
HISTONE DEACETYLASE INHIBITORS FIELD OF THE INVENTION
[0001] The present invention relates to compounds that
may be used to inhibit histone deacetylases (HDACs),
as well as compositions of matter and kits comprising
these compounds. The invention also relates to methods
for inhibiting HDACs and treatment methods using
compounds according to the present invention. In
particular, the present invention relates to
compounds, compositions of matter, kits and methods
used to inhibit Class I HDACs, such as HDACl, HDAC2,
HDAC6 and HDAC8. BACKGROUND OF THE INVENTION [0002]
DNA in eukaryotic cells is tightly complexed with
proteins (histones) to form chromatin. Histones are
small, positively charged proteins that are rich in
basic amino acids (positively charged at physiological
pH), which contact the phosphate groups (negatively
charged at physiological pH) of DNA. There are five
main classes of histones Hl, H2A, H2B, H3, and H4. The
amino acid sequences of H2A, H2B, H3, and H4 show
remarkable conservation between species, wherein Hl
varies somewhat and in some cases is replaced by
another histone, e.g., H5. Four pairs of each of H2A,
H2B, H3 and H4 together form a disk-shaped octomeric
protein core, around which DNA (about 140 base pairs)
is wound to form a nucleosome. Individual nucleosomes
are connected by short stretches of linker DNA
associated with another histone molecule to form a
structure resembling a beaded string, which is itself
arranged in a helical stack, known as a solenoid.
[0003] The majority of histones are synthesized during
the S phase of the cell cycle, and newly synthesized
histones quickly enter the nucleus to become
associated with DNA. Within minutes of its synthesis,
new DNA becomes associated with histones in
nucleosomal structures. [0004] A small fraction of
histones, more specifically, the amino acid side
chains thereof, are enzymatically modified by
post-translational addition of methyl, acetyl, or
phosphate groups, neutralizing the positive charge of
the side chain, or converting it to a negative charge.
For example, lysine and arginine groups may be
methylated, lysinegroups may be acetylated, and serine
groups may be phosphorylated. tor lysine, trie -
(CH2)4-NH2 sidechain may be acetylated, for example by
an acetyltransferase enzyme to give the amide
-(CH2)4-NHC(=O)CH 3. Methylation, acetylation, and
phosphorylation of amino termini of histones that
extend from the nucleosomal core affects chromatin
structure and gene expression. Spencer and Davie 1999.
Gene 240:1 1-12. [0005] Acetylation and deacetylation
of histones is associated with transcriptional events
leading to cell proliferation and/or differentiation.
Regulation of the function of transcriptional factors
is also mediated through acetylation. Recent reviews
on histone deacetylation include Kouzarides et al,
1999, Curr. Opin. Genet. Dev. 9:1, 40-48 and Pazin et
al., 1997, 89:3 325-328. [0006] The correlation
between acetylation status of histones and the
transcription of genes has been known for quite some
time. Certain enzymes, specifically acetylases (e.g.,
histone acetyltransferases (HAT) and deacetylases
(histone deacetylases or HDACs), which regulate the
acetylation state of histones have been identified in
many organisms and have been implicated in the
regulation of numerous genes, confirming a link
between acetylation and transcription. In general,
histone acetylation is believed to correlate with
transcriptional activation, whereas histone
deacetylation is believed to be associated with gene
repression. [0007] A growing number of histone
deacetylases (HDACs) have been identified. HDACs
function as part of large multiprotein complexes,
which are tethered to the promoter and repress
transcription. Well characterized transcriptional
repressors such as MAD, nuclear receptors and YYl
associate with HDAC complexes to exert their repressor
function. [0008] Studies of HDAC inhibitors have shown
that these enzymes play an important role in cell
proliferation and differentiation. HDACs are believed
to be associated with a variety of different disease
states including, but not limited to cell
proliferative diseases and conditions (Marks, P.A.,
Richon, V.M., Breslow, R. and Rifkind, R.A., J . Natl.
Cancer Inst. (Bethesda) 92, 1210-1215, 2000) such as
leukemia (Lin etal., 1998. Nature 391: 811- 814;
Grignani et aZ.1998. Nature 391: 815-818; Warrell et
al, 1998, J . Natl. Cancer Inst. 90:1621-1625;
Gelmetti et al, 1998, MoI. Cell Biol. 18:7185-7191;
Wang etal, 1998, PNAS 951 0860-10865),
melanomas/squamous cell carcinomas (Gillenwater etal.,
1998,Int. J. Cancer 75217-224; Saunders et al, 1999,
Cancer Res. 59:399-404), breast cancer, prostrate
cancer, bladder cancer (Gelmetti et al, 1998, MoI.
Cell Biol. 18:7185-7191; Wang et al., 1998, PNAS 951
0860-10865), lung cancer, ovarian cancer, colon cancer
(Hassig et al, 1997, Chem. Biol. 4:783-789; Archer et
al, 1998, PNAS, 956791-6796; Swendeman et al., 1999,
Proc. Amer. Assoc. Cancer Res. 40, Abstract #3836),
and hyperproliferative skin disease such as cancerous
and precancerous skin lesions, as well as inflammatory
cutaneous disorders. [0009] Histone deacetylase
inhibitors are potent inducers of growth arrest,
differentiation, or apoptotic cell death in a variety
of transformed cells in culture and in tumor bearing
animals {Histone deacetylase inhibitors as new cancer
drugs, Marks, P.A., Richon, V.M., Breslow, R. and
Rifkind, R.A., Current Opinions in Oncology, 2001,
Nov. 13 (6): 477-83; Histone deacetylases and cancer:
causes and therapies, Marks, P., Rifkind, R.A.,
Richon, V.M., Breslow, R., Miller, T. and Kelly, W.K.,
Nat. Rev. Cancer 2001 Dec.l (3): 194-202). In
addition, HDAC inhibitors are useful in the treatment
or prevention of protozoal diseases (US Patent
5,922,837) and psoriasis (PCT Publication No. WO
02/26696). [0010] Accordingly, despite the various
HDAC inhibitors that have been reported to date, a
need continues to exist for new and more effective
inhibitors of HDACs. SUMMARY OF THE INVENTION [0011]
The present invention relates to compounds that have
activity for inhibiting histone deacetylases (HDACs).
The present invention also provides compositions,
articles of manufacture and kits comprising these
compounds. [0012] In one embodiment, a pharmaceutical
composition is provided that comprises an HDAC
inhibitor according to the present invention as an
active ingredient. Pharmaceutical compositions
according to the invention may optionally comprise
0.001%- 100% of one or more HDAC inhibitors of this
invention. These pharmaceutical compositions may be
administered or coadministered by a wide variety of
routes, including for example, orally, parenterally,
intraperitoneally, intravenously, intraarterially,
transdermally, sublingually, intramuscularly,
rectally, transbuccally, intranasally, liposomally,
via inhalation, vaginally, intraoccularly, via local
delivery (for example bycatheter or stent),
subcutaneously, intraadiposally, intraarticularly, or
intrathecally. The compositions may also be
administered or co-administered in slow release dosage
forms. [0013] The invention is also directed to kits
and other articles of manufacture for treating disease
states associated with one or more HDAC. [0014] In one
embodiment, a kit is provided that comprises a
composition comprising at least one HDAC inhibitor of
the present invention in combination with
instructions. The instructions may indicate the
disease state for which the composition is to be
administered, storage information, dosing information
and/or instructions regarding how to administer the
composition. The kit may also comprise packaging
materials. The packaging material may comprise a
container for housing the composition. The kit may
also optionally comprise additional components, such
as syringes for administration of the composition. The
kit may comprise the composition in single or multiple
dose forms. [0015] In another embodiment, an article
of manufacture is provided that comprises a
composition comprising at least one HDAC inhibitor of
the present invention in combination with packaging
materials. The packaging material may comprise a
container for housing the composition. The container
may optionally comprise a label indicating the disease
state for which the composition is to be administered,
storage information, dosing information and/or
instructions regarding how to administer the
composition. The kit may also optionally comprise
additional components, such as syringes for
administration of the composition. The kit may
comprise the composition in single or multiple dose
forms. [0016] Also provided are methods for preparing
compounds, compositions and kits according to the
present invention. For example, several synthetic
schemes are provided herein for synthesizing compounds
according to the present invention. In still another
embodiment, reactive intermediates are provided for
use in conjunction with the synthetic schemes. [0017]
Also provided are methods for using compounds,
compositions, kits and articles of manufacture
according to the present invention. [0018] In one
embodiment, the compounds, compositions, kits and
articles of manufacture are used to inhibit one or
more HDAC.[0019] In another embodiment, the compounds,
compositions, kits and articles of manufacture are
used to treat a disease state for which one or more
HDAC possesses activity that contributes to the
pathology and/or symptomology of the disease state.
[0020] In another embodiment, a compound is
administered to a subject wherein HDAC activity within
the subject is altered, preferably reduced. [0021] In
another embodiment, a prodrug of a compound is
administered to a subject that is converted to the
compound in vivo where it inhibits one or more HDAC.
[0022] In another embodiment, a method of inhibiting
one or more HDAC is provided that comprises contacting
an HDAC with a compound according to the present
invention. [0023] In another embodiment, a method of
inhibiting one or more HDAC is provided that comprises
causing a compound according to the present invention
to be present in a subject in order to inhibit the
HDAC in vivo. [0024] In another embodiment, a method
of inhibiting an HDAC is provided that comprises
administering a first compound to a subject that is
converted in vivo to a second compound wherein the
second compound inhibits the HDAC in vivo. It is noted
that the compounds of the present invention may be the
first or second compounds. [0025] In another
embodiment, a therapeutic method is provided that
comprises administering a compound according to the
present invention. [0026] In another embodiment, a
method of treating a condition in a patient which is
known to be mediated by one or more HDAC, or which is
known to be treated by HDAC inhibitors, comprising
administering to the patient a therapeutically
effective amount of a compound according to the
present invention. [0027] In another embodiment, a
method is provided for treating a disease state for
which one or more HDAC possesses activity that
contributes to the pathology and/or symptomology of
the disease state, the method comprising: causing a
compound according to the present invention to be
present in a subject in a therapeutically effective
amount for the disease state. [0028] In another
embodiment, a method is provided for treating a
disease state for which one or more HDAC possesses
activity that contributes to the pathology and/or
symptomology of the disease state, the method
comprising: administering a first compound to a
subject that is converted in vivo to a second compound
such that the secondcompound is present in the subject
in a therapeutically effective amount for the disease
state. It is noted that the compounds of the present
invention may be the first or second compounds. [0029]
In another embodiment, a method is provided for
treating a disease state for which one or more HDAC
possesses activity that contributes to the pathology
and/or symptomology of the disease state, the method
comprising: administering a compound according to the
present invention to a subject such that the compound
is present in the subject in a therapeutically
effective amount for the disease state. [0030] In
another embodiment, a method is provided for using a
compound according to the present invention in order
to manufacture a medicament for use in the treatment
of a disease state that is known to be mediated by one
or more HDAC, or that is known to be treated by HDAC
inhibitors. [0031] It is noted in regard to all of the
above embodiments that the present invention is
intended to encompass all pharmaceutically acceptable
ionized forms (e.g., salts) and solvates (e.g.,
hydrates) of the compounds, regardless of whether such
ionized forms and solvates are specified since it is
well know in the art to administer pharmaceutical
agents in an ionized or solvated form. It is also
noted that unless a particular stereochemistry is
specified, recitation of a compound is intended to
encompass all possible stereoisomers (e.g.,
enantiomers or diastereomers depending on the number
of chiral centers), independent of whether the
compound is present as an individual isomer or a
mixture of isomers. Further, unless otherwise
specified, recitation of a compound is intended to
encompass all possible resonance forms and tautomers.
With regard to the claims, the language "compound
comprising the formula" is intended to encompass the
compound and all pharmaceutically acceptable ionized
forms and solvates, all possible stereoisomers, and
all possible resonance forms and tautomers unless
otherwise specifically specified in the particular
claim. [0032] It is further noted that prodrugs may
also be administered which are altered in vivo and
become a compound according to the present invention.
The various methods of using the compounds of the
present invention are intended, regardless of whether
prodrug delivery is specified, to encompass the
administration of a prodrug that is converted in vivo
to a compound according to the present invention. It
is also noted that certaincompounds of the present
invention may be altered in vivo prior to inhibiting
kinases and thus may themselves be prodrugs for
another compound. Such prodrugs of another compound
may or may not themselves independently have kinase
inhibitory activity. BRIEF DESCRIPTION OF THE FIGURES
[0033] Figure 1 illustrates residues 1-482 of HDAC 1
and a Flag tag at both the N- and C- terminus (SEQ ID
NO: 1). [0034] Figure 2 illustrates the DNA sequence
(SEQ ID NO: 2) that was used to encode SEQ ID NO: 1.
[0035] Figure 3 illustrates residues 1-488 of HDAC2
and a 6-histidine tag at the Cterminus (SEQ ID NO: 3).
[0036] Figure 4 illustrates the DNA sequence (SEQ ID
NO: 4) that was used to encode SEQ ID NO: 3. [0037]
Figure 5 illustrates residues 73-845 of HDAC6 and a
6-histidine tag at the Cterminus (SEQ ID NO: 5).
[0038] Figure 6 illustrates the DNA sequence (SEQ ID
NO: 6) that was used to encode SEQ ID NO: 5. [0039]
Figure 7 illustrates residues 1-377 of HDAC8 and a
6-histidine tag at the Nterminus (SEQ ID NO: 7).
[0040] Figure 8 illustrates the DNA sequence (SEQ ID
NO: 8) that was used to encode SEQ ID NO: 7.
DEFINITIONS [0041] Unless otherwise stated, the
following terms used in the specification and claims
shall have the following meanings for the purposes of
this Application. [0042] "Alicyclic" means a moiety
comprising a non-aromatic ring structure. Alicyclic
moieties may be saturated or partially unsaturated
with one, two or more double or triple bonds.
Alicyclic moieties may also optionally comprise
heteroatoms such as nitrogen, oxygen and sulfur. The
nitrogen atoms can be optionally quaternerized or
oxidized and the sulfur atoms can be optionally
oxidized. Examples of alicyclic moieties include, but
are not limited to moieties with C - rings such as
cyclopropyl, cyclohexane, cyclopentane,cyclopentene,
cyclopentadiene, cyclohexane, cyclohexene,
cyclohexadiene, cycloheptane, cycloheptene,
cycloheptadiene, cyclooctane, cyclooctene, and
cyclooctadiene. [0043] "Aliphatic" means a moiety
characterized by a straight or branched chain
arrangement of constituent carbon atoms and may be
saturated or partially unsaturated with one, two or
more double or triple bonds. [0044] "Alkoxy" means an
oxygen moiety having a further alkyl substituent. The
alkoxy groups of the present invention can be
optionally substituted. [0045] "Alkyl" represented by
itself means a straight or branched, saturated or
unsaturated, aliphatic radical having a chain of
carbon atoms, optionally with oxygen (See "oxaalkyl")
or nitrogen atoms (See "aminoalkyl") between the
carbon atoms. Cx alkyl and Cc g alkyl are typically
used where X and Y indicate the number of carbon atoms
in the chain. For example, C1-6 alkyl includes alkyls
that have a chain of between 1 and 6 carbons (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
isobutyl, tert-butyl, vinyl, allyl, 1-propenyl,
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-methylallyl, ethynyl, 1-propynyl, 2-propynyl, and
the like). Alkyl represented along with another
radical (e.g., as in arylalkyl, heteroarylalkyl) means
a straight or branched, saturated or unsaturated
aliphatic divalent radical having the number of atoms
indicated or when no atoms are indicated means a bond
(e.g., (C6-1o)aryl(C1-3)alkyl includes, benzyl,
phenethyl, 1-phenylethyl, 3-phenylpropyl,
2-thienylmethyl, 2-pyridinylmethyl and the like).
[0046] "Alkenyl" means a straight or branched, carbon
chain that contains at least one carbon-carbon double
bond. Examples of alkenyl include vinyl, allyl,
isopropenyl, pentenyl, hexenyl, heptenyl, 1-propenyl,
2-butenyl, 2-methyl-2-butenyl, and the like. [0047]
"Alkynyl" means a straight or branched, carbon chain
that contains at least one carbon-carbon triple bond.
Examples of alkynyl include ethynyl, propargyl,
3-methyl-lpentynyl, 2-heptynyl and the like. [0048]
"Alkylene", unless indicated otherwise, means a
straight or branched, saturated or unsaturated,
aliphatic, divalent radical. Cx alkylene and Cc.g
alkylene are typically used where X and Y indicate the
number of carbon atoms in the chain. For example, Ci-6
alkylene includes methylene (-CH2-), ethylene
(-CH2CH2-), trimethylene (-CH2CH2CH2-), tetramethylene
(-CH2CH2CH2CH2-) 2-butenylene
(-CH2CH=CHCH2-),2-methyltetramethylene
(-CH2CH(CH3)CH2CH2-), pentamethylene
(-CH2CH2CH2CH2CH2-) and the like. [0049] "Alkenylene"
means a straight or branched, divalent carbon chain
having one or more carbon-carbon double bonds.
Examples of alkenylene include ethene-l,2-diyl,
propene-l,3-diyl, methylene- 1,1-diyl, and the like.
[0050] "Alkynylene" means a straight or branched,
divalent carbon chain having one or more carbon-carbon
triple bonds. Examples of alkynylene include
ethyne-l,2-diyl, propyne-l,3-diyl, and the like.
[0051] "Alkylidene" means a straight or branched
saturated or unsaturated, aliphatic radical connected
to the parent molecule by a double bond. Cx alkylidene
and Cc.g alkylidene are typically used where X and Y
indicate the number of carbon atoms in the chain. For
example, Ci- alkylidene includes methylene (=CH2),
ethylidene (=CHCH3), isopropylidene (=C(CH3)2),
propylidene (=CHCH2CH3), allylidene (=CH-CH=CH2), and
the like). [0052] "Amido" means the radical -NR C(O)Rb
where the point of attachment to the molecule is at
the nitrogen, and R and Rb are further substituents
attached to the nitrogen and the carbon of the
carbonyl, respectively. [0053] "Amino" means a
nitrogen moiety having two further substituents where,
for example, a hydrogen or carbon atom is attached to
the nitrogen. For example, representative amino groups
include -NH , -NHCH , -N(CH3)2, -NHC1-10-alkyl,
-N(C1-1Oalkyl) 2, -NHaryl, -NHheteroaryl, -N(aryl) ,
-N(heteroaryl)2, and the like. Optionally, the two
substituents together with the nitrogen may also form
a ring. Unless indicated otherwise, the compounds of
the invention containing amino moieties may include
protected derivatives thereof. Suitable protecting
groups for amino moieties include acetyl, t
rt-butoxycarbonyl, benzyloxycarbonyl, and the like.
[0054] "Aminoalkyl" means an alkyl, as defined above,
except where one or more substituted or unsubstituted
nitrogen atoms (-N-) are positioned between carbon
atoms of the alkyl. For example, an (C2-6) aminoalkyl
refers to a chain comprising between 2 and 6 carbons
and one or more nitrogen atoms positioned between the
carbon atoms.[0055] "Animal" includes humans,
non-human mammals (e.g., dogs, cats, rabbits, cattle,
horses, sheep, goats, swine, deer, and the like) and
non-mammals (e.g., birds, and the like). [0056]
"Aromatic" means a moiety wherein the constituent
atoms make up an unsaturated ring system, all atoms in
the ring system are sp2 hybridized and the total
number of pi electrons is equal to 4n+2. An aromatic
ring may be such that the ring atoms are only carbon
atoms or may include carbon and non-carbon atoms (see
Heteroaryl). [0057] "Aryl" means a monocyclic or
polycyclic ring assembly wherein each ring is aromatic
or when fused with one or more rings forms an aromatic
ring assembly. If one or more ring atoms is not carbon
(e.g., N, S), the aryl is a heteroaryl. Cx aryl and Cc
g aryl are typically used where X and Y indicate the
number of atoms in the ring. [0058] "Bicycloalkyl"
means a saturated or partially unsaturated fused
bicyclic or bridged polycyclic ring assembly. [0059]
"Bicycloaryl" means a bicyclic ring assembly wherein
the rings are linked by a single bond or fused and at
least one of the rings comprising the assembly is
aromatic. Cx bicycloaryl and Cc g bicycloaryl are
typically used where X and Y indicate the number of
carbon atoms in the bicyclic ring assembly and
directly attached to the ring. [0060] "Bridging ring"
as used herein refers to a ring that is bonded to
another ring to form a compound having a bicyclic
structure where two ring atoms that are common to both
rings are not directly bound to each other.
Non-exclusive examples of common compounds having a
bridging ring include borneol, norbornane, 7-
oxabicyclo[2.2.1]heptane, and the like. One or both
rings of the bicyclic system may also comprise hetero
atoms. [0061] "Carbamoyl" means the radical
-OC(O)NRJRb where Ra and Rb are each independently two
further substituents where a hydrogen or carbon atom
is attached to the nitrogen. [0062] "Carbocycle" means
a ring consisting of carbon atoms. [0063] "Carbocyclic
ketone derivative" means a carbocyclic derivative
wherein the ring contains a -CO- moiety.[0064]
"Carbonyl" means the radical -CO-. It is noted that
the carbonyl radical may be further substituted with a
variety of substituents to form different carbonyl
groups including acids, acid halides, aldehydes,
amides, esters, and ketones. [0065] "Carboxamido"
means the radical -C(O)NR Rb where the point of
attachment to the molecule is at the carbon of the
carbonyl, and R and Rb are each independently two
further substituents on the nitrogen. [0066] "Carboxy"
means the radical -CO -. It is noted that compounds of
the invention containing carboxy moieties may include
protected derivatives thereof, i.e., where the oxygen
is substituted with a protecting group. Suitable
protecting groups for carboxy moieties include benzyl,
tert-butyl, and the like. [0067] "Cyano" means the
radical -CN. [0068] "Cycloalkyl" means a non-aromatic,
saturated or partially unsaturated, monocyclic, fused
bicyclic or bridged polycyclic ring assembly. Cx
cycloalkyl and Cc.g cycloalkyl are typically used
where X and Y indicate the number of carbon atoms in
the ring assembly. For example, C -Iocycloalkyl
includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexenyl, 2,5-cyclohexadienyl,
bicyclo[2.2.2]octyl, adamantan-1-yl,
decahydronaphthyl, oxocyclohexyl, dioxocyclohexyl,
thiocyclohexyl, 2~oxobicyclo[2.2.1]hept-l-yl, and the
like. [0069] "Cycloalkylene" means a divalent
saturated or partially unsaturated, monocyclic or
polycyclic ring assembly. Cx cycloalkylene and Cc.g
cycloalkylene are typically used where X and Y
indicate the number of carbon atoms in the ring
assembly. [0070] "Disease" specifically includes any
unhealthy condition of an animal or part thereof and
includes an unhealthy condition that may be caused by,
or incident to, medical or veterinary therapy applied
to that animal, i.e., the "side effects" of such
therapy. [0071] "Fused ring" as used herein refers to
a ring that is bonded to another ring to form a
compound having a bicyclic structure when the ring
atoms that are common to both rings are directly bound
to each other. Non-exclusive examples of common fused
rings include decalin, naphthalene, anthracene,
phenanthrene, indole, furan, benzofuran, quinoline,
and the like. Compounds having fused ring systems may
be saturated, partially saturated, carbocyclics,
heterocyclics, aromatics, heteroaromatics, and the
like. [0072] "Halo" means f uoro, chloro, bromo or
iodo.[0073] "Halo-substituted alkyl", as an isolated
group or part of a larger group, means "alkyl"
substituted by one or more "halo" atoms, as such terms
are defined in this Application. Halo-substituted
alkyl includes haloalkyl, dihaloalkyl, trihaloalkyl,
perhaloalkyl and the like (e.g., halo-substituted
(Q^alkyl includes chloromethyl, dichloromethyl,
difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,
perfluoroethyl, 2,2,2-trifluoro-l,l-dichloroethyl, and
the like). [0074] "Heteroatom" refers to an atom that
is not a carbon atom. Particular examples of
heteroatoms include, but are not limited to nitrogen,
oxygen, and sulfur. [0075] "Heteroatom moiety"
includes a moiety where the atom by which the moiety
is attached is not a carbon. Examples of heteroatom
moieties include -N=, -NRC-, -N+(O )=, -O-, -S- or
-S(O)2-, wherein Rc is further substituent. [0076]
"Heterobicycloalkyl" means bicycloalkyl, as defined in
this Application, provided that one or more of the
atoms within the ring is a heteroatom. For example
hetero(C9-12)bicycloalkyl as used in this application
includes, but is not limited to, 3-azabicyclo[
4.1.0]hept-3-yl, 2-aza-bicyclo[3.1.0]hex-2-yl ,
3-aza-bicyclo[3.1.0]hex-3-yl, and the like. [0077]
"Heterocycloalkylene" means cycloalkylene, as defined
in this Application, provided that one or more of the
ring member carbon atoms is replaced by a heteroatom.
[0078] "Heteroaryl" means a cyclic aromatic group
having five or six ring atoms, wherein at least one
ring atom is a heteroatom and the remaining ring atoms
are carbon. The nitrogen atoms can be optionally
quaternerized and the sulfur atoms can be optionally
oxidized. Heteroaryl groups of this invention include,
but are not limited to, those derived from furan,
imidazole, isothiazole, isoxazole, oxadiazole,
oxazole, 1,2,3-oxadiazole, pyrazine, pyrazole,
pyridazine, pyridine, pyrimidine, pyrroline, thiazole,
1,3,4-thiadiazole, triazole and tetrazole.
"Heteroaryl" also includes, but is not limited to,
bicyclic or tricyclic rings, wherein the heteroaryl
ring is fused to one or two rings independently
selected from the group consisting of an aryl ring, a
cycloalkyl ring, a cycloalkenyl ring, and another
monocyclic heteroaryl or heterocycloalkyl ring. These
bicyclic or tricyclic heteroaryls include, but are not
limited to, those derived from benzo[b]furan,
benzo[b]thiophene, benzimidazole,
imidazo[4,5-c]pyridine, quinazoline,
thieno[2,3-c]pyridine, thieno[3,2- b]pyridine,
thieno[2,3-b]pyridine, indolizine,
imidazo[l,2a]pyridine, quinoline,isoquinoline,
phthalazine, quinoxaline, naphthyridine, quinolizine,
indole, isoindole, indazole, indoline, benzoxazole,
benzopyrazole, benzothiazole, imidazo[l,5-a]pyridine,
pyrazolo[1,5-a]pyridine, imidazo[1,2-a]pyrimidine,
imidazo [1,2-c]pyrimidine, imidazo[l,5-a]pyrimidine,
imidazo[l,5-c]pyrimidine, pyrrolo[2,3-b]pyridine,
pyrrolo[2,3- cjpyridine, pypOlo[3,2-c]pyridine,
pyrrolo[3,2-b]pyridine, pyrrolo[2,3-d]pyrimidine,
pyrrolo[3,2-d]pyrimidine, pyrrolo[2,3-b]pyrazine,
pyrazolo[l,5-a]pyridine, pyrrolo[l,2- bjpyridazine,
pyrrolo[l,2-c]pyrimidine, pyrrolo[l,2-a]pyrimidine,
pyrrolo[l,2-a]pyrazine, triazo[l,5-a]pyridine,
pteridine, purine, carbazole, acridine, phenazine,
phenothiazene, phenoxazine,
l,2-dihydropyrrolo[3,2,l-/zz]indole, indolizine,
pyrido[l,2-a]indole and 2(lH)-pyridinone. The bicyclic
or tricyclic heteroaryl rings can be attached to the
parent molecule through either the heteroaryl group
itself or the aryl, cycloalkyl, cycloalkenyl or
heterocycloalkyl group to which it is fused. The
heteroaryl groups of this invention can be substituted
or unsubstituted. [0079] "Heterobicycloaryl" means
bicycloaryl, as defined in this Application, provided
that one or more of the atoms within the ring is a
heteroatom. For example, hetero(C4-i2)bicycloaryl as
used in this Application includes, but is not limited
to, 2-amino-4-oxo-3,4-dihydropteridin-6-yl,
tetrahydroisoquinolinyl, and the like. [0080]
"Heterocycloalkyl" means cycloalkyl, as defined in
this Application, provided that one or more of the
atoms forming the ring is a heteroatom selected,
independently from N, O, or S. Non-exclusive examples
of heterocycloalkyl include piperidyl, 4- 



morpholyl, 4-piperazinyl, pyrrolidinyl,
perhydropyrrolizinyl, 1,4-diazaperhydroepinyl,
1,3-dioxanyl, 1,4-dioxanyl and the like. [0081]
"Hydroxy" means the radical -OH. [0082] "IC50" means
the molar concentration of an inhibitor that produces
50% inhibition of the target enzyme. [0083]
"Iminoketone derivative" means a derivative comprising
the moiety -C(NR)-, wherein R comprises a hydrogen or
carbon atom attached to the nitrogen. [0084] "Isomers"
mean any compound having an identical molecular
formulae but differing in the nature or sequence of
bonding of their atoms or in the arrangement of their
atoms in space. Isomers that differ in the arrangement
of their atoms in space are termed "stereoisomers."
Stereoisomers that are not mirror images of one
another are termed"diastereomers" and stereoisomers
that are nonsuperimposable mirror images are termed
"enantiomers" or sometimes "optical isomers." A carbon
atom bonded to four nonidentical substituents is
termed a "chiral center." A compound with one chiral
center has two enantiomeric forms of opposite
chirality. A mixture of the two enantiomeric forms is
termed a "racemic mixture." A compound that has more
than one chiral center has 2'1 1 enantiomeric pairs,
where n is the number of chiral centers. Compounds
with more than one chiral center may exist as ether an
individual diastereomer or as a mixture of
diastereomers, termed a "diastereomeric mixture." When
one chiral center is present a stereoisomer may be
characterized by the absolute configuration of that
chiral center. Absolute configuration refers to the
arrangement in space of the substituents attached to
the chiral center. Enantiomers are characterized by
the absolute configuration of their chiral centers and
described by the R- and 5-sequencing rules of Cahn,
Ingold and Prelog. Conventions for stereochemical
nomenclature, methods for the determination of
stereochemistry and the separation of stereoisomers
are well known in the art (e.g., see 'Advanced Organic
Chemistry", 4th edition, March, Jerry, John Wiley &
Sons, New York, 1992). [0085] "Leaving group" means a
moiety that can be displaced by another moiety, such
as by nucleophilic attack, during a chemical reaction.
Leaving groups are well known in the art and include,
for example, halides and OSO2R' where R' is, for
example, alkyl, haloalkyl, or aryl optionally
substituted by halo, alkyl, alkoxy, amino, and the
like. Nonlimiting examples of leaving groups include
chloro, bromo, iodo, mesylate, tosylate, and other
similar groups. [0086] "Nitro" means the radical -NO2.
[0087] "Oxo" means the radical =0. [0088] "Oxaalkyl"
means an alkyl, as defined above, except where one or
more oxygen atoms (-O-) are positioned between carbon
atoms of the alkyl. For example, an (C2- 6)oxaalkyl
refers to a chain comprising between 2 and 6 carbons
and one or more oxygen atoms positioned between the
carbon atoms. [0089] "Oxoalkyl" means an alkyl,
further substituted with a carbonyl group. The
carbonyl group may be an aldehyde, ketone, ester,
amide, acid or acid chloride.[0090] "Pharmaceutically
acceptable" means that which is useful in preparing a
pharmaceutical composition that is generally safe,
non-toxic and neither biologically nor otherwise
undesirable and includes that which is acceptable for
veterinary use as well as human pharmaceutical use.
[0091] "Pharmaceutically acceptable salts" means salts
of compounds of the present invention which are
pharmaceutically acceptable, as defined above, and
which possess the desired pharmacological activity.
Such salts include acid addition salts formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or with organic acids such as acetic acid,
propionic acid, hexanoic acid, heptanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, -(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid,
p-chlorobenzenesulfonic acid, 2-naphthalenesulfonic
acid, jo-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo[2.2.2]oct-2-ene-l-carboxylic acid,
glucoheptonic acid,
4,4'-methylenebis(3-hydroxy-2-ene-l-carboxylic acid),
3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, lauryl sulfuric acid, gluconic acid,
glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconic acid and the like. [0092]
Pharmaceutically acceptable salts also include base
addition salts which may be formed when acidic protons
present are capable of reacting with inorganic or
organic bases. Acceptable inorganic bases include
sodium hydroxide, sodium carbonate, potassium
hydroxide, aluminum hydroxide and calcium hydroxide.
Acceptable organic bases include ethanolamine,
diethanolamine, triethanolamine, tromethamine,
iV-methylglucamine and the like. [0093] "Prodrug"
means a compound that is convertible in vivo
metabolically into an inhibitor according to the
present invention. The prodrug itself may or may not
also have HDAC inhibitory activity. For example, an
inhibitor comprising a hydroxy group may be
administered as an ester that is converted by
hydrolysis in vivo to the hydroxy compound. Suitable
esters that may be converted in vivo into hydroxy
compounds include acetates, citrates, lactates,
tartrates, malonates, oxalates, salicylates,
propionates, succinates,fumarates, maleates,
methylene-bis-b-hydroxynaphthoates, gentisates,
isethionates, di-p-toluoyltartrates,
methanesulfonates, ethanesulfonates,
benzenesulfonates, p-toluenesulfonates,
cyclohexylsulfamates, quinates, esters of amino acids,
and the like. Similarly, an inhibitor comprising an
amine group may be administered as an amide that is
converted by hydrolysis in vivo to the amine compound.
[0094] "Protected derivatives" means derivatives of
inhibitors in which a reactive site or sites are
blocked with protecting groups. Protected derivatives
are useful in the preparation of inhibitors or in
themselves may be active as inhibitors. A
comprehensive list of suitable protecting groups can
be found in T.W. Greene, Protecting Groups in Organic
Synthesis, 3rd edition, John Wiley & Sons, Inc. 1999.
[0095] "Ring" means a carbocyclic or a heterocyclic
system. [0096] "Substituted or unsubstituted" means
that a given moiety may consist of only hydrogen
substituents through available valencies
(unsubstituted) or may further comprise one or more
non-hydrogen substituents through available valencies
(substituted) that are not otherwise specified by the
name of the given moiety. For example, isopropyl is an
example of an ethylene moiety that is substituted by
-CH3. In general, a non-hydrogen substituent may be
any substituent that may be bound to an atom of the
given moiety that is specified to be substituted.
Examples of substituents include, but are not limited
to, aldehyde, alicyclic, aliphatic, (Q.^alkyl,
alkylene, alkylidene, amide, amino, aminoalkyl,
aromatic, aryl, bicycloalkyl, bicycloaryl, carbamoyl,
carbocyclyl, carboxyl, carbonyl group, cycloalkyl,
cycloalkylene, ester, halo, heterobicycloalkyl,
heterocycloalkylene, heteroaryl, heterobicycloaryl,
heterocycloalkyl, oxo, hydroxy, iminoketone, ketone,
nitro, oxaalkyl, and oxoalkyl moieties, each of which
may optionally also be substituted or unsubstituted.
[0097] "Sulfinyl" means the radical -SO-. It is noted
that the sulfinyl radical may be further substituted
with a variety of substituents to form different
sulfinyl groups including sulfinic acids,
sulfinamides, sulfinyl esters, and sulfoxides. [0098]
"Sulfonyl" means the radical -SO2-. It is noted that
the sulfonyl radical may be further substituted with a
variety of substituents to form different sulfonyl
groups including sulfonic acids, sulfonamides,
sulfonate esters, and sulfones.[0099] "Therapeutically
effective amount" means that amount which, when
administered to an animal for treating a disease, is
sufficient to effect such treatment for the disease.
[0100] "Thiocarbonyl" means the radical -CS-. It is
noted that the thiocarbonyl radical may be further
substituted with a variety of substituents to form
different thiocarbonyl groups including thioacids,
thioamides, thioesters, and thioketones. [0101]
"Treatment" or "treating" means any administration of
a compound of the present invention and includes: (1)
preventing the disease from occurring in an animal
which may be predisposed to the disease but does not
yet experience or display the pathology or
symptomatology of the disease, (2) inhibiting the
disease in an animal that is experiencing or
displaying the pathology or symptomatology of the
diseased (i.e., arresting further development of the
pathology and/or symptomatology), or (3) ameliorating
the disease in an animal that is experiencing or
displaying the pathology or symptomatology of the
diseased (i.e., reversing the pathology and/or
symptomatology). [0102] It is noted in regard to all
of the definitions provided herein that the
definitions should be interpreted as being open ended
in the sense that further substituents beyond those
specified may be included. Hence, a C1 alkyl indicates
that there is one carbon atom but does not indicate
what are the substituents on the carbon atom. Hence, a
C1 alkyl comprises methyl (i.e., -CH3) as well as
-CRaRbRc where Ra, Rb, and R0 may each independently
be hydrogen or any other substituent where the atom
attached to the carbon is a heteroatom or cyano.
Hence, CF3, CH2OH and CH2CN, for example, are all C1
alkyls. DETAILED DESCRIPTION OF THE INVENTION [0103]
The present invention relates to compounds,
compositions, kits and articles of manufacture that
may be used to inhibit histone deacetylases (HDACs)
and, in particular, Class I HDACs such as HDACl,
HDAC2, HDAC6 and HDAC8. [0104] At least seventeen
human genes that encode proven or putative HDACs have
been identified to date, some of which are described
in Johnstone, R. W., "HistoneDeacetylase Inhibitors:
Novel Drugs for the Treatment of Cancer", Nature
Reviews, Volume I, pp. 287-299, (2002) and PCT
Publication Nos. 00/10583, 01/18045, 01/42437 and
02/08273. [0105] HDACs have been categorized into
three distinct classes based on their relative size
and sequence homology. The different HDACs (Homo
sapiens), HDAC classes, sequences and references
describing the different HDACs are provided in Tables
1 - 3. TABLE 1 : CLASS I HDACs TABLE 2: CLASS II
HDACsTABLE 3: CLASS III HDACs[0106] Of particular note
are Class I HDACs. AU Class I HDACs appear to be
sensitive to inhibition by trichostatin A (TSA). Of
particular note HDAC2 and HDAC8, proteins whose
crystal structures Applicants determined and used in
conjunction with arriving at the present invention.
[0107] HDAC2 is a 488 residue, 55 kDa protein
localized to the nucleus of a wide array of tissues,
as well as several human tumor cell lines. The
wild-type form of full length HDAC2 is described in
GenBank Accession Number NM 001527, Furukawa, Y. et
al., Cryogenet. Cell Genet., 73 (1-2), 130-133 (1996).
Zn2+ is likely native to the protein and required for
HDAC2 activity. [0108] HDAC8 is a 377 residue, 42kDa
protein localized to the nucleus of a wide array of
tissues, as well as several human tumor cell lines.
The wild-type form of full length HDAC8 is described
in GenBank Accession Number NP 060956; Buggy, JJ. et
al., Biochem. J., 350 (Pt 1), 199-205 (2000). Zn2+ is
likely native to the protein and required for HDAC8
activity.[0109] It is noted that the compounds of the
present invention may also possess inhibitory activity
for other HDAC family members and thus may be used to
address disease states associated with these other
family members. Crystal Structure of Histone
Deacetylase [0110] Syrrx, Inc. (now Takeda San Diego,
Inc.) in San Diego, California solved the crystal
structure for HDAC2. HDAC2 was found to adopt an
open-faced a/b structure consisting of 8 central
parallel b-sheets sandwiched between 12 a-helices. The
ligand binding cleft lies almost in the plane of the
central b-sheet, and is formed primarily by loops
emanating from the carboxy-terminal ends of the
b-strands comprising the sheet. Residues which form
loop regions extending between b-strand 1 and oc-helix
1 and between a-helix 4 and a-helix 5, provide key
surface interactions with bound ligands. Residues
which form loop regions extending between b-strand 3
and a-helix 6 and between b-strand 4 and a-helix 7 and
between b-strand 8 and a-helix 10 play important roles
in defining the shape of the ligand binding pocket,
and are involved in a number of key interactions with
the bound ligands. [0111] HDAC8 was found to have a
single domain structure belonging to the open a/b
class of folds. The structure consists of a central
8-stranded parallel b-sheet sandwiched between layers
of a-helices. The ligand binding clefts lie almost in
the plane of the central b-sheet, and are formed
primarily by loops emanating from the carboxy-terminal
ends of the b-strands comprising the sheet. There are
two large structural extensions, which occur beyond
the core of the a/b motif, off the second and last
b-strands of the central b-sheet. Residues contained
in the extension off the second b-strand form a
globular "cap" over the core of the protein, play an
important role in defining the shape of the ligand
binding pockets, and are involved in a number of key
interactions with the bound ligands. [0112] Knowledge
of the crystal structures was used to guide the design
of the HDAC inhibitors provided herein.HDAC Inhibitors
[0113] In one embodiment, HDAC inhibitors of the
present invention comprise: wherein: n is selected
from the group consisting of 0, 1, 2, 3 and 4; A1 is
selected from the group consisting of
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl, and hetero(C
4-i2)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atom to which L is attached; J1 is
selected from the group consisting Of-CR 7R7 1- and
-NR19- ; J is selected from the group consisting of
-CR 2oR2o' and -NR 1 -; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Q.^alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
surfonyl(C 1-3)alkyl, sulfinyl(Cj -3)alkyl, amino
(C1-10)alkyl, imino(C 1 3)alkyl, (C3 12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(C 1_5)alkyl, hetero(C
8-i2)bicycloaryI(C 1_5)alkyl, (C3-i2)cycloalkyl,
hetero(C 3-12)cycloalkyl, hetero(C 3-12)bicycloalkyl,
aryl, heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R1 and R2 are taken together to form a substituted
or unsubstituted ring; R3 is selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-Io)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl,aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Q.^alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9.i2)bicycloaryl(Ci -5)alkyl,
hetero(C8-i2)bicycloaryl(C 1 5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4.12)bicycloaryl, each substituted or
unsubstituted; R , R5', R6, R ', R7, and R7', R2 and
R20' are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1 o)alkyl,
halo(C 1.1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C -3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(Ci_3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3.12)cycloalkyl(C 1-5)alkyl, hetero(C 3
12)cycloalkyl(C 1-5)alkyl, aryl(Ci - 1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8 12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3- i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R ',
R6, R6', R7, R7', R20 and R20' may be taken together
to form a substituted or unsubstituted ring, provided
that R5, R6, R7 and R20, are each independently absent
when the C to which they are bound is bound to L, and
R5', R6', R7' and R2o', are each independently absent
when the C to which they are bound form part of a
double bond; and R8, R1O and R are each individually
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-10)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(C
1-10)alkyl,carbonyl(C 1-3)alkyl, thiocarbonyl(C
1.3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9_12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R8 and any one of R5, R5', R6, R6', R7, R7', R2 ,
R2 ', Rio and R1 may be taken together to form a
substituted or unsubstituted ring, or Rio and any one
of R5, R5', R6, R6', R7, R7', R20, R20' and R19 may be
taken together to form a substituted or unsubstituted
ring, or R 9 and any one of R5, R5', R6, R6', R 0 and
R20', may be taken together to form a substituted or
unsubstituted ring, provided that R8, R1O and R1 are
each independently absent when the N to which they are
bound is bound to L, and R8, R1O and R are each
independently absent when the N to which they are
bound form part of a double bond. 4] In another
embodiment, HDAC inhibitors of the present invention
comprise: wherein: n is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-i2)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R1 and R2
are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-io)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci -3)alkyl,
sulfinyl(Ci -3)alkyl, amino (Ci-Io)alkyl, imino(C
1-3)alkyl, (C3-i2)cycloalkyl(Ci
-5)alkyl,hetero(C3-i2)cycloalkyl(C I-5)alkyl,
aryl(C1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
heteroCCs.i^bicycloarylCd^alkyl, (C3-12)cycloalkyl,
hetero(C3-i2)cycloalkyl, (C9- i2)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-i2)bicycloaryl, each
substituted or unsubstituted, or R1 and R may be taken
together to form a substituted or unsubstituted ring;
R3 is selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (Ci-Io)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(Ci -3)alkyl, sulfinyl(Ci -3)alkyl, amino
(C1-10)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, heteiO(C3-12)cycloalkyl(C 1-5)alkyl, aiyl(C
1-io)alkyl, heteroarylCQ^alkyl, (C9.i2)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9 i 2)bicycloaryl and hetero(C
4-i2)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1 10)alkyl, halo(C 1-1o)alkyl, carbonyl(Ci
-3)alkyl, thiocarbonyl(C I-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3 12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryKQ-sJalkyl,
(C9-i2)bicycloaryl(C1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9 12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl, (C
-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; Rs, R ', R , R ' R7 and
R7' are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(Ci -10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C1-3)alkyl, amino (C1-Io)alkyl,
imino(Ci-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-io)alkyl, heteroaryl(C 1-5)alkyl,
hetero(Cs-i2)bicycloaryl(Ci -5)alkyl,
(C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl,(C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R5',
R6, R ', R7 and R7' may be taken together to form a
substituted or unsubstituted ring, provided that R ,
R6 and R7 are each independently absent when the C to
which they are bound is bound to L, and R5', R6' and
R7' are each independently absent when the C to which
they are bound form part of a double bond; and Rs and
R1O are each individually selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C].1o)alkyl,
imino(Ci-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3 12)cycloalkyl(C1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl,
(C9-12)bicycloai-yl(C1-5)alkyl, hetero(C
8-i2)bicycloaryl(C 1-5)alkyl, (C3-i2)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or R and any one of R5,
R5', R6, R6', R7, R7' and R1 may be taken together to
form a substituted or unsubstituted ring, or R1 and
any one of R , R5', R , R6', R7 and R7' may be taken
together to form a substituted or unsubstituted ring,
provided that R8 and R1 are each independently absent
when the N to which they are bound is bound to L, and
Rs and Rio are absent when the N to which they are
bound form part of a double bond. [0115] In another
embodiment, HDAC inhibitors of the present invention
comprise a compound selected from the group consisting
of: andwherein: n is selected from the group
consisting of 0, 1, 2, 3 and 4; Ai is selected from
the group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (Cc -12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C 4.i2)bicycloaryl,
each substituted or unsubstituted; L is a linker
providing a 0-6 atom separation between the two ring
atoms to which L is attached; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci -Io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci
-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(Ci -3)alkyl,
amino (C1-i0)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1.5)aIkyl, hetero(C
3-12)cycloalkyl(C 1_5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(Ci -5)alkyl, (C9-12)bicycloaryl(Ci.
5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, heteroCCs.^bicycloalkyl, aryl,
heteroaryl, (C -I2)WCyClOaTyI and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted, or
R1 and R may be taken together to form a substituted
or unsubstituted ring; R3 is selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (Q.^alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(Ci.io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1.3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(Ci -3)alkyl,
(C3-12)cycloalkyl(Ci -5)alkyl, hetero(C
3-12)cycloalkyl(C 1.5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8- 12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamide, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1- io)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1_5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(Ct>-i2)bicycloaryl(Ci-5)alkyl, hetero(C
8-12)bicycloaryl(C 1.5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4- i2)bicycloaryl,
each substituted or unsubstituted; R , R5', R6, R6',
R7 and R7' are each independently selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-i0)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(Ci_io)alkyl, halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(Ci- 3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(Ci_ 5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8_12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cg.i2)bicycloalkyl, hetero(C 3_12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two of R5, R5', R6, R ', R7 and R7' may be
taken together to form a substituted or unsubstituted
ring, provided that R ', R6' and R7' are each
independently absent when the C to which they are
bound form part of a double bond; and R8 and R1 are
each individually selected from the group consisting
of hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1.3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(Ci_ 1o)alkyl,
heteroarylCQ^alkyl, (C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R8and any one ofR 5,
R ', R , R ' R7, R7' and R10 may be taken together to
form a substituted or unsubstituted ring, or R1O and
any one of R5, R5', R6, Rg', R7 and R7' may be taken
together to form a substituted or unsubstituted ring,
provided that R8 and R1 are each independently absent
when the N to which they are bound form part of a
double bond. [0116] In yet another embodiment, HDAC
inhibitors of the present invention comprise a
compound selected from the group consisting of : 



and wherein: n is selected from the group consisting
of 0, 1, 2, 3 and 4; A1 is selected from the group
consisting of (C -1 )CyClOaIkVl, hetero(C
3-12)cycloalkyl, (Cp.^bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C 4-12)bicycloaryl,
each substituted or unsubstituted; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamide imino,
sulfonyl, sulfinyl, (Ci-io)alkyl, halo(C 1-:io)alkyl,
carbonyl(Ci -3)alkyl, thiocarbonyl(Ci -3)alkyl,
sulfonyl(C 1 3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci_
5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
arylCQ.iojalkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloai-yl(C1-5)alkyl, hetero(Cs-
12)bicycloaryl(C 1-5)alkyl, (C3-i2)cycloalkyl,
hetero(C 3.12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3.12)bicycloalkyl, aryl,
heteroaryl,(C9-i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R1 and R2 may be taken together to
form a substituted or unsubstituted ring; R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci-10)alkyl, halo(C 1-10)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(Ci- 3)alkyl,
sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(Ci-Io)alkyl, iminoCQ^alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1.1o)alkyl, heteroaryl(Ci-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-i2)bicycloaryl(Ci. 5)alkyl, (C3_i 2)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl, (C9
12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R4 is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(Ci_3)alkyl, sulfinylCQ^alkyl,
amino (C!-io)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(Ci-5)alkyl, (C9-i2)bicycloaryl(C 1-5)alkyl,
hetero(C 8-12)bicycloaryl(C1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9.i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and
hetero(C4-i2)bicycloaryl, each substituted or
unsubstituted; R , R5', R6, R6', R7 and R7' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (Ci-io)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyI(Ci -3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl, (C3
12)cycloalkyl(Ci -5)alkyl, hetero(C 3-12)cycloalkyl(C
1-5)alkyl, aryl(C 1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-i2)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(Cg.^bicycloaryl and hetero(C4-i2)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R5', R
, R6', R7 and R7' may be taken together to form a
substituted or unsubstituted ring,provided that R5',
R6' and R7' are each independently absent when the C
to which they are bound form part of a double bond; R
and R1 are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (Ci-Io)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(C1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(Ci-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1 5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1 1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, heteiO(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cp.^bicycloaryl and hetero(C4_i
2)bicycloaryl, each substituted or unsubstituted, or
R8 and any one of R , R5', R6, R6', R7, R7' and R1 may
be taken together to form a substituted or
unsubstituted ring, or Rio and any one of R5, R5', R6,
R6', R7 and R7 1may be taken together to form a
substituted or unsubstituted ring, provided that R8
and R1 are each independently absent when the N to
which they are bound form part of a double bond; and
R11 is selected from the group consisting of hydrogen,
halo, nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-io)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(Ci - 1o)alkyl, carbonyl(Ci -3)alkyl,
thiocarbonyl(C 1.3)alkyl, sulfonyl(C 1 3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3 12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(Ci -5)alkyl, aryl(Ci
-K))alkyl, heteroary^Q^alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-i2)cycloalkyl,
(Cp.^bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted. [0117] In still another embodiment,
HDAC inhibitors of the present invention comprise a
compound selected from the group consisting of:and
wherein: m is selected from the group consisting of 0,
1, 2, 3 and 4; n is selected from the group consisting
of 0, 1, 2, 3 and 4; L is a linker providing a 0-6
atom separation between the two ring atoms to which L
is attached; R1 and R2 are each independently selected
from the group consisting of hydrogen, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C
1-3)alkyl, amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(Ci -5)alkyl, aryl(Ci-
1o)alkyl, heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1_5)aIkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3 12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl and hetero(C 4_12)bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R3 is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C -Io)alkyl, hak Q alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(Ci-3)alkyl, amino
(C1-1o)alkyl, hetero(C 3-12)cycloalkyl(C1-5)alkyl,
aryl(C1-io)alkyl, heteroaryl (Q^alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl,hetero(C
3-i2)bicycloaryl(Ci -5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R4 is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, sulfonamide imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-io)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C ]-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-10)alkyl, imino(C 1.3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3.12)cycloalkyl,
hetero(C 3_12)cycloalkyl, (^.^bicycloalkyl, hetero(C 3
12)bicycloalkyl, aryl, heteroaryl, (Cp-1 )WCyClOaTyI
and hetero(Q -12)bicycloaryl, each substituted or
unsubstituted; R5, R5', R6, R6', R7 and R7' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (Ci-io)alkyl, halo(C
o)alkyl, carbonyl(C 1-3)aIkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1- io)alkyl, imino(C 1-3)alkyl,
(C3-i2)cycloalkyl(Ci -5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroary^Ci^alkyl, (C9.12)bicycloaryl(C 1-5)alkyl,
heteiO(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9_12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two of R5, R5', R6, R6', R7 and R7' may be
taken together to form a substituted or unsubstituted
ring, provided that R5 1, R ' and R7' are each
independently absent when the C to which they are
bound form part of a double bond; R8 and R1 are
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-io)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C^^cycloalkylCC^alkyl, hetero(C 3-12)cycloalkyl(C
1-5)alkyl, aryl(C 1-10)alkyl, heteroaryl(C
1-5)alkyl,(C9-i2)bicycloaryl(C1-5)alkyl,
hetero(C8.12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R8 and any one of R5, R5', R6, R6',
R , R7'and Rio may be taken together to form a
substituted or unsubstituted ring, or Rio and any one
of R5, R ', R6, R6', R7 and R7' may be taken together
to form a substituted or unsubstituted ring, provided
that R and Rio are absent when the N to which they are
bound form part of a double bond; and each R9 is
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(Ci-io)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Ci_1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(Ci -3)alkyl,
sulfonyl(C1-3)alkyl, sulfinyl(Ci_3)alkyl, amino
(Ci-Io)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci
-5)alkyl, hetero(C 3-i2)cycloalkyl(C 1-5)alkyl,
aryl(Ci.io)alkyl, heteroaryl(Ci. 5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-i2)bicycloalkyl,
hetero(C3_i 2)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl and hetero(C4-i2)bicycloaryl, each
substituted or unsubstituted, or any two R or one R9
and any one of R3, R , R5', R7 R7', R and Rio may be
taken together to form a substituted or unsubstituted
ring. [0118] In a further embodiment, HDAC inhibitors
of the present invention comprise a compound selected
from the group consisting of: andwherein: m is
selected from the group consisting of 0, 1, 2, 3 and
4; n is selected from the group consisting of 0, 1, 2,
3 and 4; R1 and R2 are each independently selected
from the group consisting of hydrogen, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-10)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(Ci. 3)alkyl, sulfonyl(C 1
3)alkyl, sulfinyl(Ci -3)alkyl, amino (C1-1o)alkyl,
imino(Ci -3)alkyl, (C3-12)cycloalkyl(Ci. 5)alkyl,
hetero(C3-12)cycloalkyl(Ci- 5)alkyl, aryl(C1-io)alkyl,
heteroaryl(d.. 5)alkyl, (C9-12)bicycloaryl(Ci.
5)alkyl, hetero(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C4 i )bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R3 is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1.10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1 3)alkyl, sulfinyl(C 1 3)alkyl,
amino (C1-io)alkyl, imino(C 1-3)alkyl,
(C3.12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(Ci- 5)alkyl, aryl(C1-io)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1_5)alkyl,
(C3.12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C 3- i2)bicycloalkyl,
aryl, heteroaryl, (Cg.^bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; each R4 is selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci.io)alkyl, halo(Ci-io)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-Io)alkyl, imino(Ci -3)alkyl, (C3-12)cycloalkyl(Ci
-s)alkyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(Ci -5)alkyl,
hetero(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-i2)cycloalkyl,
(Cci.i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl,
aryl, heteroaryl, (C9-i2)bicycloaryl and
hetero(C4-i2)bicycloaryl, each substituted or
unsubstituted;R , R5', Re, R7 and R7' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci
3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1_5)alkyl, hetero(C
3.12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1 o)alkyl,
(C9-i2)bicycloaryl(C 1-5)alkyl, hetero(C
8.12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3.i2)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R ',
R6, R6', R and R7' may be taken together to form a
substituted or unsubstituted ring, provided that R5',
R6' and R7' are each independently absent when the C
to which they are bound form part of a double bond; R
and R1O are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-io)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1_1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(Ci -3)alkyl, amino (Ci -io)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C 3
12)cycloalkyl(C 1 5)alkyl, aryl(Ci -10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloai-yl(Ci
-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg-12)WCyClOaTyI and hetero(C
4.i2)bicycloaryl, each substituted or unsubstituted,
or R8 and any one of R5, R5', R6, R6', R7, R7' and R1
may be taken together to form a substituted or
unsubstituted ring, or R 0 and any one of R5, R5', R6,
R ', R7 and R7' may be taken together to form a
substituted or unsubstituted ring, provided that R or
R1O are each independently absent when the N to which
it is bound form part of a double bond; each R9 is
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
,(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl,amino (Ci -1O)OIlCyI,
iminoCC^alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1_5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(Ci -5)alkyl, (C9-12)bicycloaryl(Ci
-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9.12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two R or one R9 and any one of R , R5, R5', R7,
R7', R8 and R10 may be taken together to form a
substituted or unsubstituted ring; and R1 1 is
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1_1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(Ci- 3)alkyl, sulfonyl(Ci. 3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(d.
3)alkyl, (C3 12)cycloalkyl(C 1-5)alkyl, hetero(C
3.i2)cycloalkyl(C 1-5)alkyl, aryl(C 1-io)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R 11 and R may be taken together to form a
substituted or unsubstituted ring. [0119] In still a
further embodiment, HDAC inhibitors of the present
invention comprise a compound selected from the group
consisting of: and wherein:m is selected from the
group consisting of 0, 1, 2, 3 and 4; n is selected
from the group consisting of 0, 1, 2, 3 and 4; each R4
is selected from the group consisting of hydrogen,
halo, nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(Ci -3)alkyl, amino (C1-1o)alkyl,
imino(C1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(Cs-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-i2)bicycloaryl, each substituted or
unsubstituted; R , R ', R6, R6', R7 and R7' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(Ci_io)alkyl, carbonyl(Ci.3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1_3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl ; hetero(C
3-i2)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-1o)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9.i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or any two of R5, R5', R6, R ', R7 and
R7' may be taken together to form a substituted or
unsubstituted ring, provided that R ', R6' and R7' are
each independently absent when the C to which they are
bound form part of a double bond; R8 and R1 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci-iojalkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1_1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonylCQ^alkyl, sulfonyl(C 1-3)alkyl,
sulfinylCC^alkyl, amino (C1-10)alkyl, immo(C1-3)alkyl,
(C3.12)cycloalkyl(C1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1.5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9.12)bicycloaryl(C
1-5)alkyl, hetero(C8-i2)bicycloaryl(Ci. 5)alkyl,
(C3-12)cycloalkyl,hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4.12)bicycloaryl, each substituted or
unsubstituted, or R and any one OfR , R5', R , R6',
R7, R7' and R1O may be taken together to form a
substituted or unsubstituted ring, or R1 and any one
of R5, R5 1, R , R ', R7 and R7' may be taken together
to form a substituted or unsubstituted ring, provided
that R8 is absent when the N to which it is bound
forms part of a double bond; each Rgis independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1 o)alkyl,
halo(C 1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci. 3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-i2)bicycloaryl(Ci -5)alkyl,
(C3-i2)cycloalkyl, hetero(C3_12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3.12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4_12)bicycloaryl, each substituted or unsubstituted,
or any two R9 or one R9 and any one of R5, R5', R7,
R7', R8 and Rio may be taken together to form a
substituted or unsubstituted ring; and Rn is selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (Ci-Io)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci
-3)alkyl, sulfonyl(Ci. 3)alkyl, sulfinyl(Ci -3)alkyl,
amino (C1-1o)alkyl, imino(Ci -3)alkyl,
(C3-i2)cycloalkyl(C 1_5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or Rn and R9 may be
taken together to form a substituted or unsubstituted
ring. [0120] In yet a further embodiment, HDAC
inhibitors of the present invention comprise a
compound selected from the group consisting
of:wherein: n is selected from the group consisting of
0, 1, 2, 3 and 4; p is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3 12)cycloalkyl,
hetero(C3-12)cycloalkyl, (Cg.^bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl, (Cp.^bicycloaryl,
and hetero(C 4-12)bicycloaryl, each substituted or
unsubstituted; R1 and R2 are each independently
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (Cnojalkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1.1o)alkyl,
carbonyl(Ci-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(Ci 3)alkyl, amino
(C1-1o)alkyl, imino(C 1 3)alkyl, (C3.12)cycloalkyl(C
1_5)alkyl, hetero(C3-12)cycloalkyl(C1-5)alkyl,
aryl(Ci-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1.5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C3_12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R3 is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C]_1o)alkyl, imino(Ci -3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C1-5)alkyl,aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9.12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3_i2)cycloalkyl,
(Cg.^bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino, (Ci
-Io)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(Ci -3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (Ci_1o)alkyl,
imino(C 1-3)alkyl, (Cs-^cycloalkylCQ-sJalkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1.5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(Ci -5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4_12)bicycloaryl, each substituted or unsubstituted;
R7 is selected from the group consisting of hydrogen,
halo, nitro, cyano, oxo, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci-
3)alkyl, sulfonyl(Ci_ 3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-i2)cycloalkyl(C 1-5)alkyl, hetero(C3
-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(Ci. 5)alkyl, hetero(C 8-12)bicycloaryl(C
1-5)alkyl, (C3 12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl, (Cg-12)WCyClOaTyI
and hetero(C 4-12)bicycloaryl, each substituted or
unsubstituted; R11 is selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(Ci - 1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl,(C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R11 and R7 may be taken together to
form a substituted or unsubstituted ring; and each R1
is independently selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino, (C1-
io)alkylamino, amido, carboxamido, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyKQ^alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C1-3)alkyl, amino (C1-10)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9.i2)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-i2)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and hetero(C
4.12)bicycloaiyl, each substituted or unsubstituted,
or R12 and R7 or R11 may be taken together to form a
substituted or unsubstituted ring. [0121] In another
embodiment, HDAC inhibitors of the present invention
comprise a compound selected from the group consisting
of: and wherein: m is selected from the group
consisting of 0, 1, 2, 3 and 4; n is selected from the
group consisting of 0, 1, 2, 3 and 4; p is selected
from the group consisting of 0, 1, 2, 3 and 4; L is a
linker providing a 0-6 atom separation between the two
rings atoms to which L is attached;R 1 and R are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyI(C 1_5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(Ci- 5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9.12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R 1 and R2 may be taken together to form a
substituted or unsubstituted ring; R is selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Ci -1O) yI, halo(Ci -i0)alkyl, carbonyl(Ci-
3)alkyl, thiocarbonyl(Ci- 3)aIkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci. 5)alkyl,
hetero(C 3.i2)cycloalkyl(Ci- 5)alkyl, aryl(C
1_io)alkyl, heteroaryl(Ci -5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, 



hetero(C 8-i2)bicycloaryl(C 1-5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cg.i^bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino, (Ci
-io)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1.1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1 3)alkyl, (C3-i2)cycloalkyl(C 1-5)alkyl,
hetero(C 3-i2)cycloalkyl(C 1-5)alkyl,
aryl(Ci-io)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl, hetero(C
8-12)bicycloaryl(Ci.5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9.i2)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(Cg-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; R7 is selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl,
sulfinyl,(Cno)alkyl, halo(C 1-10)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyI(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1 o)alkyl,
imino(C 1-3)alkyl, (C3-i2)cycloalkyl(C 1-5)alkyl,
heteiO(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-i2)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9 12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R is independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-10)alkyl, carbonyl(C 1_3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1.3)alkyl, amino (Q.^alkyl, imino(C
1_3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(Ci_1o)alkyl,
heteroaryl(Ci_ 5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1_5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3.12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two R9 or one R and R3 may be taken together to
form a substituted or unsubstituted ring; and each R1
is independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (Ci.;io)alkyl, halo(Ci_
1o)alkyl, carbonyl(Ci -3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1.5)alkyl, hetero(C
3-12)cycloalkyl(Ci -5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg-1 )WCyClOaTyI and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R12 and R7 may be taken together to form a
substituted or unsubstituted ring. [0122] In still
another embodiment, HDAC inhibitors of the present
invention comprise a compound selected from the group
consisting of:and wherein: m is selected from the
group consisting of 0, 1, 2, 3 and 4; n is selected
from the group consisting of 0, 1, 2, 3 and 4; p is
selected from the group consisting of 0, 1, 2, 3 and 4
R1 and R2 are each independently selected from the
group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(Ci - 1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci_5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1.5)alkyl, (C3-i2)cycloalkyl,
hetero(C 3-12)cycloalkyl, hetero(C 3-12)bicycloalkyl,
aryl, heteroaryl, (C9-12)bicycloaryl and hetero(C
4.12)bicycloaryl, each substituted or unsubstituted,
or R1 and R2 may be taken together to form a
substituted or unsubstituted ring; R3 is selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-10)alkyl, halo(C 1-10)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C;
i.3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3.12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl,(C9-i2)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci.io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1_i 0)alkyl, imino(C 1-3)alkyl, (C3
12)cycloalkyl(Ci- 5)alkyl, hetero(C 3-12)cycloalkyl(C
1-5)alkyl, aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C4_i
2)bicycloaryl, each substituted or unsubstituted; R7
is selected from the group consisting of hydrogen,
halo, nitro, cyano, oxo, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1.1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1.1o)alkyl, halo(Ci
-1o)alkyl, carbonyKQ^alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(Ci- 5)alkyl, (C9
12)bicycloaryl(C 1-s)alkyl, heteiO(C8-12)bicycloaryl(C
1-5)alkyl, (C3-i2)cycloalkyl, hetero(C
3-12)cycloalkyl, (Cg.^bicycloalkyl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
each R9 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-io)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci-io)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-10)alkyl, imino(C1-3)alkyl, (C3-i2)cycloalkyl(C
1-5)alkyl, hetero(C 3-i2)cycloalkyl(C 1-5)alkyl,
aryl(C 1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-i2)bicycloaryl(Ci -5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl, and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, orany two R or one R9 and R3 may be
taken together to form a substituted or unsubstituted
ring; R11 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-10)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloai-yl(C1-5)alkyl,
hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R1 1 and R9 may be
taken together to form a substituted or unsubstituted
ring; and each R1 is independently selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci-Io)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-:io)alkyl, halo(C 1-10)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (Cm^alkyl,
imino(Ci -3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(Ci- 5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, heteiO(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R12 and R7 or R11 may be taken
together to form a substituted or unsubstituted ring.
[0123] In yet another embodiment, HDAC inhibitors of
the present invention comprise a compound selected
from the group consisting of: andwherein: m is
selected from the group consisting of 0, 1, 2, 3 and
4; n is selected from the group consisting of 0, 1, 2,
3 and 4; p is selected from the group consisting of 0,
1, 2, 3 and 4 each R is selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-io)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1.3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-10)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci.
5)alkyl, hetero(C3-12)cycloalkyl(C 1_5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci-5)alkyl, hetero(C 8
12)bicycloaryl(Ci -5)alkyl, (C3_i2)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3.12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; R7 is selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C .3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3_12)cycloalkyl(C 1_5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cg.i^bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; each R9 is independently selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(Ci -3)alkyl, sulfinyl(C
1-3)alkyl,amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(Ci -5)alkyl, hetero(C
3-12)cycloalkyl(Ci- 5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycIoaryl(C1.5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3_12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two R may be taken together to form a
substituted or unsubstituted ring; R1 1 is selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Q^alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci_1o)alkyl, halo(C 1-10)alkyl,
carbonyl(C 1.3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(Ci-10)alkyl, imino(Ci -3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3_12)cycloalkyl(C 1.5)alkyl,
aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl, hetero(Cs-i
2)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl, and
hetero(C 4-12)bicycloaryl, each substituted or
unsubstituted, or R11 and R7 or R may be taken
together to form a substituted or unsubstituted ring;
and each R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino ( alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(Ci- 5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3_12)cycloalkyl,
(Cg-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C4_12)bicycloaryl, each
substituted or unsubstituted, or R12 and R7 or R11 may
be taken together to form a substituted or
unsubstituted ring. [0124] In one variation of each of
the above embodiments, m is 0, R11 is hydrogen, and R1
is selected from the group consisting of hydroxy,
alkoxy, halo, amido, carboxamido, and
(C1-1o)alkylamido, each substituted or
unsubstituted.[0125] In yet another variation, n is 0,
p is 2, and R12 is selected from the group consisting
of hydroxy, alkoxy, and halo. [0126] In still another
variation, R7 is hydrogen, and R12 is alkoxy. [0127]
In still another embodiment, HDAC inhibitors of the
present invention comprise a compound selected from
the group consisting of: wherein: n is selected from
the group consisting of 0, 1, 2, 3 and 4; A1 is
selected from the group consisting of
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.i^bicycloaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R1 and R
are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (Ci-Io)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-io)alkyl,
halo(C 1-io)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3.12)cycloalkyl(Ci. 5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-5)alkyl,(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-]2)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R1 and R2 may be taken together to
form a substituted or unsubstituted ring; R3 is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamide, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(C1-10)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1 o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3.12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1 5)alkyl, (C3-12)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9_12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(Cg.^bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; R4 is selected from the
group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1.1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1_3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9_12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; R , R5', R6 and R6' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-10)alkyl, carbonyl(C 1_3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-i2)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1 5)alkyl, (C3-12)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-i2)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl andW hetero(C4-i2)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R5',
R6, and Rg' may be taken together to form a
substituted or unsubstituted ring, provided that R '
andRg'sare each independently absent when the C to
which they are bound form part of a double bond; and
Rd, Rio and Rig, are each individually selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-io)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Q.^alkyl, halo(Ci_io)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci
-3)alkyl, sulfinyl(C1-3)alkyl, amino (Ci-io)alkyl,
imino(C !-3)alkyl, (C3-i2)cycloalkyl(Ci. 5)alkyl,
hetero(C3 12)cycloalkyl(C 1-5)alkyl, aryl(Ci-io)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C 1-5)alkyl
heteiO(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
heteiO(C4-i2)bicycloaryl, each substituted or
unsubstituted, or R8 and any one of R5, R5', R6, R6',
Ri0 and R19 may be taken together to form a
substituted or unsubstituted ring, or Rio and any one
of R5, R5', R6, R6' and R19 may be taken together to
form a substituted or unsubstituted ring, or R19 and
any one of R , R5', R and R6' may be taken together to
form a substituted or unsubstituted ring, provided
that R , Rio and Ri9 are each independently absent
when the N to which they are bound forms part of a
double bond. [0128] In still another embodiment, HDAC
inhibitors of the present invention comprise a
compound selected from the group consisting
of:wherein: m is selected from the group consisting of
0, 1, 2, 3 and 4; n is selected from the group
consisting of 0, 1, 2, 3 and 4; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(Ci_3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(Ci-
3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-i2)cycloalkyl(C 1-5)alkyl, aryl(C1-io)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C 1
5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl, (C9_i
2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R1 and R2 may be taken together to form a
substituted or unsubstituted ring; R3 is selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1.1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl sulfonyl(Ci
-3)alkyl, sulfinyl(C 1-3)alkyl, amino (Ci-Io)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3.12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C ]-5)alkyl,
(C9-12)bicycloaryl(Ci- 5)alkyl,
hetero(C8-12)bicycloaryl(C 1 5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C -12)bicycloaryl and
hetero(C4-i2)bicycloaryl, each substituted or
unsubstituted; R4 is selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-10)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C3-12)cycloalkyl(Ci. 5)alkyl,
aryl(C1-io)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9.12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
R5, R ', R6 and R6' are each independently selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-1o)alkyl, halo(C 1-1 o)alkyl, carbonyl(Ci-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C;i_5)alkyl, aryl(C 1- io)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, heteiO(C8.12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9.12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two of R5, R5 1, R6 and R ' may be taken
together to form a substituted or unsubstituted ring,
provided that R ' and R6' are each independently
absent when the C to which they are bound form part of
a double bond; R8, R1 and R1 are each independently
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci-Io)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1 3)alkyl, amino
(C1-1o)alkyl, imino(Ci-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(Ci. 5)alkyl,
(Cg-i2)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(Cg-i2)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R8 and any one of R ,
R ', R6, R6 1, R1O and R1 may be taken together to
form a substituted or unsubstituted ring, or R10 and
any one of R5, R ', R6, R6' and R1 may be taken
together to form a substituted or unsubstituted ring,
or R19 and any one of R , R5', R6 and R ' may be taken
together to form a substituted or unsubstituted ring,
provided that R8, R1O and R19 are each independently
absent when the N to which they are bound forms part
of a double bond. each R9 is independently selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci- ojalkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl,carbonyl(Ci -3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1.5)alkyl, hetero(C
3.12)cycloalkyl(Ci -5)alkyl, aryl(C 1.10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1.5)alkyl, hetero(C 8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3.12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or any two Rg or one R9 and any one of
R3, R5, R5', R , Rio and R19 may be taken together to
form a substituted or unsubstituted ring; and R11 is
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamide imino, sulfonyl, sulfinyl, (C1-io)alkyl,
halo(Ci.io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(Ci -3)alkyl,
amino (C1_io)alkyl, imino(C 1.3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C 3-
i2)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-i2)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or R11 and R9 may be
taken together to form a substituted or unsubstituted
ring. [0129] In still another embodiment, HDAC
inhibitors of the present invention comprise a
compound selected from the group consisting of:
wherein: m is selected from the group consisting of 0,
1, 2, 3 and 4;n is selected from the group consisting
of 0, 1, 2, 3 and 4; p is selected from the group
consisting of 0, 1, 2, 3 and 4; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci-Io)alkylamino, sulfonamide imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(Ci -3)alkyl, amino
(C1.1o)alkyl, imino(Ci -3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3.12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl, (C -
i2)bicycloaryl(Ci -5)alkyl, hetero(C8-
i2)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl, (C9-
2)bicycloaryl and hetero(C4_i 2)bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C1.1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(Ci_3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8.12)bicycloaryl(C 1-5)alkyl,
(C3.i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9.i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; R4 is selected from the
group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, ( . alkyl ha . alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(Ci_10)alkyl, imino(C 1-3)alkyl, (C3-i2)cycloalkyl(C
1-5)alkyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3.12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted;each R is independently selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (CMo)alkyl, halo(C
1-1o)alkyl, carbonyl(C1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(Ci -3)alkyl,
(C3-i2)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(Ci
-5)alkyl, hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3_i 2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C 4 i
2)bicycloaryl, each substituted or unsubstituted, or
any two R or one R9 and R3 may be taken together to
form a substituted or unsubstituted ring; Rn is
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C _io)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, 



carbonyl(C1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl,
(Cs.^cycloalkylCQ^alkyl, hetero(C3-12)cycloalkyl(C
1-5)alkyl, aryl(C1-1o)alkyl, heteroaryl(Ci. 5)alkyl,
(C9-12)bicycloaryl(C 1_5)alkyl, hetero(C
8-i2)bicycloaryl(C1-5)alkyl, (C3-12)cycloalkyl,
hetero(C3-12)cycloaIkyl, (C9-12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R11 and R9 may be
taken together to form a substituted or unsubstituted
ring; and each R12 is independently selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-10)alkyl, haloCQ-iojalkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-i0)alkyl, imino(C
1-3)alkyl, (C3.12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C1-5)alkyl,
hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3.j2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl andhetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R12 and R1 1 may be taken together to form a
substituted or unsubstituted. [0130] In still another
embodiment, HDAC inhibitors of the present invention
comprise a compound selected from the group consisting
of: wherein: m is selected from the group consisting
of 0, 1, 2, 3 and 4; n is selected from the group
consisting of 0, 1, 2, 3 and 4; p is selected from the
group consisting of 0, 1, 2, 3 and 4; R4 is selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbony^Ci^alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl, hetero(C
8.12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R9 is independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-Io)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl,amino (Ci_io)alkyl,
imino(C1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, (C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycIoalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-i2)bicycloalkyl, aryl, heteroaryl,
(Cp.iajbicycloaryl and hetero(C4 i 2)bicycloaryl, each
substituted or unsubstituted, or any two R9 may be
taken together to form a substituted or unsubstituted
ring; R11 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(Ci -3)alkyl, (C3-12)cycloalkyl(C 1_5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(C 1-s)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(Cs-12)bicycloaryl(Ci -5)alkyl,
(C3.12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, heteroCCs.^bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or Ru and R9 may be taken together to
form a substituted or unsubstituted ring; and each R12
is independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamide,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(Ci io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-io)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C 3
i2)cycloalkyl(C 1_5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(Ci -5)ahcyl,
(C3_i 2)cycloalkyl, hetero(C3.12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3.1o)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R12and Rn may be taken together to form a
substituted or unsubstituted ring. [0131] In still
another embodiment, HDAC inhibitors of the present
invention comprise a compound selected from the group
consisting of:wherein: n is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-i2)cycloalkyl,
hetero(C3-12)cycloalkyl, hetero(C 3-12)bicycloalkyl,
aryl, heteroaryl, (C9-12)bicycloaryl, and hetero(C4
12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R1 and R2
are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-io)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C1-3)alkyl, amino (C1-1o)alkyl, imino(Ci
-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3.12)cycloalkyl(C 1-5)alkyl, arylCQ.ioJalkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C 1
5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R1 and R2 may be taken together to
form a substituted or unsubstituted ring;W R3 is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-io)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (Ci.io)alkyl, halo(C1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1 3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1.3)alkyl, (C3-i2)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1 1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(Ci- 5)alkyl,
(C3-i2)cycloalkyl, hetero(C3.12)cycloalkyl,
(Cc>-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl,
aryl, heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; R is selected from the group consisting
of hydrogen, halo, nitro, cyano, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(Ci-io)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci-
5)alkyl, hetero(C3-12)cycloaLkyl(C1-5)alkyl,
aryl(C1-i0)alkyl, heteroaryl(Ci -5)alkyl,
(C9-i2)bicycloaryl(C1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3_1 )cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cc>i2)bicycloaryl and hetero(C 4_i
2)bicycloaryl, each substituted or unsubstituted; R ,
R ', R , R6', R7, R7', R20 nd R201are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (Ci_10)alkyl, halo(C
1-1o)alkyl, carbonyl(C1-3)alkyl, thiocarbonyl(Ci
-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1.3)alkyl,
amino (C1-1o)alkyl, imhio(C 1-3)alkyl,
(C3-i2)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1_5)alkyl,
(C3-i2)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two ofR 5, R5', R6, R6', R7, R7', R20 and R20'
may be taken together to form a substituted or
unsubstituted ring, provided that R ', R6', R7 1and
R20', are eachindependently absent when the C to which
they are bound form part of a double bond; and R8 is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1 o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C3 12)cycloalkyl(Ci-5)alkyl, aryl(C
1- io)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(Cg_i2)bicycloaryl(C1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3.12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-i2)bicycloaryl, each substituted or
unsubstituted, or R and any one of R5, R5', R6, R6' ,
R7, R7' , R20 and R2o' may be taken together to form a
substituted or unsubstituted ring, provided that R is
absent when the N to which it is bound forms part of a
double bond. [0132] In still another embodiment, HDAC
inhibitors of the present invention comprise a
compound selected from the group consisting of:
andwherein: m is selected from the group consisting of
0, 1, 2, 3 and 4; n is selected from the group
consisting of 0, 1, 2, 3 and 4; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(Ci -
:io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci-
3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1 10)alkyl, imino(C 1_3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3.12)cycloalkyl(C 1-5)alkyl, aryl(Ci -i0)alkyl,
heteroaryl(C 1_5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted, or
R1 and R2 may be taken together to form a substituted
or unsubstituted ring; R is selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-io)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1_io)alkyl, imino(Ci
-3)alkyl, (C3-12)cycloalkyl(C 1 5)alkyl, hetero(C
3-12)cycloalkyl(Ci- 5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C 1
5)alkyl, hetero(C8-12)bicycloaryl(Ci -5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9 12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
R4 is selected from the group consisting of hydrogen,
halo, nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(Ci -3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci -3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(Ci -5)alkyl, (C9-12)bicycloaryl(C
1.5)alkyl, hetero(C 8-12)bicycloaryl(C1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
Rs, R ', Rd>R ' R7 \ R20 and R20' are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-i2)cycloalkyl(C 1-5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-s)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-i2)cycloalkyl,
(Cg_12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and heteiO(C4
12)bicycloaryl, each substituted or unsubstituted, or
any two of R , R ', R6, R ', R7, R7', R20 and R20' may
be taken together to form a substituted or
unsubstituted ring, provided that R5', R6', R7' and R2
', are each independently absent when the C to which
they are bound form part of a double bond; and R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C1.1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(Ci -3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3 12)cycloalkyl,
(C9_i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R8 and any one of R5, R ' , R6, R6'
, R7, R7' , R20 and R20' may be taken together to form
a substituted or unsubstituted ring, provided that R
is absent when the N to which it is bound forms part
of a double bond; each R9 is independently selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1 3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C
1-5)alkyl,hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3.12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two R9 or one R9 and any one of R3, R5, R ' ,
R6, R6' , R7, R7' , R20, R2o' and R may be taken
together to form a substituted or unsubstituted ring;
and R11 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-io)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(Ci. 3)alkyl, sulfonyl(C
1.3)alkyl, sulfinyl(C 1 3)alkyl, amino (C1- io)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(Ci-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1.10)alkyl,
heteroaryl(C 1-5)alkyl, (C9.12)bicycloaryl(Ci.
5)alkyl, hetero(Cs-i2)bicycloaryl(C 1.5)alkyl,
(C3-12)cycloalkyl, hetero(C3_12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3 12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R11 and R9 may be taken together to form a
substituted or unsubstituted ring. [0133] In still
another embodiment, HDAC inhibitors of the present
invention comprise a compound selected from the group
consisting of: andwherein: m is selected from the
group consisting of 0, 1, 2, 3 and 4 ; n is selected
from the group consisting of 0, 1, 2, 3 and 4 ; p is
selected from the group consisting of 0, 1, 2, 3 and 4
; R1 and R are each independently selected from the
group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1O)HIlCyI, halo(Cj -1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(C 1.5)alkyl, hetero(C 8
12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R1 and R may be taken
together to form a substituted or unsubstituted ring;
R3 is selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1.1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(Ci_3)alkyl, sulfinyKQ^alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1
5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-1o)alkyl, heteroaryl(Ci. 5)alkyl,
(C9-12)bicycloaiyl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; R4 is selected from the
group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1 o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci
-3)alkyl, sulfonyl(Ci -3)alkyl, suIfinyl(C
1-3)alkyl,amino (Q.^alkyl, imino(C 1-3)alkyl,
(C3.12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1 o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3.12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; each Rg is independently selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (Q.^alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1 5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-io)alkyl,
heteroaryl(C 1-s)alkyl, (C9-12)bicycloaryl(C
1.5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl, (C9
i2)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or any two R9 or one R9 and R3 may be
taken together to form a substituted or unsubstituted
ring; R is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-io)alkyl, carbonyl(Ci
-3)alkyl, thiocarbonyl(Ci -3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-io)alkyl,
imino(C1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3- i2)cycloalkyl(C 1-5)alkyl,
aryl(Ci-io)alkyl, heteroaryl(C 1-5)alkyl,
(C9-i2)bicycloaryl(Ci -5)alkyl,
hetero(Cg-i2)bicycloaryl(Ci-5)alkyl,
(C3-i2)cycloalkyl, hetero(C3-12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or R1 1 and R9 may be
taken together to form a substituted or unsubstituted
ring; and each R12 is independently selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-I0) yI, halo(Ci -10)alkyl, carbonyl(C1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci -3)alkyl,
sulfinyl(Ci -3)alkyl, amino (C1-10)alkyl, imino(C
1-3)alkyl,(C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-5)alkyl, hetero(C 8-12)bicycloaryl(Ci
-5)alkyl, (C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R12 and R11 may be taken together to
form a substituted or unsubstituted ring. [0134] In
still another embodiment, HDAC inhibitors of the
present invention comprise a compound selected from
the group consisting of: and wherein: m is selected
from the group consisting of 0, 1, 2, 3 and 4; n is
selected from the group consisting of 0, 1, 2, 3 and
4; p is selected from the group consisting of 0, 1, 2,
3 and 4; R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,carbonyl(Ci
-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3_12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-i2)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-i2)cycloalkyl, (Cp.^bicycloalkyl, hetero(C
3- i2)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R9 is independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1 3)alkyl,
sulfinyl(C 1 3)alkyl, amino (Q.^alkyl, InUnO(C
1-3)alkyl, (C3. i2)cycloalkyl(C -5)alkyl, hetero(C
3.12)cycloalkyl(C 1-5)alkyl, 3TyI(C1-1O) JU y I
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, heteiO(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3_12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two R9 may be taken together to form a
substituted or unsubstituted ring; R 11 is selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1. 10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1_5)alkyl, hetero(C
3-12)cycloalkyl(Cj. 5)alkyl, aryl(C 1-:[o)alkyl,
heteroaryl(Ci.. 5)alkyl, (C9-12)bicycloaryl(C
1_5)alkyl, hetero(C 8-12)bicycloaryl(Ci -5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C942 )bicycloaryl and hetero(C 4-12
)bicycloaryl, each substituted or unsubstituted, or R
11 and R9 may be taken together to form a substituted
or unsubstituted ring; and each R is independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, oxo, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
amido, carboxamido, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl,
imino(C 1-3)alkyl,(C3- i2)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(Ci -5)alkyl, (C3-i2)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9_12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R12 and R1 1 may be
taken together to form a substituted or unsubstituted
ring. [0135] In one variation of each of the above
embodiments, R1 and R2 are each independently selected
from the group consisting of hydrogen, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(Cl-1o)alkylamino, sulfonamido, irnino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci.
3)alkyl, sulfinyl(C1-3)alkyl, amino (CM o)alkyl and
imino(C 1-3)alkyl, each substituted or unsubstituted.
[0136] In another variation of each of the above
embodiments and variations, R1 is hydrogen or a
substituent convertible in vivo to hydrogen. In still
another variation of each of the above embodiments and
variations, R2 is hydrogen or a substituent
convertible in vivo to hydrogen. In yet another
variation of each of the above embodiments and
variations, R3 is hydrogen or a substituent
convertible in vivo to hydrogen. [0137] In a further
variation of each of the above embodiments and
variations, R4 is selected from the group consisting
of hydrogen, halo, aryl and heteroaryl, each
substituted or unsubstituted. In yet a further
variation of each of the above embodiments and
variations, R4 is selected from the group consisting
of phenyl, oxazolyl, thiazolyl, morpholinyl and
thiomorpholinyl, each substituted or unsubstituted.
[0138] In still a further variation of each of the
above embodiments and variations, R5, R6, R7 and R20
are independently selected from the group consisting
of carbonyl, oxo, amino, (C1-1o)alkylamino, amido,
carboxamido, cyano, alkoxy, (C1-1o)alkyl, aryl, and
heteroaryl, each substituted or unsubstituted. [0139]
In another variation of each of the above embodiments
and variations, R5 and R6 are taken together to form a
substituted or unsubstituted ring. In one variation,
the ring is an aryl or heteroaryl, each substituted or
unsubstituted. In another variation, the ring is
substituted with a substituent selected from the group
consisting of halo, alkoxy, amino(C 1-1o)alkoxy,
amino(C 1-1o)alkylsulfanyl, halo(C 1 1o)alkyl,aryl and
heteroaryl, each substituted or unsubstituted. In yet
another variation, the ring is substituted with a
substituent selected from the group consisting of
thiopheneyl, pyridinyl, furanyl and pyrimidinyl, each
substituted or unsubstituted. [0140] In still another
variation, the ring is substituted with -0-CH
2CH2-NR13R1 . In a further variation, the ring is
substituted with -NH-CH CH2-NR13R14 . Ih yet a further
variation, the ring is substituted with -S-CH CH2-NRi
3R14 . In each of these variations, R1 and Ri4 are
each independently selected from the group consisting
of hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci.io)alkylamino, sulfonamide imino,
sulfonyl, sulfinyl, (Q.^alkyl, halo(Ci. 10)alkyl,
carbonyl(Ci -3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(Ci -3)alkyl, sulfinyl(Ci -3)alkyl, amino
(Ci-Io)alkyl, imino(C 1-3)alkyl,
(C3-i2)cycloalkyl(Ci-5)alkyl,
hetero^.i^cycloalkylCCi^alkyl, aryl(Ci_io)alkyl,
heteroaryl(Ci. 5)alkyl, (C9-i2)bicycloaryl(Ci_5)alkyl,
hetero (C8-12)bicycloaryl (Ci -5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9.i2)bicycloalkyl, hetero(C 3.i2)bicycloalkyl, aryl,
heteroaryl, (C9_i 2)bicycloai-yl and hetero(C
4-i2)bicycloaryl, each substituted or unsubstituted,
or Rj3 and R14 may be taken together to form a
substituted or unsubstituted ring. In other
embodiments, Ri3 and Ri4 are each independently
selected from the group consisting of hydrogen,
(Ci.io)alkyl, (C3-i2)cycloalkyl, and heteroaryl, each
substituted or unsubstituted. In still other
embodiments, R13 and Ri4 are taken together to form a
ring selected from the group consisting of
morpholinyl, pyrrolidinyl, piperazinyl and
thiomorpholinyl, each substituted or unsubstituted.
[0141] In another variation of each of the above
embodiments and variations, R8, R1O and Ri9 are
selected from the group consisting of hydrogen and
substituted or unsubstituted (Ci_iO)alkyl. [0142] In
still another variation of each of the above
embodiments and variations, L is a linker providing a
1-5 atom separation between the two ring atoms to
which L is attached. In yet another variation of each
of the above embodiments and variations, L is a linker
providing a 1-3 atom separation between the two ring
atoms to which L is attached. In a further variation
of each of the above embodiments and variations, L is
a substituted or unsubstituted alkylene. In yet a
further variation of each of the above embodiments and
variations, wherein L is -CH2-. In another variation
of each of the above embodiments andvariations, L is
selected from the group consisting of -NR 1 -; -NR1
-CH2-; -0-CH 2-; -S-CH2-; -CH2-NR15-; -CH2-O- and
-CH2-S-, wherein R15 is selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, 



(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Q.^alkyl, halo(C].1o)alkyl,
carbonyl(C1-3)alkyl, thiocarbonyl(Ci-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1.3)alkyl, amino
(C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1 5)alkyl, aryl(C].iO)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C1.5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3.i2)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaiyl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted.
[0143] In still another variation of each of the above
embodiments and variations, A1 is selected from the
group consisting of aryl and heteroaryl, each
substituted or unsubstituted. In yet another variation
of each of the above embodiments and variations, A1 is
a substituted or unsubstituted phenylene. In a further
variation of each of the above embodiments and
variations, A1 is a substituted or unsubstituted
1,4-phenylene. In still a further variation of each of
the above embodiments and variations, A1 is selected
from the group consisting of a thiophenediyl,
furandiyl, pyrrolediyl, thiazolediyl, oxazolediyl,
imidazolediyl and pyridinediyl, each substituted or
unsubstituted. [0144] In another variation of each of
the above embodiments and variations, A1 comprises:
wherein: each X is independently selected from the
group consisting of CR1 and N; and each R1 is
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1.1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Ci-]0)alkyl, halo(C1-io)alkyl, carbonyl(Ci
-3)alkyl, thiocarbonyl(C 1-3)alkyI,
sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(Q^alkyl, imino(C 1-3)alkyl, (C3.12)cycloalkyl(C
1-5)alkyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-10)alkyl,heteroaryl(C1-5)alkyl,
(C9-i2)bicycloaryl(C1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R16 is absent when the C to which it
is bound is further bound to L or the carbonyl
adjacent to Ai. [0145] Particular examples of
compounds according to the present invention include,
but are not limited to: 4-((1H-indazol-
1-yl)methyl)-N-(2-aminophenyl)benzamide;
4-((2H-indazol-2-yl)methyl)-N-(2-aminophenyl)benzamide
;
4-((5-acetamido-lH-indazol-l-yl)methyl)-N-(2-aminophen
yl)benzamide;
4-((5-acetamido-2H-indazol-2-yl)methyl)-N-(2-aminophen
yl)benzamide; N-(2-aminophenyl)-4-((5-nitro-
1H-indazol- 1-yl)methyl)benzamide;
4-((5-benzamido-1H-indazol-
1-yl)methyl)-N-(2-aminophenyl)benzamide;
4-((5-amino-lH-indazol-l-yl)methyl)-N-(2-aminophenyl)b
enzamide;
N-(2-aminophenyl)-4-((5-nitro-2H-indazol-2-yl)methyl)b
enzamide;
4-((5-amino-2H-indazol-2-yl)methyl)-N-(2-aminophenyl)b
enzamide;
4-((5-benzamido-2H-indazol-l-yl)methyl)-N-(2-arnino
rhenyl)benzamide; 2-Methoxyethyl
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2H-indazol-5-
ylcarbamate; Methyl
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2H-indazol-5-yl
carbamate; 2-Methoxyethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-lH-indazol-5-
ylcarbamate; Methyl
1-(4-((2-aminophenyl)carbamoyl)benzyl)-
1H-indazol-5-ylcarbamate; Benzyl
1-(4-((2-aminophenyl)carbamoyl)benzyl)-
1H-indazol-5-ylcarbamate; Benzyl
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2H-indazol-5-yl
carbamate;
N-(4-Amino-biphenyl-3-yl)-4-(5-nitro-indazol-2-ylmethy
l)-benzamide;
N-(2-(4-((2-Aminophenyl)carbamoyl)benzyl)-2H-indazol-5
-yl)morpholine-4- carboxamide;
5-((2H-Indazol-2-yl)methyl)-N-(2-aminophenyl)thiophene
-2-carboxamide;
N-(2-Aminophenyl)-5-((5-nitro-2H-indazol-2-yl)methyl)t
hio rhene-2-carboxarnide;
N-(l-(4-((2-Aminophenyl)carbamoyl)benzyl)-lH-indazol-5
-yl)morpholine-4- carboxamide; 2-Morpholinoethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-lH-indazol-5-
ylcarbamate; Pyridin-3-ylmethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-lH-indazol-5-
ylcarbamate;
5-((lH-Indazol-l-yl)methyl)-N-(2-aminophenyl)thiophene
-2-carboxamide;
4-((2H-Pyrazolo[3,4-b]pyridin-2-yl)methyl)-N-(2-aminop
henyl)benz amide;
N-(4-Amino-biphenyl-3-yl)-4-pyrazolo[3,4-b]pyridin-2-y
lmethyl-benzamide;
N-(4-Amino-biphenyl-3-yl)-4-indazol-2-ylmethyl-benz
amide; N-(2-Aminophenyl)-4-((3-methyl- 1H-indazol-
1-yl)methyl)benzamide ;
N-(2-Aminophenyl)-4-((3-methyl-2H-indazol-2-yl)methyl)
benzamide;
4-((lH-indazol-3-ylamino)methyl)-N-(2-aminophenyl)benz
amide;
4-((lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)benzamide
;
N-(2-(4-((2-Aminophenyl)carbamoyl)benzyl)-2H-indazol-5
-yl)morpholine-4- carboxamide; Methyl
3-(4-((2H-indazol-2-yl)methyl)benzamido)-4-aminobenzoa
te; N-(2-aminophenyl)-4-((4-methyl- 1H-pyrazol-
1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-fluoro-2H-indazol-2-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((6-fluoro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((5-fluoro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((5-fluoro-2H-indazol-2-yl)methyl)
benzamide;
4-(1-(1H-indazol-1-yl)propan-2-yl)-N-(2-aminophenyl)be
nzamide; 4-(2-(
1H-indazol-1-yl)ethyl)-N-(2-aminophenyl)benzamide ;
4-(2-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benzamid
e;
N-(2-aminophenyl)-4-((4-chloro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((4-chloro-2H-indazol-2-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((4,6-difluoro-lH-indazol-l-yl)met
hyl)benzamide;
N-(2-aminophenyl)-4-((4,6-difluoro-2H-indazol-2-yl)met
hyl)benzamide;
N-(2-aminophenyl)-4-((7-fluoro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((7-fluoro-2H-indazol-2-yl)methyl)
benzamide;
N-(2-aminorhenyl)-4-((4-fluoro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminorhenyl)-4-((4-fluoro-2H-indazol-2-yl)methyl)
benzamide;
(R)-4-(l-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benz
amide;
(S)-4-(1-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benz
amide;
N-(2-aminorhenyl)-4-((7-fluoro-3-methyl-lH-indazol-l-y
l)methyl)benzamide;
N-(2-aniinophenyl)-4-((7-fluoro-3-methyl-2H-indazol-2-
yl)methyl)benzamide;
N-(2-aniinophenyl)-4-((4-fluoro-3-methyl-lH-indazol-l-
yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4-fluoro-3-methyl-2H-indazol-2-y
l)methyl)benzamide;
N-(2-aininophenyl)-4-((5,6-difluoro-3-methyl-lH-indazo
l-l--yl)methyl)benzainide;
N-(2-aminophenyl)-4-((5,6-difluoro-3-methyl-2H-indazol
-2-yl)niethyl)benzamide;
N-(2-aminophenyl)-4-((6-methoxy- lH-indazol-
1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-methoxy-2H-indazol-2-yl)methyl
)benz amide;
N-(2-aminophenyl)-4-((3-chloro-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((3-chloro-2H-indazol-2-yl)methyl)
benzamide;
4-((3-amino-5-(trifluoromethyl)-2H-indazol-2-yl)methyl
)-N-(2- aminophenyl)benzamide;
4-((3-amino-5-(trifluoromethyl)- 1H-indazol-
1-yl)methyl)-N-(2- aminophenyl)benzamide;
N-(2-aminophenyl)-4-((3-oxo-2,3-dihydro-lH-indazol-l-y
l)methyl)benzamide;
N-(2-aminophenyl)-4-((3-oxo-lH-indazol-2(3H)-yl)methyl
)benzamide;
N-(2-aminophenyl)-4-((6-methoxy-3-methyl-lH-indazol-l-
yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-methoxy-3-methyl-2H-indazol-2-
yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-fluoro-3-methyl-lH-indazol-l-y
l)methyl)benzamide;
N-(2-aminophenyl)-4-((6-fluoro-3-methyl-2H-indazol-2-y
l)methyl)benzamide;
N-(2-aminophenyl)-4-((5-fluoro-3-methyl-lH-indazol-l-y
l)methyl)benzainide;
N-(2-aminophenyl)-4-((5-fluoro-3-methyl-2H-indazol-2-y
l)methyl)benzamide; N-(2-aminophenyl)-4-((3-ethyl-
1H-indazol- 1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3-ethyl-2H-indazol-2-yl)methyl)b
enzamide;
N-(2-aminophenyl)-4-((6-hydroxy-3-methyl-lH-indazol-l-
yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-hydroxy--3-methyl-2H-indazol-2
-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3-phenyl-lH-indazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((3-phenyl-2H-indazol-2-yl)methyl)
benzamide;
N-(2-aminophenyl)-4-((5-methoxy-lH-indazol-l-yl)methyl
)benzamide;
N-(2-aminophenyl)-4-((5-methoxy-2H-indazol-2-yl)methyl
)benz amide; N-(2-aminophenyl)-4-((3
,5-dimethyl-lH-indazol- 1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3,5-dimethyl-2H-indazol-2-yl)met
hyl)benzamide;
N-(2-aminophenyl)-4-((7-methoxy-2H-indazol-2-yl)methyl
)benzamide;
N-(2-aminophenyl)-4-((4-methoxy-2H-indazol-2-yl)methyl
)benzamide; N-(2-aminophenyl)-4-((7-methoxy-
1H-indazol- 1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4-methoxy-lH-indazol-l-yl)methyl
)benzamide;
4-((6-acetamido-3-methyl-2H-indazol-2-yl)methyl)-N-(2-
aminophenyl)benzamide;
4-((6-acetamido-3-methyl-lH-indazol-l-yl)methyl)-N-(2-
aminophenyl)benzamide;
4-((3-amino-2H-indazol-2-yl)methyl)-N-(2-aminophenyl)b
enzamide; 4-((6-acetamido- 1H-indazol-
1-yl)methyl)-N-(2-aminophenyl)benzamide;
4-((6-acetamido-2H-indazol-2-yl)methyl)-N-(2-aminophen
yl)benzamide;
N-(2-aminophenyl)-4-((3-methyl-7-(trifluoromethyl)-2H-
indazol-2- yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3-methyl-6-(trifluoromethyl)-2H-
indazol-2- yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3-methyl-6-(trifluoromethyl)-lH-
indazol-lyl) methyl)benzamide;
N-(2-aminophenyl)-4-((3-methyl-5-(trifluoromethyl)-lH-
indazol-lyl) methyl)benzamide;
N-(2-aminophenyl)-4-((3-metb.yl-5-(trifluoromethyl)-2H
-indazol-2- yl)methyl)benzamide; 4-((3-amino-
lH-indazol- 1-yl)methyl)- -(2-aminophenyl)benzamide;
N-(2-aminophenyl)-4-((5-hydroxy-6-methoxy-2
H-indazol-2-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((5,6-dimethoxy-2H-indazol-2-yl)me
thyl)benzamide;
N-(2-aminophenyl)-4-((5,6-dimethoxy-lH-indazol-l-yl)me
thyl)benzamide; 4-((l
-benzo[J][l,2,3]triazol-l-yl)methyl)-
-(2-aminophenyl)benzamide; 4-((2H-benzo[d]
[1,2,3]triazol-2-yl)methyl)-N-(2-aminophenyl)benzamide
; 4-((5-acetamido- lH-indazol-1-yl)methyl)-
-(2-aminophenyl)benzamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-(piperazin-l
-yl)ethyl)-lH-pyrazole- 4-carboxamide;
4-((2H-indazol-2-yl)methyl)-
-(4-aminopyrimidin-5-yl)benzamide;
4-((5-acetamido-3-amino-l H-indazol-l-yl)methyl)-
-(2-aminophenyl)benzamide;
4-((5-acetamido-3-methyl-2H-indazol-2-yl)methyl)-
-(2-aminophenyl)benzamide; 4-((5-acetamido-3-methyl-l
H-indazol-l-yl)methyl)- -(2-aminophenyl)benzamide;
4-(1-(lH-indazol-1-yl)ethyl)-L
(2-aminophenyl)benzamide;
4-(1-(2H-indazol-2-yl)ethyl)-
-(2-aminophenyl)benzamide ;
5-((5-acetamido-lH-indazol- 1-yl)methyl)-L
(2-aminophenyl)thiophene-2- carboxamide;
4-((2H-indazol-2-yl)methyl)-
-(2-amino-5-(thiophen-2-yl)phenyl)benzamide;
N-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4,6-difluoro-2
H-indazol-2- yl)methyl)benzamide;
N-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4,6-difluoro-l
H-indazoUyl) methyl)benzamide;
N-(2-amino-5-(thiophen-2-yl)phenyl)-4-((6-methoxy-3-me
thyl- lH-indazol-1- yl)methyl)benzamide;
N-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4-methyl-
lH-pyrazol- 1- yl)methyl)benzamide ;
N-(2-amino-5-(thiophen-2-yl)phenyl)-4-((6-methoxy-3-me
thyl-2 H-indazol-2- yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4-(trifluoromethyl)-l
H-indazol-l-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4-(trifluoromethyl)-2H-indazol-2
-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((5-(trifluoromethyl)-l
H-indazol-l-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((5-(trifluoromethyl)-2H-indazol-2
-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((6-(trifluoromethyl)-2H-indazol-2
-yl)methyl)benzamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-
1H-pyrazole-4-carboxylic acid;
N-(2-aminophenyl)-4-((3-methyl- 1H-pyrazol-
1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3,5-dimethyl-lH-pyrazol-l-yl)met
hyl)benzamide; Ethyl
1-(4-(2-aminophenylcarbamoyl)benzyl)-
1H-pyrazole-4-carboxylate;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-2-ylme
thyl)- 1H-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-phenyl-lH-pyraz
ole-4-carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-benzyl-lH-pyraz
ole-4-carboxamide;
N-(2-aminophenyl)-4-((4,5,6,7-tetraliydro-2H-indazol-2
-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4,5,6,7-tetrahydro-lH-indazol-l-
yl)methyl)benzamide;
4-((lH-pyrazol-3-ylamino)methyl)-N-(2-aminophenyl)benz
amide;
4-((5-amino-lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)b
enzamide;
4-((3-amino-lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)b
enzamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-methyl-lH-pyraz
ole-4-carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-ethyl-lH-pyrazo
le-4-carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N,N-dimethyl-lH-p
yrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-isopropyl-lH-py
razole-4-carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-cyclopropyl-lH-
pyrazole-4- carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(cyclopropylmet
hyl)- 1H-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-(dimethylami
no)ethyl)-lH-pyrazole- 4-carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-
1H-pyrazole-4-carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-hydroxyethyl
)- 1H-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-(dimethylami
no)propyl)-lHpyrazole- 4-carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-3-ylme
thyl)- 1H-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-4-ylme
thyl)-lH- ryrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-morpholinoet
hyl)-lH-pyrazole-4- carboxamide;
N-(2-aminophenyl)-4-((5-methyl-lH-
ryrazol-l-yl)methyl)benzamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-pro
ryl-lH-pyrazole-4-carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-isobutyl-lH-pyr
azole-4-carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-methoxyethyl
)- 1H-pyrazole-4- carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3
-methoxypropyl)- 1H-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-hydroxypro
ryl)-lH- ryrazole-4- carboxamide;
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-morpholinopr
opyl)-lH-pyrazole-4- carboxamide;
l-(4-(2-aminophenylcarbanioyl)benzyl)-N-(2-(piperidin-
l-yl)ethyl)-lH-pyrazole- 4-carboxamide;
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3
-(4-methylpiperazin-1-yl)propyl)-1Hpyrazole-
4-carboxamide; 4-((
lH-Pyrrolo[2,3-b]pyridin-1-yl)methyl)-N-(2-aminophenyl
)benzamide; 4-((l
H-Indol-3-yl)methyl)-N-(2-aminophenyl)benzamide; 4-((l
H-indazol-l-yl)methyl)-N-(2-amino-5-fluorophenyl)benza
mide;
4-((2H-indazol-2-yl)methyl)-N-(2-amino-5-fluorophenyl)
benzamide; 4-((1H-indazol-
1-yl)methyl)-N-(2-amino-5-fluorophenyl)-3-methylbenzam
ide;
4-((2H-indazol-2-yl)methyl)-N-(2-amino-5-fluorophenyl)
-3-methylbenz amide;
N-(2-aminophenyl)-3-methyl-4-((3-methyl-lH-indazol-l-y
l)methyl)benzamide;
N-(2-aminophenyl)-3-methyI-4-((3-methyl-2H-indazol-2-y
l)methyl)benzamide; N-(2-aminophenyl)-4-((3-cyano-
1H-indazol- 1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((3-cyano-2H-indazol-2-yl)methyl)b
enzamide;
l-(4-((2-aminophenyl)carbamoyl)benzyl)-lH-indazole-3-c
arboxylic acid;
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2H-indazole-3-c
arboxylic acid; N-(2-aminophenyl)-4-((5-cyano-
1H-indazol- 1-yl)methyl)benzamide;
N-(2-aminophenyl)-4-((5-cyano-2H-indazol-2-yl)methyl)b
enzamide;
N-(2-aminophenyl)-4-((3-(pyridin-2-yl)-lH-indazol-l-yl
)methyl)benzamide;
N-(2-aminophenyl)-4-((3-(pyridin-2-yl)-2H-indazol-2-yl
)methyl)benzamide;
N-(2-aminophenyl)-4-((3-(dimethylamino)-lH-indazol-l-y
l)methyl)benzamide;
N-(2-aminophenyl)-4-((3-(dimethylamino)-2H-indazol-2-y
l)methyl)benzamide; 4-((1H-indazol-
1-yl)methyl)-N-(2-amino-5-(furan-2-yl)phenyl)benzamide
;
4-((2H-indazol-2-yl)methyl)-N-(2-amino-5-(furan-2-yl)p
henyl)benzamide;
N-(2-aminophenyl)-4-((3-methoxy-lH-indazol-l-yl)methyl
)benzamide;
N-(2-aminophenyl)-4-((3-methoxy-2H-indazol-2-yl)methyl
)benzamide;
N-(2-aminophenyl)-4-((3-(methoxymethylamino)-lH-indazo
l-lyl) methyl)benzamide;
N-(2-aminophenyl)-4-((3-(methoxymethylamino)-2H-indazo
l-2- yl)methyl)benzamide ; 4-((1H-pyrazol-
1-yl)methyl)-N-(2-amino-5-fluorophenyl)benzamide;
N-(2-amino-5-fluorophenyl)-4-((4-methyl- lH-pyrazol-
1-yl)methyl)benzamide;
4-((lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)-3-methyl
benzamide;
N-(2-ainino-5-fluorophenyl)-3-methyl-4-((4-methyl-
lH-pyrazol- 1- yl)methyl)benzamide;
N-(2-aminophenyl)-4-((4-(furan-2-yl)-lH-pyrazol-l-yl)m
ethyl)benzamide;
l-(4-((2-aminophenyl)carbamoyl)benzyl)-lH-pyrazole-4-c
arboxylic acid;
N-(2-aminophenyl)-4-((3-ethyl-lH-pyrazol-l-yl)methyl)b
enzamide;
N-(2-aminophenyl)-4-((5-ethyl-lH-pyrazol-l-yl)methyl)b
enzamide;
N-(2-aminophenyl)-4-((4-phenyl-lH-pyrazol-l-yl)methyl)
benzamide;
N-(2-aminophenyl)-3-methyl-4-((5-methyl-4-phenyl-lH-py
razol-lyl) methyl)benzamide;
N-(2-aminophenyl)-4-((3-cyano-lH-pyrazol-l-yl)methyl)b
enzamide; N-(2-aminophenyl)-4-((5-(pyridin-2-yl)-
lH-pyrazol- 1-yl)methyl)benzamide; 4-((1H-pyrazol-
1-yl)methyl)-N-(2-amino-5-(furan-2-yl)phenyl)benzamide
; N-(2-amino-5-(furan-2-yl)phenyl)-4-((4-methyl-
1H-pyrazol- 1- yl)methyl)benzamide;
(S)-4-(l-(lH-pyrazol-l-yl)ethyl)-N-(2-aminophenyl)benz
amide; (R)-4-(1-(lH-pyrazol-
1-yl)ethyl)-N-(2-aminophenyl)benzamide;
N-(2-aminorhenyl)-4-((3-(ryridin-2-yl)-lH-pyrazol-l-yl
)methyl)benzamide;
N-(2-aminophenyl)-4-((5-methoxy-lH-pyrazol-l-yl)methyl
)benzamide;
N-(2-aminorhenyl)-4-((3-(methoxymethylamino)-lH-pyrazo
l-lyl) methyl)benzamide;
N-(2-aminophenyl)-4-((5-(methoxymethylamino)-
1H-pyrazol- 1- yl)methyl)benzamide; and
N-(2-aminophenyl)-4-((3-methoxy-lH-pyrazol-l-yl)memyl)
benzamide. [0146] It is noted that the compounds of
the present invention may be in the form of a
pharmaceutically acceptable salt, biohydrolyzable
ester, biohydrolyzable amide, biohydrolyzable
carbamate, solvate, hydrate or prodrug thereof. For
example, the compound optionally comprises a
substituent that is convertible in vivo to a different
substituent such as a hydrogen. [0147] It is further
noted that the compound may be present in a mixture of
stereoisomers (including tautomers), or the compound
may comprise a single stereoisomer. [0148] The present
invention also provides a pharmaceutical composition
comprising as an active ingredient a compound
according to any one of the above embodiments and
variations. In one particular variation, the
composition is a solid formulation adapted for oral
administration. In another particular variation, the
composition is a liquid formulation adapted for oral
administration. In yet another particular variation,
the composition is a tablet. In still another
particular variation, the composition is a liquid
formulation adapted for parenteral administration.
[0149] In another of its aspects, there is provided a
pharmaceutical composition comprising a compound
according to any one of the above embodiments and
variations, wherein the composition is adapted for
administration by a route selected from the group
consisting of orally, parenterally, intraperitoneally,
intravenously, intraarterially, transdermally,
sublingually, intramuscularly, rectally,
transbuccally, intranasally, liposomally, via
inhalation, vaginally, intraoccularly, via local
delivery (for example by catheter or stent),
subcutaneously, intraadiposally, intraarticularly, and
intrathecally. [0150] In yet another of its aspects,
there is provided a kit comprising a compound of any
one of the above embodiments and variations; and
instructions which comprise one or more forms of
information selected from the group consisting of
indicating a disease state for which the composition
is to be administered, storage information for the
composition,dosing information and instructions
regarding how to administer the composition. In one
particular variation, the kit comprises the compound
in a multiple dose form. [0151] In still another of
its aspects, there is provided an article of
manufacture comprising a compound of any one of the
above embodiments and variations; and packaging
materials. In one variation, the packaging material
comprises a container for housing the compound. In one
particular variation, the container comprises a label
indicating one or more members of the group consisting
of a disease state for which the compound is to be
administered, storage information, dosing information
and/or instructions regarding how to administer the
compound. In another variation, the article of
manufacture comprises the compound in a multiple dose
form. [0152] In a further of its aspects, there is
provided a therapeutic method comprising administering
a compound of any one of the above embodiments and
variations to a subject. [0153] In another of its
aspects, there is provided a method of inhibiting HDAC
comprising contacting HDAC with a compound of any one
of the above embodiments and variations. [0154] In yet
another of its aspects, there is provided a method of
inhibiting HDAC comprising causing a compound of any
one of the above embodiments and variations to be
present in a subject in order to inhibit HDAC in vivo.
[0155] In a further of its aspects, there is provided
a method of inhibiting HDAC comprising administering a
first compound to a subject that is converted in vivo
to a second compound wherein the second compound
inhibits HDAC in vivo, the second compound being a
compound according to any one of the above embodiments
and variations. [0156] In another of its aspects,
there is provided a method of treating a disease state
for which HDAC possesses activity that contributes to
the pathology and/or symptomology of the disease
state, the method comprising causing a compound of any
one of the above embodiments and variations to be
present in a subject in a therapeutically effective
amount for the disease state. [0157] In yet another of
its aspects, there is provided a method of treating a
disease state for which HDAC possesses activity that
contributes to the pathology and/orsymptomology of the
disease state, the method comprising administering a
compound of any one of the above embodiments and
variations to a subject, wherein the compound is
present in the subject in a therapeutically effective
amount for the disease state. [0158] In a further of
its aspects, there is provided a method of treating a
disease state for which HDAC possesses activity that
contributes to the pathology and/or symptomology of
the disease state, the method comprising administering
a first compound to a subject that is converted in
vivo to a second compound wherein the second compound
inhibits HDAC in vivo, the second compound being a
compound according to any one of the above embodiments
and variations. [0159] In still another embodiment,
the present invention relates to a method for treating
cancer comprising administering a compound according
to any one of the above embodiments and variations to
a mammalian species in need thereof. In one variation,
the cancer is selected from the group consisting of
squamous cell carcinoma, astrocytoma, Kaposi's
sarcoma, glioblastoma, non small-cell lung cancer,
bladder cancer, head and neck cancer, melanoma,
ovarian cancer, prostate cancer, breast cancer,
small-cell lung cancer, glioma, colorectal cancer,
genitourinary cancer and gastrointestinal cancer.
[0160] In another embodiment, the present invention
relates to a method for treating inflammation,
inflammatory bowel disease, psoriasis, or transplant
rejection, comprising administering a compound
according to any one of the above embodiments and
variations to a mammalian species in need thereof.
[0161] In a further embodiment, the present invention
relates to a method for treating arthritis comprising
administering a compound according to any one of the
above embodiments and variations to a mammalian
species in need thereof. [0162] In yet another
embodiment, the present invention relates to a method
for treating degenerative diseases of the eye
comprising administering a compound according to any
one of the above embodiments and variations to a
mammalian species in need thereof. [0163] In still
another embodiment, the present invention relates to a
method for treating multiple sclerosis, amyotrophic
lateral sclerosis, thyroid neoplasm or Alzheimer's
disease comprising administering a compound according
to any one of the above embodiments and variations to
a mammalian species in need thereof.[0164] In a
further embodiment, the present invention relates to a
method for treating hyperproliferatiye skin diseases
or inflammatory cutaneous disorders comprising
administering a compound according to any one of the
above embodiments and variations to a mammalian
species in need thereof. [0165] In each of the above
embodiments and variations, the histone deacetylase is
optionally a Class I histone deacetylase. In
particular variations of each of the above embodiments
and variations, the histone deacetylase is HDAC2
and/or HDAC8. [0166] In still other of its aspects,
the present invention relates to methods of making the
HDAC inhibitors of the present invention, as well as
intermediates useful for the preparation of such HDAC
inhibitors. In one embodiment, the processes comprise:
reacting a compound comprising the formula with a
compound comprising the formula under conditions that
form a reaction product comprising a formula selected
from the group consisting of 



wherein X is a leaving group; A1 is selected from the
group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl, (C94
2)bicycloaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted;L is a linker providing a
0-6 atom separation between the two ring atoms to
which L is attached; and R , R6 and R7 are each
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(Ci - 1o)alkyl,
heteroaryl(C 1-s)alkyl, (C9-12)bicycloaryl(C
1.5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl, (C9
i2)bicycloalkyl, hetero(C3-i2)bicycloalkyl, aryl,
heteroaryl, and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or any two of R5, R6 and
R7 may be taken together to form a substituted or
unsubstituted ring. 7] In another embodiment, the
processes comprise: reacting a compound comprising the
formula with a compound comprising the formula under
conditions that form a reaction product comprising a
formula wherein n is selected from the group
consisting of 0, 1, 2, 3 and 4;A1 is selected from the
group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3.j2)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl, and hetero(C 4-12)bicycloaryl,
each substituted or unsubstituted; L is a linker
providing a 0-6 atom separation between the two ring
atoms to which L is attached; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(Ci
-io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci_
3)alkyl, sulfonyl(C 1.3)alkyl, sulfinyl(C 1-3)alkyl,
amino (Ci-K^alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3.12)cycloalkyl(C 1-5)alkyl, aryl(Ci.io)alkyl,
heteroaryl(C 1-5)alkyl, (C9 i2)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R1 and R2 may be taken together to form a
substituted or unsubstituted ring; R3 is selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(Q.^alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-io)alkyl, carbonyl(Ci -3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (Q.^alkyl, imino(Ci
-3)alkyl, (C3-i2)cycloalkyl(C 1_5)alkyl, hetero(C
3-i2)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(Ci -5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl, (C9
12)bicycloalkyl, hetero(C 3_12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
each R4 is selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1- i0)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (Ci-Io)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C1
10)aUcyl, heteroaryl(Ci -5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl,hetero(C 3-12)cycloalkyl, (C
-12)WCyClOaIkYl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
and R5, R and R7 are each independently selected from
the group consisting of hydrogen, halo, nitro, cyano,
oxo, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (Ci -Io)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-1O)OIlCyI, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci-
3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-i2)cycloalkyl(C 1.5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl, heteiO(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl, (C9_i
2)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or any two of R , R6 and
R7 may be taken together to form a substituted or
unsubstituted ring. 8] In still another embodiment,
the processes comprise: reacting a compound comprising
the formula with a compound comprising the formula
under conditions that form a reaction product
comprising a formula wherein n is selected from the
group consisting of 0, 1, 2, 3 and 4 ;A1 is selected
from the group consisting of (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (Cp.^bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C4 12)bicycloaryl, each
substituted or unsubstituted; L is a linker providing
a 0-6 atom separation between the two ring atoms to
which L is attached; R1 and R2 are each independently
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1 o)alkyl, halo(C 1-1o)alkyl,
carbonyl(Ci -3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(Ci -3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1.1o)alkyl, imino(C1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl, hetero(C
8-12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R3 is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1_io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1.1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C 3
12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl, hetero(C
8-i2)bicycloaryl(Ci -5)alkyl, (C3-12)cycloalkyl,
hetero(C3.12)cycloalkyl, (Cg.^bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; each R4 is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(Ci -3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C1-3)alkyl,
(C3-12)cycloalkyl(C1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(Ci -5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl,hetero(C3-12)cycloalkyl,
(Cg-12)bicycloalkyl, hetero(C 3.12)bicycloalkyl, aryl,
heteroaryl, (C9.i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; and R5, R and R7 are each independently
selected from the group consisting of hydrogen, halo,
nitro, cyano, oxo, thio, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-io)alkylamino,
amido, carboxamido, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-io)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyKX ^alkyl, sulfonyl(Ci-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8.12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-i2)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or any two of R5, R6 and R7 may be taken together to
form a substituted or unsubstituted ring. 69] In yet
another embodiment, the processes comprise: reacting a
compound comprising the formula with a compound
comprising the formula R-C(O)-X under conditions that
form a reaction product comprising a formula wherein p
is selected from the group consisting of 0, 1, 2, 3
and 4;A1 is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cp-^bicycloalkyl, hetero(C 3.. 12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (Q-^alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (Ci -Io)alkyl, halo(C 1-1o)alkyl,
carbonylCQ^alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3 12)cycloalkyl(C 1_5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(Ci.io)alkyl, hetero(Cs -12)bicycloaryl(C
1-5)alkyl, (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9_12)bicycloalkyl, hetero(C
3-i2)bicycloalkyl, aryl, heteroaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; X
is a leaving group; R7 is selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C ojalkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1 o)alkyl, carbonylCC^alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-i2)cycloalkyl(Ci. 5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
and each R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)aUcyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl,heteroaryl(Ci -5)alkyl,
(C9-i2)bicycloaryl(C1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9_12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or Ri2 and R7 or Rn may be taken
together to form a substituted or unsubstituted ring.
0] In a further embodiment, the processes comprise:
reacting a compound comprising the formula with a
compound comprising the formula R-C(O)-X under
conditions that form a reaction product comprising a
formula wherein p is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-i2)cycIoalkyl, hetero(C
3-12)cycloalkyl, (Cg.^bicycloalkyl,
hetero(C3.i2)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C4_12)bicycloaryl, each
substituted or unsubstituted; L is a linker providing
a 0-6 atom separation between the two ring atoms to
which L is attached; R is selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-1o)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(C 1.i0)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1 3)alkyl,
sulfinyl(C 1-3)alkyl, amino (Ci-10)alkyl,imino(C
1.3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(Ci -5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted; X
is a leaving group; R7 is selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-io)alkyl,
halo(C 1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(Ci_3)alkyl, (C3-i2)cycloalkyl(C 1 5)alkyl ,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1
10)alkyl, heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(Ci -5)alkyl,
(C3-i2)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9 12)bicycloaryl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted; and
each R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C^iojalkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(Ci 3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyI(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1.3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1 5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-i2)bicycloaryl(C 1 5)alkyl,
(C3.12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R1 and R7 or Rn may be taken together to form a
substituted or unsubstituted ring. 1] In still a
further embodiment, the processes comprise: reacting a
compound comprising the formulawith a compound
comprising the formula under conditions that form a
reaction product comprising a formula wherein n is
selected from the group consisting of 0, 1, 2, 3 and 4
; p is selected from the group consisting of 0, 1, 2,
3 and 4; A1 is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1(OaIkVl, halo(C 1-10)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-10)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-io)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1.5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl,(Cc>-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-io)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1 o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C 1
3)alkyl, sulfonyl(Cj. 3)alkyl, sulfinyl(Ci -3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(Ci_5)alkyl,
(C3-12)cycloalkyI, hetero(C3-12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl, (C9-1
)bicycloaryl and hetero(C 4-i2)bicycloaryl, each
substituted or unsubstituted, or R1 and R2 may be
taken together to form a substituted or unsubstituted
ring; R3 is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-io)alkyl, halo(C
1-1o)alkyl, carbonyl(Ci-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(Ci -3)alkyl,
amino (C1-1o)alkyl, imino(Ci -3)alkyl,
(C3-12)cycloalkyl(Ci_5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-i2)bicycloaryl(C
1-5)alkyl, hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cg-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; each R is selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(Ci_io)aIkyl,
carbonyl(C 1.3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1 3)alkyl, amino
(C1-1o)alkyl, imino(Ci -3)alkyl, (C3-n)cycloalkyl(Ci-
5)a}kyl, hetero(C3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci -5)alkyl,
hetero(C8-12)bicycloaryl(C1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-i2)bicycloaryl, each substituted or unsubstituted;R7
is selected from the group consisting of hydrogen,
halo, nitro, cyano, oxo, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1.1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(C1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl (Ci-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-1o)alkyl, imino(Ci -3)alkyl,
(C3-12)cycloalkyl(C1.5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(Ci -5)alkyl, hetero(C8-12)bicycloaryl(C
1-5)alkyl, (C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9.i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; and each R12 is independently selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1.10)alkyl, halo(C1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (Q.iojalkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C1-5)alkyl, hetero(C
3-12)cycloalkyl(Ci-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1 5)alkyl,
(C3-12)cycloalkyl, hetero(C 3- i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C4_
2)bicycloaryl, each substituted or unsubstituted, or
R12 and R7 or R11 may be taken together to form a
substituted or unsubstituted ring. 2] hi yet a further
embodiment, the processes comprise: reacting a
compound comprising the formula with a compound
comprising the formulaunder conditions that form a
reaction product comprising a formula wherein n is
selected from the group consisting of 0, 1, 2, 3 and
4; p is selected from the group consisting of 0, 1, 2,
3 and 4; A1 is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C 3 i2)cycloalkyl,
(C9-12)bieycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-i2)bicycloaryl, and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-]0)alkyl, halo(C 1- i0)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1.3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl, (C3 12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(Ci_ 5)alkyl,
aiyl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1_5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; R1 and R2 are each
independently selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylammo, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-10)alkyl, halo(C 1-10)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1_3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(Ci -3)alkyl, amino (Ci
-10)alkyl, imino(C 1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C 1-10)alkyl, heteroaryl(C l 5)alkyl,
(C9-i2)bicycloaryl(C 1 5)alkyl, hetero(C
8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl,hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R1 and R2 may be taken together to
form a substituted or unsubstituted ring; R3 is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(Cj -3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl (C1-3)alkyl, amino
(C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C1-5)alkyl, hetero(C
3-12)cycloalkyl(Ci- 5)alkyl, aryl(Ci_1o)alkyl,
heteroaryl(C 1-5)alkyl, heteiO(C8-12)bicycloaryl(C
1-5)alkyl, (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; each R4 is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1_1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1 1o)alkyl, halo(C
1-io)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1 3)alkyl, sulfinyl(C 1 3)alkyl,
amino (C1-1o)alkyl, imino(C 1.3)alkyl,
(C3_12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (Cg-12)bicycloaryl(C
1.5)alkyl, hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-i2)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-i2)bicycloalkyl, aryl,
heteroaryl, (Cg-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; R is selected from the group consisting
of hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-10)alkyl, halo(C
1-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1 3)alkyl, sulfinyl(C 1-3)alkyl,
amino (d- 10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C1.5)alkyl,
hetero(C3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(Ci -5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
andeach R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (Q.^alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (Ci-10)alkyl,
halo(Ci_io)alkyl, carbonyl(C1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C1-3)alkyl, sulfinyl(C 1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C1-5)alkyl,
hetero(C3-12)cycloalkyl(C1.5)alkyl, aryl(C1-!0)alkyl,
heteroaryl(C1-5)alkyl, (C9-12)bicycloaryl(C1-5)alkyl,
hetero(C8-12)bicycloaryl(C1.5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl,
(C9_12)bicycloaryl and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted, or R1 and R7 or R1 1 may
be taken together to form a substituted or
unsubstituted ring. 3] In another embodiment, the
processes comprise: reacting a compound comprising the
formula with a compound comprising the formula under
conditions that form a first reaction product
comprising a formula reacting the first reaction
product with a compound comprising the formula under
conditions that form a second reaction product
comprising a formulawherein n is selected from the
group consisting of 0, 1, 2, 3 and 4; X is a leaving
group; Ai is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl, and hetero(C 4-
i2)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R1 and R2
are each independently selected from the group
consisting of hydrogen, hydroxy, alkoxy, aryloxy,
heteroaryloxy, carbonyl, amino, (C1-10)alkylamino,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(Ci. 3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3_12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg_12)bicycloaryl and hetero(C
4_12)bicycloaryl, each substituted or unsubstituted,
or R1 and R2 may be taken together to form a
substituted or unsubstituted ring; R is selected from
the group consisting of hydrogen, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, sulfonamido, imino, sulfonyl,
sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(Ci
-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl,
imino(C 1-3)alkyl, (C3_12)cycloalkyl(C1-5)alkyl,
hetero(C 3- i2)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C
8-12)bicycloaryl(C 1 5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3 12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted;each R4 is selected from
the group consisting of hydrogen, halo, nitro, cyano,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C
1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(Ci -3)alkyl, sulfinyl(C 1.3)alkyl,
amino (Ci-io)alkyl, imino(C 1 3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaiyl(C
1_5)alkyl, hetero(C 8-12)bicycloaryl(C 1_5)alkyl,
(C3.12)cycloalkyl, 



hetero(C 3-12)cycloalkyl, (C9-12)bicycloalkyl,
hetero(C 3-12)bicycloalkyl, aryl, heteroaryl,
(C9-i2)bicycloaryl and heteiO(C4 12)bicycloaryl, each
substituted or unsubstituted; R7 is selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(Ci-]o)alkyl , halo(Ci - 1o)alkyl, carbonyl(C
1-3)alkyl, thiocarbonyl(C 1-3)alkyl, sulfonyl(C
1-3)alkyl, sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl,
imino(C 1-3)alkyl, (C3-12)cycloalkyl(C 1 5)alkyl,
hetero(C 3-i2)cycloalkyl(Ci -5)alkyl, aryl(C
1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl, hetero(C 8
12)bicycloaryl(C 1-5)alkyl, (C3-12)cycloalkyl,
hetero(C 3-i2)cycloalkyl, (Cg-^bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl, (C9
12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted; and each R1 is
independently selected from the group consisting of
hydrogen, halo, nitro, cyano, thio, hydroxy, alkoxy,
aryloxy, heteroaryloxy, carbonyl, amino,
(Ci-io)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-Io)alkyl, halo(C 1
.1Q)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci
-3)alkyl, sulfonyl(C 1-3)alkyl, SuIfIHyI(C1-3)alkyl,
amino (C1-1o)alkyl, imino(C 1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3.12)cycloalkyl(C 1-5)alkyl, aryl(C 1 10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1_5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3 12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg-12)WCyClOaTyI and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R12 and R7 or R11 may be taken together to form a
substituted or unsubstituted ring.[0174] In another
embodiment, the processes comprise: reacting a
compound comprising the formula with a compound
comprising the formula under conditions that form a
first reaction product comprising a formula reacting
the first reaction product with a compound comprising
the formula under conditions that form a second
reaction product comprising a formula wherein X is a
leaving group. [0175] In one variation of the above
embodiments, X is halo. In one particular variation, X
is bromo. In another particular variation, X is
chloro. [0176] In yet other of its aspects, the
present invention relates to compounds useful in the
preparation of the HDAC inhibitors of the present
invention. In one embodiment, the compounds
comprise:wherein A1 is selected from the group
consisting of (C3-12)cycloalkyl,
hetero(C3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C 4-12)bicycloaryl,
each substituted or unsubstituted; L is a linker
providing a 0-6 atom separation between the two ring
atoms to which L is attached; and R , R6 and R7 are
each independently selected from the group consisting
of hydrogen, halo, nitro, cyano, oxo, thio, hydroxy,
alkoxy, aryloxy, heteroaryloxy, carbonyl, amino,
(C1-1o)alkylamino, amido, carboxamido, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C1-1o)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(C
1-3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C 1 3)alkyl,
amino (C1-1o)alkyl, imino(C1-3)alkyl,
(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-1o)alkyl,
heteroaryl(Ci- 5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-i2)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or any two of R5, R and R7 may be taken
together to form a substituted or unsubstituted ring.
7] In another embodiment, the compounds comprise:
wherein A1 is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; and R , R6
and R7 are each independently selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamiho, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1.1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1o)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1_5)alkyl, hetero(C 8-12)bicycloaryl(Ci. 5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9.i2)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or any two of R , R and R7 may be taken
together to form a substituted or unsubstituted ring.
8] In still another embodiment, the compounds
comprise: wherein p is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3.i2)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; L is a linker providing
a 0-6 atom separation between the two ring atoms to
which L is attached; R7 is selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1_1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(C 1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl, imino(Ci
-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C
1-10)alkyl,heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8_12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
and each R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-io)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1 10)alkyl,
halo(C 1-1o)alkyl, carbonyl(Ci- 3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1_10)alkyl,
heteroaryl(C 1-5)alkyl, (C9 12)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9_12)bicycloaryl and hetero(C 4-12)bicycloaryl, each
substituted or unsubstituted, or R12 and R7 or R1 1
may be taken together to form a substituted or
unsubstituted ring. [0179] In one particular variation
of the above embodiment, the compounds comprise:
[0180] In yet another embodiment, the compounds
comprise: wherein p is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9-12)bicycloalkyl, hetero(C
3-12)bicycloalkyl, aryl, heteroaryl,
(C9-12)bicycloaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; L is a linker providing
a 0-6 atom separation between the two ring atoms to
which L is attached;R7 is selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1_5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
and each R1 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(C 1.1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1 3)alkyl,
sulfinyl(Ci -3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted,
or R12 and R7 or R11 may be taken together to form a
substituted or unsubstituted ring. 1] In a further
embodiment, the compounds comprise: wherein p is
selected from the group consisting of 0, 1, 2, 3 and
4;A1 is selected from the group consisting of
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl, and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted; L
is a linker providing a 0-6 atom separation between
the two ring atoms to which L is attached; R is
selected from the group consisting of hydrogen,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1-1o)alkylamino, sulfonamido, imino,
sulfonyl, sulfinyl, (C1-1o)alkyl, halo(C 1-1o)alkyl,
carbonyl(C 1-3)alkyl, thiocarbonyl(C 1-3)alkyl,
sulfonyl(C 1-3)alkyl, sulfinyl(C 1-3)alkyl, amino
(C1-1o)alkyl, imino(C1-3)alkyl, (C3-12)cycloalkyl(C
1-5)alkyl, hetero(C 3-12)cycloalkyl(C 1-5)alkyl,
aryl(C1-10)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(C 1-5)alkyl,
hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; R7 is selected from the group
consisting of hydrogen, halo, nitro, cyano, oxo, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (C1 Io)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-10)alkyl,
halo(Ci - 1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-10)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1_5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9_12)bicycloaryl(C
1-5)alkyl, hetero(C 8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(Cg.^bicycloalkyl, hetero(C3-12)bicycloalkyl, aryl,
heteroaryl, (Cg.^bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted; and each R12 is independently selected
from the group consisting of hydrogen, halo, nitro,
cyano, thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-io)alkyl, halo(C 1-10)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9_12)bicycloaryl(C
1_5)alkyl, hetero(C 8-12)bicycloaryl(C
1-5)alkyl,(C3-12)cycloalkyl, hetero(C 3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and
hetero(C4-12)bicycloaryl, each substituted or
unsubstituted, or R12 and R7 or R11 may be taken
together to form a substituted or unsubstituted ring.
2] In still a further embodiment, the compounds
comprise: wherein p is selected from the group
consisting of 0, 1, 2, 3 and 4; A1 is selected from
the group consisting of (C3-12)cycloalkyl, hetero(C
3-12)cycloalkyl, (C9 12)bicycloalkyl,
hetero(C3-12)bicycloalkyl, aryl, heteroaryl, and
hetero(C 4-12)bicycloaryl, each substituted or
unsubstituted; L is a linker providing a 0-6 atom
separation between the two ring atoms to which L is
attached; R is selected from the group consisting of
hydrogen, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-1o)alkylamino, sulfonamido,
imino, sulfonyl, sulfinyl, (C1-1o)alkyl, halo(Ci
-10)alkyl, carbonyl(C 1-3)alkyl, thiocarbonyl(Ci-
3)alkyl, sulfonyl(C 1-3)alkyl, sulfinyl(C1-3)alkyl,
amino (C1-10)alkyl, imino(C 1-3)alkyl, (C3
12)cycloalkyl(C 1-5)alkyl, hetero(C3-12)cycloalkyl(C
1-5)alkyl, aryl(C 1-1o)alkyl, heteroaryl(C 1-5)alkyl,
(C9-12)bicycloaryl(Ci-5)alkyl,
hetero(Cs-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, and hetero(C4-12)bicycloaryl, each
substituted or unsubstituted; R7 is selected from the
group consisting of hydrogen, halo, nitro, cyano, oxo,
thio, hydroxy, alkoxy, aryloxy, heteroaryloxy,
carbonyl, amino, (C1-10)alkylamino, amido,
carboxamido, sulfonamido, imino, sulfonyl, sulfinyl,
(C1-10)alkyl, halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C 1-3)alkyl, amino (C1-1o)alkyl, imino(C
1-3)alkyl,(C3-12)cycloalkyl(C 1-5)alkyl, hetero(C
3-12)cycloalkyl(C 1-5)alkyl, aryl(C1-10)alkyl,
heteroaryl(C 1-5)alkyl, (C9-12)bicycloaryl(C
1-5)alkyl, hetero(C8-12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(Cg.^bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C
4-12)bicycloaryl, each substituted or unsubstituted;
and each R12 is independently selected from the group
consisting of hydrogen, halo, nitro, cyano, thio,
hydroxy, alkoxy, aryloxy, heteroaryloxy, carbonyl,
amino, (Ci -Io)alkylamino, amido, carboxamido,
sulfonamido, imino, sulfonyl, sulfinyl, (C1-1o)alkyl,
halo(C 1-1o)alkyl, carbonyl(C 1-3)alkyl,
thiocarbonyl(C 1-3)alkyl, sulfonyl(C 1-3)alkyl,
sulfinyl(C1-3)alkyl, amino (C1-1o)alkyl,
imino(C1-3)alkyl, (C3-12)cycloalkyl(C 1-5)alkyl,
hetero(C 3-12)cycloalkyl(C 1-5)alkyl, aryl(C 1-1
o)alkyl, heteroaryl(C 1-5)alkyl, (C9_12)bicycloaryl(C
1 5)alkyl, hetero(C8.12)bicycloaryl(C 1-5)alkyl,
(C3-12)cycloalkyl, hetero(C3-12)cycloalkyl,
(C9-12)bicycloalkyl, hetero(C 3-12)bicycloalkyl, aryl,
heteroaryl, (C9-12)bicycloaryl and hetero(C 4
12)bicycloaryl, each substituted or unsubstituted, or
R12 and R7 or R11 may be taken together to form a
substituted or unsubstituted ring. Salts, Hydrates,
and Prodrugs of HDAC Inhibitors [0183] It should be
recognized that the compounds of the present invention
may be present and optionally administered in the form
of salts, hydrates and prodrugs that are converted in
vivo into the compounds of the present invention. For
example, it is within the scope of the present
invention to convert the compounds of the present
invention into and use them in the form of their
pharmaceutically acceptable salts derived from various
organic and inorganic acids and bases in accordance
with procedures well known in the art. [0184] When the
compounds of the present invention possess a free base
form, the compounds can be prepared as a
pharmaceutically acceptable acid addition salt by
reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid,
e.g., hydrohalides such as hydrochloride,
hydrobromide, hydroiodide; other mineral acids and
their corresponding salts such as sulfate, nitrate,
phosphate, etc.; and alkyl and monoarylsulfonates such
as ethanesulfonate, toluenesulfonate and
benzenesulfonate; and other organic acids and their
corresponding salts such as acetate,tartrate, maleate,
succinate, citrate, benzoate, salicylate and
ascorbate. Further acid addition salts of the present
invention include, but are not limited to: adipate,
alginate, arginate, aspartate, bisulfate, bisulfite,
bromide, butyrate, camphorate, camphorsulfonate,
caprylate, chloride, chlorobenzoate,
cyclopentanepropionate, digluconate,
dihydrogenphosphate, dinitrobenzoate, dodecylsulfate,
fumarate, galacterate (from mucic acid),
galacturonate, glucoheptaoate, gluconate, glutamate,
glycerophosphate, hemisuccinate, hemisulfate,
heptanoate, hexanoate, hippurate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,
iodide, isethionate, iso-butyrate, lactate,
lactobionate, malate, malonate, mandelate,
metaphosphate, methanesulfonate, methylbenzoate,
monohydrogenphosphate, 2-naphthalenesulfonate,
nicotinate, nitrate, oxalate, oleate, pamoate,
pectinate, persulfate, phenylacetate,
3-phenylpropionate, phosphate, phosphonate and
phthalate. It should be recognized that the free base
forms will typically differ from their respective salt
forms somewhat in physical properties such as
solubility in polar solvents, but otherwise the salts
are equivalent to their respective free base forms for
the purposes of the present invention. [0185] When the
compounds of the present invention possess a free acid
form, a pharmaceutically acceptable base addition salt
can be prepared by reacting the free acid form of the
compound with a pharmaceutically acceptable inorganic
or organic base. Examples of such bases are alkali
metal hydroxides including potassium, sodium and
lithium hydroxides; alkaline earth metal hydroxides
such as barium and calcium hydroxides; alkali metal
alkoxides, e.g., potassium ethanolate and sodium
propanolate; and various organic bases such as
ammonium hydroxide, piperidine, diethanolamine and
N-methylglutamine. Also included are the aluminum
salts of the compounds of the present invention.
Further base salts of the present invention include,
but are not limited to: copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium,
sodium and zinc salts. Organic base salts include, but
are not limited to, salts of primary, secondary and
tertiary amines, substituted amines including
naturally occurring substituted amines, cyclic amines
and basic ion exchange resins, e.g., arginine,
betaine, caffeine, chloroprocaine, choline,
N,N'-dibenzylethylenediamine (benzathine),
dicyclohexylamine, diethanolamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine,histidine,
hydrabamine, iso-propylamine, lidocaine, lysine,
meglumine, N-methyl-Dglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine,
purines, theobromine, triethanolamine, triethylamine,
trimethylamine, tripropylamine and tris-
(hydroxymethyl)-methylamine (tromethamine). It should
be recognized that the free acid forms will typically
differ from their respective salt forms somewhat in
physical properties such as solubility in polar
solvents, but otherwise the salts are equivalent to
their respective free acid forms for the purposes of
the present invention. [0186] Compounds of the present
invention that comprise basic nitrogen-containing
groups may be quaternized with such agents as (Ci-4)
alkyl halides, e.g., methyl, ethyl, isopropyl and
tert-butyl chlorides, bromides and iodides; di (C1-4)
alkyl sulfates, e.g., dimethyl, diethyl and diamyl
sulfates; (C10-18) alkyl halides, e.g., decyl,
dodecyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides; and aryl (C1-4) alkyl halides,
e.g., benzyl chloride and phenethyl bromide. Such
salts permit the preparation of both watersoluble and
oil-soluble compounds of the present invention. [0187]
N-oxides of compounds according to the present
invention can be prepared by methods known to those of
ordinary skill in the art. For example, N-oxides can
be prepared by treating an unoxidized form of the
compound with an oxidizing agent (e.g.,
trifluoroperacetic acid, permaleic acid, perbenzoic
acid, peracetic acid, meta-chloroperoxybenzoic acid,
or the like) in a suitable inert organic solvent
(e.g., a halogenated hydrocarbon such as
dichloromethane) at approximately 0 0C. Alternatively,
the N-oxides of the compounds can be prepared from the
N-oxide of an appropriate starting material. [0188]
Prodrug derivatives of compounds according to the
present invention can be prepared by modifying
substituents of compounds of the present invention
that are then converted in vivo to a different
substituent. It is noted that in many instances, the
prodrugs themselves also fall within the scope of the
range of compounds according to the present invention.
For example, prodrugs can be prepared by reacting a
compound with a carbamylating agent (e.g.,
1,1-acyloxyalkylcarbonochloridate, para-nitrophenyl
carbonate, or the like) or an acylating agent. Further
examples of methods of making prodrugs are described
in Saulnier et al.(1994), Bioorganic and Medicinal
Chemistry Letters, Vol. 4, p. 1985.[0189] Protected
derivatives of compounds of the present invention can
also be made. Examples of techniques applicable to the
creation of protecting groups and their removal can be
found in T.W. Greene, Protecting Groups in Organic
Synthesis, 3rd edition, John Wiley & Sons, Inc. 1999.
[0190] Compounds of the present invention may also be
conveniently prepared, or formed during the process of
the invention, as solvates (e.g., hydrates). Hydrates
of compounds of the present invention may be
conveniently prepared by recrystallization from an
aqueous/organic solvent mixture, using organic
solvents such as dioxin, tetrahydrofuran or methanol.
[0191] A "pharmaceutically acceptable salt", as used
herein, is intended to encompass any compound
according to the present invention that is utilized in
the form of a salt thereof, especially where the salt
confers on the compound improved pharmacokinetic
properties as compared to the free form of compound or
a different salt form of the compound. The
pharmaceutically acceptable salt form may also
initially confer desirable pharmacokinetic properties
on the compound that it did not previously possess,
and may even positively affect the pharmacodynamics of
the compound with respect to its therapeutic activity
in the body. An example of a pharmacokinetic property
that may be favorably affected is the manner in which
the compound is transported across cell ' membranes,
which in turn may directly and positively affect the
absorption, distribution, biotransformation and
excretion of the compound. While the route of
administration of the pharmaceutical composition is
important, and various anatomical, physiological and
pathological factors can critically affect
bioavailability, the solubility of the compound is
usually dependent upon the character of the particular
salt form thereof, which it utilized. One of skill in
the art will appreciate that an aqueous solution of
the compound will provide the most rapid absorption of
the compound into the body of a subject being treated,
while lipid solutions and suspensions, as well as
solid dosage forms, will result in less rapid
absorption of the compound. Preparation OfHDAC
Inhibitors [0192] Various methods may be developed for
synthesizing compounds according to the present
invention. Representative methods for synthesizing
these compounds areprovided in the Examples. It is
noted, however, that compounds of the present
invention may also be synthesized by other synthetic
routes that others may devise. [0193] It will be
readily recognized that certain compounds according to
the present invention have atoms with linkages to
other atoms that confer a particular stereochemistry
to the compound (e.g., chiral centers). It is
recognized that synthesis of compounds according to
the present invention may result in the creation of
mixtures of different stereoisomers (i.e., enantiomers
and diastereomers). Unless a particular
stereochemistry is specified, recitation of a compound
is intended to encompass all of the different possible
stereoisomers. [0194] Various methods for separating
mixtures of different stereoisomers are known in the
art. For example, a racemic mixture of a compound may
be reacted with an optically active resolving agent to
form a pair of diastereoisomeric compounds. The
diastereomers may then be separated in order to
recover the optically pure enantiomers. Dissociable
complexes may also be used to resolve enantiomers
(e.g., crystalline diastereoisomeric salts).
Diastereomers typically have sufficiently distinct
physical properties (e.g., melting points, boiling
points, solubilities, reactivity, etc.) that they can
be readily separated by taking advantage of these
dissimilarities. For example, diastereomers can
typically be separated by chromatography or by
separation/resolution techniques based upon
differences in solubility. A more detailed description
of techniques that can be used to resolve
stereoisomers of compounds from their racemic mixture
can be found in Jean Jacques Andre Collet, Samuel H.
Wilen, Enantiomers, Racemates and Resolutions, John
Wiley & Sons, Inc. (1981). Compositions Comprising
HDAC Inhibitors [0195] A wide variety of compositions
and administration methods may be used in conjunction
with the compounds of the present invention. Such
compositions may include, in addition to the compounds
of the present invention, conventional pharmaceutical
excipients, and other conventional, pharmaceutically
inactive agents. Additionally, the compositions may
include active agents in addition to the compounds of
the present invention. These additional active agents
may include additional compounds according to the
invention, and/or one or more other pharmaceutically
active agents.[0196] The compositions may be in
gaseous, liquid, semi-liquid or solid form, formulated
in a manner suitable for the route of administration
to be used. For oral administration, capsules and
tablets are typically used. For parenteral
administration, reconstitution of a lyophilized
powder, prepared as described herein, is typically
used. [0197] Compositions comprising compounds of the
present invention may be administered or
coadministered orally, parenterally,
intraperitoneally, intravenously, intraarterially,
transdermally, sublingually, intramuscularly,
rectally, transbuccally, intranasally, liposomally,
via inhalation, vaginally, intraoccularly, via local
delivery (for example by catheter or stent),
subcutaneously, intraadiposally, intraarticularly, or
intrathecally. The compounds and/or compositions
according to the invention may also be administered or
coadministered in slow release dosage forms. [0198]
The HDAC inhibitors and compositions comprising them
may be administered or coadministered in any
conventional dosage form. Co-administration in the
context of this invention is intended to mean the
administration of more than one therapeutic agent, one
of which includes a HDAC inhibitor, in the course of a
coordinated treatment to achieve an improved clinical
outcome. Such co-administration may also be
coextensive, that is, occurring during overlapping
periods of time. [0199] Solutions or suspensions used
for parenteral, intradermal, subcutaneous, or topical
application may optionally include one or more of the
following components: a sterile diluent, such as water
for injection, saline solution, fixed oil,
polyethylene glycol, glycerine, propylene glycol or
other synthetic solvent; antimicrobial agents, such as
benzyl alcohol and methyl parabens; antioxidants, such
as ascorbic acid and sodium bisulfite; chelating
agents, such as ethylenediaminetetraacetic acid
(EDTA); buffers, such as acetates, citrates and
phosphates; agents for the adjustment of tonicity such
as sodium chloride or dextrose, and agents for
adjusting the acidity or alkalinity of the
composition, such as alkaline or acidifying agents or
buffers like carbonates, bicarbonates, phosphates,
hydrochloric acid, and organic acids like acetic and
citric acid. Parenteral preparations may optionally be
enclosed in ampules, disposable syringes or single or
multiple dose vials made of glass, plastic or other
suitable material. [0200] When compounds according to
the present invention exhibit insufficient solubility,
methods for solubilizing the compounds may be used.
Such methods areknown to those of skill in this art,
and include, but are not limited to, using cosolvents,
such as dimethylsulfoxide (DMSO), using surfactants,
such as TWEEN, or dissolution in aqueous sodium
bicarbonate. Derivatives of the compounds, such as
prodrugs of the compounds may also be used in
formulating effective pharmaceutical compositions.
[0201] Upon mixing or adding compounds according to
the present invention to a composition, a solution,
suspension, emulsion or the like may be formed. The
form of the 



resulting composition will depend upon a number of
factors, including the intended mode of
administration, and the solubility of the compound in
the selected carrier or vehicle. The effective
concentration needed to ameliorate the disease being
treated may be empirically determined. [0202]
Compositions according to the present invention are
optionally provided for administration to humans and
animals in unit dosage forms, such as tablets,
capsules, pills, powders, dry powders for inhalers,
granules, sterile parenteral solutions or suspensions,
and oral solutions or suspensions, and oil-water
emulsions containing suitable quantities of the
compounds, particularly the pharmaceutically
acceptable salts, preferably the sodium salts,
thereof. The pharmaceutically therapeutically active
compounds and derivatives thereof are typically
formulated and administered in unit-dosage forms or
multiple-dosage forms. Unit-dose forms, as used
herein, refers to physically discrete units suitable
for human and animal subjects and packaged
individually as is known in the art. Each unitdose
contains a predetermined quantity of the
therapeutically active compound sufficient to produce
the desired therapeutic effect, in association with
the required pharmaceutical carrier, vehicle or
diluent. Examples of unit-dose forms include ampoules
and syringes individually packaged tablet or capsule.
Unit-dose forms may be administered in fractions or
multiples thereof. A multiple-dose form is a plurality
of identical unit-dosage forms packaged in a single
container to be administered in segregated unit-dose
form. Examples of multiple-dose forms include vials,
bottles of tablets or capsules or bottles of pint or
gallons. Hence, multiple dose form is a multiple of
unit-doses that are not segregated in packaging.
[0203] In addition to one or more compounds according
to the present invention, the composition may
comprise: a diluent such as lactose, sucrose,
dicalcium phosphate, or carboxymethylcellulose; a
lubricant, such as magnesium stearate, calcium
stearate andtalc; and a binder such as starch, natural
gums, such as gum acaciagelatin, glucose, molasses,
polvinylpyrrolidine, celluloses and derivatives
thereof, povidone, crospovidones and other such
binders known to those of skill in the art. Liquid
pharmaceutically administrable compositions can, for
example, be prepared by dissolving, dispersing, or
otherwise mixing an active compound as defined above
and optional pharmaceutical adjuvants in a carrier,
such as, for example, water, saline, aqueous dextrose,
glycerol, glycols, ethanol, and the like, to form a
solution or suspension. If desired, the pharmaceutical
composition to be administered may also contain minor
amounts of auxiliary substances such as wetting
agents, emulsifying agents, or solubilizing agents, pH
buffering agents and the like, for example, acetate,
sodium citrate, cyclodextrine derivatives, sorbitan
monolaurate, triethanolamine sodium acetate,
triethanolamine oleate, and other such agents. Actual
methods of preparing such dosage forms are known in
the art, or will be apparent, to those skilled in this
art; for example, see Remington's Pharmaceutical
Sciences, Mack Publishing Company, Easton, Pa., 15th
Edition, 1975. The composition or formulation to be
administered will, in any event, contain a sufficient
quantity of a inhibitor of the present invention to
reduce HDAC activity in vivo, thereby treating the
disease state of the subject. [0204] Dosage forms or
compositions may optionally comprise one or more
compounds according to the present invention in the
range of 0.005% to 100% (weight/weight) with the
balance comprising additional substances such as those
described herein. For oral administration, a
pharmaceutically acceptable composition may optionally
comprise any one or more commonly employed excipients,
such as, for example pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, talcum,
cellulose derivatives, sodium crosscarmellose,
glucose, sucrose, magnesium carbonate, sodium
saccharin, talcum. Such compositions include
solutions, suspensions, tablets, capsules, powders,
dry powders for inhalers and sustained release
formulations, such as, but not limited to, implants
and microencapsulated delivery systems, and
biodegradable, biocompatible polymers, such as
collagen, ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, polyorthoesters, polylactic acid
and others. Methods for preparing these formulations
are known to those skilled in the art. The
compositions may optionallycontain 0.01%-100%
(weight/weight) of one or more HDAC inhibitors,
optionally 0.1- 95%, and optionally 1-95%. [0205]
Salts, preferably sodium salts, of the inhibitors may
be prepared with carriers that protect the compound
against rapid elimination from the body, such as time
release formulations or coatings. The formulations may
further include other active compounds to obtain
desired combinations of properties. Formulations For
Oral Administration [0206] Oral pharmaceutical dosage
forms may be as a solid, gel or liquid. Examples of
solid dosage forms include, but are not limited to
tablets, capsules, granules, and bulk powders. More
specific examples of oral tablets include compressed,
chewable lozenges and tablets that may be
enteric-coated, sugar-coated or film-coated. Examples
of capsules include hard or soft gelatin capsules.
Granules and powders may be provided in
noneffervescent or effervescent forms. Each may be
combined with other ingredients known to those skilled
in the art. [0207] In certain embodiments, compounds
according to the present invention are provided as
solid dosage forms, preferably capsules or tablets.
The tablets, pills, capsules, troches and the like may
optionally contain one or more of the following
ingredients, or compounds of a similar nature: a
binder; a diluent; a disintegrating agent; a
lubricant; a glidant; a sweetening agent; and a
flavoring agent. [0208] Examples of binders that may
be used include, but are not limited to,
microcrystalline cellulose, gum tragacanth, glucose
solution, acacia mucilage, gelatin solution, sucrose
and starch paste. [0209] Examples of lubricants that
may be used include, but are not limited to, talc,
starch, magnesium or calcium stearate, lycopodium and
stearic acid. [0210] Examples of diluents that may be
used include, but are not limited to, lactose,
sucrose, starch, kaolin, salt, mannitol and dicalcium
phosphate. [0211] Examples of glidants that may be
used include, but are not limited to, colloidal
silicon dioxide.[0212] Examples of disintegrating
agents that may be used include, but are not limited
to, crosscarmellose sodium, sodium starch glycolate,
alginic acid, corn starch, potato starch, bentonite,
methylcellulose, agar and carboxymethylcellulose.
[0213] Examples of coloring agents that may be used
include, but are not limited to, any of the approved
certified water-soluble FD and C dyes, mixtures
thereof; and water insoluble FD and C dyes suspended
on alumina hydrate. [0214] Examples of sweetening
agents that may be used include, but are not limited
to, sucrose, lactose, mannitol and artificial
sweetening agents such as sodium cyclamate and
saccharin, and any number of spray-dried flavors.
[0215] Examples of flavoring agents that may be used
include, but are not limited to, natural flavors
extracted from plants such as fruits and synthetic
blends of compounds that produce a pleasant sensation,
such as, but not limited to peppermint and methyl
salicylate. [0216] Examples of wetting agents that may
be used include, but are not limited to, propylene
glycol monostearate, sorbitan monooleate, diethylene
glycol monolaurate and polyoxyethylene lauryl ether.
[0217] Examples of anti-emetic coatings that may be
used include, but are not limited to, fatty acids,
fats, waxes, shellac, ammoniated shellac and cellulose
acetate phthalates. [0218] Examples of film coatings
that may be used include, but are not limited to,
hydroxyethylcellulose, sodium carboxymethylcellulose,
polyethylene glycol 4000 and cellulose acetate
phthalate. [0219] If oral administration is desired,
the salt of the compound may optionally be provided in
a composition that protects it from the acidic
environment of the stomach. For example, the
composition can be formulated in an enteric coating
that maintains its integrity in the stomach and
releases the active compound in the intestine. The
composition may also be formulated in combination with
an antacid or other such ingredient. [0220] When the
dosage unit form is a capsule, it may optionally
additionally comprise a liquid carrier such as a fatty
oil. In addition, dosage unit forms may optionally
additionally comprise various other materials that
modify the physical form of the dosage unit, for
example, coatings of sugar and other enteric
agents.[0221] Compounds according to the present
invention may also be administered as a component of
an elixir, suspension, syrup, wafer, sprinkle, chewing
gum or the like. A syrup may optionally comprise, in
addition to the active compounds, sucrose as a
sweetening agent and certain preservatives, dyes and
colorings and flavors. [0222] The compounds of the
present invention may also be mixed with other active
materials that do not impair the desired action, or
with materials that supplement the desired action,
such as antacids, H2 blockers, and diuretics. For
example, if a compound is used for treating asthma or
hypertension, it may be used with other
bronchodilators and antihypertensive agents,
respectively. [0223] Examples of pharmaceutically
acceptable carriers that may be included in tablets
comprising compounds of the present invention include,
but are not limited to binders, lubricants, diluents,
disintegrating agents, coloring agents, flavoring
agents, and wetting agents. Enteric-coated tablets,
because of the enteric-coating, resist the action of
stomach acid and dissolve or disintegrate in the
neutral or alkaline intestines. Sugarcoated tablets
may be compressed tablets to which different layers of
pharmaceutically acceptable substances are applied.
Film-coated tablets may be compressed tablets that
have been coated with polymers or other suitable
coating. Multiple compressed tablets may be compressed
tablets made by more than one compression cycle
utilizing the pharmaceutically acceptable substances
previously mentioned. Coloring agents may also be used
in tablets. Flavoring and sweetening agents may be
used in tablets, and are especially useful in the
formation of chewable tablets and lozenges. [0224]
Examples of liquid oral dosage forms that may be used
include, but are not limited to, aqueous solutions,
emulsions, suspensions, solutions and/or suspensions
reconstituted from non-effervescent granules and
effervescent preparations reconstituted from
effervescent granules. [0225] Examples of aqueous
solutions that may be used include, but are not
limited to, elixirs and syrups. As used herein,
elixirs refer to clear, sweetened, hydroalcoholic
preparations. Examples of pharmaceutically acceptable
carriers that may be used in elixirs include, but are
not limited to solvents. Particular examples of
solvents that may be used include glycerin, sorbitol,
ethyl alcohol and syrup. As used herein, syrups refer
toconcentrated aqueous solutions of a sugar, for
example, sucrose. Syrups may optionally further
comprise a preservative. [0226] Emulsions refer to
two-phase systems in which one liquid is dispersed in
the form of small globules throughout another liquid.
Emulsions may optionally be oil-inwater or
water-in-oil emulsions. Examples of pharmaceutically
acceptable carriers that may be used in emulsions
include, but are not limited to non-aqueous liquids,
emulsifying agents and preservatives. [0227] Examples
of pharmaceutically acceptable substances that may be
used in noneffervescent granules, to be reconstituted
into a liquid oral dosage form, include diluents,
sweeteners and wetting agents. [0228] Examples of
pharmaceutically acceptable substances that may be
used in effervescent granules, to be reconstituted
into a liquid oral dosage form, include organic acids
and a source of carbon dioxide. [0229] Coloring and
flavoring agents may optionally be used in all of the
above dosage forms. [0230] Particular examples of
preservatives that may be used include glycerin,
methyl and propylparaben, benzoic add, sodium benzoate
and alcohol. [0231] Particular examples of non-aqueous
liquids that may be used in emulsions include mineral
oil and cottonseed oil. [0232] Particular examples of
emulsifying agents that may be used include gelatin,
acacia, tragacanth, bentonite, and surfactants such as
polyoxyethylene sorbitan monooleate. [0233] Particular
examples of suspending agents that may be used include
sodium carboxymethylcellulose, pectin, tragacanth,
Veegum and acacia. Diluents include lactose and
sucrose. Sweetening agents include sucrose, syrups,
glycerin and artificial sweetening agents such as
sodium cyclamate and saccharin. [0234] Particular
examples of wetting agents that may be used include
propylene glycol monostearate, sorbitan monooleate,
diethylene glycol monolaurate and polyoxyethylene
lauryl ether. [0235] Particular examples of organic
acids that may be used include citric and tartaric
acid.[0236] Sources of carbon dioxide that may be used
in effervescent compositions include sodium
bicarbonate and sodium carbonate. Coloring agents
include any of the approved certified water soluble FD
and C dyes, and mixtures thereof. [0237] Particular
examples of flavoring agents that may be used include
natural flavors extracted from plants such fruits, and
synthetic blends of compounds that produce a pleasant
taste sensation. [0238] For a solid dosage form, the
solution or suspension, in for example propylene
carbonate, vegetable oils or triglycerides, is
preferably encapsulated in a gelatin capsule. Such
solutions, and the preparation and encapsulation
thereof, are disclosed in U.S. Pat. Nos. 4,328,245;
4,409,239; and 4,410,545. For a liquid dosage form,
the solution, e.g., for example, in a polyethylene
glycol, may be diluted with a sufficient quantity of a
pharmaceutically acceptable liquid carrier, e.g.,
water, to be easily measured for administration.
[0239] Alternatively, liquid or semi-solid oral
formulations may be prepared by dissolving or
dispersing the active compound or salt in vegetable
oils, glycols, triglycerides, propylene glycol esters
(e.g., propylene carbonate) and other such carriers,
and encapsulating these solutions or suspensions in
hard or soft gelatin capsule shells. Other useful
formulations include those set forth in U.S. Pat. Nos.
Re 28,819 and 4,358,603. Injectables, Solutions, and
Emulsions [0240] The present invention is also
directed to compositions designed to administer the
compounds of the present invention by parenteral
administration, generally characterized by
subcutaneous, intramuscular or intravenous injection.
Injectables may be prepared in any conventional form,
for example as liquid solutions or suspensions, solid
forms suitable for solution or suspension in liquid
prior to injection, or as emulsions. [0241] Examples
of excipients that may be used in conjunction with
injectables according to the present invention
include, but are not limited to water, saline,
dextrose, glycerol or ethanol. The injectable
compositions may also optionally comprise minor
amounts of non-toxic auxiliary substances such as
wetting or emulsifying agents, pH buffering agents,
stabilizers, solubility enhancers, and other such
agents, such as forexample, sodium acetate, sorbitan
monolaurate, triethanolamine oleate and cyclodextrins.
Implantation of a slow-release or sustained-release
system, such that a constant level of dosage is
maintained (see, e.g., U.S. Pat. No. 3,710,795) is
also contemplated herein. The percentage of active
compound contained in such parenteral compositions is
highly dependent on the specific nature thereof, as
well as the activity of the compound and the needs of
the subject. [0242] Parenteral administration of the
formulations includes intravenous, subcutaneous and
intramuscular administrations. Preparations for
parenteral administration include sterile solutions
ready for injection, sterile dry soluble products,
such as the lyophilized powders described herein,
ready to be combined with a solvent just prior to use,
including hypodermic tablets, sterile suspensions
ready for injection, sterile dry insoluble products
ready to be combined with a vehicle just prior to use
and sterile emulsions. The solutions may be either
aqueous or nonaqueous. [0243] When administered
intravenously, examples of suitable carriers include,
but are not limited to physiological saline or
phosphate buffered saline (PBS), and solutions
containing thickening and solubilizing agents, such as
glucose, polyethylene glycol, and polypropylene glycol
and mixtures thereof. [0244] Examples of
pharmaceutically acceptable carriers that may
optionally be used in parenteral preparations include,
but are not limited to aqueous vehicles, nonaqueous
vehicles, antimicrobial agents, isotonic agents,
buffers, antioxidants, local anesthetics, suspending
and dispersing agents, emulsifying agents,
sequestering or chelating agents and other
pharmaceutically acceptable substances. [0245]
Examples of aqueous vehicles that may optionally be
used include Sodium Chloride Injection, Ringers
Injection, Isotonic Dextrose Injection, Sterile Water
Injection, Dextrose and Lactated Ringers Injection.
[0246] Examples of nonaqueous parenteral vehicles that
may optionally be used include fixed oils of vegetable
origin, cottonseed oil, corn oil, sesame oil and
peanut oil. [0247] Antimicrobial agents in
bacteriostatic or fungistatic concentrations may be
added to parenteral preparations, particularly when
the preparations are packaged in multiple-dose
containers and thus designed to be stored and multiple
aliquots to be removed. Examples of antimicrobial
agents that may be used include phenols or
cresols,mercurials, benzyl alcohol, chlorobutanol,
methyl and propyl p-hydroxybenzoic acid esters,
thimerosal, benzalkonium chloride and benzethonium
chloride. [0248] Examples of isotonic agents that may
be used include sodium chloride and dextrose. Examples
of buffers that may be used include phosphate and
citrate. Examples of antioxidants that may be used
include sodium bisulfate. Examples of local
anesthetics that may be used include procaine
hydrochloride. Examples of suspending and dispersing
agents that may be used include sodium
carboxymethylcellulose, hydroxypropyl methylcellulose
and polyvinylpyrrolidone. Examples of emulsifying
agents that may be used include Polysorbate 80 (TWEEN
80). A sequestering or chelating agent of metal ions
include EDTA. [0249] Pharmaceutical carriers may also
optionally include ethyl alcohol, polyethylene glycol
and propylene glycol for water miscible vehicles and
sodium hydroxide, hydrochloric acid, citric acid or
lactic acid for pH adjustment. [0250] The
concentration of an inhibitor in the parenteral
formulation may be adjusted so that an injection
administers a pharmaceutically effective amount
sufficient to produce the desired pharmacological
effect. The exact concentration of an inhibitor and/or
dosage to be used will ultimately depend on the age,
weight and condition of the patient or animal as is
known in the art. [0251] Unit-dose parenteral
preparations may be packaged in an ampoule, a vial or
a syringe with a needle. All preparations for
parenteral administration should be sterile, as is
known and practiced in the art. [0252] Injectables may
be designed for local and systemic administration.
Typically a therapeutically effective dosage is
formulated to contain a concentration of at least
about 0.1% w/w up to about 90% w/w or more, preferably
more than 1% w/w of the HDAC inhibitor to the treated
tissue(s). The inhibitor may be administered at once,
or may be divided into a number of smaller doses to be
administered at intervals of time. It is understood
that the precise dosage and duration of treatment will
be a function of the location of where the composition
is parenterally administered, the carrier and other
variables that may be determined empirically using
known testing protocols or by extrapolation from in
vivo or in vitro test data. It is to be noted that
concentrations and dosage values may also vary with
the age of the individual treated. It is to be
furtherunderstood that for any particular subject,
specific dosage regimens may need to be adjusted over
time according to the individual need and the
professional judgment of the person administering or
supervising the administration of the formulations.
Hence, the concentration ranges set forth herein are
intended to be exemplary and are not intended to limit
the scope or practice of the claimed formulations.
[0253] The HDAC inhibitor may optionally be suspended
in micronized or other suitable form or may be
derivatized to produce a more soluble active product
or to produce a prodrug. The form of the resulting
mixture depends upon a number of factors, including
the intended mode of administration and the solubility
of the compound in the selected carrier or vehicle.
The effective concentration is sufficient for
ameliorating the symptoms of the disease state and may
be empirically determined. Lyophilized Powders [0254]
The compounds of the present invention may also be
prepared as lyophilized powders, which can be
reconstituted for administration as solutions,
emulsions and other mixtures. The lyophilized powders
may also be formulated as solids or gels. [0255]
Sterile, lyophilized powder may be prepared by
dissolving the compound in a sodium phosphate buffer
solution containing dextrose or other suitable
excipient. Subsequent sterile filtration of the
solution followed by lyophilization under standard
conditions known to those of skill in the art provides
the desired formulation. Briefly, the lyophilized
powder may optionally be prepared by dissolving
dextrose, sorbitol, fructose, corn syrup, xylitol,
glycerin, glucose, sucrose or other suitable agent,
about 1-20%, preferably about 5 to 15%, in a suitable
buffer, such as citrate, sodium or potassium phosphate
or other such buffer known to those of skill in the
art at, typically, about neutral pH. Then, a HDAC
inhibitor is added to the resulting mixture,
preferably above room temperature, more preferably at
about 30-35 oC, and stirred until it dissolves. The
resulting mixture is diluted by adding more buffer to
a desired concentration. The resulting mixture is
sterile filtered or treated to remove particulates and
to insure sterility, and apportioned into vials for
lyophilization. Each vial may contain a single dosage
or multiple dosages of the inhibitor.Topical
Administration [0256] The compounds of the present
invention may also be administered as topical
mixtures. Topical mixtures may be used for local and
systemic administration. The resulting mixture may be
a solution, suspension, emulsions or the like and are
formulated as creams, gels, ointments, emulsions,
solutions, elixirs, lotions, suspensions, tinctures,
pastes, foams, aerosols, irrigations, sprays,
suppositories, bandages, dermal patches or any other
formulations suitable for topical administration.
[0257] The HDAC inhibitors may be formulated as
aerosols for topical application, such as by
inhalation (see, U.S. Pat. Nos. 4,044,126, 4,414,209,
and 4,364,923, which describe aerosols for delivery of
a steroid useful for treatment of inflammatory
diseases, particularly asthma). These formulations for
administration to the respiratory tract can be in the
form of an aerosol or solution for a nebulizer, or as
a microfine powder for insufflation, alone or in
combination with an inert carrier such as lactose. In
such a case, the particles of the formulation will
typically have diameters of less than 50 microns,
preferably less than 10 microns. [0258] The inhibitors
may also be formulated for local or topical
application, such as for topical application to the
skin and mucous membranes, such as in the eye, in the
form of gels, creams, and lotions and for application
to the eye or for intracisternal or intraspinal
application. Topical administration is contemplated
for transdermal delivery and also for administration
to the eyes or mucosa, or for inhalation therapies.
Nasal solutions of the HDAC inhibitor alone or in
combination with other pharmaceutically acceptable
excipients can also be administered. Formulations For
Other Routes of Administrations [0259] Depending upon
the disease state being treated, other routes of
administration, such as topical application,
transdermal patches, and rectal administration, may
also be used. For example, pharmaceutical dosage forms
for rectal administration are rectal suppositories,
capsules and tablets for systemic effect. Rectal
suppositories are used herein mean solid bodies for
insertion into the rectum that melt or soften at body
temperature releasing one or more pharmacologically or
therapeutically active ingredients. Pharmaceutically
acceptable substances utilized in rectal suppositories
are bases orvehicles and agents to raise the melting
point. Examples of bases include cocoa butter
(theobroma oil), glycerin-gelatin, carbowax,
(polyoxyethylene glycol) and appropriate mixtures of
mono-, di- and triglycerides of fatty acids.
Combinations of the various bases may be used. Agents
to raise the melting point of suppositories include
spermaceti and wax. Rectal suppositories may be
prepared either by the compressed method or by
molding. The typical weight of a rectal suppository is
about 2 to 3 gm. Tablets and capsules for rectal
administration may be manufactured using the same
pharmaceutically acceptable substance and by the same
methods as for formulations for oral administration.
Examples of Formulations [0260] The following are
particular examples of oral, intravenous and tablet
formulations that may optionally be used with
compounds of the present invention. It is noted that
these formulations may be varied depending on the
particular compound being used and the indication for
which the formulation is going to be used. ORAL
FORMULATION Compound of the Present Invention 10-100
mg Citric Acid Monohydrate 105 mg Sodium Hydroxide 18
mg Flavoring Water q.s. to 100 mL INTRAVENOUS
FORMULATION Compound of the Present Invention 0.1-10
mg Dextrose Monohydrate q.s. to make isotonic Citric
Acid Monohydrate 1.05 mg Sodium Hydroxide 0.18 mg
Water for Injection q.s. to 1.0 mL TABLET FORMULATION
Compound of the Present Invention 1% Microcrystalline
Cellulose 73% Stearic Acid 25% Colloidal Silica 1%.
Kits Comprising HDAC Inhibitors [0261] The invention
is also directed to kits and other articles of
manufacture for treating diseases associated with
HDACs. It is noted that diseases are intended to cover
allconditions for which the HDACs possess activity
that contributes to the pathology and/or symptomology
of the condition. [0262] In one embodiment, a kit is
provided that comprises a composition comprising at
least one inhibitor of the present invention in
combination with instructions. The instructions may
indicate the disease state for which the composition
is to be administered, storage information, dosing
information and/or instructions regarding how to
administer the composition. The kit may also comprise
packaging materials. The packaging material may
comprise a container for housing the composition. The
kit may also optionally comprise additional
components, such as syringes for administration of the
composition. The kit may comprise the composition in
single or multiple dose forms. [0263] In another
embodiment, an article of manufacture is provided that
comprises a composition comprising at least one
inhibitor of the present invention in combination with
packaging materials. The packaging material may
comprise a container for housing the composition. The
container may optionally comprise a label indicating
the disease state for which the composition is to be
administered, storage information, dosing information
and/or instructions regarding how to administer the
composition. The kit may also optionally comprise
additional components, such as syringes for
administration of the composition. The kit may
comprise the composition in single or multiple dose
forms. [0264] It is noted that the packaging material
used in kits and articles of manufacture according to
the present invention may form a plurality of divided
containers such as a divided bottle or a divided foil
packet. The container can be in any conventional shape
or form as known in the art which is made of a
pharmaceutically acceptable material, for 



example a paper or cardboard box, a glass or plastic
bottle or jar, a re-sealable bag (for example, to hold
a "refill" of tablets for placement into a different
container), or a blister pack with individual doses
for pressing out of the pack according to a
therapeutic schedule. The container that is employed
will depend on the exact dosage form involved, for
example a conventional cardboard box would not
generally be used to hold a liquid suspension. It is
feasible that more than one container can be used
together in a single package to market a single dosage
form. For example, tablets may be contained in a
bottle that is in turn contained within a box.
Typically the kit includes directions for the
administration of the separate components. The kit
form is particularly advantageouswhen the separate
components are preferably administered in different
dosage forms (e.g., oral, topical, transdermal and
parenteral), are administered at different dosage
intervals, or when titration of the individual
components of the combination is desired by the
prescribing physician. [0265] One particular example
of a kit according to the present invention is a
so-called blister pack. Blister packs are well known
in the packaging industry and are being widely used
for the packaging of pharmaceutical unit dosage forms
(tablets, capsules, and the like). Blister packs
generally consist of a sheet of relatively stiff
material covered with a foil of a preferably
transparent plastic material. During the packaging
process recesses are formed in the plastic foil. The
recesses have the size and shape of individual tablets
or capsules to be packed or may have the size and
shape to accommodate multiple tablets and/or capsules
to be packed. Next, the tablets or capsules are placed
in the recesses accordingly and the sheet of
relatively stiff material is sealed against the
plastic foil at the face of the foil which is opposite
from the direction in which the recesses were formed.
As a result, the tablets or capsules are individually
sealed or collectively sealed, as desired, in the
recesses between the plastic foil and the sheet.
Preferably the strength of the sheet is such that the
tablets or capsules can be removed from the blister
pack by manually applying pressure on the recesses
whereby an opening is formed in the sheet at the place
of the recess. The tablet or capsule can then be
removed via said opening. [0266] Another specific
embodiment of a kit is a dispenser designed to
dispense the daily doses one at a time in the order of
their intended use. Preferably, the dispenser is
equipped with a memory-aid, so as to further
facilitate compliance with the regimen. An example of
such a memory-aid is a mechanical counter that
indicates the number of daily doses that has been
dispensed. Another example of such a memory-aid is a
batterypowered micro-chip memory coupled with a liquid
crystal readout, or audible reminder signal which, for
example, reads out the date that the last daily dose
has been taken and/or reminds one when the next dose
is to be taken. Combination Therapy [0267] A wide
variety of therapeutic agents may have a therapeutic
additive or synergistic effect with HDAC inhibitors
according to the present invention. Suchtherapeutic
agents may additively or synergistically combine with
the HDAC inhibitors to inhibit undesirable cell
growth, such as inappropriate cell growth resulting in
undesirable benign conditions or tumor growth. [0268]
In one embodiment, a method is provided for treating a
cell proliferative disease state comprising treating
cells with a compound according to the present
invention in combination with an anti-proliferative
agent, wherein the cells are treated with the compound
according to the present invention before, at the same
time, and/or after the cells are treated with the
anti-proliferative agent, referred to herein as
combination therapy. It is noted that treatment of one
agent before another is referred to herein as
sequential therapy, even if the agents are also
administered together. It is noted that combination
therapy is intended to cover when agents are
administered before or after each other (sequential
therapy) as well as when the agents are administered
at the same time. [0269] Examples of therapeutic
agents that may be used in combination with HDAC
inhibitors include, but are not limited to, anticancer
agents, alkylating agents, antibiotic agents,
antimetabolic agents, hormonal agents, plant-derived
agents, and biologic agents. [0270] Alkylating agents
are polyfunctional compounds that have the ability to
substitute alkyl groups for hydrogen ions. Examples of
alkylating agents include, but are not limited to,
bischloroethylamines (nitrogen mustards, e.g.
chlorambucil, cyclophosphamide, ifosfamide,
mechlorethamine, melphalan, uracil mustard),
aziridines (e.g. thiotepa), alkyl alkone sulfonates
(e.g. busulfan), nitrosoureas (e.g. carmustine,
lomustine, streptozocin), nonclassic alkylating agents
(altretamine, dacarbazine, and procarbazine), platinum
compounds (carboplastin and cisplatin). These
compounds react with phosphate, amino, hydroxyl,
sulfihydryl, carboxyl, and imidazole groups. Under
physiological conditions, these drugs ionize and
produce positively charged ion that attach to
susceptible nucleic acids and proteins, leading to
cell cycle arrest and/or cell death. Combination
therapy including a HDAC inhibitor and an alkylating
agent may have therapeutic synergistic effects on
cancer and reduce sides affects associated with these
chemotherapeutic agents. [0271] Antibiotic agents are
a group of drugs that produced in a manner similar to
antibiotics as a modification of natural products.
Examples of antibiotic agents include,but are not
limited to, anthracyclines (e.g. doxorubicin,
daunorubicin, epirubicin, idarubicin and
anthracenedione), mitomycin C, bleomycin,
dactinomycin, plicatomycin. These antibiotic agents
interfere with cell growth by targeting different
cellular components. For example, anthracyclines are
generally believed to interfere with the action of DNA
topoisomerase II in the regions of transcriptionally
active DNA, which leads to DNA strand scissions.
Bleomycin is generally believed to chelate iron and
forms an activated complex, which then binds to bases
of DNA, causing strand scissions and cell death.
Combination therapy including a HDAC inhibitor and an
antibiotic agent may have therapeutic synergistic
effects on cancer and reduce sides affects associated
with these chemotherapeutic agents. [0272]
Antimetabolic agents are a group of drugs that
interfere with metabolic processes vital to the
physiology and proliferation of cancer cells. Actively
proliferating cancer cells require continuous
synthesis of large quantities of nucleic acids,
proteins, lipids, and other vital cellular
constituents. Many of the antimetabolites inhibit the
synthesis of purine or pyrimidine nucleosides or
inhibit the enzymes of DNA replication. Some
antimetabolites also interfere with the synthesis of
ribonucleosides and RNA and/or amino acid metabolism
and protein synthesis as well. By interfering with the
synthesis of vital cellular constituents,
antimetabolites can delay or arrest the growth of
cancer cells. Examples of antimetabolic agents
include, but are not limited to, fluorouracil (5-FU),
floxuridine (5-FUdR), methotrexate, leucovorin,
hydroxyurea, thioguanine (6-TG), mercaptopurine
(6-MP), cytarabine, pentostatin, fludarabine
phosphate, cladribine (2- CDA), asparaginase, and
gemcitabine. Combination therapy including a HDAC
inhibitor and a antimetabolic agent may have
therapeutic synergistic effects on cancer and reduce
sides affects associated with these chemotherapeutic
agents. [0273] Hormonal agents are a group of drug
that regulate the growth and development of their
target organs. Most of the hormonal agents are sex
steroids and their derivatives and analogs thereof,
such as estrogens, androgens, and progestins. These
hormonal agents may serve as antagonists of receptors
for the sex steroids to down regulate receptor
expression and transcription of vital genes. Examples
of such hormonal agents are synthetic estrogens (e.g.
diethylstibestrol), antiestrogens (e.g. tamoxifen,
toremifene, fluoxymesterol and raloxifene),
antiandrogens (bicalutamide, nilutamide,
flutamide),aromatase inhibitors (e.g.,
aminoglutethimide, anastrozole and tetrazole),
ketoconazole, goserelin acetate, leuprolide, megestrol
acetate and mifepristone. Combination therapy
including a HDAC inhibitor and a hormonal agent may
have therapeutic synergistic effects on cancer and
reduce sides affects associated with these
chemotherapeutic agents. [0274] Plant-derived agents
are a group of drugs that are derived from plants or
modified based on the molecular structure of the
agents. Examples of plant-derived agents include, but
are not limited to, vinca alkaloids (e.g.,
vincristine, vinblastine, vindesine, vinzolidine and
vinorelbine), podophyllotoxins (e.g., etoposide (VP-
16) and teniposide (VM-26)), taxanes (e.g., paclitaxel
and docetaxel). These plant-derived agents generally
act as antimitotic agents that bind to tubulin and
inhibit mitosis. Podophyllotoxins such as etoposide
are believed to interfere with DNA synthesis by
interacting with topoisomerase II, leading to DNA
strand scission. Combination therapy including a HDAC
inhibitor and a plant-derived agent may have
therapeutic synergistic effects on cancer and reduce
sides affects associated with these chemotherapeutic
agents. [0275] Biologic agents are a group of
biomolecules that elicit cancer/tumor regression when
used alone or in combination with chemotherapy and/or
radiotherapy. Examples of biologic agents include, but
are not limited to, immuno-modulating proteins such as
cytokines, monoclonal antibodies against tumor
antigens, tumor suppressor genes, and cancer vaccines.
Combination therapy including a HDAC inhibitor and a
biologic agent may have therapeutic synergistic
effects on cancer, enhance the patient's immune
responses to tumorigenic signals, and reduce potential
sides affects associated with this chemotherapeutic
agent. [0276] Cytokines possess profound
immunomodulatory activity. Some cytokines such as
interleukin-2 (IL-2, aldesleukin) and interferon have
demonstrated antitumor activity and have been approved
for the treatment of patients with metastatic renal
cell carcinoma and metastatic malignant melanoma. IL-2
is a T-cell growth factor that is central to Tcell-
mediated immune responses. The selective antitumor
effects of IL-2 on some patients are believed to be
the result of a cell-mediated immune response that
discriminate between self and nonself. Examples of
interleukins that may be used in conjunction with HDAC
inhibitor include, but are not limited to, interleukin
2 (IL-2), and interleukin 4 (IL-4), interleukin 12
(IL- 12).[0277] Interferon include more than 23
related subtypes with overlapping activities, all of
the IFN subtypes within the scope of the present
invention. IFN has demonstrated activity against many
solid and hematologic malignancies, the later
appearing to be particularly sensitive. [0278] Other
cytokines that may be used in conjunction with a HDAC
inhibitor include those cytokines that exert profound
effects on hematopoiesis and immune functions.
Examples of such cytokines include, but are not
limited to erythropoietin, granulocyte- CSF
(filgrastin), and granulocyte, macrophage-CSF
(sargramostim). These cytokines may be used in
conjunction with a HDAC inhibitor to reduce
chemotherapy-induced myelopoietic toxicity. [0279]
Other immuno-modulating agents other than cytokines
may also be used in conjunction with a HDAC inhibitor
to inhibit abnormal cell growth. Examples of such
immuno-modulating agents include, but are not limited
to bacillus Calmette-Guerin, levamisole, and
octreotide, a long-acting octapeptide that mimics the
effects of the naturally occurring hormone
somatostatin. [0280] Monoclonal antibodies against
tumor antigens are antibodies elicited against
antigens expressed by tumors, preferably
tumor-specific antigens. For example, monoclonal
antibody HERCEPTIN(r) (Trastruzumab) is raised against
human epidermal growth factor receptor2 (HER2) that is
overexpressed in some breast tumors including
metastatic breast cancer. Overexpression of HER2
protein is associated with more aggressive disease and
poorer prognosis in the clinic. HERCEPTIN(r) is used
as a single agent for the treatment of patients with
metastatic breast cancer whose tumors over express the
HER2 protein. Combination therapy including HDAC
inhibitor and HERCEPTIN(r) may have therapeutic
synergistic effects on tumors, especially on
metastatic cancers. [0281] Another example of
monoclonal antibodies against tumor antigens is
RGGUXAN(r) (Rituximab) that is raised against CD20 on
lymphoma cells and selectively deplete normal and
malignant CD20+ pre-B and mature B cells. RITUXAN(r)
is used as single agent for the treatment of patients
with relapsed or refractory low-grade or follicular,
CD20+, B cell non-Hodgkin's lymphoma. Combination
therapy includingHDAC inhibitor and RUUXAN(r) may have
therapeutic synergistic effects not only on lymphoma,
but also on other forms or types of malignant tumors.
[0282] Tumor suppressor genes are genes that function
to inhibit the cell growth and division cycles, thus
preventing the development of neoplasia. Mutations in
tumor suppressor genes cause the cell to ignore one or
more of the components of the network of inhibitory
signals, overcoming the cell cycle check points and
resulting in a higher rate of controlled cell
growth-cancer. Examples of the tumor suppressor genes
include, but are not limited to, DPC-4, NF-I, NF-2,
RB, p53, WTl, BRCAl and BRCA2. [0283] DPC-4 is
involved in pancreatic cancer and participates in a
cytoplasmic pathway that inhibits cell division. NF-I
codes for a protein that inhibits Ras, a cytoplasmic
inhibitory protein. NF-I is involved in neurofibroma
and pheochromocytomas of the nervous system and
myeloid leukemia. NF-2 encodes a nuclear protein that
is involved in meningioma, schwanoma, and ependymoma
of the nervous system. RB codes for the pRB protein, a
nuclear protein that is a major inhibitor of cell
cycle. RB is involved in retinoblastoma as well as
bone, bladder, small cell lung and breast cancer. P53
codes for r53 protein that regulates cell division and
can induce apoptosis. Mutation and/or inaction of p53
is found in a wide ranges of cancers. WTl is involved
in Wilms tumor of the kidneys. BRCAl is involved in
breast and ovarian cancer, and BRCA2 is involved in
breast cancer. The tumor suppressor gene can be
transferred into the tumor cells where it exerts its
tumor suppressing functions. Combination therapy
including a HDAC inhibitor and a tumor suppressor may
have therapeutic synergistic effects on patients
suffering from various forms of cancers. [0284] Cancer
vaccines are a group of agents that induce the body's
specific immune response to tumors. Most of cancer
vaccines under research and development and clinical
trials are tumor-associated antigens (TAAs). TAA are
structures (i.e. proteins, enzymes or carbohydrates)
which are present on tumor cells and relatively absent
or diminished on normal cells. By virtue of being
fairly unique to the tumor cell, TAAs provide targets
for the immune system to recognize and cause their
destruction. Example of TAAs include, but are not
limited to gangliosides (GM2), prostate specific
antigen (PSA), alphafetoprotein (AFP),
carcinoembryonic antigen (CEA) (produced by colon
cancers and other adenocarcinomas, e.g. breast, lung,
gastric, and pancreas cancer s), melanoma
associatedantigens (MART-I, gplOO, MAGE 1,3
tyrosinase), papillomavirus E6 and E7 fragments, whole
cells or portions/lysates of antologous tumor cells
and allogeneic tumor cells. [0285] An adjuvant may be
used to augment the immune response to TAAs. Examples
of adjuvants include, but are not limited to, bacillus
Calmette-Guerin (BCG), endotoxin lipopolysaccharides,
keyhole limpet hemocyanin (GKLH), interleukin-2
(IL-2), granulocyte-macrophage colony-stimulating
factor (GM-CSF) and Cytoxan, a chemotherapeutic agent
which is believe to reduce tumor-induced suppression
when given in low doses. EXAMPLES Preparation of HDAC
Inhibitors [0286] Various methods may be developed for
synthesizing compounds according to the present
invention. Representative methods for synthesizing
these compounds are provided in the Examples. It is
noted, however, that the compounds of the present
invention may also be synthesized by other synthetic
routes that others may devise. [0287] It will be
readily recognized that certain compounds according to
the present invention have atoms with linkages to
other atoms that confer a particular stereochemistry
to the compound (e.g., chiral centers). It is
recognized that synthesis of compounds according to
the present invention may result in the creation of
mixtures of different stereoisomers (i.e., enantiomers
and diastereomers). Unless a particular
stereochemistry is specified, recitation of a compound
is intended to encompass all of the different possible
stereoisomers. [0288] Various methods for separating
mixtures of different stereoisomers are known in the
art. For example, a racemic mixture of a compound may
be reacted with an optically active resolving agent to
form a pair of diastereoisomeric compounds. The
diastereomers may then be separated in order to
recover the optically pure enantiomers. Dissociable
complexes may also be used to resolve enantiomers
(e.g., crystalline diastereoisomeric salts).
Diastereomers typically have sufficiently distinct
physical properties (e.g., melting points, boiling
points, solubilities, reactivity, etc.) and can be
readily separated by taking advantage of these
dissimilarities. For example, diastereomers can
typically be separated by chromatography or by
separation/resolution techniques based upon
differences in solubility. A more detailed description
of techniques that can beused to resolve stereoisomers
of compounds from their racemic mixture can be found
in Jean Jacques Andre Collet, Samuel H. Wilen,
Enantiomers, Raceniates and Resolutions, John Wiley &
Sons, Inc. (1981). [0289] Compounds according to the
present invention can also be prepared as a
pharmaceutically acceptable acid addition salt by
reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid.
Alternatively, a pharmaceutically acceptable base
addition salt of a compound can be prepared by
reacting the free acid form of the compound with a
pharmaceutically acceptable inorganic or organic base.
Inorganic and organic acids and bases suitable for the
preparation of the pharmaceutically acceptable salts
of compounds are set forth in the definitions section
of this Application. Alternatively, the salt forms of
the compounds can be prepared using salts of the
starting materials or intermediates. [0290] The free
acid or free base forms of the compounds can be
prepared from the corresponding base addition salt or
acid addition salt form. For example, a compound in an
acid addition salt form can be converted to the
corresponding free base by treating with a suitable
base (e.g., ammonium hydroxide solution, sodium
hydroxide, and the like). A compound in a base
addition salt form can be converted to the
corresponding free acid by treating with a suitable
acid (e.g., hydrochloric acid, etc). [0291] The
N-oxides of compounds according to the present
invention can be prepared by methods known to those of
ordinary skill in the art. For example, N-oxides can
be prepared by treating an unoxidized form of the
compound with an oxidizing agent (e.g.,
trifluoroperacetic acid, permaleic acid, perbenzoic
acid, peracetic acid, meta-chloroperoxybenzoic acid,
or the like) in a suitable inert organic solvent
(e.g., a halogenated hydrocarbon such as
dichloromethane) at approximately 0 C. Alternatively,
the N-oxides of the compounds can be prepared from the
N-oxide of an appropriate starting material. [0292]
Compounds in an unoxidized form can be prepared from
N-oxides of compounds by treating with a reducing
agent (e.g., sulfur, sulfur dioxide, triphenyl
phosphine, lithium borohydride, sodium borohydride,
phosphorus trichloride, tribromide, or the like) in an
suitable inert organic solvent (e.g., acetonitrile,
ethanol, aqueous dioxane, or the like) at 0 to 80
oC.[0293] Prodrug derivatives of the compounds can be
prepared by methods known to those of ordinary skill
in the art (e.g., for further details see Saulnier et
al.(1994), Bioorganic and Medicinal Chemistry Letters,
Vol. 4, p . 1985). For example, appropriate prodrugs
can be prepared by reacting a non-derivatized compound
with a suitable carbamylating agent (e.g.,
1,1-acyloxyalkylcarbonochloridate, para-nitrophenyl
carbonate, or the like). [0294] Protected derivatives
of the compounds can be made by methods known to those
of ordinary skill in the art. A detailed description
of the techniques applicable to the creation of
protecting groups and their removal can be found in
T.W. Greene, Protecting Groups in Organic Synthesis,
3rd edition, John Wiley & Sons, Inc. 1999. [0295]
Compounds according to the present invention may be
conveniently prepared, or formed during the process of
the invention, as solvates (e.g., hydrates). Hydrates
of compounds of the present invention may be
conveniently prepared by recrystallization from an
aqueous/organic solvent mixture, using organic
solvents such as dioxin, tetrahydrofuran or methanol.
[0296] Compounds according to the present invention
can also be prepared as their individual stereoisomers
by reacting a racemic mixture of the compound with an
optically active resolving agent to form a pair of
diastereoisomeric compounds, separating the
diastereomers and recovering the optically pure
enantiomer. While resolution of enantiomers can be
carried out using covalent diastereomeric derivatives
of compounds, dissociable complexes are preferred
(e.g., crystalline diastereoisomeric salts).
Diastereomers have distinct physical properties (e.g.,
melting points, boiling points, solubilities,
reactivity, etc.) and can be readily separated by
taking advantage of these dissimilarities. The
diastereomers can be separated by chromatography or,
preferably, by separation/resolution techniques based
upon differences in solubility. The optically pure
enantiomer is then recovered, along with the resolving
agent, by any practical means that would not result in
racemization. A more detailed description of the
techniques applicable to the resolution of
stereoisomers of compounds from their racemic mixture
can be found in Jean Jacques Andre Collet, Samuel H.
Wilen, Enantiomers, Racemates and Resolutions, John
Wiley & Sons, Inc. (1981).[0297] As used herein the
symbols and conventions used in these processes,
schemes and examples are consistent with those used in
the contemporary scientific literature, for example,
the Journal of the American Chemical Society or the
Journal of Biological Chemistry. Standard
single-letter or thee-letter abbreviations are
generally used to designate amino acid residues, which
are assumed to be in the L-configuration unless
otherwise noted. Unless otherwise noted, all starting
materials were obtained from commercial suppliers and
used without further purification. Specifically, the
following abbreviations may be used in the examples
and throughout the specification:[0298] AUreferences
to ether or Et20 are to diethyl ether; and brine
refers to a saturated aqueous solution of NaCl. Unless
otherwise indicated, all temperatures are expressed in
0C (degrees Centigrade). All reactions are conducted
under an inert atmosphere at RT unless otherwise
noted. [0299] IH NMR spectra were recorded on a Bruker
Avance 400. Chemical shifts are expressed in parts per
million (ppm). Coupling constants are in units of
Hertz (Hz). Splitting patterns describe apparent
multiplicities and are designated as s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), br
(broad). [0300] Low-resolution mass spectra (MS) and
compound purity data were acquired on a Waters ZQ
LC/MS single quadrupole system equipped with
electrospray ionization (ESI) source, UV detector (220
and 254 nm), and evaporative light scattering detector
(ELSD). Thin-layer chromatography was performed on
0.25 mm E. Merck silica gel plates (60F-254),
visualized with UV light, 5% ethanolic phosphomolybdic
acid, Ninhydrin or p-anisaldehyde solution. Flash
column chromatography was performed on silica gel
(230-400 mesh, Merck). [0301] The starting materials
and reagents used in preparing these compounds are
either available from commercial suppliers such as the
Aldrich Chemical Company (Milwaukee, WI), Bachem
(Torrance, CA), Sigma (St. Louis, MO), or may be
prepared by methods well known to a person of ordinary
skill in the art, following procedures described in
such standard references as Fieser and Fieser's
Reagents for Organic Synthesis, vols. 1-17, John Wiley
and Sons, New York, NY, 1991; Rodd's Chemistry of
Carbon Compounds, vols. 1-5 and supps., Elsevier
Science Publishers, 1989; Organic Reactions, vols.
1-40, John Wiley and Sons, New York, NY, 1991; March
J.: Advanced Organic Chemistry, 4th ed., John Wiley
and Sons, New York, NY; and Larock: Comprehensive
Organic Transformations, VCH Publishers, New York,
1989. [0302] The entire disclosure of all documents
cited throughout this application are incorporated
herein by reference.Synthetic Schemes For Compounds of
the Present Invention [0303] Compounds according to
the present invention may be synthesized according to
the reaction schemes shown below. Other reaction
schemes could be readily devised by those skilled in
the art. It should also be appreciated that a variety
of different solvents, temperatures and other reaction
conditions can be varied to optimize the yields of the
reactions. [0304] In the reactions described
hereinafter it may be necessary to protect reactive
functional groups, for example hydroxy, amino, imino,
thio or carboxy groups, where these are desired in the
final product, to avoid their unwanted participation
in the reactions. Conventional protecting groups may
be used in accordance with standard practice, for
examples see T.W. Greene and P. G.M. Wuts in
"Protective Groups in Organic Chemistry" John Wiley
and Sons, 1991. [0305] General synthetic routes for
producing compounds of the present invention are shown
in the schemes below. Scheme 1 [0306] A solution of B
(0.5 mmol) in DMF (2.5 mL) is treated with an
appropriate heterocycle A (0.5 mmol) and solid K2CO3
(0.6 mmol). After stirring at 23 0C for 18 h, the
reaction is poured into water (10 mL) and the
resulting solid isolated by filtration. The filter
cake can be rinsed with water and allowed to dry in
vacuo to yield a mixture of regioisomeric alkylation
products C, D and E, which can be separated by flash
chromatography. If no solid is formed, the DMF/water
mixture can be extracted withethylacetate. The
combined extracts can be dried (MgSO4), concentrated
in vacuo and purified by flash chromatography. [0307]
A solution of the alkylation products C, D and/or E
(0.25 mmol) in dioxane ( 1 mL) is treated with aqueous
LiOH (I M, 1.0 mL). After stirring at 23 0C for 2 h,
the reaction is neutralized with aqueous HCl (I M, 2.0
mL) and the resulting solid isolated by filtration.
The filter cake can be rinsed with water and allowed
to dry in vacuo to yield the corresponding carboxylic
acid. [0308] A solution of the carboxylic acid formed
above (0.1 mmol) in DMF (1 mL) is sequentially treated
with EDC (0.12 mmol), HOBt (0.12 mmol), a substituted
or unsubstituted 1,2-phenylenediamine (0.12 mmol) and
NMM (0.3 mmol). After stirring at 23 0C for 4 h, the
reaction is poured into water (10 mL) and the
resulting solid isolated by filtration. The filter
cake can be rinsed with water and allowed to dry in
vacuo to yield the corresponding amide F, G and/or H.
Scheme 2 [0309] In relation to Scheme 2, the
alkylation of I with B, hydrolysis of J and/or K, and
coupling with the 1,2-phenylenediamine to provide L
and/or M proceed as described in Scheme 1.Scheme 3 1.
LiOH, dioxane EDO1HOBt, NMM, DMF [0310] In relation to
Scheme 3, nitrobenzenes J ' and K' may be prepared as
described in connection with Schemes 1 and 2. [0311] A
solution of the nitrobenzene (J' and/or K') (1.0 mmol)
in MeOH (10 mL) with Pd/C (10 wt%, 50 mg) is stirred
vigorously under hydrogen for 4 h. The reaction is
filtered and concentrated in vacuo to give the
corresponding aniline that can be carried forward.
[0312] A solution of the aniline (1.0 mmol) in
dichloromethane (10 mL) is treated sequentially with
the appropriate acid chloride or chloroformate
(RC(O)Cl, wherein R is, for example, an optionally
substituted alkoxy, alkyl, heterocycloalkyl or aryl)
(1.1 mmol) and triethylamine (2.2 mmol). After
stirring at 23 0C for 4 h, the reaction is
concentrated in vacuo to yield the corresponding
acylation product (N and/or O). If necessary,
purification can be carried out by flash
chromatography or recrystallization. [0313] Compounds
N and/or O can be coupled with a substituted or
unsubstituted 1,2- phenylenediamine to yield P and/or
Q, as described in connection with Schemes 1 and
2.[0314] Chiral components can be separated and
purified using any of a variety of techniques known to
those skilled in the art. For example, chiral
components can be purified using supercritical fluid
chromatography (SFC). In one particular variation,
chiral analytical SFC/MS analyses are conducted using
a Berger analytical SFC system (AutoChem, Newark, DE)
which consists of a Berger SFC dual pump fluid control
module with a Berger FCM 1100/1200 supercritical fluid
pump and FCM 1200 modifier fluid pump, a Berger TCM
2000 oven, and an Alcott 718 autosampler. The
integrated system can be controlled by BI-SFC
Chemstation software version 3.4. Detection can be 



accomplished with a Watrers ZQ 2000 detector operated
in positive mode with an ESI interface and a scan
range from 200-800 Da with 0.5 second per scan.
Chromatographic separations can be performed on a
ChiralPak AD-H, ChiralPak AS-H, ChiralCel OD-H, or
ChiralCel OJ-H column (5m, 4.6 x 250 mm; Chiral
Technologies, Inc. West Chester, PA) with 10 to 40%
methanol as the modifier and with or without ammonium
acetate (10 mM). Any of a variety of flow rates can be
utilized including, for example, 1.5 or 3.5 mL/min
with an inlet pressure set at 100 bar. Additionally, a
variety of sample injection conditions can be used
including, for example, sample injections of either 5
or l OmL in methanol at 0.1 mg/mL in concentration.
[0315] In another variation, preparative chiral
separations are performed using a Berger MultiGram II
SFC purification system. For example, samples can be
loaded onto a ChiralPak AD column (21 x 250 mm, lOm).
In particular variations, the flow rate for separation
can be 70 mL/min, the injection volume up to 2 mL, and
the inlet pressure set at 130 bar. Stacked injections
can be applied to increase the efficiency. [0316] In
each of the above reaction procedures or schemes, the
various substituents may be selected from among the
various substituents otherwise taught herein. [0317]
Descriptions of the syntheses of particular compounds
according to the present invention based on the above
reaction scheme are set forth herein. Examples of HDAC
Inhibitors [0318] The present invention is further
exemplified, but not limited by, the following
examples that describe the synthesis of particular
compounds according to the invention.Examples 1 and 2:
4-((l
H-indazol-l-yl)methyl)-N-(2-aminophenyl)benzamide and
4-
((2H-indazol-2-yl)methyl)-N-(2-aminophenyl)benzamide
Example 1 [0319] The title compounds were prepared
using the procedure described in Scheme 2. In
particular, a solution of methyl 4-bromomethylbenzoate
(0.5 mmol) in DMF (2.5 mL) was treated with the
indazole (0.5 mmol) and solid K2CO3 (0.6 mmol). After
stirring at 23 0C for 18 h, the reaction was poured
into water (10 mL) and the resulting solid was
isolated by filtration. The filter cake was rinsed
with water and allowed to dry in vacuo to yield a
mixture of regioisomeric alkylation products, which
were separated by flash chromatography. [0320] A
solution of the methyl ester (0.25 mmol) in dioxane (
1 mL) was treated with aqueous LiOH (I M, 1.0 mL).
After stirring at 23 0C for 2 h, the reaction was
neutralized with aqueous HCl (I M, 2.0 mL) and the
resulting solid was isolated by filtration. The filter
cake was rinsed with water and allowed to dry in vacuo
to yield the corresponding benzoic acid. [0321] A
solution of the appropriate benzoic acid (0.1 mmol) in
DMF (1 mL) was sequentially treated with EDC (0.12
mmol), HOBt (0.12 mmol), 1,2-phenylenediame (0.12
mmol) and NMM (0.3 mmol). After stirring at 23 0C for
4 h, the reaction was poured into water (10 mL) and
the resulting solid was isolated by filtration. The
filter cake was rinsed with water and allowed to dry
in vacuo to yield the corresponding amide. [0322]
Example 1: 1H NMR (400 MHz, DMSO-d6) d ppm 4.85 (s, 2
H) 5.74 (s, 2 H) 6.53 - 6.58 (m, 1H) 6.73 (dd, J=7.83,
1.26 Hz, I H) 6.91 - 6.96 (m, 1H) 7.09 - 7.16 (m, 2 H)
7.28 - 7.39 (m, 3 H) 7.70 (d, J=8.34 Hz, 1H) 7.77 (d,
J=8.34 Hz, 1H) 7.87 (d, J=8.08 Hz, 2 H) 8.13 (s, 1H)
9.56 (s, 1 H). ESI-MS: m/z 343.4 (M + H)+. [0323]
Example 2: 1H NMR (400 MHz, DMSO-D6) d ppm 4.94 (s, 2
H) 5.72 (s, 2 H) 6.57 (t, J=7.58 Hz, 1H) 6.74 - 6.77
(m, 1H) 6.95 (td, J=7.58, 1.52 Hz, 1H) 7.00 - 7.05 (m,
1H) 7.13 (d, J=7.58 Hz, 1H) 7.22 (dd, J=8.21, 7.20 Hz,
1H) 7.41 (d, J=8.08 Hz, 2 H)7.58 (d, J=8.59 Hz, 1H)
7.71 (d, J=8.59 Hz, 1H) 7.93 (d, J=8.08 Hz, 2 H) 8.51
(s, 1H) 9.62 (s, 1 H). ESI-MS: m/z 343.4 (M + H)+.
Examples 3 and 4: 4-((5-acetamido-l
H-indazol-l-yl)methyl)-N-(2- aminophenyl)benzamide
4-((5-acetamido-2H-indazol-2-yl)methyl)-N-(2-
aminophenyl)benzamide Example 3 Example 4 [0324] The
title compounds were prepared using a procedure
analogous to that described in Examples 1 and 2 except
that the nitrobenzene was reduced and the aniline
acylated as further described in Scheme 2.
Specifically, the alkylation with methyl 4-
bromomethylbenzoate, hydrolysis of methyl benzoate,
and coupling with 1,2- phenylenediamine proceed as
described in connection with Examples 1 and 2. A
solution of the nitrobenzene (1.0 mmol) in MeOH (10
mL) with Pd/C (10 wt%, 50 mg) was then stirred
vigorously under hydrogen for 4 h. The reaction was
filtered and concentrated in vacuo to give the
corresponding aniline that was carried forward. A
solution of the aniline (1.0 mmol) in dichloromethane
(10 mL) was treated sequentially with the appropriate
acid chloride or chloroformate (1.1 mmol) and
triethylamine (2.2 mmol). After stirring at 23 0C for
4 h, the reaction was concentrated in vacuo to yield
the corresponding acylation product. If necessary,
purification can be carried out by flash
chromatography or recrystallization. [0325] Example 3:
1H NMR (400 MHz, DMSO-d6) d ppm 2.02 (s, 3 H) 4.85 (s,
2 H) 5.69 (s, 2 H) 6.49 - 6.60 (m, 1H) 6.73 (d, J=8.08
Hz, 1H) 6.87 - 6.99 (m, 2 H) 7.11 (d, J=8.08 Hz, 1H)
7.29 (d, J=8.08 Hz, 2 H) 7.39 (dd, J=9.09, 1.77 Hz,
1H) 7.61 (d, J=8.84Hz, 1H) 7.87 (d, J=8.08 Hz, 2 H)
8.06 (s, 1H) 8.12 (s, 1 H) 9.56 (s, 1 H). ESI-MS: m/z
400.5 (M + H)+. [0326] Example 4 : 1H NMR (400 MHz,
DMSO-D6) d ppm 2.03 (s, 3 H) 4.87 (s, 2 H) 5.67 (s, 2
H) 6.45 - 6.65 (m, 1H) 6.74 (d, J=8.08 Hz, 1 H) 6.86 -
7.02 (m, 1H) 7.13 (d, J=7.33 Hz, 1 H) 7.20 (dd,
J=9.35, 1.77 Hz, 1H) 7.39 (d, J=8.08 Hz, 2 H) 7.52 (d,
J=9.09 Hz, 1H) 7.92 (d, J=8.08 Hz, 2 H) 8.12 (s, 1H)
8.41 (s, 1H) 9.61 (s, 1H) 9.85 (s, 1 H). ESI-MS: m/z
400.5 (M + H)+. Example 5:
N-(2-aminophenyl)-4-((5-nitro- lH-indazol-
1-yl)methyl)benzamide [0327] The title compound was
prepared using a procedure analogous to that described
in Examples 1 and 2. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 5.86 (s, 2 H) 6.96
(s, 1H) 7.05 (d, J=7.58 Hz, 1H) 7.13 (d, J=7.33 Hz,
1H) 7.25 (d, J=7.83 Hz, 1H) 7.37 (d, J=8.08 Hz, 2 H)
7.92 (d, J=8.34 Hz, 2 H) 7.96 (d, J=9.09 Hz, 1 H) 8.24
(dd, J=9.35, 2.27 Hz, 1H) 8.47 (s, 1H) 8.85 (d, J=2.02
Hz, 1H) 9.99 (s, 1 H). ESI-MS: m/z 388.4 (M + H)+.
Example 6: 4-((5-benzamido-l
H-indazol-l-yl)methyl)-N-(2-aminophenyl)benzamide
[0328] The title compound was prepared using a
procedure analogous to that described in Examples 3
and 4. 1H NMR (400 MHz, DMSO-D6) d ppm 4.86 (s, 2 H)
5.73 (s, 2 H) 6.49 - 6.62 (m, 1 H) 6.73 (d, J=7.83 Hz,
1H) 6.85 - 6.97 (m, 1H) 7.11 (d, J=7.83 Hz, 1 H) 7.30
(d, J=8.08 Hz, 2 H) 7.45 - 7.62 (m, 3 H) 7.61 - 7.74
(m, 2 H) 7.88 (d, J=8.34 Hz, 2 H)7.96 (d, J=6.82 Hz, 2
H) 8.12 (s, 1H) 8.26 (s, 1H) 9.57 (s, 1H) 10.28 (s, 1
H). ESI-MS: m/z 462.5 (M + H)+. Example 7:
4-((5-amino- lH-indazol-
l-yl)methyl)-N-(2-aminophenyl)benzamide [0329] The
title compound was prepared using a procedure
analogous to that described in Examples 3 and 4. 1H
NMR (400 MHz, DMSO-D6) d ppm 4.85 (bs, 4 H) 5.59 (s, 2
H) 6.55 (s, 1H) 6.71 - 6.80 (m, 3 H) 6.93 (d, J=6.32
Hz, 1H) 7.11 (d, J=6.82 Hz, 1H) 7.26 (d, J=7.58 Hz, 2
H) 7.30 - 7.40 (m, 1H) 7.73 - 7.83 (m, 1H) 7.86 (d,
J=7.58 Hz, 2 H) 9.56 (s, 1 H). ESI-MS: m/z 358.4 (M +
H)+. Example S: N-(2-aminophenyl)-4-((5-nitro-2
H-indazol-2-yl)methyl)benzamide [0330] The title
compound was prepared using a procedure analogous to
that described in Examples 1 and 2. 1H NMR (400 MHz,
DMSO-D6) 6 ppm 4.87 (br. s., 2 H) 5.75 - 5.88 (m, 2 H)
6.51 - 6.61 (m, 1H) 6.74 (d, J=7.33 Hz, 1H) 6.90 -
6.98 (m, 1H) 7.13 (d, J=7.58 Hz, 1H) 7.46 (d, J=8.08
Hz, 2 H) 7.77 (d, J=9.60 Hz, 1H) 7.94 (d, J=8.08 Hz, 2
H) 7.97 - 8.04 (m, 1H) 8.91 (d, 1H) 8.94 - 9.01 (m,
1H) 9.62 (s, 1 H). ESI-MS: m/z 388.4 (M + H)+. Example
9: 4-((5-amino-2
H-indazol-2-yl)methyl)-N-(2-aminophenyl)benzamide
[0331] The title compound was prepared using a
procedure analogous to that described in Examples 3
and 4. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: dppm 5.76 (s, 2 H) 6.84 -
6.95 (m, 1H) 7.01 (d, J=7.83 Hz, 1H) 7.08 - 7.20 (m, 2
H) 7.24 (s, 1H) 7.44 (d, J=8.08 Hz, 2 H) 7.69 - 7.79
(m, 2 H) 7.96 (d, J=7.83 Hz, 2 H) 8.64 (s, 1 H) 9.96
(s, 1 H). ESI-MS: m/z 358.4 (M + H)+ Example 10:
4-((5-benzamido-2 H-indazol-
1-yl)methyl)-N-(2-aminophenyl)benzamide [0332] The
title compound was prepared using a procedure
analogous to that described in Examples 3 and 4. 1H
NMR (400 MHz, DMSO-D6) d ppm 4.87 (s, 2 H) 5.61 - 5.76
(s, 2 H) 6.56 (t, J=7.33 Hz, 1H) 6.75 (d, J=8.08 Hz,
1H) 6.88 - 7.00 (m, 1H) 7.13 (d, J=8.08 Hz, 1H) 7.41
(d, J=7.07 Hz, 2 H) 7.45 - 7.63 (m, 3 H) 7.83 - 8.02
(m, 4 H) 8.26 (s, 1H) 8.49 (s, 1H) 9.61 (s, 1H) 10.20
(s, 1 H). ESI-MS: m/z 462.5 (M + H)+. Example 11:
2-Methoxyethyl
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2 H-indazol-5-
ylcarbamate [0333] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) d ppm 3.52
- 3.60 (m, 2 H) 4.13 - 4.22 (m, 2 H) 4.86 (bs, 2 H)
5.66 (s, 2 H) 6.56 (m, 1H) 6.75 (m, 1H) 6.93 (d,
J=6.82 Hz, 1H) 7.13 (m, 1H) 7.21 (d, J=2.02 Hz, 1H)
7.39 (d, J=7.83 Hz, 2 H) 7.52 (s, 1H) 7.82 - 7.89 (m,
2 H) 7.91 (s, 1H) 8.40 (s, 1H) 9.60 (s, 1H) 9.64 (s, 1
H). ESI-MS: m/z 460.5 (M + H)+.Example 12: Methyl
2-(4-((2-arninophenyl)carbamoyl)benzyl)-2 H-indazol-5-
ylcarbamate [0334] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) d ppm 3.32
(s, 3 H) 4.87 (s, 2 H) 5.58 - 5.73 (m, 2 H) 6.48 -
6.62 (m, 1H) 6.74 (d, J=8.08 Hz, 1H) 6.88 - 7.00 (m,
1H) 7.07 - 7.17 (m, 1H) 7.18 - 7.24 (m, 1H) 7.39 (dd,
J=8.08, 4.55 Hz, 2 H) 7.46 - 7.57 (m, 1 H) 7.88 - 8.00
(m, 2 H) 8.39 (d, J=6.32 Hz, 1H) 8.56 (s, 1H) 9.54 (s,
1H) 9.61 (s, 1 H). ESI-MS: m/z 416.5 (M + H)+. Example
13: 2-Methoxyethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-l H-indazol-5-
ylcarbamate [0335] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1 NMR (400 MHz, DMSO-D6) 5 ppm 3.31
(s, 3 H) 3.47 - 3.61 (m, 2 H) 4.12 - 4.23 (m, 2 H)
4.85 (s, 2 H) 5.69 (s, 2 H) 6.55 (t, J=7.58 Hz, 1H)
6.69 - 6.78 (m, 1H) 6.86 - 7.01 (m, 1H) 7.11 (d,
J=7.83 Hz, 1H) 7.28 (d, J=8.34 Hz, 2 H) 7.33 - 7.45
(m, 1H) 7.61 (d, J=9.09 Hz, 1H) 7.87 (m, 3 H) 8.05 (s,
1H) 9.56 (s, 1H) 9.71 (s, 1 H). ESI-MS: m/z 460.5 (M +
H)+.Example 14: Methyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-l H-indazol-5-
ylcarbamate [0336] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 3.65 (s, 3 H) 5.70
(s, 2 H) 6.90 (s, 1H) 6.99 (s, 1H) 7.11 (s, 1H) 7.23
(d, J=7.83 Hz, 1H) 7.31 (d, J=8.08 Hz, 2 H) 7.38 (s,
1H) 7.61 (d, J=9.09 Hz, 1 H) 7.89 (d, J=7.83 Hz, 3 H)
8.06 (s, 1H) 9.61 (s, 1H) 9.91 (s, 1 H). ESI-MS: m/z
416.5 (M + H)+. Example 15: Benzyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-l H-indazol-5-
ylcarbamate [0337] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 4.85 (s, 2 H) 5.14
(s, 2 H) 5.69 (s, 2 H) 6.55 (s, 1H) 6.73 (d, J=8.08
Hz, 1H) 6.93 (s, 1H) 7.04 - 7.18 (m, 1H) 7.22 - 7.49
(m, 7 H) 7.61 (s, 1H) 7.79 - 8.00 (m, 4 H) 8.05 (s, 1
H) 9.56 (s, 1H) 9.74 (s, 1 H). ESI-MS: m/z 492.5 (M +
H)+. Example 16: Benzyl
2-(4-((2-aminophenyl)carbamoyl)benzyl)-2 H-indazol-5-
ylcarbamate[0338] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 5.14 (s, 2 H) 5.68
(s, 2 H) 6.81 - 6.94 (m, 1H) 6.95 - 7.05 (m, 1 H) 7.10
(s, 1H) 7.22 (dd, J=9.35, 1.77 Hz, 2 H) 7.29 - 7.47
(m, 7 H) 7.51 (d, J=9.35 Hz, 2 H) 7.94 (d, J=8.08 Hz,
2 H) 8.41 (s, 1 H) 9.68 (s, 1H) 9.94 (s, 1 H). ESI-MS:
m/z 492.5 (M + H)+. Example 17:
-(4-Amino-biphenyl-3-yl)-4-(5-nitro-indazol-2-ylmethyl
)-benzamide [0339] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 5.84 (s, 2 H) 6.97
(s, 1 H) 7.25 (s, 1H) 7.39 (s, 3 H) 7.44 - 7.62 (m, 5
H) 7.79 (s, 1 H) 7.99 (s, 3 H) 8.98 (s, 2 H) 9.89 (s,
1 H). ESI-MS: m/z 464.5 (M + H)+. Example 18:
N-(2-(4-((2-Aminophenyl)carbamoyl)benzyl)-2
H-indazol-5-yl)morpholine- 4-carboxamide [0340] The
title compound was prepared using a procedure
analogous to that described in Examples 3 and 4. 1H
NMR (400 MHz, DMSO-D6) of the trifluoroacetic acid
salt: d ppm 3.34 - 3.45 (m, 4 H) 3.59 (m, 4 H) 4.86
(s, 2 H) 5.66 (s, 2 H) 6.75 (m, 1H) 6.86 - 6.98 (m, 1
H) 7.06 - 7.16 (m, 1H) 7.20 - 7.30 (m, 1 H) 7.38 (d, 2
H) 7.46 (m, 1H) 7.78 (s, 1H) 7.91 (d, 2 H) 8.36 (s, 1
H) 8.40 - 8.48 (m, 1H) 9.61 (s, 1 H). ESI-MS: m/z
471.5 (M + H)+.Example 19:
5-((2H-Indazol-2-yl)methyl)-N-(2-aminophenyl)thiophene
-2-carboxamide [0341] The title compound was prepared
using a procedure analogous to that described in
Examples 1 and 2. 1H NMR (400 MHz, DMSO-D6) d ppm 4.S8
(s, 2 H) 5.89 (s, 2 H) 6.54 - 6.60 (m, 1H) 6.75 (d,
J=8.O8 Hz, 1H) 6.94 - 6.99 (m, 1H) 7.02 - 7.10 (m, 2
H) 7.22 - 7.30 (m, 2 H) 7.62 (d, J=8.84 Hz, 1H) 7.72
(d, J=8.59 Hz, 1H) 7.83 (d, J=3.03 Hz, 1 H) 8.51 (s,
1H) 9.68 (s, 1 H). ESI-MS: m/z 349.4 (M + H)+. Example
20: N-(2-Aminophenyl)-5-((5-nitro-2
H-indazol-2-yl)methyl)thiophene-2- carboxamide [0342]
The title compound was prepared using a procedure
analogous to that described in Examples 1 and 2. 1H
NMR (400 MHz, DMSO-D6) d ppm 4.89 (s, 2 H) 6.01 (s, 2
H) 6.55 - 6.59 (m, 1H) 6.75 (d, J=8.08 Hz, 1H) 6.95
(d, J=7.83 Hz, IH) 7.07 (d, J=7.83 Hz, 1H) 7.30 (s,
1H) 7.82 (d, J=9.35 Hz, 2 H) 8.01 - 8.05 (m, 1 H) 8.93
- 8.97 (m, 2 H) 9.70 (s, 1 H). ESI-MS: m/z 394.4 (M +
H)+. Example 21: N-(
1-(4-((2-Aminophenyl)carbamoyl)benzyl)-
lH-indazol~5-yl)morpholine- 4-carboxamide [0343] The
title compound was prepared using a procedure
analogous to that described in Examples 3 and 4. 1H
NMR (400 MHz, DMSO-D6) d ppm 3.37 - 3.47 (m, 4 H) 3.50
-18 3.66 (m, 4 H) 5.62 (s, 2 H) 6.56 (m, 1H) 6.74 (d,
J=8.59 Hz, 1H) 6.94 (m, 1H) 7.11 (m, 1H) 7.29 (d,
J=8.08 Hz, 2 H) 7.39 (dd, J=9.09, 1.77 Hz, 1H) 7.57
(d, J=9.09 Hz, 1H) 7.74 - 7.89 (m, 3 H) 7.96 - 8.05
(m, 1H) 8.52 (s, 1H) 9.57 (s, 1 H). ESI-MS: m/z 471.5
(M + H)+. Example 22: 2-Morpholinoethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-l H-indazol-5-
ylcarbamate [0344] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) d ppm 2.41
(m, 2 H) 2.56 (m, 2 H) 3.55 (m, 4 H) 4.18 (m, 4 H)
4.85 (s, 2 H) 5.68 (s, 2 H) 6.47 - 6.63 (m, 1H) 6.73
(d, J=8.O8 Hz, 1H) 6.85 - 6.99 (m, 1H) 7.10 (s, 1H)
7.28 (d, J=8.34 Hz, 2 H) 7.39 (d, J=8.84 Hz, 1 H) 7.61
(d, J=9.09 Hz, 1H) 7.87 (d, J=8.O8 Hz, 3 H) 8.04 (s,
1H) 9.55 (s, 1H) 9.60 - 9.71 (m, 1 H). ESI-MS: m/z
515.6 (M + H)+. Example 23: Pyridin-3-ylmethyl
l-(4-((2-aminophenyl)carbamoyl)benzyl)-l H-indazol-5-
ylcarbamate [0345] The title compound was prepared
using a procedure analogous to that described in
Examples 3 and 4. 1H NMR (400 MHz, DMSO-D6) d ppm 4.85
(bs, 2 H) 5.18 (s, 2 H) 5.69 (s, 2 H) 6.48 - 6.59 (m,
1H) 6.73 (dd, J=8.08, 1.26 Hz, 1H) 6.87 - 6.98 (m, 1H)
7.11 (d, J=7.33 Hz, 1H) 7.28 (d, J=8.34 Hz, 2 H) 7.34
- 7.47 (m, 2 H) 7.62 (d, J=9.09 Hz, 2 H) 7.77 - 7.94
(m, 3 H) 8.03 - 8.08 (m, 1H) 8.54 (dd, J=4.80, 1.52
Hz, 1H) 8.65 (d, J=I. 77 Hz, 1H) 9.56 (s, 1H) 9.78 (s,
1 H). ESI-MS: m/z 493.5 (M + H)+.Example 24: 5-((l
H-Indazol-l-yl)methyl)-N-(2-aminophenyl)thiophene-2-ca
rboxamide [0346] The title compound was prepared using
a procedure analogous to that described in Examples 1
and 2. 1H NMR (400 MHz, DMSO-D6) d ppm 4.86 (s, 2 H)
5.90 (s, 2 H) 6.52 - 6.59 (m, 1H) 6.74 (d, J=7.33 Hz,
1H) 6.91 - 6.99 (m, 1H) 7.05 (d, J=7.33 Hz, 1H) 7.13 -
7.23 (m, 2 H) 7.42 (s, 1H) 7.79 (m, 3 H) 8.15 (s, 1H)
9.62 (s, 1 H). ESI-MS: m/z 349.4 (M + H)+. Example 25:
4-((2H-Pyrazolo[3,4-b]pyridin-2-yl)methyl)-N-(2-aminop
henyl)benzamide [0347] The title compound was prepared
using a procedure analogous to that described in
Examples 1 and 2. 1H NMR (400 MHz, DMSO-D6) of the
t-trifluoroacetic acid salt: d ppm 6.11 (s, 2 H) 6.79
(d, J=8.08 Hz, 1H) 6.92 (d, J=8.08 Hz, 1H) 7.02 - 7.10
(m, 1H) 7.19 (d, J=7.58 Hz, 1H) 7.63 (d, J=8.08 Hz,
2H) 7.79 (dd, J=8.08, 5.81 Hz, 1H) 7.97 (d, J=8.34 Hz,
2 H) 9.11 - 9.19 (m, 1H) 9.23 (d, J=7.83 Hz, 1H) 9.40
(d, J=4.80 Hz, 1H) 9.86 (s, 1 H). ESI-MS: m/z 344.4 (M
+ H)+. Example 26:
-(4-Amino-biphenyl-3-yl)-4-pyrazolo[3,4-
]pyridin-2-ylmethylbenzamide [0348] The title compound
was prepared using a procedure analogous to that
described in Examples 1 and 2. 1H NMR (400 MHz,
DMSO-D6) of the fc/s-trifluoroacetic acid salt:d ppm
6.11 (s, 2H) 6.91 (d, J=8.34 Hz, 1H) 7.24 (t, J=7.33
Hz, 1H) 7.33 - 7.41 (m, 3 H) 7.48 - 7.56 (m, 3 H) 7.64
(d, J=8.34 Hz, 2 H) 7.79 (dd, J=8.08, 5.81 Hz, 1H)
8.00 (d, J=8.34 Hz, 2 H) 9.16 (br. s., 1 H) 9.23 (d,
J=7.83 Hz, 1H) 9.35 - 9.45 (m, 1 H) 9.82 (s, 1 H).
ESI-MS: m/z 420.5 (M + H)+. Example 27:
-(4-Amino-biphenyl-3-yl)-4-indazol-2-ylmethyl-benzamid
e [0349] The title compound was prepared using a
procedure analogous to that described in Examples 1
and 2. 1H NMR (400 MHz, DMSO-D6) of the
trifluoroacetic acid salt: d ppm 5.74 (s, 2 H) 6.98 -
7.06 (m, 1H) 7.08 (d, J=8.34 Hz, 1H) 7.18 - 7.25 (m, 1
H) 7.28 (t, 1H) 7.35 - 7.48 (m, 5 H) 7.58 (m, 4 H)
7.71 (d, J=8.34 Hz, 1H) 7.98 (d, J=8.O8 Hz, 2 H) 8.53
(s, 1 H) 10.02 (s, 1 H). ESI-MS: m/z 419.5 (M + H)+.
Example 28: N-(2-Aminophenyl)-4-((3-methyl-
lH-indazol- l-yl)methyl)benzamide [0350] The title
compound was prepared using a procedure analogous to
that described in Examples 1 and 2. 1H NMR (400 MHz,
DMSO-D6) d ppm 2.48 (s, 3 H) 4.87 (s, 2 H) 5.66 (s, 2
H) 6.54 - 6.61 (m, 1H) 6.76 (dd, J=7.83, 1.26 Hz, 1H)
6.91 - 6.99 (m, 1H) 7.09 - 7.17 (m, 2 H) 7.31 (d,
J=8.34 Hz, 2 H) 7.34 - 7.40 (m, 1H) 7.64 (d, J=8.34
Hz, 1H) 7.73 (d, J=8.08 Hz, 1 H) 7.89 (d, J=8.34 Hz, 2
H) 9.57 (s, 1 H). ESI-MS: m/z 357.4 (M +
H)+.US2006/027118 Example 29:
N-(2-Aminophenyl)-4-((3-methyl-2
H-indazol-2-yl)methyl)benzamide [0351] The title
compound was prepared using a procedure analogous to
that described in Examples 1 and 2. 1H NMR (400 MHz,
DMSO-D6) d ppm 2.61 (s, 3 H) 4.88 (s, 2 H) 5.72 (s, 2
H) 6.50 - 6.64 (m, 1H) 6.72 - 6.82 (m, 1H) 6.93 - 7.03
(m, 2 H) 7.12 - 7.17 (m, 1H) 7.20 - 7.31 (m, 3 H) 7.55
(d, J=8.59 Hz, 1H) 7.68 (d, J=8.59 Hz, 1H) 7.93 (d,
J=8.08 Hz, 2 H) 9.62 (s, 1 H). ESI-MS: m/z 357.4 (M +
H)+. Example 30:
4-((lH-indazol-3-ylamino)methyl)-N-(2-aminophenyl)benz
amide [0352] The title compound was prepared using a
procedure analogous to that described in Examples 1
and 2. 1H NMR (400 MHz, DMSO-D6) d ppm 4.56 (d, J=6.15
Hz, 2 H) 4.88 (s, 2 H) 6.49 - 6.63 (m, 1H) 6.63 - 6.73
(m, 1H) 6.77 (d, J=7.98 Hz, 1H) 6.84 - 7.01 (m, 2 H)
7.16 (d, J=7.48 Hz, 1H) 7.20 - 7.29 (m, 2 H) 7.52 (d,
J=8.14 Hz, 2 H) 7.77 (d, J=8.14 Hz, 1H) 7.92 (d,
J=8.14 Hz, 2 H) 9.60 (s, 1H) 11.40 (s, 1 H). ESI-MS:
m/z 358.4 (M + H)+. Example 31:
4-((lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)benzamide
[0353] 1H NMR (499 MHz DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 5.38 (s, 2 H), 6.25 -
6.33 (m, 2 H), 7.18 - 7.26 (m, 3 H), 7.31 - 7.38 (m, 3
H), 7.46 - 7.53 (m, 1 H), 7.84 - 7.89 (m, 1 H), 7.92 -
7.99 (m, 1 H), 10.09 (s, 1 H). ESI-MS: m/z 293.3 (M +
H)+.Example 32:
N-(2-(4-((2-Aminophenyl)carbamoyl)benzyl)-2
H-indazol-5-yl)morpholine- 4-carboxamide [0354] 1H NMR
(400 MHz, DMSO-D6) d ppm 3.36 - 3.47 (m, 4 H) 3.61 (m,
4 H) 4.85 (s, 2 H) 5.69 (s, 2 H) 6.77 (m, 1H) 6.94 (m,
1H) 7.12 (m, 1H) 7.27 (m, 1H) 7.37 (d, 2 H) 7.46 (m,
1H) 7.78 (s, 1H) 7.87 (d, 2 H) 8.36 (s, 1H) 8.46 (m,
1H) 9.56 (s, 1 H). ESI-MS: m/z 471.5 (M + H)+. Example
33: Methyl
3-(4-((2H-indazol-2-yl)methyl)benzamido)-4-aminobenzoa
te [0355] 1 NMR (400 MHz, DMSO-J 6) d ppm 3.73 (s, 14
H), 5.72 (s, 10 H), 5.81 (s, 10 H), 6.74 (d, /=8.59
Hz, 6 H), 6.98 - 7.07 (m, 6 H), 7.17 - 7.26 (m, 6 H),
7.41 (d, /=8.34 Hz, 10 H), 7.51 - 7.61 (m, 11 H), 7.67
- 7.77 (m, 11 H), 7.94 (d, /=8.08 Hz, 10 H), 8.52 (s,
6 H), 9.60 (s, 1 H). ESI-MS: m/z 401.4 (M + H)+.
Example 34:
N-(2-aminophenyl)-4-((4-methyl-lH-pyrazol-l-yl)methyl)
benzamide [0356] 1H NMR (400 MHz, DMSO-J 6) d ppm 2.00
(s, 3 H), 4.87 (s, 2 H), 5.29 - 5.33 (m, 2 H), 6.54 -
6.60 (m, 1 H), 6.73 - 6.78 (m, 1 H), 6.92 - 6.97 (m, 1
H), 7.13 (d, /=7.58 Hz, 1 H), 7.25 - 7.30 (m, 3 H),
7.58 (s, 1 H), 7.91 (d, /=8.08 Hz, 2 H), 9.60 (s, 1
H). ESIMS: m/z 307.4 (M + H)+.Example 35:
N-(2-aminophenyl)-4-((6-fluoro-2H-indazol-2-yl)methyl)
benzamide [0357] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.70 (s, 2 H), 6.53 6.60 (m, 1 H), 6.75 (d,
J=8.08 Hz, 1 H), 6.91 - 6.99 (m, 2 H), 7.13 (d, J=8.08
Hz, 1 H), 7.31 (d, /=10.36 Hz, 1 H), 7.41 (d, /=8.08
Hz, 2 H), 7.76 - 7.83 (m, 1 H), 7.93 (d, /=8.08 Hz, 2
H), 8.58 (s, 1 H), 9.61 (s, 1 H). ESI-MS: m/z 361.4 (M
+ H)+. Example 36:
N-(2-aminophenyl)-4-((6-fluoro-lH-indazol-l-yl)methyl)
benzamide [0358] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.86
(s, 2 H), 5.67 - 5.72 (m, 2 H), 6.53 - 6.59 (m, 1 H),
6.74 (dd, /=8.08, 1.26 Hz, 1 H), 6.91 - 6.96 (m, 1 H),
6.99 - 7.06 (m, 1 H), 7.11 (d, /=7.33 Hz, 1 H), 7.33
(d, /=8.08 Hz, 2 H), 7.59 - 7.66 (m, 1 H), 7.81 (dd,
/=8.84, 5.31 Hz, 1 H), 7.88 (d, /=8.08 Hz, 2 H), 8.13
- 8.16 (m, 1 H), 9.57 (s, 1 H). ESI-MS: m/z 361.4 (M +
H)+. Example 37:
N-(2-aminophenyl)-4-((5-fluoro-lH-indazol-l-yl)methyl)
benzamide [0359] 1HNMR (400 MHz, DMSO-J 6) d ppm 4.86
(s, 2 H), 5.75 (s, 2 H), 6.55 (s, 1 H), 6.74 (d,
/=7.83 Hz, 1 H), 6.92 (d, /=7.58 Hz, 1 H), 7.10 (s, 1
H), 7.23 - 7.33 (m, 3 H), 7.49 - 7.59 (m, 1 H), 7.75
(s, 1 H), 7.87 (s, 2 H), 8.11 (s, 1 H), 9.57 (s, 1 H).
ESI-MS: m/z 361.4 (M + H)+.Example 38:
N-(2-aminophenyl)-4-((5-fluoro-2H-indazol-2-yl)methyl)
benzamide [0360] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.68 (s, 2 H), 6.52 - 6.59 (m, 1 H), 6.71 -
6.77 (m, 1 H), 6.91 - 6.98 (m, 1 H), 7.09 - 7.17 (m, 2
H), 7.37 - 7.48 (m, 3 H), 7.62 - 7.68 (m, 1 H), 7.93
(d, 7=8.34 Hz, 2 H), 8.50 (s, 1 H), 9.60 (s, 1 H).
ESI-MS: m/z 361.4 (M + H)+. Example 39:
4-(l-(lH-indazol-l-yl)propan-2-yl)-N-(2-aminophenyl)be
nzamide [0361] 1H NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 1.20 (d, J=6.82 Hz, 3
H), 3.51 - 3.62 (m, 1 H), 4.54 - 4.65 (m, 2 H), 6.95
(s, 2 H), 7.01 - 7.13 (m, 3 H), 7.25 (d, /=7.58 Hz, 1
H), 7.29 - 7.35 (m, 1 H), 7.44 (d, /=8.34 Hz, 2 H),
7.65 - 7.72 (m, 2 H), 7.85 (d, /=8.08 Hz, 2 H), 8.02
(s, 1 H), 9.84 - 10.01 (m, 1 H). ESI-MS: m/z 371.4 (M
+ H)+. Example 40:
4-(2-(lH-indazol-l-yl)ethyl)-N-(2-aminophenyl)benzamid
e [0362] 1H NMR (400 MHz, DMSO-J 6) d ppm 3.17 - 3.28
(m, 2 H), 4.68 (t, /=7.07 Hz, 2 H), 4.85 (s, 2 H),
6.51 - 6.62 (m, 1 H), 6.75 (dd, /=8.08, 1.26 Hz, 1 H),
6.88 - 7.00 (m, 1 H), 7.03 - 7.18 (m, 2 H), 7.26 -
7.38 (m, 3 H), 7.62 (d, /=8.34 Hz, 1 H), 7.72 (d,
/=8.08 Hz, 1 H), 7.78 - 7.86 (m, 2 H), 8.04 (s, 1 H),
9.56 (s, 1 H). ESI-MS: m/z 357.4 (M + H)+. Example 41:
4-(2-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benzamid
e[0363] 1H NMR (400 MHz, DMSOd 6) d ppm 3.34 (t,
J=7.07 Hz, 2 H), 4.72 (t, 7=7.07 Hz, 2 H), 4.85 (s, 2
H), 6.51 - 6.62 (m, 1 H), 6.74 (dd, /=8.08, 1.26 Hz, 1
H), 6.88 7.03 (m, 2 H), 7.11 (d, /=7.33 Hz, 1 H), 7.15
- 7.25 (m, 1 H), 7.29 (d, /=8.08 Hz, 2 H), 7.54 - 7.68
(m, 2 H), 7.84 (d, /=8.08 Hz, 2 H), 8.19 - 8.30 (m, 1
H), 9.56 (s, 1 H). ESI-MS: m/z 357.4 (M + H)+. Example
42: N-(2-aminophenyl)-4-((4-chloro- 1H-indazol-
1-yl)methyl)benzarnide [0364] 1H NMR (400 MHz, DMSO-J
6) d ppm 4.85 (s, 2 H), 5.74 - 5.81 (m, 2 H), 6.52 -
6.59 (m, 1 H), 6.71 - 6.77 (m, 1 H), 6.90 - 6.97 (m, 1
H), 7.11 (d, /=7.07 Hz, 1 H), 7.23 (d, /=7.58 Hz, 1
H), 7.31 (d, /=8.34 Hz, 2 H), 7.35 - 7.42 (m, 1 H),
7.74 (d, /=8.59 Hz, 1 H), 7.89 (d, /=8.08 Hz, 2 H),
8.18 - 8.23 (m, 1 H), 9.57 (s, 1 H). ESI-MS: m/z 377.8
(M + H)+. Example 43:
N-(2-aminophenyl)-4-((4-chloro-2H-indazol-2-yl)methyl)
benzamide [0365] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.70 - 5.78 (m, 2 H), 6.53 - 6.61 (m, 1 H),
6.75 (dd, /=8.08, 1.26 Hz, 1 H), 6.91 - 6.98 (m, 1 H),
7.13 (d, /=7.07 Hz, 2 H), 7.22 (dd, /=8.59, 7.07 Hz, 1
H), 7.41 - 7.49 (m, 2 H), 7.58 (d, /=8.59 Hz, 1 H),
7.93 (d, /=8.08 Hz, 2 H), 8.67 - 8.71 (m, 1 H), 9.61
(s, 1 H). ESI-MS: m/z 377.8 (M + H)+. Example 44:
N-(2-aminophenyl)-4-((4,6-difluoro- lH-indazol-
l-yl)methyl)benzamide[0366] 1H NMR (400 MHz, DMSO-J 6)
d ppm 4.86 (s, 2 H), 5.67 - 5.75 (m, 2 H), 6.52 - 6.59
(m, 1H), 6.74 (dd, /=8.08, 1.26 Hz, 1 H), 6.91 - 6.96
(m, 1 H), 7.00 - 7.07 (m, 1 H), 7.12 (d, 7=7.58 Hz, 1
H), 7.34 (d, /=8.08 Hz, 2 H), 7.60 (d, /=9.35 Hz, 1
H), 7.89 (d, /=8.08 Hz, 2 H), 8.25 - 8.30 (m, 1 H),
9.58 (s, 1 H). ESI-MS: m/z 379.4 (M + H)+. Example 45:
N-(2-aminophenyl)-4-((4,6-difluoro-2H-indazol-2-yl)met
hyl)benzamide [0367] 1R NMR (400 MHz, DMSO-J 6) d ppm
4.87 (s, 2 H), 5.67 - 5.74 (m, 2 H), 6.52 - 6.61 (m,
1H) 6.75 (dd, /=7.83, 1.26 Hz, 1 H), 6.88 - 6.98 (m, 2
H), 7.13 (d, /=7.07 Hz, 1 H), 7.25 (d, /=8.84 Hz, 1
H), 7.44 (d, /=8.34 Hz, 2 H), 7.93 (d, /=8.08 Hz, 2
H), 8.82 (s, 1 H), 9.61 (s, 1 H). ESI-MS: m/z 379.4 (M
+ H)+. Example 46:
N-(2-aminophenyl)-4-((7-fluoro-lH-indazol-l-yl)methyl)
benzamide [0368] 1 NMR (400 MHz, DMSO-J 6) d ppm 4.86
(s, 2 H), 5.78 (s, 2 H), 6.51 - 6.58 (m, 1 H), 6.71 -
6.76 (m, 1 H), 6.89 - 6.96 (m, 1 H), 7.07 - 7.14 (m, 2
H), 7.17 - 7.25 (m, 3 H), 7.61 (d, /=7.83 Hz, 1 H),
7.88 (d, /=8.08 Hz, 2 H), 8.24 (d, /=2.53 Hz, 1 H),
9.56 (s, 1 H). ESI-MS: m/z 361.4 (M + H)+. Example 47:
N-(2-aminophenyl)-4-((7-fluoro-2H-indazol-2-yl)methyl)
benzamide[0369] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.72 - 5.78 (m, 2 H), 6.52 - 6.60 (m, 1 H),
6.75 (dd, J=8.08, 1.26 Hz, 1 H), 6.92 - 7.04 (m, 3 H),
7.13 (d, /=7.33 Hz, 1 H), 7.43 (d, 7=8.08 Hz, 2 H),
7.51 - 7.57 (m, 1 H), 7.94 (d, /=8.08 Hz, 2 H), 8.66
(d, /=2.78 Hz, 1 H), 9.62 (s, 1 H). ESI-MS: m/z 361.4
(M + H)+. Example 48:
N-(2-aminophenyl)-4-((4-fluoro-lH-indazol-l-yl)methyl)
benzamide [0370] 1H NMR (400 MHz, DMSO-d6) D ppm 4.86
(s, 2 H), 5.77 (s, 2 H), 6.50 - 6.60 (m, 1 H), 6.73
(d, J=8.34 Hz, 1 H), 6.88 - 6.97 (m, 2 H), 7.11 (d,
J=7.58 Hz, 1 H), 7.32 (d, J=8.08 Hz, 2 H), 7.34 - 7.42
(m, 1 H), 7.58 (d, J=8.34 Hz, 1 H), 7.89 (d, J=7.83
Hz, 2 H), 8.25 (s, 1 H), 9.57 (s, 1 H). ESI-MS: m/z
361.4 (M + H)+. Example 49:
N-(2-aminophenyl)-4-((4-fluoro-2H-indazol-2-yl)methyl)
benzamide [0371] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.69 - 5.75 (m, 2 H), 6.52 - 6.60 (m, 1 H),
6.72 - 6.82 (m, 2 H), 6.91 - 6.97 (m, 1 H), 7.12 (d,
/=7.33 Hz, 1 H), 7.17 - 7.24 (m, 1 H), 7.39 - 7.46 (m,
3 H), 7.93 (d, /=8.08 Hz, 2 H), 8.74 (s, 1 H), 9.61
(s, 1 H). ESI-MS: m/z 361.4 (M + H)+. Example 50:
(R)-4-(l-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benz
amide[0372] 1H NMR (400 MHz, DMSOd 6) 6 ppm 2.18 (d,
/=7.07 Hz, 4 H), 3.36 (d, /=5.05 Hz, 2 H), 4.29 (q, 1
H), 5.07 (s, 2 H) 6.24 (d, /=7.07 Hz, 1 H), 6.76 (s, 1
H), 6.96 (s, 1 H), 7.13 (s, 1 H), 7.24 (d, /=8.59 Hz,
2 H), 7.32 (s, 1 H), 7.39 - 7.44 (m, 1 H), 7.63 (d,
/=8.08 Hz, 3 H), 7.80 (d, /=8.84 Hz, 2 H), 7.90 (d,
/=8.34 Hz, 1 H), 8.1 1 (d, /=8.34 Hz, 3 H), 8.75 (s, 1
H), 9.79 (s, 1 H). ESI-MS: m/z 357.4 (M + H)+. Example
51:
(S)-4-(l-(2H-indazol-2-yl)ethyl)-N-(2-aminophenyl)benz
amide [0373] 1H NMR (400 MHz, DMSO-J6) d ppm 2.18 (d,
/=7.07 Hz, 4 H), 3.36 (d, /=5.05 Hz, 2 H), 4.29 (q, 1
H), 5.07 (s, 2 H), 6.24 (d, /=7.07 Hz, 1 H), 6.76 (s,
1 H), 6.96 (s, 1 H), 7.13 (s, 1 H), 7.24 (d, /=8.59
Hz, 2 H), 7.32 (s, 1 H), 7.39 - 7.44 (m, 1 H), 7.63
(d, /=8.08 Hz, 3 H), 7.80 (d, /=8.84 Hz, 2 H), 7.90
(d, /=8.34 Hz, 1 H), 8.1 1 (d, /=8.34 Hz, 3 H), 8.75
(s, 1 H), 9.79 (s, 1 H). ESI-MS: m/z 357.4 (M + H)+.
Example 52:
N-(2-aminophenyl)-4-((7-fluoro-3-methyl-lH-indazol-lyl
) methyl)benzamide [0374] 1H NMR (400 MHz, DMSO-J6) d
ppm 2.51 (s, 3 H), 4.86 (s, 2 H), 5.62 - 5.71 (m, 2
H), 6.51 - 6.59 (m, 1 H), 6.73 (d, /=7.83 Hz, 1 H),
6.89 - 6.97 (m, 1 H), 7.04 - 7.14 (m, 2 H), 7.15 -
7.25 (m, 3 H), 7.56 (d, /=8.08 Hz, 1 H), 7.87 (d,
/=7.83 Hz, 2 H), 9.56 (s, 1 H). ESI-MS: m/z 375.4 (M +
H)+.Example 53:
N-(2-aminophenyl)-4-((7-fluoro-3-methyl-2H-indazol-2-
yl)methyl)benzamide [0375] 1H NMR (400 MHz, DMSOd 6) d
ppm 2.61 (s, 3 H), 4.87 (s, 2 H), 5.74 (s, 2 H), 6.53
- 6.59 (m, 1 H), 6.74 (dd, /=8.08, 1.26 Hz, 1 H), 6.91
- 7.02 (m, 3 H), 7.12 (d, /=7.58 Hz, 1 H), 7.29 (d,
7=8.08 Hz, 2 H), 7.51 (d, /=8.34 Hz, 1 H), 7.93 (d,
/=8.08 Hz, 2 H), 9.61 (s, 1 H). ESI-MS: m/z 375.4 (M +
H)+. Example 54:
N-(2-aminophenyl)-4-((4-fluoro-3-methyl-lH-indazol-lyl
) methyl)benzamide [0376] 1H NMR (400 MHz, DMSCM6) d
ppm 2.53 - 2.58 (m, 3 H), 4.86 (s, 2 H), 5.65 (s, 2
H), 6.51 - 6.59 (m, 1 H), 6.74 (dd, /=7.83, 1.26 Hz, 1
H), 6.84 (dd, /=10.86, 7.58 Hz, 1 H), 6.90 - 6.97 (m,
1 H), 7.11 (d, /=7.83 Hz, 1 H), 7.25 - 7.36 (m, 3 H),
7.48 (d, /=8.59 Hz, 1 H), 7.88 (d, /=8.08 Hz, 2 H),
9.56 (s, 1 H). ESI-MS: m/z 375.4 (M + H)+. Example 55:
N-(2-aminophenyl)-4-((4-fluoro-3-methyl-2H-indazol-2-
yl)methyl)benz amide 



[0377] 1H NMR (400 MHz, DMSO-J 6) d ppm 2.65 - 2.71
(m, 3 H), 4.87 (s, 2 H), 5.71 (s, 2 H), 6.53 - 6.60
(m, 1 H), 6.66 - 6.77 (m, 2 H), 6.91 - 6.98 (m, 1 H),
7.09 - 7.19 (m, 2 H), 7.29 (d, /=8.08 Hz, 2 H), 7.36
(d, /=8.59 Hz, 1 H), 7.92 (d, /=8.34 Hz, 2 H), 9.61
(s, 1 H). ESI-MS: m/z 375.4 (M + H)+.Example 56:
N-(2-aminophenyl)-4-((5,6-difluoro-3-methyl-lH-indazol
-lyl) methyl)benzamide [0378] 1H NMR (400 MHz, DMSO-J
6) d ppm 2.45 (s, 3 H), 4.86 (s, 2 H), 5.60 (s, 2 H),
6.51 - 6.60 (m, 1 H), 6.74 (d, /=8.08 Hz, 1 H), 6.89 -
6.98 (m, 1 H), 7.12 (d, /=7.83 Hz, 1 H), 7.32 (d,
/=7.83 Hz, 2 H), 7.78 - 7.84 (m, 1 H), 7.85 - 7.91 (m,
3 H), 9.56 (s, 1 H). ESI-MS: m/z 393.4 (M + H)+.
Example 57:
N-(2-aminophenyl)-4-((5,6-difluoro-3-methyl-2H-indazol
-2- yl)methyl)benzamide [0379] 1H NMR (400 MHz, DMSO-J
6) d ppm 2.57 (s, 3 H), 4.98 (s, 1 H), 5.67 (s, 2 H),
6.58 (s, 1 H), 6.76 (s, 1 H), 6.95 (s, 1 H), 7.13 (s,
1 H), 7.27 (s, 2 H), 7.55 (s, 1 H), 7.75 (s, 1 H),
7.90 (s, 3 H), 9.62 (s, 1 H). ESI-MS: m/z 393.4 (M +
H)+. Example 58: N-(2-aminophenyl)-4-((6-methoxy-
lH-indazol-l-yl)methyl)benzamide [0380] 1H NMR (400
MHz, CHLOROFORM-J) d ppm 3.3 1 (s, 3 H), 4.85 (s, 2
H), 5.68 (s, 2 H), 6.56 (s, 1 H), 6.72 - 6.79 (m, 2
H), 6.93 (s, 1 H), 7.11 (s, 1 H), 7.20 (s, 1 H), 7.30
(d, /=8.08 Hz, 2 H), 7.61 (s, 1 H), 7.88 (d, /=8.08
Hz, 2 H), 7.98 (s, 1 H), 9.56 (s, 1 H). ESI-MS: m/z
373.4 (M + H)+.Example 59:
N-(2-aminophenyl)-4-((6-methoxy-2H-indazol-2-yl)methyl
)benzamide [0381] 1H NMR (400 MHz, DMSO-J 6) d ppm
3.71 - 3.79 (m, 3 H), 4.87 (s, 2 H), 5.63 (s, 2 H),
6.51 - 6.62 (m, 1 H), 6.64 - 6.71 (m, 1 H), 6.72 -
6.78 (m, 1 H), 6.90 (d, /=1.77 Hz, 1 H), 6.91 - 6.97
(m, 1 H), 7.13 (d, /=7.83 Hz, 1 H), 7.38 (d, /=8.34
Hz, 2 H), 7.57 (d, /=9.09 Hz, 1 H), 7.92 (d, /=8.08
Hz, 2 H), 8.38 (s, 1 H), 9.60 (s, 1 H). ESI-MS: m/z
373.4 (M H- H)+ . Example 60:
N-(2-aminophenyl)-4-((3-chloro-lH-indazol-l-yl)methyl)
benzamide [0382] 1H NMR (400 MHz, DMSO-d6) d ppm 4.86
(s, 2 H), 5.72 (s, 2 H), 6.52 - 6.59 (m, 1 H), 6.74
(dd, /=8.08, 1.26 Hz, 1 H), 6.90 - 6.97 (m, 1 H), 7.11
(d, /=6.57 Hz, 1 H), 7.22 - 7.30 (m, 1 H), 7.35 (d,
/=8.34 Hz, 2 H), 7.47 - 7.54 (m, 1H), 7.68 (d, /=8.08
Hz, 1 H), 7.82 (d, J=8.59 Hz, 1 H), 7.89 (d, J=8.34
Hz, 2 H), 9.57 (s, 1 H). ESI-MS: m/z 377.8 (M + H)+.
Example 61:
N-(2-aminophenyl)-4-((3-chloro-2H-indazol-2-yl)methyl)
benzamide [0383] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.73 - 5.82 (m, 2 H), 6.51 - 6.61 (m, 1 H),
6.74 (d, /=8.08 Hz, 1 H), 6.90 - 6.99 (m, 1 H), 7.10 -
7.19 (m, 2 H), 7.29 - 7.37 (m, 3 H), 7.53 (s, 1 H),
7.57 - 7.68 (m, 2 H), 7.93 (d, /=7.83 Hz, 2 H), 9.61
(s, 1 H). ESI-MS: m/z 377.8 (M + H)+.Example 62:
4-((3-amino-5-(trifluoromemyl)-2H-indazol-2-yl)methyl)
-N-(2- aminophenyl)benzamide [0384] 1H NMR (400 MHz,
DMSO-J 6) d ppm 4.86 (s, 2 H), 5.47 (s, 2 H), 6.53 -
6.60 (m, 1 H), 6.73 - 6.80 (m, 3 H), 6.90 - 6.97 (m, 1
H), 7.13 (d, /=7.58 Hz, 1 H), 7.20 - 7.25 (m, 1 H),
7.25 - 7.34 (m, 3 H), 7.90 (d, /=8.08 Hz, 2 H), 8.17
(s, 1 H), 9.59 (s, 1 H). ESIMS: m/z 425.5 (M + H)+.
Example 63:
4-((3-amino-5-(trifluoromethyl)-lH-indazol-l-yl)methyl
)-N-(2- aminophenyl)benzamide [0385] 1H NMR (400 MHz,
DMSO-J 6) d ppm 4.85 (s, 2 H), 5.45 (s, 2 H), 5.85 (s,
2 H), 6.56 (td, /=7.58, 1.26 Hz, 1 H), 6.74 (dd,
/=8.08, 1.26 Hz, 1 H), 6.89 - 6.97 (m, 1 H), 7.10 (s,
1 H), 7.28 (d, /=8.08 Hz, 2 H), 7.50 - 7.57 (m, 1 H),
7.66 (d, /=8.84 Hz, 1 H), 7.87 (d, /=8.08 Hz, 2 H),
8.20 (s, 1 H), 9.55 (s, 1 H). ESI-MS: m/z 425.5 (M +
H)+. Example 64:
N-(2-aminophenyl)-4-((3-oxo-2,3-dihydxo-lH-indazol-lyl
) methyl)benzamide [0386] 1H NMR (400 MHz, DMSO-J 6)
of the trifluoroacetic acid salt: d ppm 5.46 (s, 2 H),
6.92 (s, 1 H), 7.01 (t, /=7.33 Hz, 2 H), 7.12 (s, 1
H), 7.25 (s, 1 H), 7.33 (d, /=7.83 Hz,3 H), 7.55 (d,
7=8.34 Hz, 1 H), 7.64 (d, /=8.08 Hz, 1 H), 7.90 (d,
/=7.58 Hz, 2 H), 9.92 (s, 1 H). ESI-MS: m/z 359.3 (M +
H)+. Example 65:
N-(2-aminophenyl)-4-((3-oxo-lH-indazol-2(3H)-yl)methyl
)benzamide [0387] 1H NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 5.5 1 (s, 2 H), 6.89
(s, 1 H), 7.02 (s, 2 H), 7.15 (s, 1 H), 7.27 (s, 1 H),
7.37 (s, 2 H), 7.66 (s, 3 H), 8.02 (d, /=7.33 Hz, 2
H), 9.96 (s, 1 H), 11.98 (s, 1 H). ESI-MS: m/z 359.3
(M + H)+. Example 66:
N-(2-aminophenyl)-4-((6-methoxy-3-methyl-lH-indazol-ly
l) methyl)benzamide [0388] 1H NMR (400 MHz, DMSO-J 6)
d ppm 2.41 - 2.46 (m, 3 H), 3.78 - 3.84 (m, 3 H), 4.88
(s, 2 H), 5.60 (s, 2 H), 6.54 - 6.62 (m, 1 H), 6.72 -
6.79 (m, 2 H), 6.92 - 6.99 (m, 1 H), 7.11 - 7.18 (m, 2
H), 7.32 (d, /=8.34 Hz, 2 H), 7.58 (d, /=8.59 Hz, 1
H), 7.90 (d, /=8.34 Hz, 2 H), 9.58 (s, 1 H). ESI-MS:
m/z 387.2 (M + H)+. Example 67:
N-(2-aminophenyl)-4-((6-methoxy-3-methyl-2H-indazol-2-
yl)methyl)benzamide[0389] 1H NMR (400 MHz, DMSOd 6) d
ppm 2.55 (s, 3 H), 3.79 (s, 3 H), 4.88 (s, 2 H), 5.63
(s, 2 H), 6.55 - 6.62 (m, 1 H), 6.62 - 6.68 (m, 1 H),
6.77 (dd, 7=7.83, 1.26 Hz, 1 H), 6.86 (d, /=2.02 Hz, 1
H), 6.93 - 7.00 (m, 1 H), 7.14 (d, /=7.33 Hz, 1 H),
7.27 (d, /=8.34 Hz, 2 H), 7.55 (d, /=9.09 Hz, 1 H),
7.93 (d, /=8.08 Hz, 2 H), 9.62 (s, 1 H). ESI-MS: m/z
387.2 (M + H)+. Example 68:
N-(2-aminophenyl)-4-((6-fluoro-3-methyl-lH-indazol-lyl
) methyl)benzamide [0390] 1H NMR (400 MHz, DMSO-J 6) d
ppm 2.47 - 2.49 (m, 3 H), 4.87 (s, 2 H), 5.61 (s, 2
H), 6.55 - 6.61 (m, 1 H), 6.76 (dd, /=8.08, 1.52 Hz, 1
H), 6.93 - 7.02 (m, 2 H), 7.14 (d, /=7.83 Hz, 1 H),
7.34 (d, /=8.34 Hz, 2 H), 7.54 - 7.61 (m, 1 H), 7.77
(dd, /=8.84, 5.31 Hz, 1 H), 7.90 (d, /=8.34 Hz, 2 H),
9.57 (s, 1 H). ESI-MS: m/z 375.3 (M + H)+. Example 69:
N-(2-aminophenyl)-4-((6-fluoiO-3-methyl-2H-indazol-2-
yl)methyl)benzamide [0391] 1H NMR (400 MHz, DMSO-J 6)
d ppm 2.59 - 2.63 (m, 3 H), 4.88 (s, 2 H), 5.69 (s, 2
H), 6.53 - 6.62 (m, 1 H), 6.78 (dd, /=7.75, 1.52 Hz, 1
H), 6.87 - 6.99 (m, 2 H), 7.15 (d, /=7.33 Hz, 1 H),
7.24 - 7.35 (m, 3 H), 7.77 (dd, /=9.09, 5.56 Hz, 1 H),
7.94 (d, /=8.08 Hz, 2 H), 9.62 (s, 1 H). ESI-MS: m/z
375.3 (M + H)+.Example 70:
N-(2-aminophenyl)-4-((5-fluoro-3-methyl-lH~indazol-lyl
) methyl)benzamide [0392] 1H NMR (400 MHz, DMSOd 6) d
ppm 2.46 - 2.49 (m, 3 H), 4.87 (s, 2 H), 5.66 (s, 2
H), 6.53 - 6.62 (m, 1 H), 6.77 (d, J=I. 26 Hz, 1 H),
6.91 - 7.01 (m, 1 H), 7.14 (d, /=7.07 Hz, 1 H), 7.25 -
7.35 (m, 3 H), 7.55 (d, /=2.27 Hz, 1 H), 7.70 (dd,
/=9.09, 4.29 Hz, 1 H), 7.89 (d, /=8.08 Hz, 2 H), 9.57
(s, 1 H). ESI-MS: m/z 375.3 (M + H)+. Example 71:
N-(2-aminophenyl)-4-((5-fluoro-3-methyl-2H-indazol-2-
yl)methyl)benzamide [0393] 1H NMR (400 MHz, DMSO-J 6)
d ppm 2.58 (s, 3 H), 4.88 (s, 2 H), 5.72 (s, 2 H),
6.55 - 6.62 (m, 1 H), 6.77 (dd, /=8.08, 1.26 Hz, 1 H),
6.93 - 7.00 (m, 1 H), 7.14 (td, /=9.35, 2.53 Hz, 2 H),
7.29 (d, /=8.34 Hz, 2 H), 7.46 (dd, /=9.60, 2.02 Hz, 1
H), 7.62 (dd, /=9.35, 4.55 Hz, 1 H), 7.94 (d, /=8.34
Hz, 2 H), 9.62 (s, 1 H). ESI-MS: m/z 375.4 (M + H)+.
Example 72:
N-(2-aminophenyl)-4-((3-ethyl-lH-indazol-l-yl)methyl)b
enzamide[0394] IH NMR (400 MHz, DMSO-J 6) d ppm 1.29 -
1.36 (m, 3 H), 2.95 (q, /=7.58 Hz, 2 H), 4.87 (s, 2
H), 5.67 (s, 2 H), 6.53 - 6.62 (m, 1 H), 6.72 - 6.81
(m, 1 H), 6.91 - 7.00 (m, 1 H), 7.08 - 7.18 (m, 2 H),
7.27 - 7.39 (m, 3 H), 7.63 (d, /=8.34 Hz, 1 H), 7.77
(d, /=8.08 Hz, 1 H), 7.89 (d, /=8.08 Hz, 1 H), 9.57
(s, 1 H). ESI-MS: m/z 371.4 (M + H)+. Example 73:
N-(2-aminophenyl)-4-((3-ethyl-2H-indazol-2-yl)methyl)b
enzamide [0395] 1H NMR (400 MHz, DMSO-J 6) d ppm 1.09
- 1.20 (m, 3 H), 3.09 (q, /=7.58 Hz, 2 H), 4.89 (s, 2
H), 5.75 (s, 2 H), 6.55 - 6.62 (m, 1 H), 6.74 - 6.80
(m, 1 H), 6.93 - 7.03 (m, 2 H), 7.14 (d, /=7.58 Hz, 1
H), 7.21 - 7.31 (m, 3 H), 7.56 (d, /=8.84 Hz, 1 H),
7.72 (d, /=8.59 Hz, 1 H), 7.93 (d, /=8.34 Hz, 2 H),
9.63 (s, 1 H). ESI-MS: m/z 371.4 (M + H)+. Example 74:
N-(2-aminophenyl)-4-((6-hydroxy-3-methyl-lH-indazol-ly
l) methyl)benzamide [0396] 1H NMR (400 MHz, DMSO-J 6)
d ppm 2.42 (s, 3 H), 5.52 (s, 2 H), 6.59 - 6.69 (m, 1
H), 6.74 (d, /=1.77 Hz, 1 H), 6.94 (s, 1 H), 7.04 (s,
1 H), 7.08 - 7.20 (m, 2 H), 7.23 7.34 (m, 3 H), 7.50
(d, /=8.84 Hz, 1 H), 7.92 (d, /=8.34 Hz, 2 H), 9.95
(s, 1 H). ESI-MS: m/z 373.3 (M + H)+. Example 75:
N-(2-aminophenyl)-4-((6-hydroxy-3-methyl-2H-indazol-2-
yl)methyl)benzamide[0397] 1H NMR (400 MHz, DMSCM 6) of
the trifluoroacetic acid salt: d ppm 2.54 (s, 3 H),
3.97 (s, 1 H), 5.62 (s, 2 H), 6.56 - 6.65 (m, 1 H),
6.69 (d, 7=1.52 Hz, 1 H), 7.01 (s, 1 H), 7.10 (d,
7=7.83 Hz, 1 H), 7.14 7.23 (m, 1 H), 7.30 (d, 7=8.08
Hz, 3 H), 7.52 (d, 7=8.84 Hz, 1 H), 7.96 (d, 7=8.34
Hz, 2 H), 10.07 (s, 1 H). ESI-MS: m/z 373.3 (M + H)+.
Example 76:
N-(2-aminophenyl)-4-((3-phenyl-lH-indazol-l-yl)methyl)
benzamide [0398] 1U NMR (400 MHz, DMSO-J 6) d ppm 4.86
(s, 2 H), 5.78 - 5.87 (m, 2 H), 6.53 - 6.61 (m, 1 H),
6.75 (dd, 7=8.08, 1.26 Hz, 1 H), 6.91 6.99 (m, 1 H),
7.13 (d, 7=7.83 Hz, 1 H), 7.22 - 7.30 (m, 1 H), 7.38 -
7.49 (m, 3 H), 7.50 - 7.57 (m, 2 H), 7.80 (d, 7=8.34
Hz, 1 H), 7.91 (d, 7=8.34 Hz, 2 H), 8.00 (d, 7=7.07
Hz, 2 H), 8.11 (d, 7=8.08 Hz, 1 H), 9.57 (s, 1 H).
ESI-MS: m/z 419.4 (M + H)+. Example 77:
N-(2-aminophenyl)-4-((3-phenyl-2H-indazol-2-yl)methyl)
benzamide[0399] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.87
(s, 2 H), 5.77 (s, 2 H), 6.54 - 6.61 (m, 1 H), 6.76
(dd, 7=8.08, 1.26 Hz, 1 H), 6.92 - 6.99 (m, 1 H), 7.09
- 7.17 (m, 3 H), 7.30 7.37 (m, 1 H), 7.52 - 7.63 (m, 3
H), 7.69 (d, /=8.84 Hz, 1 H), 7.89 (d, 7=8.08 Hz, 2
H), 9.60 (s, 1 H). ESI-MS: m/z 419.4 (M + H)+. Example
78: N-(2-aminophenyl)-4-((5-methoxy-
lH-indazol-l-yl)methyl)benzamide [0400] 1H NMR (400
MHz, DMSO-Je) of the trifluoroacetic acid salt: d ppm
3.78 (s, 3 H), 5.71 (s, 2 H), 6.53 - 6.64 (m, 1 H),
6.78 (s, 1 H), 6.91 - 7.00 (m, 1 H), 7.01 - 7.08 (m, 1
H), 7.13 (s, 1 H), 7.20 (d, 7=2.27 Hz, 1 H), 7.30 (d,
7=8.08 Hz, 2 H), 7.61 (d, 7=9.09 Hz, 1 H), 7.89 (d,
7=8.08 Hz, 2 H), 8.01 (s, 1 H), 9.59 (s, 1 H). ESI-MS:
m/z 373.3 (M + H)+. Example 79:
N-(2-aminophenyl)-4-((5-methoxy-2H-indazol-2-yl)methyl
)benzamide [0401] 1H NMR (400 MHz, DMSO-J 6) d ppm
3.77 (s, 3 H), 5.69 (s, 2 H), 6.84 - 6.95 (m, 2 H),
6.95 - 7.05 (m, 2 H), 7.07 - 7.15 (m, 1 H), 7.26 (d,
7=7.58 Hz, 1 H), 7.42 (d, 7=8.34 Hz, 2 H), 7.51 (d,
7=9.09 Hz, 1 H), 7.96 (d, 7=8.34 Hz, 2 H), 8.35 (s, 1
H), 9.91 (s, 1 H). ESI-MS: m/z 373.3 (M + H)+. Example
80:
N-(2-aminophenyl)-4-((3,5-dimethyl-lH-indazol-l-yl)met
hyl)benzamide[0402] 1H NMR (400 MHz, DMSO-J6) d ppm
2.40 (s, 3 H), 2.44 - 2.48 (m, 3 H), 4.87 (s, 2 H),
5.62 (s, 2 H), 6.54 - 6.61 (m, 1 H), 6.76 (dd, /=8.08,
1.26 Hz, 1H), 6.92 - 6.99 (m, 1 H), 7.13 (d, /=7.07
Hz, 1 H), 7.20 (dd, /=8.59, 1.26 Hz, 1 H), 7.28 (d,
/=8.08 Hz, 2 H), 7.49 (s, 1 H), 7.52 (d, /=8.59 Hz, 1
H), 7.88 (d, /=8.08 Hz, 2 H), 9.57 (s, 1 H). ESIMS:
m/z 371.4 (M + H)+. Example 81:
N-(2-aminophenyl)-4-((3,5-dimethyl-2H-indazol-2-yl)met
hyl)benzamide [0403] 1H NMR (400 MHz, DMSO-J 6) d ppm
2.36 (s, 3 H), 2.56 (s, 3 H), 4.88 (s, 2 H), 5.69 (s,
2 H), 6.54 - 6.62 (m, 1 H), 6.77 (dd, /=8.08, 1.26 Hz,
1 H), 6.93 - 7.00 (m, 1 H), 7.07 (dd, /=8.84, 1.52 Hz,
1 H), 7.14 (d, /=7.07 Hz, 1 H), 7.26 (d, /=8.34 Hz, 2
H), 7.41 (s, 1 H), 7.45 (d, /=8.84 Hz, 1 H), 7.93 (d,
/=8.08 Hz, 2 H), 9.62 (s, 1 H). ESI-MS: m/z 371.4 (M +
H)+. Example 82:
N-(2-aminophenyl)-4-((7-methoxy-2H-indazol-2-yl)methyl
)benzamide [0404] 1H NMR (400 MHz, DMSO-J 6) d ppm
3.88 (s, 3 H), 4.89 (s, 2 H), 5.70 (s, 2 H), 6.54 -
6.65 (m, 2 H), 6.76 (d, /=7.58 Hz, 1 H), 6.90 - 7.01
(m, 2 H), 7.15 (s, 1 H), 7.24 (d, /=8.34 Hz, 1 H),
7.41 (d, /=7.58 Hz, 2 H), 7.95 (d, /=8.08 Hz, 2 H),
8.47 (s, 1 H), 9.62 (s, 1 H). ESI-MS: m/z 373.1 (M +
H)+.Example 83:
N-(2-aminophenyl)-4-((4-methoxy-2H-indazol-2-yl)methyl
)benzamide [0405] 1H NMR (400 MHz, DMSO-J 6) d ppm
3.89 (s, 3 H), 4.89 (s, 2 H), 5.69 (s, 2 H), 6.36 -
6.46 (m, 1 H), 6.53 - 6.64 (m, 1 H), 6.76 (d, /=8.08
Hz, 1 H), 6.91 - 7.02 (m, 1 H), 7.11 - 7.20 (m, 3 H),
7.42 (d, /=7.83 Hz, 2 H), 7.94 (d, /=7.83 Hz, 2 H),
8.55 (s, 1 H), 9.62 (s, 1 H). ESI-MS: m/z 373.2 (M +
H)+. Example 84:
N-(2-aminophenyl)-4-((7-methoxy-lH-indazol-l-yl)methyl
)benzamide [0406] 1H NMR (400 MHz, DMSO-J 6) d ppm
3.92 (s, 3 H), 4.87 (s, 2 H), 5.85 (s, 2 H), 6.54 -
6.61 (m, 1 H), 6.76 (d, /=7.83 Hz, 1 H), 6.87 (d,
/=7.58 Hz, 1 H), 6.92 - 6.99 (m, 1 H), 7.03 - 7.10 (m,
1 H), 7.13 (d, /=7.83 Hz, 1 H), 7.24 (d, /=7.83 Hz, 2
H), 7.32 (d, /=8.08 Hz, 1 H), 7.88 (d, /=7.58 Hz, 2
H), 8.09 (s, 1 H), 9.56 (s, 1 H). ESI-MS: m/z 373.3 (M
+ H)+. Example 85:
N-(2-aminophenyl)-4-((4-methoxy-lH-indazol-l-yl)methyl
)benzamide [0407] 1HNMR (400 MHz, DMSO-J 6) 6 ppm 3.93
(s, 3 H), 4.87 (s, 2 H), 5.72 (s, 2 H), 6.54 - 6.63
(m, 2 H), 6.76 (d, /=7.83 Hz, 1 H), 6.90 - 7.00 (m, 1
H), 7.13 (d, /=7.83 Hz, 1H), 7.23 - 7.33 (m, 4 H),
7.89 (d, /=7.83 Hz, 2 H), 8.10 (s, 1 H), 9.58 (s, 1
H). ESI-MS: m/z 373.3 (M + H)+. Example 86:
4-((6-acetamido-3-methyl-2H-indazol-2-yl)methyl)-N-(2-
aminophenyl)benzamide [0408] 1H NMR (400 MHz, DMSO-J
6) d ppm 2.06 (s, 3 H), 2.53 - 2.57 (m, 2 H), 4.88 (s,
2 H), 5.66 (s, 2 H), 6.53 - 6.63 (m, 1 H), 6.76 (dd,
/=8.08, 1.26 Hz, 1 H), 6.93 - 7.04 (m, 2 H), 7.14 (d,
/=7.07 Hz, 1 H), 7.27 (d, /=8.08 Hz, 2 H), 7.59 (d,
/=9.09 Hz, 1 H), 7.93 (d, /=8.08 Hz, 2 H), 7.99 (s, 1
H), 9.62 (s, 1 H), 9.91 (s, 1 H). ESI-MS: m/z 414.3 (M
+ H)+. Example 87:
4-((6-acetamido-3-methyl-lH-indazol-l~yl)methyl)-N-(2-
aminophenyl)benzamide [0409] 1H NMR (400 MHz, DMSO-J
6) d ppm 2.06 (s, 3 H), 2.44 - 2.48 (m, 3 H), 4.88 (s,
2 H), 5.56 (s, 2 H), 6.53 - 6.63 (m, 1 H), 6.73 - 6.81
(m, 1 H), 6.91 - 7.01 (m, 1 H), 7.08 - 7.19 (m, 2 H),
7.24 (d, /=8.08 Hz, 2 H), 7.63 (d, /=8.59 Hz, 1 H),
7.89 (d, /=8.08 Hz, 2 H), 8.01 (s, 1 H), 9.58 (s, 1
H), 10.09 (s, 1 H). ESI-MS: m/z 414.3 (M + H)+.
Example 88:
4-((3-amino-2H-indazol-2-yl)methyl)-N-(2-aminophenyl)b
enzamide[0410] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.88
(s, 2 H), 5.46 (s, 2 H), 6.27 (s, 2 H), 6.58 (t,
/=7.45 Hz, 1 H), 6.65 (t, 7=7.33 Hz, 1 H), 6.76 (d,
7=8.08 Hz, 1 H), 6.96 (t, 7=7.58 Hz, 1 H), 7.05 (t,
7=7.58 Hz, 1 H), 7.12 - 7.20 (m, 2 H), 7.29 (d, 7=7.83
Hz, 2 H), 7.63 (d, 7=8.34 Hz, 1 H), 7.91 (d, 7=7.83
Hz, 2 H), 9.6 (s, IH). ESI-MS: m/z 358.2 (M + H)+.
Example 89:
4-((6-acetamido-lH-indazol-l-yl)methyl)-N-(2-aminophen
yl)benzamide [0411] 1H NMR (400 MHz, DMSO-J 6) d ppm
1.93 - 2.13 (m, 3 H), 4.87 (s, 2 H), 5.66 (s, 2 H),
6.53 - 6.61 (m, 1 H), 6.75 (dd, 7=7.96, 1.39 Hz, 1 H),
6.91 - 6.98 (m, 1 H), 7.13 (dd, 7=8.72, 1.64 Hz, 2 H),
7.24 (d, 7=8.34 Hz, 2 H), 7.69 (d, 7=8.59 Hz, 1 H),
7.90 (d, 7=8.08 Hz, 2 H), 8.05 (s, 1 H), 8.08 (s, 1
H), 9.59 (s, 1 H), 10.11 (s, 1 H). ESI-MS: m/z 400.2
(M + H)+. Example 90:
4-((6-acetamido-2H-indazol-2-yl)methyl)-N-(2-aminophen
yl)benzamide [0412] 1H NMR (400 MHz, DMSO-J 6) d ppm
2.06 (s, 3 H), 4.88 (s, 2 H), 5.67 (s, 2 H), 6.51 -
6.65 (m, 1 H), 6.76 (dd, 7=8.08, 1.26 Hz, 1 H), 6.89 -
7.00 (m, 1 H), 7.06 (dd, 7=8.84, 1.77 Hz, 1 H), 7.14
(d, 7=7.33 Hz, 1 H), 7.40 (d, 7=8.08 Hz, 2 H), 7.63
(d, 7=8.34 Hz, 1 H), 7.94 (d, 7=8.08 Hz, 2 H), 8.04
(s, 1 H), 8.42 (s, 1 H), 9.62 (s, 1 H), 9.93 (s, 1 H).
ESI-MS: m/z 400.2 (M + H)+.Example 91:
N-(2-aminophenyl)-4-((3-methyl-7-(trifluoromethyl)-2H-
indazol-2- yl)methyl)benzamide [0413] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.66 (s, 3 H), 4.89 (s, 2 H), 5.82 (s,
2 H), 6.58 (t, /=7.45 Hz, 1 H), 6.76 (d, 7=7.83 Hz, 1
H), 6.96 (t, /=7.58 Hz, 1 H), 7.14 (ddd, /=7.26, 3.92,
3.73 Hz, 2 H), 7.28 (d, /=8.08 Hz, 2 H), 7.66 (d,
/=6.82 Hz, 1 H), 7.94 (d, /=8.08 Hz, 2 H), 8.05 (d,
/=8.34 Hz, 1 H), 9.62 (s, IH). ESI-MS: m/z 425.2 (M +
H)+. Example 92:
N-(2-aminophenyl)-4-((3-methyl-6-(trifluoromethyl)-2H-
indazol-2- yl)methyl)benzamide [0414] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.67 (s, 3 H), 4.88 (s, 2 H), 5.80 (s,
2 H), 6.58 (t, /=7.58 Hz, 1 H), 6.76 (d, /=7.83 Hz, 1
H), 6.96 (t, /=7.71 Hz, 1 H), 7.14 (d, /=7.83 Hz, 1
H), 7.22 (d, /=8.84 Hz, 1 H), 7.30 (d, /=8.08 Hz, 2
H), 7.92 - 8.02 (m, 4 H), 9.63 (s, IH). ESI-MS: m/z
425.2 (M + H)+. Example 93:
N-(2-aminophenyl)-4-((3-methyl-6-(trifluoromethyl)-lH-
indazol-lyl) methyl)benzamide[0415] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.55 (s, 3 H), 4.87 (s, 2 H), 5.79 (s,
2 H), 6.57 (t, /=7.33 Hz, 1 H), 6.75 (d, /=8.08 Hz, 1
H), 6.95 (t, /=7.58 Hz, 1 H), 7.13 (d, /=7.58 Hz, 1
H), 7.33 (d, /=8.08 Hz, 2 H), 7.41 (d, /=8.59 Hz, 1H),
7.90 (d, /=7.83 Hz, 2 H), 7.98 (d, /=8.34 Hz, 1 H),
8.24 (s, 1 H), 9.58 (s, IH). ESI-MS: m/z 425.2 (M +
H)+. Example 94:
N-(2-aminophenyl)-4-((3-methyl-5-(trifluoromethyl)-lH-
indazol-lyl) methyl)benzamide [0416] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.57 (s, 3 H), 4.87 (s, 2 H), 5.73 (s,
2 H), 6.57 (t, /=7.45 Hz, 1 H), 6.75 (d, /=7.83 Hz, 1
H), 6.95 (t, /=7.45 Hz, 1 H), 7.13 (d, /=7.58 Hz, 1
H), 7.33 (d, /=7.83 Hz, 2 H), 7.67 (d, /=8.84 Hz, 1
H), 7.90 (d, /=8.34 Hz, 3 H), 8.22 (s, 1H), 9.58 (s,
IH). ESI-MS: m/z 425.2 (M + H)+. Example 95:
N-(2-aminophenyl)-4-((3-methyl-5-(trifluoromethyl)-2H-
indazol-2- yl)methyl)benzamide [0417] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.70 (s, 3 H), 4.88 (s, 2 H), 5.78 (s,
2 H), 6.58 (t, /=7.45 Hz, 1H), 6.76 (d, /=8.08 Hz, 1
H), 6.93 - 6.99 (m, 1 H), 7.14 (d, /=7.33 Hz, 1 H),
7.31 (d, /=8.08 Hz, 2 H), 7.44 (d, /=8.84 Hz, 1 H),
7.75 (d, /=9.09 Hz, 1 H), 7.94 (d, /=8.08 Hz, 2 H),
8.25 (s, 1 H), 9.63 (s, IH). ESI-MS: m/z 425.2 (M +
H)+. Example 96: 4-((3-amino-l H-indazol-l-yl)methyl)-
-(2-aminophenyl)benzamide[0418] 1H NMR (400 MHz,
DMSO-J ) 6 ppm 4.87 (s, 2 H), 5.39 (s, 2 H), 5.52 (s,
2 H), 6.57 (t, J=7.45 Hz, 1 H), 6.75 (d, /=7.83 Hz, 1
H), 6.94 (q, /=7.75 Hz, 2 H), 7.13 (d, /=7.58 Hz, 1
H), 7.27 (t, /=8.21 Hz, 3 H), 7.44 (d, /=8.34 Hz, 1
H), 7.70 (d, /=7.83 Hz, 1 H), 7.86 (d, /=7.83 Hz, 2
H), 9.55 (s, 1 H). ESI-MS: m/z 358.4 (M + H)+. Example
97:
N-(2-aminophenyl)-4-((5-hydroxy-6-methoxy-2H-indazol-2
- yl)methyl)benzamide [0419] 1H NMR (400 MHz, DMSO-J
6) d ppm 3.81 (s, 2 H) 4.89 (s, 2 H) 5.58 (s, 2 H)
6.59 (t, /=7.58 Hz, 1 H) 6.77 (dd, /=7.96, 1.39 Hz,
1H) 6.85 (s, 1H) 6.91 (s, 1H) 6.96 (dd, /=15.16, 1.52
Hz, 1H) 7.15 (d, /=7.33 Hz, 1H) 7.36 (d, /=8.08 Hz, 2
H) 7.93 (d, /=8.08 Hz, 2 H) 8.1 1 (s, 1H) 8.82 (s, 1H)
9.62 (s, 1 H). ESI-MS: m/z 389.4 (M + H)+. Example 98:
N-(2-aminophenyl)-4-((5,6-dimethoxy-2H-indazol-2-yl)me
thyl)benzamide 1. LiOH, dioxanb 2.
1,2-pheny]enediamine EDC1HOBt, NMM, DMF Example 98
[0420] 5,6-dimethoxy-lH-indazole was prepared
according to the procedure described in Dennler et al,
"Synthesis of indazoles using polyphosphoric acid- 1"
Tetrahedron, 22(9): 3131-3141 (1966), which is hereby
incorporated by reference in its entirety. The title
compound was then prepared using a procedure analogous
to that described in Scheme 1. 1H NMR (400 MHz, DMSO-J
) 6 ppm 3.78 (s, 3 H) 3.83 (s, 3 H) 4.88 (br. s., 2 H)
5.69 (s, 2 H) 6.58 (t, /=7.45 Hz, 1H) 6.77 (d, /=1.01
Hz, 1H) 6.96 (dd, /=15.16, 1.26 Hz, 1H) 7.17 (s, 1 H)
7.13 (d, /=7.58 Hz, 1H) 7.27 (s, 1H) 7.30 (d, /=8.34
Hz, 2 H) 7.83 - 7.93 (m, 3 H) 9.59 (s, 1 H). ESI-MS:
m/z 403.4 (M + H)+.Example 99:
N-(2-aminophenyl)-4-((5,6-dimethoxy-lH-indazol-l-yl)me
thyl)benzamide [0421] 1H NMR (400 MHz, DMSO-J ) d ppm
3.78 (s, 3 H) 3.83 (s, 3 H) 4.88 (br. s., 2 H) 5.69
(s, 2 H) 6.58 (s, 1 H) 6.77 (d, 7=1.01 Hz, 1H) 6.95
(d, 7=7.33 Hz, 1H) 7.17 (s, 1 H) 7.13 (d, 7=7.58 Hz, 1
H) 7.27 (s, 1H) 7.30 (d, 7=8.34 Hz, 2 H) 7.82 - 7.94
(m, 3 H) 9.59 (s, 1 H). ESI-MS: m/z 403.4 (M + H)+.
Example 100: 4-((l
H-benzo[J][l,2,3]triazol-l-yl)methyl)-
-(2-aminophenyl)benzamide [0422] 1 NMR (400 MHz,
DMSO-J ) d ppm 4.88 (s, 2 H), 6.08 (s, 2 H), 6.57 (t,
7=7.58 Hz, 1 H), 6.74 - 6.78 (m, 1 H), 6.93 - 6.98 (m,
1 H), 7.13 (d, 7=7.58 Hz, 1 H), 7.39 - 7.46 (m, 3 H),
7.55 (t, 7=7.71 Hz, 1 H), 7.86 (d, 7=8.34 Hz, 1 H),
7.94 (d, 7=8.08 Hz, 2 H), 8.07 (d, 7=8.34 Hz, 1 H),
9.60 (s, 1 H). ESI-MS: m/z 344.4 (M + H)+. Example
101: 4-((2H-benzo[<fj [1,2,3]triazol-2-yl)methyl)-
N-(2-aminophenyl)benzamide [0423] 1H NMR (400 MHz,
DMSO-J ) d ppm 4.88 (s, 2 H), 6.07 (s, 2 H), 6.55 -
6.61 (m, 1 H), 6.77 (dd, 7=8.08, 1.26 Hz, 1 H), 6.93 -
6.99 (m, 1 H), 7.15 (d, 7=7.58 Hz, 1 H), 7.43 - 7.48
(m, 2 H), 7.50 (d, 7=8.34 Hz, 2 H), 7.91 7.99 (m, 4
H), 9.63 (s, 1 H). ESIMS: m/z 344.4 (M + H)+. Example
102: 4-((5-acetamido-l H-indazol-l-yl)methyl)-
-(2-aminophenyl)benzamide[0424] 1H NMR (400 MHz,
DMSO-J ) d ppm 2.05 (s, 3 H), 5.70 (s, 2 H), 6.95 -
7.03 (m, 4 H), 7.06 - 7.13 (m, 1 H), 7.30 - 7.40 (m, 5
H), 7.64 (d, /=9.09 Hz, 1 H), 7.75 (d, /=8.84 Hz, 2
H), 7.86 (d, /=8.08 Hz, 2 H), 8.11 (d, /=17.68 Hz, 2
H), 9.96 (s, 1 H), 10.21 (s, 1 H). ESI-MS: m/z 477.3
(M + H)+. Example 103:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-(piperazin-l
-yl)ethyl)-lHpyrazole- 4-carboxamide [0425] 1H NMR
(400 MHz, DMSO-J 6) of the t-trifluoroacetic acid
salt: d ppm 3.06 (s, 2 H), 3.22 (s, 4 H), 3.30 (s, 4
H), 3.44 - 3.52 (m, 2 H), 5.46 (s, 2 H), 6.79 (t,
/=7.33 Hz, 1 H), 6.93 (d, /=7.07 Hz, 1 H), 7.07 (td,
/=7.64, 1.39 Hz, 1 H), 7.22 (d, /=8.59 Hz, 1 H), 7.38
(d, /=8.34 Hz, 2 H), 7.90 (d, /=0.51 Hz, 1 H), 7.97
(d, /=8.08 Hz, 2 H), 8.29 - 8.32 (m, 1 H), 8.32 - 8.35
(m, 1 H), 9.85 (s, 1 H). ESI-MS: m/z 448.4 (M + H)+.
Example 104: 4-((2H-indazol-2-yl)methyl)-
-(4-aminopyrimidin-5-yl)benzamide [0426] 1H NMR (400
MHz, DMSO-J ) d ppm 5.74 (s, 2 H), 6.82 (s, 2 H), 7.00
- 7.08 (m, 1 H), 7.23 (dd, /=8.72, 6.69 Hz, 1 H), 7.43
(d, /=8.34 Hz, 2 H), 7.59 (d, /=8.84 Hz, 1 H), 7.72
(d, /=8.34 Hz, 1 H), 7.95 (d, /=8.08 Hz, 2 H), 8.15
(s, 1 H), 8.26 (s, 1 H), 8.53 (s, 1 H), 9.64 (s, 1 H).
ESI-MS: m/z 345.3 (M + H)+.Example 105:
4-((5-acetamido-3-amino-lH-indazol-l-yl)methyl)-N-(2-
aminophenyl)benz amide [0427] 1H NMR (400 MHz, DMSO-J
) d ppm 2.03 (s, 3 H), 4.86 (s, 2 H), 5.35 (s, 2 H),
5.43 (s, 2 H), 6.57 (t, /=7.45 Hz, 1 H), 6.75 (d,
/=7.07 Hz, 1 H), 6.92 - 6.98 (m, 1 H), 7.13 (d, /=7.33
Hz, 1 H), 7.24 - 7.31 (m, 3 H), 7.35 - 7.41 (m, 1 H),
7.86 (d, /=7.83 Hz, 2 H), 7.96 (s, 1 H), 9.55 (s, 1
H), 9.81 (s, 1 H). ESI-MS: m/z 415.3 (M + H)+. Example
106: 4-((5-acetaniido-3-methyl-2
H-indazol-2-yl)methyl)-iV-(2- aminophenyl)benz amide
[0428] 1 NMR (400 MHz, DMSO-J ) d ppm 2.05 (s, 3 H),
2.53 (s, 3 H), 4.88 (s, 2 H), 5.68 (s, 2 H), 6.58 (t,
/=7.45 Hz, 1 H), 6.76 (d, /=7.83 Hz, 1 H), 6.93 - 6.98
(m, 1 H), 7.14 (d, /=7.83 Hz, 1 H), 7.20 (dd, /=9.22,
1.64 Hz, 1 H), 7.27 (d, /=8.34 Hz, 2 H), 7.49 (d,
/=9.09 Hz, 1 H), 7.93 (d, /=8.08 Hz, 2 H), 8.05 (s, 1
H), 9.62 (s, 1 H), 9.85 (s, 1 H). ESIMS: m/z 414.3 (M
+ H)+. Example 107: 4-((5-acetamido-3-methyl-l
H-indazol-l-yl)methyl)-iV-(2- aminophenyl)benzamide
[0429] 1H NMR (400 MHz, DMSO-J ) d ppm 2.04 (s, 3 H),
2.45 (s, 3 H), 4.87 (s, 2 H), 5.61 (s, 2 H), 6.54 -
6.60 (m, 1 H), 6.75 (dd, /=7.96, 1.39 Hz, 1 H), 6.92 -
6.98 (m, 1 H), 7.13 (d, /=7.33 Hz, 1 H), 7.30 (d,
/=8.34 Hz, 2 H), 7.38 (dd, /=9.09, 1.77 Hz, 1 H),
7.57(d, 7=8.84 Hz, 1 H), 7.88 (d, 7=8.34 Hz, 2 H),
8.04 (d, 7=1.26 Hz, 1 H), 9.57 (s, 1 H), 9.94 (s, 1
H). ESI-MS: m/z 414.3 (M + H)+. Example 108: 4-(
1-(lH-indazol- 1-yl)ethyl)-L 2-aminophenyl)benzamide
[0430] 1H NMR (400 MHz, DMSO- d6) d ppm 1.97 (d,
7=7.07 Hz, 3 H), 4.86 (s, 2 H), 6.16 (q, 7=6.99 Hz, 1
H), 6.57 (t, 7=7.58 Hz, 1 H), 6.75 (d, 7=6.82 Hz, 1
H), 6.91 - 6.98 (m, 1 H), 7.13 (t, 7=7.20 Hz, 2 H),
7.34 (t, 7=7.58 Hz, 1 H), 7.39 (d, 7=8.34 Hz, 2 H),
7.66 (d, 7=8.34 Hz, 1 H), 7.77 (d, 7=8.08 Hz, 1 H),
7.87 (d, 7=8.08 Hz, 2 H), 8.17 (s, 1 H), 9.55 (s, 1
H). ESI-MS: m/z 357.4 (M + H)+. Example 109: 4-(l-(2
H-indazol-2-yl)ethyl)- -(2-aminophenyl)benzamide
[0431] 1H NMR (400 MHz, DMSO-J ) d ppm 1.99 (d, 7=7.07
Hz, 3 H), 4.88 (s, 2 H), 6.04 (q, 7=6.99 Hz, 1 H),
6.57 (t, 7=7.58 Hz, 1 H), 6.76 (d, 7=8.08 Hz, 1 H),
6.91 - 6.99 (m, 1 H), 7.01 - 7.06 (m, 1 H), 7.14 (d,
7=7.58 Hz, 1 H), 7.20 - 7.26 (m, 1 H), 7.44 (d, 7=8.34
Hz, 2 H) 7.61 (d, 7=8.84 Hz, 1 H), 7.71 (d, 7=8.34 Hz,
1 H), 7.92 (d, 7=8.34 Hz, 2 H), 8.56 (s, 1 H), 9.60
(s, 1 H). ESI-MS: m/z 357.4 (M + H)+. Example 110:
5-((5-acetamido- lH-indazol- 1-yl)methyl)-
-(2-aminophenyl)thiophene-2- carboxamide[0432] 1H NMR
(400 MHz, DMSO- d6) d ppm 2.05 (s, 3 H), 4.86 (s, 2
H), 5.85 (s, 2 H), 6.52 - 6.58 (m, 1 H), 6.74 (d,
7=6.82 Hz, 1 H), 6.92 - 6.97 (m, 1 H), 7.02 - 7.07 (m,
1 H), 7.16 (d, J=3.54 Hz, 1 H), 7.44 (dd, /=9.09, 1.77
Hz, 1 H), 7.71 (d, /=9.09 Hz, 1 H), 7.78 (d, /=3.03
Hz, 1 H), 8.08 (s, 1 H), 8.13 (d, /=1.26 Hz, 1 H),
9.62 (s, 1 H), 9.97 (s, 1 H). ESI-MS: m/z 406.3 (M +
H)+. Example 111: 4-((2H-indazol-2-yl)methyl)-
-(2-amino-5-(thiophen-2- yl)phenyl)benzamide [0433] 1H
NMR (400 MHz, DMSO-^ ) of the trifluoroacetic acid
salt: d ppm 5.75 (s, 2 H), 6.98 - 7.09 (m, 3 H), 7.24
(ddd, /=8.46, 6.95, 1.26 Hz, 1 H), 7.31 - 7.35 (m, 1
H), 7.39 - 7.47 (m, 4 H), 7.54 (d, /=2.02 Hz, 1 H),
7.60 (dd, /=8.84, 1.01 Hz, 1 H), 7.73 (d, /=8.34 Hz, 1
H), 7.98 (d, /=8.34 Hz, 2 H), 8.54 (d, /=1.01 Hz, 1
H), 9.96 (s, 1 H). ESI-MS: m/z 425.5 (M + H)+. Example
112:
-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4,6-difluoro-2
H-indazol-2- yl)methyl)benzamide [0434] 1H NMR (400
MHz, DMSO-^) of the trifluoroacetic acid salt: d ppm
5.76 (s, 2 H), 6.93 (s, 1 H), 7.07 (d, /=8.59 Hz, 2
H), 7.30 (d, /=3.28 Hz, 1 H), 7.35 - 7.42 (m, 4 H),
7.50 (d, /=1.77 Hz, 1 H), 7.62 (d, /=9.35 Hz, 1 H),
7.95 (d, /=8.08 Hz, 2 H), 8.30 (s, 1 H), 9.86 (s, 1
H). ESI-MS: m/z 461.3 (M + H)+.Example 113:
-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4,6-difluoro-l
H-indazol-lyl) methyl)benzamide [0435] 1H NMR (400
MHz, DMSO- d6) of the trifluoroacetic acid salt: d ppm
5.74 (s, 2 H), 6.85 - 6.97 (m, 2 H), 7.04 - 7.07 (m, 1
H), 7.24 - 7.29 (m, 2 H), 7.34 (dd, J=8.34, 1.77 Hz, 1
H), 7.38 (d, 7=5.05 Hz, 1 H), 7.45 - 7.50 (m, 3 H),
7.98 (d, 7=8.08 Hz, 2 H), 8.84 (s, 1H), 9.81 (s, 1 H).
ESI-MS: m/z 461.3 (M + H)+. Example 114:
-(2-amino-5-(thiophen-2-yl)phenyl)-4-((6-methoxy-3-met
hyl- IHindazol- 1-yl)methyl)benzamide [0436] 1H NMR
(400 MHz, DMSO- d6) of the trifluoroacetic acid salt:
d ppm 2.54 (s, 3 H), 3.78 (s, 3 H), 5.64 (s, 2 H),
6.65 (d, 7=9.09 Hz, 1 H), 6.86 (s, 2 H), 7.05 (s, 1
H), 7.27 (s, 4 H), 7.37 (s, 1 H), 7.48 (s, 1 H), 7.56
(s, 1 H), 7.96 (d, 7=7.83 Hz, 2 H), 9.78 (s, 1 H).
ESI-MS: m/z 469.3 (M + H)+. Example 115:
-(2-amino-5-(thiophen-2-yl)phenyl)-4-((4-methyl-
lH-pyrazol- 1- yl)methyl)benzamide[0437] 1H NMR (400
MHz, DMSO-J ) d ppm 2.02 (s, 3 H), 5.15 (s, 2 H), 5.34
(s, 2 H), 6.80 (d, /=8.34 Hz, 1 H), 7.03 - 7.07 (m, 1
H), 7.24 (d, /=3.28 Hz, 1 H), 7.27 - 7.33 (m, 4 H),
7.35 (d, /=5.05 Hz, 1 H), 7.46 (s, 1 H), 7.60 (s, 1
H), 7.95 (d, /=7.83 Hz, 2 H), 9.71 (s, I H). ESI-MS:
m/z 389.3(M + H)+. Example 116:
-(2-amino-5-(thiophen-2-yl)phenyl)-4-((6-methoxy-3-met
hyl-2 Hindazol- 2-yl)methyl)benzamide [0438] 1H NMR
(400 MHz, DMSO-J ) of the trifluoroacetic acid salt: d
ppm 2.43 (s, 3 H), 3.81 (s, 3 H), 5.61 (s, 2 H), 6.74
(dd, /=8.84, 2.02 Hz, 1 H), 7.00 (d, /=8.34 Hz, 1 H),
7.08 (dd, /=5.05, 3.79 Hz, 1 H), 7.15 (d, /=2.02 Hz, 1
H), 7.35 (d, /=8.08 Hz, 3 H), 7.40 - 7.45 (m, 2 H),
7.52 - 7.60 (m, 2 H), 7.93 (d, /=8.08 Hz, 2 H), 9.94
(s, 1 H). ESI-MS: m/z 469.3 (M + H)+. Example 117:
-(2-aminophenyl)-4-((4-(trifluoromethyl)-l
H-indazol-lyl) methyl)benzamide [0439] 1H NMR (400
MHz, DMSO- d6) of the trifluoroacetic acid salt: d ppm
5.88 (s, 2 H), 6.95 (t, /=7.33 Hz, 1 H), 7.05 (d,
/=7.33 Hz, 1 H), 7.11 - 7.18 (m, 1 H), 7.27 (d, /=7.33
Hz, 1 H), 7.39 (d, /=8.34 Hz, 2 H), 7.59 (s, 1 H),
7.60 (d, /=2.27 Hz, 1 H), 7.93 (d, /=8.08 Hz, 2 H),
8.10 - 8.17 (m, 1 H), 8.27 (s, 1 H), 9.97 (s, 1 H).
ESI-MS: m/z 411.3 (M + H)+.Example 118:
-(2-aminophenyl)-4-((4-(trifluoromethyl)-2
H-indazol-2- yl)methyl)benzamide [0440] 1H NMR (400
MHz, DMSOd 6) of the trifluoroacetic acid salt: d ppm
5.83 (s, 2 H), 7.11 (t, J=I .33 Hz, 1 H), 7.16 - 7.25
(m, 2 H), 7.34 (d, /=7.33 Hz, 1 H), 7.38 - 7.44 (m, 1
H), 7.52 (d, J=8.08 Hz, 3 H), 7.95 (d, J=8.59 Hz, 1
H), 7.99 (d, /=8.08 Hz, 2 H), 8.80 (s, 1 H), 10.16 (s,
1 H). ESI-MS: m/z 411.3 (M + H)+. Example 119:
-(2-aminophenyl)-4-((5-(trifluoiOmethyl)-l
H-indazol-lyl) methyl)benzamide [0441] 1H NMR (400
MHz, DMSO- d6) of the trifluoroacetic acid salt: d ppm
5.85 (s, 2 H), 6.93 (t, /=7.20 Hz, 1 H), 7.03 (d,
/=7.83 Hz, 1 H), 7.13 (t, /=7.07 Hz, 1 H), 7.25 (d,
/=7.33 Hz, 1 H), 7.36 (d, /=8.08 Hz, 2 H), 7.70 (dd,
/=8.84, 1.52 Hz, 1 H), 7.91 - 7.99 (m, 3 H), 8.28 (s,
1 H), 8.34 (s, 1 H), 9.95 (s, 1 H). ESI-MS: m/z 411.3
(M + H)+. Example 120:
-(2-aminophenyl)-4-((5-(trifluoromethyl)-2
H-indazol-2- yl)methyl)benzamide [0442] 1H NMR (400
MHz, DMSO-J 6) of the trifluoroacetic acid salt: d ppm
5.83 (s, 2 H), 6.98 (t, /=7.45 Hz, 1 H), 7.07 (d,
/=7.83 Hz, 1 H), 7.16 (t, /=7.20 Hz, 1 H), 7.29 (d,
/=7.58 Hz, 1 H), 7.44 - 7.50 (m, 3 H), 7.81 (d, /=9.09
Hz, 1 H), 7.98 (d, /=8.08 Hz, 2 H), 8.28 (s, 1 H),
8.80 (s, 1 H), 10.03 (s, 1 H). ESI-MS: m/z 411.3 (M +
H)+.Example 121:
-(2-aminophenyl)-4-((6-(trifluoromethyl)-2
H-indazol-2- yl)methyl)benzamide [0443] 1H NMR (400
MHz, DMSO-J 6) d ppm 4.90 (s, 2 H), 5.82 (s, 2 H),
6.59 (t, 



7=7.45 Hz, 1 H), 6.77 (d, /=7.07 Hz, 1 H), 6.94 - 6.99
(m, 1 H), 7.16 (d, /=7.58 Hz, 1 H), 7.45 (d, /=8.59
Hz, 3 H), 7.97 (d, /=8.34 Hz, 2 H), 8.27 (s, 1 H),
8.74 (s, 1 H), 8.79 (s, 1 H), 9.65 (s, 1 H). ESI-MS:
m/z 411.3 (M + H)+. Example 122:
l-(4-(2-aminophenylcarbamoyl)benzyl)-lH-pyrazole-4-car
boxylic acid [0444] 1 NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: 5 ppm 5.47 (s, 2 H), 6.93 -
6.99 (m, 1 H), 7.05 (d, /=7.33 Hz, 1 H), 7.15 (t,
/=8.34 Hz, 1 H), 7.28 (d, /=7.83 Hz, 1 H), 7.41 (d,
/=8.34 Hz, 2 H), 7.85 (s, 1 H), 7.97 (d, /=8.34 Hz, 2
H), 8.44 (s, 1 H), 10.01 (s, 1 H). ESI-MS: m/z 337.3
(M + H)+. Example 123:
N-(2-arninophenyl)-4-((3-methyl-lH-pyrazol-l-yl)methyl
)benzamide [0445] 1H NMR (400 MHz, DMSO- 6) of the
trifluoroacetic acid salt: d ppm 2.15 (s, 3 H), 5.33
(s, 2 H), 6.07 (d, /=2.27 Hz, 1 H), 7.11 - 7.16 (m, 1
H), 7.18 - 7.26 (m, 2 H), 7.34 (d, /=8.34 Hz, 2 H),
7.37 (dd, /=7.96, 0.88 Hz, 1 H), 7.74 (d, /=2.02 Hz, 1
H), 7.98 (d, /=8.34 Hz, 2 H), 10.18 (s, 1 H). ESI-MS:
m/z 307.4 (M + H)+. Example 124:
N-(2-aminophenyl)-4-((3,5-dimethyl-lH-pyrazol-l-yl)met
hyl)benzamide[0446] 1H NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 2.12 (s, 3 H), 2.17
(s, 3 H), 5.30 (s, 2 H), 5.90 (s, 1 H), 7.10 - 7.15
(m, 1 H), 7.16 - 7.20 (m, 1 H), 7.21 - 7.25 (m, 3 H),
7.35 (dd, J=7.83, 1.26 Hz, 1 H), 7.96 (d, /=8.34 Hz, 2
H), 10.15 (s, 1 H). ESI-MS: m/z 321.4 (M + H)+.
Example 125: Ethyl
l-(4-(2-aminophenylcarbamoyl)benzyl)-lH-pyrazole-4-car
boxylate [0447] 1H NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 1.27 (t, /=7.07 Hz, 3
H), 4.22 (q, /=7.07 Hz, 2 H), 5.48 (s, 2 H), 6.99 (t,
/=7.33 Hz, 1 H), 7.05 - 7.11 (m, 1 H), 7.14 - 7.20 (m,
1 H), 7.30 (d, /=7.83 Hz, 1 H), 7.41 (d, /=8.34 Hz, 2
H), 7.90 (s, 1 H), 7.97 (d, /=8.08 Hz, 2 H), 8.53 (s,
1 H), 10.04 (s, 1 H). ESI-MS: m/z 365.4 (M + H)+.
Example 126:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-2-ylme
thyl)- IHpyrazole- 4-carboxamide [0448] 1H NMR (400
MHz, DMSO-J 6) d ppm 4.49 (d, /=6.06 Hz, 2 H), 4.90
(s, 2 H), 5.45 (s, 2 H), 6.59 (td, /=7.45, 1.26 Hz, 1
H), 6.77 (dd, /=8.08, 1.26 Hz, 1 H), 6.97 (td, /=7.58,
1.52 Hz, 1 H), 7.16 (d, /=7.07 Hz, 1 H), 7.25 (ddd,
/=7.58, 4.80, 1.01 Hz, 1 H), 7.30 (d, /=7.83 Hz, 1 H),
7.39 (d, /=8.08 Hz, 2 H), 7.75 (td, /=7.64, 1.89 Hz, 1
H), 7.94 - 7.98 (m, 3 H), 8.34 (s, 1 H), 8.50 (ddd,
/=4.93, 1.89, 1.01 Hz, 1 H), 8.75 (t, /=5.94 Hz, 1 H),
9.65 (s, 1 H). ESI-MS: m/z All A (M + H)+.Example 127:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-phenyl-lH-pyraz
ole-4- carboxamide [0449] 1H NMR (400 MHz, DMS(W 6) d
ppm 4.90 (s, 2 H), 5.49 (s, 2 H), 6.59 (td, /=7.52,
1.39 Hz, 1 H), 6.77 (dd, /=7.96, 1.39 Hz, 1 H), 6.97
(td, /=7.71, 1.52 Hz, 1 H), 7.04 - 7.09 (m, 1 H), 7.16
(d, /=7.33 Hz, 1 H), 7.30 - 7.35 (m, 2 H), 7.40 (d,
/=8.34 Hz, 2 H), 7.70 (dt, /=8.65, 1.61 Hz, 2 H), 7.97
(d, /=8.08 Hz, 2 H), 8.09 (d, /=0.76 Hz, 1 H), 8.49
(s, 1 H), 9.66 (s, 1 H), 9.86 (s, 1 H). ESI-MS: m/z
412.4 (M + H)+. Example 128:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-benzyl-lH-pyraz
ole-4- carboxamide [0450] 1 NMR (400 MHz, DMSO-J 6) d
ppm 4.41 (d, /=6.06 Hz, 2 H), 4.90 (s, 2 H), 5.44 (s,
2 H), 6.59 (td, /=7.52, 1.39 Hz, 1 H), 6.77 (dd,
/=7.96, 1.39 Hz, 1 H), 6.97 (td, /=7.58, 1.52 Hz, 1
H), 7.15 (d, /=7.07 Hz, 1 H), 7.21 - 7.25 (m, 1 H),
7.27 - 7.34 (m, 4 H), 7.38 (d, /=8.34 Hz, 2 H), 7.95
(s, 2 H), 7.97 (s, 1 H), 8.32 (s, 1 H), 8.65 (t,
/=6.06 Hz, 1 H), 9.65 (s, 1 H). ESI-MS: m/z 426.4 (M +
H)+. Example 129:
N-(2-aminophenyl)-4-((4,5,6,7-tetrahydro-2H-indazol-2-
yl)methyl)benzamide[0451] 1H NMR (400 MHz, DMSOd 6) of
the trifluoroacetic acid salt: d ppm 1.63 - 1.74 (m, 4
H), 2.45 - 2.49 (m, 4 H), 5.27 (s, 2 H), 6.90 - 6.98
(m, 1 H), 7.04 (d, /=8.59 Hz, 1 H), 7.14 (t, /=7.83
Hz, 1 H), 7.28 (d, /=7.58 Hz, 1 H), 7.36 (d, /=8.34
Hz, 2 H), 7.50 (s, 1 H), 7.94 (d, /=8.34 Hz, 2 H),
9.96 (s, 1 H). ESI-MS: m/z 347.4 (M + H)+. Example
130:
N-(2-aminophenyl)-4-((4,5,6,7-tetrahydro-lH-indazol-ly
l) methyl)benzamide [0452] 1H NMR (400 MHz, DMSO-J 6)
of the trifluoroacetic acid salt: d ppm 1.59 - 1.66
(m, 2 H), 1.68 - 1.76 (m, 2 H), 2.44 (t, /=5.94 Hz, 2
H), 2.47 - 2.50 (m, 2 H), 5.31 (s, 2 H), 7.04 (t,
/=7.33 Hz, 1 H), 7.10 - 7.13 (m, 1 H), 7.16 - 7.21 (m,
1 H), 7.23 - 7.27 (m, 3 H), 7.31 (dd, /=7.96, 1.14 Hz,
1 H), 7.95 (d, /=8.34 Hz, 2 H), 10.07 (s, 1 H).
ESI-MS: m/z 347 .4 (M + H)+. Example 131:
4-((lH-pyrazol-3-ylamino)methyl)-N-(2-aminophenyl)benz
amide [0453] 1H NMR (400 MHz, DMSO-J 6) of the
trifluoroacetic acid salt: d ppm 4.42 (s, 2 H), 5.74
(d, /=2.53 Hz, 1 H), 6.85 (t, /=7.45 Hz, 1 H), 6.96 -
7.00 (m, 1 H), 7.10 (td, /=7.64, 1.39 Hz, 1 H), 7.23 -
7.27 (m, 1 H), 7.48 (d, /=8.34 Hz, 2 H), 7.80 (d,
/=2.78 Hz, 1 H), 7.97 (d, /=8.34 Hz, 2 H), 9.89 (s, 1
H). ESI-MS: m/z 308.4 (M + H)+. Example 132:
4-((5-amino-lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)b
enzamide[0454] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.89
(s, 2 H), 5.19 (s, 2 H), 5.29 (s, 2 H), 5.31 (d,
/=2.02 Hz, 1 H), 6.59 (td, /=7.52, 1.39 Hz, 1 H), 6.77
(dd, /=8.08, 1.52 Hz, 1 H), 6.96 (td, /=7.58, 1.52 Hz,
1 H), 7.10 (d, /=2.02 Hz, 1 H), 7.15 (d, /=6.82 Hz, 1
H), 7.22 (d, /=8.34 Hz, 2 H), 7.90 (d, /=8.08 Hz, 2
H), 9.60 (s, 1 H). ESI-MS: m/z 308.4 (M + H)+. Example
133:
4-((3-amino-lH-pyrazol-l-yl)methyl)-N-(2-aminophenyl)b
enzamide [0455] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.59
(s, 2 H), 4.89 (s, 2 H), 5.11 (s, 2 H), 5.44 (d,
/=2.27 Hz, 1 H), 6.59 (td, /=7.58, 1.26 Hz, 1 H), 6.77
(dd, /=8.08, 1.52 Hz, 1 H), 6.96 (td, /=7.58, 1.52 Hz,
1 H), 7.16 (d, /=7.83 Hz, 1 H), 7.28 (d, /=8.08 Hz, 2
H), 7.48 (d, /=2.02 Hz, 1 H), 7.91 (d, /=8.08 Hz, 2
H), 9.61 (s, 1 H). ESI-MS: m/z 308.4 (M + H)+. Example
134: 1-(4-(2-aminophenylcarbamoyl)benzyl)-N-methyl-
lH-pyrazole-4- carboxamide [0456] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.70 (d, /=4.55 Hz, 3 H), 4.89 (s, 2
H), 5.43 (s, 2 H), 6.59 (td, /=7.52, 1.14 Hz, 1 H),
6.77 (dd, /=8.08, 1.26 Hz, 1 H), 6.94 - 6.99 (m, 1 H),
7.15 (d, /=7.33 Hz, 1 H), 7.35 (d, /=8.34 Hz, 2 H),
7.86 (s, 1 H), 7.95 (d, /=8.08 Hz, 2 H), 8.05 (q,
/=4.55 Hz, 1 H), 8.25 (s, 1 H), 9.64 (s, 1 H). ESI-MS:
m/z 350.3 (M + H)+.Example 135:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-ethyl-
1H-pyrazole-4- carboxamide [0457] 1H NMR (400 MHz,
DMSO-J 6) d ppm 1.07 (t, /=7.20 Hz, 3 H), 3.16 - 3.24
(m, 2 H), 4.89 (s, 2 H), 5.43 (s, 2 H), 6.59 (td,
/=7.58, 1.26 Hz, 1 H), 6.77 (dd, /=7.96, 1.39 Hz, 1
H), 6.96 (td, /=7.71, 1.52 Hz, 1 H), 7.15 (d, /=8.34
Hz, 1 H), 7.35 (d, /=8.34 Hz, 2 H), 7.87 (d, /=0.76
Hz, 1 H), 7.95 (d, /=8.34 Hz, 2 H), 8.07 (t, /=5.43
Hz, 1 H), 8.25 (s, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 'h
A (M + H)+. Example 136:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N,N-dimethyl-
lH-pyrazole-4- carboxamide [0458] 1H NMR (400 MHz,
DMSO-J 6) d ppm 2.97 (m, 3 H), 3.14 (m, 3 H), 4.90 (s,
2 H), 5.44 (s, 2 H), 6.59 (t, /=7.71 Hz, 1 H), 6.77
(dd, /=7.83, 1.01 Hz, 1 H), 6.94 - 6.99 (m, 1H), 7.15
(d, /=7.83 Hz, 1 H), 7.37 (d, /=8.34 Hz, 2 H), 7.77
(s, 1 H), 7.95 (d, /=8.34 Hz, 2 H), 8.31 (s, 1 H),
9.63 (s, 1 H). ESI-MS: m/z 364.3 (M + H)+. Example
137:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-isopropyl-lH-py
razole-4- carboxamide [0459] 1H NMR (400 MHz, DMSO-J
6) d ppm 1.11 (d, /=6.82 Hz, 6 H), 4.02 (dq, /=13.80,
6.77 Hz, 1 H), 4.89 (s, 2 H), 5.43 (s, 2 H), 6.56 -
6.61 (m, 1 H), 6.77 (dd, /=8.08, 1.26 Hz, 1 H), 6.97
(td, /=7.58, 1.26 Hz, 1 H), 7.15 (d, /=7.58 Hz, 1 H),
7.36 (d, /=8.08Hz, 2 H), 7.83 (d, /=7.83 Hz, 1 H),
7.89 (s, 1 H), 7.96 (d, /=8.08 Hz, 2 H), 8.26 (s, 1
H), 9.64 (s, 1 H). ESI-MS: m/z 378.4 (M + H)+. Example
138:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-cyclopropyl-lH-
pyrazole-4- carboxamide [0460] 1 NMR (400 MHz, DMSO-J
6) d ppm 0.48 (m, 2 H), 0.65 (m, 2 H), 2.70 - 2.77 (m,
/=7.31, 7.31, 3.92, 3.74, 3.74 Hz, 1 H), 4.90 (s, 2
H), 5.42 (s, 2 H), 6.56 - 6.62 (m, 1 H), 6.77 (dd,
/=8.08, 1.26 Hz, 1 H), 6.94 - 6.99 (m, 1 H), 7.15 (d,
/=7.33 Hz, 1 H), 7.35 (d, /=8.08 Hz, 2 H), 7.87 (s, 1
H), 7.95 (d, /=8.08 Hz, 2 H), 8.08 (d, /=3.79 Hz, 1
H), 8.25 (s, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 376.3 (M
+ H)+. Example 139:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(cyclopropylmet
hyl)- 1Hpyrazole- 4-carboxamide [0461] 1H NMR (400
MHz, DMSO-J 6) d ppm 0.17 - 0.21 (m, 2 H), 0.39 - 0.44
(m, 2 H), 0.91 - 1.01 (m, 1 H), 3.07 (t, /=6.32 Hz, 2
H), 4.90 (s, 2 H), 5.44 (s, 2 H), 6.59 (t, /=7.45 Hz,
1 H), 6.77 (dd, /=8.08, 1.01 Hz, 1 H), 6.94 - 6.99 (m,
1 H), 7.15 (d, /=7.58 Hz, 1 H), 7.37 (d, /=8.08 Hz, 2
H), 7.90 (s, 1 H), 7.96 (d, /=8.08 Hz, 2 H), 8.17 (t,
/=5.68 Hz, 1 H), 8.28 (s, 1 H), 9.65 (s, 1 H). ESI-MS:
m/z 390.4 (M + H)+. Example 140:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-(dimethylami
no)ethyl)-lHpyrazole- 4-carboxamide[0462] 1H NMR (400
MHz, DMSO-J 6) of the Zns-trifluoroacetic acid salt: d
ppm 2.52 - 2.55 (m, 2 H), 2.83 (d, /=4.80 Hz, 6 H),
3.17 - 3.23 (m, 2 H), 5.46 (s, 2 H), 6.61 - 6.68 (m, 1
H), 6.82 (d, /=7.33 Hz, 1 H), 6.97 - 7.03 (m, 1 H),
7.16 (d, /=8.59 Hz, 1 H), 7.38 (d, /=7.83 Hz, 2 H),
7.90 (s, 1 H), 7.96 (d, /=8.34 Hz, 2 H), 8.30 (s, 1
H), 8.34 (t, /=6.06 Hz, 1 H), 9.70 (s, 1 H). ESI-MS:
m/z 407'.4 (M + H)+. Example 141:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-(dimethylami
no)ethyl)-lHpyrazole- 4-carboxamide [0463] 1H NMR (400
MHz, DMSO-J 6) d ppm 2.23 (s, 6 H), 2.47 - 2.49 (m, 2
H), 3.27 - 3.33 (m, 2 H), 4.89 (s, 2 H), 5.44 (s, 2
H), 6.59 (td, /=7.52, 1.39 Hz, 1 H), 6.77 (dd, /=8.08,
1.52 Hz, 1 H), 6.94 - 6.99 (m, 1 H), 7.15 (d, /=8.34
Hz, 1 H), 7.36 (d, /=8.34 Hz, 2 H), 7.88 (s, 1 H),
7.95 (d, /=8.34 Hz, 2 H), 8.04 (t, /=5.81 Hz, 1 H),
8.27 (s, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 407.4 (M +
H)+. Example 142:
l-(4-(2-aminophenylcarbamoyl)benzyl)-lH-pyrazole-4-car
boxamide [0464] 1H NMR (400 MHz, DMSO-J 6) d ppm 4.90
(s, 2 H), 5.43 (s, 2 H), 6.56 - 6.62 (m, 1 H), 6.77
(dd, /=8.08, 1.26 Hz, 1 H), 6.94 - 6.99 (m, 1 H), 7.03
(s, 1 H), 7.15 (d, /=7.33 Hz, 1 H), 7.36 (d, /=8.08
Hz, 2 H), 7.58 (s, 1 H), 7.88 (s, 1 H), 7.96 (d,
/=8.34 Hz, 2 H), 8.26 (s, 1 H), 9.64 (s, 1 H). ESI-MS:
m/z 336.3 (M + H)+.Example 143:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-hydroxyethyl
)- lH-pyrazole- 4-carboxamide [0465] 1H NMR (400 MHz,
DMSO-J 6) d ppm 3.24 (q, /=5.98 Hz, 2 H), 3.45 (q,
/=6.15 Hz, 2 H), 4.69 - 4.72 (m, 1 H), 4.89 (s, 2 H),
5.43 (s, 2 H), 6.59 (td, /=7.52, 1.39 Hz, 1 H), 6.77
(dd, /=8.08, 1.52 Hz, 1 H), 6.97 (td, /=7.71, 1.52 Hz,
1 H), 7.15 (d, /=7.58 Hz, 1 H), 7.36 (d, /=8.34 Hz, 2
H), 7.90 (d, /=0.51 Hz, 1 H), 7.95 (d, /=8.34 Hz, 2
H), 8.09 (t, /=5.68 Hz, 1 H), 8.28 (d, /=0.76 Hz, 1
H), 9.64 (s, 1 H). ESI-MS: ni/z 380.3 (M + H)+.
Example 144:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-(dimethylami
no)propyl)-lHpyrazole- 4-carboxamide [0466] 1H NMR
(400 MHz, DMSO-J 6) d ppm 1.59 (qd, /=7.07, 6.82 Hz, 2
H), 2.12 (s, 6 H), 2.23 (t, /=7.20 Hz, 2 H), 3.16 -
3.22 (m, 2 H), 4.89 (s, 2 H), 5.43 (s, 2 H), 6.59 (td,
/=7.52, 1.39 Hz, 1 H), 6.77 (dd, /=8.08, 1.52 Hz, 1
H), 6.97 (td, /=7.58, 1.52 Hz, 1 H), 7.15 (d, /=7.33
Hz, 1 H), 7.36 (d, /=8.08 Hz, 2 H), 7.87 (d, /=0.76
Hz, 1 H), 7.95 (d, /=8.34 Hz, 2 H), 8.10 (t, /=5.68
Hz, 1 H), 8.25 (d, /=0.51 Hz, 1 H), 9.64 (s, 1 H).
ESIMS: m/z 421.4 (M + H)+. Example 145:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-3-ylme
thyl)- IHpyrazole- 4-carboxamide[0467] 1H NMR (400
MHz, DMSO-J 6) d ppm 4.42 (d, /=5.81 Hz, 2 H), 4.89
(s, 2 H), 5.44 (s, 2 H), 6.59 (td, J=7.52, 1.39 Hz, 1
H), 6.77 (dd, 7=7.96, 1.39 Hz, 1 H), 6.97 (td, J=7.58,
1.52 Hz, 1 H), 7.15 (d, 7=7.33 Hz, 1 H), 7.33 - 7.36
(m, 1 H), 7.36 - 7.39 (m, 2 H), 7.69 (dt, 7=7.83, 2.02
Hz, 1 H), 7.93 (d, 7=0.51 Hz, 1 H), 7.95 (d, 7=8.08
Hz, 2 H), 8.32 (d, 7=0.51 Hz, 1 H), 8.45 (dd, 7=4.80,
1.77 Hz, 1 H), 8.52 (d, 7=1.52 Hz, 1 H), 8.70 (t,
7=5.94 Hz, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 427.3 (M +
H)+. Example 146:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(pyridin-4-ylme
thyl)-lHpyrazole- 4-carboxamide [0468] 1H NMR (400
MHz, DMSO-J 6) d ppm 4.43 (d, 7=6.06 Hz, 2 H), 4.90
(s, 2 H), 5.46 (s, 2 H), 6.59 (td, 7=7.52, 1.39 Hz, 1
H), 6.77 (dd, 7=7.96, 1.39 Hz, 1 H), 6.94 - 6.99 (m, 1
H), 7.15 (d, 7=7.33 Hz, 1 H), 7.26 - 7.29 (m, 2 H),
7.39 (d, 7=8.34 Hz, 2 H), 7.93 - 7.98 (m, 3 H), 8.34
(s, 1 H), 8.48 - 8.50 (m, 2 H), 8.75 (t, 7=6.06 Hz, 1
H), 9.65 (s, 1 H). ESI-MS: m/z 427.3 (M + H)+. Example
147:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-morpholinoet
hyl)- IHpyrazole- 4-carboxamide[0469] 1H NMR (400 MHz,
DMSCM6) of the zs-trifluoroacetic acid salt: d ppm
3.07 - 3.19 (m, 2 H), 3.26 (t, 7=6.19 Hz, 2 H), 3.49 -
3.59 (m, 4 H), 3.59 - 3.71 (m, 2 H), 4.00 (d, /=13.64
Hz, 2 H), 5.46 (s, 2 H), 6.79 (t, /=7.20 Hz, 1 H),
6.93 (d, /=7.07 Hz, 1 H), 7.05 - 7.10 (m, 1 H), 7.22
(d, /=7.07 Hz, 1 H), 7.39 (d, /=8.34 Hz 2 H), 7.91 (d,
/=0.51 Hz, 1 H), 7.97 (d, /=8.34 Hz, 2 H), 8.32 (d,
/=0.51 Hz, 1 H), 8.42 (t, /=5.68 Hz, 1 H), 9.85 (s, 1
H). ESI-MS: m/z 449 .4 (M + H)+. Example 148:
N-(2-aminophenyl)-4-((5-methyl- 1H-pyrazol-
1-yl)methyl)benzamide [0470] 1H NMR (400 MHz, DMSO-J
6) of the trifluoroacetic acid salt: d ppm 2.22 (s, 3
H), 5.40 (s, 2 H), 6.11 (dd, /=2.15, 1.14 Hz, 1 H),
7.05 (t, /=7.58 Hz, 1 H), 7.11 - 7.15 (m, 1 H), 7.19
(d, /=7.33 Hz, 1 H), 7.22 (d, /=8.08 Hz, 2 H), 7.32
(d, /=7.83 Hz, 1 H), 7.39 (d, /=1.77 Hz, 1 H), 7.96
(d, /=8.08 Hz, 2 H), 10.09 (s, 1 H). ESI-MS: m/z 307.3
(M + H)+. Example 149:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-propyl-lH-pyraz
ole-4- carboxamide [0471] 1H NMR (400 MHz, DMSO-J 6) d
ppm 0.86 (t, /=7.33 Hz, 3 H), 1.43 - 1.52 (m, /=7.23,
7.23, 7.23, 7.23, 7.23 Hz, 2 H), 3.11 - 3.17 (m, 2 H),
4.90 (s, 2 H), 5.43 (s, 2 H), 6.59 (td, /=7.45, 1.26
Hz, 1 H), 6.77 (dd, /=7.96, 1.39 Hz, 1 H), 6.97 (td,
/=7.71, 1.52 Hz, 1 H), 7.15 (d, /=7.83 Hz, 1 H), 7.36
(d, /=8.34 Hz, 2 H), 7.89 (d, /=0.51 Hz, 1 H), 7.96
(d, /=8.08 Hz, 2 H), 8.06 (t, /=5.68 Hz, 1 H), 8.26
(s, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 378.3 (M + H)+.
Example 150:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-isobutyl-
1H-pyrazole-4- carboxamide[0472] 1R NMR (400 MHz,
DMSO-J 6) d ppm 0.86 (d, 7=6.57 Hz, 6 H), 1.76 (tt,
/=13.52, 6.82 Hz, 1 H), 2.98 - 3.02 (m, 2 H), 4.90 (s,
2 H), 5.43 (s, 2 H), 6.59 (td, 7=7.58, 1.26 Hz, 1 H),
6.77 (dd, 7=8.08, 1.26 Hz, 1 H), 6.97 (td, 7=7.58,
1.52 Hz, 1 H), 7.15 (d, 7=7.58 Hz, 1 H), 7.37 (d,
7=8.34 Hz, 2 H), 7.91 (d, 7=0.51 Hz, 1 H), 7.96 (d,
7=8.08 Hz, 2 H), 8.06 (t, 7=5.94 Hz, 1 H), 8.27 (s, 1
H), 9.64 (s, 1 H). ESI-MS: m/z 392.4 (M + H)+. Example
151:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(2-methoxyethyl
)-lH-pyrazole- 4-carboxamide [0473] 1H NMR (400 MHz,
DMSO-J 6) d ppm 3.25 (s, 3 H), 3.33 - 3.36 (m, 2 H),
3.38 - 3.42 (m, 2 H), 4.89 (s, 2 H), 5.43 (s, 2 H),
6.59 (td, 7=7.52, 1.39 Hz, 1 H), 6.77 (dd, 7=8.08,
1.26 Hz, 1 H), 6.97 (td, 7=7.64, 1.39 Hz, 1 H), 7.15
(d, 7=7.07 Hz, 1 H), 7.36 (d, 7=8.34 Hz, 2 H), 7.90
(d, 7=0.51 Hz, 1 H), 7.95 (d, 7=8.08 Hz, 2 H), 8.16
(t, 7=5.43 Hz, 1 H), 8.28 (d, 7=0.51 Hz, 1 H), 9.64
(s, 1 H). ESI-MS: m/z 394.3 (M + H)+. Example 152:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-methoxypropy
l)- 1Hpyrazole- 4-carboxamide [0474] 1B.NMR (400 MHz,
DMSO-J 6) d ppm 1.66 - 1.73 (m, 2 H), 3.18 - 3.22 (m,
1 H), 3.22 (s, 4 H), 3.33 (t, 7=3.16 Hz, 2 H), 4.89
(s, 2 H), 5.43 (s, 2 H), 6.59 (td, 7=7.58,1.26 Hz, 1
H), 6.77 (dd, /=7.96, 1.39 Hz, 1 H), 6.97 (td, /=7.58,
1.52 Hz, 1 H), 7.15 (d, /=7.33 Hz, 1 H), 7.36 (d,
/=8.34 Hz, 2 H), 7.88 (d, /=0.76 Hz, 1 H), 7.95 (d,
/=8.08 Hz, 2 H), 8.08 (t, /=5.68 Hz, 1 H), 8.26 (d,
/=0.76 Hz, 1 H), 9.64 (s, 1 H). ESI-MS: m/z 408.4 (M +
H)+. Example 153:
1-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-hydroxypropy
l)- 1Hpyrazole- 4-carboxamide [0475] 1H NMR (400 MHz,
DMSO-J 6) d ppm 1.62 (qd, /=6.74, 6.57 Hz, 2 H), 3.23
(q, /=6.65 Hz, 2 H), 3.40 - 3.46 (m, 2 H), 4.46 (t,
/=5.31 Hz, 1 H), 4.90 (s, 2 H), 5.43 (s, 2 H), 6.59
(td, /=7.52, 1.39 Hz, 1 H), 6.77 (dd, /=8.08, 1.26 Hz,
1 H), 6.97 (td, /=7.58, 1.52 Hz, 1 H), 7.15 (d, /=7.07
Hz, 1 H), 7.36 (d, /=8.08 Hz, 2 H), 7.89 (d, /=0.51
Hz, 1 H), 7.96 (d, /=8.08 Hz, 2 H), 8.07 (t, /=5.68
Hz, 1 H), 8.26 (d, /=0.51 Hz, 1 H), 9.64 (s, 1 H).
ESIMS: m/z 394.3 (M + H)+. Example 154:
l-(4-(2-aminophenylcai-bamoyl)benzyl)-N-(3-morpholinop
ropyl)-lHpyrazole- 4-carboxamide [0476] 1H NMR (400
MHz, DMSO-J 6) of the ts-trifluoroacetic acid salt: d
ppm 1.83 - 1.91 (m, 2 H), 3.01 - 3.10 (m, 2 H), 3.10 -
3.17 (m, 2 H), 3.26 (q, /=6.32 Hz, 2 H), 3.43 (d,
/=11.87 Hz, 2 H), 3.64 (t, /=11.87 Hz, 2 H), 3.97 (d,
/=11.87 Hz, 2 H), 5.46 (s, 2 H), 6.93 (t, /=7.07 Hz, 1
H), 7.04 (dd, /=8.08, 1.26 Hz, 1 H), 7.11 - 7.17 (m, 1
H), 7.28 (d, /=8.84Hz, 1 H), 7.39 (d, /=8.34 Hz, 2 H),
7.91 (s, 1 H), 7.98 (d, /=8.08 Hz, 2 H), 8.29 - 8.35
(m, 2 H), 10.00 (s, 1 H). ESI-MS: m/z 463 .4 (M + H)+.
Example 155:
l-(4-(2-airrinophenylcarbamoyl)benzyl)-N-(2-(piperidin
-l-yl)ethyl)-lHpyrazole- 4-carboxamide [0477] IH NMR
(400 MHz, DMSO-J 6) of the Zns-trifluoroacetic acid
salt: d ppm 1.32 - 1.43 (m, 1 H), 1.60 - 1.71 (m, 3
H), 1.81 (d, /=14.40 Hz, 2 H), 2.87 - 2.97 (m, 2 H),
3.18 (d, /=5.31 Hz, 2 H), 3.49 - 3.59 (m, 4 H), 5.47
(s, 2 H), 6.94 (t, /=6.95 Hz, 1 H), 7.05 - 7.08 (m, 1
H), 7.15 (td, /=7.64, 1.39 Hz, 1 H), 7.30 (d, /=6.82
Hz, 1 H), 7.40 (d, /=8.34 Hz, 2 H), 7.92 (d, /=0.76
Hz, 1 H), 7.99 (d, /=8.08 Hz, 2 H), 10.02 (s, 1 H).
ESI-MS: m/z 447A (M + H)+. Example 156:
l-(4-(2-aminophenylcarbamoyl)benzyl)-N-(3-(4-methylpip
erazin-lyl) propyl)-lH-pyrazole-4-carboxamide [0478]
1H NMR (400 MHz, DMSO-J 6) of the &w-trifluoroacetic
acid salt: d ppm 1.80 1.88 (m, 2 H), 2.84 (s, 3 H),
3.06 - 3.13 (m, 2 H), 3.26-3.60 (m, 10 H), 5.45 (s, 2
H), 6.91 (t, /=6.95 Hz, 1 H), 7.03 (dd, /=8.08, 1.26
Hz, 1 H), 7.13 (td, /=7.58, 1.52 Hz, 1 H), 7.27 (d,
/=8.84 Hz, 1 H), 7.39 (d, /=8.34 Hz, 2 H), 7.91 (d,
/=0.76 Hz, 1 H), 7.98 (d, /=8.34 Hz, 2 H), 8.30 (d,
/=0.76 Hz, 1 H), 9.98 (s, 1 H). ESI-MS: m/z 476.4 (M +
H)+. Example 157: 4-(( 1H-Pyrrolo [2,3-b]ryridin-
1-yl)methyl)-N-(2-aminophenyl)benzamide[0479] 1H NMR
(400 MHz, DMSO-D6) of the trifluoroacetic acid salt: d
ppm 6.03 (s, 2 H) 6.67 (s, 1H) 6.83 (s, 1H) 6.91 -
7.02 (m, 2 H) 7.12 (d, J=7.33 Hz, 1 H) 7.31 - 7.40 (m,
2 H) 7.45 (d, /=8.34 Hz, 1H) 7.58 - 7.70 (m, 1H) 7.87
- 7.99 (m, 2 H) 8.65 - 8.80 (m, 2 H) 9.76 (s, 1 H).
ESI-MS: m/z 343.4 (M + H)+. Example 158: 4-((l
H-Indol-3-yl)methyl)-N-(2-aminophenyl)benzamide [0480]
1H NMR (400 MHz, DMSO-D6) d ppm 4.10 (s, 2 H) 4.84 (s,
2 H) 6.53 - 6.60 (m, 1H) 6.74 (d, 7=7.83 Hz, 1H) 6.88
- 6.97 (m, 2 H) 7.00 - 7.07 (m, 2 H) 7.11 (s, 1H) 7.19
(d, /=2.27 Hz, 1 H) 7.32 (d, /=8.08 Hz, 1H) 7.36 -
7.42 (m, 2 H) 7.85 (d, /=8.08 Hz, 2 H) 9.54 (s, 1H)
10.87 (s, 1 H). ESI-MS: m/z 342.4 (M + H)+. [0481] In
addition to the examples described above, the
following non-limiting group of compounds can be
prepared utilizing the above reaction schemes, and
variations thereof, with the appropriate selection of
substituents:IL-6 BINDING PROTEINS CROSS-REFERENCE TO
RELATED PATENT APPLICATIONS [01] The present patent
application claims benefit of priority to U.S.
Provisonal Patent Application No. 60/699,137, filed M
y 13, 2005, which is incorporated by reference for all
purposes. BACKGROUND OF THE INVENTION [02]
Interleukin-6 (IL-6) has a central role in regulating
the immune response and inflammation. IL-6 has a range
of biological activities, acting in an endocrine,
autocrine, and paracrine fashion on a diverse number
of target cells. The major sources of IL-6 are
monocytes. Fibroblasts and endothelial cells along
with T cells and B cells, keratinocytes, mesangial
cells, and several tumor cells produce IL-6. Its
synthesis is induced by IL-I, IL-2, TNF- .and
interferons. IL-6 is inhibited by IL-4, IL-10, and
IL-1 3. IL-6 thus plays an important role in immune
regulation and inflammation as well as autoimmune
diseases. [03] IL-6 has the ability to stimulate the
final stages of B lymphocyte maturation, whereby B
lymphocytes differentiate into mature plasma cells and
secrete immunoglobulins (Ig). In addition, IL-6
induces T cell growth and cytotoxic T cell
differentiation through augmentation of IL-2 receptor
expression and IL-2 production. IL-6 synergizes with
other cytokines to support bone marrow stem cell
maturation, is a neutrophil activator and stimulates
the production of platelets from megakaryocytes. It is
also a potent inducer of terminal macrophage and
osteoclast differentiation. IL-6 also shares several
activities with IL-I and TNF, including the induction
of pyrexia and the production of acute phase proteins
such as serum amyloid A, CRP, alpha 1 antitrypsin,
fibrinogen, and haptoglobulin. [04] IL-6 mediates
several unique anti-inflammatory effects. Where both
IL-I and TNF-a induce synthesis of each other, as well
as IL-6, IL-6 terminates this upregulatory
inflammatory cascade and inhibits IL-I and TNF-a
synthesis. IL-6 is also important as a cell growth
factor that can induce proliferation of epidermal
keratinocytes and mesangial cells and has an active
role in mesangial proliferative
glomerulonephritis.[05] The receptor for IL-6 (IL-6R)
belongs to the type I cytokine receptor superfamily
and consists of two chains, IL-6R (80 kDa
glycoprotein) and gpl30. IL-6R is the ligand specific
binding component while gpl30 is a shared receptor
component responsible for transmitting intracellular
signals of IL-6 related cytokines such as leukemia
inhibitory factor (LIF), ciliary neurotropic factor,
oncostatin M, and IL-1 1. [06] IL-6 binding to the
receptor leads to dimerization of gpl 30, resulting in
the activation of gpl 30 associated kinase JAKl and
subsequently tyrosine phosphorylation of gpl 30.
Whereas gpl 30 is ubiquitously expressed, IL-6R is
more restricted. Both IL-6R and gpl 30 have soluble
forms. The complex of IL-6 and soluble IL-6R can act
on cells expressing only gpl 30. This is potentially
an important proinflammatory mechanism for soluble
receptors. BRIEF SUMMARY OF THE INVENTION [07] The
present invention provides a polypeptide comprising a
monomer domain that binds to (e.g., selectively binds)
IL-6. In some embodiments, the polypeptide comprises a
monomer domain that binds to IL-6, wherein the monomer
domain is an LDL receptor class A monomer domain
comprising either of the following sequences:
CXXXQFQCXSG[W,Y]C[I,L,F]XXXW[V,L]CDGXNDCEDXSDEXXC (SEQ
ID NO:2) or CX[A 5P]X[E 5Q]FXCXXGQC[I 5L]PXXXXCDGX[D
5N]DCXDXSDEXXC (SEQ ID NO:3), wherein X is any amino
acid and amino acids in brackets indicate alternative
amino acids at a specified position. [08] In some
embodiments, the polypeptide comprises CXXXQFQCXSG[W
5Y]C[I L5F]XXXW[V 5L]CDGXNDCEDXSDEXXC (SEQ ID NO:2).
[09] In some embodiments, the polypeptide comprises
CX[A 5P]X[E 5Q]FXCXXGQC[I 5L]PXXXXCDGX[D
5N]DCXDXSDEXXC (SEQ ID NO:3). [10] In some
embodiments, the polypeptide comprises at least one
and no more than six monomer domains that bind IL-6.
[11] In some embodiments, the polypeptide comprises at
least two monomer domains that bind IL-6. In some
embodiments, the polypeptide comprises a first monomer
domain with binding specificity for IL-6 and a second
monomer domain with binding specificity for IL-6;
wherein:the first monomer domain comprises
CXXXQFQCXSG[W,Y]C[I,L,F]XXXW[V,L]CDGXNDCEDXSDEXXC (SEQ
ID N0:2); and the second monomer domain comprises CX[A
P]X[E Q]FXCXXGQC[I 5L]PXXXXCDGX[D N]DCXDXSDEXXC (SEQ
ID N0:3). [12] In some embodiments, the polypeptide
comprises: CX[A5P]X[E5Q]FXCXXGQC[I L]PXXXXCDGX[D
5N]DCXDXSDEXXCX nCXXXQFQCX SG[W,Y]C[I
5L,F]XXXW[V,L]CDGXNDCEDXSDEXXC (SEQ ID NO:4), wherein
n is between 0 and 100. In some embodiments, n is
3-15, 1-20, 0-30, or 0-50. [13] In some embodiments,
the polypeptide comprises any of the following
sequences (SEQ ID NOS:5-13):
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCRADEF
QCG
SGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCQANEF
TCS
SGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDG
END
CEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPP
T; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCESDQF
QCD
SGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGEN
D
CEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEH
T;
orCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCGAS
QFQCG
SGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSICICLSADWLC
DGVN
DCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
. [14] In some embodiments, the polypeptide comprises
any of the following sequences (SEQ ID NOS: 14-22):
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCIS
QRW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE DCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CRADEFQCGSGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTQHT;
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYC
ISQR
WVCDGENDCEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSS
DE ASCQPPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EADCAAPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CESDQFQCDSGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT; or
CGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKI
CLS
ADWLCDGVNDCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGS
D ETNCPART. [15] In some embodiments, the polypeptide
comprises one of the IL-6- binding monomer, dimer or
trimer sequences displayed herein. 



[16] In some embodiments, the polypeptide comprises
three monomer domains that bind IL-6. [17] In some
embodiments, the polypeptide further comprises a
monomer domain that has a binding specificity for a
blood factor, thereby increasing the serum half-life
of the polypeptide when the polypeptide is injected
into an animal compared to the serum half-life of a
polypeptide lacking the blood factor-binding monomer
domain. In some embodiments, the blood factor is serum
albumin, an immunoglobulin or an erythrocyte.[18] In
some embodiments, the monomer domain that has a
binding specificity for a blood factor binds to
immunoglobulin (IgG) and the monomer domain that has a
binding specificity for a blood factor is an LDL
receptor class A monomer domain comprising a sequence
selected from the following:
CXSSGRCIPXXWVCDGXXDCRDXSDE (SEQ ID NO:23), and
CXSSGRCIPXXWLCDGXXDCRDXSDE (SEQ ID NO:24), wherein X
is any amino acid. [19] In some embodiments, the
monomer domain that has a binding specificity for a
blood factor binds to immunoglobulin (IgG) and the
monomer domain that has a binding specificity for a
blood factor is an LDL receptor class A monomer domain
comprising the following sequence:
[EQ]FXCRX[ST]XRC[IV]XXXW[ILV]CDGXXDCXD[DN]SDE (SEQ ID
NO:25), wherein X is any amino acid and amino acids in
brackets are alternative amino acids at a single
position. [20] In some embodiments, the monomer domain
that has a binding specificity for a blood factor
comprises CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENC (SEQ
ID NO:26). [21] In some embodiments, the monomer
domain is between 35 to 45 amino acids. In some
embodiments, the monomer comprises an amino acid
sequence in which: at least 10% of the amino acids in
the sequence are cysteine; and/or at least 25% of the
amino acids are non-naturally-occuping amino acids.
[22] The present invention also provides methods for
identifying a polypeptide that binds to (e.g.,
selectively binds) IL-6. In some embodiments, the
method comprises, screening a library of polypeptides
for affinity to IL-6; and selecting a polypeptide
comprising at least one monomer domain that binds to
IL-6, wherein the monomer domain: is a
non-naturally-occurring monomer domain; comprises at
least one disulfide bond; and binds to an ion. [23] In
some embodiments, the selected polypeptide comprises
an LDL receptor A domain monomer domain comprising at
least one of: Family 1 motif (SEQ ID NO: 27): CX [AS]
[DN] EFXCXXGXC [ILV] XXAXXCDGV [DN] DCXDNSDEXXC [AST]
XX [AST]Family 2 motif (SEQ ID NO:28) : CXXXQFXC [DN]
NGX CVPXXWXC DG [DE] [DN] DCXD [DN] SDEXXCXXP [AST]
Family 3 motif (SEQ ID NO:29): CXXXQFQCXSG [W, Y ]C
[I,L ,F ]XXXW [V, L ]CDGXNDCEDXS DEXXC Family 4 motif
(SEQ ID NO: 30): CXXX [EQ] FXCXXGXC [ILV] XXXXXCDGX
[DN] DCXDXSDEXX (XX) C Family 5 motif (SEQ ID NO: 31):
CX [A, P ]X [E, Q ]FXCXXGQC [I ,L ]PXXXXCDGX [D, N
]DCXDXSDEXXC Family 6 motif (SEQ ID NO: 32) : CXXX
[EQ] FXCX (X) SXXC [ILV] XX [DN] W [ILV] CDGVNDCXDXS
DEXGCXXXT Family 7 motif (SEQ ID NO: 33) : CL [AS] X
[EQ] FXCXNGXCIP [KQR] XWVCDGDNDC [ILV] DXSDE (P )XXCX
[EKQ] XT. [24] In some embodiments, the monomer domain
comprises an amino acid sequence in which at least 10%
of the amino acids in the sequence are cysteine;
and/or at least 25% of the amino acids are
non-naturally-occurring amino acids. [25] In some
embodiments, the method further comprises linking the
monomer domain in the selected polypeptide to a second
monomer domain to form a library of multimers, each
multimer comprising at least two monomer domains;
screening the library of multimers for the ability to
bind to IL-6; and selecting a multimer that binds
IL-6. [26] In some embodiments, the method further
comprises linking the monomer domain in the selected
polypeptide to a second monomer domain to form a
library of multimers, each multimer comprising at
least two monomer domains; screening the library of
multimers for the ability to bind to a target molecule
other than IL-6; and selecting a multimer that binds
to the target molecule. [27] In some embodiments, the
method further comprises a step of mutating at least
one monomer domain, thereby providing a library
comprising mutated monomer domains. [28] In some
embodiments, the library of monomer domains is
expressed as a phage display, ribosome display or cell
surface display. [29] In some embodiments, the
polypeptide comprises at least two monomer domains and
the monomer domains are linked by a linker. In some
embodiments,the linker is a peptide linker. In some
embodiments, the linker is between 4 to 12 amino acids
long. [30] In some embodiments, the monomer domain
comprises an amino acid sequence in which at least 10%
of the amino acids in the sequence are cysteine;
and/or at least 25% of the amino acids are
non-naturally-occurring amino acids. [31] The present
invention also provides polynucleotides encoding a
polypeptide comprising a monomer domain that binds to
(e.g., selectively binds) IL-6, wherein the monomer
domain: is a non-naturally-occurring monomer domain
consisting of 30 to 50 amino acids; comprises at least
one disulfide bond. [32] In some embodiments, the
polynucleotides encode a polypeptide comprising one of
the following sequences: Family 1 motif (SEQ ID
NO:27): CX [AS] [DN] EFXCXXGXC [ILV] XXAXXCDGV [DN]
DCXDNSDEXXC [AST] XX [AST] Family 2 motif (SEQ ID
NO:28): CXXXQFXC [DN] NGXCVPXXWXCDG[DE] [DN] DCXD [DN]
SDEXXCXXP [AST] Family 3 motif (SEQ ID NO: 29) :
CXXXQFQCXSG [W, Y ]C [I, L ,F ]XXXW [V, L
]CDGXNDCEDXSDEXXC Family 4 motif (SEQ ID NO:30): CXXX
[EQ] FXCXXGXC [ILV]XXXXXCDGX [DN] DCXDXSDEXX (XX) C
Family 5 motif (SEQ ID NO:31): CX [A, P ]X [E, Q
]FXCXXGQC [I, L ]PXXXXCDGX [D, N ]DCXDXS DEXXC Family
6 motif (SEQ ID NO: 32): CXXX [EQ] FXCX (X) SXXC [ILV]
XX [DN] W [ILV] CDGVNDCXDXSDEXGCXXXT Family 7 motif
(SEQ ID NO:33): CL [AS] X [EQ] FXCXNGXCIP [KQR]
XWVCDGDNDC [ILV] DXSDE (P) XXCX [EKQ] XT . [33] In
some embodiments, the polynucleotides encode a
polypeptide comprising one of the following sequences
(SEQ ID NOS:5-13)
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCRADEF
QCG
SGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
;
orCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPD
QFRCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCQANEF
TCS
SGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDG
END
CEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPP
T; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCESDQF
QCD
SGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGEN
D
CEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEH
T; or
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCGASQF
QCG
SGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKICLSADWLCD
GVN
DCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
. [34] In some embodiments, the polynucleotides encode
a polypeptide comprising one of the following
sequences (SEQ ID NOS: 14-22):
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCIS
QRW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE DCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CRADEFQCGSGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCPRAWRCDGVNDCADNSD
EEDCTQHT;
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYC
ISQR
WVCDGENDCEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSS
DE ASCQPPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EADCAAPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT;
CESDQFQCDSGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHT; or
CGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKI
CLS
ADWLCDGVNDCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGS
D ETNCPART. [35] In some embodiments, the
polynucleotide encoding a monomer domain with binding
specificity for IL-6 is optimized for codon usage of a
cell (e.g., a bacterial, plant or mammalian cell). For
example,
ATGAAACACTCTGGTGGTTCGTGTCACCCTACCGGCCAATTTAGATGCCGCAGT
A
GCGGCAGATGCGTTTCACCGACCTGGGTTTGCGACGGCGATAATGATTGTGGGG
ACAACTCGGATGAAGAAAACTGTAGCGCGCCAGCATCTGAACCGCCGGGTTCCC
TGTGTCTGCCGGACCAGTTCCGGTGCGGCAACGGCCAATGCATTCCACTGGACT
G
GGTTTGCGACGGCGTTAATGATTGTCCGGACGACTCGGATGAAGAAGGCTGTCC
ACCGCGTACGTGTGCGCCGAGCCAGTTCCAGTGCGGCAGCGGCTACTGCATTTC
A
CAGCGCTGGGTTTGCGACGGCGAAAATGATTGTGAGGACGGCTCGGATGAAGCA
AACTGTGCAGGCTCCGTACCTACGTGTCCGTCGGACGAGTTCCGGTGCAGAAAC
G
GCCGCTGCATTCCACGGGCCTGGCGTTGCGACGGCGTAAATGATTGTGCGGACA
ACTCGGATGAAGAAGACTGTACAGAGCATACGTCATTGCAGTAG (SEQ ID
NO:34) encodes the IL-6 binding trimer
MKHSGGSCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGS
LC
LPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQ
RW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE DCTEHTSLQ* (SEQ ID NO:35). However,
ATGAAACACTCTGGTGGTAGCTGTCACCCTACCGGCCAATTTCGTTGCCGCAGT
A
GCGGCCGTTGCGTTTCACCGACCTGGGTTTGCGACGGCGATAATGATTGTGGCG
A
CAACAGCGATGAAGAAAACTGTAGCGCGCCAGCATCTGAACCGCCGGGTTCCCT
GTGTCTGCCGGACCAGTTCCGTTGCGGCAACGGCCAATGCATTCCACTGGACTG
G
GTTTGCGACGGCGTTAATGATTGTCCGGACGACTCGGATGAAGAAGGCTGTCCA
C
CGCGTACGTGTGCGCCGAGCCAGTTCCAGTGCGGCAGCGGCTACTGCATTAGCC
A
GCGCTGGGTTTGCGACGGCGAAAATGATTGTGAGGACGGCTCGGATGAAGCAAA
CTGTGCAGGCTCCGTACCTACGTGTCCGTCGGACGAGTTCCGCTGCCGTAACGG
C
CGCTGCATTCCACGTGCCTGGCGCTGCGACGGCGTAAATGATTGTGCGGACAAC
AGCGATGAAGAAGACTGTACCGAGCATACGTCATTGCAGTAA (SEQ ID
NO:36) is a polynucleotide that also encodes
MKHSGGSCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGS
LC
LPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQ
RW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE DCTEHTSLQ* (SEQ ID NO:35), but has been codon
optimized for bacterial expression. DEFINITIONS [36]
Unless otherwise indicated, the following definitions
supplant those in the art. [37] As used herein, use of
parentheses in a sequence motif indicates that that
the positions within the parentheses may be present or
absent (e.g., "([ekq])" indicates that the position is
absent or either E, K, or Q may be at that position).
When more than one "x" is used in parentheses (e.g.,
"(xx)"), each x represents a possible position. Thus
"(xx)" indicates that zero, one or two amino acids may
be at that position(s), where each amino acid is
independently selected from any amino acid. [38] The
terms "monomer domain" or "monomer" are used
interchangeably and herein refer to a discrete region
found in a protein or polypeptide. A monomer domain
forms a native three-dimensional structure in solution
in the absence of flanking native amino acid
sequences. Monomer domains of the invention will often
bind to a target molecule. For example, a polypeptide
that forms a three-dimensional structure that binds to
a target molecule is a monomer domain. As used herein,
the term "monomer domain" does not encompass the
complementarity determining region (CDR) of an
antibody. [39] The term "loop" refers to that portion
of a monomer domain that is typically exposed to the
environment by the assembly of the scaffold structure
of the monomer domain protein, and which is involved
in target binding. The present invention provides
three types of loops that are identified by specific
features, such as, potential for disulfide bonding,
bridging between secondary protein structures, and
molecular dynamics (i.e., flexibility). The three
types of loop sequences are a cysteine-defmed loop
sequence, a structure-defined loop sequence, and a
B-factor-defmed loop sequence. [40] As used herein,
the term "cysteine-defmed loop sequence" refers to a
subsequence of a naturally occurring monomer
domain-encoding sequence that is bound at each end by
a cysteine residue that is conserved with respect to
at least one other naturally occurring monomer domain
of the same family. Cysteine-defmed loop sequences
areidentified by multiple sequence alignment of the
naturally occurring monomer domains, followed by
sequence analysis to identify conserved cysteine
residues. The sequence between each consecutive pair
of conserved cysteine residues is a cysteine-defined
loop sequence. The cysteine-defined loop sequence does
not include the cysteine residues adjacent to each
terminus. Monomer domains having cysteine-defined loop
sequences include the LDL receptor A-domains, EGF-like
domains, sushi domains, Fibronectin type 1 domains,
and the like. Thus, for example, in the case of LDL
receptor A-domains represented by the consensus
sequence, CX6CX4CX6CXSCX8C (SEQ ID NO:37), wherein X6,
X4, X5, and X8 each represent a cysteine-defined loop
sequence comprising the designated number of amino
acids. [41] The term "B-factor-defined loop sequence"
refers to a subsequence of at least three amino acid
residues of a monomer-domain encoding sequence in
which the Bfactors for the alpha carbons in the
B-factor-defined loop are among the 25% highest alpha
carbon B factors in the entire monomer domain.
Typically the average alpha-carbon B-factor for the
subsequence is at least about 65. As used herein, the
term "B-factor" (or "temperature factor" or
"Debye-Waller factor") is derived from X-ray
scattering data. The.B-factor is a factor that can be
applied to the X-ray scattering term for each atom, or
for groups of atoms, that describes the degree to
which electron density is spread out B-factors
employed in the practice of the present invention may
be either isotropic or anisotropic. The term "average
alpha-carbon B-factor" refers to: n (S B-factorcai) /
n i=l where n corresponds to the number of residues in
the loop, and is at least 3, and B-factorcai is the
B-factor for the alpha carbon of amino acid residue i
of the loop. [42] The term "multimer" is used herein
to indicate a polypeptide comprising at least two
monomer domains. The separate monomer domains in a
multimer can be joined together by a linker. A
multimer is also known as a combinatorial mosaic
protein or a recombinant mosaic protein. [43] The term
"family" and "family class" are used interchangeably
to indicate proteins that are grouped together based
on similarities in their amino acid sequences. These
similar sequences are generally conserved because they
are important for the function of the protein and/or
the maintenance of the three dimensional structure of
the protein. Examples of such families include the LDL
Receptor A-domain family, the EGFlike family, and the
like. Additionally, related sequences that bind to the
same target molecule can be divided into families
based on common sequence motifs. [44] The term
"ligand," also referred to herein as a "target
molecule," encompasses a wide variety of substances
and molecules, which range from simple molecules to
complex targets. Target molecules can be proteins,
nucleic acids, lipids, carbohydrates or any other
molecule capable of recognition by a polypeptide
domain. For example, a target molecule can include a
chemical compound (i.e., non-biological compound such
as, e.g., an organic molecule, an inorganic molecule,
or a molecule having both organic and inorganic atoms,
but excluding polynucleotides and proteins), a mixture
of chemical compounds, an array of spatially localized
compounds, a biological macromolecule, a bacteriophage
peptide display library, a polysome peptide display
library, an extract made from a biological materials
such as bacteria, plants, fungi, or animal (e.g.,
mammalian) cells or tissue, a protein, a toxin, a
peptide hormone, a cell, a virus, or the like. Other
target molecules include, e.g., a whole cell, a whole
tissue, a mixture of related or unrelated proteins, a
mixture of viruses or bacterial strains or the like.
Target molecules can also be defined by inclusion in
screening assays described herein or by enhancing or
inhibiting a specific protein interaction (i.e., an
agent that selectively inhibits a binding interaction
between two predetermined polypeptides). [45] The term
"linker" is used herein to indicate a moiety or group
of moieties that joins or connects two or more
discrete separate monomer domains. The linker allows
the discrete separate monomer domains to remain
separate when joined together in a multimer. The
linker moiety is typically a substantially linear
moiety. Suitable linkers include polypeptides,
polynucleic acids, peptide nucleic acids and the like.
Suitable linkers also include optionally substituted
alkylene moieties that have one or more oxygen atoms
incorporated in the carbon backbone. Typically, the
molecular weight of the linker is less than about 2000
daltons. More typically, the molecular weight of the
linker is less than about 1500 daltons and usually is
less than about 1000 daltons. The linker can be small
enough to allow the discrete separate monomer domains
to cooperate, e.g., where each of the discrete
separate monomer domains in a multimer binds to the
same target molecule via separate binding sites.
Exemplary linkers include a polynucleotide encoding a
polypeptide, or a polypeptide of amino acids or other
non-naturally occurring moieties. The linker can be a
portion of a native sequence, a variant thereof, or a
synthetic sequence. Linkers can comprise, e.g.,
naturally occurring, non-naturally occurring amino
acids, or a combination of both.[46] The term
"separate" is used herein to indicate a property of a
moiety that is independent and remains independent
even when complexed with other moieties, including for
example, other monomer domains. A monomer domain is a
separate domain in a protein because it has an
independent property that can be recognized and
separated from the protein. For instance, the ligand
binding ability of the A-domain in the LDLR is an
independent property. Other examples of separate
include the separate monomer domains in a multimer
that remain separate independent domains even when
complexed or joined together in the multimer by a
linker. Another example of a separate property is the
separate binding sites in a multimer for a ligand.
[47] As used herein, "directed evolution" refers to a
process by which polynucleotide variants are
generated, expressed, and screened for an activity
(e.g., a polypeptide with binding activity) in a
recursive process. One or more candidates in the
screen are selected and the process is then repeated
using polynucleotides that encode the selected
candidates to generate new variants. Directed
evolution involves at least two rounds of variation
generation and can include 3, 4, 5, 10, 20 or more
rounds of variation generation and selection.
Variation can be generated by any method known to
those of skill in the art, including, e.g., by
error-prone PCR, gene recombination, chemical
mutagenesis and the like. [48] The term "shuffling" is
used herein to indicate recombination between
non-identical sequences hi some embodiments, shuffling
can include crossover via homologous recombination or
via non-homologous recombination, such as via cre/lox
and/or flp/frt systems. Shuffling can be carried out
by employing a variety of different formats, including
for example, in vitro and in vivo shuffling formats,
in silico shuffling formats, shuffling formats that
utilize either double-stranded or single-stranded
templates, primer based shuffling formats, nucleic
acid fragmentation-based shuffling formats, and
oligonucleotide-mediated shuffling formats, all of
which are based on recombination events between
non-identical sequences and are described in more
detail or referenced herein below, as well as other
similar recombination-based formats. The term "random"
as used herein refers to a polynucleotide sequence or
an amino acid sequence composed of two or more amino
acids and constructed by a stochastic or random
process. The random polynucleotide sequence or amino
acid sequence can include framework or scaffolding
motifs, which can comprise invariant sequences. [49]
The term "pseudorandom" as used herein refers to a set
of sequences, polynucleotide or polypeptide, that have
limited variability, so that the degree of
residuevariability at some positions is limited, but
any pseudorandom position is allowed at least some
degree of residue variation. [50] The terms
"polypeptide," "peptide," and "protein" are used
herein interchangeably to refer to an amino acid
sequence of two or more amino acids. [51] The term
"amino acid" refers to naturally occurring and
synthetic amino acids, as well as amino acid analogs
and amino acid mimetics that function in a manner
similar to the naturally occurring amino acids.
Naturally occurring amino acids are those encoded by
the genetic code, as well as those amino acids that
are later modified, e.g., hydroxyproline,
g-carboxyglutamate, and O-phosphoserine. Amino acid
analogs refers to compounds that have the same basic
chemical structure as a naturally occurring amino
acid, i.e., an acarbon that is bound to a hydrogen, a
carboxyl group, an amino group, and an R group, e.g.,
honioserine, norleucine, methionine sulfoxide,
methionine methyl sulfonium. Such analogs have
modified R groups (e.g., norleucine) or modified
peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. "Amino
acid mimetics" refers to chemical compounds that have
a structure that is different from the general
chemical structure of an amino acid, but that
functions in a manner similar to a naturally occurring
amino acid. [52] "Conservative amino acid
substitution" refers to the interchangeability of
residues having similar side chains. For example, a
group of amino acids having aliphatic side chains is
glycine, alanine, valine, leucine, and isoleucine; a
group of amino acids having aliphatic-hydroxyl side
chains is serine and threonine; a group of amino acids
having amidecontaining side chains is asparagine and
glutamine; a group of amino acids having aromatic side
chains is phenylalanine, tyrosine, and tryptophan; a
group of amino acids having basic side chains is
lysine, arginine, and histidine; and a group of amino
acids having sulfurcontaining side chains is cysteine
and methionine. Conservative amino acids substitution
groups include: valine-leucine-isoleucine,
phenylalanine-tyrosine, lysine-arginine,
alaninevaline, and asparagine-glutamine. [53] The
phrase "nucleic acid sequence" refers to a single or
doublestranded polymer of deoxyribonucleotide or
ribonucleotide bases read from the 5' to the 3' end or
an analog thereof. [54] The term "encoding" refers to
a polynucleotide sequence encoding one or more amino
acids. The term does not require a start or stop
codon. An amino acid sequence can be encoded in any
one of six different reading frames provided by a
polynucleotide sequence.[55] The term "promoter"
refers to regions or sequence located upstream and/or
downstream from the start of transcription that are
involved in recognition and binding of RNA polymerase
and other proteins to initiate transcription. [56] A
"vector" refers to a polynucleotide, which when
independent of the host chromosome, is capable of
replication in a host organism. Examples of vectors
include plasmids. Vectors typically have an origin of
replication. Vectors can comprise, e.g., transcription
and translation terminators, transcription and
translation initiation sequences, and promoters useful
for regulation of the expression of the particular
nucleic acid. [57] The term "recombinant" when used
with reference, e.g., to a cell, or nucleic acid,
protein, or vector, indicates that the cell, nucleic
acid, protein or vector, has been modified by the
introduction of a heterologous nucleic acid or protein
or the alteration of a native nucleic acid or protein,
or that the cell is derived from a cell so modified.
Thus, for example, recombinant cells express genes
that are not found within the native (nonrecombinant)
form of the cell or express native genes that are
otherwise abnormally expressed, under-expressed or not
expressed at all. [58] The phrase "specifically (or
selectively) binds" to a polypeptide, when referring
to a monomer or multimer, refers to a binding reaction
that can be determinative of the presence of the
polypeptide in a heterogeneous population of proteins
(e.g., a cell or tissue lysate) and other biologies.
Thus, under standard conditions or assays used in
antibody binding assays, the specified monomer or
multimer binds to a particular target molecule above
background (e.g., 2X, 5X, 1OX or more above
background) and does not bind in a significant amount
to other molecules present in the sample. [59] The
terms "identical" or percent "identity," in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or
subsequences 



that are the same. "Substantially identical" refers to
two or more nucleic acids or polypeptide sequences
having a specified percentage of amino acid residues
or nucleotides that are the same (i.e., 60% identity,
optionally 65%, 70%, 75%, 80%, 85%, 90%, or 95%
identity over a specified region, or, when not
specified, over the entire sequence), when compared
and aligned for maximum correspondence over a
comparison window, or designated region as measured
using one of the following sequence comparison
algorithms or by manual alignment and visual
inspection. Optionally, the identity or substantial
identity exists over a region that is at least about
50 nucleotides in length, or over a region that is 100
to 500 or 1000 or more nucleotides or amino acids in
length, or if not specified, over the length of a
sequence. The present invention provides polypeptides
comprising IL-6 binding sequences,wherein the IL-6
binding sequences are substantially identical (e.g.,
at least 65%, 70%, 75%, 80%, 85%, 90%, or 95%
identical) to at least one IL-6 binding sequences as
provided herein, including but not limited to, any of
SEQ ID NOS:27-33 . [60] A polynucleotide or amino acid
sequence is "heterologous to" a second sequence if the
two sequences are not linked in the same manner as
found in naturallyoccurring sequences. For example, a
promoter operably linked to a heterologous coding
sequence refers to a coding sequence which is
different from any naturally-occurring allelic
variants. The term "heterologous linker," when used in
reference to a multimer, indicates that the multimer
comprises a linker and a monomer that are not found in
the same relationship to each other in nature (e.g.,
they form a non-naturally occurring fusion protein).
[61] A "non-naturally-occurring amino acid" in a
protein sequence refers to any amino acid other than
the amino acid that occurs in the corresponding
position in an alignment with a naturally-occurring
polypeptide with the lowest smallest sum probability
where the comparison window is the length of the
monomer domain queried and when compared to a
naturally-occurring sequence in the non-redundant
("nr") database of Genbank using BLAST 2.0 as
described herein. [62] "Percentage of sequence
identity" is determined by comparing two optimally
aligned sequences over a comparison window, wherein
the portion of the polynucleotide sequence in the
comparison window may comprise additions or deletions
(i.e., gaps) as compared to the reference sequence
(which does not comprise additions or deletions) for
optimal alignment of the two sequences. The percentage
is calculated by determining the number of positions
at which the identical nucleic acid base or amino acid
residue occurs in both sequences to yield the number
of matched positions, dividing the number of matched
positions by the total number of positions in the
window of comparison and multiplying the result by 100
to yield the percentage of sequence identity. [63] The
terms "identical" or percent "identity," in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or
subsequences that are the same or have a specified
percentage of amino acid residues or nucleotides that
are the same, when compared and aligned for maximum
correspondence over a comparison window, or designated
region as measured using one of the following sequence
comparison algorithms or by manual alignment and
visual inspection. Such sequences are then said to be
"substantially identical." The present invention
provides polypeptides that bind to IL-6 and that
comprise a sequence substantially identical to any of
the full-length sequences described herein. This
definition also refers to the complement of a test
sequence. Optionally, theidentity exists over a region
that is at least about 50 amino acids or nucleotides
in length, or more preferably over a region that is
75-100 amino acids or nucleotides in length. [64] For
sequence comparison, typically one sequence acts as a
reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are entered into a
computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters
are designated. Default program parameters can be
used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the
percent sequence identities for the test sequences
relative to the reference sequence, based on the
program parameters. [65] A "comparison window", as
used herein, includes reference to a segment of any
one of the number of contiguous positions selected
from the group consisting of from 20 to 600, usually
about 50 to about 200, more usually about 100 to about
150 in which a sequence may be compared to a reference
sequence of the same number of contiguous positions
after the two sequences are optimally aligned. Methods
of alignment of sequences for comparison are
well-known in the art. Optimal alignment of sequences
for comparison can be conducted, e.g., by the local
homology algorithm of Smith and Waterman (1970) Adv.
Appl. Math. 2:482c, by the homology alignment
algorithm of Needleman and Wunsch (1970) J. MoI. Biol.
48:443, by the search for similarity method of Pearson
and Lipman (1988) Proc. Nat'l. Acad. ScL USA 85:2444,
by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, WI), or by manual alignment
and visual inspection (see, e.g., Ausubel et al.,
Current Protocols in Molecular Biology (1995
supplement)). [66] One example of a useful algorithm
is the BLAST 2.0 algorithm, which is described in
Altschul et al. (1990) J. MoI. Biol. 215:403-410,
respectively. Software for performing BLAST analyses
is publicly available through the National Center for
Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pairs
(HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold
(Altschul et al, supra). These initial neighborhood
word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are
extended in both directions along each sequence for as
far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for
nucleotide sequences, theparameters M (reward score
for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0).
For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more
negativescoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and
speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength of 3,
and expectation (E) of 10, and the BLOSUM62 scoring
matrix (see Henikoff and Henikoff (1989) Proc. Natl.
Acad. ScL USA 89:10915) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of
both strands. [67] .The BLAST algorithm also performs
a statistical analysis of the similarity between two
sequences (see, e.g., Karlin and Altschul (1993) Proc.
Natl. Acad. ScL USA 90:5873-5787). One measure of
similarity provided by the BLAST algorithm is the
smallest sum probability (P(N)), which provides an
indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid
to the reference nucleic acid is less than about 0.2,
more preferably less than about 0.01, and most
preferably less than about 0.001. BRIEF DESCRIPTION OF
THE DRAWINGS [68] Figure 1 schematically illustrates
the alignment of partial amino acid sequence from a
variety of the LDL-receptor class A-domains (SEQ ID
NOS:3 8-50) to demonstrate the conserved cysteines.
The connectivity of cysteines in the three disulfide
bonds of the folded domain is illustrated
schematically on the consensus sequence (SEQ ID
NO:51). Residues whose side-chains contribute to
calcium binding are designated with an asterisk in the
consensus sequence. [69] Figure 2, panel A
schematically illustrates an example of an A-domain.
Panel A schematically illustrates conserved amino
acids in an A-domain (SEQ ID NO:52) of about 40 amino
acids long. The conserved cysteine residues are
indicated by C, and the conserved negatively charged
amino acids are indicated by a circle with a minus
("-") sign. Circles with an "H" indicate conserved
hydrophobic residues. Panel B schematicallyillustrates
two folded A-domains connected via a linker. Panel B
also indicates two calcium binding sites, dark circles
with Ca+2, and three disulfide bonds within each
folded A-domain for a total of 6 disulfide bonds. [70]
Figure 3 indicates some of the ligands recognized by
naturallyoccurring members of the LDL-receptor family,
which include inhibitors, proteases, protease
complexes, vitamin-carrier complexes, proteins
involved in lipoprotein metabolism, nonhuman ligands,
antibiotics, viruses, and others. [71] Figure 4
schematically illustrates a general scheme for
identifying monomer domains that bind to a ligand,
isolating the selected monomer domains, creating
multimers of the selected monomer domains by joining
the selected monomer domains in various combinations
and screening the multimers to identify multimers
comprising more than one monomer that binds to a
ligand. [72] Figure 5 is a schematic representation of
another selection strategy (guided selection). A
monomer domain with appropriate binding properties is
identified from a library of monomer domains. The
identified monomer domain is then linked to monomer
domains from another library of monomer domains to
form a library of multimers. The multimer library is
screened to identify a pair of monomer domains that
bind simultaneously to the target. This process can
then be repeated until the optimal binding properties
are obtained in the multimer. [73] Figure 6 depicts an
alignment of A domains (SEQ ID NOS:53-269). At the top
of the figure, small letters (a-q) indicate conserved
residues. [74] Figure 7 illustrates various possible
antibody-monomer or multimer conformations. In some
embodiments, the monomer or multimer replaces the Fab
fragment of the antibody. [75] Figure 8 depicts a
possible conformation of a multimer of the invention
comprising at least one monomer domain that binds to a
half-life extending molecule and other monomer domains
binding to one or optionally two or more target
molecules. In the Figure, two monomer domains bind to
two first target molecules. Optionally, the two
monomer domains can bind to different sites on one
first target molecule (not depicted). [76] Figure 9
shows possible designs of polypeptides of the
invention that prevent IL-6/IL-6R interaction. [77]
Figure 10 illustrates the serum half-life in monkeys
of monomers that bind to IgG.DETAILED DESCRIPTION OF
THE INVENTION / . INTRODUCTION [78] The present
invention provides for non-naturally-occurring
proteins that bind to IL-6. Generally, the proteins of
the present invention comprise a domain that binds to
IL-6. These domains may be readily identified using a
variety of polypeptide scaffolds to generate a
plurality of polypeptide variants and then selecting a
variant that binds to IL-6. The present invention
therefore also provides for selecting a protein that
binds to IL- 6. Proteins that bind IL-6 are useful,
e.g., for treating, e.g., autoimmune and inflammatory
diseases, cancer, metabolic/endocrine diseases,
cardiovascular disease, and neurological diseases. The
polypeptides of the invention are also useful to
detect and quantify IL-6. The amino acid sequence of
IL-6 is known and is displayed in SEQ ID NO:1. [79]
IL-6 functions by binding the IL-6 receptor (IL-6R).
Accordingly, in some embodiments, the polypeptides of
the invention comprise at least one monomer domain
that inhibits binding of IL-6 to its receptor, i.e.,
that acts as an antagonist to prevent IL-6 from
binding and/or activating IL-6R. [80] While the
present invention provides for polypeptides comprising
single domains, multimers of the domains may also be
synthesized and used. n some embodiments, all of the
domains of the multimer bind IL-6. In some of these
embodiments, each of the domains are identical and
bind to the same portion (i.e., "epitope") of IL-6. In
other embodiments, at least some of the domains in the
multimer bind to different portions of IL-6. In yet
other embodiments, at least some of the domains of the
polypeptide bind to a molecule or molecules other than
IL-6 {e.g., a blood factor such as serum albumin,
immunoglobulin, or erythrocytes). //. MONOMERS [81]
Monomer domains can be polypeptide chains of any size.
In some embodiments, monomer domains have about 25 to
about 500, about 30 to about 200, about 30 to about
100, about 35 to about 50, about 35 to about 100,
about 90 to about 200, about 30 to about 250, about 30
to about 60, about 9 to about 150, about 100 to about
150, about 25 to about 50, or about 30 to about 150
amino acids. Similarly, a monomer domain of the
present invention can comprise, e.g., from about 30 to
about 200 amino acids; from about 25 to about 180
amino acids; from about 40 to about 150 amino acids;
from about 50 to about 130 amino acids; or from about
75 to about 125 amino acids. Monomer domains can
typically maintain a stable conformation in solution,
and are often heat stable, e.g., stable at 95 C for at
least 10minutes without losing binding affinity.
Sometimes, monomer domains can fold independently into
a stable conformation. In one embodiment, the stable
conformation is stabilized by ions (e.g., such as
metal or calcium ions). The stable conformation can
optionally contain disulfide bonds (e.g., at least
one, two, or three or more disulfide bonds). The
disulfide bonds can optionally be formed between two
cysteine residues. In some embodiments, monomer
domains, or monomer domain variants, are substantially
identical to the sequences exemplified. A. IL-6
Binders [82] In some aspects, the invention provides
monomer domains that bind to (e.g., selectively binds)
a IL-6 polypeptide or a portion thereof. A portion of
a polypeptide can be, e.g., at least 5, 10, 15, 20,
30, 50, 100, or more contiguous amino acids of the
polypeptide. In some embodiments, the monomers of the
invention will bind to IL-6 with a affinity stronger
than 10 3 M (e.g, 10 4M, etc.). In some embodiments,
the affinity is stronger than 10 4 M, 10 5 M, 10 6 M,
1O 7 M, or 10 8 M. [83] A large number of IL-6 binding
sequences having an A domain scaffold were generated.
As described in detail in the examples, seven families
(i.e., Families 1-7, or "Fam 1-7") of monomer domains
that bind to IL-6 have been identified. The consensus
motifs generated based on these families indicate
common amino acid residues between IL-6 binders. Those
of skill in the art will appreciate that positions
where there is no consensus (marked with an "X") can
be any amino acid. In some embodiments, the amino acid
at "X" positions will be selected from amino acids in
the analogous position of one of the exemplified IL-6
binders either from the same family or a different
family. [84] Family 1 has the following consensus
motif (SEQ ID NO:27): CX [AS] [DN] EFXCXXGXC [ILV]
XXAXXCDGV [DN] DCXDNSDEXXC [AST] XX [AST] [85]
Exemplary sequences comprising the IL-6 Family 1 motif
are displayed in the examples. References to IL-6
binding monomers or multimers encompass each Family 1
sequence exemplified in the examples. [86] Family 2
has the following consensus motif (SEQ ID NO:28):
CXXXQFXC [DN] NGXCVPXXWXCDG [DE] [DN] DCXD [DN]
SDEXXCXXP [AST] [87] Exemplary sequences comprising
the IL-6 Family 2 motif are displayed in the examples.
References to IL-6 binding monomers or multimers
encompass each Family 2 sequence exemplified in the
examples. [88] Family 3 has the following consensus
motif (SEQ ID NO.29): CXXXQFQCXSG [W ,Y ]C [I ,L ,F
]XXXW [V, L ]CDGXNDCEDXSDEXXC[89] Exemplary sequences
comprising the IL-6 Family 3 motif are displayed in
the examples. References to IL-6 binding monomers or
multimers encompass each Family 3 sequence exemplified
in the examples. [90] Family 4 has the following
consensus motif (SEQ ID NO:30): CXXX [EQ] FXGXXGXC
[ILV] XXXXXCDGX [DN] DCXDXSDEXX (XX) C [91] Exemplary
sequences comprising the IL-6 Family 4 motif are
displayed in the examples. References to IL-6 binding
monomers or multimers encompass each Family 4 sequence
exemplified in the examples. [92] Family 5 has the
following consensus motif (SEQ ID NO:3 1): CX [A, P]X
[E, Q ]FXCXXGQC [I, L ]PXXXXCDGX [D, N ]DCXDXSDEXXC
[93] Exemplary sequences comprising the IL-6 Family 5
motif are displayed in the examples. References to
IL-6 binding monomers or multimers encompass each
Family 5 sequence exemplified in the examples. [94]
Family 6 has the following consensus motif (SEQ ID
NO:32): CXXX [EQ] FXCX (X) SXXC [ ILV] XX [DN] W[ ILV]
CDGVNDCXDXSDEXGCXXXT [95] Exemplary sequences
comprising the IL-6 Family 6 motif are displayed in
the examples. References to IL-6 binding monomers or
multimers encompass each Family 6 sequence exemplified
in the examples. [96] Family 7 has the following
consensus motif (SEQ ID NO:33): CL [AS] X [EQ]
FXCXNGXCIP [KQR] XWVCDGDNDC [ILV] DXSDE (P) XXCX [EKQ]
XT [97] Exemplary sequences comprising the IL-6 Family
7 motif are displayed in the examples. References to
IL-6 binding monomers or multimers encompass each
Family 7 sequence exemplified in the examples. [98] As
described herein, monomer domains can be linked to
form multimers that bind the same target. The present
invention provides polypeptides comprising both homo-
(i.e., at least two identical monomers) and hetero-
(i.e., different monomers that bind the same target)
multimers. Exemplary dimers and trimers are displayed
in the examples. [99] Several IL-6 trimer family
motifs were identified based on similarity between
sequences. See Example 7. The consensus motifs
generated based on these families indicate common
amino acid residues between IL-6 trimers. Those of
skill in the art will appreciate that positions where
there is no consensus (marked with an "X") can be any
amino acid. In some embodiments, the amino acid at "X"
positions will be selected from amino acids in the
analogous position of one of the exemplified IL-6
binders either from the same family or a different
family.[100] Exemplary IL-6-binding trimers include
the following (SEQ ID NOS:270-278):
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQC
GSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQC
GSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTEHT;
CRADEFQCGSGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQC
GSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTEHT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQC
GSGYCLPQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTQHT;
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQ '
CGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLC
DG EDDCVDSSDEASCQPPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQC
GSGYCLPQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEADCAAPT;
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQC
GSGYCLSQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTEHT;
CESDQFQCDSGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQC
GSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCD
GV NDCADNSDEEDCTEHT; and
CGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQ
CRDSKICLSADWLCDGVNDCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCD
GE NDCEDGSDETNCPART. B. IgG binders and serum
half-life extension [101] The invention further
provide monomer domains that bind to (e.g.,
selectively binds) a blood factor (e.g., serum
albumin, immunoglobulin, or erythrocytes). In some
embodiments, the monomers of the invention will bind
to a blood factor with an affinityof less than 10 3 M
(Ls., binds stronger than an affinity of 10 3 M). In
some embodiments, the affinity is less than 10 4 M, 10
5 M, 10 6 M, 10 7 M, or 10 8 M. [102] In some
embodiments, the the monomer domains bind to an
immunoglobulin polypeptide or a portion thereof. [103]
Two families {i.e., A domain IgG Families 2 and 3) of
monomer domains that bind to immunoglobulin have been
identified. [104] IgG Family 2 has the following
consensus motif (SEQ ID NO:279): [EQ] FXCRX [ST ]XRC
[IV] XXXW [ILV] CDGXXDCXD [DN ]SDE [105] Exemplary
sequences comprising the IgG Family 2 motif are
displayed in the examples. References to IgG binding
monomers or multimers encompass each Family 2 sequence
exemplified in the examples. [106] IgG Family 3 has
either of the two following consensus motifs (SEQ ID
NOS:280 and 281): CXSSGRCIPXXWVCDGXXDCRDXSDE; or
CXSSGRCIPXXWLCDGXXDCRDXSDE [107] Exemplary sequences
comprising the IgG Family 3 motif are displayed in the
examples. References to IgG binding monomers or
multimers encompass each Family 3 sequence exemplified
in the examples. [108] Monomer domains that bind to
red blood cells (RBC) or serum albumin (CSA) are
described in U.S. Patent Publication No. 2005/0048512,
and include, e.g. SEQ ID NOS:282-285: RBCA
CRSSQFQCNDSRICIPGRWRCDGDNDCQDGSDETGCGDSHILPFSTPGPST
RBCB CPAGEFPCKNGQCLPVTWLCDGVNDCLDGSDEKGCGRPGPGATSAPAA
RBCIl CPPDEFPCKNGQCIPQDWLCDGVNDCLDGSDEKDCGRPGPGATSAPAA
CSA-A8 CGAGQFPCKNGHCLPLNLLCDGVNDCEDNSDEPSELCKALT [109]
The present invention provides a method for extending
the serum halflife of a protein, including, e.g., a
multimer of the invention or a protein of interest in
an animal. The protein of interest can be any protein
with therapeutic, prophylactic, or otherwise desirable
functionality. This method comprises first providing a
monomer domain that has been identified as a binding
protein that specifically binds to a half-life
extender such as a blood-carried molecule or cell,
such as serum albumin (e.g., human serum albumin),
IgG, red blood cells, etc. The half-life
extender-binding monomer is then covalently linked to
another monomer domain that has a binding affinity for
the protein of interest (e.g., IL-6 or a different
target). This complex formation results in the
half-life extension protecting themultimer and/or
bound protein(s) from proteolytic degradation and/or
other removal of the multimer and/or protein(s) and
thereby extending the half-life of the protein and/or
multimer. One variation of this use of the invention
includes the half-life extender-binding monomer
covalently linked to the protein of interest. The
protein of interest may include a monomer domain, a
multimer of monomer domains, or a synthetic drug.
Alternatively, monomers that bind to either
immunoglobulins or erythrocytes could be generated
using the above method and could be used for half-life
extension. [110] The half-life extender-binding
multimers are typically multimers of at least two
domains, chimeric domains, or mutagenized domains
(i.e., one that binds to IL-6 and one that binds to
the blood-carried molecule or cell). Suitable domains
include all of those described herein, that are
further screened and selected for binding to a
half-life extender. The half-life extender-binding
multimers are generated in accordance with the methods
for making multimers described herein, using, for
example, monomer domains prescreened for half-life
extender -binding activity. The serum half-life of a
molecule can be extended to be, e.g., at least 1, 2,
3, 4, 5, 10, 20, 30, 40, 50, 60, 70 80, 90, 100, 150,
200, 250, 400, 500 or more hours. [Ill] The half-life
extending monomer domain can be linked to the N-,
Cterminus or both of a target molecule (e.g.,
IL-6-binding)-binding monomer domain. Exemplary
sequences of polypeptides that bind to IL-6 and IgG
include the following (SEQ ID NOS:286-339):
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFRCGNGQCI
PLD
WVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGENDCEDGSDE
AN CAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFRCGNGQCI
PLD
WVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGENDCEDGSDE
A NCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCRADEFQCGSGRCV
PAD
WLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGENDCEDGSDE
AN CAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFRCGNGQCI
PLD
WVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGENDCEDGSDE
A NCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCQANEFTCSSGNCL
SPA
LLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDGENDCEDSS
DE
ANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPPTCLSSEF
QCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFRCGNGQCIPLD
WVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGENDCEDGSDE
A NCAGSVPTCPSDEFRCRNGRCPRAWRCDGVNDCADNSDEADCAAPT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFRCGNGQCI
PLD
WVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGENDCEDGSDE
A NCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCESDQFQCDSGHCV
PLN
WVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGENDCEDGSDE
A NCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCGASQFQCGSGYCI
SQR
WVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKICLSADWLCDGVNDCADN
SD EEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCLPDQFRCGNGQC
IPL
DWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGENDCEDGSD
EA NCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCLPDQFRCGNGQC
IPL
DWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGENDCEDGSD
E ANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCRADEFQCGSGRC
VP
ADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGENDCEDGS
DE ANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCLPDQFRCGNGQC
IPL
DWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGENDCEDGSD
E ANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCQANEFTCSSGNC
LSP
ALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDGENDCEDS
SD EANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPPT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCLPDQFRCGNGQC
IPL
DWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGENDCEDGSD
E ANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCLPDQFRCGNGQC
IPL 



DWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGENDCEDGSD
E ANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCESDQFQCDSGHC
VP
LNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGENDCEDGS
D
EANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHTCHPTG
QFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCKPRTCGASQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKICLSADWLCDGVNDCA
DN SDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCLPDQFR
CGN
GQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGEND
CE
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCLPDQFR
CGN
GQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEND
CE
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCRADEFQ
CGS
GRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEND
CE
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCLPDQFR
CGN
GQCPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGENDC
E
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCQANEFT
CSSG
NCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDGEN
DCE
DSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPPT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCLPDQFR
CGN
GQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEND
CE
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCLPDQFR
CGN
GQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGEND
CE
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCESDQFQ
CDSG
HCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGENDC
E
DGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCSAPASEPPGSLCGASQFQ
CGS
GYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKICLSADWLCDG
VN
DCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCPRAWRCDGVNDCADNSDEEDCTEHTC
HPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCRADEFQ
CG
SGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCISQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCQANEF
TCS
SGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYCISQRWVCDG
END
CEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEASCQPP
T
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCLPDQF
RCG
NGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLSQRWVCDGEN
DC
EDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCESDQF
QCD
SGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCISQRWVCDGEN
D
CEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEH
T
CHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSLCGASQF
QCG
SGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSKICLSADWLCD
GVN
DCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPART
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCIS
QRW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE DCTEHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRT
CRADEFQCGSGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTQHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRT
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYC
ISQR
WVCDGENDCEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSS
DE
ASCQPPTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCKPRTCLPDQFR
CGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLPQR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EADCAAPTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCICPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCICPRT
CESDQFQCDSGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D EEDCTEHTCLSSEFQCQSSGRCIPLAWVCDGDNDCRDDSDEKSCICPRT
CGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDSIC
ICLS
ADWLCDGVNDCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGS
D ETNCPARTCLSSEFQCQSSGRCPLAWVCDGDNDCRDDSDEKSCKPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRTCAPSQFQCGSGYCIS
QRW
VCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNSD
EE
DCTEHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGSL
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EEDCTEHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL
CRADEFQCGSGRCVPADWLCDGVNDCADNSDETGCPTRTCLPSQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EEDCTEHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EEDCTQHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPTCLPSQFQCGSGYC
ISQR
WVCDGENDCEDSSDEANCAGSVPTCQPGEFTCESGRCLPLRWLCDGEDDCVDSS
DE
ASCQPPTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPGS
L
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRTCLPDQFQCGSGYCLP
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EADCAAPTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHTCLPDQFQCGSGYCLS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EEDCTEHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL
CESDQFQCDSGHCVPLNWVCDGVNDCVDGSDEAGCPPRTCLPGQFQCGSGYCIS
QR
WVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRCIPRAWRCDGVNDCADNS
D
EEDCTEHTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SLCGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCRDS
KICLS
ADWLCDGVNDCADNSDEEGCPPPTCLPDQFQCGSGYCLPQAWVCDGENDCEDGS
D
ETNCPARTCHPTGQFRCRSSGRCVSPTWVCDGDNDCGDNSDEENCSAPASEPPG
SL C. Discussion of Monomer Domains [112] Monomer
domains that are particularly suitable for use in the
practice of the present invention are cysteine-rich
domains comprising disulfide bonds. Cysteine-rich
domains employed in the practice of the present
invention typically do not form an a helix, a b sheet,
or a b-barrel structure. Typically, the disulfide
bonds promote folding of the domain into a
three-dimensional structure. Usually, cysteine-rich
domains have at least two disulfide bonds, more
typically at least three disulfide bonds. In some
embodiments, at least 5, 10, 15 or 20% of the amino
acids in a monomer domain are cysteines. [113] Domains
can have any number of characteristics. For example,
in some embodiments, the domains have low or no
immunogenicity in an animal (e.g., a human). Domains
can have a small size. In some embodiments, the
domains are small enough to penetrate skin or other
tissues. Domains can have a range of in vivo
half-lives or stabilities. [114] Illustrative monomer
domains suitable for use in the practice of the
present invention include, e.g., an EGF-like domain, a
Kringle-domain, a fibronectin type I domain, a
fibronectin type II domain, a fibronectin type III
domain, a PAN domain, a GIa domain, a SRCR domain, a
Kunitz/Bovine pancreatic trypsin Inhibitor domain, a
Kazal-type serine protease inhibitor domain, a Trefoil
(P-type) domain, a von Willebrand factor type C
domain, an Anaphylatoxin-like domain, a CUB domain, a
thyroglobulin type I repeat, LDLreceptor class A
domain, a Sushi domain, a Link domain, a
Thrombospondin type I domain, an Imrnunoglobulin-like
domain, a C-type lectin domain, a MAM domain, a von
Willebrand factor type A domain, a Somatomedin B
domain, a WAP-type four disulfide core domain, a F5/8
type C domain, a Hemopexin domain, an SH2 domain, an
SH3 domain, a Laminin-type EGF domain, a C2 domain,
and other such domains known to those of ordinary
skill in the art, as well as derivatives and/or
variants thereof. [115] In some embodiments, suitable
monomer domains (e.g. domains with the ability to fold
independently or with some limited assistance) can be
selected from the families of protein domains that
contain b-sandwich or b-barrel three dimensional
structures as defined by such computational sequence
analysis tools as Simple Modular Architecture Research
Tool (SMART), see Shultz et al, SMART: a web-based
toolfor the study of genetically mobile domains,
(2000) Nucleic Acids Research 28(1):23 1-234) or CATH
{seePearl et.al, Assigning genomic sequences to CATH,
(2000) Nucleic Acids Research 28(l):277-282). [116] In
another embodiment, monomer domains of the present
invention include domains other than a fbronectin type
III domain, an anticalin domain and a Ig-like domain
from CTLA-4. Some aspects of these domains are
described in WOO1/64942 entitled "Protein scaffolds
for antibody mimics and other binding proteins" by
Lipovsek et al, published on September 7, 2001,
WO99/16873 entitled "Anticalins" by Beste et al.,
published April 8, 1999 andWO 00/60070 entitled "A
polypeptide structure for use as a scaffold" by
Desmet, et al., published on October 12, 2000. [117]
As described supra, monomer domains are optionally
cysteine rich. Suitable cysteine rich monomer domains
include, e.g., the LDL receptor class A domain
("Adomain") or the EGF domain. The monomer domains can
also have a cluster of negatively charged residues.
[118] Other features of monomer domains can include
the ability to bind ligands or the ability to bind an
ion (e.g., Ca2+ binding by the LDL receptor A-domain).
Monomer domains that bind ions to maintain their
secondary structure include, e.g., A domain, EGF
domain, EF Hand (e.g., such as those found in present
in calmodulin and troponin C), Cadherin domain, C-type
lectin, C2 domain, Annexin, Gla-domain, Trombospondin
type 3 domain, all of which bind calcium, and zinc
fingers (e.g., C2H2 type C3HC4 type (RING finger),
Integrase Zinc binding domain, PHD finger, GATA zinc
finger, FYVE zinc finger, B-box zinc finger), which
bind zinc. Without intending to limit the invention,
it is believed that ion-binding provides stability of
secondary structure while providing sufficient
flexibility to allow for numerous binding
conformations depending on primary sequence. [119] As
described herein, monomer domains may be selected for
the ability to bind to targets other than the target
that a homologous naturally occurring domain may bind.
Thus, in some embodiments, the invention provides
monomer domains (and multimers comprising such
monomers) that do not bind to the target or the class
or family of target proteins that a substantially
identical naturally occurring domain may bind. [120]
Characteristics of a monomer domain can include the
ability to fold independently and the ability to form
a stable structure. Thus, the structure of the monomer
domain is often conserved, although the polynucleotide
sequence encoding the monomer need not be conserved.
For example, the A-domain structure is conserved among
the members of the A-domain family, while the A-domain
nucleic acid sequence is not. Thus,for example, a
monomer domain is classified as an A-domain by its
cysteine residues and its affinity for calcium, not
necessarily by its nucleic acid sequence. See, Figures
1 and 2. [121] Specifically, the A-domains (sometimes
called "complement-type repeats" or "LDL receptor type
or class A domains") contain about 30-50 or 30-65
amino acids. In some embodiments, the domains comprise
about 35-45 amino acids and in some cases about 35-40
amino acids. Within the 30-50 amino acids, there are
about 6 cysteine residues. Of the six cysteines,
disulfide bonds typically are found between the
following cysteines: Cl and C3, C2 and C5, C4 and C6.
The cysteine residues of the domain are disulfide
linked to form a compact, stable, functionally
independent moiety. See, Figure 3. Clusters of these
repeats make up a ligand binding domain, and
differential clustering can impart specificity with
respect to the ligand binding. [122] Exemplary A
domain sequences and consensus sequences are depicted
in Figures 1 and 2. One typical consensus sequence
useful to identify A domains is the following: C-
VILMA - C- DNH -X -tDENQHTJ-C-Xo^-tSTADE]- [DEH]-[DE]-
X(U)-C (SEQ ID NO:340), where the residues in brackets
indicate possible residues at one position. "X(#)"
indicates number of residues. These residues can be
any amino acid residue. Parentheticals containing two
numbers refers to the range of amino acids that can
occupy that position (e.g., "[DE]-X (1 5)-C" means
that the amino acids DE are followed by 1, 2, 3, 4, or
5 residues, followed by C). This consensus sequence
only represents the portion of the A domain beginning
at the third cysteine. A second consensus is as
follows: C-X(3-15)-C-X(4-15)- C-X(6-7)-C-[N,D]-X
(3)-[D,E,N,Q,H,S,T]-C-X (4-6)-D-E-X(2-8,-C (SEQ ID
NO:341). The second consensus predicts amino acid
residues spanning all six cysteine residues. In some
embodiments, A domain variants comprise sequences
substantially identical to any of the above-described
sequences. Note that reference to "LDL receptor class
A" domain, for the purposes of this invention, is not
intended to indicate origin or binding properties of
the domain. [123] Additional exemplary A domains
include the following sequence:
CaX3-15CbX3-15C0X6-7Cd(D5N)X4C X4-6DEX2-8Cf (SEQ ID
NO:342) wherein C is cysteine, Xn-m represents between
n and m number of independently selected amino acids,
and (D5N) indicates that the position can be either D
or N; and wherein Ca-Cc, Q,-Ce and Cd-Cf form
disulfide bonds. [124] To date, at least 190
naturally-occurring human A-domains are identified
based on cDNA sequences. See, e.g., Figure 6.
Exemplary proteins containing naturally-occurring
A-domains include, e.g., complement components (e.g.,
C6, C7, C8, C9,and Factor I), serine proteases (e.g.,
enteropeptidase, matriptase, and conn), transmembrane
proteins (e.g., ST7, LRP3, LRP5 and LRP6) and
endocytic receptors (e.g., Sortilin-related receptor,
LDL-receptor, VLDLR, LRPl, LRP2, and ApoER2). A
domains and A domain variants can be readily employed
in the practice of the present invention as monomer
domains and variants thereof. Further description of A
domains can be found in the following publications and
references cited therein: Howell and Hertz, The LDL
receptor genefamily: signalingfunctions during
development, (2001) Current Opinion in Neurobiology
11:74-81; Herz (2001), supra; Krieger, The "best"
ofcholesterols, the "worst" of cholesterols: A tale of
two receptors, (1998) PNAS 95: 4077-4080; Goldstein
and Brown, The Cholesterol Quartet, (2001) Science.
292: 1310-1312; and, Moestrup and Verroust,
Megalin-and Cubilin-Mediated Endocytosis of
Protein-Bound Vitamins, Lipids, and Hormones in
Polarized Epithelia, (2001) Ann. Rev. Nutr. 21:407-28.
[125] A number of other domain types can also be used
to generate IL-6- binding monomer domains. [126]
Exemplary EGF monomer domains include the sequence: C
X3-14CbX3-7CcX4-16CdX1-2CeX8-23Cf (SEQ ID NO:343)
wherein C is cysteine, Xn-m represents between n and m
number of independently selected amino acids; and
wherein C -C0, Cb-Ce and C -Cf form disulfide bonds.
[127] Each of the domains described below employ
exemplary motifs {i.e., scaffolds). Certain positions
are marked x, indicating that any amino acid can
occupy the position. These positions can include a
number of different amino acid possibilities, thereby
allowing for sequence diversity and thus affinity for
different target molecules. Use of brackets in motifs
indicates alternate possible amino acids within a
position (e.g., "[ekq]" indicates that either E, K or
Q may be at that position). As used herein, use of
parentheses in a sequence motif indicates that that
the positions within the parentheses may be present or
absent (e.g., "([ekq])" indicates that the position is
absent or either E, K, or Q may be at that position).
When more than one "x" is used in parentheses (e.g.,
"(xx)"), each x represents a possible position. Thus
"(xx)" indicates that zero, one or two amino acids may
be at that position(s), where each amino acid is
independently selected from any amino acid, a
represents an aromatic/hydrophobic amino acid such as,
e.g.,W, Y, F, or L; b represents a hydrophobic amino
acid such as, e.g., V, I, L, A, M, or F; c represents
a smaller polar amino acid such as, e.g., G, A, S, or
T; d represents a charged amino acid such as, e.g., K,
R, E, Q,or D; e represents a small amino acid such as,
e.g.,; V, A S, or T; and f represents a negatively
charged amino acid such as, e.g., D, E, or N. [128]
Suitable domains include, e.g. thrombospondin type 1
domains, trefoil domains, and thyroglobulin domains.
[129] Thrombospondin type 1 ("TSPl") domains contain
about 30-50 or 30- 65 amino acids. In some
embodiments, the domains comprise about 35-55 amino
acids and in some cases about 50 amino acids. Within
the 35-55 amino acids, there are typically about 4 to
about 6 cysteine residues. Of the six cysteines,
disulfide bonds typically are found between the
following cysteines: Cl and C5, C2 and C6, C3 and C4.
The cysteine residues of the domain are disulfide
linked to form a compact, stable, functionally
independent moiety comprising distorted beta strands.
Clusters of these repeats make up a ligand binding
domain, and differential clustering can impart
specificity with respect to the ligand binding. [130]
Exemplary TSPl domain sequences and consensus
sequences are as follows (SEQ ID NOS:344-349): ( 1)
(XXXXXX)C 1XXXC 2XXXXX(X)XXXXXC 3XXXX(XXX)XXXXXC 4
XXXXXX(X)XXXC 5(X)XXXXC 6 ; (2) (WXXWXX)C 1XXXC
2XXGXX(X)XRXXXC 3XXXX(PXX)XXXXXC 4XXXXXX(X)XXXC
5(X)XXXXC 6 (3) (WXXWXX)C 1SXtC 2XXGXX(X)XRXrXC
XXXX(PXX)XXXXXC4XXXXXX(X)XXXCs(X)XXXXC 6 (4)
(WxxWxx)C1[Stnd][Vkaq][Tspl]C2xx[Gq]xx(x)x[Re]x[Rktvm]
x[C 3vldr]xxxx([Pq]xx)
xxxxx[C4ldae]xxxxxx(x)xxxCs(x)xxxxC 6; (5)
(WxxWxx)C1[Stnd][Vkaq][Tsrl]C2xx[Gq]xx(x)x[Re]x[Rktvm]
x[C 3vldr]xxxx([Pq]xx) xxxxx[C4ldae]xxxxxx(x)xxxC
5(x)xxxxC6; and (6) C1[nst][aegiklqrstv]
[adenpqrst]C2[adetgs]xgx[ikqrstv]x[aqrst]x[almrtv]xC
3xxxxxxxxx (xxxxxxx)C4xxxxxxxxx(xx)C 5xxxxC6 [131] In
some embodiments, thrombospondin type 1 domain
variants comprise sequences substantially identical to
any of the above-described sequences. [132] To date,
at least 1677 naturally occurring thrombospondin
domains have identified based on cDNA sequences.
Exemplary proteins containing the naturally occurring
thrombospondin domains include, e.g., proteins in the
complement pathway {e.g., properdin, C6, C7, C8A, C8B,
and C9), extracellular matrix proteins {e.g., mindin,
Fspondin, SCO-spondin,), circumsporozoite surface
protein 2, and TRAP proteins of Plasmodium.
Thrombospondin type 1 domains are further described
in, e.g., Roszmusz et al, BBRC 296:156 (2002); Higgins
et al, J Immunol. 155:5777-85 (1995); Schultz-Cherry
et al, J. Biol. Chem. 270:7304-7310 (1995);
Schultz-Cherry et al, J. Biol. Chem. 269:26783-8
(1994); Bork, FEBS Lett 327:125-30 (1993); and
Leung-Hagesteijn et al, Cell 71:289-99 (1992).[133]
Another exemplary monomer domain suitable for use in
the practice of the present invention is the trefoil
domain. Trefoil monomer domains are typically about
30- 50 or 30-65 amino acids. In some embodiments, the
domains comprise about 35-55 amino acids and in some
cases about 45 amino acids. Within the 35-55 amino
acids, there are typically about 6 cysteine residues.
Of the six cysteines, disulfide bonds typically are
found between the following cysteines: Cl and C5, C2
and C4, C3 and C6. [134] To date, at least 149
naturally occurring trefoil domains have identified
based on cDNA sequences. Exemplary proteins containing
naturally occurring trefoil domains include, e.g.,
protein pS2 (TFFl), spasmolytic peptide SP (TFF2),
intestinal trefoil factor (TFF3), intestinal
surcease-isomaltase, and proteins which may b e
involved in defense against microbial infections by
protecting the epithelia (e.g.,Xenopus xPl, xP4,
integumentary mucins A.I and Cl. Trefoil domains are
further described in, e.g., Sands and Podolsky. rzti.
Rev. Physiol. 58:253-273 (1996); Carr et al., PNAS USA
91:2206-2210 (1994); DeA et al, PNAS USA 9 1:1084-1
088 (1994); Hoffman et al, Trends Biochem Sd
18:239-243 (1993). [135] Exemplary trefoil domain
sequences and consensus sequences are as follows (SEQ
ID NOS:350-355): ( 1) C 1(XX)XXXXXXXXXC 2
XX(X)XXXXXXXC 3XXXXC 4 C 5XXXXX(X)XXXXXC 6 (2) C
i(XX)XXXXXXRXXC 2 XX(X)XXXXXXXC 3XXXXC 4
CSXXXXX(X)XXXXXC 6 (3) C1(xx)xxxpxxRxnC 2gx(x)pxitxxxC
3xxxgC 4C5fdxxx(x)xxxpwC 6f (4)
C1(xx)xxx[Pvae]xxRx[ndpm]C
2[Gaiy][ypfst]([de]x)[pskq]x[Ivap][Tsa]xx[qedk]C 3xx
[krln] [Gnk]C 4C5[Fwy] [Dnrs] [sdpnte]xx(x)xxx[pki]
[Weash]C 6[Fy] (5) C1(xx)xxx[Pvae]xxRx[ndpm] C2[Gaiy]
[ypfst] ([de]x) [pskq]x[Ivap] [Tsa]xx[keqd] C3xx
[krln] [Gnk]C 4C5[a][Dnrs] [sdpnte]xx(x)xxx[ rki]
[Weash]C 6[Fy] (6) C ([dnps])[adiklnprstv] [dfilmv]
[adenprst] [adelprv] [ehklnqrs] [adegknsv] [kqr]
[fiklqrtv] [dnpqs] C2[agiy] [flpsvy] [dknpqs]
[adfghlp] [aipv] [st] [aegkpqrs] [adegkpqs] [deiknqt]
C3[adefknqrt][adegknqs][gn]C
4C5[wym][deinrs][adgnpst][aefgqlrstw][giknsvmq]([afmpr
stv] [degklns] [afiqstv] [iknpv]w)C 6 [136] Another
exemplary monomer domain suitable for use in the
present invention is the thyroglobulin domain.
Thyroglobulin monomer domains are typically about
30-85 or 30-80 amino acids. In some embodiments, the
domains comprise about 35-75 amino acids and in some
cases about 65 amino acids. Within the 35-75 amino
acids, there are typically about 6 cysteine residues.
Of the six cysteines, disulfide bonds typically are
found between the following cysteines: Cl and C2, C3
and C4, C5 and C6. [137] To date at least 251
naturally occurring thyroglobulin domains have been
identified based on cDNA sequences. The N-terminal
section of Tg contains 10 repeats of a domain of about
65 amino acids which is known as the Tg type-1
repeatPUBMED:3595599, PUBMED:8797845. Exemplary
proteins containing naturally occurring thyroglobulin
domains include e.g., the HLA class II associated
invariant chain, human pancreatic carcinoma marker
proteins, nidogen (entactin), insulin-like growth
factor binding proteins (IGFBP), saxiphilin, chum
salmon egg cysteine proteinase inhibitor, and
equistatin. The Thyr-1 and related domains belong to
MEROPS proteinase inhibitor family 13 1, clan IX.
Thyroglobulin domains are further described in, e.g.,
Molina et al, Eur. J. Biochem. 240:125- 133 (1996);
Gunca et al., EMBO J 18:793-803 (1999); Chong and
Speicher, "1^276:5804- 5813 (2001). [138] Exemplary
thyroglobulin domain sequences and consensus sequences
are as follows (SEQ ID NOS:356-360): ( 1) C
1XXXXXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXXXXXC 2XXXXXXXXXXC
3X(X)X(XXX)XXXXC 4 xC5xxxx(x)xxxxxxxxxxxxxx(xx)xC 6
(2) C
1XXXXXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXyXPXC2XXXGXXXXxQC
3X(X)X(XXx)XXXX C4WC5Vxxx(x)GxxxxGxxxxxxxx(xx)xC 6 (3)
C 1XXXXXXXXXXXXXXX(XXXXXXXXXX)XXXXXXXyXPXC2XXxGXyXXxQC
3X(X)S(XXx)XXgXC 4W C5Vdxx(x)GxxxxGxxxxxgxx(xx)xC 6
(4)
QtqerlJxxxxxxxxxxxxxx^xxxxxxxxx^xxxxxxfYmpJxPxC^xxGxfY
fJxxfvkrlJQCsX (x[sa]xxx)xx[Gsa]xC
4[WyfJC5V[Dnyfl]xx(x)Gxxxx[Gdne]xxxxxgxx(xx)xC 6 (5)
C1[qerl]xxxxxxxxxxxxxx(xxxxxxxxxx)xxxxxxx[
ahp]xPxC2xxxGx[ a]xx[vkrl]QC 3x (x[sa]xxx)xx[gas]xC
4[a]CsV[Dna]xx(x)Gxxxx[ fg]xxxxxgxx(xx)xC 6 [139]
Another exemplary monomer domain that can be used in
the present invention is a laminin-EGF domain.
Laminin-EGF domains are typically about 30-85 or 30-
80 amino acids. In some embodiments, the domains
comprise about 45-65 amino acids and in some cases
about 50 amino acids. Within the 45-65 amino acids,
there are typically about 8 cysteine residues which
interact to form 4 disulfide bonds. Laminins are a
major noncollagenous component of basement membranes
that mediate cell adhesion, growth migration, and
differentiation. They are composed of distinct but
related alpha, beta, and gamma chains. The three
chains form a cross-shaped molecule that consist of a
long arm and three short globular arms. The long arm
consists of a coiled coil structure contributed by all
three chains and cross-linked by interchain disulfide
bonds. [140] Exemplary laminin EGF domain sequences
and consensus sequences are as follows (SEQ ID
NOS:361-363): (1) C 1XCaXXXXXX(XXX)XXC
3XXX(XXXXXX)XXXXC4XC 5XXXXXXXXC6XXC 7XXXXXXx(XXXXx)
XXXXxC8 (2) C 1XC 2XXXXXX(XXX)XXCSXXX(XXXXXX)XXgXC 4XC
5XXXXXGXXC 6XXC 7XXXXXXx(XXXXx) xxxxxCs (3)
C1xC2[ndh]xxxxx(xxx)xxC 3xxx(xxxxxx)xxgxC
4xC5xxxxxGxxC 6[denq]xC7xx[gn]
[yfht]xxx(xxxxc)ccxxxC8In some embodiments, the
monomer domain is a Notch/LNR monomer domain, a DSL
monomer domain, an Anato monomer domain, an integrin
beta monomer domain, and a Ca-EGF monomer domain.
[141] In some embodiments, the Ca-EGF monomer domain
comprises the following sequence (SEQ ID NO:364):
DXdEC 1XX(XX)XXXXC 2X(XX)XXXXXC 3XNXXGXfXC X(XXX)XC
5XXgXXXXXXx(XXXXx)XXxC 6 . [142] In some embodiments,
the Notch/LNR monomer domain, comprises the following
sequence (SEQ ID NO:365): C1xx(xx)xxxC 2xxxxxnGxC
3xxxC 4nxxxC 5xxDGxDC 6 [143] In some embodiments, the
DSL monomer domain comprises the following sequence:
C1XXXYygxxC 2xxfC 3xxxxdxxxhxxC 4xxxGxxxC 5xxGWxGxxC 6
(SEQ ID NO:366). [144] Anato monomer domain comprises
the following sequence (SEQ ID NO:366):
C1C2xdgxxxxx(x)xxxxC 3exrxxxxxx(xx)xxC 4xxxfxxC 5C6
(SEQ ID NO:367). [145] In some embodiments, the
integrin beta monomer domain comprises the following
sequence (SEQ ID NO:368): CiXxC 2XxxxpxC
3xwC4xxxxfxxx(gx)xxxxRC 5dxxxxLxxxgC 6; and "x" is any
amino acid. [146] In some embodiments, C1-C5, C -C4
and C3-C6 of the Notch/LNR monomer domain form
disulfide bonds; and C1-C5, C2-C4 and C3-C6 of the DSL
monomer domain form disulfide bonds. [147] In some
embodiments, the Ca-EGF monomer domain comprises the 



following sequence: D[b][Dn]EC 1xx(xx)xxxxC
2[pdg](dx)xxxxxC 3xNxxG[sgt][ a]xC 4x(xxx)xC5Xx[Gsn][
as] xxxxxx(xxxxx)xxxC 6 (SEQ ID NO:369). [148] In some
embodiments, the Notch/LNR monomer domain, comprises
the following sequence: CiXx(x[ ba])xxxC 2x
[fs]xxx[(|)] [Gk]xC 3[nd]x[ fsa]C 4[fs]xx[aeg]C 5x
[a]DGxDC 6 (SEQ ID NO:370). [149] In some embodiments,
the DSL monomer domain comprises the following
sequence: C1XXX[Oc] [ah] [Gsna]xxC 2xx[
a]C3x[pae]xx[Da]xx[ cl][Hrgk] [ak]xC 4[dnsg]xxGxxxC
5xxG [a]xGxxC 6 (SEQ ID NO:371).[150] In some
embodiments, the Anato monomer domain comprises the
following sequence:
CiC2x[Dhtl][Ga]xxxx[plant](xx)xxxxC
3[esqdat]x[Rlps]xxxxxx([gepa]x)xxC4Xx[avlpt] [Fqvy]xxC
5C6 (SEQ ID NC-.372). [151] In some embodiments, the
integrin beta monomer domain comprises the following
sequence: C1xxC2[b]xx[ghds][Pk]xC
3[c][a]C4xxxx[a]xxx([Gr]xx)x[ c]xRC 5[Dnae]xxxxL[
bk]xx [Gn]C6 (SEQ ID NO:373); a is selected from: w,
y, f, and 1; b is selected from: v, i, 1, a, m, and f;
c is selected from: g, a, s, and t; d is selected
from: k, r , e, q, and d; e is selected from: v, a, s,
and t; and f is selected from: d, e, and n. [152] In
some embodiments, the Ca-EGF monomer domain comprises
the following sequence: D[vilfj [Dn]EC 1xx(xx)xxxxC
2[pdg](dx)xxxxxC 3xNxxG[sgt][fy]xC 4x(xxx)xC 5Xx[Gsn]
.[as]xxxxxx(xxxxx)xxxC 6 (SEQ ID NO:374). [153] In
some embodiments, the Notch/LNR monomer domain,
comprises the following sequence: C1xx(x[yiflv])xxxC
2x[dens]xxx[Nde][Gk]xC 3[nd]x[densa]C 4[Nsde]xx[aeg]C
5x[wyf]DGx DC6 (SEQ ID NO:375). [154] In some
embodiments, the DSL monomer domain comprises the
following sequence: C1XXx[YWfJ[Yfh][Gasn]xxC 2xx[Fy]C
3x[rae]xx[Da]xx[glast][Hrgk][ykfw]xC 4[dsgn]xxG xxxC
5xxG[Wlfy]xGxxC 6 (SEQ ID NO:376). [155] In some
embodiments, the Anato monomer domain comprises the
following sequence: C1C2x[adehlt]gxxxxxxxx(x)[derst]C
3Xxxxxxxxx(xx[aersv])C 4xx[apvtJ[fmq][eklqrtv]
[adehqrsk](x)C 5C6 (SEQ ID NO:377). [156] In some
embodiments, the integrin beta monomer domain
comprises the following sequence: Ci[aegkqrst J[kreqd]
C [UJ [aelqrvj [vilasj [dghs] [kp]xC 3[gast]
[wyjC4xxxx[fijxxxx(xxxx [vilar]r)C
5[and][dilrt][iklpqi-v][adeps][aenq]l[iklqv]x[adlcnr][
gn]C 6 (SEQ ID NO:378). [157] Polynucleotides encoding
the monomer domains are typically employed to make
monomer domains via expression. Nucleic acids that
encode monomer domains can be derived from a variety
of different sources. Libraries of monomer domainscan
be prepared by expressing a plurality of different
nucleic acids encoding naturally occurring monomer
domains, altered monomer domains (i.e., monomer domain
variants), or a combinations thereof. For example,
libraries may be designed in which a scaffold of amino
acids remain constant (e.g., an LDL A receptor domain,
EGF domain) while the intervening amino acids in the
scaffold comprise randomly generated amino acids.
[158] The invention provides methods of identifying
monomer domains that bind to a selected or desired
ligand or mixture of ligands. In some embodiments,
monomer domains are identified or selected for a
desired property (e.g., binding affinity) and then the
monomer domains are formed into multimers. See, e.g.,
Figure 4. For those embodiments, any method resulting
in selection of domains with a desired property (e.g.,
a specific binding property) can be used. For example,
the methods can comprise providing a plurality of
different nucleic acids, each nucleic acid encoding a
monomer domain; translating the plurality of different
nucleic acids, thereby providing a plurality of
different monomer domains; screening the plurality of
different monomer domains for binding of the desired
ligand or a mixture of ligands; and, identifying
members of the plurality of different monomer domains
that bind the desired ligand or mixture of ligands.
[159] Monomer domains can be naturally-occurring or
altered (non-natural variants). The term "naturally
occurring" is used herein to indicate that an object
can be found in nature. For example, natural monomer
domains can include human monomer domains or
optionally, domains derived from different species or
sources, e.g., mammals, primates, rodents, fish,
birds, reptiles, plants, etc. The natural occurring
monomer domains can be obtained by a number of
methods, e.g., by PCR amplification of genomic DNA or
cDNA. [160] Monomer domains of the present invention
can be naturally-occurring domains or non-naturally
occurring variants. Libraries of monomer domains
employed in the practice of the present invention may
contain naturally-occurring monomer domain,
nonnaturally occurring monomer domain variants, or a
combination thereof. [161] Monomer domain variants can
include ancestral domains, chimeric domains,
randomized domains, mutated domains, and the like. For
example, ancestral domains can be based on
phylogenetic analysis. Chimeric domains are domains in
which one or more regions are replaced by
corresponding regions from other domains of the same
family. For example, chimeric domains can be
constructed by combining loop sequences from multiple
related domains of the same family to form novel
domains with potentially lowered immunogenicity. Those
of skill in the art will recognized the immunologic
benefitof constructing modified binding domain
monomers by combining loop regions from various
related domains of the same family rather than
creating random amino acid sequences. For example, by
constructing variant domains by combining loop
sequences or even multiple loop sequences that occur
naturally in human LDL receptor class A-domains, the
resulting domains may contain novel binding properties
but may not contain any immunogenic protein sequences
because all of the exposed loops are of human origin.
The combining of loop amino acid sequences in
endogenous context can be applied to all of the
monomer constructs of the invention. Thus the present
invention provides a method for generating a library
of chimeric monomer domains derived from human
proteins, the method comprising: providing loop
sequences corresponding to at least one loop from each
of at least two different naturally occurring variants
of a human protein, wherein the loop sequences are
polynucleotide or polypeptide sequences; and
covalently combining loop sequences to generate a
library of at least two different chimeric sequences,
wherein each chimeric sequence encodes a chimeric
monomer domain having at least two loops. Typically,
the chimeric domain has at least four loops, and
usually at least six loops. As described above, the
present invention provides three types of loops that
are identified by specific features, such as,
potential for disulfide bonding, bridging between
secondary protein structures, and molecular dynamics
(i.e., flexibility). The three types of loop sequences
are a cysteine-defmed loop sequence, a
structure-defined loop sequence, and a
B-factor-defined loop sequence. [162] Randomized
domains are domains in which one or more regions are
randomized. The randomization can be based on full
randomization, or optionally, partial randomization
based on natural distribution of sequence diversity.
[163] The present invention also provides recombinant
nucleic acids encoding one or more polypeptides
comprising one or a plurality of monomer domains that
bind IL-6. For example, the polypeptide can be
selected to comprise a non-naturally occuring domain
from the group consisting of: an EGF-like domain, a
Kringle-domain, a fibronectin type I domain, a
fibronectin type II domain, a fibronectin type III
domain, a PAN domain, a GIa domain, a SRCR domain, a
Kunitz/Bovine pancreatic trypsin Inhibitor domain, a
Kazaltype serine protease inhibitor domain, a Trefoil
(P-type) domain, a von Willebrand factor type C
domain, an Anaphylatoxin-like domain, a CUB domain, a
thyroglobulin type I repeat, LDL-receptor class A
domain, a Sushi domain, a Link domain, a
Thrombospondin type I domain, an Immunoglobulin-like
domain, a C-type lectin domain, a MAM domain, a von
Willebrand factor type A domain, a Somatomedin B
domain, a WAP-type four disulfide core domain, a F5/8
type C domain, a Hemopexin domain, an SH2 domain, an
SH3 domain, aLaminin-type EGF-like domain, a C2 domain
and variants of one or more thereof. In another
embodiment, the naturally occuring polypeptide encodes
a monomer domain found in the Pfam database and/or the
SMART database. [164] All the compositions of the
present invention, including the compositions produced
by the methods of the present invention, e.g., monomer
domains and/or immuno-domains, as well as multimers
and libraries thereof can be optionally bound to a
matrix of an affinity material. Examples of affinity
material include beads, a column, a solid support, a
microarray, other pools of reagent-supports, and the
like. ///. MULTIMERS [165] Methods for generating
multimers are a feature of the present invention.
Multimers comprise at least two monomer domains. For
example, multimers of the invention can comprise from
2 to about 10 monomer domains, from 2 and about 8
monomer domains, from about 3 and about 10 monomer
domains, about 7 monomer domains, about 6 monomer
domains, about 5 monomer domains, or about 4 monomer
domains. In some embodiments, the multimer comprises 3
or at least 3 monomer domains. In some embodiments,
the mutimers have no more than 2, 3, 4, 5, 6, 7, or 8
monomer domains. In view of the possible range of
monomer domain sizes, the multimers of the invention
may be, e.g., less than 100 kD, less than 9OkD, less
than 8OkD, less than 7OkD, less than 6OkD, less than
50kd, less than 4OkD, less than 3OkD, less than 25kD,
less than 2OkD, less than 15kD, less than 1OkD or may
be smaller or larger. In some cases, the monomer
domains have been pre-selected for binding to the
target molecule of interest (e.g., IL-6). In some
embodiments, the multimers of the invention will bind
to IL-6 (or, e.g., a blood factor such as HSA or IgG)
with an affinity of less than 10 3 M (Ls., binds
stronger than an affinity of 10 3 M). In some
embodiments, the affinity is less than 10 4 M, 10 5 M,
10' 6M, 10 7 M, 10 8 M, 10 9 M, or 10 10 M. In some
embodiments, the affinity of a multimer will be
stronger (less) than the sum of affinities of the
respective monomer domains in the multimer. [166] In
some embodiments, each monomer domain specifically
binds to one target molecule (e.g., IL-6). In some of
these embodiments, each monomer binds to a different
position (analogous to an epitope) on a target
molecule. Multiple monomer domains that bind to the
same target molecule results in an avidity effect
resulting in improved affinity of the multimer for the
target molecule compared to the affinity of each
individual monomer. In some embodiments, the multimer
has an avidity of at least about 1.5, 2, 3, 4, 5, 10,
20, 50, 100, 200, 500, or 1000 times the avidity of a
monomer domain alone. In some embodiments,at least
one, two, three, four or more (e.g., all) monomers of
a multimer bind an ion such as calcium or another ion.
Multimers can comprise a variety of combinations of
monomer domains. For example, in a single multimer,
the selected monomer domains can be identical or
different. In addition, the selected monomer domains
can comprise various different monomer domains from
the same monomer domain family, or various monomer
domains from different domain families , or
optionally, a combination of both. For example, the
monomer domains may be selected from Families 1-7 of
IL-6-binding monomer domains. In some embodiments, at
least one of the monomer domains is selected from
Family 3 and/or 5 of the IL-6 binding monomer domains.
Exemplary IL-6-binding dimers and trimers (comprised
of two or three, respectively, IL-6-binding monomers)
are listed in the examples. [167] Multimers that are
generated in the practice of the present invention may
be any of the following: (1) A homo-multimer (a
multimer of the same domain, i.e., Al-Al-Al-Al); (2) A
hetero-multimer of different domains of the same
domain class, e.g., Al -A2-A3- A4. For example,
hetero-multimer include multimers where Al, A2, A3 and
A4 are different non-naturally occurring variants of a
particular LDL-receptor class A domains, or where some
of Al, A2, A3, and A4 are naturally-occurring variants
of a LDL-receptor class A domain. (3) A
hetero-multimer of domains from different monomer
domain classes, e.g., Al- B2-A2-B1. For example, where
Al and A2 are two different monomer domains (either
naturally occurring or non-naturally-occurring) from
LDL-receptor class A, and Bl and B2 are two different
monomer domains (either naturally occurring or
non-naturally occurring) from class EGF-like domain).
[168] In another embodiment, the multimer comprises
monomer domains with specificities for different
target molecules (e.g., a blood factor such as serum
albumin, immunoglobulin, or erythrocytes). For
example, in some embodiments, the multimers of the
invention comprises 1, 2, 3, or more monomer domains
that bind to IL-6 and at least one monomer domain that
binds to a second target molecule. Exemplary target
molecules include, e.g., a serum molecule that extends
the serum half-life of the multimer (e.g., an
immunoglobulin or serum albumin). Exemplary molecules
that extend the serum half-life of a multimer include,
e.g., red blood cells (i.e., erythrocytes), IgG, and
serum albumin such as HSA. An exemplary multimer will
include, e.g., a monomer domain from Family 3 and/or
Family 5 of the IL-6 binding monomer domains (and
optionally 2, 3, 4, or more IL-6 bindingdomains) and
monomer domain from Family 2 or 3 of the
immunoglobulin binding monomer domains. [169] Multimer
libraries employed in the practice of the present
invention may contain homo-multimers,
hetero-multirners of different monomer domains
(natural or non-natural) of the same monomer class, or
hetero-multimers of monomer domains (natural or
non-natural) from different monomer classes, or
combinations thereof. [170] Monomer domains, as
described herein, are also readily employed in a
immuno-domain-containing heteromultimer (i.e., a
multimer that has at least one immunodomain variant
and one monomer domain variant). Thus, multimers of
the present invention may have at least one
immuno-domain such as a minibody, a single-domain
antibody, a single chain variable fragment (ScFv), or
a Fab fragment; and at least one monomer domain, such
as, for example, an EGF-like domain, a Kringle-domain,
a fibronectin type I domain, a fibronectin type II
domain, a fibronectin type III domain, a PAN domain, a
GIa domain, a SRCR domain, a Kunitz/Bovine pancreatic
trypsin Inhibitor domain, a Kazal-type serine protease
inhibitor domain, a Trefoil (P-type) domain, a von
Willebrand factor type C domain, an Anaphylatoxin-like
domain, a CUB domain, a thyroglobulin type I repeat,
LDL-receptor class A domain, a Sushi domain, a Link
domain, a Thrombospondin type I domain, an
Immunoglobulin-like domain, a C-type lectin domain, a
MAM domain, a von Willebrand factor type A domain, a
Somatomedin B domain, a WAP-type four disulfide core
domain, a F5/8 type C domain, a Hemopexin domain, an
SH2 domain, an SH3 domain, a Laminin-type EGF-like
domain, a C2 domain, or variants thereof. [171]
Domains need not be selected before the domains are
linked to form multimers. On the other hand, the
domains can be selected for the ability to bind to a
target molecule before being linked into multimers.
Thus, for example, a multimer can comprise two domains
that bind to one target molecule and a third domain
that binds to a second target molecule. [172] The
multimers of the present invention may have the
following qualities: multivalent, multispecif c,
single chain, heat stable, extended serum and/or shelf
half-life. Moreover, at least one, more than one or
all of the monomer domains may bind an ion (e.g., a
metal ion or a calcium ion), at least one, more than
one or all monomer domains may be derived from LDL
receptor A domains and/or EGF-like domains, at least
one, more than one or all of the monomer domains may
be non-naturally occurring, and/or at least one, more
than one or all of the monomer domains may comprise 1,
2, 3, or 4 disulfide bonds per monomer domain. In some
embodiments, the multimers comprise at least two (or
at leastthree) monomer domains, wherein at least one
monomer domain is a non-naturally occurring monomer
domain and the monomer domains bind calcium. In some
embodiments, the multimers comprise at least 4 monomer
domains, wherein at least one monomer domain is
non-naturally occurring, and wherein: a. each monomer
domain is between 30-100 amino acids and each of the
monomer domains comprise at least one disulfide
linkage; or b . each monomer domain is between 30-100
amino acids and is derived from an extracellular
protein; or c. each monomer domain is between 30-1 00
amino acids and binds to a protein target. [173] In
some embodiments, the multimers comprise at least 4
monomer domains, wherein at least one monomer domain
is non-naturally occurring, and wherein: a. each
monomer domain is between 35-100 amino acids; or b .
each domain comprises at least one disulfide bond and
is derived from a human protein and/or an
extracellular protein. [174] In some embodiments, the
multimers comprise at least two monomer domains,
wherein at least one monomer domain is non-naturally
occurring, and wherein each domain is: a. 25-50 amino
acids long and comprises at least one disulfide bond;
or b . 25-50 amino acids long and is derived from an
extracellular protein; or c. 25-50 amino acids and
binds to a protein target; or d. 35-50 amino acids
long. [175] In some embodiments, the multimers
comprise at least two monomer domains, wherein at
least one monomer domain is non-naturally-occurring
and: a. each monomer domain comprises at least one
disulfide bond; or b . at least one monomer domain is
derived from an extracellular protein; or c. at least
one monomer domain binds to a target protein. [176]
The monomer domains and/or multimers identified can
have biological activity, which is meant to include at
least specific binding affinity for a selected or
desired ligand, and, in some instances, will further
include the ability to block the binding of other
compounds, to stimulate or inhibit metabolic pathways,
to act as a signal or messenger, to stimulate or
inhibit cellular activity, and the like. Income
embodiments, the monomer domains of the invention bind
to IL-6R, the IL-6 receptor. In some embodiments,
these monomer domains either block 11-6 binding to
IL-6R or activate the IL-6 receptor.[177] A single
ligand can be used, or optionally a variety of ligands
can be used to select the monomer domains and/or
multimers. A monomer domain of the present invention
can bind a single ligand or a variety of ligands. A
multimer of the present invention can have multiple
discrete binding sites for a single ligand, or
optionally, can have multiple binding sites for a
variety of ligands. [178] In some embodiments, the
multimers of the invention bind to the same or other
multimers to form aggregates. Aggregation can be
mediated, for example, by the presence of hydrophobic
domains on two monomer domains, resulting in the
formation of non-covalent interactions between two
monomer domains. Alternatively, aggregation may be
facilitated by one or more monomer domains in a
multimer having binding specificity for a monomer
domain in another multimer. Aggregates can also form
due to the presence of affinity peptides on the
monomer domains or multimers. Aggregates can contain
more target molecule binding domains than a single
multimer. [179] Multimers with affinity for both a
cell surface target and a second target (e.g., IL-6)
may provide for increased avidity effects. In some
cases, membrane fluidity can be more flexible than
protein linkers in optimizing (by self-assembly) the
spacing and valency of the interactions. In some
cases, multimers will bind to two different targets,
each on a different cell or one on a cell and another
on a molecule with multiple binding sites. [180] In
some embodiments, the monomers or multimers of the
present invention are linked to another polypeptide to
form a fusion protein. Any polypeptide in the art may
be used as a fusion partner, though it can be useful
if the fusion partner forms multimers. For example,
monomers or multimers of the invention may, for
example, be fused to the following locations or
combinations of locations of an antibody: 1. At the
N-terminus of the VHl and/or VLl domains, optionally
just after the leader peptide and before the domain
starts (framework region 1); 2. At the N-terminus of
the CHl or CLl domain, replacing the VHl or VLl
domain; 3. At the N-terminus of the heavy chain,
optionally after the CHl domain and before the
cysteine residues in the hinge (Fc-fusion); 4. At the
N-terminus of the CH3 domain; 5. At the C-terminus of
the CH3 domain, optionally attached to the last amino
acid residue via a short linker; 6. At the C-terminus
of the CH2 domain, replacing the CH3 domain;7. At the
C-terminus of the CLl or CHl domain, optionally after
the cysteine that forms the interchain disulfide; or
8. At the C-terminus of the VHl or VLl domain. See,
e.g., Figure 7. [181] In some embodiments, one or more
monomer or multimer domains of the invention is linked
to a molecule (e.g., a protein, nucleic acid, organic
small molecule, etc.) useful as a pharmaceutical.
Exemplary pharmaceutical proteins include, e.g.,
cytokines, antibodies, chemokines, growth factors,
interleukins (e.g., IL-6), cell-surface proteins,
extracellular domains, cell surface receptors,
cytotoxins, etc. Exemplary small molecule
pharmaceuticals include toxins or therapeutic agents.
In some embodiments, a metal can be bound to the
polypeptides of the invention. This can be useful,
e.g., as a contrast agent, e.g., for MRI. [182] In
some embodiments, the monomer or multimers are
selected to bind to a tissue- or disease-specific
target protein. Tissue-specific proteins are proteins
that are expressed exclusively, or at a significantly
higher level, in one or several particular tissue(s)
compared to other tissues in an animal. [183] In some
embodiments, the monomers or multimers that bind to
the target protein are linked to the pharmaceutical
protein or small molecule such that the resulting
complex or fusion is targeted to the specific tissue
or disease-related cell(s) where the target protein
(e.g., IL-6) is expressed. Monomers or multimers for
use in such complexes or fusions can be initially
selected for binding to the target protein and may be
subsequently selected by negative selection against
other cells or tissue (e.g., to avoid targeting bone
marrow or other tissues that set the lower limit of
drug toxicity) where it is desired that binding be
reduced or eliminated in other non-target cells or
tissues. By keeping the pharmaceutical away from
sensitive tissues, the therapeutic window is increased
so that a higher dose may be administered safely. In
another alternative, in vivo panning can be performed
in animals by injecting a library of monomers or
multimers into an animal and then isolating the
monomers or multimers that bind to a particular tissue
or cell of interest. [184] The fusion proteins
described above may also include a linker peptide
between the pharmaceutical protein and the monomer or
multimers. A peptide linker sequence may be employed
to separate, for example, the polypeptide components
by a distance sufficient to ensure that each
polypeptide folds into its secondary and tertiary
structures. Fusion proteins may generally be prepared
using standard techniques, including chemical
conjugation. Fusion proteins can also be expressed as
recombinant proteins in an expression system by
standard techniques.[185] Multimers or monomer domains
of the invention can be produced according to any
methods known in the art. In some embodiments, E. coli
comprising a plasmid encoding the polypeptides under
transcriptional control of an inducible promoter are
used to express the protein. After harvesting the
bacteria, they may be lysed by sonication or
homogenization and clarified by centrifugation. The
polypeptides may be purified using Ni- NTA agarose
elution (if 6xHis (SEQ ID NO:379) tagged) or DEAE
sepharose elution (if untagged) and refolded by
dialysis. Misfolded proteins may be neutralized by
capping free sulfhydrils with iodoacetic acid. Q
sepharose elution, butyl sepharose flow-through, SP
sepharose elution, DEAE sepharose elution, and/or CM
sepharose elution maybe used to purify the
polypeptides. Equivalent anion and/or cation exchange
purification steps may also be employed. [186] In some
embodiments, monomers or multimers are purified using
heat lysis, typically followed by a fast cooling to
prevent most proteins from renaturing. Due to the heat
stability of the proteins of the invention, the
desired proteins will not be denatured by the heat and
therefore will allow for a purification step resulting
in high purity. In some embodiments, a continuous flow
heating process to purify the monomers or multimers
from bacterial cell cultures is used. For example, a
cell suspension can passed through a stainless steel
coil submerged in a water bath set to a temperature
resulting in lysis of the bacteria (e.g., about 65-100
degrees C). The lysed effluent is routed to a cooling
bath to obtain rapid cooling and prevent renaturation
of denatured E. coli proteins. E. coli proteins
denature and are prevented from renaturing, but the
monomer or multimers do not denature under these
conditions due to the exceptional stability of their
scaffold. The heating time is controlled by adjusting
the flow rate and length of the coil. This approach
yields active proteins with high yield and
exceptionally high purity (e.g., >80%) compared to
alternative approaches and is amenable to large scale
production of clinical material. [187] In some
embodiments, following manufacture of the monomers or
multimers of the invention, the polypeptides are
stored in a solution comprising iodoacetic acid to
prevent scrambling of disulfide bind linkages. In some
embodiments, 0.1-100 mM (e.g., 1-10 mM) iodoacetic
acid is included in the solutions for storage. If
desired, the iodoacetic acid can be removed before
administered to an individual. [188] In some
embodiments, the polypeptide comprising a monomer or
multimer of the invention is linked to itself
(C-terminus to N-teraiinus), e.g., for protein
stability.IV. LINKERS [189] Monomer domains can be
joined by a linker to form a multimer. For example, a
linker may be positioned between each separate
discrete monomer domain in a multimer. [190] Joining
the selected monomer domains via a linker can be
accomplished using a variety of techniques known in
the art. For example, combinatorial assembly of
polynucleotides encoding selected monomer domains can
be achieved by restriction digestion and re-ligation,
by PCR-based, self-priming overlap reactions, or other
recombinant methods. The linker can be attached to a
monomer before the monomer is identified for its
ability to bind to a target multimer or after the
monomer has been selected for the ability to bind to a
target multimer. [191] The linker can be
naturally-occurring, synthetic or a combination of
both. For example, the synthetic linker can be a
randomized linker, e.g., both in sequence and size. In
one aspect, the randomized linker can comprise a fully
randomized sequence, or optionally, the randomized
linker can be based on natural linker sequences. The
linker can comprise, e.g,. a non-polypeptide moiety, a
polynucleotide, a polypeptide or the like. [192] A
linker can be rigid, or flexible, or a combination of
both. Linker flexibility can be a function of the
composition of both the linker and the monomer domains
that the linker interacts with. The linker joins two
selected monomer domain, and maintains the monomer
domains as separate discrete monomer domains. The
linker can allow the separate discrete monomer domains
to cooperate yet maintain separate properties such as
multiple separate binding sites for the same ligand in
a multimer, or e.g., multiple separate binding sites
for different ligands in a multimer. [193] Choosing a
suitable linker for a specific case where two or more
monomer domains (i.e. polypeptide chains) are to be
connected may depend on a variety of parameters
including, e.g. the nature of the monomer domains, the
structure and nature of the target to which the
polypeptide multimer should bind and/or the stability
of the peptide linker towards proteolysis and
oxidation. [194] The present invention provides
methods for optimizing the choice of linker once the
desired monomer domains/variants have been identified.
Generally, libraries of multimers having a composition
that is fixed with regard to monomer domain
composition, but variable in linker composition and
length, can be readily prepared and screened as
described above.[195] A more detailed discussion of
linkers can be found in, e.g., U.S. Patent Publication
No. 2005/0048512. 



V. IDENTIFYING MONOMERS OR MULTIMERS WITH AFFINITY FOR
A TARGETMOLECULE [196] Those of skill in the art can
readily identify monomer domains with a desired
property (e.g., binding affinity). For those
embodiments, any method resulting in selection of
domains with a desired property (e.g., a specific
binding property) can be used. For example, the
methods can comprise providing a plurality of
different nucleic acids, each nucleic acid encoding a
monomer domain; translating the plurality of different
nucleic acids, thereby providing a plurality of
different monomer domains; screening the plurality of
different monomer domains for binding of the desired
ligand or a mixture of ligands; and, identifying
members of the plurality of different monomer domains
that bind the desired ligand or mixture of ligands.
[197] In addition, any method of mutagenesis, such as
site-directed mutagenesis and random mutagenesis
(e.g., chemical mutagenesis) can be used to produce
monomer domains, e.g., for a monomer domain library.
In some embodiments, error-prone PCR is employed to
create variants. Additional methods include aligning a
plurality of naturally occurring monomer domains by
aligning conserved amino acids in the plurality of
naturally occurring monomer domains; and, designing
the non-naturally occurring monomer domain by
maintaining the conserved amino acids and inserting,
deleting or altering amino acids around the conserved
amino acids to generate the non-naturally occurring
monomer domain, hi one embodiment, the conserved amino
acids comprise cysteines. In another embodiment, the
inserting step uses random amino acids, or optionally,
the inserting step uses portions of the naturally
occurring monomer domains. The portions could ideally
encode loops from domains from the same family. Amino
acids are inserted or exchanged using synthetic
oligonucleotides, or by shuffling, or by restriction
enzyme based recombination. Human chimeric domains of
the present invention are useful for therapeutic
applications where minimal immunogenicity is desired.
The present invention provides methods for generating
libraries of human chimeric domains. Human chimeric
monomer domain libraries can be constructed by
combining loop sequences from different variants of a
human monomer domain, as described above. The loop
sequences that are combined may be sequence-defined
loops, structure-defined loops, B-factor-defined
loops, or a combination of any two or more
thereof.[198] Alternatively, a human chimeric domain
library can be generated by modifying
naturally-occurring human monomer domains at the amino
acid level, as compared to the loop level. In some
embodiments, to minimize the potential for
immunogenicity, only those residues that naturally
occur in protein sequences from the same family of
human monomer domains are utilized to create the
chimeric sequences. This can be achieved by providing
a sequence alignment of at least two human monomer
domains from the same family of monomer domains,
identifying amino acid residues in corresponding
positions in the human monomer domain sequences that
differ between the human monomer domains, generating
two or more human chimeric monomer domains, wherein
each human chimeric monomer domain sequence consists
of amino acid residues that correspond in type and
position to residues from two or more human monomer
domains from the same family of monomer domains.
Libraries of human chimeric monomer domains can be
employed to identify human chimeric monomer domains
that bind to a target of interest by: screening the
library of human chimeric monomer domains for binding
to a target molecule, and identifying a human chimeric
monomer domain that binds to the target molecule.
Suitable naturally-occurring human monomer domain
sequences employed in the initial sequence alignment
step include those corresponding to any of the
naturally-occurring monomer domains described herein.
[199] Domains of human monomer variant libraries of
the present invention (whether generated by varying
loops or single amino acid residues) can be prepared
by methods known to those having ordinary skill in the
art. Methods particularly suitable for generating
these libraries are split-pool format and
trinucleotide synthesis format as described in
WOOl/23401. [200] In some embodiments, monomer domains
of the invention are screened for potential
immunogenicity by: providing a candidate protein
sequence; comparing the candidate protein sequence to
a database of human protein sequences; identifying
portions of the candidate protein sequence that
correspond to portions of human protein sequences from
the database; and determining the extent of
correspondence between the candidate protein sequence
and the human protein sequences from the database.
[201] In general, the greater the extent of
correspondence between the candidate protein sequence
and one or more of the human protein sequences from
the database, the lower the potential for
immunogenicity is predicted as compared to a
candidateprotein having little correspondence with any
of the human protein sequences from the database. A
database of human protein sequences that is suitable
for use in the practice of the invention method for
screening candidate proteins can be found at
ncbi.nlm.nih.gov/blast/Blast.cgi at the World Wide Web
(in addition, the following web site can be used to
search short, nearly exact matches:
cbi.nhn.nih.gov/blast/Blast.cgi?CMD
=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS
=50&ALI
GNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIO
NS=100&EN
TREZ_QUERY=(none)&EXPECT=1000&FORMAT_OBJECT=Alignment&
FORMAT_TY
PE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SER
VICE=plain&S
ET_DEFAULTS.x=29&SET_DEFAULTS.y=6&SHOW_OVERVIEW=on&WOR
D_SIZE= 7&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes at the
World Wide Web). The method is particularly useful in
determining whether a crossover sequence in a chimeric
protein, such as, for example, a chimeric monomer
domain, is likely to cause an immunogenic event. If
the crossover sequence corresponds to a portion of a
sequence found in the database of human protein
sequences, it is believed that the crossover sequence
is less likely to cause an immunogenic event. [202]
Information pertaining to portions of human protein
sequences from the database can be used to design a
protein library of human-like chimeric proteins. Such
library can be generated by using information
pertaining to "crossover sequences" that exist in
naturally occurring human proteins. The term
"crossover sequence" refers herein to a sequence that
is found in its entirety in at least one naturally
occurring human protein, in which portions of the
sequence are found in two or more naturally occurring
proteins. Thus, recombination of the latter two or
more naturally occurring proteins would generate a
chimeric protein in which the chimeric portion of the
sequence actually corresponds to a sequence found in
another naturally occurring protein. The crossover
sequence contains a chimeric junction of two
consecutive amino acid residue positions in which the
first amino acid position is occupied by an amino acid
residue identical in type and position found in a
first and second naturally occurring human protein
sequence, but not a third naturally occurring human
protein sequence. The second amino acid position is
occupied by an amino acid residue identical in type
and position found in a second and third naturally
occurring human protein sequence, but not the first
naturally occurring human protein sequence. In other
words, the "second" naturally occurring human protein
sequence corresponds to the naturally occurring human
protein in which the crossover sequence appears in its
entirety, as described above.[203] In some
embodiments, a library of human-like chimeric proteins
is generated by: identifying human protein sequences
from a database that correspond to proteins from the
same family of proteins; aligning the human protein
sequences from the same family of proteins to a
reference protein sequence; identifying a set of
subsequences derived from different human protein
sequences of the same family, wherein each subsequence
shares a region of identity with at least one other
subsequence derived from a different naturally
occurring human protein sequence; identifying a
chimeric junction from a first, a second, and a third
subsequence, wherein each subsequence is derived from
a different naturally occurring human protein
sequence, and wherein the chimeric junction comprises
two consecutive amino acid residue positions in which
the first amino acid position is occupied by an amino
acid residue common to the first and second naturally
occurring human protein sequence, but not the third
naturally occurring human protein sequence, and the
second amino acid position is occupied by an amino
acid residue common to the second and third naturally
occurring human protein sequence, and generating
human-like chimeric protein molecules each
corresponding in sequence to two or more subsequences
from the set of subsequences, and each comprising one
of more of the identified chimeric junctions. [204]
Thus, for example, if the first naturally-occurring
human protein sequence is, A-B-C, and the second is,
B-C-D-E, and the third is, D-E-F, then the chimeric
junction is C-D. Alternatively, if the first
naturally-occurring human protein sequence is DE- F-G,
and the second is B-C-D-E-F, and the third is A-B-C-D,
then the chimeric junction is D-E. Human-like chimeric
protein molecules can be generated in a variety of
ways. For example, oligonucleotides comprising
sequences encoding the chimeric junctions can be
recombined with oligonucleotides corresponding in
sequence to two or more subsequences from the
above-described set of subsequences to generate a
human-like chimeric protein, and libraries thereof.
The reference sequence used to align the naturally
occurring human proteins is a sequence from the same
family of naturally occurring human proteins, or a
chimera or other variant of proteins in the family.
[205] Nucleic acids encoding fragments of
naturally-occurring monomer domains can also be mixed
and/or recombined (e.g., by using chemically or
enzymaticallyproduced fragments) to generate
full-length, modified monomer domains. The fragments
and the monomer domain can also be recombined by
manipulating nucleic acids encoding domains or
fragments thereof. For example, ligating a nucleic
acid construct encoding fragments of the monomer
domain can be used to generate an altered monomer
domain.[206] Altered monomer domains can also be
generated by providing a collection of synthetic
oligonucleotides (e.g., overlapping oligonucleotides)
encoding conserved, random, pseudorandom, or a defined
sequence of peptide sequences that are then inserted
by ligation into a predetermined site in a
polynucleotide encoding a monomer domain. Similarly,
the sequence diversity of one or more monomer domains
can be expanded by mutating the monomer domain(s) with
site-directed mutagenesis, random mutation,
pseudorandom mutation, defined kernal mutation,
codon-based mutation, and the like. The resultant
nucleic acid molecules can be propagated in a host for
cloning and amplification. In some embodiments, the
nucleic acids are shuffled. [207] The present
invention also provides a method for recombining a
plurality of nucleic acids encoding monomer domains
and screening the resulting library for monomer
domains that bind to the desired ligand or mixture of
ligands or the like. Selected monomer domain nucleic
acids can also be back-crossed by shuffling with
polynucleotide sequences encoding neutral sequences
(i.e., having insubstantial functional effect on
binding), such as for example, by back-crossing with a
wild-type or naturally-occurring sequence
substantially identical to a selected sequence to
produce native-like functional monomer domains.
Generally, during back-crossing, subsequent selection
is applied to retain the property, e.g., binding to
the ligand. [208] In some embodiments, the monomer
library is prepared by shuffling. In such a case,
monomer domains are isolated and shuffled to
combinatorially recombine the nucleic acid sequences
that encode the monomer domains (recombination can
occur between or within monomer domains, or both). The
first step involves identifying a monomer domain
having the desired property, e.g., affinity for a
certain ligand. While maintaining the conserved amino
acids during the recombination, the nucleic acid
sequences encoding the monomer domains can be
recombined, or recombined and joined into multimers.
[209] A significant advantage of the present invention
is that known ligands, or unknown ligands can be used
to select the monomer domains and/or multimers. No
prior information regarding ligand structure is
required to isolate the monomer domains of interest or
the multimers of interest. The monomer domains and/or
multimers identified can have biological activity,
which is meant to include at least specific binding
affinity for a selected or desired ligand, and, in
some instances, will further include the ability to
block the binding of other compounds, to stimulate or
inhibit metabolic pathways, to act as a signal or
messenger, to stimulate or inhibit cellular activity,
and the like. Monomer domains can be generated to
function as ligands for receptors where the natural
ligand for the receptor has not yet beenidentified
(orphan receptors). These orphan ligands can be
created to either block or activate the receptor to
which they bind. [210] A single ligand can be used, or
optionally a variety of ligands can be used to select
the monomer domains and/or multimers. A monomer domain
of the present invention can bind a single ligand or a
variety of ligands. A multimer of the present
invention can have multiple discrete binding sites for
a single ligand, or optionally, can have multiple
binding sites for a variety of ligands. [211] In some
embodiments, the multimers or monomers are screened
for the ability to bind to a protein from multimple
(2, 3, or more) different species. For example, human
and primate orthologous proteins can be screened,
thereby generating polypeptides that bind the proteins
(e.g., IL-6, IgG or other serum half-life extender or
other protein) from both a human and a primate,
thereby allowing for ease of analysis of toxicology in
primates for use in humans. [212] The invention also
includes compositions that are produced by methods of
the present invention. For example, the present
invention includes monomer domains selected or
identified from a library and/or libraries comprising
monomer domains produced by the methods of the present
invention. [213] The present invention also provides
libraries of monomer domains and libraries of nucleic
acids that encode monomer domains. The libraries can
include, e.g., about 100, 250, 500 or more nucleic
acids encoding monomer domains, or the library can
include, e.g., about 100, 250, 500 or more
polypeptides that encode monomer domains. Libraries
can include monomer domains containing the same
cysteine frame, e.g., A-domains or EGF-like domains.
[214] In some embodiments, variants are generated by
recombining two or more different sequences from the
same family of monomer domains (e.g., the LDL receptor
class A domain). Alternatively, two or more different
monomer domains from different families can be
combined to form a multimer. In some embodiments, the
multimers are formed from monomers or monomer variants
of at least one of the following family classes: an
EGF-like domain, a Kringle-domain, a fibronectin type
I domain, a fibronectin type II domain, a fibronectin
type III domain, a PAN domain, a GIa domain, a SRCR
domain, a Kunitz/Bovine pancreatic trypsin Inhibitor
domain, a Kazal-type serine protease inhibitor domain,
a Trefoil (P-type) domain, a von Willebrand factor
type C domain, an Anaphylatoxin-like domain, a CUB
domain, a thyroglobulin type I repeat, LDL-receptor
class A domain, a Sushi domain, a Link domain, a
Thrombospondin type I domain, anIrnmunoglobulin-like
domain, a C-type lectin domain, a MAM domain, a von
Willebrand factor type A domain, a Somatomedin B
domain, a WAP-type four disulfide core domain, a F5/8
type C domain, a Hemopexin domain, an SH2 domain, an
SH3 domain, a Laminin-type EGF-like domain, a C2
domain and derivatives thereof. In another embodiment,
the monomer domain and the different monomer domain
can include one or more domains found in the Pfam
database and/or the SMART database. Libraries produced
by the methods above, one or more cell(s) comprising
one or more members of the library, and one or more
displays comprising one or more members of the library
are also included in the present invention. [215]
Optionally, a data set of nucleic acid character
strings encoding monomer domains can be generated
e.g., by mixing a first character string encoding a
monomer domain, with one or more character string
encoding a different monomer domain, thereby producing
a data set of nucleic acids character strings encoding
monomer domains, including those described herein. In
another embodiment, the monomer domain and the
different monomer domain can include one or more
domains found in the Pfam database and/or the SMART
database. The methods can further comprise inserting
the first character string encoding the monomer domain
and the one or more second character string encoding
the different monomer domain in a computer and
generating a multimer character string(s) or
library(s), thereof in the computer. [216] The
libraries can be screened for a desired property such
as binding of a desired ligand or mixture of ligands.
For example, members of the library of monomer domains
can be displayed and prescreened for binding to a
known or unknown ligand or a mixture of ligands. The
monomer domain sequences can then be mutagenized
(e.g., recombined, chemically altered, etc.) or
otherwise altered and the new monomer domains can be
screened again for binding to the ligand or the
mixture of ligands with an improved affinity. The
selected monomer domains can be combined or joined to
form multimers, which can then be screened for an
improved affinity or avidity or altered specificity
for the ligand or the mixture of ligands. Altered
specificity can mean that the specificity is
broadened, e.g., binding of multiple related viruses,
or optionally, altered specificity can mean that the
specificity is narrowed, e.g., binding within a
specific region of a ligand. Those of skill in the art
will recognize that there are a number of methods
available to calculate avidity. See, e.g., Mammen et
al, Angew Chem Int. Ed. 37:2754-2794 (1998); Muller et
al.,Anal. Biochem. 261:149-158 (1998).VI. SELECTION
OFMONOMER DOMAINS THATBIND IL-6 [217] Preliminary
screens can be conducted by screening for agents
capable of binding to IL-6, as at least some of the
agents so identified are likely IL-6 modulators (e.g.,
antagonists or agonists). The binding assays usually
involve contacting an IL-6 protein (or a fragment
thereof) with one or more test agents (i.e., monomers
or multimers of the invention) and allowing sufficient
time for the protein and test agents to form a binding
complex. Any binding complexes formed can be detected
using any of a number of established analytical
techniques. Protein binding assays include, but are
not limited to, immunohistochemical binding assays,
flow cytometry or other assays. The IL-6 protein
utilized in such assays can be naturally expressed,
cloned or synthesized. Similar methods can be used to
identify monomer domains or multimers that bind IgG.
[218] The screening methods of the invention can be
performed as in vitro or cell-based assays. Cell based
assays can be performed in any cells in which IL-6 is
expressed. Cell-based assays may involve whole cells
or cell fractions containing an IL-6 receptor to
screen for agent binding or modulation of activity of
IL-6 by the agent. Exemplary cell types that can be
used according to the methods of the invention
include, e.g., any mammalian cells, as well as fungal
cells, including yeast, and bacterial cells. Cells can
be primary cells or tumor cells or other types of
immortal cell lines. Of course, IL-6 can be expressed
in cells that do not endogenously contain IL-6.
Further, a membrane-bound version of IL-6 maybe
exogenously expressed on the surface of cells,
allowing for flow cytometry or other binding,
screening, or selection methods. [219] IL-6 activity
assays may also be used to identify a modulator
(antagonist or agonist) of IL-6. In these embodiments,
one or more test agents are contacted to a cell
expressing IL-6 or to which exogenous IL-6 has been
added, and then tested for an activity of IL-6.
Exemplary IL-6 activities include cell proliferation,
inflammatory responses or differentiation. See, e.g.,
Naka, T. et al, Arthritis Res. 4:S233-S242 (2002). In
other embodiments, downstream molecular events can
also be monitored to determine signaling activity. For
example, IL-6 signal transduction is mediated
primarily by two pathways: the JAK-STAT (Janus family
tyrosine Kinase - Signal Transducer and Activator of
Transcription) pathway and the Ras mitogen-activated
protein kinase pathway whose activation can be easily
monitored using commercially available kits and
methods known to those skilled in the art. See, e.g.,
See, e.g., Naka, T. et al, Arthritis Res. 4:S233-S242
(2002). [220] In some embodiments, activity assays are
also used to confirm that identified antagonist
monomers or multimers (i.e., that prevent binding of
IL-6 to IL-6R) lackagonist activity (i.e., that they
do not activate IL-6R in the absence of IL-6 or
another agonist). [221] Agents that are initially
identified by any of the foregoing screening methods
can be further tested to validate the apparent
activity. Such studies may be conducted with suitable
animal models. The basic format of such methods
involves administering a lead compound identified
during an initial screen to an animal that serves as a
model for humans and then determining if IL-6 is in
fact modulated and/or the disease or condition is
ameliorated. The animal models utilized in validation
studies generally are mammals of any kind. Specific
examples of suitable animals include, but are not
limited to, primates, mice and rats. [222] Selection
of monomer domains that bind IL-6 from a library of
domains can be accomplished by a variety of
procedures. For example, one method of identifying
monomer domains which have a desired property (e.g.,
binding IL-6 or IgG) involves translating a plurality
of nucleic acids, where each nucleic acid encodes a
monomer domain, screening the polypeptides encoded by
the plurality of nucleic acids, and identifying those
monomer domains that, e.g., bind to a desired ligand
or mixture of ligands, thereby producing a selected
monomer domain. The monomer domains expressed by each
of the nucleic acids can be tested for their ability
to bind to the ligand by methods known in the art
(i.e. panning, affinity chromatography, FACS
analysis). [223] As mentioned above, selection of
monomer domains can be based on binding to a ligand
such as IL-6, or a fragment thereof or other target
molecule (e.g., lipid, carbohydrate, nucleic acid and
the like). Other molecules can optionally be included
in the methods along with the target, e.g., ions such
as Ca+2. [224] When a monomer domain of the invention
is selected based on its ability to bind to a ligand,
the selection basis can include selection based on a
slow dissociation rate, which is usually predictive of
high affinity. The valency of the ligand can also be
varied to control the average binding affinity of
selected monomer domains. The ligand can be bound to a
surface or substrate at varying densities, such as by
including a competitor compound, by dilution, or by
other method known to those in the art. High density
(valency) of predetermined ligand can be used to
enrich for monomer domains that have relatively low
affinity, whereas a low density (valency) can
preferentially enrich for higher affinity monomer
domains. [225] A variety of reporting display vectors
or systems can be used to express nucleic acids
encoding the monomer domains and/or multimers of the
presentinvention and to test for a desired activity.
For example, a phage display system is a system in
which monomer domains are expressed as fusion proteins
on the phage surface (Pharmacia, Milwaukee Wis.).
Phage display can involve the presentation of a
polypeptide sequence encoding monomer domains on the
surface of a filamentous bacteriophage, typically as a
fusion with a bacteriophage coat protein. [226]
Generally in these methods, each phage particle or
cell serves as an individual library member displaying
a single species of displayed polypeptide in addition
to the natural phage or cell protein sequences. The
nucleic acids are cloned into the phage DNA at a site
which results in the transcription of a fusion
protein, a portion of which is encoded by the
plurality of the nucleic acids. The phage containing a
nucleic acid molecule undergoes replication and
transcription in the cell. The leader sequence of the
fusion protein directs the transport of the fusion
protein to the tip of the phage particle. Thus, the
fusion protein that is partially encoded by the
nucleic acid is displayed on the phage particle for
detection and selection by the methods described above
and below. For example, the phage library can be
incubated with a predetermined ligand such as IL-6 or
a fragment thereof, so that phage particles which
present a fusion protein sequence that binds to the
ligand can be differentially partitioned from those
that do not present polypeptide sequences that bind to
the predetermined ligand. For example, the separation
can be provided by immobilizing the predetermined
ligand. The phage particles (i.e., library members)
which are bound to the immobilized ligand are then
recovered and replicated to amplify the selected phage
subpopulation for a subsequent round of affinity
enrichment and phage replication. After several rounds
of affinity enrichment and phage replication, the
phage library members that are thus selected are
isolated and the nucleotide sequence encoding the
displayed polypeptide sequence is determined, thereby
identifying the sequence(s) of polypeptides that bind
to the predetermined ligand. Such methods are further
described in PCT patent publication Nos. 91/17271,
91/18980, and 91/19818 and 93/08278. [227] Examples of
other display systems include ribosome displays, a
nucleotide-linked display (see, e.g., U.S. Patent Nos.
6,281,344; 6,194,550, 6,207,446, 6,214,553, and
6,258,558), polysome display, cell surface displays
and the like. The cell surface displays include a
variety of cells, e.g., E. coli, yeast and/or
mammalian cells. When a cell is used as a display, the
nucleic acids, e.g., obtained by PCR amplification
followed by digestion, are introduced into the cell
and translated. Optionally, polypeptides encoding the
monomer domains or the multimers of the present
invention can be introduced, e.g., by injection, into
the cell.[228] The monomer and multimer libraries of
the invention can be screened for a desired property
such as binding of a desired ligand (e.g., IL-6) or
mixture of ligands. For example, members of the
library of monomer domains can be displayed and
prescreened for binding to a known or unknown ligand
or a mixture of ligands. The monomer domain sequences
can then be mutagenized(e.g., recombined, chemically
altered, etc.) or otherwise altered and the new
monomer domains can be screened again for binding to
the ligand or the mixture of ligands with an improved
affinity. The selected monomer domains can be combined
or joined to form multimers, which can then be
screened for an improved affinity or avidity or
altered specificity for the ligand or the mixture of
ligands. Altered specificity can mean that the
specificity is broadened, e.g., binding of multiple
related ligands, or optionally, altered specificity
can mean that the specificity is narrowed, e.g.,
binding within a specific region of a ligand. Those of
skill in the art will recognize that there are a
number of methods available to calculate avidity. See,
e.g., Mammen et al., Angew Chem Int. Ed. 37:2754-2794
(1998); Muller etal.,Anal. Biochem. 261:149-158
(1998). [229] Those of skill in the art will recognize
that the steps of generating variation and screening
for a desired property can be repeated (i.e.,
performed recursively) to optimize results. For
example, in a phage display library or other like
format, a first screening of a library can be
performed at relatively lower stringency, thereby
selected as many particles associated with a target
molecule as possible. The selected particles can then
be isolated and the polynucleotides encoding the
monomer or multimer can be isolated from the
particles. Additional variations can then be generated
from these sequences and subsequently screened at
higher affinity. [230] All the compositions of the
present invention, e.g., monomer domains as well as
multimers and libraries thereof can be optionally
bound to a matrix of an affinity material. Examples of
affinity material include beads, a column, a solid
support, a microarray, other pools of
reagent-supports, and the like. [231] When multimers
capable of binding relatively large targets are
desired, they can be generated by a "walking"
selection method. This method is carried out by
providing a library of monomer domains and screening
the library of monomer domains for affinity to a first
target molecule. Once at least one monomer that binds
to the target is identified, that monomer is
covalently linked to a new library or each remaining
member of the original library of monomer domains.
This new library of multimers (dimers) is then
screened for multimers that bind to the target with an
increased affinity, and a multimer that binds to the
target with an increased affinity can be identified.
The "walking" monomerselection method provides a way
to assemble a multimer that is composed of monomers
that can act additively or even synergistically with
each other given the restraints of linker length. This
walking technique is very useful when selecting for
and assembling multimers that are able to bind large
target proteins with high affinity. The walking method
can be repeated to add more monomers thereby resulting
in a multimer comprising 2, 3, 4, 5, 6, 1, 8 or more
monomers linked together. [232] In some embodiments,
the selected multimer comprises more than two domains.
Such multimers can be generated in a step fashion,
e.g., where the addition of each new domain is tested
individually and the effect of the domains is tested
in a sequential fashion. See, e.g., Figure 5. In an
alternate embodiment, domains are linked to form
multimers comprising more than two domains and
selected for binding without prior 



knowledge of how smaller multimers, or alternatively,
how each domain, bind. [233] The methods of the
present invention also include methods of evolving
monomers or multimers. ntra-domain recombination can
be introduced into monomers across the entire monomer
or by taking portions of different monomers to form
new recombined units. Interdomain recombination (e.g.,
recombining different monomers into or between
multimers) or recombination of modules (e.g., multiple
monomers within a multimer) may be achieved.
Inter-library recombination is also contemplated.
[234] Methods for evolving monomers or multimers can
comprise, e.g., any or all of the following steps:
providing a plurality of different nucleic acids,
where each nucleic acid encoding a monomer domain;
translating the plurality of different nucleic acids,
which provides a plurality of different monomer
domains; screening the plurality of different monomer
domains for binding of the desired ligand (e.g., IL-6)
or mixture of ligands; identifying members of the
plurality of different monomer domains that bind the
desired ligand or mixture of ligands, which provides
selected monomer domains; joining the selected monomer
domains with at least one linker to generate at least
one multimer, wherein the at least one multimer
comprises at least two of the selected monomer domains
and the at least one linker; and, screening the at
least one multimer for an improved affinity or avidity
or altered specificity for the desired ligand or
mixture of ligands as compared to the selected monomer
domains. [235] Variation can be introduced into either
monomers or multimers. An example of improving
monomers includes intra-domain recombination in which
two or more (e.g., three, four, five, or more )
portions of the monomer are amplified separately under
conditions to introduce variation (for example by
shuffling or other recombination method) inthe
resulting amplification products, thereby synthesizing
a library of variants for different portions of the
monomer. By locating the 5' ends of the middle primers
in a "middle" or Overlap' sequence that both of the
PCR fragments have in common, the resulting "left"
side and "right" side libraries maybe combined by
overlap PCR to generate novel variants of the original
pool of monomers. These new variants may then be
screened for desired properties, e.g., panned against
a target or screened for a functional effect. The
"middle" rrimer(s) may be selected to correspond to
any segment of the monomer, and will typically be
based on the scaffold or one or more consensus amino
acids within the monomer (e.g., cysteines such as
those found in A domains). [236] Similarly, multimers
may be created by introducing variation at the monomer
level and then recombining monomer variant libraries.
On a larger scale, multimers (single or pools) with
desired properties may be recombined to form longer
multimers. In some cases variation is introduced
(typically synthetically) into the monomers or into
the linkers to form libraries. This maybe achieved,
e.g., with two different multimers that bind to two
different targets, thereby eventually selecting a
multimer with a portion that binds to one target and a
portion that binds a second target. [237] Additional
variation can be introduced by inserting linkers of
different length and composition between domains. This
allows for the selection of optimal linkers between
domains. In some embodiments, optimal length and
composition of linkers will allow for optimal binding
of domains. In some embodiments, the domains with a
particular binding affinity(s) are linked via
different linkers and optimal linkers are selected in
a binding assay. For example, domains are selected for
desired binding properties and then formed into a
library comprising a variety of linkers. The library
can then be screened to identify optimal linkers.
Alternatively, multimer libraries can be formed where
the effect of domain or linker on target molecule
binding is not known. [238] Methods of the present
invention also include generating one or more selected
multimers by providing a plurality of monomer domains.
The plurality of monomer domains is screened for
binding of a desired ligand or mixture of ligands.
Members of the plurality of domains that bind the
desired ligand or mixture of ligands are identified,
thereby providing domains with a desired affinity. The
identified domains are joined with at least one linker
to generate the multimers, wherein each multimer
comprises at least two of the selected domains and the
at least one linker; and, the multimers are screened
for an improved affinity or avidity or altered
specificity for the desired ligand or mixture of
ligands as compared to the selected domains, thereby
identifying the one or more selected multimers.[239]
Multimer libraries may be generated, in some
embodiments, by combining two or more libraries or
monomers or multimers in a recombinase-based approach,
where each library member comprises as recombination
site (e.g., a lox site). A larger pool of molecularly
diverse library members in principle harbor more
variants with desired properties, such as higher
target-binding affinities and functional activities.
When libraries are constructed in phage vectors, which
may be transformed into E. coli, library size (109 -
1010) is limited by the transformation efficiency of
E. coli. A recombinase/recombination site system
(e.g., the Cre-loxP system) and in vivo recombination
can be exploited to generate libraries that are not
limited in size by the transformation efficiency of E.
coli. [240] For example, the Cre-loxP system may be
used to generate dimer libraries with 1010 , 101 1,
1012 , 1013, or greater diversity. In some
embodiments, E. coli as a host for one nave monomer
library and a filamentous phage that carries a second
nave monomer library are used. The library size in
this case is limited only by the number of infective
phage (carrying one library) and the number of
infectible E. coli cells (carrying the other library).
For example, infecting 1012 E. coli cells (IL at
OD600=1) with >1012 phage could produce as many as
1012 dimer combinations. [241] Selection of multimers
can be accomplished using a variety of techniques
including those mentioned above for identifying
monomer domains. Other selection methods include,
e.g., a selection based on an improved affinity or
avidity or altered specificity for the ligand compared
to selected monomer domains. For example, a selection
can be based on selective binding to specific cell
types, or to a set of related cells or protein types
(e.g., different virus serotypes). Optimization of the
property selected for, e.g., avidity of a ligand, can
then be achieved by recombining the domains, as well
as manipulating amino acid sequence of the individual
monomer domains or the linker domain or the nucleotide
sequence encoding such domains, as mentioned in the
present invention. [242] One method for identifying
multimers can be accomplished by displaying the
multimers. As with the monomer domains, the multimers
are optionally expressed or displayed on a variety of
display systems, e.g., phage display, ribosome
display, polysome display, nucleotide-linked display
(see, e.g., U.S. Patent Nos. 6,281,344; 6,194,550,
6,207,446, 6,214,553, and 6,258,558) and/or cell
surface display, as described above. Cell surface
displays can include but are not limited to E. coli,
yeast or mammalian cells. In addition, display
libraries of multimers with multiple binding sites can
be panned for avidity or affinity or altered
specificity for a ligand or for multiple ligands.[243]
Monomers or multimers can be screened for target
binding activity in yeast cells using a two-hybrid
screening assay. In this type of screen the monomer or
multimer library to be screened is cloned into a
vector that directs the formation of a fusion protein
between each monomer or multimer of the library and a
yeast transcriptional activator fragment (i.e., Gal4).
Sequences encoding the "target" protein are cloned
into a vector that results in the production of a
fusion protein between the target and the remainder of
the Gal4 protein (the DNA binding domain). A third
plasmid contains a reporter gene downstream of the DNA
sequence of the Gal4 binding site. A monomer that can
bind to the target protein brings with it the Gal4
activation domain, thus reconstituting a functional
Gal4 protein. This functional Gal4 protein bound to
the binding site upstream of the reporter gene results
in the expression of the reporter gene and selection
of the monomer or multimer as a target binding
protein, (see Chien et.al. (1991) Proc. Natl. Acad.
Sci. (USA) 88:9578; Fields S. and Song O. (1989)
Nature 340: 245) Using a two-hybrid system for library
screening is further described in U.S. Patent No. 5,81
1,238 (see also Silver S.C. and Hunt S.W. (1993) MoL
Biol. Rep. 17:155; Durfee et al. (1993) Genes Devel.
7:555; Yang et al. (1992) Science 257:680; Luban et
al. (1993) Cell 73:1067; Hardy et al. (1992) Genes
Devel. 6:801; Bartel et al. (1993) Biotechniques
14:920; and Vojtek et al. (1993) Cell 74:205). Another
useful screening system for carrying out the present
invention is the E.coli/BCCP interactive screening
system (Germino et al. (1993) Proc. Nat. Acad. Sci.
(U.S.A.) 90:993; Guarente L. (1993) Proc. Nat. Acad.
Sci. (U.S.A.) 90:1639). [244] Other variations include
the use of multiple binding compounds, such that
monomer domains, multimers or libraries of these
molecules can be simultaneously screened for a
multiplicity of ligands or compounds that have
different binding specificity. Multiple predetermined
ligands or compounds can be concomitantly screened in
a single library, or sequential screening against a
number of monomer domains or multimers. In one
variation, multiple ligands or compounds, each encoded
on a separate bead (or subset of beads), can be mixed
and incubated with monomer domains, multimers or
libraries of these molecules under suitable binding
conditions. The collection of beads, comprising
multiple ligands or compounds, can then be used to
isolate, by affinity selection, selected monomer
domains, selected multimers or library members.
Generally, subsequent affinity screening rounds can
include the same mixture of beads, subsets thereof, or
beads containing only one or two individual ligands or
compounds. This approach affords efficient screening,
and is compatible with laboratory automation, batch
processing, and high throughput screening
methods.[245] In another embodiment, multimers can be
simultaneously screened for the ability to bind
multiple ligands, wherein each ligand comprises a
different label. For example, each ligand can be
labeled with a different fluorescent label, contacted
simultaneously with a multimer or multimer library.
Multimers with the desired affinity are then
identified (e.g., by FACS sorting) based on the
presence of the labels linked to the desired labels.
[246] Libraries of either monomer domains or multimers
(referred in the following discussion for convenience
as "affinity agents") can be screened (i.e., panned)
simultaneously against multiple ligands in a number of
different formats. For example, multiple ligands can
be screened in a simple mixture, in an array,
displayed on a cell or tissue (e.g., a cell or tissue
provides numerous molecules that can be bound by the
monomer domains or multimers of the invention), and/or
immobilized. The libraries of affinity agents can
optionally be displayed on yeast or phage display
systems. Similarly, if desired, the ligands (e.g.,
encoded in a cDNA library) can be displayed in a yeast
or phage display system. [247] Initially, the affinity
agent library is panned against the multiple ligands.
Optionally, the resulting "hits" are panned against
the ligands one or more times to enrich the resulting
population of affinity agents. [248] If desired, the
identity of the individual affinity agents and/or
ligands can be determined. In some embodiments,
affinity agents are displayed on phage. Affinity
agents identified as binding in the initial screen are
divided into a first and second portion. The first
portion is infected into bacteria, resulting in either
plaques or bacterial colonies, depending on the type
of phage used. The expressed phage are immobilized and
then probed with ligands displayed in phage selected
as described below. [249] The second portion are
coupled to beads or otherwise immobilized and a phage
display library containing at least some of the
ligands in the original mixture is contacted to the
immobilized second portion. Phage that bind to the
second portion are subsequently eluted and contacted
to the immobilized phage described in the paragraph
above. Phage-phage interactions are detected (e.g.,
using a monoclonal antibody specific for the
ligand-expressing phage) and the resulting phage
polynucleotides can be isolated. [250] In some
embodiments, the identity of an affinity agent-ligand
pair is determined. For example, when both the
affinity agent and the ligand are displayed on a phage
or yeast, the DNA from the pair can be isolated and
sequenced. In some embodiments, polynucleotides
specific for the ligand and affinity agent are
amplified. Amplificationprimers for each reaction can
include 5' sequences that are complementary such that
the resulting amplification products are fused,
thereby forming a hybrid polynucleotide comprising a
polynucleotide encoding at least a portion of the
affinity agent and at least a portion of the ligand.
The resulting hybrid can be used to probe affinity
agent or ligand (e.g., cDNA-encoded) polynucleotide
libraries to identify both affinity agent and ligand.
[251] The above-described methods can be readily
combined with "walking" to simultaneously generate and
identify multiple multimers, each of which bind to a
ligand in a mixture of ligands. In these embodiments,
a first library of affinity agents (monomer domains or
multimers) are panned against multiple ligands and the
eluted affinity agents are linked to the first or a
second library of affinity agents to form a library of
multimeric affinity agents (e.g., comprising 2, 3, 4,
5, 6, 7, 8, 9, or more monomer), which are
subsequently panned against the multiple ligands. This
method can be repeated to continue to generate larger
multimeric affinity agents. Increasing the number of
monomer domains may result in increased affinity and
avidity for a particular target. For example, the
inventors have found that trimers of monomer domains
that bind CD28 have a higher affinity than dimmers,
which in turn have a higher affinity than single
CD28-binding monomer domains alone. Of course, at each
stage, the panning is optionally repeated to enrich
for significant binders. In some cases, walking will
be facilitated by inserting recombination sites (e.g.,
lox sites) at the ends of monomers and recombining
monomer libraries by a recombinase-mediated event.
[252] The selected multimers of the above methods can
be further manipulated, e.g., by recombining or
shuffling the selected multimers (recombination can
occur between or within multimers or both), mutating
the selected multimers, and the like. This results in
altered multimers which then can be screened and
selected for members that have an enhanced property
compared to the selected multimer, thereby producing
selected altered multimers. [253] In view of the
description herein, it is clear that the following
process may be followed. Naturally or non-naturally
occurring monomer domains may be recombined or
variants may be formed. Optionally the domains
initially or later are selected for those sequences
that are less likely to be immunogenic in the host for
which they are intended. Optionally, a phage library
comprising the recombined domains is panned for a
desired affinity. Monomer domains or multimers
expressed by the phage may be screened for IC5Ofor
target. Hetero- or homo-meric multimers may be
selected. The selected polypeptides may be selected
for their affinity to any target, including, e.g.,
hetero- or homomultimeric targets.[254] Linkers,
multimers or selected multimers produced by the
methods indicated above and below are features of the
present invention. Libraries comprising multimers,
e.g, a library comprising about 100, 250, 500 or more
members produced by the methods of the present
invention or selected by the methods of the present
invention are provided. In some embodiments, one or
more cell comprising members of the libraries, are
also included. Libraries of the recombinant
polypeptides are also a feature of the present
invention, e.g., a library comprising about 100, 250,
500 or more different recombinant polypetides. [255]
Compositions of the present invention can be bound to
a matrix of an affinity material, e.g., the
recombinant polypeptides. Examples of affinity
material include, e.g., beads, a column, a solid
support, and/or the like. VIL THERAPEUTICAND
PROPHYLACTIC TREATMENTMETHODS [256] The present
invention also includes methods of therapeutically or
prophylactically treating a disease or disorder by
administering in vivo or ex vivo one or more nucleic
acids or polypeptides of the invention described above
(or compositions comprising a pharmaceutically
acceptable excipient and one or more such nucleic
acids or polypeptides) to a subject, including, e.g.,
a mammal, including a human, primate, mouse, pig, cow,
goat, rabbit, rat, guinea pig, hamster, horse, sheep;
or a non-mammalian vertebrate such as a bird {e.g., a
chicken or duck), fish, or invertebrate. [257] IL-6
antagonists, including polypeptides comprising
IL-6-binding monomer domains or multimers of the
invention are useful in treatment of a number of human
diseases. Exemplary IL-6-binding domains include the
specific sequences disclosed herein, including, but
not limited to: Family 1 motif (SEQ ID NO:27) : CX
[AS] [DN] EFXCXXGXC [ILV] XXAXXCDGV [DN] DCXDNSDEXXC
[AST] XX [AST] Family 2 motif (SEQ ID NO:28): CXXXQFXC
[DN] NGXCVPXXWXCDG [DE] [DN] DCXD [DN] SDEXXCXXP [AST]
Family 3 motif (SEQ ID NO: 29): CXXXQFQCXSG [W, Y ]C
[I, L ,F ]XXXW [V, L ]CDGXNDCEDXSDEXXC Family 4 motif
(SEQ ID NO:30): CXXX [EQ] FXCXXGXC [ILV]XXXXXCDGX [DN]
DCXDXSDEXX (XX) C Family 5 motif (SEQ ID NO: 31): CX
[A, P]X[E, Q ]FXCXXGQC [I ,L ]PXXXXCDGX [D, N
]DCXDXSDEXXC Family 6 motif (SEQ ID NO: 32): CXXX [EQ]
FXCX (X) SXXC [ILV] XX [DN] W [ILV]
CDGVNDCXDXSDEXGCXXXTFamily 7 motif (SEQ ID NO: 33) :
CL [AS ] X [EQ] FXCXNGXCI P [KQR] XWVCDGDNDC [ ILV]
DXSDE ( P ) XXCX [EKQ] XT . [258] Exemplary human
diseases for which antagonism of IL-6 is ameliorative
include, e.g.,: Autoimmune and inflammatory diseases
(such as psoriasis, psoriatic arthritis, rheumatoid
arthritis, juvenile rheumatoid arthritis, Still's
Disease, Crohn's Disease, ulcerative colitis, Systemic
Lupus Erythematosus, Lupus Nephritis, Multiple
Sclerosis, Osteoarthritis, Castleman's Disease, sepsis
and Guillan Barre Syndrome), Cancer (such as, Multiple
Myeloma, Renal Cell Carcinoma, Breast Cancer, Other
solid tumors (colon, pancreatic, gastric, etc.),
Lymphoma, Leukemia) Metabolic/endocrine diseases (such
as Type II Diabetes (insulin resistance);
Osteoporosis; Dyslipidemias (increases high density
lipoprotein, HDL, as part of preventing and/or
treating artherosclerosis, coronary artery disease,
etc.), Anti-Aging, liver disorders (e.g., liver
fibrosis)); Cardiovascular disease (such as Coronary
Artery Disease); Pulmonary disease (such as Chronic
Obstructive Pulmonary Disease, Interstitial Pulmonary
Fibrosis, Asthma); and Neurological diseases (such as
Parkinson's Disease, Alzheimer's Disease, Multiple
Sclerosis, Stroke). [259] In some aspects, a monomer
or multimer of the invention is administered to an
individual with at least one other molecule used for
treatment of one of the above-listed ailments. The
other molecule can be prepared in a formulation with
the monomer or multimer or can be administered
simultaneously or before or after the monomer or
multimer is administered. [260] In some embodiments, a
polypeptide comprising a monomer or multimer of the
invention that binds IL-6 is used to increase high
density lipids (HDLs) in an individual. The individual
may be one who has a family history of heart disease
or otherwise is at risk from ill health effects of
high cholesterol, high LDL levels or low HDL levels.
IL-6 is an important mediator of lipid metabolism.
This is evidenced by the fact that cholesterol levels
go up in the IL-6 knockout mouse, but in IL-6
transgenic mice the cholesterol levels go down. Human
anti-IL-6 antibodies cause the total cholesterol
level, LDL level, and triglyceride level to go up
significantly (P=<0.001). HDL goes up significantly as
well (P=<.001). LDL goes up 12-23% in dose-dependent
manner with humanized anti-IL-6R antibody (MRA). HDL
goes up ~26% in dose-dependent manner with same
anti-IL-6Rantibody. See, e.g., Nishimoto et al,
Journal of Rheumatology (2003); Nishimoto et al,
Arthritis &Rheumatism (2004). [261] In some
embodiments, a polypeptide comprising a monomer or
multimer of the invention that binds IL-6 is
administered in combination with a drug that reduces
LDL levels. Statins, resins (cholestyramine,
colestipol, colesevalam) and nicotinic acid are
examples of a drugs that reduces LDL levels. Exemplary
statins include, but are not limited to, atorvastatin,
fluvastatin, lovastatin, pravastatin, rosuvastatin,
and simvastatin. [262] In one aspect of the invention,
in ex vivo methods, one or more cells or a population
of cells of interest of the subject {e.g., tumor
cells, tumor tissue sample, organ cells, blood cells,
cells of the skin, lung, heart, muscle, brain,
mucosae, liver, intestine, spleen, stomach, lymphatic
system, cervix, vagina, prostate, mouth, tongue, etc.)
are obtained or removed from the subject and contacted
with an amount of a selected monomer domain and/or
multimer of the invention that is effective in
prophylactically or therapeutically treating the
disease, disorder, or other condition. The contacted
cells are then returned or delivered to the subject to
the site from which they were obtained or to another
site {e.g., including those defined above) of interest
in the subject to be treated. If desired, the
contacted cells can be grafted onto a tissue, organ,
or system site (including all described above) of
interest in the subject using standard and well-known
grafting techniques or, e.g., delivered to the blood
or lymph system using standard delivery or transfusion
techniques. [263] The invention also provides in vivo
methods in which one or more cells or a population of
cells of interest of the subject are contacted
directly or indirectly with an amount of a selected
monomer domain and/or multimer of the invention
effective in prophylactically or therapeutically
treating the disease, disorder, or other condition. In
direct contact/administration formats, the selected
monomer domain and/or multimer is typically
administered or transferred directly to the cells to
be treated or to the tissue site of interest {e.g.,
tumor cells, tumor tissue sample, organ cells, blood
cells, cells of the skin, lung, heart, muscle, brain,
mucosae, liver, intestine, spleen, stomach, lymphatic
system, cervix, vagina, prostate, mouth, tongue, etc.)
by any of a variety of formats, including topical
administration, injection {e.g., by using a needle or
syringe), or vaccine or gene gun delivery, pushing
into a tissue, organ, or skin site. The selected
monomer domain and/or multimer can be delivered, for
example, intramuscularly, intradermally, subdermally,
subcutaneously, orally, intraperitoneally,
intrathecally, intravenously, or placed within a
cavity of the body (including, e.g., during surgery),
or by inhalation or vaginal or rectal administration.
Exemplary delivery include, e.g., oral delivery
(buccal or intestinal uptake/delivery), homeinjection
(e.g., formulated in about a 1.4 ml volume or less),
transdermal uptake/delivery, subcutaneously
implantable pump, pulmonary uptake/delivery (systemic
or non-systemic), blood-brain-barrier uptake/delivery,
and/or nasal uptake/delivery. [264] Design approaches
for oral delivery include, e.g., including in the
monomer or multimer a binding affinity for mucosal
peptide transporters such as PepTl, PerT2, HPTl,
ABC-family; addition of a translocation domain (PE38
or PE40 from Pseudomonas exotoxin A) to the monomer or
multimer; or including a binding affinity for
blood-brain barrier transporters such as Transferrin
receptor. [265] The four primary mechanisms for
transepithelial delivery are: - Transcellular: through
the cell by diffusion: mostly used by small molecules.
- Paracellular: around the cells through
desmosomes/tight junctions: mostly used by hydrophilic
peptides - Transcytosis: through the cells inside
vesicles by pinocytosis - Carrier- or
Transporter-mediated, for molecules that bind to the
transporter/carrier [266] In another approach, the
monomer or multimer is designed to bind to receptors
on the cell surface or inside vesicles that are
actively transported across the cell to the serum,
carrying the drug along. Such receptors are called
Transporters. One such receptor is the neonatal
immunoglobulin Fc receptor (FcRn) which can be used
for pulmonary and intestinal delivery to the serum.
Another receptor is the Transferrin receptor, which
can transport across the blood-brain barrier into the
cerebrospinal fluid. Alternatively, the monomer or
multimer is designed to bind to the neonatal Fc
receptor for pulmonary and intestinal transport. This
method can involve engineering the final drug product
for pH sensitive release. [267] In view of the above,
several strategies are possible. Monomers or multimers
that bind known transporters (e.g., PepTl, HPT-I
PepT2, ABC family, TAPl, TAP2, MDR) can be identified.
Other useful binders can be identified by identifying
monomers or multimers that bind to Caco2 cells (e.g.,
using an uptake blocking assay using 14C-Cephalexin
uptake by Caco2 cells). See, e.g., Blanchette, J., et
al. Biomedicine and Pharmacotherapy 58:142-151 (2004);
Low, S.C , et al. Human Reproduction - advance access
April 7 2005; Lee, V. J. Natl Cancer Institute,
Monographs 29 (2001); Rubas, W., et al. J. Pharm. Sd.
85:165-169 (1996); Yang, C.Y., et al. Pharmaceutical
Research 16:1331- 1343 (1999); Dietrich, C.G., et al.
Gut 52:1788-1799 (2003); Cleland, J.L., et al. Current
Opinion in Biotechnology 12:212-219 (2001); Nielsen,
CU. and Brodin, B. CurrentDrug Targets 4:373-388
(2004); Kunta, J.R., etal. CurrentDrug Metabolism
5:109-124 (2004).[268] In another approach, a phage
library of multimers can be applied to the oral cavity
of a mammal and phage or DNA from the phage can be
recovered in the serum of the animal to enrich for
sequences that are good delivery agents. Natural
domains or peptides that are known to be orally
transported can also be fused to monomers or multimers
of the invention. In yet another alternative, phage
displayed domains are selected for resistance to the
appropriate body fluid (nasal, intestinal, etc) or to
purified proteases. [269] In in vivo indirect
contact/administration formats, the selected monomer
domain and/or multimer is typically administered or
transferred indirectly to the cells to be treated or
to the tissue site of interest, including those
described above (such as, e.g., skin cells, organ
systems, lymphatic system, or blood cell system,
etc.), by contacting or administering the polypeptide
of the invention directly to one or more cells or
population of cells from which treatment can be
facilitated. For example, tumor cells within the body
of the subject can be treated by contacting cells of
the blood or lymphatic system, skin, or an organ with
a sufficient amount of the selected monomer domain
and/or multimer such that delivery of the selected
monomer domain and/or multimer to the site of interest
(e.g., tissue, organ, or cells of interest or blood or
lymphatic system within the body) occurs and effective
prophylactic or therapeutic treatment results. Such
contact, administration, or transfer is typically made
by using one or more of the routes or modes of
administration described above. [270] In another
aspect, the invention provides ex vivo methods in
which one or more cells of interest or a population of
cells of interest of the subject (e.g., tumor cells,
tumor tissue sample, organ cells, blood cells, cells
of the skin, lung, heart, muscle, brain, mucosae,
liver, intestine, spleen, stomach, lymphatic system,
cervix, vagina, prostate, mouth, tongue, etc.) are
obtained or removed from the subject and transformed
by contacting said one or more cells or population of
cells with a polynucleotide construct comprising a
nucleic acid sequence of the invention that encodes a
biologically active polypeptide of interest (e.g., a
selected monomer domain and/or multimer) that is
effective in prophylactically or therapeutically
treating the disease, disorder, or other condition.
The one or more cells or population of cells is
contacted with a sufficient amount of the
polynucleotide construct and a promoter controlling
expression of said nucleic acid sequence such that
uptake of the polynucleotide construct (and promoter)
into the cell(s) occurs and sufficient expression of
the target nucleic acid sequence of the invention
results to produce an amount of the biologically
active polypeptide, encoding a selected monomer domain
and/or multimer,effective to prophylactically or
therapeutically treat the disease, disorder, or
condition. The polynucleotide construct can include a
promoter sequence (e.g., CMV promoter sequence) that
controls expression of the nucleic acid sequence of
the invention and/or, if desired, one or more
additional nucleotide sequences encoding at least one
or more of another polypeptide of the invention, a
cytokine, adjuvant, or co-stimulatory molecule, or
other polypeptide of interest. [271] Following
transfection, the transformed cells are returned,
delivered, or transferred to the subject to the tissue
site or system from which they were obtained or to
another site (e.g., tumor cells, tumor tissue sample,
organ cells, blood cells, cells of the skin, lung,
heart, muscle, brain, mucosae, liver, intestine,
spleen, stomach, lymphatic system, cervix, vagina,
prostate, mouth, tongue, etc.) to be treated in the
subject. If desired, the cells can be grafted onto a
tissue, skin, organ, or body system of interest in the
subject using standard and well-known grafting
techniques or delivered to the blood or lymphatic
system using standard delivery or transfusion
techniques. Such delivery, administration, or transfer
of transformed cells is typically made by using one or
more of the routes or modes of administration
described above. Expression of the target nucleic acid
occurs naturally or can 



be induced (as described in greater detail below) and
an amount of the encoded polypeptide is expressed
sufficient and effective to treat the disease or
condition at the site or tissue system. [272] In
another aspect, the invention provides in vivo methods
in which one or more cells of interest or a population
of cells of the subject (e.g., including those cells
and cells systems and subjects described above) are
transformed in the body of the subject by contacting
the cell(s) or population of cells with (or
administering or transferring to the cell(s) or
population of cells using one or more of the routes or
modes of administration described above) a
polynucleotide construct comprising a nucleic acid
sequence of the invention that encodes a biologically
active polypeptide of interest (e.g., a selected
monomer domain and/or multimer) that is effective in
prophylactically or therapeutically treating the
disease, disorder, or other condition. [273] The
polynucleotide construct can be directly administered
or transferred to cell(s) suffering from the disease
or disorder (e.g., by direct contact using one or more
of the routes or modes of administration described
above). Alternatively, the polynucleotide construct
can be indirectly administered or transferred to
cell(s) suffering from the disease or disorder by
first directly contacting non-diseased cell(s) or
other diseased cells using one or more of the routes
or modes of administration described above with a
sufficient amount of the polynucleotide construct
comprising the nucleic acid sequenceencoding the
biologically active polypeptide, and a promoter
controlling expression of the nucleic acid sequence,
such that uptake of the polynucleotide construct (and
promoter) into the cell(s) occurs and sufficient
expression of the nucleic acid sequence of the
invention results to produce an amount of the
biologically active polypeptide effective to
prophylactically or therapeutically treat the disease
or disorder, and whereby the polynucleotide construct
or the resulting expressed polypeptide is transferred
naturally or automatically from the initial delivery
site, system, tissue or organ of the subject's body to
the diseased site, tissue, organ or system of the
subject's body (e.g., via the blood or lymphatic
system). Expression of the target nucleic acid occurs
naturally or can be induced (as described in greater
detail below) such that an amount of expressed
polypeptide is sufficient and effective to treat the
disease or condition at the site or tissue system. The
polynucleotide construct can include a promoter
sequence (e.g., CMV promoter sequence) that controls
expression of the nucleic acid sequence and/or, if
desired, one or more additional nucleotide sequences
encoding at least one or more of another polypeptide
of the invention, a cytokine, adjuvant, or
co-stimulatory molecule, or other polypeptide of
interest. [274] In each of the in vivo and ex vivo
treatment methods as described above, a composition
comprising an excipient and the polypeptide or nucleic
acid of the invention can be administered or
delivered. In one aspect, a composition comprising a
pharmaceutically acceptable excipient and a
polypeptide or nucleic acid of the invention is
administered or delivered to the subject as described
above in an amount effective to treat the disease or
disorder. [275] In another aspect, in each in vivo and
ex vivo treatment method described above, the amount
of polynucleotide administered to the cell(s) or
subject can be an amount such that uptake of said
polynucleotide into one or more cells of the subject
occurs and sufficient expression of said nucleic acid
sequence results to produce an amount of a
biologically active polypeptide effective to enhance
an immune response in the subject, including an immune
response induced by an immunogen (e.g., antigen) hi
another aspect, for each such method, the amount of
polypeptide administered to cell(s) or subject can be
an amount sufficient to enhance an immune response in
the subject, including that induced by an immunogen
(e.g., antigen). [276] In yet another aspect, in an in
vivo or in vivo treatment method in which a
polynucleotide construct (or composition comprising a
polynucleotide construct) is used to deliver a
physiologically active polypeptide to a subject, the
expression of the polynucleotide construct can be
induced by using an inducible on- and off-gene
expressionsystem. Examples of such on- and off-gene
expression systems include the Tet-On(tm) Gene
Expression System and Tet-Off(tm) Gene Expression
System (see, e.g., Clontech Catalog 2000, pg. 110-111
for a detailed description of each such system),
respectively. Other controllable or inducible on- and
off-gene expression systems are known to those of
ordinary skill in the art. With such system,
expression of the target nucleic of the polynucleotide
construct can be regulated in a precise, reversible,
and quantitative manner. Gene expression of the target
nucleic acid can be induced, for example, after the
stable transfected cells containing the polynucleotide
construct comprising the target nucleic acid are
delivered or transferred to or made to contact the
tissue site, organ or system of interest. Such systems
are of particular benefit in treatment methods and
formats in which it is advantageous to delay or
precisely control expression of the target nucleic
acid (e.g., to allow time for completion of surgery
and/or healing following surgery; to allow time for
the polynucleotide construct comprising the target
nucleic acid to reach the site, cells, system, or
tissue to be treated; to allow time for the graft
containing cells transformed with the construct to
become incorporated into the tissue or organ onto or
into which it has been spliced or attached, etc.).
VIII. ADDITIONAL MULTIMER USES \TJ1\ The potential
applications of multimers of the present invention are
diverse and include any use where an affinity agent is
desired. [278] In some cases, a pair of monomers or
multimers are selected to bind to the same target
(i.e., for use in sandwich-based assays). To select a
matched monomer or multimer pair, two different
monomers or multimers typically are able to bind the
target protein simultaneously. One approach to
identify such pairs involves the following: (1)
immobilizing the phage or protein mixture that was
previously selected to bind the target protein (2)
contacting the target protein to the immobilized phage
or protein and washing; (3) contacting the phage or
protein mixture to the bound target and washing; and
(4) eluting the bound phage or protein without eluting
the immobilized phage or protein. [279] One use of the
multimers or monomer domains of the invention is to
replace antibodies or other affinity agents in
detection or other affinity-based assays. Thus, in
some embodiments, monomer domains or multimers are
selected against the ability to bind components other
than a target in a mixture. The general approach can
include performingthe affinity selection under
conditions that closely resemble the conditions of the
assay, including mimicking the composition of a sample
during the assay. Thus, a step of selection could
include contacting a monomer domain or multimer to a
mixture not including the target ligand and selecting
against any monomer domains or multimers that bind to
the mixture. Thus, the mixtures (absent the target
ligand, which could be depleted using an antibody,
monomer domain or multimer) representing the sample in
an assay (serum, blood, tissue, cells, urine, semen,
etc) can be used as a blocking agent. Such subtraction
is useful, e.g., to create pharmaceutical proteins
that bind to their target but not to other serum
proteins or nontarget tissues. [280] For example, the
invention can be used in the application for creating
antagonists, where the selected monomer domains or
multimers block the interaction between two proteins,
e.g., IL-6 and IL-6R. IN some embodiments, monomers
can be identified that prevent this interaction either
by binding IL-6 or IL-6R. See, e.g., Figure 9.
Optionally, the invention can generate agonists. For
example, multimers binding two different proteins,
e.g., enzyme and substrate, can enhance protein
function, including, for example, enzymatic activity
and/or substrate conversion. [281] In some
embodiments, the monomer domains are used for ligand
inhibition, ligand clearance or ligand stimulation.
Possible ligands in these methods, include, e.g.,
IL-6. [282] If inhibition of ligand binding to a
receptor is desired, a monomer domain is selected that
binds to the ligand (e.g., IL-6) at a portion of the
ligand that contacts the ligand's receptor, or that
binds to the receptor at a portion of the receptor
that binds contacts the ligand, thereby preventing the
ligand-receptor interaction. The monomer domains can
optionally be linked to a half-life extender, if
desired. [283] Ligand clearance refers to modulating
the half-life of a soluble ligand in bodily fluid.
Antibodies against cytokines typically prevent the
clearance of the cytokine because the serum half-life
of the antibody is much longer than the serum
half-life of the cytokine (2-3 weeks versus a few
hours). This causes a large increase in the
concentration of the cytokine in the serum hi the case
of IL-6 this increase was reported to be 700-fold (van
Zaanen, et al. J. Clin. Invest. 98, 1441-1448 (1996)).
Most of the IL-6 is bound to antibody and therefore
inactive. However, increased IL-6 levels can in some
circumstances create safety issues since under some
circumstances (such as in compartments with a low pH
or high pH), and in certain tissues (like a filter
that prevents Ab penetration but not IL-6) theIL-6 may
separate from the antibody and the high level of
active IL-6 could become a serious safety concern.
[284] One alternative approach would be to use an
inhibitor with a shorter serum halflife than
antibodies, so that the increase in the total IL-6
concentration is less pronounced. The monomers and
multimers of the present invention have human serum
half lives of 60-180 hours (determined by allometric
scaling from monkey data), much less than the 2-3
weeks halflife of many antibodies. [285] Thus, in some
embodiments, IL-6 is inhibited in such a way that the
IL-6-inhibitor complex is small enough to be cleared
by the kidney. The kidney is a molecular size filter
with a cut-off around 45-5OkD, letting only smaller
molecules pass through. If the size of the
cytokine-mhibitor complex can be kept under 35-4OkD,
efficient kidney clearance is expected. Since most
cytokines are around 18-2OkD in size, the inhibitor
should less than 15-20 kD. The 18kD IL-6 trimer
multimers of the invention meet this requirement, but
scaffold proteins based on Ig-domains, which are
3-fold larger, generally do not meet this requirement.
[286] In another alternative, multimers of the
invention can be designed that, when not bound to its
target molecule (e.g., IL-6), have a hydrodynamic
Stokes radius of a globular protein that will not be
cleared by the kidney (e.g., greater than 45kD, 5OkD,
55kD), but, when bound to its target molecule (e.g.,
IL-6), have a hydrodynamic Stokes radius of a globular
protein that will be cleared by the kidney (e.g., less
than 55kD, 5OkD, 45kD or 4OkD). Such multimers will
generally comprise at least 3, 4, 5, 6, 7, 8, or more
monomer domains such that the multimers, when not
bound to the target molecule, form a significantly
larger Stokes radius than when bound to the target
molecule. Such multimers can be readily selected by,
for example, determining the sedimentation coefficient
of 1) a globular protein too large to clear the kidney
and 2) a globular protein small enough to clear the
kidney and then selecting multimers that have a
similar sedimentation coefficient to 1) in the absence
of target molecule but that have a similar
sedimentation coefficient to 2) in the presence of
target molecule. [287] Alternatively, as discussed
elsewhere herein, a multimer comprising a first
monomer domain that binds to a half-life extender and
a second monomer domain that binds to a portion of the
ligand that does not bind to the ligand's receptor can
be used to increase the half-life of the ligand.[288]
In another embodiment, a multimer comprising a first
monomer domain that binds to the ligand and a second
monomer domain that binds to the receptor can be used
to increase the effective affinity of the ligand for
the receptor. [289] In another embodiment, multimers
comprising at least two monomers that bind to
receptors are used to bring two receptors into
proximity by both binding the multimer, thereby
activating the receptors. [290] Further examples of
potential uses of the invention include monomer
domains, and multimers thereof, that are capable of
drug binding (e.g., binding radionucleotides for
targeting, pharmaceutical binding for half-life
extension of drugs, controlled substance binding for
overdose treatment and addiction therapy), immune
function modulating (e.g., immunogenicity blocking by
binding such receptors as CTLA-4, immunogenicity
enhancing by binding such receptors as CD80,or
complement activation by Fc type binding), and
specialized delivery (e.g., slow release by linker
cleavage, electrotransport domains, dimerization
domains, or specific binding to: cell entry domains,
clearance receptors such as FcR, oral delivery
receptors such as plgR for trans-mucosal transport,
and blood-brain transfer receptors such as
transferrinR). [291] In further embodiments, monomers
or multimers can be linked to a detectable label
(e.g., Cy3, Cy5, etc.) or linked to a reporter gene
product (e.g., CAT, luciferase, horseradish
peroxidase, alkaline phosphatase, GFP, etc.). LX.
FURTHER MANIPULATING MONOMER DOMAINS AND/OR MULTIMER
NUCLEICACIDSAND POLYPEPTIDES [292] As mentioned above,
the polypeptide of the present invention can be
altered. Descriptions of a variety of diversity
generating procedures for generating modified or
altered nucleic acid sequences encoding these
polypeptides are described herein and the references
cited therein. [293] Another aspect of the present
invention includes the cloning and expression of
monomer domains, selected monomer domains, multimers
and/or selected multimers coding nucleic acids. Thus,
multimer domains can be synthesized as a single
protein using expression systems well known in the
art. General texts which describe molecular biological
techniques useful herein, including the use of
vectors, promoters and many other topics relevant to
expressing nucleic acids such as monomer domains,
selected monomer domains, multimers and/or selected
multimers, include Berger and Kimmel, Guideto
Molecular Cloning Techniques, Methods in Enzymology
volume 152 Academic Press, Inc., San Diego, CA
(Berger); Sambrook et al., Molecular Cloning - A
Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 1989
("Sambrook") and Current Protocols in Molecular
Biology , F.M. Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing
Associates, Inc. and John Wiley & Sons, Inc.,
(supplemented through 1999) ("Ausubel")). Examples of
techniques sufficient to direct persons of skill
through in vitro amplification methods, useful in
identifying, isolating and cloning monomer domains and
multimers coding nucleic acids, including the
polymerase chain reaction (PCR) the ligase chain
reaction (LCR), Q-replicase amplification and other
RNA polymerase mediated techniques {e.g., NASBA), are
found in Berger, Sambrook, and Ausubel, as well as
MuIKs et al, (1987) U.S. Patent No. 4,683,202; PCR
Protocols A Guide to Methods and Applications (Innis
et al. eds) Academic Press Inc. San Diego, CA (1990)
(Innis); Arnheim & Levinson (October 1, 1990) C&EN
36-47; The Journal OfNIH Research (1991) 3, 81-94;
(Kwoh et al (1989) Proc. Natl. Acad. Sd. USA 86, 1173;
Guatelli et al. (1990) Proc. Natl. Acad. Sd. USA 87,
1874; Lomell et al. (1989) J. Clin. Chem 35, 1826;
Landegren et al, (1988) Science 241, 1077-1080; Van
Brunt (1990) Biotechnology 8, 291- 294; Wu and
Wallace, (1989) Gene 4, 560; Barringer et al (1990)
Gene 89, 117, and Sooknanan and Malek (1995)
Biotechnology 13: 563-564. Improved methods of cloning
in vitro amplified nucleic acids are described in
Wallace et al, U.S. Pat. No. 5,426,039. Improved
methods of amplifying large nucleic acids by PCR are
summarized in Cheng et al (1994) Nature 369: 684-685
and the references therein, in which PCR amplicons of
up to 40kb are generated. One of skill will appreciate
that essentially any RNA can be converted into a
double stranded DNA suitable for restriction
digestion, PCR expansion and sequencing using reverse
transcriptase and a polymerase. See, Ausubel, Sambrook
and Berger, all supra. [294] The present invention
also relates to the introduction of vectors of the
invention into host cells, and the production of
monomer domains, selected monomer domains, multimers
and/or selected multimers of the invention by
recombinant techniques. Host cells are genetically
engineered (i.e., transduced, transformed or
transfected) with the vectors of this invention, which
can be, for example, a cloning vector or an expression
vector. The vector can be, for example, in the form of
a plasmid, a viral particle, a phage, etc. The
engineered host cells can be cultured in conventional
nutrient media modified as appropriate for activating
promoters, selecting transformants, or amplifying the
monomer domain, selected monomer domain, multimer
and/or selected multimer gene(s) of interest. The
culture conditions, such as temperature, pH and the
like, are those previously used with thehost cell
selected for expression, and will be apparent to those
skilled in the art and in the references cited herein,
including, e.g., Freshney (1994) Culture of Animal
Cells, a Manual of Basic Technique, third edition,
Wiley- Liss, New York and the references cited
therein. [295] As mentioned above, the polypeptides of
the invention can also be produced in non-animal cells
such as plants, yeast, fungi, bacteria and the like.
Indeed, as noted throughout, phage display is an
especially relevant technique for producing such
polypeptides. In addition to Sambrook, Berger and
Ausubel, details regarding cell culture can be found
in Payne et at (1992) Plant Cell and Tissue Culture in
Liquid Systems John Wiley & Sons, Inc. New York, NY;
Gamborg and Phillips (eds) (1995) Plant Cell, Tissue
and Organ Culture; Fundamental Methods Springer Lab
Manual, Springer-Verlag (Berlin Heidelberg New York)
and Atlas and Parks (eds) The Handbook of
Microbiological Media (1993) CRC Press, Boca Raton,
FL. [296] The present invention also includes
alterations of monomer domains, immuno-domains and/or
multimers to improve pharmacological properties, to
reduce immunogenicity, or to facilitate the transport
of the multimer and/or monomer domain into a cell or
tissue (e.g., through the blood-brain barrier, or
through the skin). These types of alterations include
a variety of modifications (e.g., the addition of
sugar-groups or glycosylation), the addition of PEG,
the addition of protein domains that bind a certain
protein (e.g., HSA or other serum protein), the
addition of proteins fragments or sequences that
signal movement or transport into, out of and through
a cell. Additional components can also be added to a
multimer and/or monomer domain to manipulate the
properties of the multimer and/or monomer domain. A
variety of components can also be added including,
e.g., a domain that binds a known receptor (e.g., a
Fc-region protein domain that binds a Fc receptor), a
toxin(s) or part of a toxin, a prodomain that can be
optionally cleaved off to activate the multimer or
monomer domain, a reporter molecule (e.g., green
fluorescent protein), a component that bind a reporter
molecule (such as a radionuclide for radiotherapy,
biotin or avidin) or a combination of modifications.
X. ANIMAL MODELS [297] Another aspect of the invention
is the development of specific nonhuman animal models
in which to test the immunogenicity of the monomer or
multimer domains. The method of producing such
non-human animal model comprises: introducing into at
least some cells of a recipient non-human animal,
vectors comprising genes encoding a plurality of human
proteins from the same family of proteins, wherein the
genes are eachoperably linked to a promoter that is
functional in at least some of the cells into which
the vectors are introduced such that a genetically
modified non-human animal is obtained that can express
the plurality of human proteins from the same family
of proteins. [298] Suitable non-human animals employed
in the practice of the present invention include all
vertebrate animals, except humans (e.g., mouse, rat,
rabbit, sheep, and the like). Typically, the plurality
of members of a family of proteins includes at least
two members of that family, and usually at least ten
family members. In some embodiments, the plurality
includes all known members of the family of proteins.
Exemplary genes that can be used include those
encoding monomer domains, such as, for example,
members of the LDL receptor class A-domain family, the
EGF-like domain family, as well as the other domain
families described herein. [299] The non-human animal
models of the present invention can be used to screen
for immunogenicity of a monomer or multimer domain
that is derived from the same family of proteins
expressed by the non-human animal model. The present
invention includes the non-human animal model made in
accordance with the method described above, as well as
transgenic non-human animals whose somatic and germ
cells contain and express DNA molecules encoding a
plurality of human proteins from the same family of
proteins (such as the monomer domains described
herein), wherein the DNA molecules have been
introduced into the transgenic non-human animal at an
embryonic stage, and wherein the DNA molecules are
each operably linked to a promoter in at least some of
the cells in which the DNA molecules have been
introduced. [300] An example of a mouse model useful
for screening LDL receptor class A-domain derived
binding proteins is described as follows. Gene
clusters encoding the wild type human LDL receptor
class A-domain monomers are amplified from human cells
using PCR. Almost all of the 200 different A-domains
can be amplified with only three separate PCR
amplification reactions of about 7kb each. These
fragments are then used to generate transgenic mice
according to the method described above. The
transgenic mice will recognize the human A-domains as
"self, thus mimicking the "selfness" of a human with
regard to A-domains. Individual A-domain-derived
monomers or multimers are tested in these mice by
injecting the A-domain-derived monomers or multimers
into the mice, then analyzing the immune response (or
lack of response) generated. The mice are tested to
determine if they have developed a mouse anti-human
response (MAHR). Monomers and multimers that do not
result in the generation of a MAHR are likely to be
non-immunogenic when administered to humans.[301]
Historically, MAHR test in transgenic mice is used to
test individual proteins in mice that are transgenic
for that single protein. In contrast, the above
described method provides a non-human animal model
that recognizes an entire family of human proteins as
"self," and that can be used to evaluate a huge number
of variant proteins that each are capable of vastly
varied binding activities and uses. XI. KITS [302]
Kits comprising the components needed in the methods
(typically in an unmixed form) and kit components
(packaging materials, instructions for using the
components and/or the methods, one or more containers
(reaction tubes, columns, etc.)) for holding the
components are a feature of the present invention.
Kits of the present invention may contain a multimer
library, or a single type of monomer or multimer,
e.g., polypeptides comprising the IL-6 and/or IgG
binding domains described herein. Kits can also
include reagents suitable for promoting target
molecule binding, such as buffers or reagents that
facilitate detection, including detectably-labeled
molecules. Standards for calibrating a ligand binding
to a monomer domain or the like, can also be included
in the kits of the invention. [303] The present
invention also provides commercially valuable binding
assays and kits to practice the assays. In some of the
assays of the invention, one or more ligand is
employed to detect binding of a monomer domain,
immuno-domains and/or multimer. Such assays are based
on any known method in the art, e.g., flow cytometry,
fluorescent microscopy, plasmon resonance, and the
like, to detect binding of a ligand(s) to the monomer
domain and/or multimer. [304] Kits based on the assay
are also provided. The kits typically include a
container, and one or more ligand. The kits optionally
comprise directions for performing the assays,
additional detection reagents, buffers, or
instructions for the use of any of these components,
or the like. Alternatively, kits can include cells,
vectors, (e.g., expression vectors, secretion vectors
comprising a polypeptide of the invention), for the
expression of a monomer domain and/or a multimer of
the invention. [305] In a further aspect, the present
invention provides for the use of any composition,
monomer domain, immuno-domain, multimer, cell, cell
culture, apparatus, apparatus component or kit herein,
for the practice of any method or assay herein, and/or
for the use of any apparatus or kit to practice any
assay or method herein and/or for the use ofcells,
cell cultures, compositions or other features herein
as a therapeutic formulation. The manufacture of all
components herein as therapeutic formulations for the
treatments described herein is also provided. XIL
INTEGRATED SYSTEMS [306] The present invention
provides computers, computer readable media and
integrated systems comprising character strings
corresponding to monomer domains, selected monomer
domains, multimers and/or selected multimers and
nucleic acids encoding such polypeptides. These
sequences can be manipulated by in silico
recombination methods, or by standard sequence
alignment or word processing software. [307] For
example, different types of similarity and
considerations of various stringency and character
string length can be detected and recognized in the
integrated systems herein. For example, many homology
determination methods have been designed for
comparative analysis of sequences of biopolymers, for
spell checking in word processing, and for data
retrieval from various databases. With an
understanding of double-helix pairwise complement
interactions among 4 principal nucleobases in natural
polynucleotides, models that simulate annealing of
complementary homologous polynucleotide strings can
also be used as a foundation of sequence alignment or
other operations typically performed on the character
strings corresponding to the sequences herein {e.g.,
word-processing manipulations, construction of figures
comprising sequence or subsequence character strings,
output tables, etc.). An example of a software package
with GOs for calculating sequence similarity is BLAST,
which can be adapted to the present invention by
inputting character strings corresponding to the
sequences herein. [308] BLAST is described in Altschul
et al, (1990) J . MoI. Biol. 215:403- 410. Software
for performing BLAST analyses is publicly available
through the National Center for Biotechnology
Information (available on the World Wide Web at
ncbi.nlm.nih.gov). This algorithm involves first
identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query
sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold
(Altschul et al, supra). These initial neighborhood
word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as
far as the cumulative alignment score can be
increased. Cumulative scoresare calculated using, for
nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always > 0) and N
(penalty score for mismatching residues; always < 0).
For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and
speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) of 10, a cutoff of 100,
M=5, N=-4, and a comparison of both strands. For amino
acid sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an expectation (E) of 10, and the
BLOSUM62 scoring matrix (see Henikoff & Henikoff
(1989) Proc. Natl. Acad. Sci. USA 89:10915). [309] An
additional example of a useful sequence alignment
algorithm is PILEUP. PILEUP creates a multiple
sequence alignment from a group of related sequences
using progressive, pairwise alignments. It can also
plot a tree showing the clustering relationships used
to create the alignment. PILEUP uses a simplification
of the progressive alignment method of Feng &
Doolittle, (1987) J. MoL Evol. 35:351-360. The method
used is similar to the method described by Higgins &
Sharp, (1989) CABIOS 5:151-153. The program can align,
e.g., up to 300 sequences of a maximum length of 5,000
letters. The multiple alignment procedure begins with
the pairwise alignment of the two most similar
sequences, producing a cluster of two aligned
sequences. This cluster can then be aligned to the
next most related sequence or cluster of aligned
sequences. Two clusters of sequences can be aligned by
a simple extension of the pairwise alignment of two
individual sequences. The final alignment is achieved
by a series of progressive, pairwise alignments. The
program can also be used to plot a dendogram or tree
representation of clustering relationships. The
program is run by designating specific sequences and
their amino acid or nucleotide coordinates for regions
of sequence comparison. For example, in order to
determine conserved amino acids in a monomer domain
family or to compare the sequences of monomer domains
in a family, the sequence of the invention, or coding
nucleic acids, are aligned to provide
structure-function information. [310] In one aspect,
the computer system is used to perform "in silico"
sequence recombination or shuffling of character
strings corresponding to the monomer 



domains. A variety of such methods are set forth in
"Methods For Making Character Strings,Polynucleotides
& Polypeptides Having Desired Characteristics" by
Selifonov and Stemmer, filed February 5, 1999 (USSN
60/1 18854) and "Methods For Making Character Strings,
Polynucleotides & Polypeptides Having Desired
Characteristics" by Selifonov and Stemmer, filed
October 12, 1999 (USSN 09/416,375). In brief, genetic
operators are used in genetic algorithms to change
given sequences, e.g., by mimicking genetic events
such as mutation, recombination, death and the like.
Multi-dimensional analysis to optimize sequences can
be also be performed in the computer system, e.g., as
described in the '375 application. [311] A digital
system can also instruct an oligonucleotide
synthesizer to synthesize oligonucleotides, e.g., used
for gene reconstruction or recombination, or to order
oligonucleotides from commercial sources (e.g., by
printing appropriate order forms or by linking to an
order form on the Internet). [312] The digital system
can also include output elements for controlling
nucleic acid synthesis (e.g., based upon a sequence or
an alignment of a recombinant, e.g., recombined,
monomer domain as herein), i.e., an integrated system
of the invention optionally includes an
oligonucleotide synthesizer or an oligonucleotide
synthesis controller. The system can include other
operations that occur downstream from an alignment or
other operation performed using a character string
corresponding to a sequence herein, e.g., as noted
above with reference to assays. EXAMPLES [313] The
following example is offered to illustrate, but not to
limit the claimed invention. Example 1 [314] This
example describes selection of monomer domains and the
creation of multimers. [315] Starting materials for
identifying monomer domains and creating multimers
from the selected monomer domains and procedures can
be derived from any of a variety of human and/or
non-human sequences. For example, to produce a
selected monomer domain with specific binding for a
desired ligand or mixture of ligands, one or more
monomer domain gene(s) are selected from a family of
monomer domains that bind to a certain ligand. The
nucleic acid sequences encoding the one or more
monomer domain genecan be obtained by PCR
amplification of genomic DNA or cDNA, or optionally,
can be produced synthetically using overlapping
oligonucleotides. [316] Most commonly, these sequences
are then cloned into a cell surface display format
(i.e., bacterial, yeast, or mammalian (COS) cell
surface display; phage display) for expression and
screening. The recombinant sequences are transfected
(transduced or transformed) into the appropriate host
cell where they are expressed and displayed on the
cell surface. For example, the cells can be stained
with a labeled (e.g., fiuorescently labeled), desired
ligand. The stained cells are sorted by flow
cytometry, and the selected monomer domains encoding
genes are recovered (e.g., by plasmid isolation, PCR
or expansion and cloning) from the positive cells. The
process of staining and sorting can be repeated
multiple times (e.g., using progressively decreasing
concentrations of the desired ligand until a desired
level of enrichment is obtained). Alternatively, any
screening or detection method known in the art that
can be used to identify cells that bind the desired
ligand or mixture of ligands can be employed. [317]
The selected monomer domain encoding genes recovered
from the desired ligand or mixture of ligands binding
cells can be optionally recombined according to any of
the methods described herein or in the cited
references. The recombinant sequences produced in this
round of diversification are then screened by the same
or a different method to identify recombinant genes
with improved affinity for the desired or target
ligand. The diversification and selection process is
optionally repeated until a desired affinity is
obtained. [318] The selected monomer domain nucleic
acids selected by the methods can be joined together
via a linker sequence to create multimers, e.g., by
the combinatorial assembly of nucleic acid sequences
encoding selected monomer domains by DNA ligation, or
optionally, PCR-based, self-priming overlap reactions.
The nucleic acid sequences encoding the multimers are
then cloned into a cell surface display format (i.e.,
bacterial, yeast, or mammalian (COS) cell surface
display; phage display) for expression and screening.
The recombinant sequences are transfected (transduced
or transformed) into the appropriate host cell where
they are expressed and displayed on the cell surface.
For example, the cells can be stained with a labeled,
e.g., fiuorescently labeled, desired ligand or mixture
of ligands. The stained cells are sorted by flow
cytometry, and the selected multimers encoding genes
are recovered (e.g., by PCR or expansion and cloning)
from the positive cells. Positive cells include
multimers with an improved avidity or affinity or
altered specificity to the desired ligand or mixture
of ligands compared to the selected monomer domain(s).
The process of staining and sorting can be repeated
multiple times (e.g., using progressively
decreasingconcentrations of the desired ligand or
mixture of ligands until a desired level of enrichment
is obtained). Alternatively, any screening or
detection method known in the art that can be used to
identify cells that bind the desired ligand or mixture
of ligands can be employed. [319] The selected
multimer encoding genes recovered from the desired
ligand or mixture of ligands binding cells can be
optionally recombined according to any of the methods
described herein or in the cited references. The
recombinant sequences produced in this round of
diversification are then screened by the same or a
different method to identify recombinant genes with
improved avidity or affinity or altered specificity
for the desired or target ligand. The diversification
and selection process is optionally repeated until a
desired avidity or affinity or altered specificity is
obtained. Example 2 [320] This example describes in
vivo intra-protein recombination to generate libraries
of greater diversity. [321] A monomer-encoding plasmid
vector (pCK-derived vector; see below), flanked by
orthologous loxP sites, was recombined in a
Cre-dependent manner with a phage vector via its
compatible loxP sites. The recombinant phage vectors
were detected by PCR using primers specific for the
recombinant construct. DNA sequencing indicated that
the correct recombinant product was generated.
Reagents and experimental procedures [322]
pCK-cre-Iox-Monomer-loxP. This vector has two
particularly relevant features. First, it carries the
cre gene, encoding the site-specific DNA recombinase
Cre, under the control of Pj 0. Cre was PCR-amplified
from p705-cre (from GeneBridges) with cre-specific
primers that incorporated Xbal (5') and Sfi (3') at
the ends of the PCR product. This product was digested
with Xbal and Sfil and cloned into the identical sites
of pCK, a bid, CmR derivative of pCK110919-HC-Bla
(pACYC on), yielding pCK-cre. [323] The second feature
is the nave A domain library flanked by two
orthologous loxP sites, /oxP(wild-type) and /oxP(FAS),
which are required for the sitespecific DNA
recombination catalyzed by Cre. See, e.g., Siegel,
R.W., et ah. FEBS Letters 505:467-473 (2001). These
sites rarely recombine with another. loxP sites were
built into pCK-cre sequentially. 5'-phosphorylated
oligonucleotides loxP(K) and loxP(K_rc), carrying
loxP(WT) and EcoBl and mDIII-compatible overhangs to
allow ligation to digested EcoRand mDIII-digested pCK,
were hybridized together and ligated to pCK-cre in a
standard ligation reaction (T4 ligase; overnight at
16C). [324] The resulting plasmid was digested with
EcoRl and Sphl and ligated to the hybridized,
5'-phosphorylated oligos loxP(L) and loxP (L_rc),
which carry /oxP(FAS) and EcoRl and >SpM-compatible
overhangs. To prepare for library construction, a
large-scale purification (Qiagen MAXI prep) of
pCK-cre-lox-P(wt)-loxP(FAS) was performed according to
Qiagen's protocol. The Qiagen-purified plasmid was
subjected to CsCl gradient centrifugation for further
purification. This construct was then digested with
Sphl and BgIlI and ligated to digested naive A domain
library insert, which was obtained via a
PCRamplification of a preexisting A domain library
pool. By design, the loxP sites and monomer are
in-frame, which generates monomers with /axP-encoded
linkers. This library was utilized in the in vivo
recombination procedure as detailed below. [325] f
SE5HA-Monomer-lox-lox vector. The vector is a
derivative of fUSE5 from George Smith's laboratory
(University of Missouri). It was subsequently modified
to carry an HA tag for immunodetection assays. loxP
sites were built into fUSE5HA sequentially.
5'-phosphorylated oligonucleotides loxP(I) and
loxP(I)_rc, carrying loxP(WT), a string of stop codons
and Xmal and / I-compatible overhangs, were hybridized
together and ligated to Xmal- and I-digested fUSE5HA
in a standard ligation reaction (New England Biolabs
T4 ligase; overnight at 16C). [326] The resulting
phage vector was next digested with Xmal and Sphl and
ligated to the hybridized oligos loxP(J) and loxP(J)
re, which carry /OxP(FAS) and overhangs compatible
withXm al and Sphl. This construct was digested ith
Xmal/Sfil and then ligated to pre-cut (Xmal/Sfi ) nave
A domain library insert (PCR product). The stop codons
are located between the loxP sites, preventing
expression of gill and consequently, the production of
infectious phage. [327] The ligated vector/library was
subsequently transformed into an E. coli host bearing
a gill-expressing plasmid that allows the rescue of
the fUSE5HA-Monomer-loxlox phage, as detailed below.
[328] pCK-gHJ. This plasmid carries gill under the
control of its native promoter. It was constructed by
PCR-amplifying gill and its promoter from VCSMl 3
helper phage (Stratagene) with primers
gIIIPromoter_EcoRI and gIIIPromoter_HinDIII. This
product was digested with EcoRl and mDIII and cloned
into the same sites of pCKl 10919-HC-BIa. As gill is
under the control of its own promoter, gill expression
is presumably constitutive. pCK-g/I/was transformed
into E. coli EC100 (Epicentre). [329] In vivo
recombination procedure. In summary, the procedure
involves the following key steps: a) Production of
infective (i.e. rescue) of fUSE5HAMonomer- lox-lox
library with an E. coli host expressing gill from a
plasmid; b) Cloning of 2nd library (pCK) and
transformation into F+ TGl E. coli; c) Infection of
the culture carrying the 2nd library with the rescued
fUSE5HA-Monomer-lox-lox phage library. [330] a. Rescue
of phage vector. Electrocompetent cells carrying
pCK-g/7/ were prepared by a standard protocol. These
cells had a transformation frequency of 4 x 108/mg DNA
and were electroporated with large-scale ligations (~5
mg vector DNA) of fUSE5HA-lox-lox vector and the nave
A domain library insert. After individual
electroporations (100 ng DNA/electroporation) with ~
70 mL cells/cuvette, 930 mL warm SOC media were added,
and the cells were allowed to recover with shaking at
37C for 1 hour. Next, tetracycline was added to a
final concentration of 0.2 mg/mL, and the cells were
shaken for ~ 45 minutes at 37C. An aliquot of this
culture was removed, 10-fold serially diluted and
plated to determine the resulting library size ( 1.8 x
107) . The remaining culture was diluted into 2 x 500
mL 2xYT (with 20 mg/mL chloramphenicol and 20 mg/mL
tetracycline to select for pCK-glll and the
fUSE5HA-based vector, respectively) and grown
overnight at 30C. [331] Rescued phage were harvested
using a standard PEG/NaCl precipitation protocol. The
titer was approximately 1 x 1012 transducing units/mL.
[332] b. Cloning of the 2nd library and transformation
into an E. coli host. The ligated pCK/ nave A domain
library is electroporated into a bacterial F+ host,
with an expected library size of approximately 108.
After an hour-long recovery period at 37C with
shaking, the electroporated cells are diluted to OD600
0.05 in 2xYT (plus 20 mg/mL chloramphenicol) and grown
to mid-log phase at 37C before infection by
fCJSEHAMonomer- lox-lox. [333] c. Infection of the
culture carrying the 2" library -with the rescued
fUSE5HA-Monomer-lox-lox phage library. To maximize the
generation of recombinants, a high infection rate (>
50%) of E.coli within a culture is desirable. The
infectivity of E. coli depends on a number of factors,
including the expression of the F pilus and growth
conditions. E. coli backgrounds TGl (carrying an F')
and K91 (an Hfr strain) were hosts for the
recombination system.Oligonucleotides loxP(K) (SEQ ID
NO:380) [P-5'
agcttataacttcgtatagaaaggtatatacgaagttatagatctcgtgctgca
tgcggtgcg] loxP(K_rc) (SEQ ID NO:381) [P-5'
aattcgcaccgcatgcagcacgagatctataacttcgtatatacctttctatac
gaagttataagct] loxP(L) (SEQ ID NO:382) [P-5 '
ataacttcgtatagcatacattatacgaagttatcgag] loxP (L_rc)
(SEQ ID NO:383) [P-5 '
ctcgataacttcgtataatgtatgctatacgaagttatg] loxP(I) (SEQ
ID NO:384)
[P5'ccgggagcagggcatgctaagtgagtaataagtgagtaaataacttcgta
tatacctttctatacgaagttatcgtctg] loxP(I)_rc (SEQ ID
NO:385) [P-5'
acgataacttcgtatagaaaggtatatacgaagttatttactcacttattactc
acttagcatgccctgctc] loxP(J) (SEQ IDNO:386) [5'
ccgggaccagtggcctctggggccataacttcgtatagcatacattatacgaag
ttatg] loxP(J)_rc (SEQ ID NO:387) [5'
cataacttcgtataatgtatgctatacgaagttatggccccagaggccactggt
c] gIIIPromoter_EcoRI (SEQ ID NO:388) [5'
atggcgaattctcattgtcggcgcaactat gfflPromoter_HinDIII
(SEQ ID NO:389) [5' gataagctttcattaagactccttattacgcag]
Example 3 [334] This example describes construction of
an EGF-based monomer library. [335] The CaEGF domain
library, E3, encodes a protein domain of 36-43 amino
acids having the following pattern:
X{5)C1-X(4/6)-C2-X(4 5)-C3-X(8)-C4-X(1)-C5-X(8/i2)-C6
(SEQ ID NO:390) [336] The table below (SEQ ID
NOS:391-420) describes for each position which amino
acids are encoded in the library based upon the
natural diversity of human calcium binding EGF
domains:[337] The library of DNA sequences, E3,
encoding monomelic calcium binding EGF domains, was
created by assembly PCR as described in Stemmer et
al., Gene 164:49-53 (1995). The oligonucleotides used
in this PCR reaction are in two groups, 1 and 2. They
are: Group 1 (SEQ ID NOS:421-426): 1.
5'-AAAAGGCCTCGAGGGCCTGGGTGGCAATGGT-S' 2.
5'-CCTGAACCACCACAKHKACCGYKSNBGCACGGAYYCGRCRMACATTCA
TYAAYATCTDYACCATTGCCACCC-3 ' 3.
5'-CCTGAACCACCACAKNTGSCGYYGYKMHSGCACGGAYYCGRCRMACA
TTCATYAAYATCTDYACCATTGCCACCC-3 ' 4.
5'-CCTGAACCACCACAKHKACCGYKSNBGCAARBAYBCGVAHYCWSKBY
ACATTCATYAAYATCTDYACCATTGCCACCC-S' 5.
5'-CCTGAACCACCACAKNTGSCGYYGYKMHSGCAARBAYBCGVAHYCW
SKBYACATTCATYAAYATCTDYACCATTGCCACCC-S' 6.
5'-TGAATTTTCTGTATGAGGTTTTGCTAAACAACTTTCAACAGTTTCGGCCCC
A GAGGCCCTGGAGCC ACCTGAACCACCACA-3 ' Group 2 (SEQ ID
NOS:427-430): 1.
5'-ACGGTGCCTACCCGTATGATGTTCCGGATTATGCCCCGGGTGGCAATG
GT-3' 2.
5'-CCTGAACCACCACAGHKTDBACCGGHAWAGCCTKSCRSGCASHBACAK
YKAWAGCYACCCDSTRWATYTWBACCATTGCCACCC-S' 3.
5'-CCTGAACCACCACAKBYKBTKCYGKYCBSABYCNGCDBAWAGCCTKBG
BKGCASHBACAKYICAWAGCYACCCDSTRWATYTWBACCATTGCCACCC-S'
4. 5'-AAAAGGCCCCAGAGGCCCCTGAACCACCACA-S' where R=A/G,
Y=C/T, M=A/C, K=G/T, S=C/G, W=AZT, B=C/G/T, D=A/G/T,
H=A/CVT, V=AJCfG, andN=A/C/G/T.[338] Following the
separate PCRs of the Group 1 and 2 oligonucleotides,
the Group 1 PCR fragments were digested with Bpml and
group 2 PCR fragments were digested with BsrDI.
Digestion products were purified using Qiagen Qiaquick
columns and then ligated together. The ligated DNA was
then amplified in a PCR using two primers. These are:
5'-AAAAGGCCTCGAGGGCCTGGGTGGCAATGGT-S' (SEQ IDNO:431)
5'-AAAAGGCCCCAGAGGCCCCTGAACCACCACA-S' (SEQ ID NO:432)
[339] The PCR products were purified with Qiagen
Qiaquick columns and digested with Sfil. The digested
product was purified with Qiagen Qiaquick columns. The
DNA fragments were ligated into the Sfil restriction
sites of phage display vector fuse5- HA(G4S)4, a
derivative of fuse5 carrying an in-frame HA-epitope
and a glycine, serine flexible linker. The ligation
mixture was electroporated into TransforMax(tm)
EC100(tm) electrocompetent E. coli cells. Transformed
E. coli cells were grown overnight at 370C in 2xYT
medium containing 20 mg/ml tetracycline. The resulting
library contained 2X10 9 independent clones. Phage
particles were purified from the culture medium by
PEGprecipitation. The titer of the phage was 1.3XlO
12ZmI. The sequences of 24 individual clones were
determined and these were consistent with the library
design. Example 4 [340] This example describes
construction of an EGF-based monomer library. [341]
Recombination can be used for intradomain
optimization. For example a PCR overlap reaction can
be used that recombines two or more segments of a
single domain relative to each other. One can use two,
three, four, five or more fragment overlap reactions
in the same way as illustrated. This recombination
process has many applications. One application is to
recombine a large pool of hundreds of previously
selected clones without sequence information. All that
is needed for each overlap to work is one known region
of (relatively) constant sequence that exists in the
same location in each of the clones (fixed site
approach). For A domains, typically these clones would
have been derived from a library in which 20-25 amino
acids distributed over all five inter-cysteine
segments were randomized. The intra-domain
recombination method can also be performed on a pool
of sequence-related monomer domains by standard DNA
recombination (e.g., Stemmer, Nature
370:389-391(1994)) based on random fragmentation and
reassembly based on DNA sequence homology, which does
not require a fixed overlap site in all of the clones
that are to be recombined. [342] Another application
of this process is to create multiple separate, nave
(meaning unpanned) libraries in each of which only one
of the intercysteine loops is randomized, to randomize
a different loop in each library. After panning of
these libraries separately against the target, the
selected clones are then recombined. From each panned
library only the randomized segment is amplified by
PCR and multiple randomized segments are then combined
into a single domain, creating a shuffled library
which is panned and/or screened for increased potency.
This process can also be used to shuffle a small
number of clones of known sequence. [343] Any common
sequence may be used as cross-over points. For A
domains or other cysteine-containing monomers, the
cysteine residues are logical places for the
crossover. However, there are other ways to determine
optimal crossover sites, such as computer modeling.
Alternatively, residues with highest entropy, or the
least number of intramolecular contacts, may also be
good sites for crossovers. [344] An exemplary method
of generating libraries comprised of proteins with
randomized inter-cysteine loops is presented below. In
this example, in contrast to the separate loop,
separate library approach described above, multiple
intercysteine loops are randomized simultaneously in
the same library. [345] An A domain NNK library
encoding a protein domain of 39-45 amino acids having
the following pattern was constructed: Ci-X
(4,6)-Ei-F-Rr C2-A-X (2 4)-Gi-R2-C3-I-P-SrS
2-W-V-C4-Di-G 2-E2-D2-D3-C5-G3-D4-G4-
S3-D5-E3-X(4,6)-C6 (SEQ ID NOS:433-459); where, C1-C6:
cysteines; X(n) : sequence of n amino acids with any
residue at each position; E1-E3: glutamine; F:
phenylalanine; R1-R2: arginine; A: alanine; G1-G4:
glycine; I : isoleucine; P: proline; S1-S3: serine; W:
tryptophan; V: valine; D1-D5: aspartic acid; and
C1-C3, C2-C5 & C4-C6 form disulfides.[346] The library
was constructed by creating a library of DNA
sequences, containing tyrosine codons (TAT) or
variable non-conserved codons (NNK), by assembly PCR
as described in Stemmer et al., Gene 164:49-53 (1995).
Compared to the native Adomain scaffold and the design
that was used to construct library A l (described
previously) this approach: 1) keeps more of the
existing residues in place instead of randomizing
these potentially critical residues, and 2) inserts a
string of amino acids of variable length of all 20
amino acids (NNK codon), such that the average number
of inter-cysteine residues is extended beyond that of
the natural A domain or the A l library. The rate of
tyrosine residues was increased by including tyrosine
codons in the oligonucleotides, because tyrosines were
found to be overrepresented in antibody binding sites,
presumably because of the large number of different
contacts that tyrosine can make. The oligonucleotides
used in this PCR reaction are (SEQ ID NOS:460-486): 1
. 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKNNKNNKGAATTC
CGA- 3' 2 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKNNKNNKNNKGAA
TTCCGA- 3 3 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKNNKNNKNNKNNK
GAATTCCGA- 3 ' 4 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTTATNNKNNKNNKGAATTC
CGA- 3' 5 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKTATNNKNNKNNKGAA
TTCCGA- 3' 6 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKTATNNKNNKGAATTC
CGA- 3' 7 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKTATNNKGAATTC
CGA- 3' 8 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKNNKTATGAATTC
CGA- 3' 9 . 5
-ATATCCCGGGTCTGGAGGCGTCTGGTGGTTCGTGTNNKNNKNNKTATNNKGAA
TTCCGA- 3' 1 0 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNMNNTGCACATCGGAATTC- 3'
1 1 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNMNNMNNTGCACATCGGAATTC-
3' 1 2 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNMNNMNNMNNTGCACATCGGAAT
TC- 3' 1 3 . 5
-ATACCCAAGAAGACGGTATACATCGTCCATAMNNMNNTGCACATCGGAATTC-
3' 1 4 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNATAMNNMNNTGCACATCGGAAT
TC- 3' 1 5 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNATAMNNTGCACATCGGAATTC-
3' 16. 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNMNNATATGCACATCGGAATTC-
3' 17 . 5
-ATACCCAAGAAGACGGTATACATCGTCCMNNMNNATAMNNTGCACATCGGAAT
TC- 3' 1 8 . 5
-ACCGTCTTCTTGGGTATGTGACGGGGAGGACGATTGTGGTGACGGATCTGACG
AG- 3' 1 9 . 5
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNMNNMNNC
TCGTCAG ATCCGT- 3 ' 20 . 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNMNNMNNM
NNCTCGTCA GATCCGT- 3 ' 21 . 5r
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNMNNMNNM
NNMNNC TCGTCAGATCCGT- 3 ' 22. 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAATAMNNMNNMNNC
TCGTC AGATCCGT- 3 ' 23. 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNATAMNNMNNM
NNCT CGTCAGATCCGT- 3 ' 24. 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNATAMNNMNNC
TCGT CAGATCCGT- 3 ' 25. 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNATAMNNC
TCG TCAGATCCGT- 3 ' 26. 5 '
-ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNMNNATAC
TCG TCAGATCCGT- 3 ' 27. 5 ' -
ATATGGCCCCAGAGGCCTGCAATGATCCACCGCCCCCACAMNNMNNMNNATAMN
NCTCGTCAGATCCGT- 3 ' where R=A/G, Y=CZT, M=AZC5K=GZT,
S=CIG, W=AZT, B=CZGZT, D=AZGZT, H=AZCZT, V=AZCZG, and
N=AZCZGZT[347] The library was constructed though an
initial round of 10 cycles of PCR amplification using
a mixture of 4 pools of oligonucleotides, each pool
containing 400 pmols of DNA. Pool 1 contained
oligonucleotides 1-9, pool 2 contained 10-17, pool 3
contained only 18 and pool 4 contained 19-27. The
fully assembled library was obtained through an
additional 8 cycles of PCR using pool 1 and 4. The
library fragments were digested with Xmal and SfII.
The DNA fragments were ligated into the corresponding
restriction sites of phage display vector fuse5-HA, a
derivative of fuse5 carrying an in-frame HA-epitope.
The ligation mixture was electroporated into
TransforMax(tm) ECl 00(tm) electrocompetent E. coli
cells resulting in a library of 2X109 individual
clones. Transformed E. coli cells were grown overnight
at 37C in 2xYT medium containing 20 mg/ml
tetracycline. Phage particles were purified from the
culture medium by PEG-precipitation and a titer of
l.lX10 13/ml was determined. Sequences of 24 clones
were determined and were consistent with the
expectations of the library design. Example 5 [348]
This example describes optimization of multimers by
optimizing monomers and/or linkers for binding to a
target. [349] One approach for optimizing multimer
binding to targets involves optimization of monomers,
multimers and linkers. First a library of monomers is
panned for binding to the target (e.g., IL-6).
However, some of the monomers may bind at locations on
the target that are far away from each other, such
that the domains that bind to these sites cannot be
connected by a linker peptide. It is therefore useful
to create and screen a large library of homo- or
heterotrimers from these monomers before optimization
of the monomers. These trimer libraries can be
screened, e.g., on phage (typical for heterotrimers
created from a large pool of monomers) or made and
assayed separately (e.g., for homotrimers). By this
method, the best trimer is identified. The assays may
include binding assays to a target or agonist or
antagonist potency determination of the multimer in
functional protein- or cell-based assays. [350] The
monomelic domain(s) of the single best trimer are then
optimized as a second step. Homomultimers are easiest
to optimize, since only one domain sequence exists,
though heteromultimers may also be synthesized. For
homomultimers, an increase in binding by the multimer
compared to the monomer is an avidity effect.[351]
After optimization of the domain sequence itself
(e.g., by recombining or NNK randomization) and phage
panning, the improved monomers are used to construct a
dimer with a linker library. Linker libraries may be
formed, e.g., from linkers with an NNK composition
and/or variable sequence length. [352] After panning
of this linker library, the best clones (e.g.,
determined by potency in the inhibition or other
functional assay) are converted into multimers
composed of multiple (e.g., two, three, four, five,
six, seven, eight, etc.) sequence-optimized domains
and length- and sequence-optimized linkers. Example 6
[353] This example describes a structural analysis of
A domains. [354] As with virtually all proteins, only
a small fraction of the total surface of an A-domain
participates in binding a single target. Based on the
solution structure of the 



domain, adjacent residue positions can be identified
which are likely to be able to cooperate in binding to
a given target. Herein, such groups of adjacent
residues are referred to as structural categories. As
an example, four such categories have been identified
through examination of the A-domain structure,
designated Top, Bottom, Loop 1, and Loop 2. By
designing libraries which only allow diversity within
a given category, the theoretical sequence space
allowed by a library can be significantly reduced,
allowing for better coverage of the theoretical space
by the physical library. Further, in the case of
nonoverlapping categories such as the Top and Bottom
categories, half-domain sequences selected against
different targets can be combined into a single
sequence which would be able to bind simultaneously or
alternatively to the selected targets. In either case,
creating binding sites that occupy only half a domain
allows for the creation of molecules that are half as
large and would have half the number of immunogenic
epitopes, reducing the risk of
immunogenicity.Structural Classification of A-domain
Positions A canonical A-domain sequence (SEQ ID
NO:487) is shown below with high-diversity positions
represented as an X. Positions that belong to either
the Top, Bottom, Loop 1, or Loop 2 categories are
designated with a star. Example 7 [355] This example
describes screening for monomers or multimers that
bind human IL-6 . [356] Phage libraries were panned
through several rounds either on solid support (e.g.
Nunc Maxisorp plates) or in solution (e.g. Dynal
Streptavidin). Output phage pools with (a) the highest
frequency of individual phage clones that bind to IL-6
and (b) high sequence diversity among the
binding-positive phage clones were chosen for protein
screening. I. Round 1 (Maxisorp plates or Dynal Beads)
1. Coating Target [357] A. Coating plates: Six
wells/library were directly coated with IL-6 (0.5
mg/well) using 100 mL/well of 5 mg/mL human 11-6 (R &
D Systems; carrier free) diluted in TBS[pH 7.5J/2 mM
CaCl 2. When using a biotinylated form of human IL-6,
plates were pre-coated with streptavidin for 1 hr at
room temperature with shaking. In addition, one
negative control well/library was coated with TBS[pH
7.5]/2 mM CaCl2 only. After precoating was complete,
IL-6 (+ biotin) was added and the plates were
incubated for 1.5 hr at room temperature with
shaking.[358] B. Coatine beads: 20 mL Dynal
streptavidin (M-280; Dynal ASA) were incubated with 5
mg biotinylated IL-6, in 500 mL TBS[pH 7.5]/2 mM CaCl2
and rotated at room temperature for 1 hr in Eppendorf
tubes. As a negative control, 20 mL Dynal streptavidin
without target were incubated in 500 mL of TBS[pH
7.5]/2 mM CaCl2 and rotated at room temperature for 1
hr. Note that Dynal beads were washed at least twice
with TBS [pH 7.5]/2 mM CaCl2 before adding target, and
beads were coated in bulk. 2. Blocking [359] A.
Blocking Plates: Coating solution was removed and
wells were washed one time with 200 mL/well of TBS[pH
7.5]/2 mM CaCl2. 250 ml/well of 1% BSA (protease-free)
in TBS[pH 7.5]/2 mM CaCl2 was added and incubated for
1 hr. at room temperature with shaking. Alternative
reagents (e.g. casein or milk) can be used for
blocking. [360] B. Blocking Beads: Coating solution
was removed and beads were washed twice with TBS [pH
7.5]/2 mM CaCl2. 500 ml 1% BSA (protease-free) was
added in TBS[pH 7.5]/2 mM CaCl2 and rotated for 1 hr
at room temperature. As noted above, alternative
blocking reagents can be used. 3. Washes [361] A. Wash
Plates: Wells were washed three times with 200 mL/well
of TBS[pH 7.5]/2 mM CaCl2 to remove excess target.
[362] B. Wash Beads: Beads were washed three times
with 1000 mL of TBS[pH 7.5]/2 mM CaCl2 to remove
excess target. Beads were allowed to collect on a
magnet for a few min after each wash to avoid bead
loss. 4. Phage addition [363] A. Phase addition to
Plates: About 1000 library equivalents (Al domain nave
phage library) were added in phage addition buffer (
1% nonfat dry milk/ 0.2% BSA (protease-free), or other
appropriate blocking agent, in TBS [pH 7.5]/2 mM CaCl
) and incubated at room temperature for 2 hr with
shaking. In rounds 2-3, 100 mL total of harvested
phage was added to 7 wells (6 target + 1 negative
control) diluted in phage addition buffer.[364] B.
Phase addition to Beads: About 1000 library
equivalents (Al domain nave phage library) were added
in 500 ml 1% non-fat dry milk + 100 ml 1% BSA
(protease-free) in TBS [pH 7.5]/2 niM CaCl2 and
incubated with rotation at room temperature for 2 hr.
In rounds 2-3, 100 mL total of harvested phage were
added to beads. 5. Washes [365] A. Washing Plates: The
plates were washed eight to twelve times with 200
ml/well of TBS [pH 7.5J/2 mM CaCl2/0.1 % Tween-20 over
a period of 10 min. [366] B. Washing Beads'. The beads
were washed 8-12 times with 800 ml of TBS [pH 7.5]/2
mM CaCl2/0.1 % Tween-20 over a period of 30 - 45 min.
Bead resuspension was facilitated by dispensing wash
buffer directly onto collected beads or by pipetting
up and down (not by vortexing). Alternatively, a
KingFisher apparatus (Thermo LabSystems) or equivalent
can be used for bead washing. Conditions for Stringent
washes (options) [367] a. 800 ml of TBS [pH 7.5]/2 mM
CaCl2/0.1% Tween-20 at 370C; [368] b. 800 ml of TBS
[450 mMNaCl, pH 7.5]/2 mM CaCl2/0.1 % Tween-20 at room
temperature; [369] c. Beads were washed normally 6-8
times, then 1 mg of unlabeled IL-6 was added for 1 hr
at room temperature or 370C. Phage that remained bound
after this wash were retained for elution/infection;
[370] d. 1%milk/0.2% BSA/with or without 1M urea/ 370C
(high stringency). 6. Competition (optional): [371] A.
Competition on Plates: Phage were incubated with 100
mL/well of 20 mg/mL (2 mg/well) of sIL-6R plus 7.5 ug
gpl30 in TBS [pH 7.5]/ 2mM CaCl2 for 1 hr at room
temperature with shaking. sIL-6R/grl30 eluates were
retained for infection of BlueKan K91 E. coll[372] B.
Competition on Beads: Phage were incubated with 20 mg
of sIL- 6R and 75 ug of gpl30 in 500 mL TBS [pH 7.5]/
2mM CaCl2 for 1 hr at room temperature with shaking.
sIL-6R/gpl30 eluates were retained for infection of
BlueKan K91 E. coli. 7. Phage Elution [373] A. Elution
off of Plates: 100 mL/well of 10 mg/mL trypsin in TBS
[pH 7.5]/ 2mM CaCl2 was added, and the plates were
incubated at 370C for 30 min with shaking. [374] B.
Elution off of Beads.' 100 mL 10 mg/ml trypsin TBS [pH
7.5]/ 2mM CaCl2 was added to beads, which were then
incubated at 370C (in an Eppendorf rack) for 30 min
with shaking. [375] C. Alternative elution/infection:
200 uL of log-phase BlueKan K91 E. coli cells at OD6oo
~ 0.5 were added to each well (for plates) or to
aspirated beads. The infection was allowed to proceed
for 30 min at 370C without shaking. Next, the 200 mL
volumes were pooled and added to ~ 3 mL of 2xYT/0.2
mg/mL tetracycline and shaken for 15 min at 370C. 8.
Infection: (same for Plate and Bead Protocol) [376] An
appropriate volume of log-phase BlueKan K91 E. coli
(in 2xYT/40 mg/mL kanamycin) was grown to OD6oo ~ 0.5
- 0.6. When the culture reached OD600, it was placed
on ice prior to use, although the time on ice was
generally minimized. [377] A. In a 50 mL sterile
conical tube, eluted phage were mixed with 5 mL
log-phase BlueKan K91 E. coli culture and incubated at
370C for 25 min without shaking. The sterile conical
tubes were covered with AirPore tape (Qiagen) to
facilitate aeration. [378] B. Tetracycline was added
to a final concentration of 0.2 mg/mL and shaken for
15 min at 370C. [379] C. A 10 mL aliquot was sampled
for titering and serially diluted 10-fold (10 1 to 10
6) in 2xYT, plated in 8 mL/dilution spots on 2xYT/20
mg/ml tetracycline plates and incubated overnight at
3O0C or 370C. The remaining volume of the 10 2 - 10 4
dilutions was plated to obtain single colonies for
subsequent phage ELISAs.[380] D. Infected 5 niL
cultures were diluted ~ 10-fold into 50 rnL 2xYT/ 20
mg/mL tetracycline and incubated with shaking at 3O0C
overnight to saturation. 9. Titering input phage was
used in the current round of panning (same for Plate
and Bead Protocol) [381] A. 100-fold serial dilutions
( 10 4 to 10 10) of harvested phage were made in 2xYT.
[382] B. 100 mL/well of a log-phase BlueKan K91E. coli
culture at OD6O0 0.5-0.6 was added to 6 wells of a
96-well polypropylene plate. [383] C. 10 mL of diluted
phage was added to the wells containing 100 mL of
BlueKan K91 E. coli. [384] D. Phage/cell mixtures were
incubated at 370C for 25 min without shaking, and the
plates were covered with AirPore tape (Qiagen) to
allow for aeration. [385] E. Tetracycline was added to
a final concentration of 0.2 mg/mL and the plate was
shaken for 15 min at 370C. [386] F. 8 mL of each
dilution ( 10 4 to 10 10) was plated onto a dry 2xYT
agar/ 20 mg/mL tetracycline plate. , [387] G. Plates
were incubated at 3O0C or 370C overnight. 10.
Harvesting phage (same for Plate and Bead Protocols)
[388] A. Overnight cultures were centrifuged at 7000
rpm in disposable 50 mL tubes for 25 min to pellet
cells. [389] B. A standard PEG/NaCl
phage-precipitation procedure was performed by adding
1/5 volume of a 20% PEG/15% NaCl stock to culture
supernatant. It was mixed well by repeatedly inverting
and incubating on ice for 45 min to 1 hr. [390] C. The
culture was centrifuged at 7000 rpm for 40 min to
pellet phage and the supernatant was discarded.[391]
D. The phage pellet was resuspended in 1mL TBS [pH
7.5]/ 2 niM CaCl2, transferred to an Eppendorf tube
and centrifuged at 13K rpm for at least 2 min to
pellet insoluble material. [392] E. Supernatant was
transferred to a fresh tube and 1/5 volume of PEG/NaCl
was added, mixed and incubated on ice for 5 min. [393]
F. The mixture was then centrifuged at 13000 rpm for
at least 2 min, and the supernatant was removed. The
pelleted, purified phage were resuspended in up to 1mL
TBS [pH 7.5]/ 2mM CaCl2 and stored at 40C. II. Round 2
and round 3 panning [394] The 2nd and 3rd round
panning conditions were generally the same as in Round
1 described above, except the coated target (i.e.
IL-6) amount was decreased 2- to 4- fold for each
subsequent round, and the plates (or beads) were
washed 2 - 4 additional times in each subsequent round
of panning. III. Optional intra-domain recombination
[395] Monomer sequences in phage display-selected
phage pools were recombined in the following
procedure. This process generated hybrid monomers
derived from mixed halves of the starting monomer
collection in a given pool(s). For Al -domainbased
phage libraries, the primer pairs SHFl
(ATTATGCCCCGGGTCTGGAGGCGTC; SEQ ID NO:488)/ SHBoverlap
(CGCCGTCGCAA; SEQ ID NO:489) and SHFoverlap
(TTGCGACGGCG; SEQ ID NO:490)/B3
(TCGGCCCCAGAGGCCTGCAATG; SEQ ID NO:491) were used to
PCR-amplify the two halves of the monomers. The 2
halves were fused together with LA Taq polymerase
(Takara). Next, the fused hybrid coding sequences were
amplified by primers SHF2 (CCGGATTATGCCCCGGGTCTGGA;
SEQ ID NO:492) and SHB4 (AACAGTTTCGGCCCCAGAGGCCTGC;
SEQ ID NO:493). Purified PCR products were digested by
Sfil (NEB) and ligated with the Sfil-digested fUSE5HA
phage vector to generate recombined monomer libraries.
Recombined libraries were panned at least two more
rounds against IL-6 and screened as described below.
Data from characterization of recombined monomers is
in Tables 1 and 2.IV. Analysis of panning output (same
for plate and bead protocols) [396] Phase ELISAs: For
each output "phage pool" to be analyzed (typically
Rounds 2, 3 and 4, if applicable), independent clones
were inoculated into 1 niL (2xYT/ 20 mg/mL
tetracycline) cultures grown in Costar 96-well
polypropylene deep-well plates. Inoculating tips were
left in, and plates were shaken overnight at 370C.
Cells were pelleted by centrifugation at 3600 rpm for
15 min. Culture supernatants were retained and ELISAs
were performed as described below. [397]
Non-biotinylated IL-6 (0.1 mg/well) was directly
coated onto Nunc Maxisorp plates. However,
biotinylated IL-6, 96-well Nunc Maxisorp plates should
first be coated with 50 mL/well of 50 mg/mL (2.5
mg/well) of streptavidin, diluted in TBS [pH 7.5]/ 2
mM CaCl2. The plate was incubated at 370C for 1 hr
with shaking. Plates were washed three times with 200
mL/well of TBS [pH 7.5]/ 2 mM CaCl2. Wells were
blocked with 200 mL/well of 1% BSA (fraction V) and
the covered plate was incubated at RT for 1 hr with
shaking. The plate was washed three times with TBS [pH
7.5]/2 mM CaCl2. Next, the 96- well Maxisorp plate was
coated with 100 mL/well of 1 mg/mL (0.1 mg/well)
biotinylated IL-6 diluted in TBS [pH 7.5]/2 mM CaCl2
or 100 mL/well buffer only (negative control). The
plate was incubated at RT for 1 hr with shaking.
Plates were washed three times with TBS [pH 7.5]/2 mM
CaCl2. Next, 30 mL of each phage supernatant is added
to wells in the presence of 70 mL of 1% Milk/0.2%
BSA/[rH 7.5]/2 mM CaCl2/0.02% Tween-20. Covered plates
were incubated at RT for 1.5 hr with shaking. [398]
Plates were washed four times with TBS [pH 7.5]/2 mM
CaCl2/0.02% Tween-20. Next, 100 mL/well of a-M13-HRP
monoclonal antibody (Amersham Pharmacia), diluted
1:5000 in TBS [pH 7.5]/2 mM CaCl2 + 0.02% Tween-20,
was added. Plates were incubated at 40C for 1 hr with
shaking. Plates were washed three times with cold TBS
[pH 7.5]/2 mM CaCl2/0.02% Tween-20. 100 mL/well of
TMB/H2O2 mixture (Pierce), diluted 1:1, was added for
ELISA development. [399] The reactions were allowed to
turn blue until the strongest OD65O signals reached ~
1.0. The reaction was stopped with 100 mL/well 2N H
SO4, and positive wells changed in color from blue to
yellow. Once the reaction was stopped, it was read at
OD45O on an ELISA plate reader using SoftMaxPro
software. [400] Phage ELISA-positive phage pools were
chosen for subcloning into an expression vector if
they had (a) a high frequency of individual phage
clones that bound tohIL-6 and (b) high sequence
diversity among the binding-positive phage clones.
Pools meeting these criteria were chosen for protein
screening in the process outlined below. To subclone
the monomer or multimer sequences from a given phage
pool into the expression vector, pEve, approximately
108-1010 phage were amplified by 25 cycles of PCR as
follows: PCR recipe 0.5 - 1 mL purified phage 5 mL l
OX Buffer 8 mL 2.5mM dNTPs 5 mL lOuM VS-For primer
(S'-ATCATCTGGCCGGTCCGGCCTACCCGTATGATGTTCCGGA-S';SEQ
IDNO:494) 5 mL lOuM EveNut primer
(5^AAAAGGCCCCAGAGGCCTTCTGCAATGAC-S'; SEQ ID NO:495) 26
mL H2O 0.5 mL LA Taq polymerase (1 unit) (Takara)
Cycles: 25 X [94C/10sea, -45C/30sec, -72C/30sec] [401]
PCR products were run on a 3% agarose gel for
analysis. The monomer or multimer product
(approximately 200 bp) was purified with a QIAquick
spin column (Qiagen), digested with SfI I (NEB),
purified again with a QIAquick column and then ligated
using T4 DNA Ligase (NEB) to the Sfi I digested
vector, pEve. The ligation was transformed into
electrocompetent BL21 (DE3) E. coli and plated onto
2xYT plates containing kanamycin at 40 mg/mL.
Following overnight growth, approximately 6000
individual clones were inoculated into 2xYT/kanamycin
and grown overnight. Positive and negative controls
were also included on the plates. V. Screening of
thousands of monomer proteins in 1 mL cell lysates
[402] Protein Production of 1mL heated lysates (Day
1): Individual clones were inoculated into wells of a
96-well Costar deep-well plate containing 500 mL/well
of 2xYT/ 40 mg /mL kanamycin. Cultures were grown
overnight (inoculating tips were left in wells) while
shaken at 300 rpm at 370C. This process allowed
screening of thousands of individual,
partially-purified monomers at the cell-lysate level.
[403] (Day 2) 100 mL of overnight culture was
inoculated into new 96-well Costar deep-well plate
containing 1 mL/well of 2xYT/ 40 mg/mL kanamycin + 1mM
CaCl2. (The remaining overnight culture was archived
by the addition of 25% final glycerol concentration
and then stored at -8O0C for later use.) Plates were
covered with AirPore Tape (Qiagen) and cultures were
grown with shaking at 375 rpm at 370C until an OD600
of ~ 0.8 to 1.0 was reached. Once the desired OD600
was reached, cultures were induced with 1mMIPTG for 3
hr while shaking at 375 rpm at 370C. Plates containing
induced cultures were then centrifuged for 15 min at
3600 rpm at 40C to pellet cells. Supernatant was
removed and discarded, and the remaining cell pellet
was resuspended in 100 mL of TBS [pH 7.5]/l mM CaCl2.
Resuspended cells were transferred from the 96-well
deep-well plate to a 96-well polypropylene PCR plate
and heated for 5 min at 650C in a PCR machine.
Heated/lysed cells were then centrifuged for 15 min at
3600 rpm at 40C. After centrifugation, protein
production was complete, and protein lysates were
ready for characterization in a primary screen via
binding ELISA and/or competition AlphaScreen assays.
[404] IL-6 Protein ELISA: 96-well Maxisorp plates were
coated with 100 mL/well of 1 mg /mL (0.1 mg/well)
IL-6(R&D systems) diluted in TBS[pH 7.5]/ 1mM CaCl2,
and the plate was incubated at 40C overnight or room
temperature (RT) for 1.5 hr with shaking. Wells were
emptied and then blocked with 200 mL/well of 1% BSA
(fraction V)/TBS[rH7.5]/l mM CaCl2. The covered plate
was incubated at RT for 1 hr with shaking. The plate
was washed three times with TBS [pH 7.5J/1 mM CaCl2.
Protein from 1mL lysate preparations was added to the
wells as a single point concentration diluted 1:10 in
TBS [pH 7.5]/l mM CaCl2/ 0.1% BSA/ 0.02% Tween-20 to a
final volume of 100 mL per well. Covered plates were
incubated at RT for 1.5 hr with shaking. The plate was
washed three times with TBS [pH 7.5J/1 mM CaCl2/ 0.02%
Tween-20. 100 mL /well of anti-HA-HRP detection
antibody (Roche) diluted 1:2000 in TBS [pH 7.5J/1 mM
CaCl2/ 0.1% BSA/ 0.02% Tween-20 was added. Covered
plates were incubated at RT for 1 hr with shaking. The
plate was washed three times with TBS [pH 7.5]/ 1mM
CaCl2/ 0.02% Tween-20. 100 mL /well of TMB/ H2SO4
mixture diluted 1:1 was added. Color was allowed to
turn blue until OD650 of the strongest signals reached
~ 1.0. The reaction was stopped with 100 mL/well of 2N
H2SO . Once stopped, the plate was read on ELISA plate
reader at OD450. [405] AlphaScreen
IL-6/Fc-biotinylated (bn) IL-6 homogeneous competition
assay: Al assay components were diluted in AlphaScreen
Buffer: 40 mM HEPES [pH 7.4] w/ NaOH I mM CaCl2, 0.1 %
BSA (w/v), 0.05 % Tween-20, 100 mM NaCl. Three
additions were made to a white, 384-well,
reduced-volume, Greiner microti ter assay plate with
no incubation time in between additions. First,
monomers or unlabeled recombinant human IL-6 (rhIL-6,
R&D Systems)(as positive control) were added to the
plate at 4 mL/well. Monomers from 1 mL heated lysate
preparations were added to the wells at a
singleconcentration (either undiluted [i.e. 1:4 final
assay dilution] or up to a 1:100 dilution [1:400 final
assay dilution]). As a positive control, instead of
monomer protein, 4mL/well of unlabeled rhIL-6 was
added to the plate as a twelve-point concentration
curve starting with 400 nM (i.e. 100 nM final assay
concentration) and then 1:4 serial dilutions
thereafter with the last point as buffer only.
Secondly, 2 uL/well of bn-rhIL-6 at 1 nM (i.e. 0.25 nM
final assay concentration) was added to the plate.
Note that the remainder of the assay was done in
subdued or green-filtered light as AlphaScreen beads
are light sensitive. Thirdly, 2 mL/well of a mixture
of IL-6R at 28 nM (7 nM final concentration) and
gpl30/Fc at 1.6 nM (0.4 nM final concentration) and
AlphaScreen Streptavidin "donor beads" and Protein A
"acceptor beads" (PerkinElmer) both diluted to 40
mg/mL (i.e., 10 mg/mL final assay concentration) was
added to the plate. The assay plate was then covered
with topseal and spun down for ~ 30 sec at 800 rpm.
The plate was then incubated overnight in the dark at
room temperature and read the next day on the Fusion
Plate reader (PerkinElmer). VI. Multimerization and
recombination of phage display-selected monomers [406]
Monomers that have been subcloned into pEve
(pEve/monomer) were multimerized in the following
manner. pEve/monomer plasmids (individually or in
pools) were digested with either BsrDI or Bpml (NEB).
The -1.1 kb BsrDI and -2.9 Bpml fragments were
isolated from 1% agarose gels and purified with Qiagen
QIAquick spin columns. Pools of each of the two
fragments were ligated using T4 DNA ligase (NEB);
subsequently, the ligation was purified with a Qiagen
QIAquick spin column. Using the primers VS-For and
EveNut described in the phage subcloning section
above, the multimer coding sequences were
PCR-amplified from the ligation. The PCR products were
purified and digested with Sfil (NEB), followed by
ligation with pEve and transformation of BL21 (DE3) E.
coli. This method created dimers comprised of
different combinations of the starting monomers. This
method can also be used to generate other multimers,
such as trimers. When making trimers, pools of
pEve/dimers (e.g. in above example) and pEve/monomers
(the starting collection) are the starting materials.
They are processed as above. A molecular biology
procedure similar to that described below for making
"walking libraries" was also used to generate
multimers. In all cases, proteins were expressed,
purified and screened as above. [407] Additional
libraries, referred to as "walking libraries," were
generated by ligating phage display-selected monomers
(i.e. selected monomers) with the fullrepresentation
of a naive monomer library. These libraries were
constructed in the following manner. PCR was used to
amplify in two separate reactions: a) the coding
sequences of the selected monomers with pETF
(ACCCGTATGATGTTCCGGATTA; SEQ ID NO.496) /pETB2r
(GATGTATTCGGCCCCAGA GGCCTGCAATGAC; SEQ ID NO:497); and
b) the coding sequences of nave monomers in a monomer
library with 21newl (GAAATTCACCTCGAAAGCAA; SEQ ID
NO:498)/23 (ATGGGTTCCTATTGGGCT; SEQ ID NO:499). The
~200 bp products were isolated from a 3% agarose gel
and purified with Qiagen QIAquick spin columns. Each
product from (a) and (b) above was digested with
either BsrDI or Bpml (NEB) in separate reactions.
Bpml-digested monomers have an overhang which can be
ligated to BsrDI-digested monomers. The purified
digestion products were ligated to one another using
T4 DNA ligase (NEB). Ligation of BsrDI-cut nave
monomers with Bpml-cut selected monomers generates a
walking dimer library comprised of N-terminal nave
monomers fused to C-terminal selected monomers.
Ligation of Bpml-cut nave monomers with BsrDI-cut
selected monomers generates a walking dimer library
comprised of C-terminal nave monomers fused to
N-terminal selected monomers. Primers pETF/pETB2r were
used to PCR-amplify the ligated dimer coding sequences
from the ligation, and the purified products were
digested with Sfil followed by Xmal. The digested
products were ligated to the phage vector fLJSE5HA for
the generation of a phage display dimer "walking
library", typically with 108-109 unique members. A
trimer (or larger multimer) "walking library" can be
generated in a similar fashion, except that the
starting materials are dimers (or larger) and nave
monomers. Walking libraries were panned against IL-6
and screened as described above. VII. Characterization
of purified monomers in binding and competition assays
[408] Once proteins were characterized at the heated
protein lysate level, the best monomers were chosen
for further characterization. Larger-scale cultures of
individual clones were prepared and the monomers,
which bear a 6xHis (SEQ ID NO:379) tag, were purified
via Ni-NTA resin. These nickel-purified monomers were
assayed in binding ELISAs and the AlphaScreen
competition assay. Protein sequence data and
biochemical data from characterization of purified
monomers are in Tables 1 and 2. [409] Protein
Purification 500 mL Cultures for NiNTA: (Day 1) In a l
5 mL culture tube containing 3 mL of 2xYT + 40 mg /mL
kanamycin, the appropriate "primary hitwell" archived
glycerol stock was inoculated. Culture was shaken
overnight at 300 rpm at 370C. [410] (Day 2) 2 mL of
overnight culture was inoculated into 1 L Erlenmeyer
shake flask containing 500 mL of 2xYT + 40 mg/mL
kanamycin. Cultures were grown with shaking at 375 rpm
at 370C until an OD6oo of about 0.8-1.0 was reached.
Once desired OD60O was reached, cultures were induced
with 1mM final concentration of IPTG for 3 hr while
shaking at 375 rpm. After 3 hr induction, the 500 mL
culture was transferred to clean/autoclaved Sorvall
tube and centrifuged for 8 min at 8000 rpm at 40C to
pellet cells. [411] Once cells were pelleted,
supernatant was removed and discarded, and 20 mL of
sonication buffer (10% sucrose/20 mM Tris [pH 7.5]/150
mMNaCl/0.2 mM CaCl2) was added to each tube. The
pellet was resuspended in sonication buffer with 10 mL
serological pipet until there were no visible clumps,
and then the resuspended cells (~ 30 mL) were
transferred into 35 mL Oakridge Tubes and sonicated
for 8 min at ~ 16 power output. After sonication, the
warm Oakridge Tubes containing sonicated cells were
placed in a ice/water bath for ~ 10 min to cool. Once
cooled, tubes were centrifuged for 30 min at 18,000
rpm at 40C to pellet lysed cells. [412] While tubes
containing lysed cells were being centrifuged, NiNTA
resin (Qiagen) was washed with MiUi-Q water to remove
ethanol. 3 mL of 1:1 diluted NiNTA resin/protein was
used (i.e. actually 1.5 mL of resin/protein was used).
3 mL of resin/water mix each was added to
appropriately labeled (with protein ID) clean 50 mL
screw cap tube. After sonicated cells were pelleted,
protein supernatant was removed and added to 50 mL
tube containing the 1.5 mL of washed NiNTA resin.
Protein was allowed bind to NiNTA resin by rocking
gently for 0.5 hr. @RT. After incubation with NiNTA
resin, 50 mL tubes with NiNTA bound to protein was
centrifuged for 10 min at ~1500 rpm. Supernatant was
gently poured out and discarded. [413] NiNTA resin +
bound protein was transferred to appropriately labeled
15 mL Clontech columns by adding 1mL of NiNTA Wash
Buffer (20 mM Tris [pH 7.5], 200 mM NaCl, 0.1 mM
CaCl2, 20 mM imidazole) to 50 mL tube containing
resin, swirling to resuspend, then pipetting the
mixture into a column which has been mounted on a
vacuum manifold. NiNTA resin + bound protein was
washed with at least 10 column volumes (15 mL) of
NiNTA wash buffer. 15 mL columns containing NiNTA
resin + bound and washed protein were transferred to a
clean 15 mL screw cap collection tubes and 4 mL ofNi
Elution buffer (20 mM Tris [pH 7.5], 200 mM NaCl, 0.1
mM CaCl2, 200 mM imidazole) was addedto each column to
elute off protein into the 15 mL collection tube. It
was then allowed to elute by gravity. [414] Eluted
protein was transferred to slide-A-lyzer cassette
(appropriate MW cutoff-for monomers used 3.5 kDa
cutoff and for dimers and trimers used 10 kDa cutoff)
using 18.5 gauge needle and 5 mL syringe to load
cassette. Slide-A-lyzers containing eluted proteins
were placed into overnight dialysis buffer containing
redox reagents (20 mM Tris [pH 7.5], 100 mM NaCl 1mM
CaCl2, 1mM 2-mercartoethanol, 0.25 mM 2-
hydroxyethyldisulfide) . [415] (Day 3) Slide-A-lyzer
cassettes containing overnight dialyzed proteins were
transferred into dialysis buffer without redox (20 mM
Tris [pH 7.5], 100 mM NaCl, 1 mM CaCl2). After 3 hr
dialysis, slide-A-lyzer cassettes were transferred
into fresh TBS/ CaCl2 without redox for another 3 hr.
After 2nd dialysis change, proteins were removed from
slide-A-lyzer cassettes using 18.5 gauge needle and 5
mL syringe, and protein was transferred by filtering
using 0.2 micron syringe filter into appropriately
labeled 15 mL polypropylene tube. The anti-IL-6 NiNTA
purified proteins, which were selected as the "best
inhibitors" in AlphaScreen competition assays or "best
binders" in a binding ELISA, were further purified by
Q-Sepharose anion exchange to remove contaminants.
Q-Sepharose Purification : 1mL of Q-Sepharose
Fast-Flow Resin (Amersham Biosciences) was added to 15
mL Clontech 



column. Resin with 15 column volumes (or 15 mL) of 20
mM Tris [pH 7.5], 50 mM NaCl, 1 mM CaCl2 was
equilibrated. 2 mL (~ 5 mg) of filtered NiNTA-purified
protein was added to resin and protein was allowed to
bind to resin by gravity. Flow-through into first
column of 96-well plate was collected. Columns loaded
with protein were transferred to 15 mL collection tube
and resin/bound protein were washed with 10 column
volumes (or 10 mL) of 20 mM Tris [pH 7.5], 50 mM NaCl,
1mM CaCl2. Once washed, NaCl gradient elution of
protein was started. NaCl concentration was varied in
gradient as follows: 100 mM, 150 mM, 200 mM, 250 mM,
300 mM, 350 mM, 400 mM, 500 mM, and finally 1M NaCl,
to a base of 20 mM Tris [pH 7.5], 1mM CaCl2. Fractions
were collected in 96-well deep-well polypropylene
plate-2 mL/fraction, in 1mL increments. Fractions
containing protein were tested by Bradford and
analyzed by SDS PAGE. Fractions were tested in binding
ELISAs and competition assays as described above with
the following change. Protein from 500 mL NiNTA
purified preparations or NiNTA + Q-sepharose purified
preparations was added to the plate as a twelve-point
concentration curve starting with a 1:5 to 1:100 first
dilution and then 1:4 serial dilutions thereafter with
the last point as buffer only.IL-6 binding monomers &
dimers [416] The following provides a summary of the
IL-6 binding monomers identified, grouped by sequence
homology. There are 7 families, wherein members of the
same family have related sequences. [417] The
information can be summarized as follows. Sequences in
brackets ("[]") indicate alternative amino acids at a
single position. The consensus sequences below include
question marks ("?") These indicate positions that can
be present or absent. Family 1 motif (SEQ ID NO: 27) :
CX [AS] [DN] EFXCXXGXC [ILV] XXAXXCDGV [DN]
DCXDNSDEXXC [AST] XX [AST] Family 2 motif (SEQ ID NO:
28) : CXXXQFXC [DN] NGXCVPXXWXCDG [DE] [DN] DCXD [DN]
SDEXXCXXP [AST] Family 3 motif (SEQ ID NO: 29):
CXXXQFQCXSG [W, Y ]C [I, L P ]XXXW [V, L
]CDGXNDCEDXSDEXXC Family 4 motif (SEQ ID NO: 30) :
CXXX [EQ] FXCXXGXC [ILV] XXXXXCDGX [DN] DCXDXSDEXX
(XX) C Family 5 motif (SEQ ID NO: 31) : CX [A, P]X[E,
Q ]FXCXXGQC [I ,L ]PXXXXCDGX [D, N ]DCXDXSDEXXC Family
6 motif (SEQ ID NO: 32): CXXX [EQ] FXCX (X) SXXC [ILV]
XX [DN] W [ILV] CDGVNDCXDXSDEXGCXXXT Family 7 motif
(SEQ ID NO: 33) : CL [AS] X [EQ] FXCXNGXCIP [KQR]
XWVCDGDNDC [ILV] DXSDE (P) XXCX [EKQ] XT [418] Details
of each IL-6-binding family follows. Spacing (or
dashes ("-") is only for alignment purposes. Each line
represents one contiguous monomer domain. Faml (SEQ ID
NOS :500-519) CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTEHT
CPSDEFRCRNGRCVPRAWRCDGVNDCADNSDEEDCTEHT
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTENT
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEDCTQHT
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEEGCTPHT
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCKAHT
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDEADCAAPT
CPSDEFRCRNGRCIPRAWRCDGVNDCGDNSDETNCAPPT
CPSDEFRCRNGRCIPRAWRCDGVNDCGDSSDETSCSAPASEPPGSL
CPSDEFRCRNGRCIPRAWRCDGVNDCADNSDENCAGSVPT
CPASEFRCNNGRCIPAQWRCDGVNDCGDDSDEASCQAPT
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETNCASPAPT
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCASPAPT
CQANEFTCSSGNCLSPALLCDGVDDCGDNSDETYCAGPAPT
CELNEFTCSSGNCLSPALLCDGVDDCGDNSDETNCASPAPT
CGANEFTCDNGRCLSPDLVCDGVDDCADSSDETDCQKPM
CRPDEFKCENGHCIPPGLRCDGVDDCVDNSDETDCETPGRT
CPSDEFRCRNGRCIPPGWLCDGVDDCVDDSDEEGCRTPART
CGSNEFTCSNGRCIPPTLLCDGVNDCGDDSDETGCATPVRT
CASSQFPCDNGKCLPPPLVCDGVDDCGDDSDEPSAPCGSPARTscore
matches expected motif (SEQ ID NOS:520-528) 3738 47 10
16 c . . . [eq] f . c . . g.c[ilv] cdgv[dn] dc. d .
sde 3963 46 10 18 c . . . ef. c . . g . c [ilv]
cdgv[dn] dc. d . sde . . c 4029 45 10 19 c . . [dn] ef
. c . . g . c[ilv] cdgv[dn] dc.d. sde. . c 3995 43 10
20 c . . [dnj ef . c . . g . c [ilv] cdgv[dn] dc.d[dn]
sde. . c 9 2 4 1 10 2 1 C a s n] ef -c . .g.c [ilv]
cdgvfdn] dc.d[dn] sde. . c . . . 391 9 40 10 22 c a s
n e C - - - ] [ast] . . cdgv [dn] dc.d[dn] sde . .
3920 39 10 23 c . [as] [dn] ef. c . . g . c [ilv] . .
a . . cdgv [dn] dc. dnsde. . c ,Q( R 1fT23 c ' s dn]
ef . c . . g . c [ilv] . .a. .cdgv [dn] dc.dnsde. , c
[ast] . o L i n 1L-24 c . [as] [dn] ef . c . . g . c
[ilv] . . a . . cdgv [dn] dc. dnsde. . c [ast] . 3890
37 10 [ast] . . . . Fam2 (SEQ I D NOS : 529-532)
CLSSQFQCDNGNCVPQQWVCDGDNDCLDDSDETSCSAPASEPPGSL
CLADQFQCNNGRCVPQSWGCDGDDDCQDNSDETSCAPPT
CAPGEFTCGSGRCVPQTWRCDGVDDCLDSSDETDCSAPASEPPGSL
CPPGQFTCNNGRCVPPTWLCDGEDDCQDDSDEKNCKAPT score matches
expected motif (SEQ ID NOS:533-534) 402 4 10 23 c . .
. [eq] f . c . .g.cvp. .w.cdg. [dn] dc. d . sde . . c
. .p [ast] . m 28 c . . .qf . c [dn] ng. cvp. .w.
cdg[de] [dn] dc. d[dn] sde. . c . .p  1L) [ast] Fam3
(SEQ I D NOS : 535-554)
CRASQFQCGSGYCIPRPWLCDGDNDCEDDSDETNCTPRT
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRT
CEADQFQCGSGYCLPRHWVCDGDNDCEDDSDETDCGRPGPGATSAPAV
CLPSQFQCGSGYCISQRWVCDGEHDCEDSSDEANCAGSVPT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPT
CPSSQFQCSSGWCISQRWVCDGENDCEDSSDEANCAGSVPT
CPSSQFQCSSGWCISQRWVCDGENDCEDGSDEANCAGSVPT
CSSGWCISQRWVCDGENDCEDSSDEANCAGSVPT
CPSSQFQCGSGWCISQHWVCDGENDCEDGSDEANCAGSVPT
CLPSQFQCGSGWCISQRWVCDGENDCEDSSDEANCAGSVPT
CLPSQFRCGSGCCFSQRWVCDGKNDCEDSSDEANCAGSLPT
CGASQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPT
CLPSQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPT
CAPSQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPT
CLPDQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPT
CLPGQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPT
CLPDQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPT
CLPDQFQCGSGYCLSQRWVCDGENDCEDGSDEANCAGSVPT
CLPDQFQCGSGYCLPQRWVCDGENDCEDSSDEANCAGSVPT
CLPDQFQCGSGYCLPQRWVCDGENDCEDGSDEANCAGSVPTscore matches
expected motif (SEQ ID NOS:555-562) A1DA A1 IfT23 c .
. .qf [kqr] c . .g.c [filr av] . . .w[ilv] cdg. oiuo
oi u [dn] c .dced. sde [ast] [kqr ] c . sg. c[filmv] .
[kqr] .w[ilv] cdg. .deed. sde [ast] Ad9 1i Q irur 27
c[d.n.] . qc fqc. sg [fwy] c [ilv] . [kqr] .w[ilv] cdg
[de] . deed. sde [ast] Q Q Q m-29 c - -qfqc. sg [fwy]
c [ilv] . [kqr] . w[ilv] cdg[de] ndced. sde [ast] 6968
5 8 10 [dn] c QA ; L-34 c . . . qf [kqr] c . sg. c
[filmv] .q .wvcdg [ekq] .deed sdeancags Imi / 1U
[ilv]pt 8205 56 10 c . . . qfqc. sg [fwy] c [ilv] . q
.wvcdge . deed. sdeancagsvpt 8307 55 10 38 c . .
.qfqc. sg[fwy] c[ilv] .q. wvcdgendced. sdeancagsvpt
8387 54 10"39 c . . . qfqc. sg [fwy] c [lv] .
qrwvcdgendced. sdeancagsvpt Fam4 (SEQ ID NOS :563-57
6) CLPDQFQCGSGYCLPQAWVCDGENDCEDGSDETN. .CPART
CLPDQFQCGSGYCLPQRWVCDGVDDCEDSSDEKG. .CTPHT
CLSDQFQCGSGHCLPASWRCDGEDDCADSSDETS ..CTASEPT
CPSSQFQCSSGWCIPEDWRCDGVPDCGDGSDEASDH
CAPSQFQCGSGYCIPLTWVRDGVDDCEDGSDEED ..CSQDPEFHKV
CLPNQFTCDSGNCVPQALGCDGDNDCEDNSDESPALCAAPAHT
CLPNEFTCDSGNCVPQALGCDGDNDCEDNSDESPALCAAPAHT
CAPNQFQCGSGYCVPAAWVCDGENDCEDNSDESSALCQERT
CLPDQFPCENGKCLPVNLVCDGDDDCPDGSDESEV .CAGAVRT
CPSSQFRCNNGHCLSVTLVCDGDNDCEDDSDETG ..CEGSGHT
CQPGEFTCESGRCLPLRWLCDGEDDCVDSSDEAS ..CQPPT
CLSGEFTCENGNCLSLSLVCDGEDDCEDGSDEAS ..CPPPT
CPPDEFQCNSGSCLSQPLLCDGEDDCGDGSDEES ..CIAAEHT
CQPGQFRCNNGHCLSQPLVCDGVPDCEDGSDEAS ..CSAPASEPPGSL
score matches expected motif (SEQ ID NOS:577-579) 994
15 10 12 c . . . [eq] f . c . .g . c [ilv] dg. . dc. d
. sde 1011 14 10 14 c . . . [eq] f . c . . g . c filv]
cdg. .dc.d. sde 907 12 10 15 c . . . [eq] f . c . . g
. c [ilv] cdg. [dn] dc. d . sde. Fam5 (SEQ ID NOS
:580-591) CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDETGCPTRT
CLPDQFRCGNGQCIPLDWVCDGVNDCGDNSDEAGCPTRT
CLPDQFRCGNGQCIPLDWVCDGVNDCADNSDEAGCPPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCVDGSDEAGCPPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCEDSSDEAGCPPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPRT
CLPDQFRCGNGQCIPLDWVCDGVNDCEDDSDEESCPPHT
CLPDQFRCGNGQCIPLDWVCDGVNDCPDDSDEEGCPPRT
CVPDQFPCGNGQCIPLDWVCDGVDDCEDNSDEKSCPPPR
CLPGQFRCDNGQCIPAHWGCDGVNDCRDNSDEADCPQPT
CQASEFPCDSGQCIPQPLGCDGDNDCADNSDEESCQPRT
CEPGQFPCESGQCLPPPWVCDGVNDCADNSDEEDCGDSHILPFSTPGPSTscor
e matches expected motif (SEQ ID NOS:592-597) 2083 23
1 0 -20 c . .. [eq] f .c. .gqc[ilv]p. ...cdg. [dn]
dc.d.sde. .c 2345 22 lo-25 c.p.qf .c. .gqc[ilv]p.
.w.cdgv[dn] dc.d.sde. .c 2510 2 1 1 0 -28 c [ilv]p.qf
.c.ngqcip. .w.cdgv[dn] dc.d. sde. .cp 2784 20 lo-34 c
[ilv] pdqf .cgngqcipldwvcdgv [dn] dc. d .sde. .cp 2850
19 1 0 -38 clpdqfrcgngqcipldwvcdgvndc.d. sde ..cp. .t
2777 18 1 0 -39 clpdqfrcgngqcipldwvcdgvn.de. d .sde
..sp.rt Fam6 (SEQ ID NOS: 598-609)
CLPSEFQCRDSKICLSADWLCDGVNDCADNSDEEGCPPPT
CLPSEFQCRDSKICLSADWLCDGVNDCVDGSDEAGCPPRT
CEANELRCS-SGRCLSVHWLCDGVDDCEDSSDEAGCPPRT
CPASQFPCS-SGHCVPLNWVCDGVNDCVDGSDEAGCPPRT
CESDQFQCD-SGHCVPLNWVCDGVNDCVDGSDEAGCPPRT
CPSDEFTCD-SGRCVSLNWLCDGVNDCGDNSDEAGCPTRT
CLSDEFTCD-SGRCVSLNWLCDGVNDCGDNSDEAGCPTHT
CPSSQFRCS-SGRCVPADWLCDGVNDCADNSDETGCPTRT
CPSSQFRCS-SGRCVPADWLCDGVNDCADNSDETGCATRT
CPSSQFRCS-SGRCVPADWLCDGVNDCGDNSDEAGCPTRT
CRADEFQCG-SGRCVPADWLCDGVNDCADNSDETGCPTRT
CVSSQFQCG-NGHCVPAQWLCDGVNDCGDNSDEASCPPRT score matches
expected motif (SEQ ID NOS:610-615) 2122 23 1 0 -20 c
. ..[eq] [fly] .c ..? ...c [ilv] ...w [ilv] cdgv [dn]
dc.d. sde . . C. . . t 2199 22 lo-23 c . . . [eq]
[fly] . c . . I s . . c [ilv] . . .w[ilv] cdgv [dn]
dc. d . sde . gc. . . t 2236 2 1 1 0 -25 c . . . [eq]
f . c . . ?s . . c [ilv] . . [dn] w[ilv] cdgvndc.d.
sde .gc. . . t 2217 20 1 0 -26 c . . . [eq] f . c . .
?s . . c [ilv] . . [dn] w[ilv] cdgvndc.d. sde . gcp. .
t 2226 19 10"28 c . [as] .[eq] f.c. .?sg.cv. . [dn]
w[ilv] cdgvndc. d .sde [ast] g c ...t 2187 18 lo-29 c
. [as] . [eq] f . c . . ?sg. cv. . [dn] w[ilv]
cdgvndc. d . sde [ast] g cp. . t Fam7 (SEQ I D NOS :
616-622) CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDE-KGCPEPT
CLANQFKCDNGRCIPQTWVCDGDNDCLDGSDEPVHCAKRT
CLANQFKCDNGRFIPQTWVCDGDNDCLDGSDEPVHCAKRT
CLANQFKCDNGRCIPQTWVCDGDNDCLDGSDEPVHCAKRT
CLANQFKCDNGRCIPQTWVCDGDNDCLDGSDEPVRCAKRT
CLANQFKCDNGRCIPQTWVCDGDNDCLDGSDEPVHCAERT
CLSSEFTCGNGNCIPQTWVCDGDNDCLDGSDEPVHCAKRTscore matches
expected motif (SEQ ID NOS:623-626) 1319 1 1 10 29 cl
[as] . [eq] f . c.ng. . i p fkqr] . wvcdgdndc [ilv] d
. sde . ? . . c . [ ekq] . t 1258 10 10~30 cl [as] .
[eq] f . c.ng. cip [kqr] . wvcdgdndc [ilv] d . sde. ?
. . c . [ ekq] . t 1286 9 10" cl [as] .[eq] f .c.ng.
.ipqtwvcdgdndcldgsde. ?v.ca [ekq] rt 1299 8 10 clanqf
kcdngr. ipqtwvcdgdndcldgsde. ?v. ca [ekq] rt
IL-6-binding dimers included the following (SEQ ID
NOS:627-781). Dimers are not organized by family.
CLPNQFQCRSGQCIPRPWVCDGDNDCGDDSDEANCKAPVHTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CGRTEPT
CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDEKGCPEPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLSSQFQCSNGNCIPAAWLCDSDNDCGDDSDETSCPAPTCPSSQFQCSSGWCIP
EDWRCDGVPDCGDGSDEASDH CGDSHILPFSTPGPST
CLASEFQCRNGSCIPLQWLCDGDNDCGDDSDEENCATTERTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDEKGCPEPTCPSSQFQCSSGWCIP
EDWRCDGVPDCGDGSDEASDH CGDSHILPFSTPGPST
CGASQFQCHNTSICIPRPFVCDGDNDCGDDSDEADCKTSGHTCLPSQFQCGSGY
CISQRWVCDGENDCEDSSDEA NCAGSVPT
CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDEKGCPEPTCLPDQFQCGSGYCLP
QRWVCDGVDDCEDSSDEKGCT PHT
CPSSQFQCGSGYCISPAWVCDGVNDCEDGSDEKSCAPHTCLPDQFQCGSGYCLP
QAWVCDGENDCEDGSDETNCP ART
CAPSQFTCGNGNCVPRPWLCDGDNDCEDDSDETSCPPHTCLPDQFQCGSGYCLP
QAWVCDGENDCEDGSDETNCP ART
CAPSQFTCGNGNCVPRPWLCDGDNDCEDDSDETSCPXHTCLPDQFQCGSGYCLP
QAWVCDGENDCEDGSDETNCP ART
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCRPGQFQCGSGYC
IPRPWRCDGDNDCEDDSDEKG CARSEPT
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRTCAPSQFQCGSGYCIP
LTWVCDGVDDCEDGSDEEDCE TAAPT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCRASQFQCGSGYC
IPRPWLCDGVNDCEDGSDEAD CQTRT
CVPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPDQFQCGSGYC
LPQAWVCDGENDCEDGSDETN CPART
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRTCAPNQFQCGSGYCVP
AAWVCDGENDCEDNSDESSAL
CQERTCAPSQFTCGNGNCIPRPWLCDGDNDCEDDSDETSCPXPTCLPDQFQCGS
GYCLPQAWVCDGENDCEDGSDETNCP ART
CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDEKGCPEPTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAPNQFQCGSGYCVPAAWVCDGENDCEDNSDESSALCQERTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CGANEFQCGSGYCLPVGWVCDGENDCEDNSDEKGCPPHTCLPNQFQCRNGRCIP
LPWLCDGDNDCEDDSDATNCT PRT
CAPNQFQCGSGYCVPAAWVCDGENDCEDNSDESSALCQERTCVPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CLPDQFQCGSGYCLPQRWVCDGVDDCEDSSDEANCAGSVPTCLPDQFQCGSGYC
LPQAWVCDGENDCEDGSDETN CPART
CAPSQFQCGSGYCIPLTWVCDGVDDCEDGSDEEDCETAAPTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAPSQFTCGNGNCVPRPWLCDGDNDCEDDSDETSCPPHTCAPNQFQCGSGYCVP
AAWVCDGENDCEDNSDESSAL CQERT
CLPSEFQCHSTSICVPRQWLCDGDNDCGDDSDEKGCETHTCVPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CPPDQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPARTCLSSEFTCGNGNCIP
RPWVCDGDNDCVDDSDEKGCP EPT
CAPSQFTCGNGNCVPRPWLCDGDNDCEDDSDETSCPPHTCAPSQFQCGSGYCIP
LTWVCDGVDDCEDGSDEEDCE TAAPT
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRTCLPDQFQCGSGYCLP
QAWVCDGENDCEDGSDETNCP ART
CLSSEFTCGNGNCIPRPWVCDGDNDCVDDSDEKGCPEPTCLPDQFQCGSGYCLP
QRWVCDGVDDCEDSSDEKGCT PHT
CAPSQFQCGSGYCIPLTWVCDGVDDCEDGSDEEDCETAAPTCLPDQFQCGSGYC
LPQAWVCDGENDCEDGSDETN CPART
CAPNQFQCGSGYCVPAAWVCDGENDCEDNSDESSALCQERTCLSSQFQCDNGNC
VPQQWVCDGDNDCLDDSDETS CSAPASEPPGSL
CLSSEFTCGHGICIPRPWVCDRDNDCMYHSHEISCPEPTCLPDQFQCGSVYCLP
ERLVCDCLNDCEDSSDEAXCA GSXPT
CLPSQFQCRNGRCIPLPWLCDGDNDCEDDSDETNCTPRTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CVPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCGWWGSSEFRCAT
YPHGRCIPSSXVCDGEDDCGD GSDEHEVFCGGGG
CAPSQFQCGSGYCIPLTWVCDGVDDCEDGSDEEDCETAAPTCLPSEFQCHSTSI
CVPRQWLCDGDNDCGDDSDEK
GCETHTCVPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLSSEFT
CGNGNCIPRPWVCDGDNDCVDDSDEKG CPEPT
CLPSEFQCHSTSICVPRQWLCDGDNDCGDDSDEKGCETHTCLASQFTCRNGNCI
PEPWVCDGDNDCVDDSDEESC PPHT
CEADQFQCGSGYCLPRHWVCDGDNDCEDDSDETDCGRPGPGATSAPAVSGGSGG
SGGSCGS
CRASQFQCGSGYCIPRPWLCDGVNDCEDGSDEADCQTRTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAPNQFQCGSGYCVPAAWVCDGENDCEDNSDESLAHCQAHTCVSSEFRCSSGQC
IPPPWRCDGVDDCADNSDEAG CTPPT
CQPGQFPCGSGSCVSERLLCDGVDDCADGSDEAGCPPRTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSXEANCA GSVPT
CHATAQFECSSGQCISLDWLCDGVNDCADGSDESQHCPPRTCVPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAXSVPT
CEASQFPCRNSERCVPPHLLCDGVNDCADGSDEIGCPPHTCVPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CPSNQFQCRNNGTCIPLPWLCDGVDDCGDDSDETSCTEPTCVPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CQSSEFTCSSGRCLSAGWLCDGVNDCRDDSDEESCTAPVPTCVPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CQPGQFQCHDYGRCVSQNWLCDGDPDCLDSSDEANCQPPTCVPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CPAGQFQCRTGRCIPLALLCDGENDCQDGSDEAGCPTPTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CGAGEFPCDNGRCVPAALLCDGDDDCGDNSDEKDCAQPTCVPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CRSSEFRCDSGHCLPLPWVCDGDDDCEDGSDEAQDCEPRTCVPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CRSNQFQCGSGYCIPVKWLCDGENDCEDGSDESLAHCQAHTCVASQFRCDNGRC
LSEPLGCDGVNDCPDNSDEED CTTAEHT
CRADQCQCNSGHCLSRNLRCDGEDDCADNSDEKSCSQDPEFHKVCLPDQFQCGS
GYCLPQRWVCDGVDDCEDSSD EKGCTPHT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCRSSQFQCGNGRC
ISVHWVCDGDDDCEDSSDESS AHCKPRT
CPSNEFRCNNGHCIPRAWRCDGDNDCGDSSDETDCTQRTCRSNQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CPADEFPCKNGKCLPLPWVCDGDNDCADNSDETDCTATAPTCRSNQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CGSDEFLCNNGKCIPPTWGCDGVNDCQDNSDEAPALCPPPTCRSNQFQCGSGYC
IPQRWVCDGVDDCEDSSDEKG CTPHT
CAPNQFQCGSGYCVPAAWVCDGENDCEDSSDEANCAGSVPTCRSGQFQCGSGYC
ISQRWXCDGENDCEDSSDEAN
CAGSVPTCLPGQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCRPSQF
PCSNGQCVPQTWVCDGVNDGQDDSDETD CSAPASEPPGSL
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCRPSEYPCGNGRC
VPQPLRCDGVNDCEDSSDEAN CTPHT
CRSNQFQCGSXYCIPVKWLCDGENDCEDGSDEADCAGSVPTCRPDQFPCDNGNC
IPGPWGCDGVNDCLDSSDETD CTPPT
CPSSQFKCNNGSCVPQDWLCDGVNDCVDGSDEPAVCQQRTCRASQFQCGSGYCI
PRPWLCDGVNDCEDGSDEADC QTRA
CASGEFRCGNGRCVPQRWLCDGVPDCEDNSDETDCQPPTCRASQFQCGSGYCIP
RPWLCDGVDDCEDSSDEKGCT PHT
CLPSQFQCGSGYCIPQRWVCDGENDCEDSSDEANCAGSVPTCQSSEFPCSSGHC
LPLALGCDGEDDCADNSDEES CEPRT
CRASQFQCGSGYCIPRPWLCDGVNDCEDSSDEANCAGSVPTCQPSQFRCRSGHC
ISGALGCDGEPDCGDGSDETG CRASAHT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCQPDQFRCGSGPL
RSTALACDGXKXLSGQLGXKK AVEPPDRT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCQAGEFRCGNGRC
LPPDWRCDGVDDCGDGSXEAS CKTPT
CQSDEFTCRDSNKCVSRDWLCDGEDDCPDGSDETSCAGSERTCPSSQFQCSSGW
CIPEDWRCDGVPDCGDGSDEA SCPPHT
CVPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCPSNEFPCESGHC
VPLTWRCDGEDDCPDSSDEAN CGRPGPGATSVPAA
CRSNQFQCGSGYCLPQAWVCDGENDCEDGSDETNCPARTCPSGQFRCDNGKCLS
EAWVCDGVDDCRDGSXESEHC APPT
CRSNQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCPSGQFQCRGTGK
CIPQPWVCDGDNDCQDDSDEK DCSAPASEPPGSL
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCPSGEFRCGNGSC
LPAGWVCDGVDDCVDGSDEKG CQTPT
CVPSQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRC
IPRAWRCDGXNDCADNSDEED CTEHT
CVPSQFQCGSGYCISQRWVCDGENDCEDGSDEANCAGSVPTCPSDEFRCRNGRC
IPRAWRCDGVNDCADNSDEED CTEHT
CRSNQFQCGSGYCIPVKWLCDGENDCEDSSDEESCPXRTCPPSEFRCKGSGKCV
PQHWLCDGVNDCEDDSDEKSC PPPT
CRSNQFQCGSGYCIPVKWLCDGENDCEDSSDEESCPARTCPPSEFRCKGSGKCV
PQHWLCDGVNDCEDDSDEKSC PPPT
CLSSEFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCPADEFRCSSGRC
VPATWLCDGVDDCEDSSXESL ETCTPHT
CRSNQFQCGSGYCIPVKWLCDGENDCEDGSDEADCQTRTCLSSEFQCSNGQCVS
QRLLCDXVDDCLDDSDEEDCS
APASEPPGSLCQANQFRCNNGRCLSPAWLCDGVDDCPNGSDEEGCPPHTCLSSE
FQCGSXYCISQRWVCDXENDCEDSSDEANCA GSVPT
CESGEFTCGSGQCLPATWRCDGDNDCADDSDETNCPQPTCLSSEFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CPPGQFRCRSGNCLPQTWVCDGDDDCEDDSDESPALCSQDPEFHKVCLPSQFQC
GSVYCISQRWVRDGXNDCEDS SDEANCAGSVPT
CQSGQFPCGNGNCIPRPLRCDGVDDCPDGSDEPPECPQPTCLPSQFQCGSGYCI
SRRWVCDGENDCEDSSDEKGC TPHT
CQPDEFTCHDKNRCISLALLCDGVNDCEDDSDEEGCAPRTCLPSQFQCGSGYCI
SQRWVCDXENDCEDSSDEANC AGSVPT
CVSSQFKCSNGRCLPLGWLCDGVDDCADGSDEKNCPPPTCLPSQFQCGSGYCIS
QRWVCDXENDCEDSSDEADCA GSVPX
CVPNQFPCGNGHCLPRDWLCDGVNDCGDSSDESPAHCTEPTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSXXAN CAGSVPT
CRAGQFRCSSGHCLPRRLLCDGEDDCVDGSDETGCTQRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEKGCT PHT
CQPNQFRCSNGRCVPLNLLCDGVPDCEDGSDEEGCPPRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CRSSQFRCSSGQCVSLGWVCDGVNDCPDSSDETGCPKRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CHAIAQFGCKSGRCLSLGLLCDGVDDCADGSDEAGCPTRTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CPPSQFTCSNGNCLSPTLLCDGVNDCVDDSDETSCAASVHTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CLADQFKCHNTNICIPGRLGCDGDPDCEDDSDEKGCPPHTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CPPGEFPCSSGHCLSQALRCDGVPDCEDDSDETGCPPPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CGANEFTCGNGRCLSPTWLCDGDDDCGDNSDEASCGGTAPTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CLPNEFPCGSGHCIPQAWVCDGENDCQDSSDEAPAHCAAPVPACLPSQFQCGSG
YCISQRWVCDGENDCEDSSDE 



ANCAGSVPT
CPPSQFKCSNGRCLPVQLLCDGVPDCPDGSDETGCPPPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLASQFRCGNGSCLSQTLLCDGVNDCADNSDEVSCPPPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLPSQFQCGSGYCISQRWVCDGENDCEDGSDEESCTGPGHTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CPPGEFQCNSGHCLPGTWGCDGEDDCPDGSDESQDCAPPTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC
AGSVPTCPSSEFKCNNGQCLPVRWLCDGVNDCLDSSDEASCAARTCLPSQFQCG
SGYCISQRWVCDGENDCEDSSDEANCA GSVPT
CHPPSQFRCSNGQCLPLTWRCDGVNDCGDNSDEEDCPERTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CLANEFRCSSGQCIPARWLCDGVNDCVDDSDEKDCPARTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLPGQFRCHSTDTCLPESWVCDGVNDCADDSDEASCPPHTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CLSSQFRCDSGRCISQDWLCDGVNDCQDGSDESLAICPPHTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CPAGQFTCGSGKCVSGGLLCDGDNDCQDGSDEAGCATRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAPDQFKCGNGNCLPLPWVCDGDNDCGDNSDEANCPQHTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAPSQFRCESGQCLPANWRCDGENDCQDGSDESPAICEGTAPTCLPSQFQCGSG
YCISQRWVCDGENDCEDSSDE ANCAGSVPT
CPSNQFTCRSGSCLSLAWLCDGVNDCPDNSDEADCAERTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CPSSEFPCHGNSRCIPLTWLCDGDNDCGDDSDEKNCEAAGPTCLPSQFQCGSGY
CISQRWVCDGENDCEDSSDEA NCAGSVPT
CQPSQFRCGNGHCLPPTLVCDGENDCRDNSDETSCATAVRTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CRADEFRCSSGHCIPAPWGCDGVNDCEDGSDEAGCPARTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CAANEFRCRSTNTCIPQQWLCDGVNDCQDDSDEKSCRTPAPTCLPSQFQCGSGY
CISQRWVCDGENDCEDSSDEA NCAGSVPT
CAPSQFPCSSNDICVPRRWRCDGVDDCGDSSDEASCGTSVRTCLPSQFQCGSGY
CISQRWVCDGENDCEDSSDEA NCAGSVPT
CLPDQFPCSNGRCLPPTWVCDGENDCQDGSDEADCTEPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLPNQFRCRNGQCLPQNWLCDGVNDCGDSSDETNCEPHTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CQPSQFQCNNGHCLSVRWLCDGVDDCQDGSDETDCPTRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CRSNEFTCSSGSCXPLAWVCDGVNDCLDDSDEAGCPAPTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CLSGEFKCNSGHCIPGPWLCDGDDDCPDGSDETDCGSPGPTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CPADQFRCSNGRCIPRTWVCDGVDDCGDGSDESPLCESAAHTCLPSQFQCGSGY
CISQRWVCDGENDCEDSSDEA
NCAGSVPTCVPSQFQCRNNGICIPQNWHCDGVPDCEDSSDEESCGTTVHTCLPS
QFQCGSGYCISQRWVCDGENDCEDSSDEA NCAGSVPT
CLPSEFPCDSGQCLPLAWLCDGVDDCRDSSDESLEICPKHTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CPPGEFKCNSGNCVSPTWGCDGVDDCGDDSDEASAICEAPEHTCLPSQFQCGSG
YCISQRWVCDGENDCEDSSDE ANCAGSVPT
CPPGQFPCSNGRCVPQRLRCDGDPDCEDNSDEAGCATPEPTCLPSQFQCGSGYC
ISQRWVCDGENDCEDSSDEAN CAGSVPT
CVANEFRCGNGHCVPLAWLCDGVPDCVDDSDETSCQARTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPA
CQPGEFRCRNGRCLPLAWLCDGVDDCVDGSDETNCAARTCLPSQFQCGSGYCIP
QRWVCDGENDCEDSSDEANCA GSVPT
CGASEFRCDSGHCISPDWRCDGDNDCVDGSDEKSCEQRTCLPSQFQCGSGYCFS
QRWVCDGENDCEDGSDEANCA GSVPT
CRADEFTCNNGRCVPQTWVCDGDPDCEDSSDEKGCTASVHTCLPSQFQCGSGYX
ISXXXVCXXENDCEDSSDEAN CAGSVPT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPSEFQCGNGRC
LPLRLLCDGDDDCGDNSDEPL ATCETSAPT ,
CRSNQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCLPGQFRCNSGQC
LPLQWACDGVDDCADNSDEAS CEPPT
CAAGQFQCHSTSRCVSLRWVCDGEDDCRDGSDEEGCTTAVPTCLPDQFQCGSGY
CLPQRWVCDGVDDCEDSSDEK GCTPHT
CPPSQFPCNSGNCVSAAWVCDGVDDCGDDSDESLAICPTSTCLPDQFQCGSGYC
LPQRWVCDGVDDCEDSSDEKG CTPHT
CRASEFRCRSYERCISPRWVCDGVNDCGDNSDETGCPPRTCLPDQFQCGSGYCL
PQRWVCDGVDDCEDSSDEKGC TPHT
CPLDQFTCGNGSCLPANLLCDGVNDCEDNSDEAGCPTRTCLPDQFQCGSGYCLP
QRWVCDGVDDCEDSSDEKGCT PHM
CPAGQFPCDSGRCVPQPWRCDGVNDCEDGSDEAPATCPEHTCLPDQFQCGSGYC
LPQAWVLRXRKXLXGQLGXSK TVQAPYLT
CRPSQFQCQNSSRCIPLGWRCDGDNDCEDGSDEKDCTATARTCLPDQFQCGSGY
CLPQAWVCDGENDCEDGSDET NCPART
CLANQFRCGNGRCVSPSWLCDGVDDCGDDSDEASCAAAEPTCLPDQFQCGSGYC
LPQAWVCDGDNDCEDGSDETN CPART
CRPNQFPCGNGHCLPGRWLCDGDDDCPDGSDEEGWPPPTCLPDQFQCGSGYCLP
QRWVCDGVDDCEDSSDEKGCT PHT
CPANEFTCDNGHCLPPSLLXDGENDCGDDSDETSCAAPGPTCLPSQFQCGSGYC
ISQRWVCDXENDCEDSSXEAN CAGSVPT
CRSSQFTCNSGSXLPGHLVCDGVDDCEDNSDEENCAGPGRTCLSSEFQCGSGYC
ISQRWVCDXENDCEDSSNEAN
CAGSVPTCQANEFTCSSGNCLSPALLXDGVDDCGDNSDETNCASPAPTCLPSQF
QCGSGYCISQRWVCDGENDCEDSSDEAN CAGSVPT
CEAGEFRCRNGSCIPEAWGCDGVNDYLDNSDETNCPAHTCLSSEFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CPSGQFRCDNGHCLSPPLLXDGVNDCGDDSDETGCTQRTCLPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CPPSEFRCHSTNTCLSPTLLXDGDNDCGDGSDEASCPQRTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CVPDEFPCNSGQCVSLAWLCXGVNDCRDGSDEAPYWEPPTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CASNEFPCSNGNCIPGPLRCDGVNDCEDNSDESPLWPLHTCLPSQFQCGSGYCI
SQRWVCDGENDCEDSSDEANC AGSVPT
CQSDQFQCNSGSCIPPPWRXDGVDDCRDSSDEEGCPPRTCLPSQFQCGSGYCIS
QRWFCDXENDCEDSSXEANCA GSVPT
CEANQFPCNSGSCIPPRWLXDGVDDCGDNSDEENCTRPTCLPSQFQCGSAYCIS
QRWVCDGENDGEDSSDEANCA GSVPT
CLPSQFQCGSGYCISQRWVCDGENDCEDSSDEANCAGSVPTCGGSEFTCGNGRC
LPQHWFCDGENDCLDDSDEAG CPAPT
CASDQFQCNGSRKCISQSWLCDGVNDCPDSSDEKSCPPHTCGANEFQCGSGYCL
PRPWVCDGEDDCEDGSDESLA HCQAHT
CPANQFRCGNGSCLSANWLCDGVNDCLDNSDEKNCGGAGHTCGANEFQCGSGYC
LPRPWVCDGEDDCEDGSDESL AHCQAHT
CPSGQFRCGSGRCIPQHWRCDGDDDCRDGSDEASCAPPTCAPSQFQCGSGYCIS
QRWVCDGENDCEDSSDEANCA GSVPT
CQPFDEFECRNGSCIPLPWRCDGVNDCLDDSDEEDCTGSAPTCAPSQFQCGSGY
CIPQRWVCDGVDDCEDSSDEK GCTPHT
CHPPNKFGCSNGRCVSPALLCDGVDDCQDNSDEKGCPPHTCAPNQFQCGSGYCV
PAAWVCDGENDCEDSSDEKGC TPHT
CLPGQFRCNSGRCVPVVLVCDGVDDCADDSDEAGCPPPTCAPNQFQCGSGYCVP
AAWVCDGENDCEDSSDEANCA GSVPT
CAPGQFPCGNGQCLPLHWVCDGVNDCGDNSDEAGCPPHTCAPNQFQCGSGYCVP
AAWVCDGENDCEDNSDESSAL CQERT
CPPNQFPCGSGQCLPQPLVCDGDDDCGDGSDELQLCEQPTCAPNQFQCGSGYCV
PAAWVCDGENDCEDNSDESSA LCQERT
CRSNQFQCGSGYCIPVKWLCDGENDCVDGSDEESCPARTCAPDEFRCDSGRCVP
RTLGXATGDDDCEGRARMKKT VERPNPT
CRANQFQCGSGYCIPRPWLCDGENDCEDGSDETNCPARTCAANEFTCGNGHCLP
PTWACDGVNDCQDGSDEASCQ TPTThe following lists
IL-6-binding trimers, listed by families of related
sequences. Note that the family numbers for monomers
are not related to family numbers for trimers.[0001]
WIRELESS COMMUNICATIONSYSTEM AND METHOD OF
IMPLEMENTING AN EVOLVED SYSTEM ATTACHMENT PROCEDURE
[0002] FIELD OF INVENTION [0003] The present invention
generally relates to an evolved wireless communication
system, (e.g., evolved universal mobile
telecommunication system (UMTS) terrestrial radio
access network (E-UTRAN)). More particularly, the
present invention is related to a wireless
communication system and method of implementing
evolved system attachment procedure. [0004] BACKGROUND
[0005] Evolution of a third generation (3G) system is
in progress to provide a higher data rate, lower
latency, and support of multiple radio access
technologies (RATs). The main features of the evolved
3G system include an enhanced air interface to handle
higher data rates with more efficiency, optimization
of conventional procedures to reduce the number of
signaling procedures and reduce setup delay, and
network design topermit interconnection and
interoperation of any air interface, such as global
standards for mobile communication (GSM), general
packet radio services (GPRS), wideband code division
multiple access (WCDMA), CDMA2000, IEEE 802.xx, or the
like. [0006] Figure 1 shows a conventional GPRS access
interface and reference points. A mobile station (MS)
102, which includes a terminal equipment (TE) 104 and
a mobile terminal (MT) 106, is attached to one of a
plurality of GPRS packet domain networks 108a, 108b,
which is further connected to a packet data network
110. The GPRS packet domain networks 108a, 108b
perform a network access control function, a packet
routing and transfer function, a mobility management
function, a logical link management function, a radio
resource management function, a network management
function, or the like.[0007] The network access
control function includes registration, authentication
and authorisation, admission control, message
screening, packet formats adaptation, charging data
collection, operator determined barring, or the like.
The packet routing and transfer function includes
relay, routing, address translation and mapping,
encapsulation, tunnelling, compression, ciphering,
domain name server, or the like. The logical link
management function includes establishment,
maintenance and release of a session. [0008] Figures
2A and 2B show conventional state machines for
mobility management (MM) of an MS and a serving GRPS
support node (SGSN) in an Iu mode. The MS and the SGSN
may be in one of a packet mobility management
(PMM)-detached state, a PMM-connected state and a
PMM-idle state. In the PMMdetached state, there is no
communication between the MS and the SGSN. In order to
establish MMcontexts in the MS and the SGSN, the MS
performs a GPRS attach procedure. Upon GPRS attach,
the state changes tothe PMM-connected state, and a
packet switching (PS) signaling connection is
established between the MS and the SGSN. A PS
signaling connection release changes the state to the
PMM-idle state. GPRS detach, PS attach reject or
routing area update (RAU) reject causes the state to
change to the PMM-detached state. In the PMM-idle and
PMM-connected state, the session management (SM) state
may be active or inactive. [0009] Figures 3A, 3B and
3C, taken together, are a signaling diagram of an
attach procedure 300 in a conventional GPRS system. As
shown in Figure 3A, an MS 302 initiates the attach
procedure 300 by the transmission of an attach request
message to a new SGSN 306 (step 322). The attach
request message includes an international mobile
subscriber identity (IMSI) (alternatively, a
packet-temporary mobile subscriber identity (P-TMSI)
and an old routing area identity (RAI)), an attach
type, or the like. [0010] If the MS 302 identifies
itself with the P-TMSI, the new SGSN 306 derives an
old SGSN address from the RAI to request IMSI
information of the MS 302 (step 324). The new SGSN 306
sends an identification request message to anold SGSN
308 (step 326). The identification request message
includes a P-TMSI, an old RAI, old P-TMSI signature,
or the like. The old SGSN 308 checks the P-TMSI
against record and sends an identification response
message with the IMSI of the MS 302 to the new SGSN
306 (steps 328, 330). If the MS 302 is known in the
old SGSN 308, the old SGSN 308 responds with an
identification response message including the IMSI,
authentication triplets or authentication quintets. If
the MS 302 is not known in the old SGSN 308 or the old
P-TMSI does not match the value stored in the old SGSN
308, the old SGSN 308 responds with an appropriate
error cause in the identification response message at
step 330. [0011] If the MS 302 is unknown in the old
SGSN 308, the new SGSN 306 sends an identity (ID)
request (ID Type = IMSI) to the MS 302 (step 334). The
MS 302 responds with an ID response including the IMSI
of the MS 302 (step 336). [0012] If no MM context for
the MS exists anywhere in the network, an
authentication procedure is performed by the MS 302,
the new SGSN 306 and a home location register (HLR)
314 (step 338). [0013] Referring to Figure 3B, based
on operator configuration, an international mobile
equipment identity (IMEI) checking procedure may
optionally be performed by the MS 302, the new SGSN
306 and an equipment identity register (EIR) 310 (step
340). If the SGSN number has changed since the last
GPRS detach, or if it is the very first attach, the
new SGSN 306 updates the HLR 314 by sending an update
location message tothe HLR 314 (step 342). The update
location message includes an SGSN number, an SGSN
address, the IMSI, or the like. [0014] The HLR 316
compares the SGSN number with records and sends a
cancel location message (including IMSI, cancellation
type) to the old SGSN 308 (steps 344, 346). The old
SGSN 308 acknowledges with a cancel location
acknowledgement (ACK) (step 348). The HLR 314 sends an
insert subscriber data message including the IMSI and
GPRS subscription data tothe new SGSN 306 (step
350).[0015] The new SGSN 306 checks if the MS 302 is
not allowed in the new routing area (KA) (step 352).
If due to regional subscription restrictions or access
restrictions the MS 302 is not allowed to attach in
the RA, the new SGSN 306 rejects the attach request
with an appropriate cause, and may return an insert
subscriber data ACK (including the IMSI, an SGSN area
restricted message) to the HLR 314 (steps 354). If the
subscription checking fails for other reasons, the new
SGSN 306 also rejects the attach request with an
appropriate cause and returns an insert subscriber
data ACK(including the IMSI and a cause) to the HLR
314. If all checks are successful, the new SGSN 306
constructs an MM context for the MS 302 and returns an
insert subscriber data ACK (including the IMSI) to the
HLR 314 (steps 356, 358). The HLR 314 updates the
MMcontext and sends an update locationACK to the new
SGSN 306 (steps 360, 362). [0016] Referring to Figure
3C, if the attach type indicated in the attach request
indicates a combined GPRS/IMSI attach, a visitor
location register (VLR) should be updated. The new
SGSN 306 sends a location update request to a new VLR
312 (step 364). The location update request includes a
new LAI, the IMSI, an SGSN number, a location update
type, or the like. [0017] The new VLR 312 creates an
association with the new SGSN 306 by storing the SGSN
number. If the location area (LA) update is
inter-mobile switching center (MSC), the new VLR 312
sends an update location message (including the IMSI
and a new VLR) to the HLR 314 (step 366). The HLR 314
sends a cancel location message to an old VLR 316
(step 368). The old VLR 316 acknowledges with a cancel
location ACK (step 370). [0018] The HLR 314 sends an
insert subscriber data message (including the IMSI and
subscriber data) to the new VLR 312 (step 372). The
new VLR 312 acknowledges with an insert subscriber
data ACK (step 374). After finishing the inter-MSC
location update procedures, the HLR 314 responds with
an update location ACK to the new VLR 312 (step 376).
The new VLR 312 responds with alocation update accept
message (including VLR TMSI) to the new SGSN 306 (step
378). [0019] The new SGSN 306 sends an attach accept
message tothe MS 302 (step 380). The attach accept
message includes a P-TMSI, a VLR TMSI, P-TMSI
signature, and radio priority SMS. The MS 302 then
returns an attach complete message to the new SGSN 306
and the new SGSN 306 sends a TMSI reallocation
complete message to the new VLR 312 (steps 382, 384).
[0020] Figure 4 is a diagram of a conventional state
machine for SM. AGPRS subscription contains the
subscription of one or more packet data protocol (PDP)
addresses. Each PDP address is an element of a PDP
context. The PDP state indicates whether data transfer
is enabled for that PDP address or not. The PDP state
is moved from an inactive state to an active state
when PDP context is activated. The active state is
changed to the inactive state when the deactivation
procedure is initiated, or when the MM state changes
to the PMM-idle state or PMM-detached state. [0021] In
the inactive state, the data service for a certain PDP
address of the MS is not activated and the PDP context
contains no routing or mapping information toprocess
PDP protocol data units (PDUs) related to that PDP
address. In the active state, the PDP context for the
PDP address in use is activated in the MS, SGSN and
gateway GPRS support node (GGSN). The PDP context
contains mapping and routing information for
transferring PDP PDUs for that particular PDP address
between the MS and the GGSN. The active state is
permitted only when the MM state of the MS is PMM-idle
state or PMM-connected state. [0022] Figure 5 is a
flow diagram of a conventional PDP context activation
procedure 500. The MS 302 sends an activate PDP
context request message to an SGSN 306 (step 502). The
activate PDP context request message includes a PDP
type, a PDP address, an access point name (APN),
quality of service (QoS) requested, protocol
configuration options, or the like. The SGSN 306
validates the activate PDP context request, selects an
APN and maps the APN to a GGSN 310 (step 504).[0023]
The SGSN 306 sends a create PDP context request
message to the GGSN 310 (step 506). The create PDP
contest request message includes a PDP type, a PDP
address, an APN, QoS negotiated, a TEID, charging
characteristics, or the like. The GGSN 310 creates a
new entry in its PDP context table and returns a
create PDP context response to the SGSN 306 (step
508). The create PDP context response message includes
a TEID, a PDP address, protocol configuration options,
QoS negotiated, charging ID, or the like. [0024] Radio
access bearer (RAB) setup is performed among the MS
302, the RAN 304 and the SGSN 306 (step 510). In Iu
mode and if basic service set (BSS) trace is
activated, the SGSN 306 may send an invoke trace
message to the RAN 304 (step 512). The SGSN 306 may
inform the GGSN 310 about the downgraded QoS
attributes by sending an update PDP context request
(step 514). The GGSN 310 confirms the new QoS
attributes by sending an update PDP context response
to the SGSN 306 (step 516). [0025] The SGSN 306
inserts the GGSN address in its PDP context (step
518). If the MS 302 has requested a dynamic address,
the PDP address received from the GGSN 310 is inserted
in the PDP context. The SGSN 306 selects radio
priority and packet flow IDbased on QoS negotiated,
and returns an activate PDP context accept message to
the MS 302 (step 520). The activate PDP context accept
message includes a PDP type, a PDP address, a
transaction identifier (TI), QoS negotiated, radio
priority, a packet flow ID, protocol configuration
options, or the like. If the MS 302 indicated in the
MS network capability it does not support BSS packet
flow procedures, the SGSN 306 then shall not include
the packet flow ID. [0026] SUMMARY [0027] The present
invention is related to a wireless communication
system and method of implementing an evolved system
attachment procedure. The wireless communication
system includes a first core network, (i.e.,
conventional third generation partnership project
(3GPP) core network), and a second core network,(i.e.,
evolved core network), which is evolved from the first
core network. An evolved wireless transmit/receive
unit (WTRU) operating in the evolved system upon power
up, sends a modified Attach Request message to the
evolved core network. Upon reception, the evolved core
network performs the same procedures specified in 3GPP
TS23.060 PS attach procedure, (e.g., Authentication,
Authorization, Mobility Management, or the like). The
evolved core network then proceeds to activate the PDP
context (allocation and configuration of default IP
address for the WTRU). Upon successful completion of
IP configuration procedures (PDP context activation),
the evolved core network sends the new Attach Accept
message to the WTRU. The new Attach Accept message
includes information regarding the PDP context (e.g.,
IP address, IP version (i.e., v4 or v6), APN
information, QoS, or the like). The evolved core
network also constructs a session (SM) and mobility
management (MM) (SMM) context for SMand MMfor the
WTRU. The SMand MMstates in accordance with the
present invention are different from conventional
3GPP-based MMand SM states (in the first core
network). The SM and MM in accordance with the present
invention adopts the allocation of the IP address for
the entire operation of the WTRU. If the WTRUis
connected, then the IP address is allocated. If no IP
address is allocated then the WTRU is in a De-Attached
state, (i.e., not reachable or OFF). In accordance
with the present invention, the WTRU state
(availability) depends on the allocation of IP
address. The state transition between MM states are
changed accordingly. [0028] BRIEF DESCRIPTION OF THE
DRAWINGS [0029] Figure 1 is a diagram of conventional
GPRS access interfaces and reference points. [0030]
Figures 2A and 2B show conventional state machines for
mobility management. [0031] Figures 3A-3C, taken
together, are a flow diagram of a conventional
PS-attach and registration procedure.[0032] Figure 4
is a diagram of a conventional state machine for
session management. [0033] Figure 5 is a flow diagram
of a conventional PDP Context activation procedure.
[0034] Figure 6 is a diagram of an exemplary evolved
system architecture including E-UTRAN and an evolved
core network (CN) in accordance with the present
invention. [0035] Figure 7 is a diagram of evolved
system core network high-level functions in accordance
with the present invention. [0036] Figures 8A and 8B
show state machines for session and mobility
management (SMM) in accordance with the present
invention. [0037] Figures 9A-9C, taken together, are a
flow diagram of an evolved system attachment and
registration procedure in accordance with the present
invention. [0038] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0039] When referred to
hereafter, the terminology "WTRU" includes but is not
limited to a user equipment (UE), an MS, a fixed or
mobile subscriber unit, a pager, or any other type of
device capable of operating in a wireless environment.
[0040] The features of the present invention may be
incorporated into an integrated circuit (IC) or be
configured in a circuit comprising a multitude of
interconnecting components. [0041] Figure 6 is a
diagram of an exemplary evolved system 600 including
an E-UTRAN and an evolved CN in accordance with the
present invention. The evolved system 600 includes an
access system stratum 610, a network stratum 620 and a
multimedia stratum 630. The access system stratum 610
includes a plurality of radio access networks (RANs),
a CN 616 and an evolved CN 617. The RANs include a
generic access network (GAN) 611, a GSM/EDGE radio
access network (GERAN) 612, a UTRAN 613, an E-UTRAN
614 and an interworking wireless local area network
(I-WLAN) 615. The RANs 611-615 are connected to the CN
616 or theevolved CN 617 t o provide services, (such
as multimedia services from an Internet protocol (IP)
multimedia subsystem (IMS) 631), to one or more WTRUs
while interacting with an authentication,
authorization and accounting (AAA) server 621, a
mobile IP (MIP) server 622, or other network entities
in the network stratum 620 via a GGSN 618 or a packet
data gateway (PDG) 619. [0042] Figure 7 is a diagram
of evolved system core network high-level functions in
accordance with the present invention. The network
access and IP connectivity control function controls
registration, authentication and authorisation,
admission, message screening, packet formats
adaptation, charging data collection, operator
determined barring, or the like. The packet routing
and transfer function controls reay, routing, address
translation and mapping, encapsulation, tunnelling,
compression, ciphering, domain name server, or the
like. The logical link management function controls
establishment, maintenance and release of a session.
[0043] Figures 8A and 8B show state machines for
session and mobility management (SMM) in accordance
with the present invention. The WTRU and the evolved
system core may be in one of an MM-detached and
SM-inactive state, an MM-connected and SM-active state
and an MM-idle and SM-active state. In the MM-detached
and SM-inactive state, there is no communication
between the WTRU and the evolved system core. After
evolved system attachment, the SMM state changes from
the MM-detached and SM-inactive state to the
MM-connected and SMactive state. In the MM-connected
and SM-active state, a PS signaling connection is
established between the WTRU and the evolved system
core. A PS signaling connection release while in the
MM-connected and SM-active state changes the SMM state
to the MM-idle and SM-active state. A PS signaling
connection establishment while in the MM-idle and
SM-active state changes the SMM state to the
MM-connected SM-active state. Evolved system detach,
PS attach reject or inter-RAT handover reject causes
the SMM state to change to the MM-detached and
SM-inactive state.[0044] Figures 9A-9C are a flow
diagram of a process 1000 for evolved system 



attachment and registration in accordance with the
present invention. A WTRU 1002 initiates the attach
procedure 1000 by the transmission of an attach
request message to a new CN, (i.e., evolved CN), 1006
(step 1022). The attach request message includes an
IMSI (or P-TMSI and an old RAI), an attach type, or
the like. If the WTRU 1002 identifies itself with the
P-TMSI, the new CN 1006 derives an old SGSN address
from the RAI to request IMSI information of the WTRU
1002 (step 1024). The new CN 1006 sends an
identification request message to the old SGSN 1008
(step 1026). The identification request message
includes a P-TMSI, an old RAI, old P-TMSI signature,
or the like. [0045] The old SGSN 1008 checks the
P-TMSI against record and sends an identification
response message the new CN 1006 (steps 1028, 1030).
If the WTRU 1002 is known in the old SGSN 1008, the
old SGSN 1008 responds with the identification
response message including the IMSI, authentication
triplets or authentication quintets. If the WTRU 1002
is not known in the old SGSN 1008 or the old P-TMSI
does not match the value stored in the old SGSN 1008,
the old SGSN 1008 responds with an appropriate error
cause in the identification response message at step
1030. If the WTRU 1002 is unknown in the old SGSN
1008, the new CN 1006 sends an ID request (ID Type =
IMSI) tothe WTRU 1002 (steps 1032, 1034). The WTRU
1002 then responds with an ID response including the
IMSI of the WTRU 1002 (step 1036). [0046] If
noMMcontext for the WTRU 1002 exists anywhere in the
network, an authentication procedure is performed by
the WTRU 1002, the new CN 1006 and an HLR 1014 (step
1038). Based on operator configuration, an IMEI
checking procedure may optionally be performed by the
WTRU 1002, the new CN 1006 and an EIR 1010 (step
1040). [0047] If the new CN number has changed since
the last system attach, or if it is the very first
attach, the new CN 1006 updates the HLR 1014 by
sending anupdate location message tothe HLR 1014 (step
1042). The update location message includes a CN
number, a CN address, the IMSI, or the like. [0048]
The HLR 1014 compares the CN number with records and
sends a cancel location message (including the IMSI, a
cancellation type) to the old SGSN 1008 (steps 1044,
1046). The old SGSN 1008 acknowledges with a cancel
location ACK (step 1048). The HLR 1014 sends an insert
subscriber data message, (including the IMSI,
subscription data, a PDP type, a PDP address, an APN,
QoS, visiting public land mobile network (VPLMN)
allowed, or the like), tothe new CN 1006 (step 1050).
[0049] The new CN 1006 checks if the WTRU 1002 is not
allowed in the new RA (step 1052). If due toregional
subscription restrictions or access restrictions the
WTRU 1002 is not allowed to attach in the RA, the new
CN 1006 rejects the attach request with an appropriate
cause, and may return an insert subscriber data ACK
(including the IMSI, CN area restricted message) to
the HLR 1014 (steps 1054). If the subscription
checking fails for other reasons, the new CN 1006 also
rejects the attach request with an appropriate cause
and returns an insert subscriber data ACK (including
the IMSI and cause) to the HLR 1014. If all checks are
successful, the new CN 1006 constructs an SMM context
for the WTRU 1002 and returns an insert subscriber
data ACK (including the IMSI, a PDP type, a PDP
address, an APN, a TEID, or the like) to the HLR 1014
(steps 1056, 1058). The HLR 1014 updates the SMM
context and sends an update location ACK to the new CN
1006 (steps 1060, 1062). [0050] If the attach type
indicated in the attach request indicates a combined
E-UTRAN/IMSI attach, a VLR should be updated. The new
CN 1006 sends a location update request to a new VLR
1012 (step 1064). The location update request includes
a new LAI, the IMSI, a CN number, a location update
type, or the like. [0051] The new VLR 1012 creates an
association with the new CN 1006 by storing the CN
number. If the LA update is inter-mobile switching
center (MSC), the new VLR 1012 sends an update
location message (including the IMSI and a newVLR) to
the HLR 1014 (step 1066). The HLR 1014 sends a cancel
location message to an old VLR 1016 (step 1068). The
old VLR 1016 acknowledges with a cancel location ACK
(step 1070). [0052] The HLR 1014 sends an insert
subscriber data message (including the IMSI and
subscriber data) to the new VLR 1012 (step 1072). The
new VLR 1012 acknowledges with an insert subscriber
data ACK (step 1074). After finishing the inter-MSC
location update procedures, the HLR 1014 responds with
an update location ACKto the new VLR 1012 (step 1076).
The new VLR 1012 responds with a location update
accept message (including VLR TMSI) to the new CN 1006
(step 1078). [0053] An RAB setup procedure is
performed among the WTRU 1002, the UTRAN 1004 and the
new CN 1006 (step 1080). In Iu mode and if BSS trace
is activated, the new CN 1006 may send an invoke trace
message to the UTRAN 1004 (step 1082). [0054] The new
CN 1006 sends an attach accept message to the WTRU
1002 (step 1084). The attach accept message includes a
P-TMSI, a VLR TMSI, P-TMSI signature, a PDP type, a
PDP address, a TI, QoS, radio priority, a packet flow
ID, PDP configuration, or the like. The WTRU 1002 then
returns an attach complete message to the new CN 1006
and the new CN 1006 sends a TMSI reallocation complete
message to the new VLR 1012 (steps 1086, 1088). [0055]
The information elements (IEs) included in the attach
accept message in accordance with the present
invention are shown in Table 1. New IEs introduced in
accordance with the present invention are shown in
bold font in Table 1. The attach accept message is
sent by the CN to the WTRU to indicate that the
corresponding attach request has been accepted.Table 1
[0056] The PDP address IE is included in the attach
accept message if the WTRU has requested the
activation of a PDP context with the PDP type IPv4 or
IPv6 and dynamic addressing. The protocol
configuration options IE is included in the attach
accept message when the CN wishes to transmit protocol
data (e.g., configuration parameters, error codes or
messages/events) tothe WTRU. The packetflow ID IE may
be included if the CN wants toindicate the packet flow
ID associated to the PDP context. The CN shall not
include this IE if the WTRUhas not indicated PFC
procedure support in PFC feature mode field of WTRU
network capability IE. If the WTRUhas not indicated
PFC procedure support, then it shall ignore this IE,
if received. [0100] The Negotiated LLC SAPI,
Negotiated QoS, Radio priority and Spare half octet
are IEs used to map the service to the right end point
within the network with the right setting. The LLC
SAPI, identifies the Service Access Point Identifier
in both the WTRU, the E-UTRAN and the evolved CN. This
ensures that the traffic flow of a particular service
is routed via the same nodes for uplink and downlink.
Negotiated QoS is the set of attributes for the
traffic flow that specify the resources to be
allocated, such as bit-rate, delay, bit-error rate,
PDU sizes, or the like. Radio priority IE sets up the
class of the data traffic for the RAN. [0101]
Embodiments. [0102] 1. A method for system attachment
in an evolved wireless communication system including
a first core network and a second core network, the
second core network being evolved from the first core
network. [0103] 2. The method of embodiment 1
comprising a step of a WTRU sending an attach request
message to the second core network. [0104] 3. The
method of embodiment 2 comprising a step of the second
core network activating a PDP context. [0105] 4. The
method as in any embodiments 2-3, comprising a step of
the second core network sending an attach accept
message to the WTRU, the attach accept message
including information regarding the PDP context.
[0106] 5. The method as in any embodiments 2-4,
wherein the attach request message includes an IMSI.
[0107] 6. The method as in any embodiments 2-4,
wherein the attach request message includes a P-TMSI
and a RAI with respect tothe first core network.[0
108] 7. The method as in any embodiments 2-6, further
comprising the step of the second core network sending
an identification request to the first core network to
obtain an IMSI from the first core network. [0109] 8.
The method of embodiment 7 further comprising the step
of the first core network sending an identification
response to the second core network including the IMSI
if the WTRU is known in the first core network. [0110]
9. The method as in any embodiments 7-8, wherein the
second core network derives an address of the first
core network using the RAI. [0111] 10. The method as
in any embodiments 8-9, further comprising the step of
the first core network sending the identification
response with an error message if the WTRU is not
known in the first core network. [0112] 11. The method
of embodiment 10 further comprising the step of the
second core network sending an ID request to the WTRU
to obtain the IMSI. [0113] 12. The method of
embodiment 11 further comprising the step of the WTRU
sending an ID response with the IMSI. [0114] 13. The
method as in any embodiments 8-12, further comprising
the step of the first core network sending the
identification response with an error message if the
P-TMSI does not match the value stored in the first
core network. [0 115] 14. The method of embodiment 13
further comprising the step of the second core network
sending an ID request to the WTRU to obtain the IMSI.
[0116] 15. The method of embodiment 14 further
comprising the step of the WTRU sending an ID response
with the IMSI. [0117] 16. The method as in any
embodiments 2-15, further comprising the step of the
WTRU and the second core network performing
authentication procedure. [0118] 17. The method as in
any embodiments 2-16, further comprising the step of
the WTRU and the second core network performing an
IMEI checking procedure.[0119] 18. The method as in
any embodiments 2-17, wherein the attach request
indicating an attach type. [0 120] 19. The method of
embodiment 18 wherein the attach type indicates an
E-UTRAN only attachment. [0121] 20. The method of
embodiment 18 wherein the attach type indicates an
E-UTRAN and IMSI attachment. [0122] 21. The method as
in any embodiments 4-20, wherein the attach accept
message includes at least one of a PDP type, a PDP
address, a TI, QoS, radio priority, a packet flow
identifier and PDP configuration. [0123] 22. The
method as in any embodiments 2-21, further comprising
the step of the second core network constructing an
SMMcontext for SMand MMfor the WTRU. [0124] 23. The
method of embodiment 22 wherein a state of the SMM is
defined as one of an MM-detached and SM-inactive
state, an MM-connected and SMactive state and an
MM-idle and SM-active state. [0125] 24. The method as
in any embodiments 22-23, wherein an SMM state of the
WTRU changes depending on allocation of PDP address to
the WTRU. [0126] 25. The method as in any embodiments
2-24, further comprising the step of the second core
network rejecting the attach request if the WTRU is
not allowed in an RA with respect to the second core
network. [0127] 26. A wireless communication system
comprising a first core network, a second core network
evolved from the first core network and a WTRU
configured to send an attach request message to the
second core network [0128] 27. The system of
embodiment 26 wherein the second core network is
configured to activate a PDP context for the WTRU and
send an attach accept message to the WTRU including
information regarding the PDP context. [0129] 28. The
system as in any embodiments 26-27, wherein the attach
request message includes an IMSI.[0130] 29. The system
as in any embodiments 26-27, wherein the attach
request message includes a P-TMSI and an RAI with
respect to the first core network. [0131] 30. The
system as in any embodiments 26-29, wherein the second
core network is configured to send an identification
request tothe first core network to obtain an IMSI
from the first core network. [0132] 31. The system of
embodiment 30 wherein the first core network is
configured to send an identification response to the
second core network including the IMSI if the WTRU is
known in the first core network. [0133] 32. The system
as in any embodiments 29-31, wherein the second core
network derives an address of the first core network
using the RAI. [0134] 33. The system as in any
embodiments 32 wherein the first core network is
configured to send the identification response with an
error message if the WTRU is not known in the first
core network. [0135] 34. The system as in any
embodiments 26-29, wherein the second core network is
configured to send an ID request to the WTRU to obtain
the IMSI and the WTRUis configured to send an ID
response with the IMSI. [0136] 35. The system of
embodiment 34 wherein the first core network is
configured to send the identification response with an
error message if the P-TMSI does not match the value
stored in the first core network. [0137] 36. The
system as in any embodiments 26-35, wherein the second
core network is configured to send an ID request to
the WTRU to obtain the IMSI and the WTRUis configured
to send an ID response with the IMSI. [0138] 37. The
system as in any embodiments 26-36, wherein the WTRU
and the second core network are configured to perform
authentication procedure. [0139] 38. The system as in
any embodiments 26-37, wherein the WTRU and the second
core network are configured to perform an IMEI
checking procedure with an EIR.[0140] 39. The system
as in any embodiments of 26-38, wherein the attach
request indicating an attach type. [0141] 40. The
system of embodiment 39 wherein the attach type
indicates an E-UTRAN only attachment. [0 142] 41. The
system of embodiment 39 wherein the attach type
indicates an E-UTRAN and IMSI attachment. [0143] 42.
The system as in any embodiments 27-41, wherein the
attach accept message includes at least one of a PDP
type, a PDP address, a TI, QoS, radio priority, a
packet flow identifier and PDP configuration. [0144]
43. The system as in any embodiments 26-42, wherein
the second core network is configured to construct an
SMM context for SM and MM for the WTRU. [0145] 44. The
system of embodiment 43 wherein a state of the SMM is
defined as one of an MM-detached and SM-inactive
state, an MM-connected and SMactive state and an
MM-idle and SM-active state. [0 146] 45. The system as
in any embodiments 43-44, wherein an SMMstate of the
WTRU changes depending on allocation of PDP address to
the WTRU. [0147] 46. The system as in any embodiments
27-45, wherein the second core network is configured
to reject the attach request if the WTRU is not
allowed in an RA with respect to the second core
network. [0148] 47. A state machine for SMM comprising
a MM-detached and SMinactive state indicating a WTRU
is detached and PDP context is not activated. [0 149]
48. The state machine of embodiment 47 further
comprising an MMconnected and SM-active state
indicating the WTRUis attached and PDP context is
activated and an SM connection is established. [0150]
49. The state machine as in any embodiments 47-48,
further comprising an MM-idle and SM-active state
indicating the WTRUis attached, PDP context is
activated and the SM connection is released.[0151]
Although the features and elements of the present
invention are described in the preferred embodiments
in particular combinations, each feature or element
can be used alone without the other features and
elements of the preferred embodiments or in various
combinations with or without other features and
elements of the present invention.CLAIMS What is
claimed is: 1. In an evolved wireless communication
system including a first core network and a second
core network, the second core network being evolved
from the first core network, a method for system
attachment, the method comprising: a wireless
transmit/receive unit (WTRU) sending an attach request
message to the second core network; the second core
network activating a packet data protocol (PDP)
context; and the second core network sending an attach
accept message to the WTRU, the attach accept message
including information regarding the PDP context. 2.
The method of claim 1wherein the attach request
message includes an international mobile subscriber
identity (IMSI). 3. The method of claim 1 wherein the
attach request message includes a packet temporary
mobile subscriber identity (P-TMSI) and a routing area
identity (RAI) with respect to the first core network.
4. The method of claim 3 further comprising: the
second core network sending an identification request
to the first core network to obtain an international
mobile subscriber identity (IMSI) from the first core
network; and the first core network sending an
identification response to the second core network
including the IMSI if the WTRU is known in the first
core network. 5. The method of claim 4 wherein the
second core network derives an address of the first
core network using the RAI. 6. The method of claim 4
further comprising:the first core network sending the
identification response with an error message if the
WTRU is not known in the first core network. 7. The
method of claim 6 further comprising: the second core
network sending an identity (ID) request to the WTRU
to obtain the IMSI; and the WTRU sending an ID
response with the IMSI. 8. The method of claim 4
further comprising: the first core network sending the
identification response with an error message if the
P-TMSI does not match the value stored in the first
core network. 9. The method of claim 8 further
comprising: the second core network sending an
identity (ID) request to the WTRU to obtain the IMSI;
and the WTRU sending an ID response with the IMSI. 10.
The method of claim 1 further comprising: the WTRUand
the second core network performing authentication
procedure. 11. The method of claim 1 further
comprising: the WTRU and the second core network
performing an international mobile equipment identity
(IMEI) checking procedure. 12. The method of claim
1wherein the attach request indicating an attach
type.13. The method of claim 12 wherein the attach
type indicates an evolved universal mobile
telecommunication system (UMTS) terrestrial radio
access network (E-UTRAN) only attachment. 14. The
method of claim 12 wherein the attach type indicates
an evolved universal mobile telecommunication system
(UMTS) terrestrial radio access network (E-UTRAN) and
IMSI attachment. 15. The method of claim 1 wherein the
attach accept message includes at least one of a PDP
type, a PDP address, a transaction identifier (TI),
quality of service (QoS), radio priority, a packet
flow identifier and PDP configuration. 16. The method
of claim 1 further comprising: the second core network
constructing a session and mobility management (SMM)
context for SM and MM for the WTRU. 17. The method of
claim 16 wherein a state of the SMMis defined as one
of an MM-detached and SM-inactive state, an
MM-connected and SM-active state and an MM-idle and
SM-active state. 18. The method of claim 16 wherein an
SMM state of the WTRUchanges depending on allocation
of PDP address to the WTRU. 19. The method of claim 1
further comprising: the second core network rejecting
the attach request if the WTRU is not allowed in a
routing area (RA) with respect to the second core
network. 20. A wireless communication system
comprising: a first core network;a second core network
evolved from the first core network; and a wireless
transmit/receive unit (WTRU) configured to send an
attach request message to the second core network,
wherein the second core network is configured to
activate a packet data protocol (PDP) context for the
WTRU and send an attach accept message to the
WTRUincluding information regarding the PDP context.
21. The system of claim 20 wherein the attach request
message includes an international mobile subscriber
identity (IMSI). 22. The system of claim 20 wherein
the attach request message includes a packet temporary
mobile subscriber identity (P-TMSI) and a routing area
identity (RAI) with respect to the first core network.
23. The system of claim 22 wherein the second core
network is configured to send an identification
request to the first core network to obtain an
international mobile subscriber identity (IMSI) from
the first core network and the first core network is
configured to send an identification response to the
second core network including the IMSI if the WTRU is
known in the first core network. 24. The system of
claim 23 wherein the second core network derives an
address of the first core network using the RAI. 25.
The system of claim 23 wherein the first core network
is configured to send the identification response with
an error message if the WTRUis not known in the first
core network. 26. The system of claim 25 wherein the
second core network is configured to send an identity
(ID) request to the WTRUto obtain the IMSI and the
WTRUis configured to send an ID response with the
IMSI.27. The system of claim 23 wherein the first core
network is configured to send the identification
response with an error message if the P-TMSI does not
match the value stored in the first core network. 28.
The system of claim 27 wherein the second core network
is configured to send an identity (ID) request to the
WTRUto obtain the IMSI and the WTRUis configured to
send an ID response with the IMSI. 29. The system of
claim 20 wherein the WTRU and the second core network
are configured to perform authentication procedure.
30. The system of claim 20 wherein the WTRU and the
second core network are configured to perform an
international mobile equipment identity (IMEI)
checking procedure with an equipment identity register
(EIR). 31. The system of claim 20 wherein the attach
request indicating an attach type. 32. The system of
claim 31 wherein the attach type indicates an evolved
universal mobile telecommunication system (UMTS)
terrestrial radio access network (E-UTRAN) only
attachment. 33. The system of claim 31 wherein the
attach type indicates an evolved universal mobile
telecommunication system (UMTS) terrestrial radio
access network (E-UTRAN) and IMSI attachment.34. The
system of claim 20 wherein the attach accept message
includes at least one of a PDP type, a PDP address, a
transaction identifier (TI), quality of service (QoS),
radio priority, a packet flow identifier and PDP
configuration. 35. The system of claim 20 wherein the
second core network is configured to construct a
session and mobility management (SMM) context for
session management (SM) and mobility management (MM)
for the WTRU. 36. The system of claim 35 wherein a
state of the SMMis defined as one of an MM-detached
and SM-inactive state, an MM-connected and SM-active
state and an MM-idle and SM-active state. 37. The
system of claim 35 wherein an SMM state of the WTRU
changes depending on allocation of PDP address to the
WTRU. 38. The system of claim 20 wherein the second
core network is configured to reject the attach
request if the WTRUis not allowed in a routing area
(RA) with respect to the second core network. 39. A
state machine for session and mobility management
(SMM), comprising: a mobility management (MM)-detached
and session management (SM)- inactive state indicating
a WTRU is detached and PDP context is not activated;
an MM-connected and SM-active state indicating the
WTRUis attached and PDP context is activated and an
SMconnection is established; and an MM-idle and
SM-active state indicating the WTRU is attached, PDP
context is activated and the SM connection is
released. 


