion site of the (5') LoxP site producing a 230
bp amplicon in the WT and heterozygous animals and no
amplicon in the KO animals (Figure IB, C). The
knockout allele was identified using the forward
primer (5'GTG AAC CAC ATG GAC TTT GG3') (primer 3) and
the reverse primer (5'TCG TAGCAAACA CCC ACC TG3')
(primer 4) resulting in a 500 bp PCR product of the
exon 3 deleted (KO) allele (figure 1B,C). Preparation
of RNA for RT-PCR: [00126] Total RNA was prepared from
WT and KO mice spleen using the RNAeasy kit (Qiagen,
Valencia, CA) according to the manufacturer's
instructions. The quality of the RNA samples were
confirmed in an RNA 6000 Nano assay using a
Bioanalyzer (Agilent Technologies, Palo Alto, CA). PCR
primers were designed and synthesized (BioSource
International, Camarillo, CA) as follows: Primer 5,
5'CGACCCTCAAGAACTTTTGC3 I; SEQ ID NO:4 Primer 6,
5'CTCAGGCCCAAATGTCAAGT3 I; SEQ ID NO:5 Primer 7,
5'CGTCATGAGAAAGGCCAAGTS'; SEQ ID NO:6. RT-PCR was
performed by using Qiagen OneStep RT-PCR kit with a
600 nM concentration of each primer and 200 ng of
total RNA in a DNA Engine Dyad thermal cycler (MJ
Research, Waltham, MA). The RT-PCR was run for 30 min
at 500C, 15 min at 95C, and 35 cycles of 15 seconds at
95C, 1 min at 59C, and 30 seconds at 72C. The RT-PCR
primers are shown in Figure ID and the RT-PCR products
are shown in Figures IE and IF. Using primers 5 and 6,
Figure IE shows that the mRNA of the WT is 506 bp and
the KO is 338 bp. Using primers 5, 4 and 7, Figure IF
shows that the mRNA of the WT is 258 bp and there is
no product, as expected, in the KO because primer 7 is
located in exon 3 which is deleted in 



the KO. Histology andpathologic assessment ofyoung and
aged mice: [00127] Complete necropsies were performed
on 22 WT and 20 ADAMTS-5 KO males at 18 weeks of age.
Necropsies included macroscopic observations, body and
organ weights, hematology, complete serum chemistry
and microscopic examination of brain, joints, heart,
lungs, thymus, spleen, liver, kidneys, salivary
glands, mandibular lymph nodes, testes, epididymides,
eyes, harderian glands, lacrimal glands, sternum, and
humerus. All tissues were fixed in 10% neutral
buffered formalin, decalcified if mineralized,
routinely processed, paraffin-embedded and prepared as
routine hematoxylin and eosin-stained sections. All
slides were evaluated by a board-certified veterinary
pathologist (BS) for presence or absence of pathologic
lesions.Surgical induction of osteoarthritis: [00128]
All studies were performed with approval of the Wyeth
Institutional Animal Care and Use committee. Surgical
induction o f osteoarthritis in mice is an art
recognized model for the study of osteoarthritis.
Accordingly, ten week old mice were anesthetized with
250 mg/kg intraperitoneal tribromoethanol ( Sigma-
Aldrich, St. Louis, MO), and knees were prepared for
aseptic surgery. A medial para-patellar incision was
made to expose and transect the meniscotibial ligament
(anchoring the medial meniscus to the tibial plateau),
resulting in destabilization of the medial meniscus
(DMM). The joint capsule and subcutaneous layer were
sutured closed with 8-0 and 9-0 Vicryl (Ethicon, Inc.
Somerville, NJ) respectively, and the skin closed with
Nexaband(r)S/C tissue adhesive (Abbott Laboratories,
North Chicago, IL). Buprenorphine (Buprenex, Reckitt
and Coleman Products, Hull, England) was provided at
0.03 mg/kg pre- and postoperatively. Four weeks after
DMM 



surgery, 19WT and 19 KO mice were sacrificed by carbon
dioxide. Eight weeks after surgery, 33 WT, 20
heterozygous, and 2 8 homozygous KO mice were
sacrificed. A small subset of animals underwent sham
surgery to determine the effect of inflammation
secondary to arthrotomy on disease progression.
Histologic scores of animals 4 or 8 weeks following
sham surgery were not statistically different than
animals that did not undergo any surgery. Assessment
of progression and severity of osteoarthritis :
[00129] Intact knee joints were placed into 4%
paraformaldehyde for 24 hours, then decalcified in 20%
EDTA for 5 days. Joints were embedded in paraffin and
6 mm frontal sections taken through the entire joint.
Slides were stained with Safranin-O/Fast green and
graded at 70 mm intervals through the joint by three
blinded, independent scorers. The semi quantitative
scoring system was modified from Chambers et al.
(Chambers et al, 2001, Arthritis &Rhuem 44:1455) where
0 represents normal cartilage; 0.5 is loss of
Safranin-0 without structural changes; 1represents
roughened articular surface and small fibrillations; 2
represents fibrillation down to the layer immediately
below the superficial layer and some loss of surface
lamina ; 3 is mild (<20/6), 5 is moderate (20-80%) and
6 is severe (>80%) loss of non-calcified cartilage.
All quadrants of the joint (medial tibial plateau
(MTP), medial femoral condyle, lateral tibial plateau,
and lateral femoral condyle) were scored separately.
Approximately 12 levels were scored for eachknee
joint, with scoring continuing until articular
cartilage was no longer observed in any quadrant.
Scores were expressed as the maximum histologic score
found from all levels of the entire joint, as shown in
Figure 3A.Scores were added from all levels of all
four quadrants to obtain the summed histologic score,
as shown in Figure 3B, to reflect OA lesion severity
as well the surface area affected. [00130] In order to
compare the results with those published results
examining the 



progression of osteoarthritis in IL-I b, IL-I br,
INOS, and ICE KO mice (Clements et al., 2003,
Arthritis &Rhuem 48:3452) the results as mean scores
of the medial tibial plateau of each experimental
group were also expressed. Figure 4 shows that these
scores also were significantly reduced in the ADAMTS-5
homozygous and hetero2ygous KO animals. Preparation
and culture of cartilage explants: [00131] Femoral
heads were harvested from 4 week old WT and KO mice,
and the cartilage was separated from the underlying
subchondral bone. Cartilage samples were cultured as
explants at 370C in a humidified atmosphere of 5% CO2
and 95% air in Dulbecco's modified Eagle's medium
(DMEM) containing 1% antimycotic-antibiotic (Sigma,
Aldrich), 2 mM glutamine, 10 mM Hepes, 50 mg/ml of
ascorbate and 10% FBS for 48 hours. Explants were then
washed 3 times and cultured for an additional 72 hours
in serum-free DMEM + 10 ng mouseIL-l a/ml (Sigma,
Aldrich) and 10 5 M retinoic acid (Sigma, Aldrich).
Conditioned media was collected and cartilage
harvested at the end of the culture period.
Quantitation of proteoglycan [00132] The proteoglycan
content in the medium was measured as sulphated
glucosaminoglycan (GAG) by a colorimetric assay using
dimethylmethylene blue (DMMB) and chondroitin sulphate
C from shark cartilage (Sigma, Aldrich) as a standard
according to a previously reported procedure (Farndale
et al., 1986, Biochim Biophys Acta 883:173). Harvested
cartilage samples were digested with proteinase K
(Sigma, Aldrich) for 16h, centrifuged and supernatant
collected. Proteoglycan content in the digested
cartilage was also measured to provide the total
proteoglycan content in the cartilage and enable
calculation of per cent release of proteoglycan during
the experimental protocol. 



Western analysis [00133] Aggrecan fragments in
conditioned medium were analyzed by western analysis
using neoepitope antibodies designed to recognize
aggrecanase-generated fragments. Conditioned medium
was dialyzed against 50 mM Tris-acetate (pH 6.5) and
digested with Chondroitinase ABC (Sigma; 1mU/ mg of
GAG), Keratinase I (Seikagaku America,Falmouth, MA; 1
mU/mg GAG) and Keratinase II (Seikagaku; 0.02 mU/mg
GAG) for 2 h at 370C. Samples were concentrated by
YM-IO centrifugal filter device (Millipore Corp.,
Bedford, MA), lyophilized and reconstituted with water
at a concentration of 1 mg/ml of GAG as measured by
DMMB. Equal amount of GAG for each sample was
separated under reducing conditions on 4-12% gradient
Tris-glycine gels (Invitrogen, Carlsbad, CA) and
transferred to nitrocellulose membranes.
Immunoblotting was performed using monoclonal antibody
(MAb) AGG-Cl (0.04 mg/ml) (Collins-Racie etal., 2004,
Matrix Biol. 23:219-230) recognizing the
aggrecanase-generated C-terminal interglobular
neoepitope NITEGE373. Incubation with primary and
alkaline-phosphatase-conjugated secondary goat
anti-mouse IgG (Promega Corp., Madison, WI; 1:7500)
was performed overnight at 40C and at room temperature
for 1 h, respectively. The immunoblots were incubated
with NBT/BCIP substrate (Promega) at room temperature
for 2-15 minutes to achieve optimum color development.
Immunohistochemical identification of TEGE neoepitope
in murine articular cartilage [00134] The polyclonal
antibody TEGE 373 was synthesized by standard
polyclonal antibody technology (Glasson et al., 2004,
Arthritis &Rheum. 50:2547-2558.). The antibody reacted
with Gl-TEGE 373 generated by ADAMTS-4 digestion of
bovine aggrecan, but did not react with intact
(undigested) aggrecan validating it as a "neoepitope"
antibody. Positive serum 



was purified by affinity chromatography using the
immunizing peptide. [00135] For immunostaining of TEGE
373neoepitope in murine articular cartilage, femoral
heads from ADAMTS-4 KO, ADAMTS-5 KO andWT animals were
harvested after 3 days of tissue culture in the
presence or absence of 10 ng IL-l a/ml [is this g or
a] (Sigma) and 10 5Mretinoic acid (Sigma). Tissues
were frozen in OCT and 5 micron sections were cut.
Endogenous peroxidase activity was blocked with
hydrogen peroxidase (DakoCytomation, Carpinteria, CA)
and the sections were deglycosylated with 0.1 U
Chondroitinase ABC/ml (Sigma), 0.1 U keratanase I/ml
(Seikagaku Corp., Tokyo, Japan) arid 0.1 U Keratinase
/ml (Seikagaku Corp., Tokyo, Japan) for 1 hour at 37
C. Primary antibody or normal rabbit serum was added
to sections for 12 hours, and secondary antibody
(donkey anti-rabbit, Rockland, Inc, Gilbertsville PA)
was added for 30 minutes. Sections were incubated with
ABC-peroxidase followed by DAB substrate (Vector
Laboratories, Burlingame, CA). The sections were
counterstained with hematoxylin.Example 2: Results and
Discussion [00136] The ADAMT-4 knock out (KO) was
generated (Glasson et al., 2004, Arthritis & Rheum.
50:2547-2558.). As detailed above, the ADAMTS-5 KO was
created by Cre-Lox mediated recombination resulting in
deletion of 56 amino acids encoded by exon 3,
including disruption of the zinc binding site and the
deletion of the "met turn" (Figure IA). PCR products
fromWT and heterozygous mice using primers 1 and 2
generated a 230 bp product. Primer 2 was located
within the deleted portion encompassing exon 3 and
therefore did not generate a PCR product in the
homozygous KO animals. Primers 3 and 4 generated a 500
bp product in the heterozygous and homozygous K O
animals doe to deletion of exon 3. The use of two
forward primers (1 and 3) was required for optimal
amplification with respect to the 



reverse primers (2 and 4). Because of differences in
amplification efficiency between long and short
amplicons, the use of short, allele-specific amplicons
provided superior reliability of genotyping as
compared to the use of one short (deletion) amplicon
and one long (wt) amplicon generated from a single
primer pair (i.e. 3 and 4). Figure IE shows RT-PCR
from spleen total RNA demonstratedmRNA generated by
PCR products made from primers spanning exon 3 reduced
in size in the KO. The presence of mRNA indicates that
this inframe deletion did not cause instability of the
message. Presence of a translated protein lacking the
catalytic domain could not be confirmed. [00137] Male
and femaleWT and homozygous KO mice were allowed to
age for 14-18 weeks. Animals were examined for any
gross abnormality, blood samples were drawn for
complete blood count and serum chemistry, and 17
tissues were harvested and examined by a board
certified veterinary pathologist (BS). Tissues
examined included heart, lung, thymus, spleen, liver,
kidney, brain, salivary glands, mandibular lymph node,
testis, epididymis, eye, harderian gland, lacrimal
gland, whole sternum, femur, and whole paw. There were
no abnormalities in total body weight, any blood or
serum analysis or histologic appearance of any tissue
examined indicating activity of the ADAMTS-5 enzyme
was not required for normal development and growth.
[00138] Aggrecan is a plentiful component of cartilage
within the growth plate as well as the articular
cartilage of the joints. Figure 2 shows an analysis of
growth plates from WT, ADAMTS-4 and ADAMTS-5 KO
animals by immunostaining of the proximal tibial
growthplates with a polyclonal antibody raised against
the new C terminus of aggrecan after cleavage by
aggrecanases, Gl-TEGE 373. [00139] As shown in Figure
2, WT mice demonstrated significant hybridization of
the 



antibody within the cells of the proximal tibial
growth plate, and this staining was no longer present
in the ADAMTS-4 KO animals. In contrast, hybridization
of the anti-TEGE373 antibody within the growth plate
of the ADAMTS-5 KO mice resembled closely the staining
of theWT growth plates. These results suggest that
aggrecan turnover in the growth plate is a result of
enzymatic activity of ADAMTS-4 and not ADAMTS-5. It is
notable that the gross appearance of the animals,
length of long bones and histologic appearance of the
growth plates in both KO animals were identical to the
WT. It is therefore likely that any aggrecan degrading
activity attributed to ADAMTS-4 in the growth plate
can be compensated for adequately by other enzymes in
the absence of ADAMTS-4. [00140] As described in
detail in Example 1 above, unilateral joint
instability was generated by surgical transection o f
the anterior menisco-tibial ligament resulting in
destabilization of the medial meniscus (DMM), the data
are represented in Figure 3A and Figure 3B. Mice were
sacrificed 4 and 8 weeks after surgery, and sections
through the joint were scored using a reported scoring
system (Chambers et al., 2001, Arthritis &Rheum
44:1455). Scores were reported as mean maximal score
from WT and ADAMTS-5 homozygous KO and heterozygous
KO. In addition, the scores from each section through
the joint were added to express the severity of OA as
the mean of the summed scored for each treatment group
at each time point. This second method of scoring
takes into account severity of the lesion as well as
the surface area of the joint affected. As shown in
Figures 3A and 3B, both methods of analysis revealed
significant reduction (p<0.05) in the scores of the
ADAMTS-5 homozygous and heterozygous KO compared toWT
mice (Figure 3). The summed scores of the ADAMTS-5 KO
animals were reduced to less than 50% of the WT
indicating reduced 



severity as well as surface area involvement. It is
notable that we previously reported no difference in
the scores in the identical surgical model performed
on ADAMTS-4 KO mice. In addition, similar studies in
the literature describing induction of OA in IL-I b,
IL-I br, INOS, and ICE KO mice reported increased
severity of pathology in the genetically manipulated
mice (Clements et al., 2003, Arthritis &Rhuem
48:3452). In order to compare the results with those
published results examining the progression of
osteoarthritis in IL-I b,IL- l br, INOS, and ICE KO
mice the results as mean scores of the medial tibial
plateau of each experimental group were also
expressed. Figure 4 shows that these scores also were
significantly reduced in the ADAMTS-5homozygous and
heterozygous KO animals. [00141] Femoral head
articular cartilagewas removed from ADAMTS-4
KO5ADAMTS-5 KO and WT mice and placed into tissue
culture. Inflammatory cytokines (IL-I and retinoic
acid) were added to the culture system to induce
degradative enzyme activity, and analysis of the
aggrecan degradation products released from the
cartilage were evaluated by quantitation of total
proteoglycan release andby western blots using a
monoclonal neoepitope antibody generated against the
new C terminus of aggrecan after cleavage by an
"aggrecanase" (Gl- TEGE373) (Collins-Racie et al.,
2004,Matrix Biology 23:219-230). Results depicted in
Figures 5A and 5B demonstrated equivalent total
proteoglycan release, and equivalent generation of the
TEGE373 neoepitope in articular cartilage from WT and
ADAMTS-4 KO mice, while there was no evidence of
aggrecanase-generated fragments in conditioned media
from the articular cartilage of the ADAMTS-5 KO mice.
Figure 5C shows immunohistochemical analysis of these
femoral heads using a polyclonal antibody generated
against the TEGE373neoepitope demonstrated significant
hybridization to the aggrecanase generated aggrecan
neoepitope in articular cartilage from WT and ADAMTS-4
KO mice, and 



negligible hybridization in the ADAMTS-5 KO cartilage.
[00142] This work examined the affect of deletion of
the activity of ADAMTS-5 (aggrecanase-2) on normal
murine development, growth and physiology. Similar to
reports previously examining the ADAMTS-4 KO mouse,
deletion of ADAMTS-5 activity did not negatively
affect any of these functions. Deletion of ADAMTS-5
activity did not affect aggrecanase-generated aggrecan
turnover in the growth plates. However, surprisingly,
deletion ofADAMTS-5 activity significantly abrogated
the progression of osteoarthritis in these mice, while
deletion of ADAMTS-4 activity had no such affect. This
inability to cleave aggrecan at the "aggrecanase" site
within the interglobular domain of the substrate in
the ADAMTS-5 knockout was further substantiated by
lack of appearance of these fragments after cytokine
stimulation of articular cartilage in vitro inthe
ADAMTS-5 knockout mouse. Several enzymes have been
reported to be capable of cleavage of aggrecan at the
E373 374A site within the interglobular domain of
aggrecan including ADAMTS-I, ADAMTS-4, ADAMTS-5 and
ADAMTS-9. The present invention shows that ADAMTS-5 is
the enzymeresponsible for articular cartilage
extracellular matrix degradation in osteoarthritis.
This is the first report of a single gene deletion
capable of abrogating the course of osteoarthritis in
an animal model. It is clear from these results that
ADAMTS-5 is the primary "aggrecanase" responsible for
aggrecan degradation in murine osteoarthritis. Example
3: Preparation of Biaryl Sulfanamides [00143] Examples
3.1 and 3.2 were made based on Scheme 1 Example 3.1 HO
O 3-Methyl-2-[4'-(3-methyl-quinolin-2-
yloxymethyl)-biphenyl-4-suIf onylamino] -butyric 



acid [00144] Step IA [Intermediate 1] To a dry
round-bottom flask was added 4-Bromobenzenesulfonyl
chloride (12.2 g, 47.7 mmol, 1 equiv.), anhydrous
methylene chloride (170 mL), and H-D-VaI-OMe (8.0 g,
47.7 mmol, 1 equiv.). The mixture was cooled to 00C in
an ice bath followed by the addition of Hunig base
(19.11 mL, 109.7 mmol, 2.3 equiv.). The reaction
mixture was allowed to warm to room temperature and
was stirred overnight. Reaction was complete as
determined by TLC. The reaction mixture was then
diluted with dichloromethane (100 mL) and washed with
brine. The organic layer was dried over anhydrous
MgSC^, solvent evaporated to yield
2-(4-Bromo-benzenesulfonylamino)-3- methyl-butyric
acid methyl ester in 96%yield (16.0 g). IH NMR (400
MHz, CHLOROFORM-D) d ppm 0.87 (d, /=6.82 Hz, 3 H) 0.96
(d, /=6.82 Hz, 3 H) 2.04 (m, 1H) 3.49 (s, 3 H) 3.74
(d, /-14.40 Hz, 1H) 5.10 (d, /=9.85 Hz, 1H) 7.66 (m, 4
H). [00145] Step IB [Intermediate 2:
2-(4-Bromo-benzenesulfonylamino)-3 -methyl-butyric
acid methyl ester (3.4 g, 9.71mmol), 4-hydroxymethyl
phenyl boronic acid (1.48 g, 9.71 mmol, 1 equiv.),
Pd(PPli3)4 (561mg, 0.48 mmol, 0.05equiv.) were
dissolved in ethylene glycoldimethyl ether (90 mL)
under N2 atmosphere and stirred at room temperature
for 30 min. Then K2CO3 (2.68 g, 19.4mmol, 2 equiv.) in
H2O (30 mL) was introduced to the reaction mixture and
heat to reflux overnight. After TLC confirmation of
reaction completion, solvent was removed by rotovap,
residue partitioned between EtOAc and brine, organic
layer dried over MgSq4, solvent removed, crude residue
was triturated with EtOAc to give 2-(4'-
Hydroxymethyl-biphenyl-4-sulfonylamino)-3
-methyl-butyric acid methyl ester in 67% yield (2.46
g). [00146] IH NMR (400 MHz, CHLOROFORM-D) dppm 0.90
(d, /=7.07 Hz, 3 H) 0.97 (d, 



/=6.82 Hz, 3 H) 1.57 (s, 1H) 2.04 (m, 1H) 3.43 (s, 3
H) 3.79 (dd, /=10.1 1, 5.05 Hz, 1H) 4.78 (s, 2 H) 5.11
(d, /=10.36 Hz, 1H) 7.49 (d, /=8.34 Hz, 2 H) 7.60 (d,
/=8.34 Hz, 2 H) 7.70 (d, /=8.84 Hz, 2 H) 7.88 (d,
/=8.59 Hz, 2 H). [00147] Step 1C [Intermediate 3:
2-(4'-Hydroxymethyl-biphenyl-4-sulfonylammo)-3-
methyl-butyric acid methyl ester (1.2 g, 3.2 mmol, 1.0
equiv.), 2-chloro-3-methyl quinoline (2.26 g, 12.7
mmol, 4 equiv.) were dissolved in DMF (30 mL) followed
by the addition of NaH (382 mg, 60% in oil, 9.54 mmol,
3 equiv.). The mixture was stirred at 1000C for 5 hrs,
then at room temperature overnight. The reaction
mixture was then poured into cold water, solid
precipitated from the mixture was collected by
filtration and washed with water. Regular column
chromatography (Silica gel, 1% MeOHZCH Cl ) to yield
203 mg of 3-
Methyl-2-[4'-(3-methyl-quinolin-2-yloxymethyl)-bipheny
l-4-sulfonylamino]-butyric acid methyl ester in 12%
yield. [00148] H NMR (400 MHz, CHLOROFORM-D) d ppm
0.89 (d, /=6.82 Hz, 3 H) 0.97 (d, /=6.82 Hz, 3 H) 2.04
(m, 1H) 2.40 (s, 3 H) 3.43 (s, 3 H) 3.78 (dd, /=10.1
1, 5.31 Hz, 1H) 5.09 (d, /=10.1 1 Hz, 1H) 5.64 (s, 2
H) 7.37 (m, 1H) 7.64 (m, 8 H) 7.86 (m, 4 H). [00149]
Step ID:
3-Methyl-2-[4'-(3-methyl-quinolin-2-yloxymethyl)-biphe
nyl-4- sulfonylamino]-butyric acid methyl ester (203
mg, 0.39 mmol, 1 equiv.) was dissolved in THF (8 mL)
and MeOH (4 mL) and hydrolyzed with IN NaOH (5.83 mL,
5.83 mmol, 13 equiv.). After stirring for 3 days,
solvent was removed and the residue was dissolved in H
O. The mixture was then acidified to pH 3 using IN
HCl. Solid precipitated from the mixture was collected
by filtration and washed with water. After drying in
vacuum oven, 101mg
of3-Methyl-2-[4'-(3-methyl-quinolin-2-yloxymethyl)-bip
heny l-4-sulfonylammo]-but3 i c acid was obtained in
76.3 % yield. 



[00150] IH NMR (400 MHz, DMS0-D6) d ppm 0.81 (d,
J=6.57 Hz, 3 H) 0.84 (d, /=6.82 Hz, 3 H) 1.95 (m, 1H)
2.36 (s, 3 H) 3.56 (dd, /=9.09, 5.81 Hz, 1 H) 5.61 (s,
2 H) 7.42 (t, /=7.45 Hz, 1H) 7.61 (t, J=I.I l Hz, 1H)
7.67 (d, /=7.83 Hz, 2 H) 7.83 (m, 8 H) 8.08 (d, /=8.34
Hz, 2 H) 12.58 (s, 1 H). Example 3.2 HO O
3-Methyl-2-[4'-(5-trifluoromethyl-pyridin-2-yloxymethy
l)-biphenyl-4-sulfonylamino]- butyric acid [00151] The
title compound,
3-Methyl-2-[4'-(5-trifluorortiethyl-pyridin-2-yloxymet
hyl)- biphenyl-4-sulfonylamino]-butyric acid, was
prepared according to the procedures similar to that
described for Example 3.1. [00152] Step 1C:
2-(4'-Hydroxymethyl-biphenyl-4-sulfonylamino)-3-methyl
-butyric acid methyl ester (350 mg, 0.93 mmol, 1
equiv), 2-chloro-5-trifluoromethylpyridine (841 mg,
4.64 mmol, 5 equiv.) were dissolved in DMF (7 mL)
followed b y the addition of NaH (11 lmg, 2.78 mmol, 3
equiv.) under N2 atmosphere. The mixture was heat to
100C for 2 hrs and cool to room temperature. Reaction
mixture poured onto cold water and the resulting solid
collected by filtration. Further purification by
column chromatography (Silica gel, 20% EtOAc / Hexane)
to afford 259 mg ofG9058-182-2 in 54 % yield. [00153]
IH NMR (400 MHz, CHLOROFORM-D) d ppm 0.82 (d, /=6.82
Hz, 3 H) 0.90 (d, /=6.82 Hz, 3 H) 1.98 (m, 1H) 3.36
(s, 3 H) 3.72 (dd, /=10.11, 5.05 Hz, 1 H) 5.02 (d,
/=10.11 Hz, 1H) 5.43 (s, 2 H) 6.84 (d, /=8.84 Hz, 1H)
7.52 (m, 4 H) 7.64 (d, /=6.82 Hz, 2 H) 7.74 (d, /=8.84
Hz, 1H) 7.82 (m, 2 H) 8.40 (s, 1 H).[00154] Step ID:
3-Methyl-2-[4'-(5-trifluoromethyl-pyridin-2-yloxymethy
l)-biphenyl-4- 



sulfonylamino] -butyric acid (86.4% yield, 210mg) was
prepared according to procedures in Step ID for
Example IA, using
3-Methyl-2-[4l-(5-trifluoromethyl-pyridin-2-yloxymethy
l)- biphenyl-4-sulfonylamino]-butyric acid methyl
ester (250 mg) as the starting material. [00155] IH
NMR (400 MHz, DMSO-D6) d ppm 0.81 (d, /=6.82 Hz, 3 H)
0.84 (d, /=6.57 Hz, 3 H) 1.95 (m, 1H) 3.56 (m, 1H)
5.51 (d, 2 H) 7.12 (d, /=8.84 Hz, 1 H) 7.59 (d, /=8.34
Hz, 2 H) 7.77 (d, /=8.34 Hz, 2 H) 7.86 (m, 4 H) 8.11
(m, 2 H) 8.63 (m, 1H) 12.57 (s, 1 H). [00156] Example
3.3 and 3.4 were made based on Scheme 2. Example 3.3
HO O
2-[4'-(2,8-Bis-trifluoromethyl-quinolin-4-yloxymethyl)
-biphenyl-4-sulfonylamino]-3- methyl-butyric acid
[00157] Step 2A [Intermediate 4, G9591-157-1]: To a
solution of 2,8-Bis-trifluoromethylquinolin- 4-ol
(3.85 g, 13.7 mmol, 1.1 equiv.) in DMF (40 mL) was
added 2-(4-Bromomethylphenyl)-
4,4,5,5-tetramethyl-[l,3,2]dioxaborolane (3.7 g, 12.5
mmol, 1.0 equiv.) and K2CO3 (3.45 g, 24.92 mmol, 2.2
equiv.) under N2 atmosphere. The reaction mixture was
stirred at room temperature overnight. The reaction
was complete as determined by TLC. The reaction
mixture was poured into cold water, the white
precipitate formed was collected by filtration, washed
with water, dried under vacuum to yield
4-[4-(4,4,5,5-Tetramethyl-
[l,3,2]dioxaborolan-2-yl)-benzyloxy]-2,8-bis-trifluoro
methyl-quinoline in 73% yield (4.95 g)- [00158] IH NMR
(400 MHz, CHLOROFORM-D) d ppm 1.36 (s, 12 H) 5.38 (s,
2 H) 7.21 (s, 1 H) 7.51 (d, /=8.34 Hz, 2 H) 7.65 (t,
/=7.83 Hz, 1 H) 7.90 (d, /=8.08 Hz, 2 H) 8.14 (d, 



/=7.33 Hz, 1H) 8.50 (d, /=8.59 Hz, 1 H).[00159] Step
2B [Intermediate 5, G9591-162]: To
4-[4-(4,4,5,5-Tetramethyl-
[l,3,2]dioxaborolan-2-yl)-benzyloxy]-2,8-bis-trifluoro
methyl-quinoline (1.5 g, 3.0 mmol, 1 equiv.) in 45 mL
of ethylene glycol dimethyl ether was added
2-(4-Bromobenzenesulfonylamino)- 3-methyl-butyric acid
methyl ester (1.06 g, 3.0 mmol, 1.0 equiv.) and
Pd(PPb.3)4 (174 mg, 0.15 mmol, 0.05equiv.) under N2.
The reaction mixture was stirred for 0.5 hr, then an
aqueous solution of K2CO3 (834 mg, 6.0 mmol, 2 equiv.)
was added. The mixture was heat to reflux overnight.
After cooling to room temperature, solvent was removed
under vacuum. The residue was diluted with EtOAc (100
mL) and washed with brine solution. The organic layer
was dried over anhydrous MgSCU,solvent evaporated
under vacuum, and the crude product was purified on
silica gel column (30% EtOAc/Hexane) to give 1.026 g
of2-[4'-(2,8-Bis-trifluoromethyl-quinolin-4-yloxymethy
l)-biphenyl-4- sulfonylamino] -3-methyl-butyric acid
methyl ester in 53% yield. [00160] IH NMR (400 MHz,
CHLOROFORM-D) d ppm 0.90 (d, /=6.82 Hz, 3 H) 0.98 (d,
/=6.82 Hz, 3 H) 2.07 (m, 1H) 3.45 (s, 3 H) 3.81 (dd,
/=10.11, 5.05 Hz 1H) 5.12 (d, /=10.11 Hz, 1H) 5.44 (s,
2 H) 7.25 (s, 1H) 7.70 (m, 7 H) 7.92 (d, /=8.84 Hz, 2
H) 8.16 (d, /=7.33 Hz, 1H) 8.52 (d, /=8.59 Hz, 1 H).
[00161] Step 2C:
2-[4'-(2,8-Bis-trifluoromethyl-quinolin-4-yloxymethyl)
-biphenyl-4- sulfonylamino]-3-methyl-butyric acid
methyl ester (1.026 g, 1.6 mmol, 1 equiv.) was
dissolved in THF (15 mL) and MeOH (6 mL) and IN NaOH
(17.6 mL, 1lequiv.) was added. The reaction was
monitored by TLC. It was complete in 3 days. Solvent
was removed by rotovap and the residue was dissolved
in H2O. The mixture was then acidified to pH 3 with IN
HCl. The resulting precipitate was collected by
filtration and washed with cold water and 



dried overnight. 460 mg of white solid was obtained in
46% yield. [00162] IH NMR (400 MHz, DMSO-D6) dppm 0.82
(d, /=6.82 Hz, 3 H) 0.85 (d, /=6.82 Hz, 3H) 1.96 (m,
1H) 3.57 (dd, /=9.35, 6.32 Hz, 1H) 5.66 (s, 2 H) 7.83
(m, 10 H) 8.11 (d, /=9.35 Hz, 1H) 8.35 (d, /=7.33 Hz,
1H) 8.58 (d, /=7.83 Hz, 1H) 12. 57 (s, 1 H).Example
3.4 HO D
D-3-Methyl-2-[4'-(2-methyl-quinolin-4-yloxymethyl)-bip
henyl-4-sulfonylamino]-butyric acid [00163] The title
compound,
D-3-Methyl-2-[4'-(2-methyl-quinolin-4-yloxymeth.yl)-bi
phenyl- 4-sulfonylamino]-butyric acid , was prepared
according to the procedures similar to that described
for Example 3.3. [00164] Step 2A: Alkylation of
2-Methyl-quinolin-4-ol with 2-(4- Bromomethyl-phenyl)-
4,4,5,5-tetramethyl-[l,3,2]dioxaborolane was carried
out according to procedures in Step 2A for Example 1C
to give
2-Methyl-4-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan
-2-yl)- benzyloxy]-quinoline in 28% yield. IHNMR (400
MHz, DMSO-D6) d ppm 1.3 (s, 12 H) 2.6 (s, 3 H) 5.4 (s,
2 H) 7.0 (s, 1H) 7.5 (m, 1H) 7.6 (d, /=8.1 Hz, 2 H)
7.7 (m, 1 H) 7.7 (d, /=8.1 Hz, 2 H) 7.9 (d, /=8.1 Hz,
1H) 8.1 (dd, /=8.3, 0.8 Hz, 1 H). [00165] Step 2B:
Suzuki coupling of
D-2-(4-Bromo-benzenesulfonylamino)-3 -methylbutyric
acid methyl ester with
2-Methyl-4-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan
-2-yl)- benzyloxy]-quinoline was carried out according
to procedures in Step 2B for Example 3.3 in 80% yield.
IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd, /=15.0, 6.7
Hz, 6 H) 1.9 (m, 1 H) 2.6 (s, 3 H) 3.3 (s, 3 H) 3.6
(dd, /=9.3, 7.1 Hz, 1H) 5.5 (s, 2 H) 7.1 (s, 1 H) 7.5
(t, /=7.6 Hz, 1H) 7.7 (m, 3 H) 7.8 (d, /=7.6 Hz, 4 H)
7.9 (m, 1H) 7.9 (m, 2 H) 8.1 (d, /=8.3 Hz, 1 H) 



8.3 (d, /=9.3 Hz, 1 H). [00166] Step 2C: Hydrolysis of
D-3-Methyl-2-[4'-(2-methyl-qui olin-4-yloxymethyl)-
biphenyl-4-sulfonylamino]-butyric acid methyl ester
was carried out according to procedures in Step 2C for
Example 3.3 in quantitative yield. IH NMR (400 MHz,
DMSO-D6) d ppm 0.8 (dd, J=40.2, 6.8 Hz5 6 H) 2.0 (m,
1H) 2.6 (s, 3 H) 3.0 (s, 1H) 5.4 (s, 2 H) 7.1 (s, 1H)
7.5 (t, J=8.1 Hz, 1H) 7.7 (t, J=7.7 Hz, 3 H) 7.8 (m, 7
H) 8.1 (d, J=9.3 Hz, 1 H).[00167] Example 3.5 was made
based on Scheme 3. Example 3.5 HO O [00168] Step 3A.
To a round-bottom flask was added
4-Bromo-benzenesulfonyl chloride (24.37 g, 95.4 mmol,
1 equiv), anhydrous methylene chloride (350 mL), and
H-D-VaI-OtBu (20 g, 95.4 mmol, 1 equiv.). The mixture
was cool to 00C followed by the addition o f Hunig's
base (38.2 mL, 219 mmol, 2.3 equiv.). The cooling bath
was then removed and the reaction mixture was allowed
to warm to room temperature and stirred overnight.
Starting material was consumed as determined by TLC.
The reaction mixture was then diluted with methylene
chloride (200 mL) and washed with H2O (500 mL), brine
(250 mL). The organic layer was dried over anhydrous
MgSO4, evaporated under vacuum to yield
2-(4-Bromobenzenesulfonylamino)- 3-methyl-butyric acid
ter^-butyl ester in quantitative yield (35.0 g).
[00169] IH NMR (400 MHz, DMSO-D6) d ppm 0.82 (d,
/=6.82 Hz, 3 H) 0.84 (d, J=6.82 Hz, 3 H) 1.19 (s, 9 H)
1.93 (m, 1H) 3.46 (dd, /=9.35, 6.06 Hz, 1H) 7.69 (d,
./=8.59 Hz, 2 H) 7.79 (m, 2 H) 8.24 (d, /=9.60 Hz, 1
H). [00170] Step 3B:
2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric acid
tert-butyl ester (11.96 g, 30.47 mmol, 1 equiv.),
4-(Hydroxymethylbenzene) boronic acid (4.63 g, 30.5 



mmol, 1 equiv) and Pd(PP (1.76 g, 1.52 mmol, 0.05
equiv.) were charged to a reaction flask and added
with ethylene glycol dimethyl ether (300 mL). The
mixture was stirred at room temperature for 10 min.,
then a solution of K2CO3 (8.43 g, 60.9 mmol, 2 equrv.)
dissolved in 100 mL H2O was introduced. The reaction
mixture was heat to reflux overnight. After cooling to
room temperature, solvent was removed by rotavap and
the residue partitioned between EtOAc and brine.
Organic layer was separated and dried over IVIgSO^
After removing solvent by rotavap, 8.3 g of white
solid 2-(4'-Hydroxymethyl-biph.enyl-4-
sulfonylamino)-3 -methyl-butyric acid tert-butyl ester
was obtained in 65 % yield.[00171] IH NMR (400
MHz5MeOD) d ppm 1.05 (d, ./=6.82 Hz, 3 H) 1.12 (d,
/=6.82 Hz, 3 H) 1.33 (s, 9 H) 2.16 (m, 1H) 3.73 (d,
/=5.56 Hz, 1H) 4.81 (s, 2 H) 7.62 (d, /=8.59 Hz, 2 H)
7.78 (d, /=8.34 Hz, 2 H) 7.92 (d, /=8.84 Hz, 2 H) 8.04
(m, 2 H). [00172] Step 3C
2-(4l-Hydroxymethyl-biphenyl-4-sulfonylamino)-3-methyl
-butyric acid tert-butyl ester (700 mg, 1.68 mmol, 1
equiv), 2-chloroquinoline (l.lg, 6.7 mmol, 4 equiv)
were dissolved in DMF (20 rpL) and added with and NaH
(202 mg,60% in oil, 5.04 mrnol, 3 equiv). The mixture
was heat to 100C for 2 hrs. After cooling to room
temperature, the reaction mixture was quenched with
sat. NH4CI (aq). After stirring for 0.5 h, solid
precipitated from the mixture. Solid was collected by
filtration and washed with water and dried overnight
to produce 793 mg of
2-[4'-(Isoquinolin-3-yloxymethyl)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid tert-butyl ester
in 87% yield. [00173] IH NMR (400 MHz, CHLOROFORM-D) d
ppm 0.87 (d, /=6.82 Hz, 3 H) 1.03 (d, /=6.82 Hz, 3 H)
1.19 (s, 9 H) 2.05 (m, 1H) 3.66 (dd, /=9.85, 4.55 Hz,
1H) 5.14 (d, /=9.85 Hz, 1H) 5.62 (s, 2 H) 6.98 (d,
/=8.84 Hz, 1H) 7.40 (m, 1H) 7.66 (m, 9 H) 7.89 (m, 2 H
) 8.03 (di, /=8.59 Hz, 1 H). 



[00174] Step 3D:
2-[4'-(Isoquinolin-3-yloxymethyl)-biphenyl-4-sulfonyla
mino]-3-metliylbutyric acid tert-butyl ester (480 mg,
0.88 mmol) was dissolved in 15 niL of dichloromethane.
The solution was cool to O0C followed by the addition
of 5 mL of TFA. The resulting mixture was stirred at
room temperature for 4 hrs. Solvent was removed by
rotavap and the residue was washed with MeOH. Solid
thus obtained was dried overnight under vacuum to
afford 60 mg of
2-[4'-(Isoquinolin-3-yloxymethyl)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid in 14% yield.
[00175] IH NMR (400 MHz, DMSO-D6) d ppm 0.81 (d,
/=6.82 Hz, 3 H) 0.84 (d, /=6.82 Hz, 3 H) 1.95 (m, 1H)
3.56 (dd, /=9.35, 6.06 Hz, 1H) 5.58 (s, 2 H) 7.11 (d,
/=8.84 Hz, 1 H) 7.46 (dd, /=7.58, 6.32 Hz, 1H) 7.79
(m, 11H) 8.08 (d, /=9.35 Hz, 1H) 8.29 (d, /=8.59 Hz, 1
H) 12.57 (s, 1 H).Example 3.6 was made based on Scheme
4. Example 3.6 HO O
2-[4'-(Benzothiazol-2-yloxymethyl)-biphenyl-4-sulfonyl
amino]-3-methyl-butyric acid [00176] To
2-[4-(4,4,5,5-tetramethyl-[l
,3,2]dioxaborolan-2-yl)-benzyloxy]-benzothiazole (300
mg, 0.604 mmol, 1 equiv.) in 9 mL of dimethoxy ethane
was added 2-(4-Bromobenzenesulfonylamino)-
3-methyl-butyric acid tert-butyl ester (237 mg, 0.604
mmol, 1 equiv.) and Pd(PPh3)4 (35 mg, 0.03 mmol, 0.05
equiv). The mixture was stirred at room temperature
for 20 min followed by the addition of K2CO3 (167 mg,
1.208 mmol, 2 equiv.) in H2O (3 mL). The mixture was
heat to reflux overnight. After cooling to room
temperature, solvent was removed by rotavap. Residue
was dissolved in methylene chloride and washed with
water, brine. Organic layer dried over MgSO4, solvent
removed under vacuum , crude 



mixture purified by column chromatography (30% EtOAc /
Hexane) to give 285 mg of in 85% yield. [00177] IH NMR
(400 MHz, CHLOROFORM-D) d ppm 1.07 (d, /=6.82 Hz, 3 H)
1.23 (d, /=6.82 Hz, 3 H) 1.39 (s, 9 H) 1.47 (t, /=7.20
Hz, 1H) 3.86 (dd, /=9.85, 4.55 Hz, 1H) 5.42 (s, 2 H)
6.99 (s, 1H) 7.22 (d, /=7.07 Hz, 1H) 7.39 (m, 2 H)
7.61 (d, /=8.59 Hz, 2 H) 7.67 (d, /=6.32 Hz, 1 H) 7.72
(m, 2 H) 7.84 (d, /=8.84 Hz, 2 H) 8.09 (d, /=8.59 Hz,
2 H). [00178] Step 4B
2-[4'-(Benzothiazol-2-yloxymethyl)-biphenyl-4-sulfonyl
amino]-3-methylbutyric acid tert-butyl ester (140 mg,
0.25 mml) was dissolved in 6 mL of methylene chloride
followed by the addition of TFA (3mL) The reaction was
complete in 6 hrs as determined by TLC. Solvent was
removed and the residue was dissolved in EtOAc.
n-Hexane was added into the solution and solid
precipitated from the mixture. The precipitate was
collected and dried to afford 86 mg of in 68% yield.
[00179] IH NMR (400 MHz, DMSO-D6) d ppm 0.80 (d,
/=6.82 Hz, 3 H) 0.83 (d, /=6.82 Hz, 3 H) 1.93 (m, 1H)
3.54 (dd,/=9.35, 6.06 Hz, 1H) 5.26 (s, 2 H) 7.21 (m,
1H) 7.33 (m, 2H) 7.44 (d, ./=8.59 Hz, 2 H) 7.71 (t,
J=8.46 Hz3 3 H) 7.82 (s, 4 H) 8.07 (d, J=9.35 Hz 1H)
12.55 (s, 1 H). [00180] Examples 3.7, 3.8, 3.9, 3.10,
3.11, 3.12, 3.13, 3.14, 3.15, 3.16, 3.17, 3.18 were
made based on Scheme 4B. Example 3.7 Q X)H O ES-480.1
(M-H)-HRMS: 482.16311 (M+Na)+; 482.16319 Calc'd
Example 3.8 



O OH = \ / HNES+ 544.2 (M+H)+HRMS: 544.17694 (M+H);
544.17884 Calc'd Example 3.9 0 X)H (AbsJ = \ /=\ H I
ES- 480.2 (M-H)-HRMS: 482.1635 (M+H)+; 482.16319
Calc'd Example 3.10 0 OH O - ES- 495.2 (M-H)-HRMS:
497.17284 (M+H)+; 497.17409 Calc'd Example 3.11 O OH
xES- 468.2 (M-H)-HRMS: 470.16231 (M+H)+; 470.16319
Calc'd Example 3.12 C OH ES- 456.1 (M-H)-HRMS:
458.14323 (M+H)+; 458.1432 Calc'd Example 3.13 C ,OH O
N ES- 551.2 (M-H)-HRMS: 553.19849 (M+H)+; 553.2003
Calc'd Example 3.14 



CES- 535.2 (M-H)-HRMS: 537.20469 (M+H)+; 537.20539
Calc'd Example 3.15 O OH HN' ES- 456.1 (M-H)-HRMS:
458.14389 (M+H)+; 458.1432 Calc'd Example 3.16 ES-
468.2 (M-H)-HRMS: 470.16151 (M+H)+; 470.16319 Calc'd
Example 3.17 ES+ 539.1 (M+H)+HRMS: 539.22021 (M+H)+;
539.22104 Calc'd Example 3.18 ES-514.1 (M-H)-HRMS:
516.18313 (M+H)+; 516.18392 Calc'd [00181] Examples
3.19, 3.20, 3.21, 3.22, 3.23, 3.24, 3.25, 3.26, 3.27,
3.28, 3.29, 3.30, 3.32 were made based on Scheme 4C.
Example 3.19 Q H ES-495.1 (M-H)-HRMS: 497.17429
(M+H)+; 497.17409 Calc'd Example 3.20 OH ES- 488.1
(M-H)-HRMS: 490.16864 (M+H)+; 490.16827 Calc'dExample
3.21 C OH ES+ m/z 452.1 (M-H)-HRMS: 454.16745 (M+H)+;
454.16827 Calc'd 1H NMR (400 MHz, CDCl3) : d 0.82 (d,
3H, J =6.8Hz), 0.94 (d, 3H, J =6.8Hz), 2.06 <m, 



IH), 2.31 (s, 3H), 3.80 (dd, IH, J =4.4, 10Hz), 5.13
(m, 3H), 6.90 (m, 2H), 7.17 (m, 2H), 7.55 (d, 2H, =
8Hz), 7.60 (d, 2H, J 8Hz), 7.66 (d, 2H, J =8Hz), 7.86
(d, 2H, J =8Hz). Example 3.22 C OH HN- r ES+ m/z 481.2
(M+H)+HRMS: 483.19410 (M+H)+; 483.19482 Calc'd 1HNMR
(400 MHz, CD3OD): d 0.90 (d, 3H, J =6.8Hz), 0.99 (d,
3H, J =6.8Hz) 52.06 (m, IH), 2.92 (s, 6H), 3.42 (s,
3H), 3.70 (d, IH, J =5.6, 10Hz), 5.14 (s, 2H), 6.41
(m, 3H) , 7.11 (m, IH) 57.57 (d, 2H, 8Hz), 7.71 (d,
2H5J =8Hz), 7.80 (d, 2H, = 8Hz), 7.92 (d52H, J =
8Hz).Example 3.23 O OH ES+ m/z 544.1 (M+H)+HRMS:
546.19448 (M+H)+; 546.19449 Calc'd 1H NMR (400 MHz,
CD3OD): d 0.93 (d, 3H, J = 6.8Hz), 0.99 (d, 3H, J =
6.8Hz), 2.07 (m, IH), 3.70 (d, IH, J =5.6), 5.03 (s,
2H), 5.10 (s, 2H), 6.94 (s, 4H), 7.31 (m, IH), 7.37
(m, 2H), 7.43 (m, 2H), 7.55 (d, 2H, 8Hz), 7.71 (d, 2H,
J =8Hz), 7.80 (d, 2H, J = 8Hz), 7.92 (d, 2H, J = 8Hz).
Example 3.24 CVOH HN ES+ m/z 553.2 (M-H)-HRMS:
577.19777 (M+Na)+; 577.19789 Calc'd [00182] 1H NMR
(400 MHz, CD3OD): d 0.91 (d, 3H, J = 6.8Hz), 0.97 (d,
3H, J = 6.8Hz), 1.50 (s, 9H), 2.04 (m, IH), 3.68 (d,
IH, J =5.6Hz), 5.10 (s, 2H), 6.92 (s, 2H), 7.28 (d,
2H, J 



= 8Hz), 7.54 (d, 2H, J = 8Hz), 7.70 (d, 2H, J = 8Hz),
7.79 (d, 2H, J = 8Hz), 7.91 (d, 2H, J = 8Hz).Example
3.25 CVOH ES+ m/z 470.2 (M+EQ+HRMS:470.16364 (M+H)+;
470.16319 Calc'd 1H NMR (400 MHz, CDCl3): d 0.89 (d,
3H, J =6.8Hz), 0.96 (d, 3H, J = 6.8Hz)52.10 (m, IH),
3.82 (m, IH), 3.90 (s, 3H), 5.07 (d, IH, J =9.6Hz),
5.21 (s, 2H), 6.93 (m, 4H), 7.54 (d, 2H, J =8Hz), 7.58
(d, 2H, J =8Hz), 7.65 (d, 2H, J = 8Hz), 7.89 (d, 2H, J
= 8Hz). Example 3.26 O OH ES+ m/z 466.2 (M-H)-HRMS:
468.18540 (M+H)+; 468.18392 Calc'd 1H NMR (400 MHz,
CDCl3): d 0.83 (d, 3H, J =6.8Hz), 0.95 (d, 3H, J =
6.8Hz), 2.05 (m, IH), 2.33 (s, 6H), 3.82 (dd, IH, J =
5.2, 10Hz), 4.88 (s, 2H), 5.07 (d, IH, J = 10 Hz),
6.97 (m, IH), 7.05 (m, 2H), 7.64 (m, 4H), 7.67 (d, 2H,
J = 8Hz), 7.87 (d, 2H, J = 8Hz).Example 3.27 O X)H ES+
m/z 454.1 (M-H)-HRMS: 456.14707 (M+H)+; 456.14754
Calc'd 1H NMR (400 MHz, acetone(d 6)): d 0.92 (d, 3H,
J = 6.8Hz), 0.98 (d, 3H, J = 6.8Hz), 2.10 (m, IH),
3.16 (m, IH), 5.16 (s, 2H), 6.45 (d, IH, J = 8Hz),
6.53 (m, 2H), 7.10 (t, IH, J = 8Hz), 7.61 (d, 2H, J =
8Hz), 7.76 (d, 2H, J = 8Hz), 7.86 (d, 2H, J = 8Hz),
7.94 (d, 2H, J = 8Hz). Example 3.28 0 OH ES+ m/z 530.1
(M-H)-HRMS: 532.17709 (M+H)+; 532.17884 Calc'd 1H NMR
(400 MHz, CD3OD): d 0.93 (d, 3H, J = 6.8Hz), 0.99 (d,
3H, J = 6.8Hz), 2.06 (m, 



IH), 3.70 (d, IH, J = 5.6, 10Hz), 5.16 (s, 2H), 6.93
(m, 3H), 7.04 (m, 3H), 7.31 (m, 2H), 7.58 (d, 2H, J =
8Hz), 7.72 (d, 2H, J = 8Hz), 7.81 (d, 2H, J = 8Hz),
7.93 (d, 2H, J = 8Hz).Example 3.29 O OH N O ES+ m/z
531.1 (M-H)-HRMS: 533.17293 (M+H)+; 533.17409 Calc'd
1H NMR (400 MHz, CDCl3): d 0.88 (d, 3H, J =6.8Hz),
1.00 (d, 3H, J = 6.8Hz), 2.13 (m, IH), 3.83 (m, IH),
5.13 (m, 3H), 6.82 (m, IH), 7.02 (m, 5H), 7.56 (m,
4H), 7.67 (m, 3H), 7.89 (m, 2H), 8.16 (m, IH). Example
3.30 ov OH HN ES+ m/z 545.2 (M-H)-HRMS: 547.19006
(M+H)+; 547.18974 Calc'd 1H NMR (400 MHz, CDCl3): 0.89
(d, 3H, J = 6.8Hz), 1.01 (d, 3H, J = 6.8Hz), 2.19 (m,
IH), 2.44 (s, 3H), 3.83 (m, IH), 5.04 (s, 2H), 6.39
(d, IH, J = 8 Hz), 6.83 (m, IH), 6.90 (m, 2H, J = 8
Hz), 6.97 (d, 2H, J = 8 Hz), 7.52 (m, 5H), 7.60 (d,
2H, J = 8Hz), 7.90 (d, 2H, J = 8Hz).Example 3.31 CV-OH
HN V ES+ m/z 506.2 (M-H)-HRMS: 508.17782 (M+H)+;
508.17884 Calc'd 1H NMR (400 MHz, DMSO): d 0.81 (d,
3H, J = 6.8Hz), 0.84 (d, 3H, J = 6.8Hz), 1.98 (m, 3H),
2.64 (d, 2H), 2.91 (t, 2H, J =6Hz), 3.56 (dd, IH, J =
6, 9.2Hz), 5.27 (s, 2H)5 6.99 (d, 



2H, J = 8Hz), 7.59 (d, 2H, J = 8 Hz), 7.78 (d, 2H, J =
8Hz), 7.85 (m, 4H), 8.08 (d, IH, 8Hz). [00183]
Examples 3.32, 3.33, 3.34, 3.35, 3.36, 3.37, 3.38,
3.39, 3.40, 3.41 were made based on Scheme 5. Example
3.32
D-3-Methyl-2-[4'-(3-methyl-benzofuran-2-ylmethoxy)-bip
henyl-4-sulfonylamino]- butyric acid [00184] Step 5A:
A mixture of 2-Cmoromethyl-3-methyl-benzofuran (675.9
mg, 3.75 mmol),
4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-pheno
l (825 mg, 3.75 mmol, 1 eq), K2CO3 (2.1 g, 15.2 mmol,
4 eq) in 20 mL of CH3CN was heat to reflux under
nitrogenatmosphere. Reaction was complete after 12
hrs. Regular work-up and column purification (5%
EtOAc/hexane) to give
3-Methyl-2-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan
-2-yl)- phenoxymethyl]-benzofuran in 44% yield (601
mg). IH NMR (400 MHz, CHLOROFORMD) d ppm 1.3 (s, 12 H)
2.3 (s, 3 H) 5.2 (s, 2 H) 7.0 (d, /=8.6 Hz, 2 H) 7.3
(m, 2 H) 7.5 (dd, /=21.6, 7.7 Hz, 2 H) 7.8 (d, .7=8.8
Hz, 2 H). [00185] Step 5B: A mixture of
D-2-(4-Bromo-benzenesulfonylamino)-3 -methyl-butyric
acid methyl ester (568.07 mg, 1.62 mmol),
3-Methyl-2-[4-(4,4,5,5-tetramethyl-
[l,3,2]dioxaborolan-2-yl)-phenoxymethyl]-benzofuran
(590.7 mg, 1.62 mmol, 1 eq), Pd(PPh 3)4 (93.7 mg, 0.08
mmol, 0.05 eq), and K2CO3 (448.35 mg, 3.24 mmol, 2 eq)
in 5 mL of DME and 5 mL OfH O was heat to reflux for
12 hrs. After cool to room temperature, the mixture
was loaded onto column for purification. 616 mg of
product G8475-146 was obtained in 75% yield. IH NMR
(400 MHz, MeOD) d ppm 0.8 (d, /=6.8 Hz, 6 H) 1.9 (m, 1
H) 2.2 (s, 3 H) 3.2 (s, 3 H) 3.5 (d, /=6.6 Hz, 1 H)
5.1 (s, 2 H) 7.0 (m, /=9.1 Hz, 2 H) 7.1 (m, 1 H) 7.2
(m, 1 H) 7.3 (m, 1 H) 7.4 (m, 1 H) 7.5 (d, /=9.1 Hz, 2
H) 7.6 (d, /=8.8 Hz, 2 H) 7.7 



(m, 2 H). [00186] Step 5C: To
D-3-Methyl-2-[4'-(3-methyl-benzofuran-2-ylmethoxy)-bip
henyl-4- sulfonylamino] -butyric acid methyl ester
(364 mg) was dissolved in THF (10 mL) and MeOH (3 mL).
IN LiOH (3 mL) was added and the mixture was stirred
overnight. Regular work-up and column purification to
give
D-3-Methyl-2-[4'-(3-methyl-benzofuran-2-ylmethoxy)-
biphenyl-4-sulfonylamino]~butyric acid in
quantitative. IH NMR (400 MHz, MeOD) d ppm 0.8 (dd,
J=30.3, 6.8 Hz, 6 H) 2.0 (m, 1 H) 2.2 (s, 3 H) 3.5 (d,
J=5.3 Hz, 1 H) 5.1 (s, 2 H) 7.1 (d, J=9.1 Hz, 2 H) 7.1
(m, 1H) 7.2 (m, 1H) 7.3 (d, J=8.3 Hz, 1 H) 7.5 (d,
J=8.3 Hz, 1 H) 7.5 (d, J=9.1 Hz, 3 H) 7.6 (d, J=8.6
Hz, 2 H) 7.8 (d, J=8.8 Hz, 2 H).Example 3.33 HO O =s-
O D-2- [4'-(Benzofuran-2-ylmethoxy)-biphenyl-4-sulf
onylamino]-3-methyl-butyric acid [00187] The title
compound, D-2-
[4'-(Benzofuran-2-ylmethoxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid, was prepared
according to procedures similar to that of Example
3.32. [00188] Step 5A: To 2-Bromomethyl-benzofuran
(1.5 g, 7.1 mmol, 1 eq.), 4-(4,4,5,5-
Tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenol (1.56g,
7.1 mmol, leq.), potassium carbonate (1.96 g, 14.2
mmol, 2 eq.) was dissolved in acetonitrile (50 mL)
under argon and heated at 70 0C for 16 hours. After
work-up and flash column chromatography,
2-[4-(4,4,5,5-
Tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenoxymethyl]-b
enzofuranis obtained. Yield: 63%. IH NMR (400 MHz,
DMSO-D6) d ppm 1.3 (s, 12 H) 5.3 (s, 2 H) 7.1 (m, 3 H)
7.3 (m, 1H) 



7.3 (m, 1H) 7.6 (m, 4 H). I [00189] Step 5B: Coupling
of
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-
phenoxymethyl]-berizofuranwithD-2-(4-Bromo-benzenesulf
onylamino)-3-methyl-butyric acid tert-butyl ester to
obtain
D-2-[4'-(Benzofuran-2-ylmethoxy)-biphenyl-4-sulfonylam
ino]- 3-methyl-butyric acid tert-butyl ester was done
according to procedures in Step 5B for Example 3.32 .
Yield: 33%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
/=8.3, 7.1 Hz, 6 H) 1.2 (s, 9 H) 1.9 (m, 1 H) 3.5 (dd,
/=9.7, 6.2 Hz, 1H) 5.3 (s, 2 H) 7.1 (s, 1H) 7.2 (d,
/=8.6 Hz, 2 H) 7.3 (m, 1H) 7.3 (m, 1H) 7.6 (dd, /=8.2,
0.6 Hz, 1H) 7.7 (m, 3 H) 7.8 (d, /=3.3 Hz, 4 H) 8.1
(d, /=9.9 Hz, 1 H). [00190] Step 5C:
D-2-[4'-(Benzofuran-2-ylmethoxy)-biphenyl-4-sulfonylam
ino]-3-methylbutyric acid tert-butyl ester (126 mg,
0.23 mmol, 1 eq.), cerium chloride heptahydrate (175
mg, 0.47 mmol, 2 eq.), potassium iodide (51 mg, 0.30
mmol, 1.3 eq.) in acetonitrile (10 mL) were heated at
7OCfor 16 hours. After work-up and flash column
chromatography, D-2-[4'-
(Benzofuran-2-ylmethoxy)-biphenyl-4-sulfonylamino]-3-m
ethyl-butyric acid was obtained. Yield: 25%. NMR:
IHNMR (400 MHz, DMSO-D6) dppm 0.8 (dd, J=12.5, 6.7 Hz,
6 H)2.0 (m, 1 H) 3.5 (dd, J=9.2, 5.9 Hz, 1H) 5.3 (s, 2
H) 7.1 (s, 1 H) 7.2 (d, J=8.8 Hz, 2 H) 7.3 (dd, J=8.1,
0.8 Hz, 1 H) 7.3 (m, 1 H) 7.6 (d, J=8.1 Hz, 1 H) 7.7
(m, 1H) 7.7 (d, J=8.8 Hz, 2 H) 7.8 (d, 4 H) 8.0 (d,
J=9.3 Hz, 1 H). Example 3.34
D-3-Methyl-2-[4'-(naphthalen-2-yImethoxy)-biphenyl-4-s
uIfonylamino]-butyric acid [00191] The title compound,
D-3-Methyl-2-[4'-(naphtlialen-2-ylmethoxy)-biplienyl-4
- sulfonylamino] -butyric acid, was prepared according
to procedures similar to that of Example 



3.32. [00192] Step 5A: Alkylation of
2-Bromomethyl-naphthalene with 4-(4,4,5,5-Tetramethyl-
[l,3,2]dioxaborolan-2-yl)-phenol was carried out
according to procedures in Step 5A in Example 3.32 to
give
4,4,5,5-Tetramethyl-2-[4-(naphthalen-2-ylmethoxy)-phen
yl]- [l,3,2]dioxaborolane in 85% yield. IH NMR (400
MHz, CHLOROFORM-D) d ppm 1.3 (s, 12 H) 5.3 (s, 2 H)
7.0 (d, /=8.6 Hz, 2 H) 7.5 (m, 2 H) 7.5 (dd, /=8.3,
1.8 Hz, 1H) 7.8 (d, /=8.6 Hz, 2 H) 7.9 (m, 4 H).
[00193] Step 5B: Suzuki coupling of
4,4,5,5-Tetramethyl-2-[4-(naphthalen-2-ylmethoxy)-
phenyl]-[l,3,2]dioxaborolane with
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid methyl ester was carried out according to
procedures in Step 5B for Example 3.32 to give
D-3-Methyl-2-[4'-(naphthalen-2-ylmethoxy)-biphenyl-4-s
ulfonylamino]-butyric acid methyl ester in 44% yield.
IH NMR (400 MHz, CHLOROFORM-D) d ppm 0.9 (dd, /=32.1,
6.8 Hz, 6 H) 2.0 (m, 1H) 3.4 (s, 3 H) 3.8 (dd, /=10.2,
5.2 Hz, 1H) 5.1 (d, /=10.1 Hz, 1H) 5.3 (s, 2 H) 7.1
(d, /=9.1 Hz, 2 H) 7.5 (m, 2 H) 7.6 (m, 3 H) 7.7 (d,
/=8.6 Hz, 2 H) 7.9 (m, 6 H). [00194] Step 5C:
Hydrolysis of
D-3-Methyl-2-[4'-(naphthalen-2-ylmethoxy)-biphenyl-4-
sulfonylamino] -butyric acid methyl ester was carried
out according to procedures in Step 5C for Example
3.32 in quantitative yield. IH NMR (400 MHz, MeOD) d
ppm 0.8 (dd, J=32.6,6.8 Hz, 6 H) 1.9 (m, 1H) 3.5 (d,
J=5.3 Hz, 1H) 5.2 (s, 2 H) 7.1 (d, J=8.8 Hz, 2 H) 7.4
(m, 2 H) 7.5 (dd, J=8.6, 1.8 Hz, 1H) 7.5 (d, J=8.8 Hz,
2 H) 7.6 (d, J=8.8 Hz, 2 H) 7.8 (m, 5 H) 7.8 (s, 1 H).
Example 3.35
D-2-(4'-Benzyloxy-biphenyl-4-sulfonylamino)-3-methyl-b
utyric acid 



[00195] The title compound,
D-2-(4'-Benzyloxy-biphenyl-4-sulfonylamino)-3~methylbu
tyric acid, was prepared according to procedures
similar to that of Example 3.32. [00196] Step 5B:
Suzuki coupling of4-benzyloxyphenylboronic acid with
D-2-(4-Bromobenzenesulfonylamino)- 3 -methyl-butyric
acid tert-butyl ester was carried out according to
procedures in Step 5B for Example 3.32 to give
D-2-(4'-Benzyloxy-biphenyl~4- sulfonylamino)-3
-methyl-butyric acid tert-butyl ester in 73% yield. IH
NMR (400 MHz, MeOD) d ppm 0.8 (dd, /=29.7, 6.7 Hz, 6
H) 1.1 (s, 9 H) 1.9 (m, 1H) 3.5 (d, /=5.8 Hz, 1H) 5.0
(s, 2 H) 7.0 (d, /=8.8 Hz, 2 H) 7.2 (t, /=7.3 Hz, 1H)
7.3 (m, 2 H) 7.4 (d, /=6.8 Hz, 2 H) 7.5 (d, /=9.1 Hz,
2 H) 7.6 (d, /=8.6 Hz, 2 H) 7.8 (d, /=8.8 Hz, 2 H).
[00197] Step 5C:
D-2-(4'-Benzyloxy-biphenyl-4-sulfonylamino)-3-methyl-b
utyric acid was prepared according to procedures in
Step 5C for Example 3.32 in quantitative yield. IH NMR
(400 MHz, DMS0-D6) d ppm 0.8 (dd, J=12.3, 6.7 Hz, 6 H)
1.9 (m, 1H) 3.5 (dd, J=9.3, 6.1 Hz, 1H) 5.2 (s, 2 H)
7.1 (d, J=9.1 Hz, 2 H) 7.4 (m, 3 H) 7.5 (m, 2 H) 7.7
(d, J=8.8 Hz, 2 H) 7.8 (s, 4 H) 8.0 (d, J=9.3 Hz, 1
H). Example 3.36 OO=S HO
D-3-Methyl-2-[4'-(quinolin-2-ylmethoxy)-biphenyl-4-suI
fonylamino]-butyric acid[00198] The title compound,
D-3-Methyl-2-[4'-(quinolin-2-ylmethoxy)-biphenyl-4-
sulfonylamino] -butyric acid, was prepared according
to procedures similar to that of Example 3.32. [00199]
Step 5A: Alkylation of 2-Chloromethyl-quinoline with
4-(4,4,5,5-Tetramethyl-
[l,3,2]dioxaborolan-2-yl)-phenol was carried out
according to procedures in Step 5A for 



Example 3.32 to give
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-ph
enoxymethyl]- quinoline in 90% yield. IHNMR (400 MHz,
MeOD) d ppm 1.2 (s, 12 H) 5.3 (s, 2 H) 7.0 (d, /=8.6
Hz, 2 H) 7.5 (m, 1H) 7.6 (dd, JNL1.4, 8.6 Hz, 3 H) 7.7
(m, 1H) 7.8 (dd, /=8.1, 1.5 Hz, 1H) 7.9 (d, /=8.6 Hz,
1H) 8.3 (d, /=8.6 Hz, 1 H). [00200] Step 5B: Suzuki
coupling of
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-
phenoxymethyl]-quinoline with
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid tert-butyl ester was carried out according to
procedures in Step 5B for Example 3.32 to give
D-3-Methyl-2-[4'-(quinolin-2-ylmethoxy)-biphenyl-4-sul
fonylamino]-butyric acid tert-butyl ester in 70%
yield. IH NMR (400 MHz, MeOD) d ppm 0.8 (dd, /=29.8,
6.8 Hz, 6 H) 1.1 (s, 9 H) 1.9 (m, 1H) 3.5 (d, /=5.6
Hz, 1H) 5.3 (s, 2 H) 7.1 (d, /=8.8 Hz, 2 H) 7.5 (m, 3
H) 7.6 (t, /=8.6 Hz, 3 H) 7.7 (m, 1H) 7.8 (d, /=8.8
Hz, 2 H) 7.9 (dd, /=8.2, 0.9 Hz, 1H) 8.0 (m, 1H) 8.3
(d, /=8.8 Hz, 1 H). [00201] Step 5C: Removal of
t-butyl ester was done according to procedures in Step
5C for Example 3.32 in quantitative yield. IH NMR (400
MHz, DMSO-D6) d ppm 0.8 (dd, /=12.5, 6.7 Hz, 6 H) 1.9
(m, 1H) 3.5 (dd, /=9.3, 6.1 Hz, 1H) 5.5 (s, 2 H) 7.2
(d, /=8.8 Hz, 2 H) 7.7 (m, 1H) 7.7 (dd, /=8.7, 1.9 Hz,
3 H) 7.8 (s, 5 H) 8.0 (m, 3 H) 8.5 (d, /=8.6 Hz, 1 H).
Example 3.37
D-3-Methyl-2-[4'-(2-nitro-benzyloxy)-biphenyl-4-sulfon
ylamino]-butyric acid[00202] The title compound,
D-3-Methyl-2-[4'-(2-nitro-benzyloxy)-biphenyl-4-
sulfonylamino] -butyric acid, was prepared according
to procedures similar to that of Example 3.32. [00203]
Step 5A: Alkylation of l-Bromomethyl-2-nitro-benzene
with 4-(4,4,5,5-
Tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenol was
carried out according to procedures in 



Step 5A for Example 3.32 to give
4,4,5,5-Tetramethyl-2-[4-(2-nitro-benzyloxy)-phenyl]-
[l,3,2]dioxaborolane in 62% yield. IH NMR (400 MHz,
CHLOROFORM-D) d ppm 1.3 (s, 12 H) 5.5 (s, 2 H) 7.0 (d,
/=8.6 Hz, 2 H) 7.5 (m, 1H) 7.7 (m, 1H) 7.8 (d, /=8.6
Hz, 2 H) 7.9 (dd, /=7.8, 1.0 Hz, 1H) 8.2 (dd, /=8.1,
1.3 Hz, 1 H). [00204] Step 5B: Suzuki coupling of
4,4,5,5-Tetramethyl-2-[4-(2-nitro-benzyloxy)-phenyl]-
[l,3,2]dioxaborolane with
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid tertbutyl ester was carried out according to
procedures in Step 5B for Example 3.32 to give D- 3-
Methyl-2-[4'-(2-nitro-benzyloxy)-biphenyl-4-sulfonylam
ino]-butyric acid tert-butyl ester in 20% yield. IH
NMR (400 MHz, MeOD) d ppm 0.8 (dd, /=30.1, 6.8 Hz, 6
H) 1.1 (s, 9 H) 1.9 (m, 1H) 3.5 (d, /=5.6 Hz, 1H) 5.4
(s, 2 H) 7.0 (d, /=8.8 Hz, 2 H) 7.5 (m, 1H) 7.5 (d,
/=8.8 Hz, 2 H) 7.6 (m, 3 H) 7.8 (d, /=8.6 Hz, 3 H) 8.1
(dd, /=8.1, 1.3 Hz, 1 H). [00205] Step 5C: Removal of
t-butyl ester was done according to procedures in Step
5C for Example 3.32 in quantitative yield. IH NMR (400
MHz, MeOD) dppm 0.8 (dd, J=24.3, 6.8 Hz, 6 H) 2.0 (m,
1H) 3.6 (d, J=5.8 Hz, 1H) 5.4 (s, 2 H) 7.0 (d, J=8.6
Hz, 2 H) 7.5 (t, J=7.7 Hz, 1H) 7.6 (d, J=8.8 Hz, 2 H)
7.7 (m, 3 H) 7.8 (m, 3 H) 8.1 (d, J=9.6 Hz, 1 H).
Example 3.38 / S- NH _ / /r ft ,0 -i OH
D-2-[4'-(2-Chloro-benzyloxy)-biphenyl-4-sulfonylamino]
-3-methyl-butyric acid[00206] The title compound,
D-2-[4'-(2-Chloro-benzyloxy)-biphenyl-4-sulfonylamino]
-3- methyl-butyric acid, was prepared according to
procedures similar to that of Example 3.32. [00207]
Step 5A: Coupling of2-chlorobenzyl bromide with
4-hydroxyphenyl boronic ester to obtain
2-[4-(2-Chloro-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
[l,3,2]dioxaborolane was done according to procedures
in Step 5A for Example 2A. Yield: 85%. IHNMR (400 MHz,



DMSO-D6) d ppm 1.3 (s, 12 H) 5.2 (s, 2 H) 7.0 (d,
J=8.8 Hz, 2 H) 7.4 (m, 2 H) 7.5 (m, 1H) 7.6 (m, 1 H)
7.6 (d, J=8.8 Hz, 2 H). [00208] Step 5B: Coupling
2-[4-(2-Chloro-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
[l,3,2]dioxaborolane with
D-2-(4-Bromo-benzenesulfonylamino)-3 -methyl-butyric
acid methyl ester to obtain
D-2-[4'-(2-Chloro-benzyloxy)-biphenyl-4-sulfonylamino]
-3-methylbutyric acid methyl ester was done according
to procedures in Step 5B for Example 3.32. Yield: 73%.
IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd, J=I 5.4, 6.6
Hz, 6 H) 1.9 (m, 1 H) 3.3 (s, 3 H) 3.6 (dd, J=9.3, 7.1
Hz, 1H) 5.2 (s, 2 H) 7.2 (d, J=8.8 Hz, 2 H) 7.4 (m, 2
H) 7.5 (m, 1H) 7.6 (m, 1 H) 7.7 (d, J=8.8 Hz, 2 H) 7.8
(d, J=8.6 Hz, 2 H) 7.8 (m, 2 H) 8.3 (d, J=9.3 Hz, 1
H). [00209] Step 5C: Hydrolysis of
D-2-[4'-(2-Chloro-benzyloxy)-biphenyl-4-sulfonylamino]
- 3-methyl-butyric acid methyl ester to
D-2-[4'-(2-Chloro-benzyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid was done
according to procedures in Step 5C for Example 3.32.
Yield: 55%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.6, 6.8 Hz, 6 H) 1.9 (m, 1 H) 3.5 (dd, J=9.2, 5.9
Hz, 1H) 5.2 (s, 2 H) 7.2 (d, J=8.8 Hz, 2 H) 7.4 (m, 2
H) 7.5 (m, 1 H) 7.6 (m, 1H) 7.7 (d, J=8.8 Hz, 2 H) 7:8
(s, 4 H) 8.0 (d, J=9.3 Hz, 1H) 12.6 (s, 1 H). Example
3.39 // y- /)- s -NH p - OH
D-2-[4'-(2-FIuoro-6-nitro-benzyloxy)-biphenyl-4-sulfon
ylamino]-3-methyl-butyric acid[00210] The title
compound,
D-2-[4'-(2-Fluoro-6-nitro-benzyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid, was prepared
according to procedures similar to that 



of Example 3.32. [00211] Step 5A: Coupling
of2-fluoro-6-nitrobenzyl bromide with 4-hydroxyphenyl
boronic ester to obtain
2-[4-(2-Fluoro-6-nitro-benzyloxy)-phenyl]-4,4,5,5-tetr
amethyl- [l,3,2]dioxaborolane was done according
procedures in Step 5A for Example 3.32. Yield: 95%. IH
NMR (400 MHz, DMSO-D6) d ppm 1.3 (s, 12 H) 5.3 (d,
J=I. 3 Hz, 2 H) 7.0 (d, J=8.8 Hz, 2 H) 7.6 (d, J=8.8
Hz, 2 H) 7.7 (m, 2 H) 7.9 (m, 1 H). [00212] Step 5B:
Coupling
2-[4-(2-Fluoro-6-nitro-benzyloxy)-phenyl]-4,4,5,5-tetr
amethyl- [l,3,2]dioxaborolane with
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid methyl ester to obtain
D-2-[4'-(2-Fluoro-6-nitro-benzyloxy)-biphenyl-4-sulfon
ylamino]-3- methyl-butyric acid methyl ester was done
according to procedures in Step 5B for Example 3.32.
Yield: 49%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=15.2, 6.8 Hz, 6 H) 1.9 (m, 1H) 3.3 (s, 3 H) 3.6 (dd,
J=9.5, 7.2 Hz, 1H) 5.4 (d, J=1.3 Hz, 2 H) 7.1 (d,
J=8.8 Hz, 2 H) 7.8 (m, 6 H) 7.8 (m, 2 H) 7.9 (m, 1H)
8.3 (m, J=9.3 Hz, 1H). [00213] Step 5C: Hydrolysis of
D-2-[4'-(2-Fluoro-6-nitro-benzyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid methyl ester to
D-2-[4'-(2-Fluoro-6-nitro-benzyloxy)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid was
done according to procedures in Step 5C for Example
3.32, except purification through prep-HPLC. Yield:
30%. IHNMR (400 MHz, DMSO-D6) d ppm 0.8 (dd, J=12.9,
6.8 Hz, 6 H) 1.9 (m, 1H) 3.5 (dd, J=9.2, 5.9 Hz, 1 H)
5.4 (d, J=I. 3 Hz, 2 H) 7.1 (d, J=8.8 Hz, 2 H) 7.7 (m,
4 H) 7.8 (d, J=0.8 Hz, 4 H) 7.9 (m, 2 H) 8.0 (d, J=9.1
Hz, I H).Example 3.40 D-3-M[ethyl-2-[4
l-(quinolin-4-ylmethoxy)-biphenyI-4-sulfonylamino]-but
yric acid [00214] The title compound,
D-3-Methyl-2-[4'-(quinolin-4-ylmethoxy)-biphenyl-4- 



sulfonylamino] -butyric acid , was prepared according
to procedures similar to that of Example 3.32. [00215]
Step 5A: Coupling of 4-Chloromethyl-quinoline with
4-hydroxyphenyl boronic ester to obtain
4-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-ph
enoxymethyl]-quinoline was done according to
procedures in Step 5A for Example 3.32. Yield: 62%. IH
NMR (400 MHz, DMSO-D6) d ppm 1.3 (s, 12 H) 5.7 (d,
J=0.5 Hz, 2 H) 7.1 (d, J=8.8 Hz, 2 H) 7.7 (m, 4 H) 7.8
(m, 1H) 8.1 (dd, J=8.5, 0.9 Hz, 1H) 8.2 (d, J=8.3 Hz,
1H) 8.9 (d, J=4.5 Hz, 1 H). [00216] Step 5B: Coupling
of
4-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-
phenoxymethyl]-quinoline with
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid methyl ester to obtain
D-3-Methyl-2-[4'-(quinolin-4-ylmethoxy)-biphenyl-4-sul
fonylamino]- butyric acid methyl ester was done
according to procedures in Step 5B for example 3.32.
Yield: 47%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=15.2, 6.8 Hz, 6 H) 1.9 (m, 1 H) 3.3 (s, 3 H) 3.6
(dd, J=9.3, 7.1 Hz, 1H) 5.8 (s, 2 H) 7.3 (d, J=8.8 Hz,
2 H) 7.8 (m, 9 H) 8.1 (d, J=8.6 Hz, 1H) 8.2 (d, J=8.6
Hz, 1H) 8.3 (d, J=9.3 Hz, 1H) 8.9 (d, J=4.3 Hz5 1 H).
[00217] Step 5C: Hydrolysis of
D-3-Methyl-2-[4'-(quinolin-4-ylmethoxy)-biphenyl-4-
sulfonylamino] -butyric acid methyl ester to
D-3-Methyl-2-[4'-(quinolin-4-ylmethoxy)-
biphenyl-4-sulfonylamino]-butyric acid was done
according to procedures in Step 5C for Example 3.32.
Yield: 54%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=43.6, 6.9 Hz, 6 H) 2.0 (m, 1H) 3.0 (d, J=3.0 Hz, 1H)
5.8 (d, 2 H) 7.3 (d, J=8.8 Hz, 2 H) 7.7 (m, 4 H) 7.8
(m, 5 H) 8.1 (m, 1H) 8.2 (dd, J=8.3, 0.8 Hz, 1H) 8.9
(d, J=4.5 Hz, 1 H).Example 3.41
D-2-[4'-(2-Cyanomethyl-benzyloxy)-biphenyl-4-sulfonyla
mino]-3-methyl-butyric acid [00218] The title
compound,
D-3-Methyl-2-[4'-(quinolin-4-ylmethoxy)-biphenyl-4- 



sulfonylamino] -butyric acid , was prepared according
to procedures similar to that of Example 3.32. [00219]
Step 5C: Hydrolysis of
D-2-[4'-(2-Cyanomethyl-benzyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid methyl ester
(prepared according to step 3) to D-2-[4'-
(2-Cyanomethyl-benzyloxy)-biphenyl-4-sulfonylamino]-3
-methyl-butyric acid was done according to procedures
in Step 5C for Example 3.32. Prep-HPLC was used for
purification. Yield: 75%. IH NMR (400 MHz, DMSO-D6) d
ppm 0.8 (dd, J=23.7, 6.8 Hz, 6 H) 2.0 (m, 1 H) 2.8 (d,
J=6.6 Hz, 1H) 4.1 (s, 2 H) 5.2 (s, 2 H) 7.2 (d, J=9.1
Hz, 2 H) 7.4 (m, 2 H) 7.5 (m, 1 H) 7.6 (m, 1 H) 7.7
(d, J=8.8 Hz, 2 H) 7.8 (d, J=2.0 Hz, 4 H). [00220]
Examples 3.42, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48,
3.49 were made based on Scheme 6. Example 3.42 HO
D-3-Methyl-2-[4'-(2-methyl-quinolin-4-ylmethoxy)-biphe
nyl-4-sulfonylamino]-butyric acid[00221] Step:A
mixture of 4-Chloromethyl-2-methyl-quinoline (165 mg,
0.86 mmol, 1 eq), D-2-(4'-Hydroxy-
biphenyl-4-sulfonylamino)-3 -methyl-butyric acid
methyl ester (314 mg, 0.86 mmol, 1 eq), and K2CO3 (270
mg, 1.13 mmol, 1.3 eq) in 8 mL of DMF under nitrogen
was heat to 90 0C for 12 hrs. After work up and column
chromatography (30-60% EtOAc in hexane),
D-3-Methyl-2-[4'-(2-methyl-quinolin-4-ylmethoxy)-biphe
nyl-4-sulfonylamino]- butyric acid methyl ester was
obtained in 34% yield (150 mg). IH NMR (400 MHz,
DMSOD6) d ppm 0.8 (dd, /=15.0, 6.7 Hz, 6 H) 1.9 (m,
1H) 2.7 (s, 3 H) 3.3 (s, 3 H) 3.6 (dd, /=9.2, 7.2 Hz,
1H) 5.7 (s, 2 H) 7.3 (d, /=8.8 Hz, 2 H) 7.6 (m, 2 H)
7.8 (m, 4 H) 7.8 (m, 2 H) 8.0 (d, 



/=9.3 Hz, 1H) S.I (d, /=8.3 Hz, 1 H) 8.1 (none, 1 H)
8.3 (d, /=9.6 Hz, 1 H). [00222] Step 6B:
D-3-Methyl-2-[4'-(2-methyl-quinolin-4-ylmethoxy)-biphe
nyl-4- sulfonylamino]-butyric acid methyl ester (150
mg) was dissolved in THF (8 mL) and MeOH (4mL) and
added with IN LiOH (3 mL,3 mmol). The resulting
solution was stirred at room temperature overnight.
Reaction was complete as determined by TLC. Solvents
removed and regular work-up and column chromatography
to afford 148mg of in quantitative yield. IH NMR (400
MHz 3 DMSO-D6) d ppm 0.8 (dd, J=3 1.8, 6.8 Hz, 6 H)
2.0 (m, 1 H) 2.7 (s, 3 H) 3.2 (s, 1H) 5.7 (s, 2 H) 7.3
(d, J=8.8 Hz, 2 H) 7.6 (m, 2 H) 7.8 (m, 7 H) 8.0 (d,
J=7.6 Hz, 1 H) 8.1 (d, J=6.8 Hz, I H). Example 3.43 OI
l -S- NH D - OH
D-2-[4'-(3-Cyano-benzyloxy)-biphenyl-4-sulfonylamino]-
3-methyl-butyric acid [00223] The title compound,
D-2-[4'-(3-Cyano-benzyloxy)-biphenyl-4-sulfonylamino]-
3- methyl-butyric acid , was prepared according to
procedures similar to that of Example 3.42. [00224]
Step 6A: Coupling of a-Bromo-m-tolunitrile with
D-2-(4'-Hydroxy-biphenyl-4- sulfonylamino)-3
-methyl-butyric acid methyl ester to obtain
D-2-[4'-(3-Cyano-benzyloxy)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid methyl
ester was done according toprocedures in Step 6A for
Example 3.42. Yield: 25%. IH NMR (400 MHz, DMS0-D6) d
ppm 0.8 (dd, J=14.9, 6.8 Hz, 6 H) 1.9 (m, 1H) 3.3 (s,
3 H) 3.6 (dd, J=9.5, 7.2 Hz, 1H) 5.3 (s, 2 H) 7.2 (d,
J=9.1 Hz, 2 H) 7.6 (t, J=8.0 Hz, 1H) 7.7 (m, 4 H) 7.8
(m, 4 H) 8.0 (s, 1H) 8.3 (d, 



J=9.3 Hz, 1 H). [00225] Step 6B: Hydrolysis of
D-2-[4'-(3-Cyano-benzyloxy)-biphenyl-4-sulfonylammo]-3
- methyl-butyric acid methyl ester to
D-2-[4'-(3-Cyano-benzyloxy)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid was done
according to procedures in Step 6B for Example 3.42.
Yield: 24%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=26.0, 6.8 Hz, 6 H) 2.0 (m, 1 H) 2.7 (s, 1 H) 5.2 (s,
2 H) 7.2 (d, J=8.8 Hz, 2 H) 7.6 (d, J=7.6 Hz, 1 H) 7.7
(d, J=8.8 Hz, 2 H) 7.8 (m, 6 H) 8.0 (s, 1 H). [00226]
Example 3.44
D-3-Methyl-2-[4'-(naphthalen-l-ylmethoxy)-biphenyl-4-s
ulfonylamino]-butyric acid [00227] The title compound,
D-3-Methyl-2-[4'-(naphthalen-l-ylmethoxy)-biphenyl-4-
sulfonylamino] -butyric acid, was prepared according
to procedures similar to that of Example 3.42. [00228]
Step 6A: Alkylation of 1-Chloromethyl-naphthalene with
D-2-(4'-Hydroxybiphenyl- 4-
sulfonylamino)-3-methyl-butyric acid methyl ester was
carried out according to procedures in Step 6A for
Example 3.42 to give
D-3-Methyl-2-[4'-(naphthalen-l-ylmethoxy)- biphenyl-4-
sulfonylarnino]-butyric acid methyl ester in 34%
yield. IH NMR (400 MHz, CHLOROFORM-D) d ppm 0.9 (dd,
/=32.3, 6.8 Hz, 6 H) 2.0 (m, 1 H) 3.4 (s, 3 H) 3.8
(dd, /=10.1, 5.1 Hz, 1 H) 5.1 (d, /=10.1 Hz, 1H) 5.6
(s, 2 H) 7.2 (d, /=8.8 Hz, 2 H) 7.5 (dd, /=8.2, 6.9
Hz, 1 H) 7.6 (m, 4 H) 7.6 (d, /=6.6 Hz, 1H) 7.7 (d,
/=8.6 Hz, 2 H) 7.9 (m, 4 H) 8.1 (dd, /=8.5, 1.4 Hz, I
H).[00229] Step 6B: Hydrolysis of
D-3-Methyl-2-[4'-(naphthalen-l-ylmethoxy)-biphenyl-4-
sulfonylarnino] -butyric acid methyl ester was carried
out according to procedures in Step 6B for Example
3.42 in quantitative yield. IH NMR (400 MHz, DMSO-D6)
d ppm 0.8 (dd, 



J=15.4, 6.8 Hz, 6 H) 2.0 (m, 1H) 3.5 (s, 1H) 5.6 (s, 2
H) 7.2 (d, J=8.8 Hz, 2 H) 7.6 (m, 3 H) 7.7 (m, 3 H)
7.8 (d, J=2.8 Hz54 H) 8.0 (m, 3 H) 8.1 (m, 1 H).
Example 3.45
D-2-[4'-(2-Fluoro-benzyloxy)-biphenyl-4-sulfonylamino]
-3-methyl-butyric acid [00230] The title compound,
D-2-[4'-(2-Fluoro-benzyloxy)-biphenyl-4-sulfonylamino]
-3- methyl-butyric acid, was prepared according to
procedures similar to that of Example 3.42. [00231]
Step 6A: Coupling of 2-fluorobenzyl bromide with
D-2-(4'-Hydroxy-biphenyl-4-
sulfonylamino)-3-methyl-butyric acid methyl ester to
obtain D-2-[4'-(2-Fluoro-benzyloxy)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid methyl
ester was done according to procedures in Step 6A for
Example 3.42. Yield: 47%. IH NMR (400 MHz, DMSO-D6) d
ppm 0.8 (dd, J=15.2, 6.8 Hz, 6 H) 1.9 (dd, 1H) 3.3 (s,
3 H) 3.6 (dd, J=9.3, 7.1 Hz, 1H) 5.2 (s, 2 H) 7.2 (d,
J=8.8 Hz, 2 H) 7.3 (m, 2 H) 7.4 (m, 1H) 7.6 (m, 1 H)
7.7 (m, 4 H) 7.8 (m, 2 H) 8.3 (d, J=9.3 Hz, 1 H).
[00232] Step 6B: Hydrolysis
D-2-[4'-(2-Fluoro-benzyloxy)-biphenyl-4-sulfonylamino]
-3- methyl-tmtyric acid methyl ester to
D-2-[4'~(2-Fluoro-benzyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid was done
according to procedures in Step 6B for Example 3.42.
Yield: 67%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=43.7, 6.8 Hz, 6 H) 2.0 (m, 1H) 2.9 (d, J=2.8 Hz, 1H)
5.2 (s, 2 H) 6.8 (s, 1H) 7.2 (d, J=8.8 Hz, 2 H) 7.3
(m, 2 H) 7.4 (m, 1 H) 7.6 (m, 1H) 7.7 (d, J=8.8 Hz, 2
H) 7.8 (s, 4 H). [00233] Example
3.46D-2-[4'-(2,3-Difluoro-benzyloxy)-biphenyl-4-sulfon
ylamino]-3-methyl-butyric acid [00234] The title
compound,
D-2-[4'-(2,3-Difluoro-benzyloxy)-biphenyl-4-sulfonylam
ino]- 3-methyl-butyric acid, was prepared according to
procedures similar to that of Example 3.42. 



[00235] Step 6A: Coupling of 2,3-difluorobenzyl
bromide with D-2-(4'-Hydroxy~biphenyl-4-
sulfonylamino)-3-methyl-butyric acid methyl ester to
obtain D-2-[4'-(2,3-Difluorobenzyloxy)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid methyl
ester was done according to procedures in Step 6A for
Example 3.42 but at room temperature for 16 hours.
Yield: 42%. IH NMR (400 MHz, DMSO-D6) d ppm (s, 2 H)
7.2 (d, J=8.8 Hz, 2 H) 7.3 (m, 1 H) 7.5 (m, 2 H) 7.7
(m, 4 H ) 7.8 (m, 2 H) 8.3 (d, J=9.3 Hz, 1 H). [00236]
Step 6B: Hydrolysis
D-2-[4'-(2,3-Difluoro-benzyloxy)-biphenyl-4-sulfonylam
ino]- 3-methyl-butyric acid methyl ester to
D-2-[4'-(2,3-Difluoro-benzyloxy)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid was done
according to procedures in Step 6B for Example 3.42.
Yield: 63%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.4, 6.8 Hz, 6 H) 1.9 (m, 1H) 3.5 (dd, J=9.3, 6.1
Hz, 1H) 5.3 (s, 2 H) 7.2 (d, J=9.1 Hz, 2 H) 7.3 (m,
1H) 7.5 (m, 2 H) 7.7 (d, J=9.1 Hz, 2 H) 7.8 (d, J=I. 8
Hz, 4 H) 8.0 (d, J=9.3 Hz, 1H) 12.6 (s, 1 H). [00237]
Example 2P
D-3-Methyl-2-[4'-(2-methyl-3-nitro-benzyloxy)-biphenyl
-4-suIfonylamino]-butyric acid[00238] The title
compound,
D-3-Methyl-2-[4'-(2-methyl-3-nitro-ben2yloxy)-biphenyl
-4- sulfonylamino]-butyric acid, was prepared
according to procedures similar to that of Example
3.42. [00239] Step 6A: Coupling
of2-methyl-3-nitrobenzyl bromide with
D-2-(4'-Hydroxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid methyl ester to
obtain D-3-Methyl-2-[4'-(2-
methyl-3-nitro-benzyloxy)-biphenyl-4-sulfonylamino]
-butyric acid methyl ester was done according to
procedures in Step 6A for Example 3.42 but at room
temperature for 16 hours. .Product further purified by
recrystallization (EtOAc/hexane). Yield: 26%. IH NMR
(400 MHz, DMSO-D6) d ppm 0.8 (dd, J=15.2, 6.8 Hz, 6 H)
1.9 (m, 1H) 2.4 (s, 3 H) 3.3 (s, 3 H) 



3.6 (m, 1H) 5.3 (s, 2 H) 7.2 (d, J=8.8 Hz, 2 H) 7.5
(t, J=7.8 Hz, 1H) 7.8 (m, 8 H) 8.3 (d, J=9.3 Hz, 1 H).
[00240] Step 6B: Hydrolysis
D-3-Methyl-2-[4'-(2-methyl-3-nitro-benzyloxy)-biphenyl
-4- sulfonylamino]-butyric acid methyl ester to
D-3-Methyl-2-[4'-(2-methyl-3-nitro-benzyloxy)-
biphenyl-4-sulfonylarnino]-butyric acid was done
according to procedures in Step 6B for Example 3.42.
Yield: 33%. IHNMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.4, 6.8 Hz, 6 H) 1.9 (dd, 1H) 3.5 (dd, J=9.3, 6.1
Hz, 1H) 5.3 (s, 2 H) 7.2 (d, J=9.1 Hz, 2 H) 7.3 (m,
1H) 7.5 (m, 2 H) 7.7 (d, J=9.1 Hz, 2 H) 7.8 (d, J=I. 8
Hz, 4 H) 8.0 (d, J=9.3 Hz, 1 H) 12.6 (s, 1 H). [00241]
Example 3.48 OI l / ==\ /==\ I OO=SIl \ _J- J -o Hc
(tm)
D-2-[4'-(2-Iodo-benzyloxy)-biphenyl-4-sulfonylamino]-3
-methyl-butyric acid [00242] The title compound,
D-2-[4'-(2-Iodo-benzyloxy)-biphenyl-4-sulfonylamino]-3
- methyl-butyric acid, was prepared according to
procedures similar to that of Example 3.42. [00243]
Step 6A : Alkylation of l-Chloromethyl-2-iodo-benzene
with D-2-(4'-Hydroxybiphenyl- 4-sulfonylamino)-3
-methyl-butyric acid methyl ester was carried out
according to procedures in Step 6A for Example 3.42 to
give D-2-[4'-(2-Iodo-benzyloxy)~biphenyl-4-
sulfonylamino]-3-methyl-butyric acid methyl ester in
55% yield. IH NMR (400 MHz,DMSO-D6) d ppm 0.8 (dd,
/=15.3, 6.7 Hz5 6 H) 1.9 (m, 1 H) 3.3 (s, 3 H) 3.6
(dd, /=9.5, 7.2 



Hz, 1H) 7.1 (m, 3 H) 7.5 (m, 1H) 7.6 (m, 1 H) 7.7 (m,
4 H) 7.8 (m, 2 H) 7.9 (dd, /=8.0, 1.1 Hz, 1H) 8.3 (d,
/=9.3 Hz, 1 H). [00244] Step 6B: Hydrolysis of
D-2-[4'-(2-Iodo-benzyloxy)-biplienyl-4-sulfonylamino]-
3- methyl-butyric acid methyl ester was carried out
according to procedures in Step 6A for Example 3.42 in
quantitative yield. IH NMR (400 MHz, DMSO-D6) d ppm
0.8 (dd, J=12.1, 6.8 Hz, 6 H) 1.9 (m, 1H) 3.5 (dd,
J=9.3, 6.1 Hz, 1H) 5.1 (s, 2 H) 7.1 (d, J=8.8 Hz, 2 H)
7.5 (m, 1H) 7.6 (d, J=7.6 Hz, 1H) 7.7 (d, J=8.8 Hz, 2
H) 7.8 (s, 4 H) 7.9 (dd, J=7.8, 1.3 Hz, 1H) 8.0 (d,
J=9.3 Hz, 1 H). [00245] Example 3.49
D-2-[4'-(Benzothiazol-2-ylmethoxy)-biphenyl-4-sulfonyl
amino]-3-methyl-butyric acid [00246] The title
compound,
D-2-[4'-(Benzothiazol-2-ylmethoxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid, was prepared
according to procedures similar to that of Example
3.42. [00247] Step 6A: Alkylation of
2-Bromomethyl-benzothiazole with D-2-(4
f-Hydroxybiphenyl- 4-sulfonylamino)-3-meihyl-butyric
acid methyl ester was carried out according to
procedures in Step 6A for Example 3.42 to give
D-2-[4'-(Benzothiazol-2-ylmethoxy)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid methyl
ester in 20% yield. IH NMR (400 MHz, DMSO-D6) d ppm
0.8 (dd, S=15.0, 6.7 Hz, 6 H) 1.9 (m, 1H) 3.6 (dd,
/=9.5, 7.2 Hz, 1 H) 5.7 (s, 2 H) 7.2 (m, /=8.8 Hz, 2
H) 7.5 (m, 1H) 7.6 (m, 1 H) 7.7 (m, 4 H) 7.8 (m, 2 H)
8.0 (d, /=7.3 Hz, 1H) 8.1 (d, /=7.8 Hz, 1H) 8.3 (d,
/=9.6 Hz, 1 H). [00248] Step 6B: Hydrolysis ofD -
2-[4'-(Benzothiazol-2-ylmethoxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid methyl ester was
carried out according to procedures in 



Step 6B for Example 3.42 in quantitative yield. IH NMR
(400 MHz, DMSO-D6) d ppm 0.8 (dd, JM12.4,6.8 Hz, 6 H)
1.9 (m, 1 H) 3.5 (dd, J=9.3, 5.8 Hz, 1H) 5.7 (s, 2 H)
7.2 (d, J=8.8Hz, 2 H) 7.5 (m, 1H) 7.6 (m, 1 H) 7.7 (d,
J=8.8 Hz, 2 H) 7.8 (d, J=2.3 Hz, 4 H) 8.0 (dd, J=9.1,
4.5 Hz, 2 H) 8.1 (d, J=8.6 Hz5 1 H). 97%. [00249]
Examples 3.50, 3.51, 3.52, 3.53, 3.54, 3.55, 3.56 were
made based on Scheme 6B. Example 3.50
2-[4'-(2,3-Dihydro-beiizo[l,4]dioxin-6-ylmemethoxy)-bi
phenyl-4-sulfonylamino]-3-methylbutyric acid. 1H NMR
(400 MHz, DMSO): d 0.778(d, 3H), 0.845(d, 3H),
1.99(dd, IH), 3.17(bs, IH), 4.24(s, 4H), 5.04(s, 2H),
6.91(m, 3H), 7.10(d, 2H), 7.68(d, 2H); ES+ m/z 496.0
(M-H); HRMS (C26H27NO7S): calcd; 520.14004 ; found;
520.13995 (M+Na). Example 3.51 /L
3-MethyI-2-[4'-(pyridin-2-ylmethoxy)-biplienyl-4-sulfo
nylamino]-butyric acid. 1HNMR (400 MHz, DMSO): d
0.800(d, 3H), 0.803(d, 3H), 1.94(m, IH), 3.51(bs, IH),
5.25(s, 2H), 7.15(d, 2H), 7.36(m, IH), 7.54(d, 2H),
7.71(d, 2H), 7.83(m, 3H), 8.59(d, 2H); ES+ m/z 441.2
(M+H); HRMS (C23H24N2O5S): calcd; 440.14004 ; found;
440.14037 (M+H).Example 3.52 H A
3-Methyl-2-[4'-(pyridin-3-ylmethoxy)-biphenyl-4-sulfon
ylamino]-but3 i c acid. 1H NMR (400 MHz5DMSO): d
0.800(d, 3H), 0.803(d, 3H)5 1.95(m, IH), 3.49(bs, IH),
5.23(s, 2H), 7.16(d, 2H), 7.45(m, IH), 7.71(d, 2H),
7.80(m, 3H), 7.90(d, 2H), 8.56(d, IH), 



8.70(bs, IH); ES+ m/z441.1 (M+H); HRMS (C23H24N2O5S):
calcd; 441.14787; found; 441.14617 (M+H). Example 3.53
2-[4'-(1H-Benzoimidazol-2-ylmethoxy)-biplienyl-4-sulfo
nylamino] -3-methyl-butyric acid. [00250] 1HNMR (400
MHz, DMSO): d 0.802(d, 3H), 0.833(d, 3H), 1.94(m, IH),
3.54(m, IH), 5.51(s, 2H), 6.88(d, 2H), 7.24(d, IH)5
7.34(m, IH), 7.58(d, 2H), 7.66(m, IH), 7.78(m, 4H),
8.03(d, IH); ES+ m/z 480.1 (M+H);HRMS (C25H25N3O5S):
calcd; 480.15877; found; 480.15787 (M+H).Example 3.54
OH \ 7
2-[4'-(3-Methoxy-benzyloxy)-biphenyl-4-sulfonylamino]-
3-methyl-butyric acid. 1HNMR(400 MHz, DMSO): d
0.804(d, 3H), 0.835(d, 3H), 1.95(m, IH), 3.54(m, IH),
3.77(s, 3H), 5.15(s, 2H), 6.89(m, 2H), 7.04(m, 2H),
7.13(m, 2H), 7.32(m, IH), 7.58(d, IH), 7.69(d, 2H),
7.80(m, IH), 8.01(d, IH); ES+ m/z 470.1 (M+H); HRMS
(C25H27NO6S): calcd; 470.16319; found; 470.16183
(M+H). [00251] Example 3.55
2-[4'-(4-Methoxy-benzyloxy)-biphenyl-4-sulfonylamino]-
3-methyl-butyric acid. [00252] 1HNMR (400 MHz, DMSO):
d 0.8O5(d, 3H), 0.836(d, 3H), 1.94(m, IH), 3.54(m,
IH), 3.76(s, 3H), 5.09(s, 2H), 6.96(d, 2H), 7.12(d,
2H), 7.40(d, 2H), 7.69(d, 2H), 7.80(s, 3H), 8.01(d,
IH); ES+ m/z 468.2 (M-H); HRMS (C25H27NO6S): calcd;
470.16319; found; 470.16248 (M+H)Example 3.56 [Abs] 



O A
2-[4'-(3,5-Dimethoxy-benzyloxy)-biphenyl-4-sulfonylami
no]-3-methyl-but3 i c acid. 1HNMR OOMHz, DMSO): d
0.804(d, 3H), 0.835(d, 3H), 1.95(m, IH), 3.55(m, IH),
3.75(s, 6H), 5.11(s, 2H), 6.45(bs, IH), 6.62(bs, 2H),
7.12(d, 2H), 7.70(d, 2H), 7.80(s, 3H)5 8.01(d, IH);
ES+ m/z 498.2 (M-H); HRMS (C26H29NO7S): calcd;
500.17375; found; 500.17223 (M+H). [00253] Example
3.57 was made based on Scheme 7. Example 3.57 HO O O
3-Methyl-2-(4'-vinyl-biphenyl-4-sulfonyIamino)-butyric
acid tert-butyl ester [00254] Step 7A:
4-Vinylphenylboronic acid (1.89 g, 12.7 mmol, 1
equiv.) and 2-(4-Bromobenzenesulfonylamino)-
3-methyl-butyric acid tert-butyl ester (5 g, 12.7
mmol, 1 equiv.) were dissolved in ethylene glycol
dimethyl ether (180 mL) and added with Pd(Pb.3)4
(736.0 mg, 0.64 mmol) and stirred at room temperature
for 20 min. Then to the reaction mixture was
introduced an aqueous solution of K2CO3 (3.52 g, 25.5
mmol, 2 equiv.) and heat to reflux overnight. After
cool to room temperature, solvent was evaporated and
the residue partitioned between EtOAC and H2O. Organic
layer washed with brine, dried over MgSO4, and
purified by column chromatography (Silica gel, 10%
EtOAc / Hexane) to yield 808 mg of G9058-169 in 15.2%
yield.[00255] 1H NMR (400 MHz, CHLOROFORM-D) dppm 0.80
(d, /=6.82 Hz5 3 H) 0.95 (d, /=6.82 Hz, 3 H) 1.12 (s,
9 H) 1.99 (m, 1 H) 3.59 (dd, 7=9.85, 4.55 Hz5 1 H)
5.06 (d, /=10.11 



Hz, 1H) 5.25 (d, /=10.86 Hz, 1 H) 5.75 (d, /=16.93 Hz,
1 H) 6.70 (m, 1 H) 7.45 (m, 4 H) 7.61 (d, /=8.84 Hz, 2
H) 7.82 (d, /=8.84 Hz, 2 H). [00256] Step 7B:
3-Methyl-2-(4'-vinyl-biphenyl-4-sulfonylamino)-butyric
acid tert-butyl ester (300 mg, 0.72 mmol, 1.2 equiv.),
Pd2(dba)3 (1lmg, O.012 mmol, 0.02 equiv.),
Tri-tbutylphosphonium tetrafluoroborate (14 mg, 0.048
mmol, 0.08 equiv.) and dioxane (1.5 mL) were placed in
a microwave tube underN 2. 2-Bromo-l-Benzofuran (118
mg, O. mmol, 1 equiv) and dicyclohexyl methyl amine
(0.15 mL, 0.72 mrnol, 1.2 equiv.) were injected. The
mixture was then irradiated in microwave reactor at
1800C for 30 min. The mixture was partitioned between
EtOAc and H2O, organic layer dried over MgSO Crude
residue purified by column chromatography (silica gel,
20% EtOAc/ Hexane) to afford 80 mg of 2-[4'-(2-
Benzofuran-2-yl-vinyl)-biphenyl-4-sulfonylamino]-3-met
hyl-butyric acid tert-butyl ester. (G9058-171) in 25%
yield. [00257] 1HNMR (400 MHz, CHLOROFORM-D) d ppm
0.80 (d, /=6.82 Hz, 3 H) 0.96 (d, /=6.82 Hz, 3 H) 1.14
(s, 9 H) 2.01 (m, 1 H) 3.60 (dd, /=9.98, 4.42 Hz, 1H)
5.07 (d, /=9.85 Hz, 1H) 6.66 (s, 1H) 7.01 (d, /=15.92
Hz, 1H) 7.14 (m, 1 H) 7.25 (m, 2 H) 7.42 (d, /=8.08
Hz, 1H) 7.52 (m, 5 H) 7.64 (d, /=8.59 Hz, 2 H) 7.84
(d, J=8.59 Hz, 2 H). [00258] Step 7C:
2-[4'-(2-Benzofuran-2-yl-vinyl)-biphenyl-4-sulfonylami
no]-3 -methylbutyric acid tert-butyl ester (80 mg) in
dichloroethane (4.5 mL) was added with to TFA (1.5 mL)
and stirred at room temperature. The reaction was
complete after 3 hrs as determined by TLC. After
removing solvent, the crude residue was then purified
by column chromatography (5-10% MeOH/CH2Cl2) to give
22 mg o f 2-[4'-(2-Benzofuran-2-yl-vinyi)-
biphenyl-4-sulfonylamino]-3-methyl-butyric acid
G9058-172 in 30.7% yield. 



[00259] IH NMR (400 MHz, DMSO-D6) d ppm 0.79 (d,
/=6.82 Hz, 3 H) 0.86 (d, /=6.82 Hz, 3 H) 1.23 (s, 2 H)
2.02 (m, 1H) 3.18 (m, 1H) 7.01 (s, 1 H) 7.25 (t,
/=7.07 Hz, 1H) 7.33 (m, 1H) 7.38 (d, /=14.65 Hz, 1H)
7.59 (d, /=8.08 Hz 1 H) 7.64 (d, /=8.08 Hz, 1 H) 7.79
(d, /=6.57 Hz54 H) 7.83 (d, /=8.59 Hz, 2 H) 7.90 (m, 2
H). [00260] Example 3.58 was made based on Scheme
8.Example 3.58 HO O
N-({4'-[2-4-methylisoquinolin-3-yl)ethyl]-l,l'-bipheny
l-4-yl}sulfonyl)-D-valine [00261] Step
8A2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid tert-butyl ester (10.65 g, 27.1 mmol, 1 equiv.),
4-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)phenol
(5.97 g, 27.1 mmol, 1 equiv), Pd(PPb^ (1.57 g, 1.4
mmol, 0.05 equiv.) were dissolved in ethylene glycol
dimethyl ether (210 mL) under N atmosphere and stirred
at room temperature for 30 min. Then K2CO3 (7.5 g,
54.3 mmol, 2 equiv.) in H2O (70 mL) was introduced to
the reaction mixture and heat to reflux overnight.
Reaction was complete as determined by TLC. Solvent
was removed by rotovap and the residue partitioned
between dichloromethane and brine. Organic layered
dried over MgSO4, solvent removed, crude purified by
column chromatography (silica gel, 30% EtOAc /
n-Hexane) to give 7.1 g of 2-(4'-Hydroxy-biphenyl-
4-sulfonylamino)-3-methyl-butyric acid tert-butyl
ester in 65 % yield. [00262] IH NMR (400 MHz,
CHLOROFORM-D) dppm 0.79 (d, /=6.82 Hz, 3 H) 0.95 (d,
/=6.57 Hz, 3 H) 1.13 (s, 9 H) 1.51 (s, 1H) 1.99 (m, 1
H) 3.59 (dd, /=10.11, 4.55 Hz, 1H) 5.06 (d, /=9.85 Hz,
1H) 6.86 (d, /=8.84 Hz, 2 H) 7.38 (d, /=8.84 Hz, 2 H)
7.55 (d, /=8.59 Hz, 2 H) 7.79 (d, /=8.59 Hz, 2 H).
[00263] Step 8B:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid tert-butyl 



ester (330 mg, 0.81 mmol) was dissolved in 20 nlL of
dry methylene chloride and cool to 0 0C. NaH (83 mg,
60% in oil, 2.0 mmol, 2.5 equiv.) was added under N2
and the mixture was stirred for 15 min. Triflic
anhydride (251 mg, 0.89 mmol, 1.1 equiv.) was injected
and the mixture was warm to room temperature for 1 h.
TLC indicated the reaction was complete. The reaction
mixture was diluted with methylene chloride and
neutralized with IN HCl. Mixture was washed with
water, brine, and dried over MgSO4. Regular column
chromatography (40% EtOAc/hexane) to afford 3 14 mg of
desired product in 72% yield. [00264] IH NMR (400 MHz,
CHLOROFORM-D) d ppm 0.87 (d, /=6.82 Hz, 3 H) 1.03 (d,
/=6.82 Hz, 3 H) 1.21 (s, 9 H) 2.01-2.20 (m, 1H) 3.68
(dd, /=9.85, 4.55 Hz, 1 H) 5.18 (d,/=10.11 Hz, 1H)
7.39 (d, J=8.84 Hz, 2 H) 7.64 (dd, /=13.52, 8.72 Hz, 4
H) 7.93 (d, /=8.59 Hz, 2 H). [00265] Step 8C: The
reaction tube was filled with triflate (300 mg, 0.56
mmol) from Step 8B, lithium chloride (24 mg, 0.56
mmol, leq.), CuI (11 mg, 0.05 rnmol, 10%), and
PdCl2(PPh3)2 (19.6 mg, 0.028 mmol, 5%) under nitrogen
followed by the addition ofDMF (5 mL).
t-butyldimethylacetylene (235 mg, 1.68 mmol, 3 eq.)
and diethylamine (409 mg, 5.6 mmol, 10 eq.) were
injected. The tube was irradiated in microwave reactor
at 125 0C for 10 min. Starting materials were consumed
as determined by TLC. Mixture was partitioned between
ethyl acetate and water. Organic phase collected and
regular work-up and column chromatography to give 270
mg of desired acetylenic product tert - butyl
N-[(4'-{[tertbutyl(
dimethyl)silyl]ethynyl}-l,l'-biphenyl-4-yl)sulfonyl]-D
-valinate in 92% yield. IH NMR (400 MHz, CHLOROFORM-D)
d ppm 0.00 (s, 6 H) 0.66 (d, /=6.82 Hz, 3 H) 0.81 (s,
9 H) 0.82 (d,/=6.82 Hz, 3 H) 0.98 (s, 9 H) 1.75-1.98
(m, 1 H) 3.46 (dd, /=9.85, 4.55 Hz, 1 H) 4.93 (d,
/=9.85 Hz, 1H) 7.27-7.32 (m, 2 H) 7.33-7.39 (m, 2 H)
7.47 (d, /=8.84 Hz, 2 H) 7.70 



(d, /=8.84 Hz, 2 H). [00266] Step 8D: tert-butyl
N-[(4'-{[tert-butyl(dimethyl)silyl]ethynyl}-l,l'-biphe
nyl-4- yl)sulfonyl]-D-valinate (600 mg, 1.14 mmol) was
dissolved in THF (8 mL) and added with TBAF (1.7 mL,
IM, 1.7 mmol, 1.5 eq). The solution was stirred a t
room temperature for half hour and the reaction was
complete. Solvent removed and the residue was purified
with column chromatography (silica gel, 20%
EtOAc/hexane). 469mg of product tert-butyl N-
[(4'-ethyny-l,l'-biphenyl-4-yl)sulfonyl]-D-valinate
was isolated in quantitative yield. IH NMR (400 MHz,
CHLOROFORM-D) d ppm 0.86 (d, /=6.82 Hz, 2 H) 1.02 (d,
/=6.82 Hz, 2 H) 1.20 (s, 9 H) 1.88-2.29 (m, 1H) 3.17
(s, 1H) 3.67 (dd, /=9.85, 4.55 Hz, 1H) 5.14 (d,
/=10.11 Hz, 1H) 7.52 (d, /=8.59 Hz52 H) 7.56-7.62 (m,
2 H) 7.67 (d, /=8.84 Hz, 2 H) 7.91 (d, /=8.59 Hz, 2
H). [00267] Step 8E tert-butyl N-[(4'-ethyny-l,l
'-biphenyl-4-yl)sulfonyl]-D-valinate (117 mg, 0.28
mmol), 2-chloro-3-methylisoquinoline (60 mg, 0.34
mmol, 1 .2 eq), CuI (5.3 mg, 0.028 mmol, 10%), and
PdC12(PPh3)2 (9.8 mg, 0.014 mmol, 5%) were placed in a
reaction tube under N2 and added with DMF (4 mL) and
10 eq. of diethyl amine. The mixture was irradiated at
125 0C for 10 min. Reaction was complete as determined
by LCMS. Dilute themixture with EtOAc and washed with
water 3 times, brine once then dried over MgSO4.
Column chromatography (silica gel, 30% EtOAc/hexane)
to provide 120 mg of desired product tert-butyl
N-({4'-[(4-methylisoquinolin-3-yl)ethynyl]-l,l'-biphen
yl-4-yl}sulfonyl)- D-valinate in 76% yield. IH NMR
(400 MHz, DMSO-D6) d ppm 0.86 (dd, ./=8.59, 6.82 Hz, 6
H) 1.17 (s, 9 H) 1.94 (m, 1H) 2.67 (s, 3 H) 3.50 (dd,
/=10.61, 7.33 Hz, 1H) 7.62 (t, ./=7.45 Hz, 1H)
7.69-7.78 (m, 1H) 7.80-7.85 (m, 4 H) 7.87 (d, /=8.59
Hz, 2 H) 7.90-7.97 (m, 2 H) 8.00 (d, /=8.59 Hz, 1H)
8.20 (d, /=9.60 Hz, 1H) 8.30 (s, 1 H). 



[00268] Step 8F: tert-butyl
N-({4'-[(4-methylisoquinolin-3-yl)ethynyl]-l,l
'-biphenyl-4- yl}sulfonyl)-D-valinate (46 mg, 0.08
mmol) was dissolved in 25 mL of methanol and added
with catalytic amount of Pd/C (8.5 mg, 10%weight on
Carbon, 0.0O8 mmol). The hydrogenation was carried out
in a Parr shaker bottle under H2 (50 PSI). Reaction
was terminated after 5 hours and LCMS indicated the
reaction was complete. The mixture was filtered
through Celite and concentrated to the desired product
G8594-178 in quantitative yield (46 mg). IH NMR (400
MHz, DMSO-D6) d ppm 0.77-0.93 (m, 6 H) 1.15 (s, 9 H)
1.85- 2.06 (m, 1H) 2.51 (s, 3 H) 3.13-3.28 (m, 2 H)
3.25-3.39 (m, 2 H) 3 .47 (d, /=8.84 Hz, 1H) 7.47 (d,
/=8.08 Hz, 2 H) 7.52 (t, /=7.45 Hz, 1H) 7.59-7.71 (m,
3 H ) 7.76-7.90 (m, 4 H) 7.97 (d, /=8.34 Hz, 1H) 8.06
(s, 1H) 8.15 (s, 1 H). [00269] Step 8G: tert-butyl
N-({4'-[2-(4-methylisoqumolin-3-yl)ethyl]-l,l
'-biphenyl-4- yl}sulfonyl-D-valinate (46 mg, 0.08
mmol) was dissolved in 5mL o f dry methylene chloride
followed by the addition of 2.5 mL of TFA. The mixture
was stirred at room temperature for 3 hrs and TLC
indicated the reaction was complete. Solvent was
removed by rotavap and the product dried in vacuum
oven overnight. 44 mg of product
N-({4'-[2-(4-methylisoquinolin-3-
yl)ethyl]-l,r-biphenyl-4-yl}sulfonyl-D-valine was
obtained in 95% yield. [00270] IH NMR (400 MHz, MeOD)
d ppm 0.83 (d, /=6.82 Hz, 3 H) 0.88 (d, /=6.82 Hz, 3
H) 1.80-2.13 (m, 1H) 2.57 (s, 3 H) 3.15 (t, /=7.83 Hz,
2 H) 3.45-3 .55 (m, 2 H) 3.60 (d, /=5.56 Hz, 1H) 7.25
(d, /=8.08 Hz, 2 H) 7.53 (d, /=8.08 Hz, 2 H) 7.65 (d,
/=8.34 Hz, 2 H) 7.81 (d, /=8.59 Hz, 3 H) 7.98 (t,
/=7.58 Hz, 1H) 8.02-8.09 (m, 1H ) 8.13 (d, /=8.08 Hz,
1 H) 8.83 (s, 1 H). [00271] Example 3.59 was made
based on Scheme 9.Example 3.59 



O.V -NH O / \- // \ - V- s - _ L / NH p - OH D-
2-[4'-(AcetyIamino-methyl)-biphenyl-4-sulfonylamino]-3
-r aethyl-butyric acid [00272] Step 9A: Combined
4-aminomethyl phenyl boronic acid (143 mg, 0.77 mmol,
1 eq),
D-2-(4-Bromo-benzenesulfonylamino)-3-methyl-butyric
acid tert-butyl ester (300 mg, 0.77 mmol, 1 eq),
palladium tetrakis (44 mg, 0.038 mmol, 0.05 eq) in
dimethoxy ethane (10 mL) and stirred at room
temperature for 10 min. Potassium carbonate (212 mg,
1.53 mmol, 2 eq) in 4 mL of water was added to the
reaction mixture and heated at 88 0C for 4 hrs. The
reaction is then cool to room temperature and diluted
with ethyl acetate, washed with brine, dried over
magnesium sulfate and stripped to dryness. Residue i s
purified via flash chromatography on silica gel
eluting with 4-10% MeOH in methylene chloride with 2%
EtaN to obtain 200 mg of
D-2-(4'-Aminomethyl-biphenyl-4-sulfonylamino)-3
-methyl-butyric acid tert-butyl ester. Yield: 63%.
IHNMR (400 MHz, DMSO-D6) d ppm 0.9 (dd, J=8.1, 7.1 Hz,
6 H) 1.1 (s, 9 H) 1.9 (m, 1H) 3.5 (d, J=6.3 Hz, 2 H)
3.8 (s, 2 H) 7.5 (d, J=8.3 Hz, 2 H) 7.6 (d, J=8.3 Hz,
2 H) 7.8 (d, J=2.0 Hz, 4 H). [00273] Step 9B: To
acetic anhydride (71 uL, 0.75 mmol, 1.05 eq..) in
CH2Cl2 (5 mL) was added with pyridine (70 uL, 0.86
mmol, 1.2 eq.) under argon and stirred for 5 min, then
D-2-
(4'-Aminomethyl-biphenyl-4-sulfonylamino)-3-methyl-but
yric acid tert-butyl ester (300 mg, 0.72 mmol, 1 eq.)
was added and stirred for 16 hours. After work-up and
flash column 



chromatography,
D-2-[4'-(Acetylamino-methyl)-biphenyl-4-sulfonylamino]
-3-methyl-butyric acid tert-butyl ester was obtained.
Yield: 32%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=9.1, 6.8 Hz, 6 H) 0.9 (t, J=7.3 Hz, 3 H) 1.2 (s, 9
H) 1.3 (m, 2 H) 1.5 (m, 2 H) 1.9 (m, 1 H) 2.5 (m, 2 H)
3.4 (dd, J=9.6, 6.3 Hz, 1H) 7.0 (dd, 4 H) 7.1 (m, 2 H)
7.5 (d, J=8.8 Hz, 2 H) 7.7 (d, J=9.6 Hz, 1 H) 8.6 (s,
1 H). [00274] Step 9C: To a solution of
D-2-[4'-(Acetylamino-methyl)-biphenyl-4-sulfonylamino]
- 3-methyl-butyric acid tert-butyl ester (300 mg, 0.65
mmol) in 6 mL of dichloroethane wasadded 3 mL
oftrifluoroacetic acid. The reaction mixture was
stirred at room temperature for 4 hrs and reaction was
complete as determined by TLC. Solvent removed and
residue dried over vacuum oven to obtain 250 mg of
D-2-[4'-(Acetylamino-methyl)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid. Yield: 94%. IH
NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd, /=12.5, 6.7 Hz,
6 H) 1.9 (s, 3 H) 2.0 (m, 1 H) 3.6 (dd, /=9.3, 5.8 Hz,
L H) 4.3 (d, /=5.8 Hz, 2 H) 7.4 (d, /=8.1 Hz, 2 H) 7.7
(d, /=8.3 Hz, 2 H) 7.8 (s, 4 H) 8.1 (d, ./=9.3 Hz, 1
H) 8.4 (t,/=5.8 Hz, 1 H) 12.6 (s, 1 H). [00275]
Example 3.60 and 3.61 were made based on Scheme 10
Example 3.60
D-3-Methyl-2-(4'-phenylcarbamoylmethyl-biphenyl-4-sulf
oaylamino)-butyric acid [00276] Step 10A: A mixture of
4-Bromophenylacetic acid (1.5 g, 7.0 mmol, 1 eq.), EDC
(2.67 g, 14.0 mmol, 2 eq.), DMAP (846 mg, 7.0 mmol, 1
eq.), and phenylamine (0.765 mL, 8.4 mmol, 1.2 eq.) in
15 mL ofDMF was stirred under nitrogen at room
temperataie for 3.5 hrs. After aqueous workup and
recrystallization,
2-(4-Bromophenyl)-N-phenyl-acetamide was obtained in
69% yield (1.4 g). IH NMR (400 MHz, DMSO-D6) d ppm 3.6
(s, 2 H) 7.0 (m, 1 H) 7.3 (m, 4 H) 7.5 (m, 2 H) 7.6
(dd, /=8.7, 1.1 Hz, 2 H) 10.2 (s, 1 H). 



[00277] Step 1OB:A mixture of
2-(4-Bromophenyl)-N-phenyl-acetamide (107 mg, 0.37
mmol, 1.1 eq.),
D-3-Methyl-2-(4-tributylstannanyl-benzenesulfonylamino
)-butyric acid tertbutyl ester (202 mg, 0.34 mmol, 1
eq.), and Pd(PPh 3)4 (38.5 mg, 0.033 mmol, 0.1 eq.) in
5 mL of toluene was heated to reflux under nitrogen.
Reaction was complete after 5 Irrs. Regular work-up
and column purification,
D-3-Methyl-2-(4'-phenylcarbamoylnietrxylbiphenyl-
4-sulfonylamino)-butyric acid tert-butyl ester was
obtained in 34% yield (60 mg). IH NMR (400 MHz,
DMSO-D6) dppm 0.9 (dd, /=8.3, 6.8 Hz, 6 H) 1.1 (s, 9
H) 1. 9 (m, 1 H) 3.5 (dd, /=9.6, 6.3 Hz, 1 H) 3.7 (s,
2 H) 7.0 (t, /=7.3 Hz, 1H) 7.3 (m, 2 H) 7.5 (d, .7=8.3
Hz, 2 H) 7.6 (dd, /=8.6, 1.0 Hz, 2 H) 7.7 (d, /=8.3
Hz, 2 H) 7.8 (d, /=2.5 Hz, 4 H) 8.1 (d, /=9.6 Hz, 1 H)
10.2 (s, 1 H).[00278] Step IOC: Removal oft-butyl
ester of D-3-Methyl-2-(4'-phenylcarbamoylr
aethylbiphenyl- 4-sulfonylamino)-butyric acid
tert-butyl ester was done using TFA in dichloroethane
(1:1). After evaporation of solvent, D-3-Methyl-2-(4'-
phenylcarbamoylmethyl-biphenyl-4-sulfonylamino)-butyri
c acid was obtained in quantitative yield. IH NMR (400
MHz, MeOD) d ppm 0.8 (dd, J=27.0, 6.8 Hz, 6 H) 2.0 (m,
1 H ) 3.6 (d, J=5.6 Hz, 1 H) 3.6 (s, 2 H) 7.0 (m, 1H)
7.2 (m, 2 H) 7.4 (d, J=8.3 Hz, 2 H) 7.5 (dd, J=8.7,
1.1 Hz, 2 H) 7.6 (d, J=8.3 Hz, 2 H) 7.7 (dd, J=48.0,
8.6 Hz, 4 H). Example 3.61 0 = /M / Her g NH o-
D-2-[4'-(Benzylcarbamoyl-methyI)-biphenyI-4-sulfonyIam
ino]-3-methyl-butyric acid [00279] Step 1OA:Amide
coupling of 4-Bromophenylacetic acid with benzylamine
was done according to procedures in Step 1OAfor
Example 3.60 to give N-Benzyl-2-(4 - bromophenyl)- 



acetamide in 82% yield. IHNMR (400 MHz, DMSO-D6) d ppm
3.5 (s, 2 H ) 4.3 (d, /=5.8 Hz, 2 H) 7.2 (dd, /=7.8,
5.6 Hz, 5 H) 7.3 (m, 2 H) 7.5 (d, /=8.3 Hz, 2 H) 8.6
(t, /=5.9 Hz, 1 H). [00280] Step 1OB:Stille coupling
of N-Benzyl-2-(4-bromo-phenyl)-acetamide with D-3-
Methyl-2-(4-tributylstannanyl-benzenesulfonylamino)-bu
tyric acid tert-butyl ester was carried out according
to procedures in Step 1OBfor Example 3.60 to give
D-2-[4'-
(Benzylcarbamoyl-methyl)-biphenyl-4-sulfonylamino]-3-m
ethyl-butyric acid tert-butyl ester in 31% yield. IH
NMR (400 MHz, CHLOROFORM-D) d ppm 0.9 (d, /=6.8 Hz, 3
H) 1.0 (d, J=6.6 Hz, 3 H) 1.2 (s, 9 H) 2.1 (m, 1 H)
3.7 (m, 3 H) 4.5 (d, /=5.8 Hz, 2 H) 5.1 (d, /=9.9 Hz,
1H) 5.7 (s, 1 H) 7.3 (m, 5 H) 7.4 (d, /=8.1 Hz, 2 H)
7.5 (d, /=8.3 Hz, 2 H) 7.7 (d, J=8.3 Hz, 2 H) 7.9 (d,
/=8.3 Hz, 2 H). [00281] Step 10C: Removal of t-butyl
ester was done according to procedures in Step 1OC for
Example 3.60 in quantitative yield. IH NMR (400 MHz,
MeOD) d ppm 0.8 (dd, J=26.3, 6.8 Hz, 6 H) 2.0 (m, 1 H)
3.5 (s, 2 H) 3.6 (d, J=5.6 Hz, 1H) 4.3 (d, J=5.6 Hz, 2
H) 7.2 (m, 5H) 7.3 (d, J=8.3 Hz, 2 H) 7.5 (d, J=8.3
Hz, 2 H) 7.7 (d, J=8.8 Hz, 2 H) 7.8 (d, J=8.8 Hz, 2 H)
8.5 (s, 1 H). [00282] Examples 3.62, 3.63, 3.64, 3.65,
3.66, 3.67, 3.68, 3.69, 3.70, 3.71, 3.72, 3.73, 3.74,
3.75, 3.76, 3,77, 3,78, 3,79, 3.80 were made based on
Scheme 11. Example 3.62
2-[4'-(4-Fluoro-phenylcarbamoyloxy)-biphenyl-4-sulfony
lamino]-3-methyl-butyric acid [00283] Step HA:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid tertbutyl ester (300 mg, 0.74 mmol, 1 equiv.)
was dissolved in diethyl ether (7.5 mL), followed by
the addition of4-fluorophenylisocyanate (lOlmg, 0.74
mmol, 1 equiv.) and Et3N (1 mL). 



The reaction mixture was stirred at room temperature
for 50 min. Solid precipitated from the reaction
mixture. Solid was collected by filtration and washed
with ether to yield 2-[4'-(4-
Fluoro-phenylcarbamoyloxy)-biphenyl-4-sulfonylamino]-3
-methyl-butyric acid tert-butyl ester in 57% yield
(228 mg). [00284] IH NMR (400 MHz, CHLOROFORM-D) d ppm
0.87 (d, .7=6.82Hz, 3 H) 1.03 (d, /=6.82 Hz, 3 H) 1.20
(s, 9 H) 2.05 (m, 1H) 3.67 (dd, /=9.98, 4.42 Hz, 1H)
5.13 (d, /=9.85 Hz, 1H) 6.95 (s, 1 H) 7.05 (d, 7=9.09
Hz, 2 H) 7.30 (d, /=8.59 Hz, 2 H) 7.43 (m, 2 H) 7.57
(d, /=8.59 Hz, 2 H) 7.67 (s, 2 H) 7.90 (d, /=8.34 Hz,
2 H). [00285] Step HB:
2-[4'-(4-Fluoro-phenylcarbamoyloxy)-biphenyl-4-sulfony
lamino]-3- methyl-butyric acid tert-butyl ester (223
mg) was dissolved in dichloroethane (7.5 mL) and added
with TFA (2.5mL). The mixture was stirred at room
temperature for 5 hrs and TLC indicated the reaction
was complete. Regular work-up and column
chromatography to give 2-
[4'-(4-Fluoro-phenylcarbamoyloxy)-biphenyl-4-sulfonyla
mino]-3-methyl-butyric acid in 89%" yield (178
mg).[00286] IH NMR (400 MHz, DMSO-D6) dppm 0.81 (d,
/=6.57 Hz, 3 H) 0.84 (d, /=6.82 Hz, 3 H) 1.96 (m, 1H)
3.56 (dd, /=9.35, 6.06 Hz, 1 H) 7.19 (t, J=8.84 Hz, 2
H) 7.37 (d, /=8.59 Hz, 2 H) 7.54 (dd, /=9.09, 4.80 Hz,
2 H) 7.79 (d, /=8.84 Hz, 2 H) 7.86 (d, /=4.29 Hz, 4 H)
8.08 (d,/=9.35 Hz, 1 H) 10.34 (s, 1 H). Example 3.63
//-!TNH ,0 OH
D-3-Methyl-2-[4'-(4-phenoxy-phenylcarbamoyloxy)-biphen
yl-4-sulfonyIamino]-butyric acid 



[00287] The title compound,
D-3-Methyl-2-[4'-(4-phenoxy-phenylcarbamoyloxy)-biphen
yl- 4-sulfonylamino] -butyric acid , was prepared
according to procedures similar to that of Example
3.62. [00288] Step 1IA: Reaction of4-phenoxyphenyl
isocyanate with D-2-(4'-Hydroxy-biphenyl-
4-sulfonylamino)-3-methyl-butyric acid- tert-hutyl
ester to obtain D-3-Methyl-2-[4'-(4-
phenoxy-phenylcarbamoyloxy)-biphenyl-4-sulfonylamino]-
butyric acid tert-butyl ester was done according to
procedures in Step 1IA for Example 3.62. Yield: 36%.
IH NMR (400 MHz, DMSO-D6) D ppm 0.9 (dd, JM8.2,6.9 Hz,
6 H) 1.2 (s, 9 H) 1.9 (m, 1H) 3.5 (dd, J=9.6, 6.3 Hz,
1 H) 7.0 (dd, J=8.6, 1.0 Hz, 2 H) 7.0 (d, J=9.1 Hz, 2
H) 7.1 (m, 1 H) 7.4 (m, 4 H) 7.5 (d, J=8.8 Hz, 2 H)
7.7 (d, J=8.8 Hz, 2 H) 7.9 (m, 4 H) 8.2 (d, J=9.6 Hz,
1H) 10.3 (s, 1 H). [00289] Step HB: Conversion of
D-3-Methyl-2-[4'-(4-phenoxy- rhenylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid /erf-butyl
ester to
D-3-Methyl-2-[4'-(4-phenoxyphenylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid was done
according to procedures in Step H B for Example 3.62.
Yield: 87%. IHNMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.1, 6.8 Hz, 6 H) 1.9 (m, 1H) 3.6 (dd, J=9.3, 6.1
Hz, 1 H) 7.0 (m, 2 H) 7.0(d, J=9.1 Hz, 2 H) 7.1 (t,
J=7.3 Hz5 1H) 7.4 (m, 4 H) 7.5 (d, J=8.8 Hz, 2 H) 7.8
(d, J=8.8 Hz, 2 H) 7.9 (d, J=4.8 Hz, 4 H) 8.1 (d,
J=9.3 Hz5 1H) 10.3 (s, 1 H). Example 3.64 ,0 HN- O f/
% Il - _ \/ -Li\ /// S- NH p o -L 



-< OH
D-3-Methyl-2-[4'-(naphthalen-2-ylcarbamoyloxy)-bipheny
l-4-sulfonylamino]-butyric acid [00290] The title
compound,
D-3-Methyl-2-[4'-(naphthalen-2-ylcarbamoyloxy)-bipheny
l-4- sulfonylamino] -butyric acid, was prepared
according to procedures similar to that of Example
3.62. [00291] Step 1IA: Reaction of2-naphthyl
isocyanate with D-2~(4'-Hydroxy-biphenyl-4-
sulfonylamino)-3-methyl-butyric acid- -butyl ester to
obtain D-3-Methyl-2-[4'-
(narhthalen-2-ylcarbamoyloxy)-biphenyl-4-sulfonylamino
]-butyric acid tert-butyl ester was done according to
procedures in Step 1IA for Example 3.62. Yield: 16%.
IH NMR (400 MHz5DMSO-D6) D ppm 0.9 (dd, J=8.2, 6.9 Hz,
6 H) 1.2 (s, 9 H) 1.9 (m, 1 H) 3.5 (dd, J=9.9, 6.3 Hz5
1H) 7.4 (m, 3 H) 7.5 (m5 1H) 7.6 (dd, J=8.8, 2.3 Hz,
1H) 7.8 (d, J=8.8 Hz, 2 H) 7.9 (m, 7 H) 8.1 (s, 1H)
8.2 (d, J=9.9 Hz, 1H) 10.5 (s, 1 H). [00292] Step HB:
Conversion
ofD-3-Methyl-2-[4'-(naphthalen-2-ylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid tert-butyl
ester to D-3-Methyl-2-[4'-(naphthalen-2-
ylcarbamoyloxy)-biphenyl-4-sulfonylamino]-butyric acid
was done according to procedures in Step 1IB for
Example 3.62. Yield: 40%. IH NMR (400 MHz, DMS0-D6) d
ppm 0.8 (dd, J=12.5, 6.7 Hz, 6 H) 2.0 (m, 1H) 3.6 (dd,
J=9.15 5.8 Hz5 1H) 7.4 (m, 3 H) 7.5 (m, 1 H) 7.6 (dd,
J=8.8, 2.3 Hz, 1H) 7.9 (m, 9 H) 8.1 (m, 2 H) 10.5 (s,
1H) 12.6 (s, 1 H).Example 3.65 O O Il _/ r =\ 



- S- NH / = Il \ P J O \ D-2-
[4'-(4-Benzyloxy-phenylcarbamoyloxy)-biphenyl-4-sulfon
ylamino]-3-m ethylbutyric acid [00293] The title
compound,
D-2-[4'-(4-Benzyloxy-phenylcarbamoyloxy)-biphen.yl-4-
sulfonylamino] -3-methyl-butyric acid, was prepared
according to procedures similar to that of Example
3.62. [00294] Step 1IA: Reaction of 4-benzyloxyphenyl
isocyanate with D-2-(4'-Hydroxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid- tert-butyl
ester to obtain D-2-[4'-(4-
Benzyloxy-phenylcarbamoyloxy)-biphenyl-4-sulfonylamino
]-3-methyl-butyric acid r -butyl ester was done
according to procedures in Step 1IA for Example 3.62.
Yield: 37%. NMR: G8701-142. IH NMR (400 MHz, DMSO-D6)
d ppm 0.9 (dd, J=8.1, 6.8 Hz, 6 H) 1.2 (s, 9 H) 1.9
(m, 1H) 3.5 (dd, J=9.9, 6.3 Hz, 1 H) 5.1 (s, 2 H) 7.0
(d, J=9.1 Hz, 2 H) 7.4 (m, 9 H) 7.7 (d, J=8.8 Hz, 2 H)
7.9 (m, 4 H) 8.2 (d, J=9.6 Hz, 1 H) 10.1 (s, 1 H).
[00295] Step 11B: Conversion of
D-2-[4'-(4-Beiizyloxy-phenylcarbamoyloxy)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid fer^-butyl ester
to D-2-[4'-(4-Benzyloxyphenylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-3 -methyl-butyric acid was
done according to procedures in Step H B for Example
3.62. Yield: 60%. NMR: G8701-151. IH NMR (400 MHz,
DMSO-D6) d ppm 0.8 (dd, J=12.1, 6.8 Hz, 6 H) 1.9 (m,
1H) 3.6 (dd, J=9.3, 6.1 Hz, 1 H) 5.1 (s, 2 H) 7.0 (d,
J=9.1 Hz, 2 H) 7.4 (m, 9 H) 7.8 (d, J=8.8 Hz, 2 H) 7.9
(m, 4 H) 8.1 (d, 



J=9.3 Hz, I H) 10.1 (s, I H).Example 3.66 / \ // \ / -
\ M - OH
D-2-(4'-CyclopentyIcarbamoyloxy-biphenyl-4-sulfonylami
no)-3-methyl-butyric acid [00296] The title compound,
D-2-(4'-Cyclopentylcarbamoyloxy-biphenyl~4-sulfonylami
no)- 3-methyl-butyric acid, was prepared according to
procedures similar to that of Example 3.62. [00297]
Step 1IA: Reaction of cyclopentyl isocyanate with
D-2-(4'-Hydroxy-biphenyl-4-
sulfonylamino)-3-methyl-butyric acid- tert-buty\ ester
to obtain D-2-(4'-
Cyclopentylcarbamoyloxy-biphenyl-4-sulfonylamino)-3-me
thyl-butyric acid tert-butyl ester was done according
to procedures in Step 1IA for Example 3.62. Yield:
70%. IH NMR (400 MHz, DMSO-D6) d ppm 0.9 (dd, J=8.1,
7.1 Hz, 6 H) 1.2 (s, 9 H) 1.5 (m, 4 H) 1.7 (m, 2 H)
1.8 (m, 2 H) 1.9 (m, 1H) 3.5 (dd, J=9.6, 6.3 Hz, 1H)
3.9 (m, 1H) 7.2 (d, J=8.6 Hz, 2 H) 7.7 (d, J=8.6 Hz, 2
H) 7.8 (m, 5 H) 8.2 (d, J=9.6 Hz, 1 H). [00298] Step
HB: Conversion
ofD-2-(4'-Cyclopentylcarbamoyloxy-biphenyl-4-
sulfonylamino)-3 -methyl-butyric acid r -butyl ester
to D-2-(4'-Cyclopentylcarbamoyloxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid was done
according to procedures in Step 1IB for Example 3.62.
Yield: 91%. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (m, 6
H) 1.5 (m, 4 H) 1.7 (d, J=4.5 Hz, 2 H) 1.8 (m, 2 H)
1.9 (m, 1H) 3.6 (dd, J=9.3, 6.1 Hz, 1H) 3.9 (m, 1H)
7.2 (d, J=8.6 Hz52 H) 7.7 (d, J=8.8 Hz, 2 H) 7.8 (s, 5
H) 8.1 (d, J=9.3 Hz, 1 H) 12.6 (s, 1 H).Example 3.67
D-2-[4'-(4-Dimethylamino-phenyIcarbamoyloxy)-biphenyl-
4-sulfonylamino]-3-methylbutyric acid 



[00299] The title compound,
D-2-[4'-(4-Dimethylamino-phenylcarbamoyloxy)-biphenyl-
4- sulfonylamino]-3-methyl-butyric acid, was prepared
according to procedures similar to that of Example
3.62. [00300] Step HA: Coupling of
4-(dimethylamino)phenyl isocyanate with
D-2-(4'-Hydroxybiphenyl- 4-sulfonylamino)-3
-methyl-butyric acid- tert-butyl ester to obtain D-
2-[4'-(4-
Dimethylamino-phenylcarbamoyloxy)-biphenyl-4-sulfonyla
mino]-3-methyl-butyric acid tertbutyl ester was done
according to procedures in Step HA for Example 3.62.
Yield: 28%. IH NMR (400 MHz, DMSO-D6) d ppm 0.9 (dd,
J=8.1, 6.8 Hz, 6 H) 1.2 (s, 9 H) 1.9 (m, 1 H) 2.8 (s,
6 H) 3.5 (dd, J=9.6, 6.3 Hz, 1 H) 6.7 (d, J=9.1 Hz, 2
H) 7.3 (d, J=8.6 Hz, 4 H) 7.7 (d, J=8.6 Hz, 2 H) 7.8
(m, 4 H) 8.2 (d, J=9.9 Hz, 1 H) 9.9 (s, 1 H). [00301]
Step HB: Conversion ofD-
2-[4'-(4-Dimethylamino-phenylcarbamoyloxy)-
biphenyl-4-sulfonylamino] -3-methyl-butyric acid
-butyl ester to D- 2-[4'-(4-
Dimethylamino-phenylcarbamoyloxy)-biphenyl-4-sulfonyla
mino]-3 -methyl-butyric acid was done according to
procedures in Step 1IB for Example 3.62. Yield: 99%.
NMR: G8701- 161. IH NMR (400 MHz, MeOD) d ppm 0.8 (dd,
J=23.7, 6.8 Hz, 6 H) 2.0 (m, 1 H) 3.1 (s, 6 H) 3.6 (d,
J=5.6 Hz, 1 H) 7.2 (d, J=8.8 Hz, 2 H) 7.4 (d, J=9.1
Hz, 3 H) 7.6 (m, 6 H) 7.8 (d, J=8.8 Hz, 2 H).Example
3.68 D-2- [4'-(4-Isopropyl
-phenyIcarbamoyloxy)-biphenyl-4-sulfonylamino]-3-methy
I-butyric acid [00302] The title compound,
D-2-[4'-(4-Isopropyl-phenylcarbarnoyloxy)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid, was prepared
according to procedures similar to that of Example
3.62. 



[00303] Step HA: Reaction of4-isopropylphenyl
isocyanate with D-2-(4'-Hydroxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid- tert-butyl
ester to obtain D-2-[4'-(4-
Isopropyl-phenylcarbamoyloxy)-biphenyl-4-sulfonylamino
]-3-methyl-butyric acid tert-butyl ester was done
according to procedures in Step 1IA for Example 3.62.
Yield: 38%. NMR: G8701-158. IH NMR (400 MHz, DMSO-D6)
d ppm 0.9 (dd, J=8.3, 6.8 Hz, 6 H) 1.2 (m, 15 H) 1.9
(m, 1H) 2.8 (m, 1H) 3.5 (dd, J=9.9, 6.3 Hz, 1H) 7.2
(d, J=8.6 Hz, 2 H) 7.4 (d, J=8.6 Hz, 2 H) 7.4 (d,
J=8.6 Hz, 2 H) 7.7 (d, J=8.6 Hz, 2 H) 7.9 (m, 4 H) 8.2
(d, J=9.9 Hz, 1 H) 10.2 (s, 1 H). [00304] Step HB:
Conversion of
D-2-[4'-(4-Isopropyl-phenylcarbamoyloxy)-biphenyl-4-
sulfonylamino]-3-methyl-butyric acid tert-butyl ester
to D-2-[4'-(4-Isopropylphenylcarbamoyloxy)-
biphenyl-4-sulfonylamino] -3-methyl-butyric acid was
done according to procedures in Step 1IB for Example
3.62. Yield: 34%. NMR: G8701-165. IH NMR (400 MHz,
DMSO-D6) d ppm 0.8 (dd, J=12.4, 6.8 Hz, 6 H) 1.2 (d,
J=6.8 Hz, 6 H) 2.0 (m, 1H) 2.8 (m, 1H) 3.6 (dd, J=9.3,
6.1 Hz, 1H) 7.2 (d, J=8.6 Hz, 2 H) 7.4 (d, J=8.8 Hz, 2
H) 7.4 (d, J=8.6 Hz, 2 H) 7.8 (d, J=8.8 Hz, 2 H) 7.9
(m, 4 H) 8.1 (d, J=9.3 Hz, 1 H) 10.2 (s, 1 H) 12.6 (s,
I H).Example 3.69 .0 HN o Il O S- NH ,0
D-3-Methyl-2-[4'-(2-thiophen-2-yl-ethylcarbamoyloxy)-b
iphenyl-4-suIfonylamino]- butyric acid 



[00305] The title compound,
D-3-Methyl-2-[4'-(2-thiophen-2-yl-ethylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid , was prepared
according to procedures similar to that of Example
3.62. [00306] Step HA: Reaction of2-(2-thienyl)ethyl
isocyanate with D-2-(4'-Hydroxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid- te -t-butyl
ester to obtain D-3-Methyl-2-[4'-
(2-thiophen-2-yl-ethylcarbamoyloxy)-biphenyl-4-sulfony
lamino]-butyric acid tert-butyl ester was done
according to procedures in Step 1IA for Example 3.62.
Yield: 63%. NMR: G8701-169. IH NMR (400 MHz, DMS0-D6)
d ppm 0.9 (dd, J=8.3, 7.1 Hz, 6 H) 1.2 (s, 9 H) 1.9
(m, 1 H) 3.0 (t, J=7.1 Hz, 2 H) 3.3 (m, 2 H) 3.5 (dd,
J=9.6, 6.3 Hz, 1H) 7.0 (m, 2 H) 7.2 (d, J=8.8 Hz, 2 H)
7.4 (dd, J=5.1, 1.3 Hz, 1H) 7.7 (d, J=8.6 Hz, 2 H) 7.8
(d, J=2.3 Hz, 4 H) 8.0 (t, J=5.7 Hz, 1H) 8.2 (d, J=9.9
Hz, 1 H). [00307] Step HB: Conversion of
D-3-Methyl-2-[4'-(2-thiophen-2-yl-ethylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid tert-butyl
ester to
D-3-Methyl-2-[4'-(2-thiophen-2-ylethylcarbamoyloxy)-
biphenyl-4-sulfonylamino]-butyric acid was done
according to procedures in Step HB for Example 3.62.
Yield: 43%. NMR: G8701-175. IHNMR (400 MHz, DMSO-D6)
dppm 0.8 (dd, /=12.4, 6.8 Hz, 6 H) 2.0 (m, 1 H) 3.0
(t, /=7.1 Hz, 2 H) 3.3 (m, 2 H) 3.6 (dd, /=9.2, 5.9
Hz, 1H) 6.9 (d, J=3.3 Hz, 1 H) 7.0 (dd, J=5.1, 3.3 Hz,
1 H) 7.2 (d, /=8.8 Hz, 2 H) 7.4 (dd, /=5.1, 1.3 Hz,
1H) 7.7 (d, /=8.6 Hz, 2 H) 7.8 (s, 4 H) 8.0 (t, / 5.8
Hz, I H) 8.1 (d, /=9.3 Hz, I H).Example 3.70 ' OH O
D-3-Methyl-2-[4'-(4-trifluoromethoxy-phenyIcarbamoylox
y)-biphenyl-4 - sulfonylamino]- 



butyric acid [00308] The title compound,
D-3-Methyl-2-[4'-(4-trifluoromethoxy-phenylcarbamoylox
y)- biphenyl-4-sulfonylamino]-butyric acid , was
prepared according to procedures similar to that of
Example 3.62. [00309] Step 1IA: Reaction
of4-methoxyphenyl isocyanate with
D-2-(4'-Hydroxybiphenyl-
4-sulfonylamino)-3-methyl-butyric acid- tert-bntyl
ester to obtain D-2-[4'-(4-
Methoxy-phenylcarbamoyloxy)-biphenyl-4-sulfonylamino]-
3-methyl-butyric acid terf-butyl ester was done
according to procedures in Step H A for Example 3.62.
Yield: 49%. NMR: G8701-199. IH NMR (400 MHz, DMSO-D6)
d ppm 0.9 (dd, J=8.3, 6.8 Hz, 6 H) 1.2 (s, 9 H) 1.9
(m, 1 H) 3.5 (dd, J=9.9, 6.3 Hz, 1 H) 3.7 (s, 3 H) 6.9
(d, J=9.1 Hz, 2 H) 7.4 (d, J=8.8 Hz, 2 H) 7.4 (d,
J=8.8 Hz, 2 H) 7.7 (d, J=8.6 Hz, 2 H) 7.9 (m, 4 H) 8.2
(d, J=9.9 Hz, 1H) 10.1 (s, I H). [00310] Step HB:
Reaction of D-2-[4'-(4-Methoxy-phenylcarbamoyloxy) -
iphenyl-4- sulfonylamino] -3-methyl-butyric acid
tert-huty\ ester to D-3-Methyl-2-[4'-(4-
trifluoromethoxy-phenylcarbamoyloxy)-biphenyl-4-sulfon
ylamino]-butyric acid was done according to procedures
in Step 1IB for Example 3.62. Yield: 91%. NMR:
G9241-4. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.6, 6.8 Hz, 6 H) 1.9 (m, 1 H) 3.6 (dd, J=9.3, 5.8
Hz, 1 H) 3.7 (s, 3 H) 6.9 (d, J=9.1 Hz, 2 H) 7.4 (d,
J=8.8 Hz, 2 H) 7.4 (d, J=8.8 Hz, 2 H) 7.8 (d, J=8.6
Hz, 2 H) 7.9 (m, 4 H) 8.1 (d, J=9.3 Hz, 1H) 10.1 (s,
1H) 12.6 (s, 1 H).Example 3.71
D-3-Methyl-2-[4'-(4-trifluoromethoxy-phenylcarbamoylox
y)-biphenyl-4-sulfonylammo]- butyric acid [00311] The
title compound,
D-3-Methyl-2-[4'-(4-trifluoromethoxy-phenylcarbamoylox
y)- 



biphenyl-4-sulfonylamino]-butyric acid, was prepared
according to procedures similar to that of Example
3.62. [00312] Step HA: To a solution
ofD-2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3
-methylbutyric acid- tert-butyl ester (300 mg, 0.74
mmol, 1 eq.) in diethyl ether (10 mL) were added with
4-(trifluoromethoxy)phenyl isocyanate (123 uL, 0.81
mmol, 1. 1 eq.) and triethylamine (124 uL, 0.89 mmol,
1.2 eq.) under argon and stirred at room temperature.
After reaction complete, regular work-up and flash
column chromatography to provide D-3-Methyl-2-[4'-(4-
trifluoromethoxy-phenylcarbamoyloxy)-biphenyl-4-sulfon
ylamino] -butyric acid tert-butyl ester in 37% yield.
NMR: G8701-200. IHNMR (400 MHz, DMSO-D6) D ppm 0.9
(dd, J=8.1, 6.8 Hz, 6 H) 1.2 (s, 9 H) 1.9 (m, 1H) 3.5
(dd, J=9.9, 6.3 Hz, 1 NMR: G8701-200. IH NMR (400 MHz,
DMSO-D6) d ppm 0.9 (dd, J=8.1, 6.8 Hz, 6 H) 1.2 (s, 9
H) 1.9 (m, 1 H) 3.5 (dd, J=9.9, 6.3 Hz, 1H) 7.4 (m, 4
H) 7.6 (d, J=9.3 Hz, 2 H) 7.8 (d, J=8.8 Hz, 2 H) 7.9
(m, 4 H) 8.2 (d, J=9.6 Hz, 1H) 10.5 (s, 1 H). [00313]
Step HB: Conversion
ofD-3-Methyl-2-[4'-(4-trifluoromethoxyphenylcarbamoylo
xy)- biphenyl-4-sulfonylamino]-butyric acid ferZ-butyl
ester to D-3-Methyl-
2-[4l-(4-trifluoromethoxy-phenylcarbamoyloxy)-biphenyl
-4-sulfonylamino]-butyric acid was done according to
procedures in Step H B for Example 3.62. Yield: 76%.
NMR: G9241-5. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.4, 6.8 Hz, 6 H) 2.0 (m, 1H) 3.6 (dd, J=9.3, 5.8
Hz, 1H) 7.4 (m, 4 H) 7.6 (d, J=9.1 Hz, 2 H) 7.8 (d,
J=8.6 Hz, 2 H) 7.9 (m, 4 H) 8.1 (d, J=9.3 Hz, 1H) 10.5
(s, 1 H).Example 3.72 D-
2-(4'-Carbamoyloxy-biphenyl-4-sulfonylamino)-3-methyl-
butyric acid [00314] The title compound, D-
2-(4'-Carbamoyloxy-biphenyl-4-sulfonylamino)-3-methylb
utyric 



acid, was prepared according to procedures similar to
that of Example 3.62. [00315] Step HA: To a solution
ofD-2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3
-methylbutyric acid- tert-butyl ester (500 mg, 1.23
mmol, 1 eq.) in CH2C12 (2 mL) were added with
chlorosulfonyl isocyanate (107 uL, 1.23 mmol, 1 eq.)
under argon and stirred at room temperature for 16
hours. Reaction was complete as determined by TLC.
After work-up and flash column chromatography,
D-2-(4'-Carbamoyloxy-biphenyl-4-sulfonylamino)-3-metlr
ylbutyric acid tert-butyl ester was obtained. Yield:
45%. NMR: G9241-38. IHNMR (400 MHz, DMSO-D6) d ppm 0.9
(dd, J=8.3, 6.8 Hz, 6 H) 1.1 (s, 9 H) 1.9 (m, 1H) 3.5
(dd, J=9.9, 6.3 Hz, 1H) 7.2 (d, J=8.8 Hz, 2 H) 7.7 (d,
J=8.8 Hz, 2 H) 7.8 (d, J=LO Hz, 4 H) 8.2 (d, J=9.6 Hz,
1 H). [00316] Step HB: Conversion of
D-2-(4'-Carbamoyloxy-biphenyl-4-sulfonylamino)-3-
methyl-butyric acid tert-butyl ester to
D-2-(4'-Carbamoyloxy-biphenyl-4-sulfonylamino) - 3 -
methyl-butyric acid was done according to procedures
in Step 1IB for Example 3.62. Yield: 85%. NMR:
G9241-46. IH NMR (400 MHz, DMSO-D6) d ppm 0.8 (dd,
J=12.4, 6.8 Hz, 6 H) 2.0 (m, 1H) 3.6 (dd, 1=9.3, 5.8
Hz, 1H) 7.0 (s, 1H) 7.2 (m, 3 H) 7.7 (d, J=8.8 Hz, 2 H
) 7.8 (s, 4 H) 8.1 (d, J=9.3 Hz, 1 H).Example 3.73
3-Methyl-2-(4'-phenylcarbamoyloxy-biphenyl-4-sulfonyla
mino)-butyric acid tert-butyl ester [00317] The title
compound, 3-Memyl-2-(4'-phenylcarbamoyloxy-biphenyl-4-
sulfonylamino)-butyric acid tert-butyl ester , was
prepared according to procedures similar t o that of
Example 3.62. [00318] Step HA:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid tertbutyl 



ester (300 mg, 0.74 mmol, 1 equiv) was dissolved in
diethyl ether (7.5 mL), added with phenylisocyanate
(0.08 mL, 0.74 mmol, 1 equiv) followed by Et3N (1 mL).
The reaction mixture was stirred for 4 hours. Solid
precipitated from the reaction mixture was collected
by filtration, washed with ether to afford with 76%
yield (295 mg). [00319] IH NMR (400 MHz, CHLOROFORM-D)
d ppm 0.87 (d, ./=7.07 Hz, 3 H) 1.03 (d, /=6.82 Hz, 3
H) 1.20 (s, 9 H) 2.07 (m, 1H) 3.67 (dd, /=9.98, 4.42
Hz, 1 H) 5.13 (d, /=9.85 Hz, 1H) 6.96 (s, 1 H) 7.14
(m, 1H) 7.31 (d, /=8.59 Hz, 2 H) 7.36 (m, 2 H) 7.47
(d, /=8.34 Hz, 2 H) 7.58 (d, /=8.59 Hz, 2 H) 7.66 (d,
/=8.34 Hz, 2 H) 7.91 (m, 2 H). [00320] Step HB:
3-Methyl-2-(4'-phenylcarbamoyloxy-biphenyl-4-sulfonyla
mino)-butyric acid tert-butyl ester (200mg) was
hydrolyzed according procedures in Step 1IB for
Example 3.62 to afford
3-Methyl-2-(4'-phenylcarbamoyloxy-biphenyl-4-sulfonyla
mino)-butyric acid in 88% yield (158mg). [00321] IH
NMR (400 MHz, DMSO-D6) d ppm 0.82 (d, /=6.82 Hz, 3 H)
0.85 (d, /=6.57 Hz, 3 H) 1.95 (m, 1 H) 3.56 (dd,
/=9.22, 5.94 Hz, 1 H) 3.90 (s, 1 H) 7.07 (m, 1H) 7.35
(m, 4 H) 7.53 (d, /=7.83 Hz, 2 H) 7.80 (d, /=8.59 Hz,
2 H) 7.86 (d, /=22.23 Hz, 4 H) 8.08 (d, /=9.35 Hz, 1
H) 10.29 (s, 1 H).Example 3.74 HCX
2-[4'-(Benzo[b]thiophen-3-ylcarbamoyloxy)-biphenyl-4-s
ulfonylamino]-3-methylbutyric acid tert-butyl ester
[00322] The title compound,
2-[4'-(Benzo[b]thiophen-3-ylcarbamoyloxy)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid tert-butyl
ester, was prepared according to procedures similar to
that of Example 3.62. 



[00323] Step HA:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid tertbutyl ester (300 mg, 0.74 mmol, 1.0
equiv.) was dissolved in diethyl ether (7.5 mL), added
with l-Benzothiophene-3-yl isocyanate (129.6 mg, 0.74
mmol, 1.0 equiv.) and 0.5 mL of EtsN. Solid
precipitated from the reaction mixture in 5 min. The
mixture was continued to stir at room temperature for
2 hrs and the precipitate was collected by filtration,
washed with ether to give in 43% yield (187mg).
[00324] IH NMR (400 MHz, CHLOROFORM-D) d ppm 0.87 (d,
/=6.82 Hz, 3 H) 1.03 (d, /=6.82 Hz, 3 H) 1.20 (s, 9 H)
2.08 (m, 1 H) 3.68 (m, 1H) 5.15 (d, J=10.11 Hz, 1H)
7.35 (d, /=8.34 Hz, 2 H) 7.43 (m, 2 H) 7.60 (d, /=8.59
Hz, 2 H) 7.67 (d, /=8.34 Hz, 3 H) 7.74 (s, 1H) 7.90
(t, /=9.09 Hz, 3 H). [00325] Step HB:
2-[4'-(Benzo[b]thiophen-3-ylcarbamoyloxy)-biphenyl-4-s
ulfonylamino]- 3-methyl-butyric acid tert-butyl ester
(180 mg, 0.31 mmol) was dissolved in methylene
chloride under N2 atmosphere, added with TFA (2mL) at
O0C and stirred for 4 hrs. Solvent was evaporated and
the product dried under high vacuum to give
2-[4'-(Benzo[b]thiophen-3-
ylcarbamoyloxy)-biphenyl-4-sulfonylamino]-3-methyl-but
yric acid in 66%yield (108mg). [00326] IH NMR (400
MHz, MeODjdppm 0.82 (d, /=6.82 Hz, 3 H) 0.89 (d,
/=6.82 Hz, 3 H) 1.20 (s, 1 H) 3.54 (d, /=5.05 Hz, 1H)
7.30 (m, 2 H) 7.35 (m, 2 H) 7.58 (s, 1H) 7.66
(d,/=8.59 Hz, 2 H) 7.71 (d, /=8.59 Hz, 2 H) 7.78 (d,
J=7.83 Hz, 1H) 7.84 (d, /=8.59 Hz, 2 H) 7.92 (d,
/=8.08 Hz, 1H) Example 3.75 HO O
N-[(4'-{[2,3-dihydro-l-benzofuran-5-ylamino)carbonyl]o
xy}-l,l'-biphenyl-4yI)sulfonyl]- D-valine 



[00327] The title compound,
N-[(4'-{[2,3-dihydro-l-benzofuran-5-ylamino)carbonyl]o
xy}- l,r-biphenyl-4-yl)sulfonyl]-D-valine, was
prepared according to procedures similar to that of
Example 3.62. [00328] Step 1IA and 1IB: Yield 40%. IH
NMR (400 MHz, DMSO-D6) d ppm 0.80 (d, /=6.82 Hz, 3 H)
0.85 (d, /=6.82 Hz, 3 H) 1.98 (m, 1H) 3.17 (t, /=8.97
Hz, 2 H) 3.39 (s, 1H) 4.50 (t, /=8.59 Hz, 2 H) 6.72
(d, /=8.34 Hz, 1H) 7.19 (d, /=8.84 Hz, 1H) 7.34 (d,
/=8.59 Hz, 2 H) 7.40 (s, 1 H) 7.78 (d, /=8.59 Hz, 2 H)
7.85 (d, /=1.77 Hz, 4 H) 10.05 (s, 1H). Example 3.76
HON O 1T\ HLr 0 tti
N-[(4'-{[(2,3-dihydro-l,4-benzodioxin-6-ylamino)carbon
yl]oxy}-l,l'-biphenyl-4- yl)sulfonyl]-D-valine [00329]
The title compound,
N-[(4'-{[(2,3-dihydro-l,4-benzodioxin-6-
ylamino)carbonyl]oxy}-l,l'-biphenyl-4-yl)sulfonyl]-D-
valine , was prepared according to procedures similar
to that of Example 3.62.[00330] Step 1IA and: Yield
62%. IH NMR (400 MHz, DMSO-D6) d ppm 0.80 (d, /=6.82
Hz, 3 H) 0.85 (d, ./=6.82 Hz, 3 H) 1.98 (m, 1H) 3.42
(s, 1H) 4.21 (m, 4 H) 6.81 (d, /=8.84 Hz, 1H) 6.94 (d,
J=10.86 Hz, 1 H) 7.09 (s, 1H) 7.34 (d, /=8.84 Hz, 2 H)
7.78 (d, /-8.84 Hz, 3 H) 7.85 (d, /=1.77 Hz, 4 H)
10.11 (s, IH).Example 3.77 HO O N-[(4'-{[(3,4-dihydr
o-2H-l ,5-benzodioxepin-7-ylamino)carbonyl]oxy }-l ,l
' -biphenyl-4- yl)sulfonyl]-D- valine [00331] The
title compound,
N-[(4'-{[(3,4-dihydro-2H-l,5-benzodioxepin-7- 



ylamino)carbonyl]oxy}-l,r-biphenyl-4-yl)sulfonyl]-D-va
line, was prepared according to procedures similar to
that of Example 3.62. [00332] Step 1IA and 1IB: Yield
55%. IH NMR (400 MHz, DMS0-O6) d ppm 0.80 (d, ,/=6.82
Hz, 3 H) 0.85 (d, /=6.82 Hz, 3 H) 1.97 (m, 1H) 2.08
(m, 2 H) 3.45 (s, 1 H) 4.08 (m, 4 H) 6.94 (d, /=8.59
Hz, 1H) 7.06 (d, /=2.53 Hz, 1H) 7.18 (d, /=2.27 Hz 1
H) 7.35 (d, /=8.59 Hz, 2 H) 7.79 (d, /=8.59 Hz, 2 H)
7.85 (d, /=3.79 Hz, 4 H) 7.88 (s, 1H) 10.21 (s, 1 H).
Example 3.78 HO O
N-[(4'-{[(5-methyl-3-phenylisoxazol-4-yl)amino)carbony
l]oxy}-l,l'-t"iphenyl-4- yl)sulfonyl]-D-valine [00333]
The title compound,
N-[(4'-{[(5-methyl-3-phenylisoxazol-4-
yl)amino)carbonyl]oxy}-l,l'-biphenyl-4-yl)sulfonyl]-D-
valine , was prepared according to procedures similar
to that of Example 3.62. [00334] Step 1IB: Yield
75%.IH NMR (400 MHz, ACET0NITRILE-D3) d ppm 0.63 (d,
/=6.82 Hz, 3 H) 0.74 (d, /=6.57 Hz, 3 H) 1.83-1.88 (m,
1H) 2.20 (s, IBQ 2.34 (m, 3 H) 3.81(s, 1H) 6.56 (s,
1H) 6.66 (s, 1H) 7.12 (d, J=7.83 Hz, 1H) 7.45 (d,
/=4.80 Hz, 4 H) 7.59 (m, 4 H) 7.68 (d, /=3.54 Hz, 2 H)
7.80 (d, /=8.08 Hz52 H). Example 3.79
N-[(4'-{[(methylamino)carbonyl]oxy}-l,l'-biphenyI-4-yl
)sulfonyl]-D-valine [00335] The title compound,
N-[(4'-{[(methylamino)carbonyl]oxy}-14 '-biphenyl-4-
yl)sulfonyl]-D-valine, was prepared according to
procedures similar to that of Example 3.62. [00336]
Step 1IB: Yield 90%. IH NMR (400 MHz, MeOD) d ppm 0.80
(d, /=8.34 Hz3 3 H) 0.87 (d, /=6.82 Hz, 3 H) 1.91-2.02
(m, 1H) 2.71 (s, 3 H) 3.52 (d, /=5.05 Hz, 1H) 7.11 (d,



/=8.84 Hz, 2 H) 7.58 (d, /=8.84 Hz, 2 H) 7.66 (d,
/=8.59 Hz, 2 H) 7.81 (d, /=8.59 Hz, 2 H). Example 3.80
HO O O NN-[(
4'-{[(l-benzofuran-2-ylamino)carbonyl]oxy}-l,l'-biphen
yl-4-yl)sulfonyl]-D-valine [00337] Step 12A:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid (314 mg, 0.9 mmol) dissolved in methylene
chloride (10 mL) and diethyl ether (20 mL) was added
with benzofuran isocyanate (143 mg, 0.9 mmol, 1 equiv)
and triethyl amine (363 mg, 3.6 mmol, 4 equiv). The
mixture was stirred at room temperature overnight.
Solid precipitated from reaction mixture was collected
by filtration followed by column chromatography
(silica gel, 5% MeOH/CH2C12). 76 mg of white solid was
obtained in 16% yield.[00338] IH NMR (400 MHz,
DMSO-D6) d ppm 0.74-1.00 (m, 6 H) 1.90-2.07 (m, 1 H)
3.22-3.48 (m, 1H) 6.86 (d, /=8.59 Hz, 2 H) 7.10-7.28
(m, 2 H) 7.33-7.62 (m, 4 H) 7.69-7.83 (m, 4 H) 7.86
(s, 1 H). [00339] Examples 81 and 82 were made based
on Scheme 13. Example 81
D-3-Methyl-benzofuran-2-carboxylic acid
4'-(l-carboxy-2-methyl-propyIsulfamoyl)- biphenyl-4-yl
ester [00340] Step 13A: A mixture of
D-2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methylbuty
ric acid tert-butyl ester (305 mg, 0.75 mmol, 1 eq),
3-Methyl-benzofuran-2-carboxylic acid (131 mg, 0.74
mmol, 1 eq), 4-dimethylaminopyridine (DMAP, 95 mg,
0.77 mol, 1 eq), and 1,3-Dicyclohexylcarbodiimide
(DCC, 240 mg, 1.17 mmol, 1.6 eq) dissolved in 5 mL of
dichloromethane under nitrogen atmosphere was allowed
to react at room temperature for 3.5 



hrs. Regular work-up and column chromatography (10%
EtOAc in hexane) to give D-3-
Metrryl-benzofuran-2-carboxylic acid 4'-(I
-tert-butoxycarbonyl-2-methyl-propylsulfamoyl)-
biphenyl-4-yl ester (300 mg) in 71% yield. NMR:
G8475-101. IH NMR (400 MHz, CHLOROFORM-D) d ppm 0.9
(d, /=7.1 Hz, 3 H) 1.0 (d, /=6.8 Hz, 3 H) 1.2 (s, 9 H)
2.1 (m, 1 H) 2.7 (s, 3 H) 3.7 (dd, /=10.0, 4.4 Hz, 1H)
5.1 (d, /=9.9 Hz, 1 H) 7.4 (m, 3 H) 7.5 (m, 1 H) 7.6
(t, /=8.0 Hz, 3 H) 7.7 (m, 3 H) 7.9 (d, /=8.3 Hz, 2
H). [00341] Step 13B: Removal of t-butyl ester was
done according to procedures in Step 1IB for Example
3.62 in quantitative yield. IH NMR (400 MHz, DMSO-D6)
d ppm 0.8 (dd, J=12.1, 6.8 Hz, 6 H) 2.0 (m, 1 H) 2.7
(s, 3 H) 3.6 (dd, J=9.2, 5.9 Hz, 1H) 7.4 (t, J=7.6 Hz,
1 H) 7.5 (d, J=8.8 Hz, 2 H) 7.6 (t, J=8.2 Hz, 1 H) 7.8
(d, J=8.3 Hz, 1 H) 7.9 (m, 7 H) 8.1 (d, J=9.3 Hz, 1
H).Example 3.82 O OO=S - \ // HO
Benzofuran-2-carboxylic acid
4'-(l-tert-butoxycarbonyl-2-methyl-propylsulfamoyl)-
biphenyl-4-yl ester [00342] The title compound,
Benzofuran-2-carboxyric acid
4'-(l-tert-butoxycarbonyl-2-
methyl-propylsulfamoyl)-biphenyl-4-yl ester, was
prepared according to procedures similar to that of
Example 3.81. [00343] Step 13A: 2-Benzofuran
carbocarboxylic acid (400.5 mg, 2.47 mmol, 1 equiv.)
dissolved in dry CH2Cl2 (5OmL)was added with DCC
(1.019 g, 4.94 mmol, 2 equiv) and stirred under N2 for
15min. Then
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic 



acid tert-butyl ester (1.0 g, 2.47 mmol, 1 equiv.) was
introduced to the reaction mixture, followed by the
addition of DMAP (50 mg, 0.41 mmol,). The mixture was
allowed to stir at room temperature overnight. The
reaction mixture was then diluted with CH2Cl2 washed
with H2O and brine. Organic layer dried over MgSq4 and
solvent removed to yield crude product. Residue was
dissolved in EtOAc and purified by column
chromatograph (silica gel, 20%EtOAc/ n-Hexane) to
afford G9058-53-1 in 30.5% yield (325 mg). [00344] IH
NMR (400 MHz, CHLOROFORM-D) d ppm 0.87 (d, /=6.82 Hz,
3 H) 1.03 (d, /=6.82 Hz, 3 H) 1.21 (s, 9 H) 2.07 (m,
1H) 3.68 (dd, /=9.85, 4.55 Hz, 1H) 5.15 (d, /=9.85 Hz,
1H) 7.37 (m, 3 H) 7.53 (t, /=7.83 Hz, 1H) 7.66 (m, 5
H) 7.77 (m, 2 H) 7.92 (d, /=8.34 Hz, 2 H). [00345]
Step 13B: Benzofuran-2-carboxylic acid
4'-(l-tert-butoxycarbonyl-2-methylpropylsulfamoyi)-
biphenyl-4-yl ester (325 mg) was dissolved in
dichloromethane (15 mL) and added with TFA. The
solution was stirred at room temperature for 7 hrs.
Solvent was removed by rotovap and crude product
purified by column chromatography (5-20% MeOH/ EtOAc)
to yield Benzofuran-2-carboxylic acid
4'-(l-carboxy-2-methyl-propylsulfamoyl)- biphenyl-4-yl
ester in 76% yield (241mg).[00346] IHNMR (400
MHz5DMSO-D6)d ppm 0.80 (d, /=6.57 Hz, 3 H) 0.87 (d,
/=6.82 Hz, 3 H) 2.04 (m, 1H) 3.24 (m, 1H) 7.43 (t,
/=7.58 Hz, 1H) 7.49 (d, /=8.84 Hz, 2 H) 7.60 (t,
/=7.96 Hz, 1H) 7.70 (d, /=9.85 Hz, 1H) 7.85 (m, 7 H)
8.08 (s, 1 H). [00347] Examples 3.83, 3.84, 3.85,
3.86, 3.87, 3.88, 3.89 were made based on Scheme 14.
Example 3.83 HO O NH 



-XJ n CF3
3-Methyl-2-[4'-(5-trifluoromethyl-pyridin-2-yloxy)-bip
henyl-4-sulfonylamino]-butyric acid tert-butyl ester
[00348] Step 14A:
2-(4'-Hydroxy-biphenyl-4-sulfonylamino)-3-methyl-butyr
ic acid tertbutyl ester (100 mg, 0.25 mmol, 1.0
equiv.), 2-Chloro-5-trifluoro methyl pyridine (45.4
mg, 0.25 mmol, 1 equiv.), and K2CO3 (86.4 mg, 0.63
mmol, 2.5 equiv) were mixed in DMF (8 mL) and heat to
1100C for 4.5 hr. Reaction was complete as determined
by TLC. Then the reaction mixture was cool to room
temperature, diluted with EtOAc, washed with brine and
dried over MgSq 4. After removing solvent, crude
product was purified by column chromatography (silica
gel, 20% EtOAc / n-Hexane) to afford G9058-109-1 in
74% yield (100 mg). [00349] IH NMR (400 MHz,
CHLOROFORM-D) d ppm 0.80 (d, /=6.82 Hz, 3 H) 0.96 (d,
/=6.82 Hz, 3 H) 1.14 (s, 9 H) 2.01 (m, 1H) 3.61 (m, 1
H) 5.07 (d, /=9.85 Hz, 1H) 7.03 (d, /=8.59 Hz, 1H)
7.19 (s, 1H) 7.21 (s, 1H) 7.55 (d, /=8.59 Hz, 2 H)
7.62 (d, /=8.59 Hz, 2 H) 7.85 (d, /=2.02 Hz, 2 H) 7.88
(d, /=6.06 Hz, 1H) 8.40 (s, 1 H). [00350] Step 14B:
3-Methyl-2-[4'-(5-trifiuoromethyl-pyridin-2-yloxy)-bip
henyl-4- sulfonylamino]-butyric acid tert-butyl ester
(97 mg) was dissolved in CH Cl (6mL) and added with
TFA (2 mL). Reaction was complete in 6 his as
determined by TLC. After removing solvent, residue was
purified by column chromatography (10%MeOH / CH2CI2)
toafford
3-Methyl-2-[4'-(5-trifluoromethyl-pyridin-2-yloxy)-bip
henyl-4-sulfonylamino]-butyric acid in 66% yield (54.5
mg). [00351] IH NMR (400 MHz, MeOD) d ppm 0.81 (d,
/=6.82 Hz, 3 H) 0.88 (d, ./=6.82 Hz, 3 



H) 1.97 (m, 1H) 3.55 (d, /=5.31 Hz, 1 H) 7.09 (d,
/=8.59 Hz, 1H) 7.19 (d, /=8.59 Hz, 2 H) 7.68 (dd,
/=14.65, 8.59 Hz, 4 H) 7.83 (d, /=8.34 Hz, 2 H) 8.02
(d, /=1 1.37 Hz, 1H) 8.35 (d, /=2.53 Hz, 1 H). Example
3.84 HO O O=S- // \ -
3-Methyl-2-[4'-(quinoIin-2-yloxy)-biphenyl-4-sulf
onylamino]-butyric acid tert-butyl ester [00352] The
title compound,
3-Methyl~2-[4'-(quinolin-2-yloxy)-biphenyl-4-sulfonyla
mino]- butyric acid tert-butyl ester, was prepared
according to procedures similar to that of Example
3.83. [00353] Step 14A [9058-120-1]: 2-(4'-Hydroxy-bi
rhenyl-4-sulfonylamino)-3-methylbutyric acid
tert-butyl ester (200 mg, 0.49 mmol, 1 equiv.),
2-Chloroquinoline (242 mg, 1.48 mmol, 3 equiv) and
CS2CO3 (402 mg, 1.235mmol, 2.5 equiv.) were mixed in
DMF (8 mL) and stirred at 1000C for 7 hrs. Reaction
mixture was cool to room temperature then placed in an
ice bath and added with water. The solid precipitated
from the mixture was collected by filtration and
washed with water. After drying, 174mg of yellow solid
was obtained in 66% yield. [00354] IHNMR (400 MHz,
CHLOROFORM-D)d ppm 0.88 (d,/=6.82 Hz, 3 H) 1.03 (d,
/=6.82 Hz, 3 H) 1.22 (s, 9 H) 2.07 (m, 1H) 3.68 (dd,
/=9.85, 4.55 Hz, 1H) 5.15 (d, /=9.85 Hz, 1H) 7.15 (d,
/=8.84 Hz, 1H) 7.38 (d, /=8.84 Hz, 2 H) 7.45 (m, 1H)
7.63 (m, 3 H) 7.71 (d, /=8.84 Hz, 2 H) 7.81 (t, /=8.72
Hz, 2 H) 7.91 (d, /=8.59 Hz, 2 H) 8.17 (d, /=8.34 Hz,
1 



H).[00355] Step 14B [9058-121-2]:
3-Methyl-2-[4'-(quinolin-2-yloxy)-biphenyl-4-
sulfonylamino]-butyric acid tert-butyl ester (164 mg)
was dissolved in dichloroethane (12 mL) and hydrolyzed
with TFA (4 mL) at room temperature over a period of 4
hrs. Solvent was removed and crude was purified by
column chromatography (Eluent 10% MeOH / DCE) to
afford
3-Methyl-2-[4'-(quinolin-2-yloxy)-biphenyl-4-sulfonyla
mino]-butyric acid in 58% yield (84.8mg). [00356] IH
NMR (400 MHz5MeOD) d ppm 0.82 (d, /=6.82 Hz, 3 H) 0.88
(d, /=6.82 Hz, 3 H) 1.97 (m, 1 H) 3.60 (d, /=5.56 Hz,
1H) 7.10 (d, /=8.84 Hz, 1 H) 7.25 (d, /=8.84 Hz, 2 H)
7.39 (t, /=6.82 Hz, 1H) 7.56 (t, /=7.71 Hz, 1H) 7.63
(d, /=0.51 Hz, 1H) 7.65 (d, /=1.26 Hz, 1 H) 7.68 (m,
1H) 7.69 (d, /=2.27 Hz, 1H) 7.72 (m, 1H) 7.74 (m, 1H)
7.79 (dd, /=7.83, 1.26 Hz, 1H) 7.82 (m, 1H) 7.85 (m,
1H) 8.23 (d, /=8.84 Hz, 1 H). Example 3.85
N-({4'-[(5-nitropyridin-2-yl)oxy]-l,l'-biphenyl-4-yl}s
ulfonyl)-D-valine [00357] The title compound,
N-({4'-[(5-nitropyridin-2-yl)oxy]-l,r-biphenyl-4-yl}su
lfonyl)- D-valine , was prepared according to
procedures similar to that of Example 3.83. [00358]
Step 14A and 14B: Yield 60%. IH NMR (400 MHz, MeOD) d
ppm 0.82 (d, /=6.82 Hz, 3 H) 0.88 (d, /=6.82 Hz, 3 H)
1.96 (m, 1H) 3.58 (d, /=5.31 Hz, 1 H) 7.11 (d, /=9.09
Hz, 1H) 7.22 (d, /=8.84 Hz, 2 H) 7.70 (dd, /=11.87,
8.84 Hz, 4 H) 7.83 (d, /=8.59 Hz, 2 H) 8.52 (dd,
/=9.09, 2.78 Hz, 1H) 8.91 (d, /=3.28 Hz, 1 H). Example
3.86H0 0
N-({4'-[(2,6-dimethoxypyrimidin-4-yl)oxy]-l,l'-bipheny
I-4-yI}suIfonyl)-D-vaIine [00359] The title compound,
N-({4'-[(2,6-dimethoxypyrimidin-4-yl)oxy]-l,l
'-biphenyl-4- 



yl}sulfonyl)-D-valine, was prepared according to
procedures similar to that of Example 3.83. [00360]
Step 14A and 14B: Yield 82%. IH NMR (400 MHz, MeOD) d
ppm 0.81 (d, /=6.82 Hz, 3 H) 0.88 (d, /=6.82 Hz 3 H)
1.97 (m, 1H) 3.56 (d, /=5.31 Hz, 1H) 3.78 (s, 3 H)
3.85 (s, 3 H) 5.73 (s, 1H) 7.18 (d, /=8.84 Hz, 2 H)
7.66 (d, /=8.84 Hz, 3 H) 7.70 (d, /=8.84 Hz, 3 H) 7.81
(s, 1 H) 7.83 (s, 1 H). Example 3.87 HO O g H/ 1 = V \
__ l O > N' VCI
N-({4'-[(4-chloropyrimidin-2-yl)oxy]-l,l'-biphenyl-4-y
l}sulfonyI)-D-valine [00361] The title compound,
N-({4'-[(4-chloropyrimidin-2-yl)oxy]-l,l '-biphenyl-4-
yl}sulfonyl)-D-valine, was prepared according to
procedures similar to that of Example 3.83. [00362]
Step 14A and 14B: Yield 59%. IH NMR (400 MHz, DMS0-D6)
d ppm 0.80 (d, /=6.82 Hz, 3 H) 0.85 (d, /=6.82 Hz, 3
H) 1.97 (m, 1 H) 3.47 (s, 1 H) 7.24 (d, /=5.81 Hz, 1
H) 7.42 (d, /=8.84 Hz, 2 H) 7.87 (d, 7 H) 8.66 (d,
/=5.56 Hz, 1 H).Example 3.88
N-{[4'-(pyridin-2-yloxy)-l,l'-biphenyl-4-yl]sulfonyl}-
D-valine [00363] The title compound,
N-{[4'-(pyridin-2-yloxy)-l,r-biphenyl-4-yl]sulfonyl}-D
valine , was prepared according to procedures similar
to that of Example 3.83. [00364] Step 14A and 14B:
Yield 83%. IH NMR (400 MHz, DMSO-D6) d ppm 0.82 (d,
/=6.82 Hz, 3 H) 0.85 (d, /=6.82 Hz, 3 H) 1.85-2.02 (m,
1H) 3.57 (dd, /=10.48, 4.67 Hz 1H) 7.10 (d, /=9.85 Hz,
1H) 7.17 (dd, /=7.20, 4.93 Hz, 1H) 7.26 (d, /=8.84 Hz,
2 H) 7.79 (d, /=8.84 Hz, 2 H) 7.82-7.95 (m, 4 H) 8.09
(d, /=9.35 Hz, 1H) 8.13-8.28 (m, 1 H). 



Example 3.89 HOyD =s \ H v
N-{[4'-(l,3-benzoxazol-2-yloxy)-l,l'-biphenyl-4-yl]sul
fonyl}-D-vaIine [00365] The title compound,
N-{[4'-(l,3-benzoxazol-2-yloxy)-l,l
'-biphenyl-4-yl]sulfonyl}- D-valine , was prepared
according to procedures similar to that of Example
3.83. [00366] Step 14A and 14B: Yield 85%. IH NMR (400
MHz, DMSO-D6) d ppm 0.82 (d, /=6.82 Hz, 3 H) 0.85 (d,
/=6.82 Hz, 3 H) 1.86-2.05 (m, 1H) 3.58 (dd, /=9.22,
5.94 Hz, 1 H) 7.32 (d, /=9.35 Hz, 1H) 7.53 (d, /=7.33
Hz, 1H) 7.61-7.73 (m, 3 H) 7.81-7.99 (m, 6 H) 8.10 (d,
/=9.35 Hz, I H). [00367] Example 3.90 was made based
on Scheme 15.Example 3.90 Q HN-S HO >-
N-({4'-[2-(l-benzofuran-2-yI)-2-oxoethyl]-l,l'-bipheny
l-4-yl}sulfonyl)-D-valine [00368] Step 15A:
(4-Bromophenyl)-acetic acid (5.0 g, 23.2 mmol, 1 eq.)
dissolved in thionyl chloride (50 mL) was heat to
reflux for lhr. under nitrogen atmosphere. The
solution was cool to room temperature and solvent was
evaporated. Residue thus obtained was dissolved in
anhydrous methylene chloride and used in Step 15B.
[00369] Step 15B: Benzofuran-2-yl-trimethyl-silane
(3.4 g, 17.86mmol) was dissolved in methylene chloride
(40 mL) and cool to -78C. 4-Bromophenyl-acetyl
chloride (19.65 mmol, l.lequiv.) was added atthis
temperature. Under vigorous stirring, a solution
ofTiCU (23 mL, IM, 23.2 mmol, 1.3 equiv.) in CH2CI2
was added dropwise and stirring continued for 20min. 



Then the reaction was quenched with H2O (100 mL),
cooling bath was removed and the mixture was allowed
to warm up to room temperature. It was then diluted
with H2O (10OmL) and extracted with CH2CI2 (3X).
Organic layers were combined, washed with brine, dried
over MgSO4, solvent evaporated. Crude product thus
obtained was subject to column puri fi cation (silica
gel, 10%EtOAC/Hexane). 980 mg
ofl-Benzofuran-2-yl-2-(4-bromophenyl)- ethanone was
obtained in 17% yield. [00370] IH NMR (400 MHz,
CHLOROFORM-D)d ppm 4.34 (s, 2 H) 7.34 (d, /=8.59 Hz, 2
H) 7.44 (d, 1H) 7.58 (d, /=8.59 Hz, 2 H) 7.62 (d,
/=5.81 Hz, 1H) 7.67 (s, 1H) 7.71 (m, 1H) 7.84 (t,
/=6.19 Hz, I H). [00371] Step 15C: A solution of
3-Methyl-2-(4-tributylstannanyl-benzenesulfonylamino)-
butyric acid tert-butyl ester (347.5mg, 0.58 mmol, 1.0
equiv.), l-Benzofuran-2-yl-2-(4-
bromo-rhenyl)-ethanone (200 mg, 0.64 mmol, l.lequiv.)
and Pd(PPh3)4 (66 mg, 0.06 mmol, 10%) in anhydrous
toluene (10 mL) was heat to reflux for 7 hrs. Reaction
was complete as determined by TLC. Solvent was removed
by rotovap and crude product purified by
columnchromatography (silica gel, 20% EtOAc/ n-Hexane)
to afford 2-[4'-(2-Benzofuran-2-yl-2-
oxo-ethyl)-biphenyl-4-sulfonylamino]-3 -methyl-butyric
acid tert-butyl ester in 20% yield (62mg). [00372] IH
NMR (400 MHz, CHLOROFORM-D) d ppm 0.79 (d, /=6.82 Hz,
3 H) 0.95 (d, /=6.82 Hz, 3 H) 1.11 (s, 9 H) 3.58 (dd,
/=9.85, 4.55 Hz, 1H) 4.26 (s, 2 H) 5.05 (d, /=9.85 Hz,
1H) 7.26 (t, /=7.07 Hz, 1H) 7.43 (m, 5 H) 7.56 (m, 4
H) 7.65 (d, /=7.83 Hz, 1H) 7.81 (d, /=8.59 Hz, 2 H).
[00373] Step 15D:
2-[4'-(2-Benzofuran-2-yl-2-oxo-ethyl)-biphenyl-4-sulfo
nylamino]-3- methyl-bulyric acid 7/-butyl ester (62
mg) was dissolved in anhydrous CH2CI2 (6 mL) and 



added with TFA (2 mL). The reaction mixture was
stirred at room temperature for 3 hrs. Solvent was
removed, crude product was purified by column
chromatography (10% MeOH/CH2Cl2) to afford
2-[4'-(2-Benzofuran-2-yl-2-oxo-ethyl)-biphenyl-4-sulfo
nylamino]- 3-methyl-butyric acid in 19%yield (10.7
mg). [00374] IH NMR (400 MHz, DMSO-D6) d ppm 0.79 (d,
/=6.82 Hz, 3 H) 0.84 (m, /=6.82 Hz, 3 H) 1.97 (m, 1H)
3.33 (s, 1H) 4.42 (s, 2 H) 7.39 (t, /=7.07 Hz, 1H)
7.47 (d, /=8.34 Hz, 2 H) 7.57 (t, /=8.59 Hz, 1H) 7.73
(m, 3 H) 7.83 (d, 4 H) 7.88 (d, /=8.84 Hz, 1H) 8.13
(s, 1 H) 10.08 (s, 1 H). [00375] Example 3.91 was made
based on Scheme 16. Example 3.91
D-2-[4'-(Benzofuran-2-sulfonylmethyl)-biphenyI-4-sulfo
nylamino]-3-methyl-butyric acid [00376] Step 16A:
Starting material 2-[l,2,3]Thiadiazol-4-yl-phenol was
prepared according to literature procedure (M. A.
Abramov, W. Dehaen, B. D'hooge, M. L. Petrov, S.
Smeets, S. Toppet and M. Voets Tetrahedron, 2000, 56,
3933-3940). 2-[l,2,3]Thiadiazol-4-yl-phenol(241 mg,
1.35 mmol),
2-(4-Bromomethyl-phenyl)-4,4,5,5-tetramethyl-[l,3,2]di
oxaborolane (406 mg, 1.37 mmol, 1 eq), and K2CO3 (396
mg, 2.87 mmol, 1.9 eq) was mixed in 8 mL of CH3CN and
heat to 90 0C under nitrogen atmosphere. After
reaction was complete as monitored by TLC, the mixture
was cooled to room temperature and solvent evaporated.
The resulting crude material was subject to column
chromatography (20% EtOAc in hexane) to give
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-be
nzylsulfanyl]-benzofuran (198 mg) in 40% yield. NMR:
G8475-125. IH NMR (400 MHz, CHLOROFORM-D) d ppm 1.3
(s, 12 H) 4.1 (s, 2 H) 6.6 (d, J=I.0 Hz, 1H) 7.2 (m, 4
H) 7.4 (d, /=7.8 Hz, 2 H) 7.7 (d, /=8.1 



Hz, 2 H). [00377] Step 16B: Suzuki coupling of
D-2-(4-Bromo-benzenesulfonylamino)-3-methylbutyric
acid methyl ester with
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-
benzylsulfanylj-benzofuran was carried out according
to procedures in Step 5B for Example 2A to give
D-2-[4'-(Benzofuran-2-ylsulfanylmethyl)-biphenyl-4-sul
fonylamino]-3-methylburyric acid methyl ester in 54%
yield. NMR: G8475-165. IH NMR (400 MHz, BENZENED6)
dppm 0.7 (d, ./=6.8 Hz, 3 H) 0.9 (d, /=6.8 Hz, 3 H)
1.9 (m, 1H) 3.0 (s, 3 H) 4.0 (m, 3 H) 5.0 (d, J=10.1
Hz, 1H) 6.6 (d, /=1.0 Hz, 1H) 7.1 (m, 4 H) 7.3 (m, 6
H) 7.3 (s, 1H) 7.4 (m, 1 H). [00378] Step 16C: A
solution
ofD-2-[4'-(Benzofuran-2-ylsulfanylmethyl)-biphenyl-4-
sulfonylamino] -3-methyl-butyric acid methyl ester (75
mg, 0.15 mmol, 1 eq) in 4 mL of THF was placed in ice
bath. 125mg of MCPBA (77%, 0.55 mmol, 3.7 eq) in 3 mL
of THF was added dropwise. After addition complete,
ice bath was removed and the reaction was allowed to
warm to room temperature and stir for 12 hrs. TLC
indicated reaction was complete. Regular work-up and
column chromatography (20% EtOAc in hexane) to afford
D-2-[4'-
(Benzofuran-2-sulfonylmethyl)-biphenyl-4-sulfonylamino
]-3-methyl-butyric acid methyl ester (56 mg) in 70%
yield. NMR: G8475-166. IH NMR (400 MHz, CHLOROFORM-D)
D ppm 0.9 (dd, /=33.3, 6.8 Hz, 6 H) 2.0 (m, 1H) 3.4
(s, 3 H) 3.8 (dd, /=10.1, 5.3 Hz, 1H) 4.6 (s, 2 H) 5.1
(d, /=10.1 Hz, 1H) 7.4 (m, 4 H) 7.5 (m, 3 H) 7.6 (m, 1
H) 7.7 (m, 3 H) 7.9 (d, /=8.8 Hz, 2 H). [00379] Step
16D [: Hydrolysis of
D-2-[4'-(Benzofuran-2-sulfonylmethyl)-bi rhenyl-4-
sulfonylamino] -3-methyl-butyric acid methyl ester was
carried out according to procedures inStep ID for
Example IA in quantitative yield. IH NMR (400 MHz5
DMSO-D6) d ppm 0.8 



(dd, J=12.1, 6.8 Hz, 6 H) 1.9 (m, 1 H) 3.5 (dd, J=9.3,
6.1 Hz, 1H) 5.0 (s, 2 H) 7.4 (d, J=8.3 Hz, 2 H) 7.4
(m, 1H) 7.6 (m, 1H) 7.7 (d, J=LO Hz, 1H) 7.7 (d, J=8.3
Hz, 2 H) 7.8 (m, 6 H) 8.1 (d, J=9.1 Hz3 1 H). [00380]
The following compounds (3.92 and 3.93) were prepared
according to Scheme 6.63. Example 3.92
3-Methyl-2-[4'-(naphthalen-2-ylmethoxy)-3'-methoxy-bip
henyl-4-sulfonylamino]-but} i c acid. 1H NMR (400 MHz,
DMSO): d 0.806(d, 3H), 0.837(d, 3H), 1.94(m, IH),
3.53(t, IH), 3.90(s, 3H), 5.33(s, 2H), 7.20(d, IH),
7.27(m, IH), 7.34(s, IH), 7.54(d, 2H), 7.61(d, IH),
7.89(m, 8H); ES+ m/z 518.2 (M-H); HRMS (C29H29NO6S):
calcd; 520.17884; found; 520.17839 (M+H). Example 3.93
Q2-[4'-(3,5-Dimethoxy-ben2yloxy)-3'-methoxy-biphenyl-4
-sulfonylamino]-3-methyl-butyric acid. 1H NMR (400
MHz3DMSO): d 0.808(d, 3H), 0.838(d, 3H), 1.94(m, IH),
3.74(s, 6H), 3.89(s, 3H), 5.09(s, 2H), 6.45(t, IH),
6.62(d, 2H), 7.1l(d, IH), 7.25(d, IH) 5 7.32(d, IH),
7.79(d, 2H), 7.85(d, 2H), 8.02(d, IH); ES+ m/z 528.2
(M-H); HRMS (C27H31NO8S): calcd; 530.18432; found;
530.18367 (M+H). [00381] The following compounds
(3.94-3.111) were made using procedures described in
scheme 17.Example 3.94 o OH 



2-(4'-Hydroxy-3-1xifluoromethoxy-biphenyl-4-sulfonylam
ino)-3-metliyl-butyric acid. [00382] 1H NMR (400 MHz,
DMSO): d 0.825(d, 3H), 0.875(d, 3H), 2.04(m, IH),
3.70(m, IH), 6.89(d, 2H), 7.59(m, 2H), 7.75(dd, IH),
7.94(d, IH), 8.16(d, IH); ES+ m/z 432.1 (M-H); HRMS
(C18H18F3NO6S): calcd; 451.11451; found; 451.11461
(M+NH4). Example 3.95 F, F [00383]
2-(4T-Hydroxy-3-trifluoromethyl-biphenyl-4-sulfonylami
no)-3-inethyl-butyric acid. 1HNMR (400 MHz, DMSO): d
0.850(m, 6H), 2.02(m, IH), 3.60(m, IH), 6.90(d, 2H),
7.67(d, 2H), 8.10(m, 3H); ES+ m/z 416.0 (M-H); HRMS
(C18H18F3NO5S): calcd; 435.11960; found; 435.11966
(M+NH4). Example 3.96 2-(4'-Hydroxy-3
-methyl-biphenyl-4-sulfonylamino)-3 -methyl-butyric
acid.1HNMR (400 MHz, DMSO): d 0.810(t, 6H), 1.93(m,
IH), 2.64(s, 3H), 3.39(m, IH), 6.87(m, 2H)5 7.56(m,
3H), 7.81(d, IH), 8.00(d, IH); ES+ m/z 362.1 (M-H);
HRMS (C18H21NO5S): calcd; 381.14786; found; 381.14808
(M+NH4). Example 3.97
2-(3-Fluoro-4'-hydroxy-biphenyl-4-sulfonylamino)-3-met
hyl-butyric acid. 1H NMR (400 MHz, DMSO): d 0.850(m,
6H), 2.02(m, IH), 3.63(m, IH), 6.87(d, 2H), 7.61(m,
3H), 7.76(t, IH), 8.22(d, IH); ES+ m/z 366.0 (M-H);
HRMS (C17H18FNO5S): calcd; 385.12279; found; 385.12276
(M+NH4). Example 3.98
2-(2,5-Difluoro-4'-hydroxy-biphenyl-4-sulfonylamino)-3
-methyl-butyric acid. 1HNMR (400 MHz, DMSO): d
0.880(m, 6H), 2.04(m, IH), 3.69(m, IH), 6.89(d, IH), 



7.45(m, 2H), 7.58(m, 2H), 8.45(d, IH); ES+ m/z 384.1
(M-H); HRMS (C17H17F2NO5S): calcd; 403.1137; found;
403.11328 (M+NH4). Example 3.99 F
F3-Methyl-2-[4'-(naphthalen-2-ylmethoxy)-3-trifluorome
thyl-biphenyl-4-sulfonylamino]- butyric acid. [00384]
1H NMR (400 MHz, DMSO): d 0.900(d, 3H), 0.960(d, 3H),
2.06(m, IH), 3.70(d, IH), 4.19(s, 2H), 6.95(d, IH),
7.43(m, 6H), 7.69(s, IH), 7.75(m, 3H), 7.88(m, IH),
7.97(s, IH), 8.15(d, IH); ES+ m/z 556.1 (M-H); HRMS
(C29H26F3NO5S): calcd; 558.15566; found; 558.15484
(M+H). Example 3.100
2-[3-Fluoro-4'-(naphthalen-2-ylmethoxy)-biphenyl-4-sul
fonylamino]-3-methyl-butyric acid. [0001] 1H NMR (400
MHz, MeOH): d 0.920(d, 3H), 0.980(d, 3H), 2.10(m, IH),
3.76(d, IH), 4.19(s, 2H), 6.94(d, IH), 7.43(m, 7H),
7.70(s, IH), 7.78(m, 4H); ES+ m/z 506.1 (M-H); HRMS
(C28H26FNO5S): calcd; 508.15885; found; 508.15818
(M+H).Example 3.101 [00385]
2-[2,5-Difluoro-4'-(naphthalen-2-ylmethoxy)-biphenyl-4
-sulfonyIamino]-3- methyl-butyric acid. NMR (400 MHZ,
MeOH): d 0.910(d, 3H), 0.980(d, 3H), 2.09(m, IH),
3.78(d, IH), 4.16(s, 2H), 6.92(d, IH), 7.37(m, 6H),
7.56(m, IH), 7.67(s, IH), 7.75(m, 4H); ES+ m/z 524.1
(M-H); HRMS (C28H25F2NO5S): calcd; 526.14943; found;
526.14881 (M+H). Example 3.102 CVOH ES+ m/z 614.1
(M-H)-HRMS: 616.16053 (M+H)+; 616.16114 Calc'd 



H NMR (400 MHz, DMSO): d 0.83 (d, 3H, J = 6.8Hz), .088
(d, 3H, J = 6.8Hz), 2.06 (m, IH), 3.74 (dd, IH, J =
5.6, 10Hz), 5.18 (s, 2H), 5.35 (d, IH, J = 10Hz), 6.92
(d, 2H, J = 8Hz), 7.00 (d, 2H, J = 8Hz), 7.07 (d, 2H,
J = 8Hz), 7.34 (d, 2H, J = 8Hz), 7.61 (d, 2H, J =
8Hz), 7.69 (s, IH), 7.79 (d, 2H, J = 8Hz), 7.88 (m,
IH), 8.02 (d, IH, J = 8Hz), 8.24 (m, IH), 12.70 (s,
IH).Example 3.103 0 OH ES+ m/z 598.1 (M-H)-HRMS:
600.16554 (M+H)+; 600.16622 Calc'd H NMR (400
MHz5DMSO): d 0.85 (d, 3H, J =6.8Hz), .0.86 (d, 3H, J
=6.8Hz)32.05 (m, Example 3.104 ES+ m/z 564.1
(M-H)-HRMS: 566.13860 (M+H)+; 566.13987 Calc'd H NMR
(400 MHz, DMSO): d 0.84 (d, 3H, J =6.8Hz), .0.86 (d,
3H, J =6.8Hz), 2.02 (m, IH), 3.57 (dd, IH, J =6,
9.2Hz), 5.17 (s, 2H), 6.92 (d, 2H, J =8Hz), 6.99 (d,
2H, = 8Hz), 7.07 (m, 3H), 7.33 (m, 2H), 7.59 (d, 2H, J
=8Hz), 7.83 (m, 5H), 7.95 (d, IH, = 1.6Hz), 8.03 (d,
IH, J =8Hz), 8.21 (m, IH), 12.65 (s, IH).Example 3.105
CVOH ES+ m/z 590.1 (M-H)-HRMS: 592.16098 (M+H)+;
592.16114 Calc'd 1H NMR (400 MHz, DMSO): d 0.83 (d,
3H, J = 6.8Hz), 0.88 (d, 3H, J = 6.8Hz), 2.05 (m, 3H),
2.53 (t, 2H, J = 6Hz), 2.91 (t, 2H, J =6Hz), 3.74 (dd,
IH, J = 5.6, 10Hz), 5.28 (s, 2H), 6.98 (m, 2H), 7.60
(d, 2H, J = 8Hz), 7.69 (s, IH), 7.85 (m, 4H), 8.02 (d,
IH, J = 8Hz), 8.25 (d, IH5J = 8Hz), 12.70 (s, IH).
Example 3.106 CVOHES+ m/z 574.1 (M-H)-HRMS: 576.16522
(M+H)+; 576.16622 Calc'd 



1H NMR (400 MHz, DMSO): d 0.85 (d, 3H, J = 6.8Hz),
0.86 (d, 3H, J = 6.8Hz), 2.04 (m, 3H), 2.53 (t, 2H, J
= 6Hz), 2.91 (t, 2H, J =6Hz), 3.63 (dd, IH, J 6,
10Hz), 5.29 (s, 2H), 6.98 (m, 2H), 7.61 (d, 2H, J
=8Hz), 7.85 (m, 3H), 8.20 (m, 4H), 12.70 (s, IH).
Example 3.107 CVOH ES+ m/z 524.1 (M-H)-HRMS: 526.16859
(M+H)+; 526.16942 Calc'd 1H NMR (400 MHz, DMSO): d
0.84 (d, 3H, J =6.8Hz), 0.87 (d, 3H, J =6.8Hz), 2.02
(m, 3H), 2.53 (t, 2H, J = 6Hz), 2.91 (t, 2H, J = 6Hz),
3.66 (dd, IH, J = 6, 9.2Hz), 5.27 (s, 2H), 6.98 (m,
2H), 7.58 (d, 2H, J = 8Hz), 7.70 (m, IH), 7.83 (m,
5H), 8.30 (d, IH, J = 10Hz), 12.65 (s, IH). Example
3.108 CV-OHES+ m/z 629.2 (M-H)-HRMS: 631.17159 (M+H)+;
631.17204 Calc'd 1H NMR (400 MHz, DMSO): d 0.83 (d,
3H5 = 6.8Hz)5 0.88 (d, 3H5J = 6.8Hz)52.07 (m, IH) 5
2.30 (s5 3H)5 3.74 (dd, IH5J = 5.6, 9.6Hz)5 5.20 (s,
2H)5 6.68 (d, IH5J = 8Hz)5 6.95 (d, IH5J = 8Hz)5 7.06
(m, 4H)5 7.62 (d52H5J = 8Hz)5 7.69 (m, 2H)57.80 (d,
2H5J = 8Hz)5 7.87 (dd, IH5J = 1.6, 8Hz), 8.03 (d, IH5J
= 8Hz), 8.25 (d, 2H5 = 9.2Hz)5 12.70 (s, IH). Example
3.109 ES+ m/z 613.2 (M-H)-HRMS: 615.17639 (M+H)+;
615.17712 Calc'd 1H NMR (400 MHz5DMSO): d 0.85 (d,
3H5J = 6.8Hz)5 0.87 (d, 3H5J = 6.8Hz), 2.05 (m, IH) 5
2.30 (s, 3H)5 3.63 (dd, IH5J = 6, 9.6Hz)5 5.20 (s,
2H)5 6.68 (d, IH5J = 8Hz)5 6.95 (d, IH, J = 8Hz)5 7.06
(m, 4H) 5 7.63 (d, 2H5J = 8Hz)5 7.69 (t, IH, J = 8Hz),
7.87 (d, 2H5J = 8Hz)5 8.21 (m, 4H), 12.70 (s,
IH).Example 3.110 



CVOH HN ES+ m/z 563.2 (M-H)-HRMS: 565.18038 (M+H)+;
565.18032 Calc'd 1H NMR (400 MHz, DMSO): d 0.84 (d,
3H, J =6.8Hz), 0.87 (d, 3H, J =6.8Hz), 2.04 (m, IH),
2.30 (s, 3H), 3.66 (dd, IH, J =6, 9.6Hz), 5.19 (s,
2H), 6.68 (d, IH, J =8Hz), 6.95 (d, IH, J =8Hz), 7.06
(s, 4H), 7.60 (d, 2H, J =8Hz), 7.70 (m, 2H), 7.83 (m,
4H), 8.31 (d, IH, = 9.2Hz), 12.70 (s, IH). Example
3.111 O OH ES+ m/z 579.1 (M-H)-HRMS: 581.15050 (M+H)+;
581.15077 Calc'd 1H NMR (400 MHz, DMSO): d 0.84 (d,
3H, J = 6.8Hz), 0.86 (d, 3H, J =6.8Hz), 2.02 (m, IH),
2.30 (s, 3H), 3.58 (dd, IH, J =6.4, 9.6Hz), 5.20 (s,
2H), 6.68 (d, IH, = 8Hz), 6.95 (d, IH, J =8Hz), 7.06
(s, 4H), 7.60 (d, 2H, J =8Hz), 7.62 (d, 2H, J =8Hz),
7.83 (m, 3H), 7.95 (d, IH, J = 1.6), 8.03 (d, IH, J
=8Hz), 8.22 (d, IH, J =9.6Hz), 12.70 (s, IH). [00386]
Examples 112, 113, 114 were made based on Scheme
5.Example 3.112 Absl Il M Il OH O
3-Methyl-2-[4'-(pyridin-3-ylmethoxymethyl)-biphenyl-4-
sulfonylamino]-butyric acid 1HNMR OOMHz MeOD): d; ES+
m/z (M+H) 455.1; HRMS (M+H) m/z calcd 455.16352; found
455.16317; (C24H26N2O5S): 



Example 3.113 3-Methyl-2-[4'-(naphthalen-2-ylmethoxyr
aethyl)-biphenyl-4-sulfonylamino]-butyric acid 1H NMR
(400 MHz, CDCl3): bq.85 (d, 3H), 0.95 (d, 3H), 2.10
(m, IH), 3.83 (m, IH), 4.63 (s, 2H), 4.74 (s, 2H),
5.25 (bs, IH), 7.44-7.55 (m, 7H), 7.65 (d, 2H),
7.82-7.90 (m, 6H); ES+ m/z (M-H) 502.1; HRMS (M+H) m/z
calcd 504.18392; found 504.18503; (C29H29NO5S):Example
3.114 \ /7 // \ \ // \ \ Hrl IIil = < -OG N- J ' - -'
To AOH
3-Methyl-2-[4'-(pyridin-3-ylmethoxymethyl)-biphenyl-4-
sulfonylamino]-butyric acid 1H NMR (400 MHz, DMSO): d
0.81 (d, 3H), 0.84 (d, 3H), 1.95 (m, IH), 3.55 (dd,
IH), 4.56 (s, 2H), 4.63 (d, 2H), 7.44 (d, 2H), 7.50
(d, IH), 7.70 (d, 2H), 7.74 (d, IH), 7.84 (m, 4H),
8.08 (m, 2H); ES+ m/z (M+H) 455.1; HRMS (M+H) m/z
calcd 455.16352; found 455.16290; (C2 4H26N2O5S).
Example 4: Inhibition of ADAMTS-5 Aggrecanase Activity
Using the Biaryl Sulfonamide Compounds of the Present
Invention: [0O387] The biaryl sulfonamide compounds of
the present invention were tested for their ability to
inhibit the aggrecanase activity of ADAMTS-4 (Agg-1)
and ADAMTS-5 (Agg-2). The results are shown in Table 1
below, which shows the concentration of the compounds
in uM that inhibits 50% of the aggrecanase activity of
the enzyme (IC50). The compounds are listed from
lowest to highest potency for ADAMTS-5, with the last
being the most potent.TABLE l Compound IC50 Agg-1
(uWI) Agg-2 (uM) 



F H , C 0.1 > 200 jfVVi r T L U ' 0.3 > 100 yOH can]
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O 2.6 5.0 0.7 4.0 0 ,OM CM 1 t rc"' 0.9 3.5HA o 1.1
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H1C CH, 0.4 2.4 g H Chnl 0.2 2.0 1 - x 0.2 1.8 1C CH,
0.4 0.8 0 0H Chita! TV 0.4 0.4 [00388] A continuous
assay was used in which the substrate upon which Agg-1
and Agg-1 acts is a synthetic peptide containing a
fluorescent group that is quenched by energy transfer.
Cleavage of the peptide by the aggrecanase enzyme
results in a large increase in fluorescence. The
initial rates of the reaction are compared to the
initial rates of reactions containing the biaryl
sulfonamide compounds in order to assess the inhibitor
potency of the compounds. [00389] The source of enzyme
in the assay is purified recombinant human
Aggrecanase-2. More specifically, the form used is
denoted as Ag2t-Phe628-Strep (MW= 41,737). This form
is truncated relative to the full-length enzyme and
contains an affinity tag. Aliquots of thisenzyme were
stored at - 8O0C in 25mM Tris (pH 8.0), 10OmMNaCl 55mM
CaCl2, 10mM ZnCl2, 10% glycerol. [00390] The substrate
in the assay is a synthetic peptide that is designed
after a portion of 



brevican, one of the naturally occurring substrates of
Aggrecanase-2. This peptide, denoted as WAKB-5,
contains the fluorescent group 2-aminobenzoyl (Abz)
that is quenched by energy transfer to a
2,4-dinitrophenyl group (Dnp). WAKB-5 (mass = 1740)
was custom synthesized by AnaSpec, Inc. (San Jose, CA)
and was >95% pure based on HPLC analysis. WAKB-5 has
the sequence of Abz-TESESRGAIY-Dap(Dnp)-KK-NH 2. Stock
solutions of the substrate were prepared with MiIIiQ
water and aliquots were stored at - 8O0C. The
concentration of this substrate stock was
spectrophotometrically determined using the extinction
coefficient at 354nm of 18,172M Cm 1. The Fiax and Km
for this enzyme/substrate reaction were determined to
be insensitive to DMSO up to at least 10% (v/v).
[00391] The assay buffer (pH 7.4) consisted of
5OmMHepes, 10OmMNaCl, 5mM CaCl2, 0.1% CHAPS, 5%
glycerol. Each well of black polystyrene 96-well or
384-well plates contained a reaction consisting of
assay buffer, purified Agg-2 (diluted with assay
buffer), and varied concentrations of inhibitor
(prepared by serial dilution in DMSO in 96-well
polypropylene plates). The plates were then incubated
at room temperature for 10 minutes. The enzymatic
reactions were initiated by adding substrate to a
final concentration of 25mM and were mixed by
pipetting up and down. The initial rates of the
cleavage reactions were determined at room temperature
with a fluorescence plate reader immediately after
substrate addition. [00392] A detailed procedure for
100 ml reactions in a 96-well plate with a final DMSO
concentration of 4% and a final enzyme concentration
of 0.5 mg/ml (a concentration found to be suitable in
most cases) is as follows: (1) the compounds were
diluted in a 96-well 



polypropylene plate with 100% DMSO to 25X final
concentration in the assay, (2) the Agg-2 was diluted
to 2.083X final concentration (i.e., 1.04 mg/ml) in
assay buffer, (3) 48.0 ml of 2.083X Agg-2 was then
added to the wells, (4) 4.0 ml of 25X compound was
transferred to the assay plate and the reagents were
mixed, (5) the plates were incubated for 10 minutes at
room temperature, (6) the substrate was diluted to
52.075 mM (2.083X final concentration)with assay
buffer, (7) after the 10 minute pre-incubation, 48.0
ml of 2.083X substrate was added and the reagents were
mixed well, (8) the reactions were immediately
monitored in a fluorescence plate reader at room
temperature on the Tecan Safire with the excitation
being 316nm, bandwidth 12 nm and emission being 432 nm
and bandwidth 12 run. [00393] Analysis of the results
was conducted by generating a plot of time vs. RFU for
each sample. This was used as the "progress curve" of
the reaction. The slope for the portion of the
progress curve that is most linear was then
determined. This slope (RFU/min) was used as the
initial rate of the reaction. Plots of the inhibitor
concentration vs. the initial cleavage rate were then
fit to the following equation: y = Vmax*(l-(x n / (Kn
+ xn))), whereby x = inhibitor concentration, y =
initial rate, Vmax= initial rate in the absence of
inhibitor, n = slope factor, and K = IC50 for the
inhibition curve. Thus the IC50 calculations shown in
Table 1 were determined. Example 5: Inhibition of
ADAMTS-5 Aggrecanase Activity Using the Anti-ADAMTS-5
Antibodies of the Present Invention: [00394] The
anti-ADAMTS-5 antibodies of the present invention were
tested for their ability to inhibit the aggrecanase
activity of ADAMTS-4 (Agg-1) and ADAMTS-5 (Agg-2). The
results are shown in Table 2, which shows the
characteristics of four monoclonal antibodies
generated against recombinant human ADAMTS-5
demonstrated reactivity with ADAMTS- 



5, but not ADAMTS-4 or Bovine Serum Albumin (BSA) in
an ELISA. AUantibodies identified rhADAMTS-5 by
western blot analysis.TABLE 2 Clone ELISA ELISA ELISA
ELISA ELISA ELISA ELISA ELISA Western Western
FullLength Truncated Full Length Truncated Full Length
Full Length Full Length BSA Blot Blot RhADAMTS-5
RhADAMTS-5 RhADAMTS-5 RhADAMTS-5 RhADAMTS-4 RhADAMTS-5
RhADAMTS-4 6/01/03 6/01/03 6/11/03 6/11/03 6/11/03
6/12/03 6/12/03 BSA 6/25 6/26 Reduced non-red. 17
2.522 2.645 3.194 3.348 0.067 3.758 0.115 0.094 + + 18
2.432 2.666 3.107 3.406 0.043 3.839 0.291 0.122 + + 34
2.589 2.654 3.258 3.328 0.068 3.786 0.207 0.064 + + 41
2.622 2.627 3.422 3.538 0.276 4.000 0.374 0.104 +
+While there have been described what are believed to
be preferred embodiments of the invention, those
skilled in the art will recognize that other and
further modifications may be made thereto, e.g. to
adapt the invention to various conditions, or other
requirements, without departing from the spirit of the
present invention as defined by the following
claims.WHAT IS CLAIMED IS: 1. A method for treating an
ADAMTS-5-associated disease in a subject afflicted
with the disease, comprising administering to the
subject an agent which inhibits ADAMTS-5. 2. The
method of claim 1, wherein the agent inhibits the
metalloprotease activity of ADAMTS-5. 3. The method of
claim 1, wherein the agent inhibits the aggrecanase
activity of ADAMTS-5. 4. The method of claim 1,
wherein the ADAMTS-5-associated disease is selected
from the group consisting of osteoarthritis, cancer,
asthma, chronic obstructive pulmonary disease 



("COPD"), atherosclerosis, age-related macular
degeneration, myocardial infarction, corneal
ulceration and other ocular surface diseases,
hepatitis, aortic aneurysms, tendonitis, central
nervous system diseases, abnormal wound healing,
angiogenesis, restenosis, cirrhosis, multiple
sclerosis, glomerulonephritis, graft versus host
disease, diabetes, inflammatory bowel disease, shock,
invertebral disc degeneration, stroke, osteopenia,
rheumatoid arthritis and other forms of arthritis, and
periodontal disease. 5. The method of claim 3 or 4,
wherein the disease is osteoarthritis. 6. The method
of claim 5, wherein the agent is selected from the
group consisting of an anti- ADAMTS-5 antibody and a
biaryl sulfonamide compound. 7. The method of claim 6,
wherein the biaryl sulfonamide compound is a compound
of formula I: OI wherein: R1 is H or C1-C6 alkyl; R2
is H, C1-C6 alkyl, (CH2)nR2', phenyl, or benzyl; n is
0-6; R2 is aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl; R3 is, independently with respect to
each occurrence, H, halogen, OC(halogen) 3,
C(halogen)3, alkoxy, or C1-C6 alkyl; X is selected
from CH2O, OCH2, C(R3)=C(R3), C(R3)2-C(R3)2,
CH2NHC(=O), 0(C=O)NH, O, C(=O)CH2, SO2CH2C(=O)NH,
SO2NH, 0C(=0), CH2S(O), and CH2S(O)2; and 



Z is at least one aryl or heteroaryl moiety. 8. The
method of claim 7, wherein Z is pyridine, pyrimidine,
pyrazine, pyridazine, phenyl, naphthalene, furan,
thiophene, pyrrole, pyrazole, imidazole, oxazole,
isoxazole, thiazole, benzothiazole, quinoline, or
isoquinoline, or wherein: U is selected from S, O,
C(R3)=C(R3), C(R3)=N, and N(R4); W is selected from
C(R3), andN; M is selected from C(R3), and N; L is
selected from S, O, C(R3)=C(R3), C(R3)=N, and N(R4);
R4 and R5 are, independently with respect to each
occurrence, a bond to the other, H, C1-C6 alkyl,
orphenyl; R7 is selected from a bond to R3, H,
halogen, C(halogen)3, NR4R5, N[(CH2)2]2O,
N[(CH2)2]2NR4, NHSO2R4, NR4C(=O)R5, NHC(=0)0R 4, NO2,
SO2NR4R5, SO2R4, OR4,C(=O)R4, COOR4, CONR4R5, CN,
phenyl, heteroaryl, C1-C6 alkyl, C2-C6 alkenyl, or
C2-C6 alkynyl; and R8 is selected from H, phenyl,
heteroaryl, and C1-C6 alkyl. 9. The method of claim 8
wherein R7 is substituted with NR4R5, N[(CH2)2]2q ,
N[(CH2)2]2NR4, NHSO2R4, NR4C(=O)R5, NHC(=O)OR4,NO2,
SO2NR4R5, SO2R4, OR8, C(=0)R4, COOR4, CONR4R5, CN,
phenyl, or heteroaryl. 10. The method of claim 8
wherein R8 is substituted with NR4R5, N[(CH2)2]2O,
N[(CH2)2]2NR4, NR4SO2R5,NR4C(=O)R5, NHC(=0)0R 4,NO 2,
SO2NR4R5, SO2R4, C(=0)R 4, COOR4, CONR4R5, CN, phenyl,
or heteroaryl. 11. The method of claim 7 wherein R1 is
H or branched alkyl. 



12. The method of claim 7 wherein R1 is isopropyl. 13.
The method of claim 7 wherein R3 is halogen, CF3,
OCH3, or CH3. 14. The method of claim 7 wherein X is
CH2O, OCH2, C(R3)=C(R3), or CH2NHC(=0). 15. The method
of claim 7 wherein R7 is CH3, ethyl, isopropyl, CF3,
CN, or OCH3. 16. The method of claim 7 wherein R8 is
CH3, phenyl, and benzyl. 17. The method of claim 7
wherein Z is bicyclic. 18.A method for identifying a
potential agent useful for the treatment of an
ADAMTS-5- associated disease comprising contacting
ADAMTS-5 with the potential agent and measuring the
activity of ADAMTS-5 in the presence of the potential
agent, wherein a reduction in activity is indicative
that the potential agent is useful for the treatment
of the disease. 19. The method of claim 18, wherein
the activity is selected from the group consisting of
metalloproteinase activity and aggrecanase
activity.20. The method of claim 18 or 19, wherein the
ADAMTS-5 is in a cell and the activity is measured in
the cell. 21. The method of claim 20, further
comprising contacting a cell lacking ADAMTS-5 with the
potential agent, measuring the activity in the cell
lacking ADAMTS-5 and comparing trie activity to the
activity of the cell having ADAMTS-5. 22. The method
of claim 18, wherein the ADAMTS-5-associated disease
is selected from trie group consisting of
osteoarthritis, cancer, asthma, chronic obstructive
pulmonary disease ("COPD"), atherosclerosis,
age-related macular degeneration, myocardial
infarction, corneal ulceration and other ocular
surface diseases, hepatitis, aortic aneurysms,
tendonitis, central nervous system diseases, abnormal
wound healing, angiogenesis, restenosis, cirrhosis,
multiple sclerosis, glomerulonephritis, graft versus
host disease, diabetes, inflammatory 



bowel disease, shock, invertebral disc degeneration,
stroke, osteopenia, and periodontal disease. 23. The
method of claim 18, wherein the ADAMTS-5-associated
disease is osteoarthritis. 24. A method for modulating
the activity of ADAMTS-5 comprising contacting ADAMTS
- 5 with a compound the formula I: O 3 R. wherein: R s
H or Cl-C  alkyl; R2 is H, C1-C6 alkyl, (CH2)nR2',
phenyl, or benzyl; n is 0-6; R2 is aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl;R3 is, independently
with respect to each occurrence, H, halogen,
OC(halogen) 3, C(halogen)3, alkoxy, or C1-C6 alkyl; X
is selected from CH2O, OCH2, C(R3)=C(R3),
C(R3)2-C(R3)2 , CH2NHC(=0), 0(C=O)NH, O, C(=O)CH 2,
SO2CH2C(=O)NH, SO2NH, 0C(=0), CH2S(O), and CH2S(O)2;
and Z is at least one aryl or heteroaryl moiety. 25.
The method of claim 24, wherein Z is pyridine,
pyrimidine, pyrazine, pyridazine, phenyl, naphthalene,
fUran,thiophene, pyrrole, pyrazole, imidazole,
oxazole, isoxazole, thiazole, benzothiazole,
quinoline, or isoquinoline, or wherein: U is selected
from S, O, C(R3)=C(R3), C(R3)=N, and N(R4); W is
selected from C(R3), and N; 



M is selected from C(R3), and N; L is selected from S,
O, C(R3)=C(R3), C(R3)=N, and N(R4); R4 and R5 are,
independently with respect to each occurrence, a bond
to the other, H, C1-C6 alkyl, or phenyl; R7 is
selected from a bond to R3, H, halogen, C(halogen) 3,
NR 4R5, N[(CH 2)2]2O, N[(CH2)2]2NR4, NHSO2R4,
NR4C(=O)R 5, NHC(=0)0R 4, NO2, SO2N R4R5, SO2R4, OR4,
C(=O)R4, COOR4, CONR4R5, CN, phenyl, heteroaryl, C1-C6
alkyl, C2-C6 alkenyl, or C2-C6 alkynyl; and R8 is
selected from H, phenyl, heteroaryl, and C1-C6 alkyl.
26. The method of claim 25 wherein R7 is substituted
with NR4R5, N[(CH 2)2]2O, N[(CH2)2]2NR4, NHSO2R4,
NR4C(=O)R5, NHC(=0)0R 4 NO2, SO2NR4R5, SO2R4, OR8,
C(=O)R4, COOR4, CONR4R5, CN, phenyl, or heteroaryl.27.
The method of claim 25 wherein R8 is substituted with
NR4R5, N[(CH 2)2]2q ,
N[(CH2)2]2NR4,NR4SO2R5,NR4C(=O)R5, NHC(=0)0R 4, NO2,
SO2NR 4R5, SO2R4 C(=0)R 4, COOR4, CONR4R5, CN, phenyl,
or heteroaryl. 28. The method of claim 24 wherein R1
is H or branched alkyl. 29. The method of claim 24
wherein R1 is isopropyl. 30. The method of claim 24
wherein R3 is halogen, CF3, OCH3, or CH3 . 31. The
method of claim 24 wherein X is CH2O, OCH2,
C(R3)=C(R3), o r CH2NHC(=O). 32. The method of claim
24 wherein R7 is CH3, ethyl, isopropyl, CF3, CN, or
OCH3. 33. The method of claim 24 wherein R8 is CH3,
phenyl, and benzyl. 34. The method of claim 24 wherein
Z is bicyclic. 35. The method of claim 24, wherein the
activity is metalloproteinase activity. 



36. The method of claim 35, wherein the activity is
aggrecanase activity. 37. The method of claim 7 or 24,
wherein the compound is selected from the group
consisting of the compounds listed in Table 1. 38. The
method of claim 1 or 18, wherein the agent is an
anti-ADAMTS-5 antibody. 39. The method of claim 38,
wherein the antibody has metalloprotese inhibitory
activity. 40. The method of claim 39, wherein the
antibody as aggrecanase inhibitory activity. 










