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CINNAMIC ACID HYDROXYAMIDES AS INHIBITORS OF HISTONE
DEACETYLASE 8

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S provisional patent application no. 61/581,459
entitled “CINNAMIC ACID HYDROXYAMIDES AS INHIBITORS OF HISTONE
DEACETYLASE 8 filed on December 29, 2011, which is incorporated by reference in its

entirety.

FIELD OF THE INVENTION
[0002] Described herein are compounds, methods of making such compounds, pharmaceutical
compositions and medicaments that include such compounds, and methods of using such

compounds to inhibit the activity of histone deacetylase 8.

BACKGROUND OF THE INVENTION
[0003] Histone deacetylases (HDACSs) catalyze the removal of acetyl groups from histones,
proteins that organize and modulate the structure of chromatin in nucleosomes. HDAC-mediated
deacetylation of chromatin-bound histones regulates the expression of a variety of genes
throughout the genome. Importantly, HDACs have been linked to cancer, as well as other health
conditions. To date, eleven major HDAC isoforms have been described (HDACs 1-11). HDACs
are categorized into two classes. Class I HDACs include HDAC1, HDAC2, HDAC3, HDACS
and HDACI1. Class I HDACs include HDAC4, HDAC5, HDAC6, HDAC7, HDAC9 and
HDAC10. Small molecule HDAC inhibitors that are isoform-selective are useful as therapeutic

agents with reduced toxicity and as tools for probing the biology of the HDAC isoforms.

SUMMARY OF THE INVENTION
[0004] In one aspect provided herein are substituted cinnamic acid hydroxyamide compounds
and other HDACS inhibitors, pharmaceutically acceptable salts, pharmaceutically acceptable N-
oxides, pharmaceutically active metabolites, pharmaceutically acceptable prodrugs, and
pharmaceutically acceptable solvates thereof. In some embodiments, the compounds described
herein inhibit HDACS activity. In some embodiments, the compounds described herein are used
to treat mammals where inhibition of HDACS activity provides benefit. Compounds described

herein are HDACS inhibitors.
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[0005] In one aspect, described herein is a compound having a structure of Formula (I):
R" O

/La R2 H

Y

=|=
\
> ——

Formula (I);
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L and L, are each independently a bond, O, S, NR?, -NR'’C(=0)-R", S(=0), S(=0),,
NHS(=0),, -C;-Cgalkylene-, -C,-Csalkenylene-, -C,-Csalkynylene-, -C;-
Csheteroalkylene-, -C;-Csalkylene-O-, -C;-Csalkylene-O-C,-Csalkylene-, -C;-
Csalkylene-NR’-, -C1-Calkylene-NR*-C;-Csalkylene -, -C;-Csalkylene-C(=0)NR’-, -
C1-Cialkylene-C(=0)NR’-C;-Caalkylene -, -C,-Cgalkylene-NR’C(=0)-, -C;-
Csalkylene-NR’C(=0)-C-Csalkylene-, -C;-Cealkylene-S-, -C,-Csalkylene-S-C -
Csalkylene-, -C;-Cgalkylene-S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-
Csalkylene-S(=0),-, -C;-Csalkylene-S(=0),-C,-Csalkylene,—~C(=0)-, or —C(=0)-C;-
Cealkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C qcycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
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CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
R’ is H, C;-Cealkyl, phenyl or benzyl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or
pharmaceutically acceptable prodrug thereof.
[0006] For any and all of the embodiments, substituents are selected from among from a subset
of the listed alternatives. For example, in some embodiments, R' is hydrogen or C;-Cgalkyl. In
some other embodiments, R is hydrogen or C;-Cealkyl. In other embodiments, R' and R* are
cach hydrogen.
[0007] In one embodiment, L is O or S.
[0008] In another embodiment, X is a substituted or unsubstituted aryl. In yet another
embodiment, aryl is phenyl.
[0009] In a further embodiment, phenyl is substituted with at least one Cl, Br, I, or F. In yet a
further embodiment, phenyl is substituted with at least two of Cl, Br, I, or F.
[0010] In one embodiment, phenyl is substituted with at least one C;-Csalkyl. In another
embodiment, C;-Cgalkyl is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl.
[0011] In yet another embodiment, C;-Csalkyl is methyl.
[0012] In a further embodiment, phenyl is substituted with at least one C;-Csalkoxy. In yet a
further embodiment, C;-Csalkoxy is selected from methoxy or ethoxy.
[0013] In one embodiment, X is a substituted or unsubstituted heteroaryl. In another
embodiment, heteroaryl is pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl,
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benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl,
thiophenopyridinyl, and furopyridinyl.

[0014] In yet another embodiment, heteroaryl is pyridinyl.

[0015] In a further embodiment, X is a substituted or unsubstituted Cs-Cjocycloalkyl. In yet a
further embodiment, Cs-Cjocycloalkyl is cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
[0016] In one embodiment, X is a substituted or unsubstituted C,-Cjoheterocycloalkyl.
[0017] In another embodiment, C,-Cjoheterocycloalkyl is quinolizinyl, dioxinyl, piperidinyl,
morpholinyl, thiomorpholinyl, thiazinyl, tetrahydropyridinyl, piperazinyl, oxazinanonyl,
dihydropyrrolyl, dihydroimidazolyl, tetrahydrofuranyl, tetrahydropyranyl, dihydrooxazolyl,
oxiranyl, pyrrolidinyl, pyrazolidinyl, dihydrothienyl, imidazolidinonyl, pyrrolidinonyl,
dihydrofuranonyl, dioxolanonyl, thiazolidinyl, piperidinonyl, indolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and tetrahydrothienyl. In yet another embodiment, C,-
Cioheterocycloalkyl is piperidinyl. In a further embodiment, piperidinyl is substituted with -
CO.R', -C(=0)R" or -C(=O)N(R'"),. In yet a further embodiment, piperidinyl is substituted
with -C(=O)R'".

[0018] In one embodiment, R is a substituted or unsubstituted C;-Cealkyl. In another
embodiment, C;-Cgalkyl is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl or tert-butyl.
[0019] In yet another embodiment, C;-Csalkyl is methyl or iso-propyl.

[0020] In a further embodiment, R'! is a substituted or unsubstituted aryl. In yet a further
embodiment, aryl is a phenyl group.

[0021] In one embodiment, R is a substituted or unsubstituted heteroaryl. In another
embodiment, heteroaryl is pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl,
thiophenopyridinyl, and furopyridinyl. In yet another embodiment, heteroaryl is pyridinyl or
furanyl.

[0022] In one aspect is a compound selected from (E)-N-hydroxy-3-(2-(3-
methoxyphenoxy)phenyl)acrylamide; (E)-3-(2-(3-fluorophenoxy)phenyl)-N-hydroxyacrylamide;
(E)-N-hydroxy-3-(2-(pyridin-3-yloxy)phenyl)acrylamide; (E)-N-hydroxy-3-(2-(pyridin-4-
yloxy)phenyl)acrylamide; (E)-N-hydroxy-3-(2-(4-methoxyphenoxy)phenyl)acrylamide; (E)-3-(2-
(3-chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)phenyl)-N-
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hydroxyacrylamide; (E)-N-hydroxy-3-(2-(m-tolyloxy)phenyl)acrylamide; (E)-N-hydroxy-3-(2-
phenoxyphenyl)acrylamide; (E)-N-hydroxy-3-(2-(p-tolyloxy)phenyl)acrylamide; (E)-3-(2-(4-
chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)phenyl)-N-
hydroxyacrylamide; (S,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-hydroxyacrylamide;
(S,E)-3-(2-(1-acetylpiperidin-3-yloxy)phenyl)-N-hydroxyacrylamide; (S,E)-N-hydroxy-3-(2-(1-
isobutyrylpiperidin-3-yloxy)phenyl)acrylamide; (E)-3-(2-(1-(furan-2-carbonyl)piperidin-4-
yloxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(1-acetylpiperidin-4-yloxy)phenyl)-N-
hydroxyacrylamide; (E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-4-yloxy)phenyl)acrylamide; (E)-
3-(2-(1-benzoylpiperidin-4-yloxy)phenyl)-N-hydroxyacrylamide; (E)-N-hydroxy-3-(2-(1-
nicotinoylpiperidin-4-yloxy)phenyl)acrylamide; (R,E)-3-(2-(1-acetylpiperidin-3-yloxy)phenyl)-
N-hydroxyacrylamide; (S,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-yloxy)phenyl)-N-
hydroxyacrylamide; (R,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-yloxy)phenyl)-N-
hydroxyacrylamide; (R,E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-3-yloxy)phenyl)acrylamide;
(R,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-hydroxyacrylamide; (R,E)-N-hydroxy-3-(2-
(1-nicotinoylpiperidin-3-yloxy)phenyl)acrylamide; (S,E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-
3-yloxy)phenyl)acrylamide; (E)-N-(4-(4-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-
enyl)phenyl)nicotinamide; (E)-3-(5-acetamido-2-(4-fluorophenoxy)phenyl)-N-
hydroxyacrylamide; (E)-3-(5-acetamido-2-(3-chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-
N-(4-(3-chlorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-enyl)phenyl)nicotinamide; (E)-N-(4-
(3-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-enyl)phenyl)nicotinamide; (E)-N-(4-(3,4-
dichlorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-enyl)phenyl)nicotinamide; (E)-3-(5-
acetamido-2-(3-fluorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-
(methylsulfonamido)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-
(methylsulfonamido)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(pyridin-3-
ylmethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-
morpholinoethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-(4-
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methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-
(dimethylamino)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-
methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-
methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(4-(2-acetamidoethoxy)-2-(3-
chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-
(dimethylamino)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-(4-
methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-4-(2-
methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-4-(pyridin-3-
ylmethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-4-(2-
(dimethylamino)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(4-(2-acetamidoethoxy)-2-(4-
fluorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-4-(2-(4-
methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-4-
(2-methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(4-(2-acetamidoethoxy)-2-(3,4-
dichlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-4-(2-
morpholinoethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-4-(pyridin-3-
ylmethoxy)phenyl)-N-hydroxyacrylamide; an active metabolite, pharmaceutically acceptable
solvate, pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or
pharmaceutically acceptable prodrug thereof.

[0023]  Further disclosed herein are pharmaceutical compositions comprising a compound of
Formula (1), (II), (IIT), (IlTa), (IV), (IVa), (IVD), or (IVc) or an active metabolite,
pharmaceutically acceptable solvate, pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, or pharmaceutically acceptable prodrug thereof and a pharmaceutically
acceptable diluent, excipient, or carrier. In some embodiments, the pharmaceutical compositions
are formulated for intravenous injection, subcutancous injection, oral administration, inhalation,
nasal administration, topical administration, ophthalmic administration or otic administration. In
some embodiments, the pharmaceutical compositions are formulated as a tablet, a pill, a capsule,
a liquid, an inhalant, a nasal spray solution, a suppository, a suspension, a gel, a colloid, a
dispersion, a suspension, a solution, an emulsion, an ointment, a lotion, an eye drop or an ear
drop.

[0024] Additionally disclosed herein are pharmaceutical compositions comprising a HDACS8
inhibitor compound described herein, or a pharmaceutically acceptable salt, pharmaceutically
acceptable N-oxide, or pharmaceutically acceptable prodrug thereof and a pharmaceutically
acceptable diluent, excipient, or carrier. In some emvodiments, the pharmaceutical compositions

are formulated for intravenous injection, subcutancous injection, oral administration, inhalation,
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nasal administration, topical administration, ophthalmic administration or otic administration. In
some embodiments, the pharmaceutical compositions are formulated as a tablet, a pill, a capsule,
a liquid, an inhalant, a nasal spray solution, a suppository, a suspension, a gel, a colloid, a
dispersion, a suspension, a solution, an emulsion, an ointment, a lotion, an eye drop or an ear
drop.

[0025] Disclosed herein, in certain embodimens, are methods of treating T-cell lymphoma or
leukemia in a mammal comprising administering a HDACS 8 inhibitor compound described
herein. In one aspect, the mammal is a human. In some embodiments, compounds described
herein are orally administered.

[0026] In one aspect is the use of a HDACS 8 inhibitor compound described herein for treating
T-cell lymphoma or leukemia in a mammal. In one aspect, the mammal is a human. In some
embodiments, compounds described herein are orally administered.

[0027] In one aspect is the use of a HDACS § inhibitor compound described herein in the
manufacture of a medicament for treating T-cell lymphoma or leukemia in a mammal. In one
aspect, the mammal is a human. In some embodiments, compounds described herein are orally
administered.

[0028] Also described herein are methods of treating a disease or condition mediated by
interleukin-1 beta (IL-1b) or IL-18 in a mammal in need thereof, comprising administering to the
mammal a therapeutically effective amount of a HDACS 8 inhibitor compound described herein,
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, pharmaceutically
active metabolite, pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate
thereof. In one aspect, the disease or condition is selected from among osteoarthritis, rheumatoid
arthritis, septic arthritis, gout, pseudogout, juvenile arthritis, Still's disease, Ankylosing
spondylitis, systemic lupus erythematosus (SLE), Henoch-Schonlein purpura, psoriatic arthritis,
reactive arthritis (Reiter's syndrome), hemochromatosis, hepatitis, Wegener's granulomatosis,
Familial Mediterranean fever (FMF), HIDS (hyperimmunoglobulinemia D and periodic fever
syndrome), TRAPS (TNF-alpha receptor associated periodic fever syndrome), inflammatory
bowel disease, Crohn's Disease, ulcerative colitis, recurrent fever, anemia, leukocytosis, asthma,
chronic obstructive pulmonary disease, and myalgia. In one aspect, the method further comprises
administering to the mammal a second therapeutic agent, selected from among tacrolimus,
cyclosporin, rapamicin, methotrexate , cyclophosphamide, azathioprine, mercaptopurine,
mycophenolate, or FTY 720, prednisone, cortisone acetate, prednisolone, methylprednisolone,
dexamethasone, betamethasone, triamcinolone, beclometasone, fludrocortisone acetate,

deoxycorticosterone acetate, aldosterone, aspirin, salicylic acid, gentisic acid, choline magnesium
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salicylate, choline salicylate, choline magnesium salicylate, choline salicylate, magnesium
salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen, fenoprofen calcium,
flurobiprofen, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac tromethamine, naproxen,
oxaprozin, diclofenac, etodolac, indomethacin, sulindac, tolmetin, meclofenamate,
meclofenamate sodium, mefenamic acid, piroxicam, meloxicam, celecoxib, rofecoxib,
valdecoxib, parecoxib, etoricoxib, lumiracoxib, CS-502, JTE-522, 1.-745,337 and NS398,
leflunomide, gold thioglucose, gold thiomalate, aurofin, sulfasalazine, hydroxychloroquinine,
minocycline, infliximab, etanercept, adalimumab, abatacept, anakinra, interferon-f3, interferon-y,
interleukin-2, allergy vaccines, antihistamines, antileukotrienes, beta-agonists, theophylline, and
anticholinergics. In one aspect, the mammal is a human. In some embodiments, compounds
described herein are orally administered.

[0029] In one aspect, HDACS 8 inhibitor compounds described herein are for use in treating a
disease or condition mediated by interleukin-1 beta (IL-1b) or IL-18 in a mammal. In one aspect,
the disease or condition is selected from among osteoarthritis, rheumatoid arthritis, septic
arthritis, gout, pseudogout, juvenile arthritis, Still's disease, Ankylosing spondylitis, systemic
lupus erythematosus (SLE), Henoch-Schénlein purpura, psoriatic arthritis, reactive arthritis
(Reiter's syndrome), hemochromatosis, hepatitis, Wegener's granulomatosis, Familial
Mediterranean fever (FMF), HIDS (hyperimmunoglobulinemia D and periodic fever syndrome),
TRAPS (TNF-alpha receptor associated periodic fever syndrome), inflammatory bowel disease,
Crohn's Disease, ulcerative colitis, recurrent fever, anemia, leukocytosis, asthma, chronic
obstructive pulmonary disease, and myalgia. In a further aspect, the HDACS 8 inhibitor
compounds described herein are used in combination with a second therapeutic agent, selected
from among tacrolimus, cyclosporin, rapamicin, methotrexate , cyclophosphamide, azathioprine,
mercaptopurine, mycophenolate, or FTY720, prednisone, cortisone acetate, prednisolone,
methylprednisolone, dexamethasone, betamethasone, triamcinolone, beclometasone,
fludrocortisone acetate, deoxycorticosterone acetate, aldosterone, aspirin, salicylic acid, gentisic
acid, choline magnesium salicylate, choline salicylate, choline magnesium salicylate, choline
salicylate, magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen, fenoprofen
calcium, flurobiprofen, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac tromethamine,
naproxen, oxaprozin, diclofenac, etodolac, indomethacin, sulindac, tolmetin, meclofenamate,
meclofenamate sodium, mefenamic acid, piroxicam, meloxicam, celecoxib, rofecoxib,
valdecoxib, parecoxib, etoricoxib, lumiracoxib, CS-502, JTE-522, 1.-745,337 and NS398,
leflunomide, gold thioglucose, gold thiomalate, aurofin, sulfasalazine, hydroxychloroquinine,

minocycline, infliximab, etanercept, adalimumab, abatacept, anakinra, interferon-f3, interferon-y,
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interleukin-2, allergy vaccines, antihistamines, antileukotrienes, beta-agonists, theophylline, and
anticholinergics. In one aspect, the mammal is a human. In some embodiments, compounds
described herein are orally administered.

[0030] In one aspect is the use of a HDACS § inhibitor compounds described herein in the
manufacture of a medicament for treating a disease or condition mediated by interleukin-1 beta
(IL-1b) or IL-18 in a mammal. In one aspect, the mammal is a human. In some embodiments,
compounds described herein are orally administered.

[0031] In any of the aforementioned embodiments involving the treatment with a HDACS
inhibitor compound are further embodiments comprising administering at least one additional
agent in addition to the administration of a HDACS inhibitor compound. Each agent is
administered in any order, including simultaneously.

[0032] In some embodiments, compounds described herein are used for inhibiting the activity
of HDACS or for the treatment of a disease or condition that would benefit from inhibition of the
activity of HDACS.

[0033] In some embodiments, compounds described herein are used for the formulation of a
medicament for the inhibition of HDACS activity.

[0034] Articles of manufacture, which include packaging material, a HDACS inhibitor
compound described herein, within the packaging material, and a label that indicates that the
compound or composition, or pharmaceutically acceptable salt, pharmaceutically acceptable N-
oxide, prodrug, or pharmaceutically acceptable solvate thereof, is used for inhibiting the activity
of HDACS, or for the treatment, prevention or amelioration of one or more symptoms of a
disease or condition that would benefit from inhibition of the activity of HDACS, are provided.
[0035] Other objects, features and advantages of the methods, compounds, and compositions
described herein will become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples, while indicating
specific embodiments, are given by way of illustration only, since various changes and
modifications within the spirit and scope of the disclosure will become apparent from this

detailed description.

DETAILED DESCRIPTION
[0036] Covalent modification of histone proteins through acetylation and deacetylation is an
important determinant of chromatin structure and a regulator of gene expression. Acetylation of
histone proteins occurs on lysine residues near the N-termini of these proteins. In conjunction
with other modifications of histone proteins and DNA, the acetylation state of histones

determines whether the chromatin is in a condensed, transcriptionally silent state or in a form
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more accessible to the transcription machinery of the cell. In general, hyperacetylation of histone
proteins is associated with transcriptional activation of genes. The steady-state histone
acetylation level arises from the opposing action of histone acetyltransferase (HAT) and histone
deacetylase (HDAC) enzymes.

[0037] Histone deacetylases (HDACSs) catalyze the removal of acetyl groups from lysine e—
amino groups near the N-termini of histones. This reaction promotes the condensation of
chromatin, leading to repression of transcription.

[0038] HDAC inhibitors (HDIs) modify gene expression positively or negatively in a cell- and
gene-specific manner. HDIs increase the accumulation of acetylated histones, directly
influencing chromatin structure and, thereby, the relationship of the nucleosome to gene
promoter elements.

[0039] Histone deacetylase (HDAC) enzymes modulate gene expression through the
deacetylation of acetylated lysine residues on histone proteins. They operate in biological
systems as part of multiprotein corepressor complexes. Histone deacetylases have been grouped
into three classes. Class I and class II histone deacetylases (HDACS) are zinc containing
hydrolase enzymes. The division of the proteins into classes I and II is based on protein size,
sequence similarity, and organization of the protein domains.

[0040] Members of class I are related to the yeast RPD3 gene product. Class | HDACS include:
HDACI1; HDAC2; HDAC3; HDACS; HDACI 1.

[0041] HDACS is a 377 residue, 42 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 HDACS is
described in GenBank Accession Number NP 060956; Buggy, J. J. et al., Biochem. J., 350 (Pt 1),
199-205 (2000). The HDACS structure was solved with four different hydroxamate inhibitors
bound (Somoza et al., Structure, 2004, 12, 1325).

[0042] Class II are homologues of the yeast HDA1 protein, and include: HDAC4; HDACS;
HDAC6; HDAC7; HDAC9; HDACIO.

[0043] Class I HDACs have been further subdivided into classes Ila (HDACs 4, 5, 7, and 9)
and IIb (HDACS 6 and 10).

[0044] The third class of deacetylases consists of the members of the Sir2 family of enzymes.
These enzymes have histone deacetylase activity but are structurally and evolutionarily unrelated
to the class I and class II proteins. They are (nicotinamide adenine dinucleotide) NAD-dependent
and unlike class | HDACs and class II HDACs, they do not contain a catalytic zinc site.

[0045] In the cell, HDAC proteins are recruited as part of multicomponent repressor

complexes. Several HDAC containing complexes have been characterized, including the N-
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CoR/SMRT, Sin3, NuRD, and CoREST complexes. Within these complexes, HDACs 1 and 2
typically interact with the mSin3, Mi-2, or CoOREST proteins. HDAC3 and the class ITa HDACs
have been shown to interact with SMRT and the related N-CoR protein. A large number of
transcription factors have been shown to bind to one of the corepressor complexes as a means of
regulating transcription. The recruitment of HDACs by DNA-binding proteins allows histone
deacetylation to be directed toward specific regions of the chromatin in order to promote targeted
transcriptional repression.

[0046] HDAC proteins are promising therapeutic targets on account of their involvement in
regulating genes involved in cell cycle progression and control. Inhibition of HDACS has been
shown to upregulate genes, including p21WAF/CIP1, p27, p53, and cyclin E, and to
downregulate genes such as cyclin A and cyclin D. Growth inhibition in several lines of cancer
cells has been observed upon treatment with HDAC inhibitors, and in vivo studies have shown
that some of these inhibitors are efficacious in slowing tumor growth. The biological activity of
cach of the HDAC isozymes is determined by a combination of the intrinsic activity of the
enzyme and the effects of cofactor binding on reactivity and substrate recognition (Schultz ef al.,
Biochemistry, 2004, 43, 11083-11091).

[0047] Non-selective HDAC inhibitors inhibit the deacetylase activity of most, if not all, of the
HDACSs with equal potency. The mechanisms of the anticancer effects of SAHA, a non-selective
HDAC inhibitor, are not completely understood, and likely result from both altered gene
expression and altered function of proteins regulating cell proliferation and cell death pathways.
Non-selective HDAC inhibitors, such as SAHA, induce the accumulation of acetylated histone
proteins and non histone proteins. Non-histone proteins that are acetylated include, but are not
limited to:

[0048] Bcl-6 (Oncoprotein); LEF/TCF (Lymphoid enhancer factor); P53 (Tumor suppressor);
Ku70 (Autoantigen with multiple function, including DNA repair); H1F-1a (angiogenesis);
GATA-1 (Transcription factor); WRN (Werner helicase); E2F-1 (Transcription factor); Smad7
(Transcription factor); Rb (Tumor suppressor); TFIIF (Transcription machinery); c-Jun
(Transcription factor); a-Tubulin (Structural protein); HMGI(Y) (Chromatin structure); ACTR
(Nuclear receptor coactivator); Androgen Receptor (Signal transduction); EKLF (Erythroid
kruppel-like factor); YY-1 (Transcription factor); NF-kB(RelA) (Transcription factor); MyoD
(Transcription factor); Importin a7 (Nuclear pore protein); Hsp90 (Chaperone protein); TFIIE
(Transcription machinery); b-Catenin (Signaltransduction); TFJB (Transcription factor).

[0049] Genes whose transcription is altered by histone deacetylase inhibitors include:
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[0050] 1) Genes that are induced by HDAC inhibitors: Cell cycle (pl and cyclin E);
Proapoptotic (Bak, BAX, CD95, and its ligand gelsolin, GADD45p, p53, Apaf-1 DFF45a, Bim,
BAD, TRAIL, DRS5, Fas and its ligand, and Caspase 9, -8 and -3); Redox Components
(Thioredoxin-binding protein-1, thioredoxin, glutaredoxin and methallothionein 1L); Chromatin
structure (Histone H2B); Retinoic acid pathway (RARP).

[0051] 2) Genes that are repressed by HDAC inhibitors: Cell cycle (Cyclin D1 and A, and
thymidylate synthase); Antiapoptotic (Bcl-2, Bel-XL, c-FLIP, survivin, XIAP); Angiogenic
factor (Vascular endothelial growth factor and HIF-Loc); Lipopolysaccharide-induced
inflammatory cytokines (TNF-a, IFN-g and IL-1b and -6); Signaltransducer and activator of
transcription 5- controlled genes (STATS).

[0052] HDAC enzymes or isoforms appear to be involved in many different types of cancer.
Inhibition of HDACs with HDAC inhibitors results in multiple and desirable anti-cancer effects
such as, but not limited to, (i) the inhibition of cancer cell proliferation, (ii) the induction of
apoptosis (cell death) of cancer cells, (iii) cell cycle regulation, (iv) the induction of tumour
suppressor genes, and (v) the blocking of tumour angiogenesis (development of new tumour
blood vessels). These multiple effects provided by HDAC inhibitors provide a method of treating
cancer.

[0053] Interest in histone deacetylase enzymes (HDACsS) as targets for pharmaceutical
development has centered on the role of HDACSs in regulating genes associated with cell-cycle
progression and the development and progression of cancer (Kramer et. al. Trends Endocrinol.
Metab. 12, 294-300, (2001)). Several studies have shown that treatment of various cell lines with
HDAC inhibitors leads to hyper acetylation of histone proteins and cell-cycle arrest in late G
phase or at the G,/M transition. Genes involved in the cell cycle that have been shown to be up
regulated by HDAC inhibitors include p21, p27, p53 and cyclin E. Cyclin A and cyclin D have
been reported to be down regulated by HDAC inhibitors. In tumor cell lines, several studies have
shown that treatment with HDAC inhibitors lead to growth inhibition, growth arrest, terminal
differentiation and/or apoptosis. In vivo studies have demonstrated growth inhibition of tumors
and a reduction in tumor metastasis as a result of treatment with HDAC inhibitors.

[0054] The clearest link between abnormal HDAC activity and cancer occurs in acute
promyelocytic leukemia. In this condition, a chromosomal translocation leads to the fusion of the
retinoic acid receptor RARa with the promyelocytic leukemia (PML) or promyelocytic leukemia
zinc-finger (PLZF) proteins. Both PML-RARa and PLZF-RAR« promote the progression of
leukemia by repressing retinoic acid-regulated genes through the abnormal recruitment of

SMRT-mSin3-HDAC complex (Lin et. al. Nature 391, 811-814 (1998)); Grignani et al. Nature
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391, 815-818 (1998)). Whereas the PML-RARa form of the disease is treatable with retinoic
acid, the PLZF-RARa form is resistant to this treatment. For a patient with the retinoic acid-
resistant form of the disease, the addition of the HDAC inhibitor sodium butyrate to the dosing
regimen led to complete clinical and cytogenic remission (Warrell et al. J. Natl. Cancer. Inst. 90,
1621-1625, (1998)). HDACS have also been associated with Huntington’s disease (Steffan, et al.,
Nature 413:739-744, “Histone deacetylase inhibitors arrest polyglutamine-dependent
neurodegeneration in Drosophila”).

[0055] In general, almost all of the inhibitors targeting HDACS are broad spectrum
compounds, inhibiting all of the HDAC isoforms with equal potency. These broad spectrum
HDAC inhibitors cause the induction of differentiation, growth arrest and/or apoptosis in a large
number of tumor cell lines in vitro.

[0056] Clinical administration of broad spectrum HDAC inhibitors (pan HDAC inhibitors) has
been associated with many dose limiting toxicities. These include thrombocytopenia, and other
hematological toxicities, QTc¢ prolongation and other cardiac toxicities, nausea, fever, fatigue,
and anorexia (For example, see Clinical Cancer Research 2003, 9(10), 3578-3588; Clinical
Cancer Research 2002, 8(7), 2142-2148; and Proceedings of the American Association of
Cancer Research 2005, 46, Abs 3978). Selective HDAC inhibitors that selectively inhibit only
one HDAC isoform, as opposed to a pan-selective inhibitor, is expected to produce a drug with
an improved toxicity profile.

[0057] Adverse effects in humans have been reported in several clinical trials using pan-HDAC
inhibitors. Originally designed for oncological applications, such toxicities might not be crucial
when taking into consideration their therapeutic effects and the high mortality rate of cancer.
[0058] Described herein are HDACS inhibitor compounds. Compounds described herein
selectively inhibit HDACS over other HDAC isoforms (e.g. HDACs 1, 2, 3, 6, 10, and 11).
[0059] As described herein, HDACS is expressed primarily in delta cells of the islets of
Langerhans in the pancreas; in small intestinal epithelial cells; and in neuroendocrine cells. Of
note, delta cells express and secrete somatostatin, a peptide hormone that inhibits the secretion of
insulin and growth hormone. Without being bound by theory, it is believed that HDACS activity
drives the expression of somatostatin in delta cells. Thus, inhibiting HDACS activitity is
expected to decrease somatostatin expression and secretion from delta cells, and consequently
increase systemic insulin and growth hormone levels.

[0060] Described herein are methods for inhibiting somatostatin expression in a subject by

administering to the subject a selective HDACS inhibitor composition. Further, described herein
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are methods for treating a subject suffering from an insulin deficiency or a growth hormone
deficiency by administering a selective HDACS inhibitor to the subject.

T-cell lymphomas or leukemias

[0061] HDACS is expressed at unusually high levels in tumor cell lines, e.g., Jurkat, HuT7S,
K562, PC3, and OVCR-3. In fact, as described herein, inhibiting HDACS activity decreases
proliferation of T-cell derived tumor cells (e.g., Jurkat cells) by apoptosis. In contrast, HDACS
inhibition does not affect the proliferation of either non-cancerous cells (e.g., peripheral blood
mononuclear cells) or tumor cell lines other than T-cell derived lines. Thus, selective HDACS
inhibitors are useful for slowing or arresting the progression of T-cell derived cancers with
lessened or no toxicity to non-cancerous cells.

[0062] Described herein are methods for treating a subject suffering from a T-cell lymphoma
by administering to the subject a selective HDACS inhibitor composition. Also described herein
are methods for treating a subject suffering from a T-cell lymphoma by administering to the
subject a population of autologous T-cells that have been exposed to a selective HDACS inhibitor
composition ex vivo.

[0063] In some embodiments, selective HDACS inhibitor compounds and compositions thereof
are used to treat a subject suffering from a T-cell lymphoma, e.g., a peripheral T-cell lymphoma,
a lymphoblastic lymphoma, a cutancous T-cell lymphoma, or an adult T-cell lymphoma.

[0064] In some embodiments, the T-cell lymphoma treatment method includes administering to
a subject a therapeutically effective amount of a selective HDACS inhibitor pharmaceutical
composition.

[0065] In other embodiments, the T-cell lymphoma treatment includes administering, in
addition to a selective HDACS inhibitor pharmaceutical composition, one or more additional
anti-cancer agents described herein in any combination.

[0066] The methods described herein include administering a pharmaceutical composition
containing a selective HDACS inhibitor in a quantity sufficient to decrease HDACS deacetylase
activity in vivo by a therapeutically effective amount. In some embodiments, cells derived from a
subject to be treated (i.e. autologous cells) are exposed, ex vivo, to a pharmaceutical composition
containing a selective HDACS inhibitor composition in a quantity sufficient to decrease HDACS8
deacetylase activity in vitro.

[0067] In one embodiment, T-cells from a donor subject suffering a T-cell lymphoma are
cultured and expanded, ex vivo, in the presence of a selective HDACS inhibitor at a concentration
that is effective for selectively killing transformed T-cells. Afterwards, the expanded T-cell

population, free of transformed T-cells, are introduced into the donor subject.. T-cell culture, in
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vitro expansion, and in vivo transfer is described in, e.g., Porter et al. (2006), Blood,
107(4):1325-1331; Rapoport et al. (2005), Nat. Med., 1230-1237; Laport et al. (2003), Blood,
102(6):2004-2013.

Cytokine-Modulated Health Conditions

[0068] In some embodiments, a subject is administered a therapeutically effective amount of a
selective HDACS inhibitor to decrease secretion of one or more inflammatory cytokines (e.g., IL-
1B).

[0069] In some embodiments a selective HDACS inhibitor compound is administered to a
subject to decrease the systemic levels of one or more inflammatory cytokines including, e.g., IL-
1B, IL-6, IL-18, TNF-a, MCP-1, or MIP-1a.

[0070] As described herein, selective HDACS inhibitor compounds described herein reduce the
secretion of proinflammatory cytokines including but not limited to interleukin-1 beta (IL-1p).
Thus, HDACS is the HDAC enzyme involed in cytokine secretion. The use of selective HDACS
inhibitor compounds provides a method of reducing cytokine secretion with reduced toxicity, due
to the selective inhibition of one HDAC isoform (vs. the use of pan-HDAC inhibitors that inhibit
all of the HDAC isoforms).

[0071] Selective HDACS inhibitor compounds described herein inhibit, in a dose dependent
fashion, lipopolysaccharide (LPS) and/or ATP stimulated secretion of IL-1P from purified human
peripheral blood mononuclear cells (PBMCs) as well as from the monocyte cell line THP-1. In
some embodiments, the ECsy for inhibition ranges from about 0.5 micromolar to about 5
micromolar.

[0072] The production and secretion of IL-1p is via a non-classical pathway of protein
secretion, involving potassium efflux, the autocatalytic processing of procaspase-1, the cleavage
by active caspase-1 of the IL-1 precursor, the influx of calcium ions, and the activation of
specific phospholipases including PLA-2. In some embodiments, selective HDACS inhibitor
compounds described herein inhibit one or more steps in this secretory pathway.

[0073] As described herein, selective HDACS inhibitors are used to treat diseases or conditions
that are mediated or linked to IL-1p secretion and activity. In certain autoimmune diseases or
conditions, IL-1f is contributes to the signs and symptoms of the diseases or conditions (for
examples of such Burger et al., Best Practice & Research Clinical Rheumatology, Vol. 20, No. 5,
pp. 879-896, 2006; Dayer et al., Current Opinions in Rheum., 2001, 13:170-176; Abramson et
al., Rheumatology, 2002; 41; 972-980); selective HDACS inhibitor compounds are used to treat
such diseases or conditions. As described herein, selective HDACS inhibitor compounds are used

to inhibit IL-1f secretion and thus find utility in the treatment of diseases or conditions that are
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linked to IL-1p secretion and activity, which include, but are not limited to, osteoarthritis,
rheumatoid arthritis, septic arthritis, gout, pseudogout, juvenile arthritis, Still's disease,
Ankylosing spondylitis, systemic lupus erythematosus (SLE), Henoch-Schénlein purpura,
psoriatic arthritis, reactive arthritis (Reiter's syndrome), hemochromatosis, hepatitis, Wegener's
granulomatosis, Familial Mediterranean fever (FMF), HIDS (hyperimmunoglobulinemia D and
periodic fever syndrome), TRAPS (TNF-alpha receptor associated periodic fever syndrome),
inflammatory bowel disease, Crohn's Disease, ulcerative colitis, recurrent fever, anemia,
leukocytosis, asthma, chronic obstructive pulmonary disease, myalgia; Adult Still’s discase,
Systemic-onset juvenile idiopathic arthritis, Lupus arthritis, Ankylosing spondylitis, familial
Mediterranean fever (FMF), TNF receptor-associated periodic syndrome (TRAPS),
hyperimmunoglobulinemia D with periodic fever syndrome (HIDS), Blau syndrome, FCAS,
MWS, neonatal-onset multisystem inflammatory disease (NOMID) and cryopyrin-associated
periodic syndrome (CAPS), familial cold autoinflammatory syndrome (FCAS); Muckle-Wells
syndrome (MWS); neonatal-onset multisystem inflammatory disease (NOMID); chronic infantile
neurologic, cutaneous, articular syndrome (CINCA); cryopyrin-associated periodic syndrome
(CAPS); pyogenic sterile arthritis, pyoderma gangrenosum, and acne syndrome (PAPA).

[0074] In further embodiments, the methods described herein are used to treat an inflammatory
disease, which includes, but is not limited to asthma, inflammatory bowel disease, appendicitis,
blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis, cholangitis, cholecystitis, colitis,
conjunctivitis, cystitis, dacryoadenitis, dermatitis, dermatomyositis, encephalitis, endocarditis,
endometritis, enteritis, enterocolitis, epicondylitis, epididymitis, fasciitis, fibrositis, gastritis,
gastroenteritis, hepatitis, hidradenitis suppurativa, laryngitis, mastitis, meningitis, myelitis
myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis, otitis, pancreatitis, parotitis,
pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis, pneumonia, proctitis,
prostatitis, pyelonephritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, tendonitis,
tonsillitis, uveitis, vaginitis, vasculitis, and vulvitis.

[0075] In yet other embodiments, the methods described herein are used to treat an
inflammatory skin condition. Inflammatory skin conditions are those conditions of the skin in
which inflammatory cells (e.g., polymorphonuclear neutrophils and lymphocytes) infiltrate the
skin with no overt or known infectious etiology. Symptoms of inflammatory skin conditions
generally include erythema (redness), edema (swelling), pain, pruritus, increased surface
temperature and loss of function. As used herein, inflammatory skin conditions include, but are
not limited to, allergic contact dermatitis, urticarial dermatitis, psoriasis, eczema and related

conditions, insect bites, erythroderma, mycosis fungoides and related conditions, pyoderma
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gangrenosum, erythema multiforme, rosacea, onychomycosis, and acne and related conditions,
but excluding psoriasis and its related conditions.

[0076] In some embodiments, the methods described herein are used to treat an autoimmune
disease, which includes, but is not limited to, rheumatoid arthritis, psoriatic arthritis,
osteoarthritis, Still’s disease, juvenile arthritis, lupus, diabetes, myasthenia gravis, Hashimoto's
thyroiditis, Ord's thyroiditis, Graves' disease Sjogren's syndrome, multiple sclerosis, Guillain-
Barr¢ syndrome, acute disseminated encephalomyelitis, Addison's disease, opsoclonus-
myoclonus syndrome, ankylosing spondylitisis, antiphospholipid antibody syndrome, aplastic
anemia, autoimmune hepatitis, coeliac disease, Goodpasture's syndrome, idiopathic
thrombocytopenic purpura, optic neuritis, scleroderma, primary biliary cirrhosis, Reiter's
syndrome, Takayasu's arteritis, temporal arteritis, warm autoimmune hemolytic anemia,
Wegener's granulomatosis, psoriasis, alopecia universalis, Behget's disease, chronic fatigue,
dysautonomia, endometriosis, interstitial cystitis, neuromyotonia, scleroderma, and vulvodynia.
[0077] In some embodiments, the methods described herein are used to treat heteroimmune
conditions or diseases, which include, but are not limited to graft versus host disease,
transplantation, transfusion, anaphylaxis, allergies (e.g., allergies to plant pollens, latex, drugs,
foods, insect poisons, animal hair, animal dander, dust mites, or cockroach calyx), type I
hypersensitivity, allergic conjunctivitis, allergic rhinitis, and atopic dermatitis.

[0078] Chronic inflammation in patients has been linked to cancer development (Coussens et
al., Nature, 420, 860-867, 2002). Cancers associated with chronic inflammation include, but are
not limited to, lung, esophageal, gastric, pancreatic, cervical, bladder, prostate and colorectal
cancers. The role of the inflammatory microenvironment as a causative factor in the etiology of
cancer 18 also supported by findings that regular use of non-steroidal anti-inflammatory drugs
(NSAIDs) is associated with a reduced incidence of colorectal, breast and gastric cancer. Pro-
inflammatory cytokines are mediators of chronic inflammatory responses, and have effects on
malignant processes.

[0079] Pro-inflammatory cytokines are involved in carcinogenesis and malignant
transformation, tumor growth, invasion and metastasis. Persistent expression of proinflammatory
cytokines, in or near tumors, exerts a range of effects, including but not limited to, increasing
growth and invasiveness of the malignant cells, metastsis, tumorigenesis, to activation of
immune-mediated mechanisms, leading to the destruction of tumor cells and inhibition of tumor
growth. IL-1p -transfected tumor cells have been reported to fail to induce effective antitumor
immune responses. In several human cancers, local IL-1f expression by the malignant cells or

the microenvironment has been associated with aggressive tumor growth and poor prognosis.
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[0080] In IL-1p -transfected fibrosarcoma cells, an up-regulation of MMP-2 and MMP-9 and
TGEFp, genes that are involved in invasiveness, was observed, as opposed to the shut-off of these
genes in IL-1a-transfected fibrosarcomas cells. IL-1f is thought to also enhance the invasiveness
of already existing tumor cells by switching on angiogenesis and by the induction of
inflammatory molecules, such as MMPs, heparanase, chemokines or integrins on the malignant
cells or endothelial cells, leading to tumor dissemination and metastasis. IL-1f induces secretion
of growth and invasiveness-promoting factors, e.g. matrix metalloproteinases and angiogenic
factors (i.e. VEGF and bFGF and ELR-positive CXC chemokines, i.e. IL-8 and MCP-1). (Apte et
al., seminars in Cancer Biology, vol. 12, 2002, 277-290).

[0081] Secreted IL-1P has been implicated in tumor growth and invasion. Inhibition of IL-1§
secretion, ¢.g. by using selective HDACSE compounds, in malignant cells, or in the tumor’s
microenvironment provides a method for cancer therapy.

[0082] Thus in one embodiment, selective HDACS compounds described herein, are used in
cancer therapy. In one embodiment, selective HDACS compounds described herein, are used in
the treatment of sarcomas. In another embodiment, selective HDAC8 compounds described
herein, are used in the treatment of sarcomas selected from among alveolar soft part sarcoma,
angiosarcoma, dermatofibrosarcoma, desmoid tumor, desmoplastic small round cell tumor,
extraskeletal chondrosarcoma, extraskeletal osteosarcoma, fibrosarcoma, hemangiopericytoma,
hemangiosarcoma, kaposi's sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma,
malignant fibrous histiocytoma, neurofibrosarcoma, rhabdomyosarcoma, synovial sarcoma,
askin's tumor, ewing's, malignant hemangioendothelioma, malignant schwannoma,
osteosarcoma, chondrosarcoma.

[0083] Symptoms, diagnostic tests, and prognostic tests for each of the above-mentioned
conditions are known. See, e.g., “Harrison’s Principles of Internal Medicine©,” 16th ed., 2004,
The McGraw-Hill Companies, Inc.

[0084] In various embodiments described herein, a subject suffers from more than one
condition that is treated by administration of a therapeutically effective amount of a selective
HDACS inhibitor composition. Thus, it is to be understood that the methods described herein are
effective for treating a subject suffering from any combination of health conditions amenable to
treatment by administration of a selective HDACS inhibitor composition. For example, in some
embodiments, a subject suffering from a T-cell lymphoma also suffers from an inflammatory

condition and vice versa.
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Compounds

[0085] Compounds described herein, pharmaceutically acceptable salts, pharmaceutically
acceptable N-oxides, pharmaceutically active metabolites, pharmaceutically acceptable prodrugs,
or pharmaceutically acceptable solvates thereof, inhibit HDACS activity, and are used to treat
patients where inhibition of HDACS activity provides benefit. Compounds described herein are
HDACS inhibitor compounds.

[0086] In some embodiments of the methods described herein, the selective HDACS inhibitor
has an ICsy for HDACS that is at least about 10 fold lower than the ICs, for HDAC1, HDAC2,
HDAC3, HDAC6, HDAC10, or HDAC11. In some embodiments of any of the methods
described herein, the selective HDACE inhibitor has an I1Csy for HDACS that is less than about
100 nM and that is at least about 10 fold lower than the ICso for HDAC1, HDAC2, HDAC3,
HDAC6, HDACI10, or HDACI1. In some embodiments of any of the methods described herein,
the selective HDACS inhibitor has an ICso for HDACS that is less than about 50 nM and that is at
least about 10 fold lower than the ICsq of the selective inhibitor for HDAC1, HDAC2, HDAC3,
HDAC6, HDACI10, or HDACI1.

[0087] In some embodiments, selective HDACS inhibitors described herein have an 1Cs for
HDACS that is at least about 15 fold lower than the ICso for HDAC1, HDAC2, HDAC3,
HDAC®6, and HDAC10. In some embodiments, selective HDACS inhibitors described herein
have an ICso for HDACS that is at least about 20 fold lower than the 1Cso for HDAC1, HDAC?2,
HDAC3, HDAC6, and HDAC10. In some embodiments, selective HDACS inhibitors described
herein have an ICsy for HDACS that is at least about 100 fold lower than the ICso for HDACI,
HDAC2, HDAC3, HDAC6, and HDACI10. In addition, sclective HDACSE inhibitors described
herein have an ICsy for HDACS that is less than about 100 nM while the ICsy for HDACI,
HDAC2, HDAC3, HDAC6, and HDACIO is greater than about 100 nM.

[0088] In some embodiments, selective HDACS inhibitors described herein have an ICs for
HDACS that is at least about 10 fold lower than the ICso for HDACI. In some embodiments,
selective HDACS inhibitors described herein have an ICsy for HDACS that is at least about 20
fold lower than the 1Cso for HDACI1. In some embodiments, selective HDACS inhibitors
described herein have an 1Csg for HDACS that is at least about 40 fold lower than the 1Csq for
HDACI. In some embodiments, selective HDACS inhibitors described herein have an ICsq for
HDACS that is at least about 100 fold lower than the 1Cso for HDACI. In some embodiments,
selective HDACS inhibitors described herein have an ICsy for HDACS that is at least about 150
fold lower than the 1Cso for HDACI. In yet other embodiments, selective HDACS inhibitors
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described herein have an 1Csg for HDACS that is at least about 200 fold lower than the 1Cs, for
HDACI.

[0089] In some embodiments, selective HDACS inhibitors described herein have 1Cs, for
HDACS that is less than about 100 nM and that is at least about 20 fold lower than the I1Cs, for
other HDAC isoforms (HDAC1, HDAC2, HDAC3, HDAC6, HDAC10), wherein the ICsq for the
other HDAC isoforms is greater than about 100 nM.

[0090] In one embodiment, described herein are selective histone deacetylase 8 (HDACS)
inhibitors. In one embodiment, the selective HDACS inhibitor has an ICs, for histone deacetylase
8 activity that is at least about 10 fold lower than the 1Csy of the selective HDACS inhibitor for
activity of histone deacetylase 1, histone deacetylase 2, histone deacetylase 3, histone deacetylase
6, histone deacetylase 10, or histone deacetylase 11.

[0091] In one aspect is a compound having a structure of Formula (I):

Formula (I);
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L and L, are each independently a bond, O, S, NR?, -NR'’C(=0)-R", S(=0), S(=0),,
NHS(=0),, -C;-Cgalkylene-, -C,-Csalkenylene-, -C,-Csalkynylene-, -C;-
Csheteroalkylene-, -C;-Csalkylene-O-, -C;-Csalkylene-O-C,-Csalkylene-, -C;-
Csalkylene-NR’-, -C1-Calkylene-NR*-C;-Csalkylene -, -C;-Csalkylene-C(=0)NR’-, -
C1-Cialkylene-C(=0)NR’-C;-Caalkylene -, -C,-Cgalkylene-NR’C(=0)-, -C;-
Csalkylene-NR’C(=0)-C-Csalkylene-, -C;-Cealkylene-S-, -C,-Csalkylene-S-C -
Csalkylene-, -C;-Cgalkylene-S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-
Csalkylene-S(=0),-, -C;-Csalkylene-S(=0),-C,-Csalkylene,—~C(=0)-, or —C(=0)-C;-
Cealkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
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OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C qcycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;

R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,

R’ is H, C;-Cealkyl, phenyl or benzyl;

or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or

pharmaceutically acceptable prodrug thereof.
[0092] Inone embodiment, is a substituted cinnamic acid hydroxyamide compound, wherein
the substituent at the 2-position is L-X, wherein:

L is a bond, O, S, NR°, S(=0), S(=0),, -C,-Cealkylene-, -C,-Csalkenylene-, -C,-
Csalkynylene-, -C;-Cgheteroalkylene-, -C;-Cealkylene-O-, -C,-Csalkylene-O-C;-
Csalkylene-, -C;-Cealkylene-NR -, -C;-Cialkylene-NR*-C;-Csalkylene -, -C;-
Csalkylene-C(=O)NR’-, -C;-Csalkylene-C(=0)NR’-C;-Caalkylene -, -C;-Cgalkylene-
NR’C(=0)-, -C;-C;alkylene-NR’C(=0)-C,-Csalkylene-, -C;-Cgalkylene-S-, -C-
Csalkylene-S-C,-Csalkylene-, -C;-Cealkylene-S(=0)-, -C,-Csalkylene-S(=0)-C;-
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Csalkylene, -C;-Cealkylene-S(=0),-, -C;-Csalkylene-S(=0),-C;-Csalkylene,—~C(=0)-,
or —C(=0)-C;-Csalkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylCi-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C1-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, C,-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

or an active metabolite, pharmaceutically acceptable solvate, pharmaceutically acceptable salt,
pharmaceutically acceptable N-oxide, or pharmaceutically acceptable prodrug thereof.

[0093] For any and all embodiments, substituents are selected from among a subset of the
listed alternatives. For example, in some embodiments, L is O, S, or NR’. In other embodiments,
L is O. In some embodiments, L is S. In some embodiments, L is NR® wherein R is hydrogen.

In one embodiment, L is NR® wherein R’ is C;-Cgalkyl. In another embodiment, L is NR®
wherein R” is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl. In another
embodiment, L is NR® wherein R’ is methyl. In yet another embodiment, L is a bond. In yet
another embodiment, L is S(=0) or S(=0),. In another embodiment, L is -C;-Cgalkylene-, -C,-
Cealkenylene-, or -C,-Csalkynylene-. In yet another embodiment, L is C;-Cealkylene selected
from methylene, ethylene or propylene. In another embodiment, L is -C;-Cgheteroalkylene-, -C;-
Csalkylene-O-, -C;-Csalkylene-O-Ci-Caalkylene-, -C;-Cealkylene-NR-, -C;-Csalkylene-S-, -C;-
Csalkylene-S-Ci-Csalkylene-, or -C1-Csalkylene-NR’-C;-Csalkylene-. In one embodiment, L is —
CH,-S-. In another embodiment, L is —~CH,NR-. In yet a further embodiment, L is —~CH,NR?
wherein R is H. In one embodiment, L is -CH,-O-. In yet another embodiment, L is -C;-
Csalkylene-C(=O)NR’-, -C;-Cialkylene-C(=0)NR’-C;-C:alkylene -, -Ci-Cgalkylene-NR*C(=0)-,
or -C;-Csalkylene-NR’C(=0)-C;-Csalkylene-. In yet another embodiment, L is -C;-Csalkylene-
S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-Csalkylene-S(=0);-, -C;-Csalkylene-S(=0),-
C;-Csalkylene. In yet a further embodiment, L is —C(=0)-, or —C(=0)-C,-Csalkylene.



WO 2013/101600 PCT/US2012/070671
23

[0094]  Also described herein is a compound of Formula I(), wherein R' and R? are each
independently H or C;-Csalkyl. In another embodiment, R' is H. In yet another embodiment, R
is H. In a further embodiment, both R' and R” are H. In yet a further embodiment, R is C;-
Cealkyl selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl,
or n-hexyl. In another embodiment, R* is C;-Csalkyl selected from methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, tert-butyl, n-pentyl, or n-hexyl.
[0095] In another embodiment, is a compound of Formula (II):

R'" O

N Sy OH

H
R2
0

X
Formula (II);

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L is a bond, O, S, NR?, -NR'°C(=0)-R"", $(=0), S(=0),, -C,-Csalkylene-, -C,-
Csalkenylene-, -C,-Csalkynylene-, -C;-Cgheteroalkylene-, -C;-Csalkylene-O-, -C;-
Csalkylene-O-C;-Csalkylene-, -C;-Cealkylene-NR’-, -C-Csalkylene-NR*-C; -
Csalkylene -, -C1-Cgalkylene-C(=O)NR’-, -C;-Csalkylene-C(=0)NR*-C;-C;alkylene -
, -C1-Cgalkylene-NR>C(=0)-, -C;-Csalkylene-NR’C(=0)-C,-Csalkylene-, -C;-
Csalkylene-S-, -C;-Csalkylene-S-C;-Csalkylene-, -C;-Cealkylene-S(=0)-, -C;-
Csalkylene-S(=0)-C;-Csalkylene, -C;-Cealkylene-S(=0),-, -C;-Csalkylene-S(=0),-
C;-Csalkylene,—C(=0)-, or —C(=0)-C;-Csalkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl;
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R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
R’ is H, C;-Cealkyl, phenyl or benzyl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.
[0096] In another embodiment, is a compound of Formula (I1A):

R' 0O

@f\HL”
2
0 R

=
NS

)
(R

Formula (ITA);
wherein:
R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;
R* is selected from among hydrogen, halogen, C;-Csalkoxy, C;-Csfluoroalkoxy,
aminoC;-Csalkoxy, C;-CsalkylaminoC,;-Csalkoxy, hydroxyC;-CsalkylaminoC;-
Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC,-Csalkyl, -CN,
-NO,, -CO,R", -C(=O)R", -S-R", -S(=0)-R", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
n is an integer from 0 to 5;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically

acceptable prodrug thercof.
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[0097] Inone embodiment is a compound of Formula (ITA) wherein R' and R” are each
independently H. In another embodiment is a compound of Formula (ITA) wherein R” is
halogen. In another embodiment, R* is Cl. In a further embodiment, R*is F. In another
embodiment, R* is Br. In another embodiment R* is C;-Cgalkyl. In yet another embodiment, R*
is methyl, ethyl, n-propyl, iso-propyl, iso-butyl, and tert-butyl. In a further embodiment, R” is
methyl. In one embodiment, R* is C;-Cgalkoxy. In another embodiment, R* is methoxy. In a
further embodiment, R* is ethoxy. In another embodiment is a compound of Formula (ITA)
wherein n is 1. In a further embodiment, n is 2. In yet a further embodiment R* is substituted
para to the ether linker. In another embodiment, R* is substituted meta to the ether linker. In yet
another embodiment, R* is substituted ortho to the ether linker.
[0098] In another embodiment, is a compound of Formula (1IB):
R" 0O
X
o
o9
(Rn
Formula (I1IB);

N
H

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

R* is selected from among hydrogen, halogen, C;-Csalkoxy, C;-Csfluoroalkoxy,
aminoC;-Csalkoxy, C;-CsalkylaminoC,;-Csalkoxy, hydroxyC;-CsalkylaminoC;-
Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC,-Csalkyl, -CN,
-NO,, -CO,R", -C(=O)R", -S-R", -S(=0)-R", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;

n is an integer from 0 to 4;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;

R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-

Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
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or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.

[0099] Inone embodiment is a compound of Formula (IIB) wherein R' and R? are each
independently H. In one embodiment is a compound of Formula (IIB) wherein R* is hydrogen.
In another embodiment is a compound of Formula (IIB) wherein R” is halogen. In another
embodiment, R* is CL. In a further embodiment, R* is F. In another embodiment, R* is Br. In
another embodiment R* is C;-Cgalkyl. In yet another embodiment, R* is methyl, ethyl, n-propyl,
iso-propyl, iso-butyl, and tert-butyl. In a further embodiment, R* is methyl. In one embodiment,
R*is C;-Cealkoxy. In another embodiment, R*is methoxy. In a further embodiment, R*is
ethoxy. In another embodiment is a compound of Formula (IIA) wherein n is 1. In a further
embodiment, n is 2. In yet a further embodiment R* is substituted para to the ether linker. In
another embodiment, R* is substituted meta to the ether linker. In yet another embodiment, R* is
substituted ortho to the ether linker.

[00100] In another embodiment, is a compound of Formula (IIC):

R' O
.OH
A N

H
R2
O

"\

< 0

(R RN
-~ \Q

Formula (IIC);
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

R* and R’ are each independently selected from among hydrogen, halogen, C;-Cgalkoxy,
Ci-Csfluoroalkoxy, aminoC,-Cealkoxy, C;-CsalkylaminoC,-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

p is an integer from 0 to 4;

n is an integer from 0 to 5;
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R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.
[00101] In one embodiment is a compound of Formula (IIC) wherein R' and R? are each
independently H. In another embodiment is a compound of Formula (IIC) wherein p is 2. In
another embodiment is a compound of Formula (IIC) wherein p is 3. In a further embodiment is
a compound of Formula (IIC) wherein p is 4.
[00102] In one embodiment is a compound selected from Formula (IID):
R’

N N/OH

R2H

@)
VAN
R%)q (N
T

Formula (IID);
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

R* and R’ are each independently selected from among hydrogen, halogen, C;-Cgalkoxy,
Ci-Csfluoroalkoxy, aminoC,-Cealkoxy, C;-CsalkylaminoC,-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

q is an integer from O to 3;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
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R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.
[00103] In one embodiment is a compound of Formula (IID) wherein q is 0. In another
embodiment is a compound of Formula (IID) wherein R' and R” are each independently H. In a
further embodiment is a compound of Formula (IID) wherein R’ is C;-Cgalkyl. In another
embodiment, R’ is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl. In a
further embodiment R’ is methyl. In yet a further embodiment, R’ is iso-propyl. In yet a further
embodiment, R’ is aryl. In another embodiment, R’ is phenyl. In yet another embodiment, R’ is
heteroaryl. In one embodiment, R’ is selected from pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-
azaindolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothienyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and furopyridinyl. In another embodiment, R’ is
pyridinyl. In a further embodiment, R’ is furyl. In a further embodiment, R’ is thienyl.
[00104] In another embodiment is a compound of Formula (IIE):
R’

N
> H
0O

R
Q
(R4)r-CN/[<R5

Formula (IIE);
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

R* and R’ are each independently selected from among hydrogen, halogen, C;-Csalkoxy,
Ci-Csfluoroalkoxy, aminoC,-Cealkoxy, C;-CsalkylaminoC,-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
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Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;
r is an integer from 0 to 4;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Cealkyl, C;-
Csfluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thereof.
[00105] In one embodiment is a compound of Formula (IIE) wherein r is 0. In another
embodiment is a compound of Formula (IIE) wherein R' and R” are each independently H. In a
further embodiment is a compound of Formula (IIE) wherein R’ is C;-Csalkyl. In another
embodiment, R’ is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl. In a
further embodiment R’ is methyl. In yet a further embodiment, R’ is aryl. In another
embodiment, R’ is phenyl. In yet another embodiment, R” is heteroaryl. In one embodiment, R’
is selected from pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl,
purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and
furopyridinyl. In another embodiment, R’ is pyridinyl. In a further embodiment, R is furyl. In
a further embodiment, R’ is thienyl.
[00106] In yet another embodiment is a compound of Formula (IIF):

R1
N -OH

Iz

R2
|

(R4)SCN //<R5

Formula (IIF);

O

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;
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R* and R’ are each independently selected from among hydrogen, halogen, C;-Cgsalkoxy,
Ci-Csfluoroalkoxy, aminoC,-Cealkoxy, C;-CsalkylaminoC,-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

s 1s an integer from 0 to 5;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-

Csfluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.
[00107] In one embodiment is a compound of Formula (IIF) wherein s is 0. In another
embodiment is a compound of Formula (IIF) wherein R' and R” are each independently H. In a
further embodiment is a compound of Formula (IIF) wherein R’ is C;-Cgalkyl. In another
embodiment, R’ is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl. In a
further embodiment R’ is methyl. In yet a further embodiment, R’ is aryl. In another
embodiment, R’ is phenyl. In yet another embodiment, R” is heteroaryl. In one embodiment, R’
is selected from pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl,
purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and
furopyridinyl. In another embodiment, R’ is pyridinyl. In a further embodiment, R is furyl. In
a further embodiment, R’ is thienyl.
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[00108] In yet another embodiment is a compound of Formula (II1):

R'" ©
_OH
A N

H
Y- R2
~ La |I_

X
Formula (IIT);

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L and L, are each independently a bond, O, S, NR?, -NR'’C(=0)-R", S(=0), S(=0),,
NHS(=0),, -C;-Cgalkylene-, -C,-Csalkenylene-, -C,-Csalkynylene-, -C;-
Csheteroalkylene-, -C;-Csalkylene-O-, -C;-Csalkylene-O-C,-Csalkylene-, -C;-
Csalkylene-NR’-, -C1-Calkylene-NR*-C;-Csalkylene -, -C;-Csalkylene-C(=0)NR’-, -
C1-Cialkylene-C(=0)NR’-C;-Caalkylene -, -C,-Cgalkylene-NR’C(=0)-, -C;-
Csalkylene-NR’C(=0)-C-Csalkylene-, -C;-Cealkylene-S-, -C,-Csalkylene-S-C -
Csalkylene-, -C;-Cgalkylene-S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-
Csalkylene-S(=0),-, -C;-Csalkylene-S(=0),-C,-Csalkylene,—~C(=0)-, or —C(=0)-C;-
Cealkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C qcycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
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CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
R’ is H, C;-Cealkyl, phenyl or benzyl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.
[00109] In yet another embodiment is a compound of Formula (IV):
R" O
L, N H/OH

Y

R2
0

X
Formula (IV);

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L and L, are each independently a bond, O, S, NR?, -NR'’C(=0)-R", S(=0), S(=0),,
NHS(=0),, -C;-Cgalkylene-, -C,-Csalkenylene-, -C,-Csalkynylene-, -C;-
Csheteroalkylene-, -C;-Csalkylene-O-, -C;-Csalkylene-O-C,-Csalkylene-, -C;-
Csalkylene-NR’-, -C1-Calkylene-NR*-C;-Csalkylene -, -C;-Csalkylene-C(=0)NR’-, -
C1-Cialkylene-C(=0)NR’-C;-Caalkylene -, -C,-Cgalkylene-NR’C(=0)-, -C;-
Csalkylene-NR’C(=0)-C-Csalkylene-, -C;-Cealkylene-S-, -C,-Csalkylene-S-C -
Csalkylene-, -C;-Cgalkylene-S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-
Csalkylene-S(=0),-, -C;-Csalkylene-S(=0),-C,-Csalkylene,—~C(=0)-, or —C(=0)-C;-
Cealkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
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CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylCi-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C1-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, C,-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Cgalkyl, -CO,R'®,
-C(=0)R'!, -NR'’C(=0)-R"", -C(=0)N(R'"),, S(=0),-R"", aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if Y is substituted, then Y is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylCi-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C1-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, C,-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Cealkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;

R is a substituted or unsubstituted group selected from among C;-Csalkyl, C;-
Csfluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,

R’ is H, C;-Cealkyl, phenyl or benzyl;

or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or
pharmaceutically acceptable prodrug thereof.

[00110] In another embodiment is a compound of Formula (II1) wherein, L, is a bond. In one

embodiment, L, is O. In a further embodiment, L, is NH.
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[00111] In another embodiment is a compound of Formula (Il1a) having the structure:

R" 0o
N O
Y</\>n\o ] Rz M
X
Formula (Il1a);

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L is a bond, O, S, NR?, -NR'°C(=0)-R"", $(=0), S(=0),, -C,-Csalkylene-, -C,-
Csalkenylene-, -C,-Csalkynylene-, -C;-Cgheteroalkylene-, -C;-Csalkylene-O-, -C;-
Csalkylene-O-C;-Csalkylene-, -C;-Cealkylene-NR’-, -C-Csalkylene-NR*-C; -
Csalkylene -, -C1-Cgalkylene-C(=O)NR’-, -C;-Csalkylene-C(=0)NR*-C;-C;alkylene -
, -C1-Cgalkylene-NR>C(=0)-, -C;-Csalkylene-NR’C(=0)-C,-Csalkylene-, -C;-
Csalkylene-S-, -C;-Csalkylene-S-C;-Csalkylene-, -C;-Cealkylene-S(=0)-, -C;-
Csalkylene-S(=0)-C;-Csalkylene, -C;-Cealkylene-S(=0),-, -C;-Csalkylene-S(=0),-
C;-Csalkylene,—C(=0)-, or —C(=0)-C;-Csalkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C qcycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
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C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R''is a substituted or unsubstituted group selected from among C;-Calkyl, C)-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
n is an integer from 0 to 4;
R’ is H, C;-Cealkyl, phenyl or benzyl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or pharmaceutically
acceptable prodrug thercof.

[00112] In another embodiment is a compound having the structure:

H R" 0 H R 0O H R' 0O
. Y- N LOH Y~ N -OH
v SNt Ny NN 283 NN
" Rz o rz M o0 rz2 M
J T T
2 X 2 X
Formula (IVa); Formula (IVb); Formula (IVc);

wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L is a bond, O, S, NR?, -NR'°C(=0)-R"", $(=0), S(=0),, -C,-Csalkylene-, -C,-
Csalkenylene-, -C,-Csalkynylene-, -C;-Cgheteroalkylene-, -C;-Csalkylene-O-, -C;-
Csalkylene-O-C;-Csalkylene-, -C;-Cealkylene-NR’-, -C-Csalkylene-NR*-C; -
Csalkylene -, -C1-Cgalkylene-C(=O)NR’-, -C;-Csalkylene-C(=0)NR*-C;-C;alkylene -
, -C1-Cgalkylene-NR>C(=0)-, -C;-Csalkylene-NR’C(=0)-C,-Csalkylene-, -C;-
Csalkylene-S-, -C;-Csalkylene-S-C;-Csalkylene-, -C;-Cealkylene-S(=0)-, -C;-
Csalkylene-S(=0)-C;-Csalkylene, -C;-Cealkylene-S(=0),-, -C;-Csalkylene-S(=0),-
C;-Csalkylene,—C(=0)-, or —C(=0)-C;-Csalkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
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CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C ocycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;

R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;

R is a substituted or unsubstituted group selected from among C;-Cealkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,

n is an integer from 0 to 4;

R’ is H, C;-Cealkyl, phenyl or benzyl;

or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or
pharmaceutically acceptable prodrug thereof.

[00113] In one embodiment is a compound of Formula (1), (I1), (I1I), (IlTa), (IV), (IVa), (IVD),
or (IVc), wherein X is a substituted or unsubstituted group selected from among aryl, heteroaryl,
C;s-Cjocycloalkyl, and C,-Cjoheterocycloalkyl; where if X is substituted, then X is substituted
with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Csalkoxy, C;-Csfluoroalkoxy,
aminoC;-Csalkoxy, C;-CsalkylaminoC,;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC,-Csalkoxy, C,-CsheterocycloalkylC;-Caalkyl, -CN, -NO,, -CO,R ™, -
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C(=0)R", -S-R", -§(=0)-R", -S(=0),-R", -NR'’C(=0)-R", -C(=0)N(R'%),, -S(=0),N(R'"),, -
NR'S(=0),-R"!, -OC(=0)N(R'"),, -NR'’C(=0)0-R", -OC(=0)0-R"", -NHC(=O)NH-R"", -
OC(=0)-R", -N(R'"),, -C;-CralkyIN(R'),, C;-Csalkyl, C;-Csfluoroalkyl, Co-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.
[00114] In some embodiments is a compound of Formula (1), (II), (1), (I11a), (IV), (IVa), (IVDb),
or (IVc), wherein X is a substituted or unsubstituted aryl group. In another embodiment, X is a
substituted or unsubstituted phenyl group. In yet another embodiment, X is a substituted or
unsubstituted naphthalene group. In yet a further embodiment, X is an unsubstituted phenyl
group.

[00115] In some embodiments, X is selected from among phenyl, 2-methylphenyl, 3-
methylphenyl, 4-methylphenyl, 3,4-dimethylphenyl, 2-fluorophenyl, 3-fluorophenyl, 4-
fluorophenyl, 3,4-difluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2,4-
dichlorophenyl, 3,4-dichlorophenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3,5-dimethoxyphenyl,
3.,4,5-trimethoxyphenyl, 2-(trifluoromethyl)-phenyl, 3-(trifluoromethyl)-phenyl, 4-
(trifluoromethyl)-phenyl, 2-(trifluoromethoxy)-phenyl, 3-(trifluoromethoxy)-phenyl, 4-
(trifluoromethoxy)-phenyl, 2-chloro-4-fluorophenyl, 3-chloro-4-fluorophenyl, 2-fluoro-4-
chlorophenyl, 3-fluoro-4-cholorophenyl, 2-chloro-4-methoxyphenyl, 2,3-dichlorophenyl, 3-
methoxy-4-fluorophenyl, 3-methoxy-5-fluorophenyl, 3-methoxy-4-chlorophenyl, 3-
(methylsulfonyl)phenyl, 4-(methylsulfonyl)phenyl, 2-thiophenyl, 3-thiophenyl, 2,3-
difluorophenyl, 2,4-difluorophenyl, 3-fluoro-4-methoxy-phenyl, 2-(difluoromethoxy)-phenyl, 3-
(difluoromethoxy)-phenyl, 4-(difluoromethoxy)-phenyl, N-methylsulfonyl-2-aminophenyl, N-
methylsulfonyl-3-aminophenyl, N-methylsulfonyl-4-aminophenyl, N-phenylsulfonyl-2-
aminophenyl, N-phenylsulfonyl-3-aminophenyl, N-phenylsulfonyl-4-aminophenyl, 2-
nitrophenyl, 3-nitrophenyl, 4-nitrophenyl, 2-aminophenyl, 3-aminophenyl, 4-aminophenyl, 2-
dimethylaminophenyl, 3-dimethylaminophenyl, 4-dimethylaminophenyl, N-acetyl-2-
aminophenyl, N-acetyl-3-aminophenyl, N-acetyl-4-aminophenyl, N-benzoyl-2-aminophenyl, N-
benzoyl-3-aminophenyl, and N-benzoyl-4-aminophenyl.

[00116] In other embodiments, X is selected from among phenyl, 3-methoxyphenyl, 4-
methoxyphenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-fluorophenyl, 3-
fluorophenyl, 4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 3-fluoro-
4methoxyphenyl, 4-(trifluoromethoxy)-phenyl, 3,4-dichlorophenyl, 2,4-dichlorophenyl, 2-chloro-
4-fluorophenyl, 3-chloro-4-fluorophenyl, 2-fluoro-4-chlorophenyl, 3-fluoro-4-cholorophenyl, 2-
chloro-4-methoxyphenyl, 2,3-dichlorophenyl, 3-methoxy-4-fluorophenyl, 3-methoxy-5-
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fluorophenyl, 3-methoxy-4-chlorophenyl, 3-(methylsulfonyl)phenyl, 4-(methylsulfonyl)phenyl,
2-thiophenyl, 3-thiophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, and 3,4-difluorophenyl.
[00117] In another embodiment is a compound of Formula (1), (I1), (III), (IlTa), (IV), (IVa),
(IVb), or (IVc), wherein X is a substituted or unsubstituted heteroaryl. In one embodiment X is
heteroaryl selected from pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl,
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl,
thiophenopyridinyl, and furopyridinyl. In one embodiment, X is a substituted or unsubstituted 2-
pyridyl, 3-pyridyl, or 4-pyridyl. In another embodiment, 2-pyridyl, 3-pyridyl, 4-pyridyl are each
independently substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy,
Ci-Csfluoroalkoxy, aminoC,-Cealkoxy, C;-CsalkylaminoC,-Csalkoxy, hydroxyC;-
CsalkylaminoC;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylCi-
Caalkyl, -CN, -NO,, -CO,R", -C(=0)R", -S-R'!, -§(=0)-R", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'’S(=0),-R", -OC(=0)N(R'%),, -NR'’C(=0)0-R", -
0C(=0)0-R", -NHC(=O)NH-R", -OC(=0)-R", -N(R'"),, -C}-CalkyIN(R'®),, C;-Cgalkyl, C;-
Csfluoroalkyl, C;-Cealkenyl, C,-Cealkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or
unsubstituted C,-Cjgheterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. In a further embodiment, 2-pyridyl, 3-pyridyl, 4-pyridyl are each
independently substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy,
-CN, -NO,, -CO,R', -C(ZO)R“, and -S-R". In one embodiment, halogen is Cl. In another
embodiment, halogen is Br. In a further embodiment, halogen is F. In yet a further embodiment,
2-pyridyl, 3-pyridyl, 4-pyridyl are each independently substituted with CN. In yet another
embodiment, 2-pyridyl, 3-pyridyl, 4-pyridyl are each independently substituted with OH. In yet
a further embodiment, 2-pyridyl, 3-pyridyl, 4-pyridyl are each independently substituted with at
least two substituents. In a further embodiment, 2-pyridyl, 3-pyridyl, 4-pyridyl are each
independently substituted with at least three substituents.

[00118] Also described herein is a compound of Formula (1), (I1), (IIT), (IlTa), (IV), (IVa), (IVD),
or (IVc), wherein X is a substituted or unsubstituted C3-Cscycloalkyl. In one embodiment Cs-
Cscycloalkyl is selected from cyclopentyl, cyclohexyl, and cycloheptyl. In one embodiment,
cyclopentyl, cyclohexyl, and cycloheptyl are each independently substituted with 1, 2, 3,4, or 5

groups selected from among halogen, C;-Cgalkoxy, C;-Csfluoroalkoxy, aminoC;-Cgalkoxy, C;-
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CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-CsheterocycloalkylC,-
Csalkoxy, C-CsheterocycloalkylC,-Caalkyl, -CN, -NO,, -CO,R ', -C(=0)R"", -S-R"!, -S(=0)-
R, -S(=0),-R", -NR'’C(=0)-R", -C(=O)N(R'""),, -S(=0),N(R'),, -NR'’S(=0),-R"", -
OC(=0)N(R'"),, -NR'’C(=0)0-R"!, -OC(=0)0-R"", -NHC(=O)NH-R", -OC(=0)-R"", -N(R'%),,
-C1-CoalkyIN(R'®),, C-Csalkyl, Ci-Csfluoroalkyl, Co-Csalkenyl, C-Csalkynyl, C;-Cgheteroalkyl,
C;s-Cgeycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or unsubstituted
aryl, and substituted or unsubstituted heteroaryl. In a further embodiment, cyclopentyl,
cyclohexyl, and cycloheptyl are each independently substituted with 1, 2, 3, 4, or 5 groups
selected from among halogen, C;-Csalkoxy, -CN, -NO,, -CO,R', -C(=0)R"", and -S-R"'. In one
embodiment, halogen is Cl. In another embodiment, halogen is Br. In a further embodiment,
halogen is F. In yet a further embodiment, cyclopentyl, cyclohexyl, and cycloheptyl are each
independently substituted with CN. In yet another embodiment, cyclopentyl, cyclohexyl, and
cycloheptyl are each independently substituted with OH. In yet a further embodiment,
cyclopentyl, cyclohexyl, and cycloheptyl are each independently substituted with at least two
substituents. In a further embodiment, cyclopentyl, cyclohexyl, and cycloheptyl are each
independently substituted with at least three substituents.

[00119] In one embodiment is a compound of Formula (1), (I1), (I1I), (IlTa), (IV), (IVa), (IVD),
or (IVc), wherein X is substituted or unsubstituted C,-Cjoheterocycloalkyl selected from
quinolizinyl, dioxinyl, piperidinyl, morpholinyl, thiomorpholinyl, thiazinyl, tetrahydropyridinyl,
piperazinyl, oxazinanonyl, dihydropyrrolyl, dihydroimidazolyl, tetrahydrofuranyl,
tetrahydropyranyl, dihydrooxazolyl, oxiranyl, pyrrolidinyl, pyrazolidinyl, dihydrothienyl,
imidazolidinonyl, pyrrolidinonyl, dihydrofuranonyl, dioxolanonyl, thiazolidinyl, piperidinonyl,
indolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and tetrahydrothienyl. In one
embodiment, X is substituted or unsubstituted piperidinyl or pyrrolidine. In one embodiment, is
a compound of Formula (1), (1), (I1I), (IlTa), (IV), (IVa), (IVb), or (IVc), wherein L-X is O-
piperidinyl or O-pyrrolidine wherein piperidinyl or pyrrolidine is optionally substituted with 1, 2,
3, 4, or 5 groups selected from among halogen, C,-Csalkoxy, C;-Csfluoroalkoxy, aminoC;-
Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
CsheterocycloalkylC,-Csalkoxy, C,-CsheterocycloalkylC;-Caalkyl, -CN, -NO,, -CO,R ™, -
C(=0)R", -S-R", -§(=0)-R", -S(=0),-R", -NR'’C(=0)-R", -C(=0)N(R'%),, -S(=0),N(R'"),, -
NR'S(=0),-R"!, -OC(=0)N(R'"),, -NR'’C(=0)0-R", -OC(=0)0-R"", -NHC(=O)NH-R"", -
OC(=0)-R", -N(R'"),, -C;-CralkyIN(R'),, C;-Csalkyl, C;-Csfluoroalkyl, Co-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-

Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.
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wherein X is an unsubstituted piperidine or pyrrolidine. In another embodiment, L-X is
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wherein X is a substituted piperidine or pyrrolidine moiety wherein the substitution is at the
nitrogen atom.

[00120] In an further embodiment, the piperidine or pyrrolidine is substituted at the nitrogen
atom with -C(=0)R'' wherein R'' is a substituted or unsubstituted group selected from among
C;-Cealkyl, C;-Csfluoroalkyl, Cs-Cscycloalkyl, C,-Csheterocycloalkyl, aryl, and heteroaryl. In
another embodiment, the piperidine or pyrrolidine is substituted at the nitrogen atom with —
C(=O)R'" wherein R is substituted or unsubstituted C,-Cgsalkyl. In one embodiment, R'' is
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, or tert-butyl. In another embodiment, Ry,
is methyl. In yet another embodiment, Ry, is iso-propyl.

[00121] In another embodiment, the piperidine or pyrrolidine is substituted at the nitrogen atom
with —C(=0)R'" wherein R is a substituted or unsubstituted aryl. In one embodiment, the
substituted or unsubstituted aryl is a phenyl group. In another embodiment, the substituted or
unsubstituted aryl group is a naphthalene group. In yet another embodiment, the piperidine or
pyrrolidine is substituted at the nitrogen atom with —C(=0)R'" wherein R'" is a phenyl
substituted with at least one group selected from among halogen, C,-Cealkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-
Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC,-Csalkyl, -CN, -NOo, -
CO,R', -C(=0)R", -S-R", -S§(=0)-R", -S(=0),-R", -NR'*C(=0)-R", -C(=0)N(R"?),, -
S(=0),N(R'?),, -NR'*S(=0),-R", -OC(=0)N(R'?),, -NR"*C(=0)0-R", -OC(=0)0-R", -
NHC(=0)NH-R"”, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R"?),, C;-Cgalkyl, C;-Csfluoroalkyl, C,-
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Cealkenyl, C,-Cealkynyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl,
wherein R'? is hydrogen, C;-Cgalkyl, phenyl or benzyl and R" is C;-Csalkyl, phenyl or benzyl.
In another embodiment, R'' is a phenyl substituted with a halogen. In another embodiment, R
is a phenyl substituted with a substituent selected from —CN, -NO; or SH.

[00122] In another embodiment, the piperidine or pyrrolidine is substituted at the nitrogen atom
with —C(=0)R'" wherein R is a substituted or unsubstituted heteroaryl. In one embodiment, the
substituted or unsubstituted heteroaryl is pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothienyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl,
thiophenopyridinyl, and furopyridinyl. In another embodiment, the substituted or unsubstituted
group is pyridinyl. In yet another embodiment, the piperidine or pyrrolidine is substituted at the
nitrogen atom with ~C(=0)R'" wherein R"" is a pyridine substituted with at least one group
selected from among halogen, C;-Cgalkoxy, C;-Csfluoroalkoxy, aminoC;-Cealkoxy, C;-
CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-CsheterocycloalkylC,-
Csalkoxy, C-CsheterocycloalkylC,-Caalkyl, -CN, -NO,, -CO,R'?, -C(=0)R", -S-R", -S(=0)-
R, -S(=0),-R", -NR"2C(=0)-R", -C(=0)N(R'?),, -S(=0),N(R'?),, -NR'?*S(=0),-R ", -
OC(=0)N(R'?),, -NR"*C(=0)0-R", -OC(=0)0-R", -NHC(=0)NH-R", -OC(=0)-R", -N(R'?),,
-C1-CaalkyIN(R'?),, Ci-Cealkyl, Ci-Csfluoroalkyl, Co-Cgalkenyl, Co-Cgalkynyl, C;-Cgheteroalkyl,
C;s-Cgeycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or unsubstituted
aryl, and substituted or unsubstituted heteroaryl, wherein R'? is hydrogen, C1-Cgalkyl, phenyl or
benzyl and R is C-Csalkyl, phenyl or benzyl. In another embodiment, R'" is a 2-pyridine, 3-
pyridine or 4-pyridine. In yet a further embodiment, the heteroaryl is substituted with a halogen.
In another embodiment, R'' is a 2-pyridine, 3-pyridine, or 4-pyridine substituted with a
substituent selected from —CN, -NO; or SH. In a further embodiment, the heteroaryl is selected
from furan, thiophene, benzothiazole, benzoxazole, oxadiazole, or oxazole. In yet a further
embodiment, the heteroaryl is furan optionally substituted with a halogen, C;-Cgalkyl or OH.
[00123] In a further embodiment is a compound of Formula (1), (II), (Illa), (IV), (IVa), (IVDb),
or (IVc), wherein Y is a substituted or unsubstituted aryl. In one embodiment, Y is a substituted
phenyl. In a further embodiment, Y is a phenyl group. In one embodiment, the phenyl is

substituted with at least one halogen. In another embodiment, the phenyl is substituted with at



WO 2013/101600 PCT/US2012/070671
42

least two halogen groups. In a further embodiment, the phenyl group is substituted with a F
group. In another embodiment, the phenyl group is substituted with at least one Cl. In another
embodiment, with two CI groups.

[00124] In yet another embodiment is a compound of Formula (1), (III), (IlTa), (IV), (IVa),
(IVb), or (IVc), wherein Y is a substituted or unsubstituted heteroaryl. In one embodiment the
unsubstituted or substituted heteroaryl group is selected from pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-azaindolyl,
7-azaindolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothienyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
imidazo[ 1,2-a]pyridinyl, thiophenopyridinyl, and furopyridinyl.

[00125] In one embodiment is a compound of Formula (I), (IIT), (ITla), (IV), (IVa), (IVD), or
(IVc), wherein Y is pyridine. In another embodiment, Y is pyrimidine. In a further embodiment,
Y is furan. In another embodiment, Y is thiophene. In a further embodiment, Y is indole.
[00126] In another embodiment is a compound of Formula (1), (IIT), (I1a), (IV), (IVa), (IVb), or
(IVc), wherein Y is substituted or unsubstituted C,-Cjoheterocycloalkyl. In another embodiment,
the C,-Cyo heterocycloalkyl is selected from quinolizinyl, dioxinyl, piperidinyl, morpholinyl,
thiomorpholinyl, thiazinyl, tetrahydropyridinyl, piperazinyl, oxazinanonyl, dihydropyrrolyl,
dihydroimidazolyl, tetrahydrofuranyl, tetrahydropyranyl, dihydrooxazolyl, oxiranyl, pyrrolidinyl,
pyrazolidinyl, dihydrothienyl, imidazolidinonyl, pyrrolidinonyl, dihydrofuranonyl, dioxolanonyl,
thiazolidinyl, piperidinonyl, indolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
tetrahydrothienyl.

[00127] In one embodiment is a compound of Formula (I), (IIT), (ITla), (IV), (IVa), (IVDb), or
(IVc), wherein Y is substituted or unsubstituted piperazine. In another embodiment, piperazine is
substituted with C;-Csalkyl. In a further embodiment, C;-Cealkyl is selected from methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl, or tert-butyl. In another embodiment, piperazine is
substituted with methyl.

[00128] Any combination of the groups described above for the various variables is
contemplated herein. It is understood that substituents and substitution patterns on the
compounds provided herein are selected to provide compounds that are chemically stable and
that are synthesized by techniques set forth herein.

[00129] Throughout the specification, groups and substituents thereof are chosen to provide

stable moieties and compounds.
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Further Forms of Compounds

[00130] In some embodiments, compounds described herein possess one or more stereocenters
and each center exists in the R or S configuration. The compounds presented herein include all
diastereomeric, enantiomeric, and epimeric forms as well as the appropriate mixtures thereof. In
some embodiments, separation of steroisomers are performed by chromatography. In other
embodiments, individual stereoisomers are obtained 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 enantiomers. In one
embodiment the resolution of enantiomers are carried out using covalent diastereomeric
derivatives of the compounds described herein, dissociable complexes are also possible (e.g.,
crystalline diasterecomeric salts). Diastercomers have distinct physical properties (e.g., melting
points, boiling points, solubilities, reactivity, etc.) and are readily separated by taking advantage
of these dissimilarities. In some embodiments, the diastercomers are separated by chiral
chromatography, or by separation/resolution techniques based upon differences in solubility. The
optically pure enantiomer(s) is/are 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 is found in Jean Jacques, Andre Collet, Samuel H. Wilen, “Enantiomers, Racemates and
Resolutions”, John Wiley And Sons, Inc., 1981, herein incorporated by reference for such
disclosure. In further embodiments, tereoisomers are obtained by stereoselective synthesis.
[00131] In some situations, compounds exist as tautomers. All tautomers are included within the
formulas described herein.

[00132] The methods and formulations described herein include the use of N-oxides, crystalline
forms (also known as polymorphs), or pharmaceutically acceptable salts of compounds described
herein, as well as active metabolites of these compounds having the same type of activity. In
some situations, compounds exist as tautomers. All tautomers are included within the scope of
the compounds presented herein. In addition, the compounds described herein exist in unsolvated
as well as solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and
the like. The solvated forms of the compounds presented herein are also considered to be
disclosed herein.

[00133] In some embodiments, the compounds described herein in unoxidized form are
prepared from the corresponding N-oxides compounds by treating with a reducing agent, such as,
but not limited to, sulfur, sulfur dioxide, triphenyl phosphine, lithium borohydride, sodium

borohydride, phosphorus trichloride, phosphorus tribromide, or the like in a suitable inert organic
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solvent, such as, but not limited to, acetonitrile, ethanol, aqueous dioxane, or the like at 0 to
80°C.

[00134] In some embodiments, compounds described herein are prepared as prodrugs. A
“prodrug” refers to an agent that is converted into the parent drug in vivo. Prodrugs are often
uscful because, in some situations, they are easier to administer than the parent drug. In some
embodiments, prodrugs are bioavailable by oral administration whereas the parent is not. In other
embodiments, the prodrug has improved solubility in pharmaceutical compositions over the
parent drug. An example, without limitation, of a prodrug would be a compound described
herein, which is administered as an ester (the “prodrug”) to facilitate transmittal across a cell
membrane where water solubility is detrimental to mobility but which then is metabolically
hydrolyzed to the carboxylic acid, the active entity, once inside the cell where water-solubility is
beneficial. A further example of a prodrug is a short peptide (polyaminoacid) bonded to an acid
group where the peptide is metabolized to reveal the active moiety. In certain embodiments, upon
in vivo administration, a prodrug is chemically converted to the biologically, pharmaceutically or
therapeutically active form of the compound. In certain embodiments, a prodrug is enzymatically
metabolized by one or more steps or processes to the biologically, pharmaceutically or
therapeutically active form of the compound.

[00135] To produce a prodrug, a pharmaceutically active compound is modified such that the
active compound will be regenerated upon in vivo administration. In some embodiments, the
prodrug is designed to alter the metabolic stability or the transport characteristics of a drug, to
mask side effects or toxicity, to improve the flavor of a drug or to alter other characteristics or
properties of a drug. In some embodiments, once a pharmaceutically active compound is known,
knowledge of pharmacodynamic processes and drug metabolism in vivo, aids in the design of
prodrugs of the compound. (see, for example, Nogrady (1985) Medicinal Chemistry A
Biochemical Approach, Oxford University Press, New York, pages 388-392; Silverman (1992),
The Organic Chemistry of Drug Design and Drug Action, Academic Press, Inc., San Diego,
pages 352-401, Saulnier et al., (1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p.
1985; Rooseboom et al., Pharmacological Reviews, 56:53—-102, 2004; Miller et al., J. Med.
Chem. Vol.46, no. 24, 5097-5116, 2003; Aesop Cho, “Recent Advances in Oral Prodrug
Discovery”, Annual Reports in Medicinal Chemistry, Vol. 41, 395-407, 2006).

[00136] Prodrug forms of the herein described compounds, wherein the prodrug is metabolized
in vivo to produce a derivative as set forth herein are included within the scope of the claims. In
some embodiemtns, some of the herein-described compounds are a prodrug for another

derivative or active compound.
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[00137] In some embodiments prodrugs are easier to administer than the parent drug. In some
embodiments the prodrug is bioavailable by oral administration whereas the parent is not. In
other embodiments the prodrug has improved solubility in pharmaceutical compositions over the
parent drug. In further embodiments, prodrugs are designed as reversible drug derivatives, for use
as modifiers to enhance drug transport to site-specific tissues. In some embodiments, the design
of a prodrug increases the effective water solubility. See, ¢.g., Fedorak et al., Am. J. Physiol.,
269:G210-218 (1995); McLoed et al., Gastroenterol, 106:405-413 (1994); Hochhaus et al.,
Biomed. Chrom., 6:283-286 (1992); J. Larsen and H. Bundgaard, Int. J. Pharmaceutics, 37, 87
(1987); J. Larsen et al., Int. J. Pharmaceutics, 47, 103 (1988); Sinkula et al., J. Pharm. Sci.,
64:181-210 (1975); T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of
the A.C.S. Symposium Series; and Edward B. Roche, Bioreversible Carriers in Drug Design,
American Pharmaceutical Association and Pergamon Press, 1987, all incorporated herein for
such disclosure.

[00138] Sites on the aromatic ring portion of compounds described herein are susceptible to
various metabolic reactions, therefore incorporation of appropriate substituents on the aromatic
ring structures, such as, by way of example only, halogens reduces, minimizes or eliminates this
metabolic pathway.

[00139] In some embodiments the compounds described herein are labeled isotopically (e.g.
with a radioisotope) or by other means, including, but not limited to, the use of chromophores or
fluorescent moieties, bioluminescent labels, or chemiluminescent labels.

[00140] Compounds described herein include isotopically-labeled compounds, which are
identical to those recited in the various formulae and structures presented herein, but for the fact
that one or more atoms are replaced by an atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in nature. Examples of isotopes
incorporated into the present compounds include isotopes of hydrogen, carbon, nitrogen, oxygen,
fluorine and chlorine, such as, for example, ’H, *H, °C, "¢, PN, 0, "0, s, *F, *°Cl,
respectively. Certain isotopically-labeled compounds described herein, for example those into
which radioactive isotopes such as *H and '*C are incorporated, are useful in drug and/or
substrate tissue distribution assays. Further, substitution with isotopes such as deuterium, i.e., ’H,
afford certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements.

[00141] In additional or further embodiments, the compounds described herein are metabolized
upon administration to an organism in need to produce a metabolite that is then used to produce a

desired effect, including a desired therapeutic effect.
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[00142] In some embodiments, compounds described herein are formed as, and/or used as,
pharmaceutically acceptable salts. The type of pharmaceutical acceptable salts, include, but are
not limited to: (1) acid addition salts, formed by reacting the free base form of the compound
with a pharmaceutically acceptable: inorganic acid, such as, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, metaphosphoric acid, and the like;
or with an organic acid, such as, for example, acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, trifluoroacetic acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, toluenesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-
carboxylic acid, glucoheptonic acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1 -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, butyric
acid, phenylacetic acid, phenylbutyric acid, valproic acid, and the like; (2) salts formed when an
acidic proton present in the parent compound either is replaced by a metal ion, ¢.g., an alkali
metal ion (e.g. lithium, sodium, potassium), an alkaline earth ion (e.g. magnesium, or calcium),
or an aluminum ion. In some embodiments, compounds described herein form a coordinate with
an organic base, such as, but not limited to, ethanolamine, dicthanolamine, triecthanolamine,
tromethamine, N-methylglucamine, dicyclohexylamine, tris(hydroxymethyl)methylamine. In
other embodiments, compounds described herein form salts with amino acids such as, but not
limited to, arginine, lysine, and the like. Acceptable inorganic bases used to form salts with
compounds that include an acidic proton, include, but are not limited to, aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium carbonate, sodium hydroxide, and the like.
[00143] It should be understood that a reference to a pharmaceutically acceptable salt includes
the solvent addition forms or crystal forms thereof, particularly solvates or polymorphs. In some
embodiments, solvates contain either stoichiometric or non-stoichiometric amounts of a solvent,
and form during the process of crystallization with pharmaceutically acceptable solvents such as
water, ethanol, and the like. Hydrates are formed when the solvent is water, or alcoholates are
formed when the solvent is alcohol. Solvates of compounds described herein are conveniently
prepared or formed during the processes described herein. In addition, the compounds provided
herein exist in unsolvated as well as solvated forms. In general, the solvated forms are considered
equivalent to the unsolvated forms for the purposes of the compounds and methods provided

herein.
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[00144] In some embodiments, compounds described herein are in various forms, including but
not limited to, amorphous forms, milled forms and nano-particulate forms. In addition,
compounds described herein include crystalline forms, also known as polymorphs. Polymorphs
include the different crystal packing arrangements of the same elemental composition of a
compound. Polymorphs usually have different X-ray diffraction patterns, infrared spectra,
melting points, density, hardness, crystal shape, optical and electrical properties, stability, and
solubility. In some embodiments, various factors such as the recrystallization solvent, rate of
crystallization, and storage temperature cause a single crystal form to dominate.

[00145] In other embodiments, the screening and characterization of the pharmaceutically
acceptable salts, polymorphs and/or solvates is accomplished by using a variety of techniques
including, but not limited to, thermal analysis, x-ray diffraction, spectroscopy, vapor sorption,
and microscopy. Thermal analysis methods address thermo chemical degradation or thermo
physical processes including, but not limited to, polymorphic transitions, and such methods are
used to analyze the relationships between polymorphic forms, determine weight loss, to find the
glass transition temperature, or for excipient compatibility studies. Such methods include, but are
not limited to, Differential scanning calorimetry (DSC), Modulated Differential Scanning
Calorimetry (MDCS), Thermogravimetric analysis (TGA), and Thermogravi-metric and Infrared
analysis (TG/IR). X-ray diffraction methods include, but are not limited to, single crystal and
powder diffractometers and synchrotron sources. The various spectroscopic techniques used
include, but are not limited to, Raman, FTIR, UV-VIS, and NMR (liquid and solid state). The
various microscopy techniques include, but are not limited to, polarized light microscopy,
Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray Analysis (EDX),
Environmental Scanning Electron Microscopy with EDX (in gas or water vapor atmosphere), IR
microscopy, and Raman microscopy.

[00146] Throughout the specification, groups and substituents thereof are chosen to provide
stable moieties and compounds.

Synthesis of Compounds

[00147] The synthesis of compounds described herein are accomplished using means described
in the chemical literature, using the methods described herein, or by a combination thereof. In
addition, solvents, temperatures and other reaction conditions presented herein vary according to
the means described in the chemical literature, using the methods described herein, or by a

combination thereof.
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[00148] The starting materials and reagents used for the synthesis of the compounds described
herein are synthesized or are obtained from commercial sources, such as, but not limited to,
Sigma-Aldrich, Fluka, Acros Organics, Alfa Aesar, Bachem and the like.

[00149] The compounds described herein, and other related compounds having different
substituents are synthesized using techniques and materials described herein and as described, for
example, in Fieser and Fieser’s Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and
Sons, 1991); Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals
(Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons,
1991), Larock’s Comprehensive Organic Transformations (VCH Publishers Inc., 1989), March,
ADVANCED ORGANIC CHEMISTRY 4™ Ed., (Wiley 1992); Carey and Sundberg, ADVANCED
ORGANIC CHEMISTRY 4™ Ed., Vols. A and B (Plenum 2000, 2001), and Green and Wauts,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS 3" Ed., (Wiley 1999) (all of which are incorporated
by reference for such disclosure). General methods for the preparation of compound as disclosed
herein are modified by the use of appropriate reagents and conditions, for the introduction of the
various moieties found in the formulae as provided herein. As a guide the following synthetic
methods are utilized.

[00150] Compounds described herein are synthesized starting from compounds that are
available from commercial sources or that are prepared using procedures outlined herein.
[00151] Using the reaction conditions described herein, cinnamic acid hydroxamate
compositions as disclosed herein are obtained in good yields and purity. The compounds
prepared by the methods disclosed herein are purified by conventional means such as, filtration,
recrystallization, chromatography, distillation, and combinations thereof.

[00152] Schemes presented herein are merely illustrative of some methods by which the
compounds described herein are synthesized, and various modifications to these schemes are
made based on this disclosure.

Formation of Covalent Linkages by Reaction of an Electrophile with a Nucleophile

[00153] The compounds described herein are modified using various electrophiles and/or
nucleophiles to form new functional groups or substituents. Table A entitled “Examples of
Covalent Linkages and Precursors Thereof” lists selected non-limiting examples of covalent
linkages and precursor functional groups which yield the covalent linkages. Table A is used as
guidance toward the variety of electrophiles and nucleophiles combinations available that
provide covalent linkages. Precursor functional groups are shown as electrophilic groups and

nucleophilic groups.
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Carboxamides Activated esters amines/anilines
Carboxamides acyl azides amines/anilines
Carboxamides acyl halides amines/anilines
Esters acyl halides alcohols/phenols
Esters acyl nitriles alcohols/phenols
Carboxamides acyl nitriles amines/anilines
Imines Aldehydes amines/anilines
Hydrazones aldehydes or ketones Hydrazines
Oximes aldehydes or ketones Hydroxylamines
Alkyl amines alkyl halides amines/anilines
Esters alkyl halides carboxylic acids
Thioethers alkyl halides Thiols
Ethers alkyl halides alcohols/phenols
Thioethers alkyl sulfonates Thiols
Esters alkyl sulfonates carboxylic acids
Ethers alkyl sulfonates alcohols/phenols
Esters Anhydrides alcohols/phenols
Carboxamides Anhydrides amines/anilines
Thiophenols aryl halides Thiols
Aryl amines aryl halides Amines
Thioethers Azindines Thiols
Boronate esters Boronates Glycols
Carboxamides carboxylic acids amines/anilines
Esters carboxylic acids Alcohols
Hydrazines Hydrazides carboxylic acids
N-acylureas or Anhydrides carbodiimides carboxylic acids
Esters diazoalkanes carboxylic acids
Thioethers Epoxides Thiols
Thioethers haloacetamides Thiols
Ammotriazines halotriazines amines/anilines
Triazinyl ethers halotriazines alcohols/phenols
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Amidines imido esters amines/anilines
Ureas Isocyanates amines/anilines
Urethanes Isocyanates alcohols/phenols
Thioureas isothiocyanates amines/anilines
Thioethers Maleimides Thiols
Phosphite esters phosphoramidites Alcohols
Silyl ethers silyl halides Alcohols
Alkyl amines sulfonate esters amines/anilines
Thioethers sulfonate esters Thiols
Esters sulfonate esters carboxylic acids
Ethers sulfonate esters Alcohols
Sulfonamides sulfonyl halides amines/anilines
Sulfonate esters sulfonyl halides phenols/alcohols

[00154] In the reactions described, it is necessary in certain cases 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. Protecting groups are

used to block some or all reactive moieties and prevent such groups from participating in

chemical reactions until the protective group is removed. In one embodiment, each protective

group is removable by a different means. Protecting groups, plus a detailed description of

techniques applicable to the creation of protecting groups and their removal are described in

Greene and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New
York, NY, 1999, and Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994, which

are incorporated herein by reference for such disclosure.

General Svntheses

Cinnamic Acid Hydroxyamide Compounds:

[00155] Cinnamic acid hydroxyamide compounds described herein are prepared from

commercially available materials.




WO 2013/101600
51

Svnthetic Route I:

R-OH +
A
F H
B

NH,OH/H,0
—_—

0 o)
R

HN<
E OH

[00156]

NaH/DME
—_—

O
_KCO5; . \ _
DMF O
100 deg C
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Cinnamic acid hydroxyamide compounds having the structure of compound E can be

generally synthesized using Synthetic Route I shown above. Generally, alcohols of compound A

(where R is for example, but not limited to, an aryl group, a heteroaryl group or C,-

Cioheterocycloalkyl group) are reacted with substituted benzaldehydes of compound B to form

compounds having the structure C. Reaction of compounds C with trimethylphosphonoacetate

results in compounds having the structure D. Reaction of compound D with a 50% solution of

hydroxylamine results in compounds of structure E.

Svnthetic Route I1:

R-OH + _KCO;
DMF
100 deg C

[00157]

NaH/DME
S | —

Cinnamic acid hydroxyamide compounds having the structure of compound L can be

generally synthesized using Synthetic Route Il shown above. Generally, alcohols of compound

A (where R is for example, but not limited to, an aryl group, a heteroaryl group or C,-

Cioheterocycloalkyl group) are reacted with nitro substituted benzaldehydes of compound F to

form compounds having the structure G. Reaction of compounds G with

trimethylphosphonoacetate results in compounds having the structure H. Reduction of the nitro
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group with Fe provides compounds of structure I. Reaction of carboxylic acid compounds J with
compounds of structure I provides compounds of structure K. Reaction of compound K with a
50% solution of hydroxylamine results in compounds of structure L.

[00158] Throughout the specification, groups and substituents thereof are chosen to provide
stable moieties and compounds.

Certain Terminology

[00159] It is to be understood that the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of any subject matter
claimed. In this application, the use of the singular includes the plural unless specifically stated
otherwise. It must be noted that, as used in the specification and the appended claims, the

(13 2% ¢
a

singular forms an” and “the” include plural referents unless the context clearly dictates

otherwise. In this application, the use of “or” means “and/or” unless stated otherwise.
Furthermore, use of the term “including” as well as other forms, such as “include”, “includes,”
and “included,” is not limiting.

[00160] Definition of standard chemistry terms are found in reference works, including Carey
and Sundberg “ADVANCED ORGANIC CHEMISTRY 4™ ED.” Vols. A (2000) and B (2001), Plenum
Press, New York. Unless otherwise indicated, conventional methods of mass spectroscopy,
NMR, HPLC, protein chemistry, biochemistry, recombinant DNA techniques and pharmacology
are employed. In addition, nucleic acid and amino acid sequences for HDACS are disclosed in,
e.g., U.S. Patent No. 6,875,598. Unless specific definitions are provided, the nomenclature
employed in connection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry described
herein are those known in the art. Standard techniques are used for chemical syntheses, chemical
analyses, pharmaceutical preparation, formulation, and delivery, and treatment of patients.
Standard techniques are used for recombinant DNA, oligonucleotide synthesis, and tissue culture
and transformation (e.g., electroporation, lipofection). Reactions and purification techniques are
performed e.g., using kits of manufacturer's specifications or as described herein. The foregoing
techniques and procedures are generally performed by conventional methods and as described in
various general and more specific references that are cited and discussed throughout the present
specification.

[00161] It is to be understood that the methods and compositions described herein are not
limited to the particular methodology, protocols, cell lines, constructs, and reagents described

herein and as such vary. It is also to be understood that the terminology used herein is for the
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purpose of describing particular embodiments only, and is not intended to limit the scope of the
methods, compounds, compositions described herein.

[00162] As used herein, Ci-Cy includes C;-C,, C1-Cs . . . C1-Cx. C1-Cx refers to the number of
carbon atoms that make up the moiety to which it designates (excluding optional substitutents).
[00163] An “alkyl” group refers to an aliphatic hydrocarbon group. In some embodiments, the
alkyl moiety is a “saturated alkyl” group, which means that it does not contain any alkene or
alkyne moieties. In other embodiments, the alkyl moiety is an “unsaturated alkyl” moiety, which
means that it contains at least one alkene or alkyne moiety. An “alkene” moiety refers to a group
consisting of at least two carbon atoms and at least one carbon-carbon double bond, and an
“alkyne” moiety refers to a group consisting of at least two carbon atoms and at least one carbon-
carbon triple bond. The alkyl moiety, whether saturated or unsaturated, is branched, straight
chain, or cyclic.

[00164] The “alkyl” moiety has 1 to 10 carbon atoms (whenever it appears herein, a numerical
range such as “1 to 10” refers to each integer in the given range; e.g., “1 to 10 carbon atoms”
means that the alkyl group consists of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to
and including 10 carbon atoms, although the present definition also covers the occurrence of the
term “alkyl” where no numerical range is designated). The alkyl group of the compounds
described herein are designated as “C;-Cg alkyl” or similar designations. By way of example
only, “C,-Cs alkyl” indicates that there are one to six carbon atoms in the alkyl chain, i.e., the
alkyl chain is selected from the group consisting of methyl, ethyl, propyl, iso-propyl, n-butyl, iso-
butyl, sec-butyl, t-butyl, pentyl, iso-pentyl, neo-pentyl, and hexyl. Typical alkyl groups include,
but are in no way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl,
pentyl, hexyl, ethenyl, propenyl, butenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
the like. In some embodiments alkyl groups are substituted or unsubstituted. Depending on the
structure, an alkyl group is either a monoradical or a diradical (i.e., an alkylene group).

[00165] An “alkoxy” group refers to a (alkyl)O- group, where alkyl is as defined herein.
Examples of alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy,
isopropoxy, buytloxy, cyclopropyloxy, cyclopentyloxy, cyclohexyloxy, and the like.

[00166] “Hydroxyalkyl” refers to an alkyl group substituted with hydroxy group(s).

[00167] “Hydroxyalkoxy” refers to an alkoxy substituted with hydroxy group(s).

[00168] “Hydroxyalkylaminoalkoxy” refers to an alkoxy substituted with an amino group with
the amino group substituted with a hydroxyalkyl group as defined herein.

[00169] “Alkoxyalkyl” refers to alkyl group substituted with alkoxy group(s).
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[00170] “Alkoxyalkyloxy” refers to an alkoxy group as defined herein substituted with alkoxy
group as defined herein.

[00171] “Alkoxycarbonyl” refers to a -C(=0)O-(alkyl) group, where alkyl as defined herein.
Non-limiting examples of alkoxycarbonyl groups include, e.g., methoxycarbonyl,
ethoxycarbonyl, and the like.

[00172] “Alkoxycarbonylamino” refers to a -NR(C=0)-O-(alkyl), where alkyl is as defined
herein and R is H, alkyl, heteroalkyl, haloalkyl, and the like.

[00173] The term “alkenyl” refers to a type of alkyl group in which the first two atoms of the
alkyl group form a double bond that is not part of an aromatic group. That is, an alkenyl group
begins with the atoms —C(R)=CR;, wherein R refers to the remaining portions of the alkenyl
group, which are the same or different. Non-limiting examples of an alkenyl group include —
CH=CH,, -C(CH3)=CH,, -CH=CHCH3 and —C(CH3)=CHCH3. The alkenyl moiety is branched,
straight chain, or cyclic (in which case, it would also be known as a “cycloalkenyl” group).
Alkenyl groups have 2 to 6 carbons. In some embodiments alkenyl groups are substituted or
unsubstituted. Depending on the structure, an alkenyl group is either a monoradical or a diradical
(i.e., an alkenylene group).

[00174] “Alkenylcarbonyl” refers to a -C(O)-(alkenyl) group, where alkenyl is as defined
herein.

[00175] “Alkenylcarbonyloxy” refers to a -OC(O)-(alkenyl) group, where alkenyl is as defined
herein.

[00176] “Alkenyloxy” refers to a —O-(alkenyl) group, where alkenyl is as defined herein.
[00177] The term “alkynyl” refers to a type of alkyl group in which the first two atoms of the
alkyl group form a triple bond. That is, an alkynyl group begins with the atoms —C=C-R, wherein
R refers to the remaining portions of the alkynyl group. Non-limiting examples of an alkynyl
group include —-C=CH, -C=CCH3;, -C=CCH,CH3 and -C=CCH,CH,CHs;. The “R” portion of the
alkynyl moiety is branched, straight chain, or cyclic. In some embodiments an alkynyl group has
2 to 6 carbons. In other embodiments, alkynyl groups are substituted or unsubstituted. Depending
on the structure, an alkynyl group is either a monoradical or a diradical (i.e., an alkynylene
group).

[00178] “Amino” or “amine” refers to a -NH; group, an N-oxide derivative, an aliphatic amine
or an aromatic amine. Aliphatic amines include: primary amines wherein one of hydrogen atoms
is replaced by an organic substituent; secondary amines wherein two of hydrogen atoms are
replaced by two organic substituents; and tertiary amines wherein all three substituents on the N

atom are organic substituents.
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[00179] The term “alkylamine” or “alkylamino” refers to the —-N(alkyl)Hy group, where alkyl is
as defined herein and x and y are selected from the group x=1, y=1 and x=2, y=0. When x=2, the
alkyl groups, taken together with the nitrogen to which they are attached, optionally form a cyclic
ring system. The term “alkylamine” also refers to an amino group substituted with an alkyl
group. “Dialkylamino” refers to a —N(alkyl), group, where alkyl is as defined herein.

[00180] “Aminoalkyl” refers to an alkyl group as is defined herein that is substituted with an
amino group.

[00181] “Aminoalkoxy” refers to an alkoxy group substitued with an amino group.

[00182] “Aminocarbonyl” refers to a -CONH, group.

[00183] “Aminosulfonyl” means an -S(O),NH; radical.

[00184] The term “alkylaminoalkyl” refers to an alkyl group, as is defined herein, substituted
with an alkylamine as is defined herein. “Dialkylaminoalkyl” refers to an alkyl group that is
substituted with a dialkylamino group.

[00185] “Alkylaminoalkoxy” refers to a alkoxy substituted with an alkylamine.

[00186] “Alkylaminocarbonyl” means a -C(O)R radical where R is alkylamino as defined
herein.

[00187] “Alkylaminocarbonylamino” refers to -NHC(=0)-(alkylamino).

[00188] “Alkylaminocarbonyloxy” refers to -OC(=0)-(alkylamino).

[00189] “Alkylaminosulfonyl” refers to -S(=0),NHR radical where R is alkyl, as defined herein.
[00190] “Alkylcarbonyl” means a -C(=O)R radical where R is alkyl as defined herein.

[00191] “Alkylcarbonylamino” means a -NR’C(=0)-(alkyl), where R’ is hydrogen, alkyl,
haloalkyl, heteroalkyl.

[00192] “Alkylcarbonyloxy” means a -OC(=O)R radical where R is alkyl as defined herein.
[00193] “Dialkylaminoalkyloxy” refers to a alkoxy susbtituted with a dialkylamino.

[00194] “Dialkylaminocarbonyl” refers to -C(=O)R, where R is dialkylamino.

[00195] “Dialkylaminocarbonylamino” refers to —-NR’-C(=0)-(dialkylamino), where R’ is
hydrogen, alkyl, heteroalkyl, haloalkyl, and dialkylaminocarbonyl as defined herein.

[00196] “Dialkylaminocarbonyloxy” means an —O(C=0)-(dialkylamino), dialkylaminocarbonyl
as defined herein.

[00197] “Dialkylaminosulfonyl” refers to -S(O),NR;, where R is alkyl as defined herein.
[00198] As used herein, the term “ring” refers to any covalently closed structure. Rings include,
for example, carbocycles (e.g., aryls and cycloalkyls), heterocycles (e.g., heteroaryls and non-

aromatic heterocycles), aromatics (e.g. aryls and heteroaryls), and non-aromatics (e.g.,
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cycloalkyls and non-aromatic heterocycles). In some embodiments, rings are optionally
substituted. In other embodiments rings are monocyclic or polycyclic.

[00199] The term “membered ring” refers to any cyclic structure. The term “membered” is
meant to denote the number of skeletal atoms that constitute the ring. Thus, for example,
cyclohexyl, phenyl, pyridine, piperidine, morpholine, piperazine, pyridazine, pyrimidine,
pyrazine, pyran and thiopyran are 6-membered rings; and cyclopentyl, pyrrolidine, imidazole,
oxazole, thiazole, pyrrole, furan, and thiophene are 5-membered rings.

[00200] The term “carbocyclic” or “carbocycle” refers to a ring wherein each of the atoms
forming the ring is a carbon atom. Carbocycle includes aryl and cycloalkyl. The term thus
distinguishes carbocycle from heterocycle (“heterocyclic”) in which the ring backbone contains
at least one atom which is different from carbon (i.¢ a heteroatom). Heterocycle includes
heteroaryl and heterocycloalkyl. In some embodiments carbocycles and heterocycles are
optionally substituted.

[00201] The term “aromatic” refers to a planar ring having a delocalized n-electron system
containing 4n+2 7 electrons, where n is an integer. In some embodiments aromatic rings are
formed from five, six, seven, eight, nine, or more than nine atoms. In other embodiments
aromatics are optionally substituted. The term “aromatic” includes both carbocyclic aryl (“aryl”,
e.g., phenyl) and heterocyclic aryl (or “heteroaryl” or “heteroaromatic”) groups (e.g., pyridine).
The term includes monocyclic or fused-ring polycyclic (i.e., rings which share adjacent pairs of
carbon atoms) groups.

[00202] As used herein, the term “aryl” refers to an aromatic ring wherein each of the atoms
forming the ring is a carbon atom. In some embodiments, aryl rings are formed by five, six,
seven, eight, nine, ten or more than ten carbon atoms. In some embodiments, aryl groups are
optionally substituted. In some embodiments, an aryl is a Cs-Cparyl. Examples of aryl groups
include, but are not limited to phenyl, and naphthalenyl. In one aspect, an aryl is a phenyl.
Depending on the structure, an aryl group is either a monoradical or a diradical (i.e., an arylene
group).

[00203] “Aralkyl” or “arylalkyl” refers to an alkyl group as is defined herein substituted with an
aryl group as is defined herein.

[00204] “Phenylalkyl” refers to an alkyl substituted with a phenyl.

[00205] The term “cycloalkyl” refers to a monocyclic or polycyclic non-aromatic radical,
wherein each of the atoms forming the ring (i.c. skeletal atoms) is a carbon atom. Cycloalkyls are

saturated, or partially unsaturated. In some embodiments. cycloalkyls are fused with an aromatic
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ring. Cycloalkyl groups include groups having from 3 to 10 ring atoms. Illustrative examples of

cycloalkyl groups include, but are not limited to, the following:

> 0.0 0O O .O.C0
0. 0.0 4000 <D,

the like. Cycloalkyls include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. In one aspect, a cycloalkyl is a Cs-Cecycloalkyl.
[00206] “Cycloalkylalkyl” refers to an alkyl, as is defined herein, substituted with a cycloalkyl,
as is defined herein.

[00207] “Cycloalkylcarbonyl” refers to -C(=0)-cycloalkyl.

[00208] The term “heterocycle” refers to heteroaromatic and heteroalicyclic groups containing
one to four ring heteroatoms each selected from O, S and N, wherein each heterocyclic group has
from 4 to 10 atoms in its ring system, and with the proviso that the ring of said group does not
contain two adjacent O or S atoms. Non-aromatic heterocyclic groups include groups having 3
atoms in their ring system, but aromatic heterocyclic groups must have at least 5 atoms in their
ring system. The heterocyclic groups include benzo-fused ring systems. An example of a 3-
membered heterocyclic group is aziridinyl (derived from aziridine). An example of a 4-
membered heterocyclic group is azetidinyl (derived from azetidine). An example of a 5-
membered heterocyclic group is thiazolyl. An example of a 6-membered heterocyclic group is
pyridyl, and an example of a 10-membered heterocyclic group is quinolinyl. Examples of non-
aromatic heterocyclic groups are pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino,
morpholino, thiomorpholino, thioxanyl, piperazinyl, aziridinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 1,2,3,6-
tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-
dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, 3-azabicyclo[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl, 3H-indolyl and quinolizinyl. Examples of aromatic heterocyclic
groups are pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl,
thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
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triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. The foregoing groups are C-attached or N-attached where such is possible. For
example, a group derived from pyrrole is named pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-
attached). Further, a group derived from imidazole is named imidazol-1-yl or imidazol-3-yl (both
N-attached) or imidazol-2-yl, imidazol-4-yl or imidazol-5-yl (all C-attached). The heterocyclic
groups include benzo-fused ring systems and ring systems substituted with one or two oxo (=0)
moieties such as pyrrolidin-2-one.

[00209] The terms “heteroaryl” or, alternatively, “heteroaromatic” refers to an aryl group that
includes one or more ring heteroatoms selected from nitrogen, oxygen and sulfur. An N-
containing “heteroaromatic” or “heteroaryl” moiety refers to an aromatic group in which at least
one of the skeletal atoms of the ring is a nitrogen atom. Polycyclic heteroaryl groups are fused or

non-fused. Illustrative examples of heteroaryl groups include the following moieties:

O OO OO Oy
A0

#N and the like. In one aspect, a heteroaryl
includes 0-3 N atoms. In one aspect, a heteroaryl includes 1-3 N atoms. In one aspect, a
heteroaryl includes 0-3 N atoms, 0-1 O atoms, and 0-1 S atoms. In one aspect, a heteroaryl is a
monocyclic or bicyclic heteroaryl. In one aspect, a heteroaryl is a monocyclic heteroaryl. In one
aspect, the heteroaryl is a C;-Cjoheteroaryl. In another aspect, the heteroaryl is a C,-Coheteroaryl.
In one aspect, monocyclic heteroaryl is a C;-Csheteroaryl. In one aspect, bicyclic heteroaryl is a
Cs-Cigheteroaryl. Depending on the structure, a heteroaryl group can be a monoradical or a
diradical (i.e., a heteroarylene group).

[00210] In some embodiments, substituted or unsubstituted heteroaryl groups are selected from
among pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl,
thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
4-azaindolyl, 5-azaindolyl, 6-azaindolyl, 7-azaindolyl, benzimidazolyl, benzofuranyl, cinnolinyl,

indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl,
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oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and furopyridinyl. In
other embodiments, substituted or unsubstituted heteroaryl groups are selected from among
pyridinyl, pyrimidinyl, pyrazinyl, quinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, isoindolyl, pteridinyl,
purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, imidazo[1,2-a]pyridinyl,
thiophenopyridinyl, and furopyridinyl. In yet other embodiments, substituted or unsubstituted
heteroaryl groups are selected from among pyridinyl, pyrimidinyl, pyrazinyl, quinolinyl,
isoquinolinyl, pyridazinyl, quinazolinyl, quinoxalinyl. In still other embodiments, substituted or
unsubstituted heteroaryl groups are selected from among pyridinyl, and quinolinyl.

[00211] “Heteroaralkyl” or “heteroarylalkyl” refers to an alkyl, as is defined herein, substituted
with a heteroaryl as is defined herein.

[00212] A “heteroalicyclic” group or “heterocycloalkyl” group refers to a cycloalkyl group,
wherein at least one skeletal ring atom is a heteroatom selected from nitrogen, oxygen and sulfur.
The radicals are fused with an aryl or heteroaryl. Illustrative examples of heterocycloalkyl

groups, also referred to as non-aromatic heterocycles, include:
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term heteroalicyclic also includes all ring forms of the carbohydrates, including but not limited to
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the monosaccharides, the disaccharides and the oligosaccharides. Unless otherwise noted,
heterocycloalkyls have from 2 to 10 carbons in the ring. It is understood that when referring to
the number of carbon atoms in a heterocycloalkyl, the number of carbon atoms in the
heterocycloalkyl is not the same as the total number of atoms (including the heteratoms) that
make up the heterocycloalkyl (i.e skeletal atoms of the heterocycloalkyl ring). In one aspect, a
heterocycloalkyl is a C;-Cjoheterocycloalkyl. In another aspect, a heterocycloalkyl is a Cs-
Cioheterocycloalkyl.

[00213] In some embodiments, substituted or unsubstituted heterocycloalkyl groups are selected
from among quinolizinyl, dioxinyl, piperidinyl, morpholinyl, thiomorpholinyl, thiazinyl,
tetrahydropyridinyl, piperazinyl, oxazinanonyl, dihydropyrrolyl, dihydroimidazolyl,
tetrahydrofuranyl, tetrahydropyranyl, dihydrooxazolyl, oxiranyl, pyrrolidinyl, pyrazolidinyl,
dihydrothienyl, imidazolidinonyl, pyrrolidinonyl, dihydrofuranonyl, dioxolanonyl, thiazolidinyl,
piperidinonyl, indolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and tetrahydrothienyl. In
other embodiments, substituted or unsubstituted heterocycloalkyl groups are selected from
among piperidinyl, morpholinyl, piperazinyl, dihydropyrrolyl, dihydroimidazolyl,
tetrahydrofuranyl, dihydrooxazolyl, pyrrolidinyl, pyrazolidinyl, dihydrothienyl,
imidazolidinonyl, pyrrolidinonyl, piperidinonyl, indolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and tetrahydrothienyl. In yet other embodiments, substituted or
unsubstituted heterocycloalkyl groups are selected from among piperidinyl, morpholinyl,
piperazinyl, tetrahydrofuranyl, pyrrolidinyl, pyrrolidinonyl, piperidinonyl, indolinyl,
tetrahydroquinolinyl, and tetrahydrothienyl. In some embodiments, substituted or unsubstituted
heterocycloalkyl groups are selected from among piperidinyl, morpholinyl, thiomorpholinyl,
piperazinyl, and pyrrolidinyl.

[00214] “Heterocycloalkylalkyl” refers to an alkyl, as defined herein, substituted with a
heterocycloalkyl, as defined herein.

[00215] “Heterocycloalkylalkoxy” refers to an alkoxy, as defined herein, substituted with a
heterocycloalkyl, as defined herein wherein heterocycloalkyl includes alkyl substituents.

[00216] The term “hydroxamate”, “hydroxamic acid”, “N-hydroxycarboxamide” or “carboxylic

acid hydroxyamide” refers to:

[00217] The term “halo” or, alternatively, “halogen” means fluoro, chloro, bromo and iodo.
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[00218] The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy” include alkyl,
alkenyl, alkynyl and alkoxy structures that are substituted with one or more halogens. In some
embodiments, the halogens are the same or are different. The terms “fluoroalkyl” and
“fluoroalkoxy” include haloalkyl and haloalkoxy groups, respectively, in which the halo is
fluorine. Non-limiting examples of haloalkyls include -CH,Cl, -CFs, -CHF,, -CH,CF3, -CF,CF;,
-CF(CHas)3, and the like. Non-limiting examples of fluoroalkyls include -CF3, -CHF,, -CH;F, -
CH,CF;, -CF,CFj3, -CF,CF,CF3, -CF(CHs)s3, and the like. Non-limiting examples of haloalkoxy
groups include -OCF3, -OCHF,, -OCH,F, -OCH,CF3, -OCF,CF3, -OCF,CF,CF3, -OCF(CHj3)3,
and the like.

[00219] The terms “heteroalkyl” “heteroalkenyl” and “heteroalkynyl” include optionally
substituted alkyl, alkenyl and alkynyl radicals and which have one or more skeletal chain atoms
selected from an atom other than carbon, e.g., oxygen, nitrogen, sulfur, phosphorus, silicon, or
combinations thereof. The heteroatom(s) are placed at any position of the heteroalkyl group. In
some embodiments, up to two heteroatoms are consecutive, such as, by way of example, -CH»-
NH-OCHj3; and —CH;-O-Si(CH3)s. Excluding the number of heteroatoms, a “heteroalkyl” includes
from 1 to 6 carbon atoms, a “heteroalkenyl” includes from 2 to 6 carbons atoms, and a
“heteroalkynyl” includes from 2 to 6 carbon atoms.

[00220] The term “moiety” refers to a specific segment or functional group of a molecule.
Chemical moieties are often recognized chemical entities embedded in or appended to a
molecule.

[00221] “Cyanoalkylaminocarbonyl” refers to a -C(=0O)NR’(cyanoalkyl) group, where R’ is
hydrogen, alkyl, heteroalkyl, haloalkyl, as is defined herein, cyanoalkyl is as defined herein.
[00222] An “isothiocyanato” group refers to a -NCS group.

[00223] “Alkylthio” means an -SR radical where R is alkyl as defined herein.

[00224] “Acylamino” refers to a RC(=O)N(R’)- group, where R’ is hydrogen, hydroxy, alkyl, or
alkoxy. In some embodiments, R’ is H or R.

[00225] “Alkylsulfinyl” means an -S(O)R radical where R is alkyl as defined herein.

[00226] “Alkylsulfonyl” means a -SO;R radical where R is alkyl as defined herein.

[00227] “Alkylsulfonylamino” means a -N(R’)SO;R group, where R’ is hydrogen, alkyl,
heteroalkyl, haloalkyl, as is defined herein, and R is alkyl as is defined herein.

[00228] “Phenylsulfonyl” refers to means a -S(=0),-phenyl moiety.

[00229] “Phenylsulfonylamino” refers to a -NR’SO,-(phenyl) where R’ is hydrogen, alkyl,
heteroalkyl, haloalkyl, as is defined herein.
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[00230] “Heteroarylaminocarbonyl” refers to a -C(=O)NR’(heteroaryl) group, where R’ is
hydrogen, alkyl, heteroalkyl, haloalkyl, as is defined herein, and heteroaryl is as defined herein.
[00231] “Arylaminocarbonyl” refers to a -C(=O)NR’(aryl) group, where R’ is hydrogen, alkyl,
heteroalkyl, haloalkyl, as is defined herein, and aryl is as defined herein.

[00232] “Arylcarbonylamino” refers to -NR’C(=0)-(aryl) group, where R’ is hydrogen, alkyl,
heteroalkyl, haloalkyl, as is defined herein, and aryl is as defined herein.

[00233] As used herein, the substituent “R” appearing by itself and without a number
designation refers to a substituent selected from among from alkyl, haloalkyl, heteroalkyl,
alkenyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl (bonded through a ring carbon),
heteroarylalkyl, heterocycloalkyl, and heterocycloalkylalkyl.

[00234] The term “optionally substituted” or “substituted” means that the referenced group is
substituted with one or more additional group(s) individually and independently selected from
alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, hydroxy, alkoxy, aryloxy, alkylthio, arylthio,
alkylsulfoxide, arylsulfoxide, alkylsulfone, arylsulfone, cyano, halo, acyl, acyloxy, isocyanato,
thiocyanato, isothiocyanato, nitro, haloalkyl, fluoroalkyl, and amino, including mono- and
di-substituted amino groups (e.g. -NH,, -NHR, -N(R),), and the protected derivatives thereof. By
way of example, an optional substituent is L°R®, wherein each L® is independently selected from a
bond, -O-, -C(=0)-, -S-, -S(=0)-, -S(=0),-, -NH-, -NHC(O)-, -C(O)NH-, S(=0),NH-, -
NHS(=0),, -OC(0O)NH-, -NHC(0)O-, -(C;-Csalkyl)-, or -(C,-Csalkenyl)-; and each R® is
independently selected from among H, (C;-Csalkyl), (Cs-Cscycloalkyl), aryl, heteroaryl,
heteocycloalkyl, and C;-Cgheteroalkyl. In one aspect, substituted groups are substituted with one
or more substituents selected from halogen, -OH, -OC,;-Cjalkyl, C;-Cjalkyl, C;-Csheteroalkyl,
C;-Cyfluoroalkyl and -OC,;-Casfluoroalkyl. In yet other aspect, substituted groups are substituted
with one or more substituents selected from F, Cl, Br, -OH, -OCH3;, -CH3, and -CF;. In yet other
embodiments, substituted groups are substituted with one or more substituents selected from F,
Cl, and Br. In one aspect, substituted groups are substituted with one of the preceding groups.
The protecting groups that form the protective derivatives of the above substituents are found in
references such as Greene and Wuts, above.

[00235] The compounds presented herein possess one or more stereocenters and each center
exists in the R or S configuration. The compounds presented herein include all diastereomeric,
enantiomeric, and epimeric forms as well as the appropriate mixtures thereof. Stereoisomers are
obtained, if desired, by separation of stereoisomers by chiral chromatographic columns.

[00236] The methods and formulations described herein include the use of N-oxides, crystalline

forms (also known as polymorphs), or pharmaceutically acceptable salts of compounds having
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the structure of Formula I, as well as active metabolites of these compounds having the same
type of activity. In some situations, compounds exist as tautomers. All tautomers are included
within the scope of the compounds presented herein. In addition, the compounds described herein
exist in unsolvated as well as solvated forms with pharmaceutically acceptable solvents such as
water, ethanol, and the like. The solvated forms of the compounds presented herein are also
considered to be disclosed herein.

[00237] The terms “kit” and “article of manufacture” are used as synonymes.

[00238] The term “subject” or “patient” encompasses mammals and non-mammals. Examples of
mammals include, but are not limited to, any member of the Mammalian class: humans, non-
human primates such as chimpanzees, and other apes and monkey species; farm animals such as
cattle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and cats; laboratory
animals including rodents, such as rats, mice and guinea pigs, and the like. Examples of non-
mammals include, but are not limited to, birds, fish and the like. In one embodiment of the
methods and compositions provided herein, the mammal is a human.

[00239] The terms “treat,” “treating” or “treatment,” as used herein, include alleviating, abating
or ameliorating a disease or condition symptoms, preventing additional symptoms, ameliorating
or preventing the underlying causes of symptoms, inhibiting the disease or condition, e.g.,
arresting the development of the disease or condition, relieving the disease or condition, causing
regression of the disease or condition, relieving a condition caused by the disease or condition, or
stopping the symptoms of the disease or condition either prophylactically and/or therapeutically.
[00240] A “selective HDACS inhibitor,” as used herein, refers to a compound that has an I1Csg
for inhibition of HDACS deacetylase activity that is at least about 5 fold to more than about 500
fold lower than the 1Cs, for inhibition of deacetylase activity of another HDAC. In some
embodiments, the selective HDACS inhibitor has an ICs, for inhibition of HDACS deacetylase
activity that is about 5, about 10, about 50, about 100, about 150, about 200, about 250, about
300, about 350, about 400, about 450 or more than about 500 fold lower than the 1Csq for
inhibition of deacetylase activity of another HDAC. In one embodiment, the selective HDACS
inhibitor has an ICs, for inhibition of HDACS deacetylase activity that is at least about 10 fold
lower than the ICs for inhibition of deacetylase activity of at least one of HDAC1, HDAC?2,
HDAC3, HDAC6, HDAC10, and HDAC11; in another embodiment at least two of HDACI,
HDAC2, HDAC3, HDAC6, HDACI10, and HDACI11; in another embodiment all of HDACI,
HDAC2, HDAC3, HDAC6, HDACI10, and HDACI11. In another embodiment, the selective
HDACS inhibitor has an ICs, for HDACS deacetylase activity that is at least about 20 fold lower
than the ICs, for inhibition of deacetylase activity of at least one of HDAC1, HDAC2, HDACS3,
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HDAC6, HDACI10, and HDAC11; in another embodiment at least two of HDAC1, HDAC2,
HDAC3, HDAC6, HDAC10, and HDAC11; in another embodiment all of HDAC1, HDAC2,
HDAC3, HDAC6, HDACI10, and HDACI1.

[00241] As used herein, amelioration of the symptoms of a particular disease, disorder or
condition by administration of a particular compound or pharmaceutical composition refers to
any lessening of severity, delay in onset, slowing of progression, or shortening of duration,
whether permanent or temporary, lasting or transient that is attributed to or associated with
administration of the compound or composition.

[00242] The terms “inhibits”, “inhibiting”, or “inhibitor” of HDAC, as used herein, refer to
inhibition of histone deacetylase activity.

[00243] The term “acceptable” with respect to a formulation, composition or ingredient, as used
herein, means having no persistent detrimental effect on the general health of the subject being
treated.

[00244] By “pharmaceutically acceptable,” as used herein, refers a material, such as a carrier or
diluent, which does not abrogate the biological activity or properties of the compound, and is
relatively nontoxic, i.e., the material is administered to an individual without causing undesirable
biological effects or interacting in a deleterious manner with any of the components of the
composition in which it is contained.

[00245] The term “pharmaceutical composition” refers to a mixture of the compound described
herein with other chemical components, such as carriers, stabilizers, diluents, dispersing agents,
suspending agents, thickening agents, and/or excipients. The pharmaceutical composition
facilitates administration of the compound to an organism. Multiple techniques of administering
a compound include but are not limited to: intravenous, oral, acrosol, parenteral, ophthalmic,
pulmonary and topical administration.

[00246] The terms “effective amount” or “therapeutically effective amount,” as used herein,
refer to a sufficient amount of an agent or a compound being administered which will relieve to
some extent one or more of the symptoms of the disease or condition being treated. The result is
reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other desired
alteration of a biological system. For example, an “effective amount” for therapeutic uses is the
amount of the composition comprising a HDACS inhibiting compound as disclosed herein
required to provide a clinically significant decrease in disease symptoms. An appropriate
“effective” amount in any individual case is determined using techniques, such as a dose

escalation study.
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[00247] The terms “enhance” or “enhancing,” as used herein, means to increase or prolong
either in potency or duration a desired effect. Thus, in regard to enhancing the effect of
therapeutic agents, the term “enhancing” refers to the ability to increase or prolong, either in
potency or duration, the effect of other therapeutic agents on a system. An “enhancing-effective
amount,” as used herein, refers to an amount adequate to enhance the effect of another
therapeutic agent in a desired system.

[00248] The terms “co-administration” or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents to a single patient, and are intended to include
treatment regimens in which the agents are administered by the same or different route of
administration or at the same or different time.

[00249] The term “carrier,” as used herein, refers to relatively nontoxic chemical compounds or
agents that facilitate the incorporation of a compound into cells or tissues.

[00250] The term “diluent” refers to chemical compounds that are used to dilute the compound
of interest prior to delivery. Diluents are also used to stabilize compounds because they provide a
more stable environment. Salts dissolved in buffered solutions (which also provide pH control or
maintenance) are utilized, including, but not limited to a phosphate buffered saline solution.
[00251] A “metabolite” of a compound disclosed herein is a derivative of that compound that is
formed when the compound is metabolized. The term “active metabolite” refers to a biologically
active derivative of a compound that is formed when the compound is metabolized. The term
“metabolized,” as used herein, refers to the sum of the processes (including, but not limited to,
hydrolysis reactions and reactions catalyzed by enzymes) by which a particular substance is
changed by an organism. Thus, enzymes produce specific structural alterations to a compound.
For example, cytochrome P450 catalyzes a variety of oxidative and reductive reactions while
uridine diphosphate glucuronyltransferases catalyze the transfer of an activated glucuronic-acid
molecule to aromatic alcohols, aliphatic alcohols, carboxylic acids, amines and free sulphydryl
groups. Further information on metabolism is obtained from The Pharmacological Basis of
Therapeutics, 9th Edition, McGraw-Hill (1996). Metabolites of the compounds disclosed herein
are identified either by administration of compounds to a host and analysis of tissue samples
from the host, or by incubation of compounds with hepatic cells in vitro and analysis of the
resulting compounds.

[00252] “Bioavailability” refers to the percentage of the weight of compounds disclosed herein,
that is delivered into the general circulation of the animal or human being studied. The total
exposure (AUC(0-20)) of a drug when administered intravenously is usually defined as 100%

bioavailable (F%). “Oral bioavailability” refers to the extent to which the compounds disclosed
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herein, are absorbed into the general circulation when the pharmaceutical composition is taken
orally as compared to intravenous injection.

[00253] “Plasma concentration” refers to the concentration of the compounds disclosed herein,
in the plasma component of blood of a subject. It is understood that the plasma concentration of
the compounds described herein vary significantly between subjects, due to variability with
respect to metabolism and/or possible interactions with other therapeutic agents. In accordance
with one embodiment disclosed herein, the blood plasma concentration of the compounds
disclosed herein vary from subject to subject. Likewise, values such as maximum plasma
concentration (Cmax) or time to reach maximum plasma concentration (Tmax), or total arca
under the plasma concentration time curve (AUC(0-w0)) varies from subject to subject. Due to
this variability, the amount necessary to constitute “a therapeutically effective amount” of a
compound varies from subject to subject.

[00254] ‘Pharmacokinetics” refers to the factors which determine the attainment and
maintenance of the appropriate concentration of drug at a site of action.

Examples of Pharmaceutical Compositions and Methods of Administration

[00255] Suitable routes of administration include, but are not limited to, oral, intravenous, rectal,
aerosol, parenteral, ophthalmic, pulmonary, transmucosal, transdermal, vaginal, otic, nasal,
intramuscular injection, subcutanecous injection, and topical administration. In addition, by way
of example only, parenteral delivery includes intramuscular, subcutancous, intravenous,
intramedullary injections, as well as intrathecal, direct intraventricular, intraperitoneal,
intralympbhatic, and intranasal injections.

[00256] The pharmaceutical formulations described herein include, but are not limited to,
aqueous liquid dispersions, self-emulsifying dispersions, solid solutions, liposomal dispersions,
acrosols, solid dosage forms, powders, immediate release formulations, controlled release
formulations, fast melt formulations, tablets, capsules, pills, delayed release formulations,
extended release formulations, pulsatile release formulations, multiparticulate formulations, and
mixed immediate and controlled release formulations.

[00257] In certain embodiments, a compound as described herein is administered in a local
rather than systemic manner. In other embodiments, the compound as described herein is
provided in the form of a rapid release formulation, in the form of an extended release
formulation, or in the form of an intermediate release formulation. In yet other embodiments, the
compound described herein is administered topically.

[00258] In some embodiments, the compounds described herein are formulated into

pharmaceutical compositions. In specific embodiments, pharmaceutical compositions are
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formulated in a conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Proper formulation is dependent upon the
route of administration chosen. Any pharmaceutically acceptable techniques, carriers, and
excipients are used as suitable to formulate the pharmaceutical compositions described herein:
Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack
Publishing Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds.,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical
Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999).
[00259] A pharmaceutical composition refers to a mixture of a HDACS inhibitor compound
described herein with other chemical components, such as carriers, stabilizers, diluents,
dispersing agents, suspending agents, thickening agents, and/or excipients. In certain
embodiments, the pharmaceutical composition facilitates administration of the compound to a
mammal.

[00260] In one embodiment, HDACS inhibitor compounds described herein are formulated in an
aqueous solution. In specific embodiments, the aqueous solution is selected from, by way of
example only, a physiologically compatible buffer, such as Hank’s solution, Ringer’s solution, or
physiological saline buffer. In other embodiments, HDACS inhibitor compounds described
herein are formulated for transmucosal administration. In specific embodiments, transmucosal
formulations include penetrants that are appropriate to the barrier to be permeated. In still other
embodiments wherein the compounds described herein are formulated for other parenteral
injections, appropriate formulations include aqueous or nonaqueous solutions.

[00261] In another embodiment, compounds described herein are formulated for oral
administration. The compounds described herein are formulated in oral dosage forms that
include, by way of example only, tablets, powders, pills, dragees, capsules, liquids, gels, syrups,
elixirs, slurries, suspensions and the like.

[00262] In certain embodiments, pharmaceutical preparations for oral use are obtained by
mixing one or more solid excipient with one or more of the compounds described herein,
optionally grinding the resulting mixture, and processing the mixture of granules, after adding
suitable auxiliaries, if desired, to obtain tablets or pills. Suitable excipients are, in particular,
fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations
such as: for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum

tragacanth, methylcellulose, microcrystalline cellulose, hydroxypropylmethylcellulose, sodium
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carboxymethylcellulose; or others such as: polyvinylpyrrolidone (PVP or povidone) or calcium
phosphate. In specific embodiments, disintegrating agents are optionally added. Disintegrating
agents include, by way of example only, cross-linked croscarmellose sodium,
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

[00263] Oral dosage forms also include push-fit capsules made of gelatin, as well as soft, sealed
capsules made of gelatin and a plasticizer, such as glycerol or sorbitol. In specific embodiments,
push-fit capsules contain the active ingredients in admixture with one or more filler. Fillers
include, by way of example only, lactose, binders such as starches, and/or lubricants such as talc
or magnesium stearate and, optionally, stabilizers. In other embodiments, soft capsules contain
one or more active compound that is dissolved or suspended in a suitable liquid. Suitable liquids
include, by way of example only, one or more fatty oil, liquid paraffin, or liquid polyethylene
glycol. In addition, stabilizers are optionally added.

[00264] In still other embodiments, the HDACS inhibitor compounds described herein are
administered topically. Topically administrable compositions include solutions, suspensions,
lotions, gels, pastes, medicated sticks, balms, creams or ointments.

[00265] In other embodiments, the HDACS inhibitor compounds described herein are
formulated for administration by inhalation. Various forms suitable for administration by
inhalation include, but are not limited to, aerosols, mists or powders.

[00266] The active ingredient in the pharmaceutical compositions is in free-acid or free-base
form, or in a pharmaceutically acceptable salt form. In addition, the methods and pharmaceutical
compositions described herein include the use of N-oxides, crystalline forms (also known as
polymorphs), as well as active metabolites of these compounds having the same type of activity.
All tautomers of the compounds described herein are included within the scope of the compounds
presented herein. Additionally, the compounds described herein encompass unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like.
The solvated forms of the compounds presented herein are also considered to be disclosed herein.
In addition, the pharmaceutical compositions optionally include other medicinal or
pharmaceutical agents, carriers, adjuvants, such as preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the osmotic pressure, buffers, and/or other
therapeutically valuable substances.

[00267] In certain embodiments, the compositions containing the compound(s) described herein
are administered for prophylactic and/or therapeutic treatments. In certain therapeutic
applications, the compositions are administered to a patient already suffering from a disease or

condition, in an amount sufficient to cure or at least partially arrest the symptoms of the disease
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or condition. Amounts effective for this use depend on the severity and course of the disease or
condition, previous therapy, the patient's health status, weight, and response to the drugs, and the
judgment of the treating physician. Therapeutically effective amounts are optionally determined
by methods including, but not limited to, a dose escalation clinical trial.

[00268] In prophylactic applications, compositions comprising the compounds described herein
are administered to a patient susceptible to or otherwise at risk of a particular disease, disorder or
condition. In this use, the precise amounts also depend on the patient's state of health, weight,
and the like.

[00269] In some embodiments pharmaceutical compositions are formulated in a conventional
manner using one or more physiologically acceptable carriers including excipients and auxiliaries
which facilitate processing of the active compounds into preparations which are used
pharmaceutically. Proper formulation is dependent upon the route of administration chosen.
Examples of Methods of Dosing and Treatment Regimens

[00270] The compounds described herein are used in the preparation of medicaments for the
inhibition of HDACS, or for the treatment of discases or conditions that would benefit, at least in
part, from inhibition of HDACS. In addition, a method for treating any of the diseases or
conditions described herein in a subject in need of such treatment, involves administration of
pharmaceutical compositions containing at least one compound described herein, or a
pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, pharmaceutically active
metabolite, pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate thereof,
in therapeutically effective amounts to said subject.

[00271] The compositions containing the compound(s) described herein are administered for
prophylactic and/or therapeutic treatments. In therapeutic applications, the compositions are
administered to a patient already suffering from a disease or condition, in an amount sufficient to
cure or at least partially arrest the symptoms of the disease or condition. Amounts effective for
this use will depend on the severity and course of the disease or condition, previous therapy, the
patient's health status, weight, and response to the drugs, and the judgment of the treating
physician. One determines such therapeutically effective amounts by, ¢.g., a dose escalation
clinical trial).

[00272] In prophylactic applications, compositions containing the compounds described herein
are administered to a patient susceptible to or otherwise at risk of a particular disease, disorder or
condition. Such an amount is defined to be a “prophylactically effective amount or dose.” In this
use, the precise amounts also depend on the patient's state of health, weight, and the like. One

determines such prophylactically effective amounts by e.g., a dose escalation clinical trial. When
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used in a patient, effective amounts for this use will depend on the severity and course of the
disease, disorder or condition, previous therapy, the patient's health status and response to the
drugs, and the judgment of the treating physician.

[00273] In the case wherein the patient’s condition does not improve, upon the doctor’s
discretion the administration of the compounds are administered chronically, that is, for an
extended period of time, including throughout the duration of the patient’s life in order to
ameliorate or otherwise control or limit the symptoms of the patient’s disease or condition.
[00274] In the case wherein the patient’s status does improve, upon the doctor’s discretion the
administration of the compounds are given continuously; alternatively, the dose of drug being
administered is temporarily reduced or temporarily suspended for a certain length of time (i.e., a
“drug holiday”). The length of the drug holiday varies between 2 days and 1 year, including by
way of example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days,
20 days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days,
250 days, 280 days, 300 days, 320 days, 350 days, or 365 days. In some embodiments, the dose
reduction during a drug holiday is from about 10% to about 100%, including, by way of example
only, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 95%, or about 100%.

[00275] Once improvement of the patient's conditions has occurred, a maintenance dose is
administered if necessary. Subsequently, the dosage or the frequency of administration, or both,
is reduced, as a function of the symptoms, to a level at which the improved disease, disorder or
condition is retained. Some patients require intermittent treatment on a long-term basis upon any
recurrence of symptoms.

[00276] The amount of a given agent that will correspond to such an amount will vary
depending upon factors such as the particular compound, disease or condition and its severity, the
identity (e.g., weight) of the subject or host in need of treatment, but will be determined
according to the particular circumstances surrounding the case, including, e.g., the specific agent
being administered, the route of administration, the condition being treated, and the subject or
host being treated. In general, however, doses employed for adult human treatment will typically
be in the range of about 0.02 to about 5000 mg per day, in other embodiments about 1 to about
1500 mg per day. In some embodiments the desired dose is presented in a single dose or as
divided doses administered simultaneously (or over a short period of time) or at appropriate

intervals, for example as two, three, four or more sub-doses per day.
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[00277] The pharmaceutical composition described herein is in unit dosage forms suitable for
single administration of precise dosages. In unit dosage form, the formulation is divided into unit
doses containing appropriate quantities of one or more compound. The unit dosage is in the form
of a package containing discrete quantities of the formulation. Non-limiting examples are
packaged tablets or capsules, and powders in vials or ampoules. Aqueous suspension
compositions are packaged in single-dose non-reclosable containers. Alternatively, multiple-dose
reclosable containers are used, in which case it is typical to include a preservative in the
composition. By way of example only, formulations for parenteral injection are presented in unit
dosage form, which include, but are not limited to ampoules, or in multi-dose containers, with an
added preservative.

[00278] The daily dosages appropriate for the compounds described herein described herein are
from about 0.01 to about 2.5 mg/kg per body weight. An indicated daily dosage in the larger
mammal, including, but not limited to, humans, is in the range from about 0.5 mg to about 100
mg, conveniently administered in divided doses, including, but not limited to, up to four times a
day or in extended release form. Suitable unit dosage forms for oral administration include from
about 1 to about 50 mg active ingredient. The foregoing ranges are merely suggestive, as the
number of variables in regard to an individual treatment regime is large, and considerable
excursions from these recommended values are not uncommon. Such dosages are altered
depending on a number of variables, not limited to the activity of the compound used, the disease
or condition to be treated, the mode of administration, the requirements of the individual subject,
the severity of the disease or condition being treated, and the judgment of the practitioner.
[00279] Toxicity and therapeutic efficacy of such therapeutic regimens are determined by
standard pharmaceutical procedures in cell cultures or experimental animals, including, but not
limited to, the determination of the LD50 (the dose lethal to 50% of the population) and the
EDS50 (the dose therapeutically effective in 50% of the population). The dose ratio between the
toxic and therapeutic effects is the therapeutic index and it is expressed as the ratio between
LD50 and ED50. Compounds exhibiting high therapeutic indices are contemplated herein. The
data obtained from cell culture assays and animal studies is used in formulating a range of dosage
for use in human. In some embodiments, the dosage of such compounds lies within a range of
circulating concentrations that include the ED50 with minimal toxicity. The dosage varies within
this range depending upon the dosage form employed and the route of administration utilized.
Combination Treatments

[00280] The compounds and compositions described herein are also used in combination with

other therapeutic agents that are selected for their therapeutic value for the condition to be
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treated. In general, the compositions described herein and, in embodiments where combinational
therapy is employed, other agents are not administered in the same pharmaceutical composition,
and are administered by different routes because of different physical and chemical
characteristics. The initial administration is made according to established protocols and based
upon the observed effects, the dosage, modes of administration and times of administration.
[00281] In certain instances, it is appropriate to administer at least one compound described
herein in combination with another therapeutic agent. By way of example only, if one of the side
effects experienced by a patient upon receiving one of the compounds herein, such as a
hydroxamic acid compound described herein, is nausea, then it is appropriate to administer an
anti-nausea agent in combination with the initial therapeutic agent. Or, by way of example only,
the therapeutic effectiveness of one of the compounds described herein is enhanced by
administration of an adjuvant (i.c., by itself the adjuvant has minimal therapeutic benefit, but in
combination with another therapeutic agent, the overall therapeutic benefit to the patient is
enhanced). Or, by way of example only, the benefit experienced by a patient is increased by
administering one of the compounds described herein with another therapeutic agent (which also
includes a therapeutic regimen) that also has therapeutic benefit. In any case, regardless of the
disease, disorder or condition being treated, the overall benefit experienced by the patient is
additive of the two therapeutic agents or the patient experiences a synergistic benefit.

[00282] The particular choice of compounds used will depend upon the diagnosis of the
attending physicians and their judgment of the condition of the patient and the appropriate
treatment protocol. The compounds are administered concurrently (e.g., simultancously,
essentially simultancously or within the same treatment protocol) or sequentially, depending
upon the nature of the disease, disorder, or condition, the condition of the patient, and the actual
choice of compounds used. The determination of the order of administration, and the number of
repetitions of administration of each therapeutic agent during a treatment protocol, is determined
after evaluation of the disease being treated and the condition of the patient.

[00283] For combination therapies described herein, dosages of the co-administered compounds
will vary depending on the type of co-drug employed, on the specific drug employed, on the
disease or condition being treated and so forth. In addition, when co-administered with one or
more biologically active agents, the compound provided herein is administered either
simultaneously with the biologically active agent(s), or sequentially. If administered sequentially,
the attending physician will decide on the appropriate sequence of administering protein in

combination with the biologically active agent(s).
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[00284] In any case, the multiple therapeutic agents (one of which is a HDACS selective
compound described herein) are administered in any order or even simultaneously. If
simultaneously, the multiple therapeutic agents are provided in a single, unified form, or in
multiple forms (by way of example only, either as a single pill or as two separate pills). In some
embodiments the therapeutic agents are given in multiple doses, or both are given as multiple
doses. If not simultaneous, the timing between the multiple doses varies from more than zero
weeks to less than four weeks. In addition, the combination methods, compositions and
formulations are not to be limited to the use of only two agents; the use of multiple therapeutic
combinations is also envisioned.

[00285] It is understood that the dosage regimen to treat, prevent, or ameliorate the condition(s)
for which relief is sought, is modified in accordance with a variety of factors. These factors
include the disorder or condition from which the subject suffers, as well as the age, weight, sex,
diet, and medical condition of the subject. Thus, the dosage regimen actually employed varies
widely and therefore deviates from the dosage regimens set forth herein.

[00286] The pharmaceutical agents which make up the combination therapy disclosed herein are
a combined dosage form or in separate dosage forms intended for substantially simultancous
administration. The pharmaceutical agents that make up the combination therapy are
administered sequentially, with either therapeutic compound being administered by a regimen
calling for two-step administration. The two-step administration regimen calls for sequential
administration of the active agents or spaced-apart administration of the separate active agents.
The time period between the multiple administration steps ranges from, a few minutes to several
hours, depending upon the properties of each pharmaceutical agent, such as potency, solubility,
bioavailability, plasma half-life and kinetic profile of the pharmaceutical agent. Circadian
variation of the target molecule concentration also determines the optimal dose interval.

[00287] In addition, the compounds described herein are used in combination with procedures
that provide additional or synergistic benefit to the patient. By way of example only, patients are
expected to find therapeutic and/or prophylactic benefit in the methods described herein, wherein
pharmaceutical composition of a compound disclosed herein and /or combinations with other
therapeutics are combined with genetic testing to determine whether that individual is a carrier of
a mutant gene that is known to be correlated with certain diseases or conditions.

[00288] The compounds described herein and combination therapies are administered before,
during or after the occurrence of a disease or condition, and the timing of administering the
composition containing a compound varies. Thus, for example, the compounds are used as a

prophylactic and are administered continuously to subjects with a propensity to develop
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conditions or diseases in order to prevent the occurrence of the disease or condition. The
compounds and compositions are administered to a subject during or as soon as possible after the
onset of the symptoms. The administration of the compounds are initiated within the first 48
hours of the onset of the symptoms, in other embodiments, within the first 48 hours of the onset
of the symptoms, in further embodiments, within the first 6 hours of the onset of the symptoms,
and in yet further embodiments within 3 hours of the onset of the symptoms. The initial
administration is via any route practical, such as, for example, an intravenous injection, a bolus
injection, infusion over 5 minutes to about 5 hours, a pill, a capsule, transdermal patch, buccal
delivery, and the like, or combination thereof. In some embodiments, a compound is
administered as soon as is practicable after the onset of a discase or condition is detected or
suspected, and for a length of time necessary for the treatment of the disease, such as, for
example, from about 1 month to about 3 months. The length of treatment varies for each subject,
and the length is determined using the known criteria. For example, the compound or a
formulation containing the compound is administered for at least 2 weeks, in some embodiments,
about 1 month to about 5 years, and in other embodiments from about 1 month to about 3 years.
Anti-Cancer Agents

[00289] Combinations of selective HDACS inhibitors described herein with other anti-cancer or
chemotherapeutic agents are described herein. Examples of such anti-cancer or chemotherapeutic
agents are found in Cancer Principles and Practice of Oncology by V.T. Devita and S. Hellman
(editors), 6™ edition (February 15, 2001), Lippincott Williams & Wilkins Publishers.
Combinations of agents are determined based on the particular characteristics of the drugs and
the cancer involved.

[00290] The term “combination” as used herein, means a product that results from the mixing or
combining of more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. In some embodiments, the combination is a fixed
combination. The term “fixed combination” means that the active ingredients, e.g. a cinnamic
hydroxyamide compound described herein, and a co-agent, are both administered to a patient
simultaneously in the form of a single entity or dosage. In some embodiments, the combination is
a non-fixed combination. The term “non-fixed combination” means that the active ingredients,
¢.g. a compound described herein, and a co-agent, are administered to a patient as separate
entities either simultaneously, concurrently or sequentially with no specific intervening time
limits, wherein such administration provides effective levels of the two compounds in the body
of the patient. The latter also applies to cocktail therapy, e.g. the administration of three or more

active ingredients.
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[00291] In one aspect, HDAC inhibitors disclosed herein are administered in combination with
an agent selected from anthrocyclins, fludarabine, flavopiridol, imatinib, bortezomib, anti-
angiogenesis agents and nuclear receptor ligands, such as, all-trans retinoic acid and tumor
necrosis factor-related apoptosis-inducing ligand.

[00292] Anti-cancer agents and/or agents used in chemotherapy include, but are not limited to,
the following: estrogen receptor modulators, androgen receptor modulators, retinoid receptor
modulators, cytotoxic/cytostatic agents, antiproliferative agents, prenyl-protein transferase
inhibitors, nitrogen mustards, nitroso ureas, angiogenesis inhibitors, inhibitors of cell
proliferation and survival signaling pathway, apoptosis inducing agents, agents that interfere with
cell cycle checkpoints, agents that interfere with receptor tyrosine kinases (RTKs), integrin
blockers, NSAIDs, inhibitors of inherent multidrug resistance (MDR), anti-emetic agents, agents
useful in the treatment of anemia, agents useful in the treatment of neutropenia, immunologic-
enhancing drugs, biphosphonates, aromatase inhibitors, agents inducing terminal differencation
of neoplastic cells, y-secretase inhibitors, cancer vaccines, and any combination thereof.

[00293] Where the subject is suffering from a cancer (e.g., a T-cell lymphoma), a selective
HDACS inhibitor is used in any combination with one or more other anti-cancer agents.
Examples of anti-cancer agents include, but are not limited to, any of the following: 5-aza-2’-
deoxycytidine, all trans retinoic acid, doxorubicin, vincristine, etoposide, gemcitabine, imatinib,
17-N-allylamino-17-demethoxygeldanamycin (17-AAG), flavopiridol, LY294002, bortezomib,
trastuzumab, BAY 11-7082, PKC412, or PD184352.

[00294] TaxolTM, also referred to as “paclitaxel”, which is a well-known anti-cancer drug which
acts by enhancing and stabilizing microtubule formation, and analogs of Taxol ", such as
Taxotere . Compounds that have the basic taxane skeleton as a common structure feature, have
also been shown to have the ability to arrest cells in the G2-M phases due to stabilized
microtubules and are useful for treating cancer in combination with the compounds described
herein.

[00295] Other anti-cancer agents that are employed in combination with a selective HDACS
inhibitor include Adriamycin, Dactinomycin, Bleomycin, Vinblastine, Cisplatin, acivicin;
aclarubicin; acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretamine;
ambomycin; ametantrone acetate; aminoglutethimide; amsacrine; anastrozole; anthramycin;
asparaginase; asperlin; azacitidine; azetepa; azotomycin; batimastat; benzodepa; bicalutamide;
bisantrene hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium;
bropirimine; busulfan; cactinomycin; calusterone; caracemide; carbetimer; carboplatin;

carmustine; carubicin hydrochloride; carzelesin; cedefingol; chlorambucil; cirolemycin;
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cladribine; crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine; daunorubicin
hydrochloride; decitabine; dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone;
doxorubicin hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate;
duazomycin; edatrexate; eflornithine hydrochloride; elsamitrucin; enloplatin; enpromate;
epipropidine; epirubicin hydrochloride; erbulozole; esorubicin hydrochloride; estramustine;
estramustine phosphate sodium; etanidazole; etoposide phosphate; etoprine; fadrozole
hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine phosphate; fluorouracil;
flurocitabine; fosquidone; fostriecin sodium; gemcitabine hydrochloride; hydroxyurea; idarubicin
hydrochloride; ifosfamide; iimofosine; interleukin Il (including recombinant interleukin 11, or
rlL2), interferon alfa-2a; interferon alfa-2b; interferon alfa-nl; interferon alfa-n3; interferon beta-
| a; interferon gamma-1 b; iproplatin; irinotecan hydrochloride; lanreotide acetate; letrozole;
leuprolide acetate; liarozole hydrochloride; lometrexol sodium; lomustine; losoxantrone
hydrochloride; masoprocol; maytansine; mechlorethamine hydrochloride; megestrol acetate;
melengestrol acetate; melphalan; menogaril; mercaptopurine; methotrexate; methotrexate
sodium; metoprine; meturedepa; mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin;
mitomycin; mitosper; mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazoie;
nogalamycin; ormaplatin; oxisuran; pegaspargase; peliomycin; pentamustine; peplomycin
sulfate; perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safingol; safingol
hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin; spirogermanium
hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin;
tecogalan sodium; tegafur; teloxantrone hydrochloride; temoporfin; teniposide; teroxirone;
testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene citrate;
trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate; triptorelin;
tubulozole hydrochloride; uracil mustard; uredepa; vapreotide; verteporfin; vinblastine sulfate;
vindesine; vindesine sulfate; vinepidine sulfate; vinglycinate sulfate; vinleurosine sulfate;
vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin; zinostatin;
zorubicin hydrochloride.

[00296] Other anti-cancer agents that are employed in combination with a selective HDACS
inhibitor include: 20-epi-1, 25 dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarubicin;
acylfulvene; adecypenol; adozelesin; aldesleukin; ALL-TK antagonists; altretamine;
ambamustine; amidox; amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide;

anastrozole; andrographolide; angiogenesis inhibitors; antagonist D; antagonist G; antarelix; anti-
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dorsalizing morphogenetic protein-1; antiandrogen, prostatic carcinoma; antiestrogen;
antincoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis gene modulators;
apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA; arginine deaminase; asulacrine;
atamestane; atrimusting; axinastatin 1; axinastatin 2; axinastatin 3; azasctron; azatoxin;
azatyrosine; baccatin III derivatives; balanol; batimastat; BCR/ABL antagonists; benzochlorins;
benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid;
bFGF inhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A;
bizelesin; breflate; bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C;
camptothecin derivatives; canarypox IL-2; capecitabine; carboxamide-amino-triazole;
carboxyamidotriazole; CaRest M3; CARN 700; cartilage derived inhibitor; carzelesin; casein
kinase inhibitors (ICOS); castanospermine; cecropin B; cetrorelix; chlorlns; chloroquinoxaline
sulfonamide; cicaprost; cis-porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin
A; collismycin B; combretastatin A4; combretastatin analogue; conagenin; crambescidin 816;
crisnatol; cryptophycin 8; cryptophycin A derivatives; curacin A; cyclopentanthraquinones;
cycloplatam; cypemycin; cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab;
decitabine; dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane;
dexverapamil; diaziquone; didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; 9-
dioxamycin; diphenyl spiromustine; docosanol; dolasetron; doxifluridine; droloxifene;
dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine;
elemene; emitefur; epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen
antagonists; etanidazole; etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide;
filgrastim; finasteride; flezelastine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride;
forfenimex; formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate;
galocitabine; ganirelix; gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsulfam;
heregulin; hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene;
idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod; immunostimulant peptides;
insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons; interleukins;
iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole;
isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N triacetate; lanreotide;
leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia inhibiting factor;
leukocyte alpha interferon; leuprolidet+estrogent+progesterone; leuprorelin; levamisole; liarozole;
linear polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin;

loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides; maitansine; mannostatin
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A; marimastat; masoprocol; maspin; matrilysin inhibitors; matrix metalloproteinase inhibitors;
menogaril; merbarone; meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone;
miltefosine; mirimostim; mismatched double stranded RNA; mitoguazone; mitolactol;
mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim; monoclonal antibody, human chorionic gonadotrophin;
monophosphoryl lipid A+myobacterium cell wall sk; mopidamol; multiple drug resistance gene
inhibitor; multiple tumor suppressor 1 -based therapy; mustard anticancer agent; mycaperoxide
B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides;
nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin; nartograstim; nedaplatin;
nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn; O6-benzylguanine; octreotide; okicenone;
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer;
ormaplatin; osaterone; oxaliplatin; oxaunomycin; palauamine; palmitoylrhizoxin; pamidronic
acid; panaxytriol; panomifene; parabactin; pazelliptine; pegaspargase; peldesine; pentosan
polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide; perillyl alcohol;
phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride;
pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator inhibitor; platinum
complex; platinum compounds; platinum-triamine complex; porfimer sodium; porfiromycin;
prednisone; propyl bis-acridone; prostaglandin J2; proteasome inhibitors; protein A-based
immune modulator; protein kinase C inhibitor; protein kinase C inhibitors, microalgal; protein
tyrosine phosphatase inhibitors; purine nucleoside phosphorylase inhibitors; purpurins;
pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylerie conjugate; raf antagonists;
raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP
inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; RII
retinamide; rogletimide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl; safingol;
saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence derived
inhibitor 1; sense oligonucleotides; signal transduction inhibitors; signal transduction modulators;
single chain antigen-binding protein; sizofiran; sobuzoxane; sodium borocaptate; sodium
phenylacetate; solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D;
spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell division
inhibitors; stipiamide; stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal
peptide antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans; tallimustine;
tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium;

telomerase inhibitors; temoporfin; temozolomide; teniposide; tetrachlorodecaoxide; tetrazomine;
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thaliblastine; thiocoraline; thrombopoictin; thrombopoietin mimetic; thymalfasin; thymopoictin
receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethyl etiopurpurin; tirapazamine;
titanocene bichloride; topsentin; toremifene; totipotent stem cell factor; translation inhibitors;
tretinoin; triacetyluridine; triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine
kinase inhibitors; tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth
inhibitory factor; urokinase receptor antagonists; vapreotide; variolin B; vector system,
erythrocyte gene therapy; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine;
vitaxin; vorozole; zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer.

[00297] Yet other anticancer agents that are employed in combination with a selective HDACS
inhibitor include alkylating agents, antimetabolites, natural products, or hormones, nitrogen
mustards (e.g., mechloroethamine, cyclophosphamide, chlorambucil, etc.), alkyl sulfonates (e.g.,
busulfan), nitrosoureas (e.g., carmustine, lomusitne, ete.), or triazenes (decarbazine, etc.).
Examples of antimetabolites include but are not limited to folic acid analog (e.g., methotrexate),
or pyrimidine analogs (e.g., Cytarabine), purine analogs (e.g., mercaptopurine, thioguanine,
pentostatin).

[00298] Examples of natural products useful in combination with a selective HDACS inhibitor
include but are not limited to vinca alkaloids (e.g., vinblastin, vincristine), epipodophyllotoxins
(e.g., etoposide), antibiotics (e.g., daunorubicin, doxorubicin, bleomycin), enzymes (e.g., L-
asparaginase), or biological response modifiers (e.g., interferon alpha).

[00299] Examples of alkylating agents that are employed in combination a selective HDACS
inhibitor include, but are not limited to, nitrogen mustards (¢.g., mechloroethamine,
cyclophosphamide, chlorambucil, meiphalan, etc.), ethylenimine and methylmelamines (e.g.,
hexamethlymelamine, thiotepa), alkyl sulfonates (e.g., busulfan), nitrosoureas (e.g., carmustine,
lomusitne, semustine, streptozocin, etc.), or triazenes (decarbazine, ete.). Examples of
antimetabolites include, but are not limited to folic acid analog (e.g., methotrexate), or
pyrimidine analogs (e.g., fluorouracil, floxouridine, Cytarabine), purine analogs (e.g.,
mercaptopurine, thioguanine, pentostatin.

[00300] Examples of hormones and antagonists useful in combination with a selective HDACS
inhibitor include, but are not limited to, adrenocorticosteroids (e.g., prednisone), progestins (e.g.,
hydroxyprogesterone caproate, megestrol acetate, medroxyprogesterone acetate), estrogens (e.g.,
diethlystilbestrol, ethinyl estradiol), antiestrogen (e.g., tamoxifen), androgens (e.g., testosterone
propionate, fluoxymesterone), antiandrogen (e.g., flutamide), gonadotropin releasing hormone

analog (e.g., leuprolide, SPD-424).
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[00301] In another embodiment, Dynepo gene activated erythropoietin (Anti-anemic; human
erythropoietin) is admistered in combination with selective HDACS inhibitor compounds.
[00302] “Estrogen receptor modulators” refers to compounds that interfere or inhibit the binding
of estrogen to the receptor, regardless of mechanism. Examples of estrogen receptor modulators
include, but are not limited to, tamoxifen, raloxifene, idoxifene, LY353381, LY 117081,
toremifene, fulvestrant, 4-[7-(2,2-dimethyl-1-oxopropoxy-4-methyl-2-[4-[2-(1-
piperidinyl)ethoxy]phenyl]-2H-1-benzopyran-3-yl]-phenyl-2,2-dimethylpr-opanoate, 4,4'-
dihydroxybenzophenone-2,4-dinitrophenyl-hydrazone, and SH646. In some embodiments,
estrogen receptor modulators are tamoxifen and raloxifene.

[00303] “Androgen receptor modulators” refers to compounds which interfere or inhibit the
binding of androgens to the receptor, regardless of mechanism. Examples of androgen receptor
modulators include finasteride and other Sa-reductase inhibitors, nilutamide, flutamide,
bicalutamide, liarozole, and abiraterone acetate.

[00304] “Retinoid receptor modulators” refers to compounds which interfere or inhibit the
binding of retinoids to the receptor, regardless of mechanism. Examples of such retinoid receptor
modulators include bexarotene, tretinoin, 13-cis-retinoic acid, 9-cis-retinoic acid, a-
difluoromethylornithine, ILX23-7553, trans-N-(4'-hydroxyphenyl)retinamide, and N-4-
carboxyphenyl retinamide.

[00305] Other agents that are used in the methods and compositions described herein for the
treatment or prevention of cancer include platinum coordination complexes (e.g., cisplatin,
carboblatin), anthracenedione (e.g., mitoxantrone), substituted urea (e.g., hydroxyurea), methyl
hydrazine derivative (e.g., procarbazine), adrenocortical suppressant (e.g., mitotane,
aminoglutethimide).

[00306] Examples of anti-cancer agents which act by arresting cells in the G2-M phases due to
stabilized microtubules and which are used in combination with a selective HDACS inhibitor
include without limitation the following marketed drugs and drugs in development: Erbulozole
(also known as R-55104), Dolastatin 10 (also known as DLS-10 and NSC-376128), Mivobulin
isethionate (also known as CI-980), Vincristine, NSC-639829, Discodermolide (also known as
NVP-XX-A-296), ABT-751 (Abbott, also known as E-7010), Altorhyrtins (such as Altorhyrtin A
and Altorhyrtin C), Spongistatins (such as Spongistatin 1, Spongistatin 2, Spongistatin 3,
Spongistatin 4, Spongistatin 5, Spongistatin 6, Spongistatin 7, Spongistatin 8, and Spongistatin
9), Cemadotin hydrochloride (also known as LU-103793 and NSC-D-669356), Epothilones (such
as Epothilone A, Epothilone B, Epothilone C (also known as desoxyepothilone A or dEpoA),
Epothilone D (also referred to as KOS-862, dEpoB, and desoxyepothilone B ), Epothilone E,
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Epothilone F, Epothilone B N-oxide, Epothilone A N-oxide, 16-aza-epothilone B, 21-
aminoepothilone B (also known as BMS-310705), 21-hydroxyepothilone D (also known as
Desoxyepothilone F and dEpoF), 26-fluoroepothilone), Auristatin PE (also known as NSC-
654663), Soblidotin (also known as TZT-1027), LS-4559-P (Pharmacia, also known as LS-
4577), LS-4578 (Pharmacia, also known as L.S-477-P), LS-4477 (Pharmacia), LS-4559
(Pharmacia), RPR-112378 (Aventis), Vincristine sulfate, DZ-3358 (Daiichi), FR-182877
(Fujisawa, also known as WS-9885B), GS-164 (Takeda), GS-198 (Takeda), KAR-2 (Hungarian
Academy of Sciences), BSF-223651 (BASF, also known as ILX-651 and LU-223651 ), SAH-
49960 (Lilly/Novartis), SDZ-268970 (Lilly/Novartis), AM-97 (Armad/Kyowa Hakko), AM-132
(Armad), AM-138 (Armad/Kyowa Hakko), IDN-5005 (Indena), Cryptophycin 52 (also known as
LY-355703), AC-7739 (Ajinomoto, also known as AVE-8063A and CS-39.HCI), AC-7700
(Ajinomoto, also known as AVE-8062, AVE-8062A, CS-39-L-Ser.HCI, and RPR-258062A),
Vitilevuamide, Tubulysin A, Canadensol, Centaureidin (also known as NSC-106969), T-138067
(Tularik, also known as T-67, TL-138067 and TI-138067), COBRA-1 (Parker Hughes Institute,
also known as DDE-261 and WHI-261), H10 (Kansas State University), H16 (Kansas State
University), Oncocidin Al (also known as BTO-956 and DIME), DDE-313 (Parker Hughes
Institute), Fijianolide B, Laulimalide, SPA-2 (Parker Hughes Institute), SPA-1 (Parker Hughes
Institute, also known as SPIKET-P), 3-IAABU (Cytoskeleton/Mt. Sinai School of Medicine, also
known as MF-569), Narcosine (also known as NSC-5366), Nascapine, D-24851 (Asta Medica),
A-105972 (Abbott), Hemiasterlin, 3-BAABU (Cytoskeleton/Mt. Sinai School of Medicine, also
known as MF-191), TMPN (Arizona State University), Vanadocene acetylacetonate, T-138026
(Tularik), Monsatrol, Inanocine (also known as NSC-698666), 3-IAABE (Cytoskeleton/Mt. Sinai
School of Medicine), A-204197 (Abbott), T-607 (Tuiarik, also known as T-900607), RPR-
115781 (Aventis), Eleutherobins (such as Desmethyleleutherobin, Desaetyleleutherobin,
Isoeleutherobin A, and Z-Eleutherobin), Caribacoside, Caribacolin, Halichondrin B, D-64131
(Asta Medica), D-68144 (Asta Medica), Diazonamide A, A-293620 (Abbott), NPI-2350
(Nereus), Taccalonolide A, TUB-245 (Aventis), A-259754 (Abbott), Diozostatin, (-)-
Phenylahistin (also known as NSCL-96F(037), D-68838 (Asta Medica), D-68836 (Asta Medica),
Myoseverin B, D-43411 (Zentaris, also known as D-81862), A-289099 (Abbott), A-318315
(Abbott), HTT-286 (also known as SPA-110, trifluoroacetate salt) (Wyeth), D-82317 (Zentaris),
D-82318 (Zentaris), SC-12983 (NCI), Resverastatin phosphate sodium, BPR-OY-007 (National
Health Research Institutes), and SSR-250411 (Sanofi).

[00307] “Cytotoxic/cytostatic agents” refer to compounds which cause cell death or inhibit cell

proliferation primarily by interfering directly with the cell's functioning or inhibit or interfere
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with cell mytosis, including alkylating agents, tumor necrosis factors, intercalators, hypoxia
activatable compounds, microtubule inhibitors/microtubule-stabilizing agents, inhibitors of
mitotic kinesins, inhibitors of histone deacetylase, inhibitors of kinases involved in mitotic
progression, antimetabolites; biological response modifiers; hormonal/anti-hormonal therapeutic
agents, haematopoietic growth factors, monoclonal antibody targeted therapeutic agents,
topoisomerase inhibitors, proteasome inhibitors and ubiquitin ligase inhibitors.

[00308] Examples of cytotoxic agents include, but are not limited to, tirapazimine, sertenef,
cachectin, ifosfamide, tasonermin, lonidamine, carboplatin, altretamine, prednimustine,
dibromodulcitol, ranimustine, fotemustine, nedaplatin, oxaliplatin, temozolomide, heptaplatin,
estramustine, improsulfan tosilate, trofosfamide, nimustine, dibrospidium chloride, pumitepa,
lobaplatin, satraplatin, profiromycin, cisplatin, irofulven, dexifosfamide, cis-aminedichloro(2-
methyl-pyridine)platinum, benzylguanine, glufosfamide, GPX100, (¢trans, trans, trans)-bis-mu-
(hexane-1,6-diamine)-mu-[diamine-platinum(Il)]bis[diamine-(chloro)platinum(II)]-tetrachloride,
diarizidinylspermine, arsenic trioxide, 1-(11-dodecylamino-10-hydroxyundecyl)-3,7-
dimethylxanthine, zorubicin, idarubicin, daunorubicin, bisantrene, mitoxantrone, pirarubicin,
pinafide, valrubicin, amrubicin, antineoplaston, 3'-deamino-3'-morpholino-13-deoxo-10-
hydroxycarminomycin, annamycin, galarubicin, elinafide, MEN10755, and 4-demethoxy-3-
deamino-3-aziridinyl-4-methylsulphonyl-daunorubicin (see WO 00/50032).

[00309] Examples of microtubulin inhibitors include paclitaxel, vindesine sulfate, 3',4'-
didehydro-4'-deoxy-8'-norvincaleukoblastine, docetaxol, rhizoxin, dolastatin, mivobulin
isethionate, auristatin, cemadotin, RPR109881, BMS184476, vinflunine, cryptophycin, 2,3,4,5,6-
pentafluoro-N-(3-fluoro-4-methoxyphenyl)-benzene sulfonamide, anhydrovinblastine, N, V-
dimethyl-L-valyl-L-valyl-N-methyl-L-valyl-L-prolyl-L-proline-t-butylamide, TDX258, and
BMS188797.

[00310] Some examples of topoisomerase inhibitors are topotecan, hycaptamine, irinotecan,
rubitecan, 6-cthoxypropionyl-3',4'-O-exo-benzylidene-chartreusin, 9-methoxy-N, N-dimethyl-5-
nitropyrazolo[3,4,5-kl]acridine-2-(6H)propanamine, 1-amino-9-ethyl-5-fluoro-2,3-dihydro-9-
hydroxy-4-methyl-1H,12H-benzo[de]pyrano[3',4":b,7]-indolizino[ 1,2b]quinoline-
10,13(9H,15H)dione, lurtotecan, 7-[2-(N-isopropylamino)-ethyl]-(20S)camptothecin, BNP1350,
BNPI1100, BN80915, BN80942, ctoposide phosphate, teniposide, sobuzoxane, 2'-
dimethylamino-2'-deoxy-etoposide, GL331, N-[2-(dimethylamino)ethyl]-9-hydroxy-5,6-
dimethyl-6H-pyrido[4,3-b]carbazole-1-carboxamide, asulacrine, (5a,5aB,8aa,9b)-9-[2-[ N-[2-
(dimethylamino)ethyl]-N-methylaminoJethyl]-5-[4-hydroxy-3,5-dimethoxyphenyl]-5,5a,6,8,8a,9-
hexohydrofuro(3',4":6,7)colchic(2,3-d)-1,3-dioxol-6-one, 2,3-(methylenedioxy)-5-methyl-7-
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hydroxy-8-methoxybenzo[c]-phenanthridinium, 6,9-bis[(2-aminoethyl)-

amino |benzo[glisoguinoline-5,10-dione, 5-(3-aminopropylamino)-7,10-dihydroxy-2-(2-
hydroxyethylaminomethyl)-6H-pyrazolo[4,5,1-de]acridin-6-one, N-[1-
[2(diethylamino)ethylamino]-7-methoxy-9-ox0-9H-thioxanthen-4-ylmethyl]formamide, N-(2-
(dimethylamino)ethyl)acridine-4-carboxamide, 6-[[2-(dimethylamino)ethyl]amino]-3-hydroxy-
7H-indeno[2-, 1-c]quinolin-7-one, and dimesna.

[00311] “Antiproliferative agents” include antisense RNA and DNA oligonucleotides such as
G3139, ODN698, RVASKRAS, GEM231, and INX3001, and antimetabolites such as
enocitabine, carmofur, tegafur, pentostatin, doxifluridine, trimetrexate, fludarabine, capecitabine,
galocitabine, cytarabine ocfosfate, fosteabine sodium hydrate, raltitrexed, paltitrexid, emitefur,
tiazofurin, decitabine, nolatrexed, pemetrexed, nelzarabine, 2'-deoxy-2'-methylidenecytidine, 2'-
fluoromethylene-2'-deoxy- cytidine, N-[5-(2,3-dihydro-benzofuryl)sulfonyl]-N'-(3,4-
dichlorophenyl)urea, N6-[4-deoxy-4-[N2-[2(E),4(E)-tetradecadienoyl]-glycylamino]-L-glycero-
B-L-manno-heptopyranosyl]-adenine, aplidine, ecteinascidin, troxacitabine, 4-[2-amino-4-oxo-
4,6,7,8-tetrahydro-3H-pyrimidino[ 5,4-b][ 1,4]thiazin-6-yl-(S)-ethyl]-2,5-thienoyl-L-glutamic
acid, aminopterin, 5-flurouracil, alanosine, 11-acetyl-8-(carbamoyloxymethyl)-4-formyl-6-
methoxy-14-oxa-1,11-diazatetra cyclo(7.4.1.0.0)-tetradeca-2,4,6-trien-9-yl acetic acid ester,
swainsonine, lometrexol, dexrazoxane, methioninase, 2'-cyano-2'-deoxy-N4-palmitoyl-1-B-D-
arabino furanosyl cytosine, and 3-aminopyridine-2-carboxaldehyde thiosemicarbazone.
“Antiproliferative agents” also includes monoclonal antibodies to growth factors, other than
those listed under “angiogenesis inhibitors”, such as trastuzumab, and tumor suppressor genes,
such as p53, which are delivered via recombinant virus-mediated gene transfer (see U.S. Patent
No. 6,069,134, for example).

[00312] “Prenyl-protein transferase inhibitor” refers to a compound which inhibits any one or
any combination of the prenyl-protein transferase enzymes, including farnesyl-protein transferase
(FPTase), geranylgeranyl-protein transferase type I (GGPTase-1), and geranylgeranyl-protein
transferase type-11 (GGPTase-1I, also called Rab GGPTase). Examples of prenyl-protein
transferase inhibiting compounds include (£)-6-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-
5-yD)methyl]-4-(3-chlorophenyl)-1-methyl-2(1H)-quinolinone, (-)-6-[amino(4-chloropheny- 1)(1-
methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-1-methyl-2(1H)-quinolinone, (+)-6-
[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-1-methyl-
2(1H)-quinolinone, 5(S)-n-butyl-1-(2,3-dimethyl- phenyl)-4-[1-(4-cyanobenzyl)-5-
imidazolylmethyl]-2-piperazinone, (S)-1-(3-chlorophenyl)-4-[1-(4-cyanobenzyl)-5-
imidazolylmethyl]-5-[2-(ethanesulfonyl)-methyl)-2-piperazinone, 5(S)-n-butyl-1-(2-



WO 2013/101600 PCT/US2012/070671
84

methylphenyl)-4-[ 1-(4-cyanobenzyl)-5-imidazolylmethyl]-2-piperazinone, 1-(3-chlorophenyl)-4-
[1-(4-cyanobenzyl)-2-methyl-5-imidazolylmethyl]-2-piperazinone, 1-(2,2-diphenylethyl)-3-[ V-
(1-(4-cyanobenzyl)-1H-imidazol-5-yl- ethyl)carbamoyl]-piperidine, 4-{5-[4-hydroxymethyl-4-
(4-chloropyridin-2-ylmethyl)-piperidine-1-ylmethyl]-2-methylimidazol-1-ylmethyl} benzonitrile,
4-{5-[4-hydroxymethyl-4-(3-chlorobenzyl)-piperidine-1-ylmethyl]-2-methylimidazol-1-
ylmethyl} benzonitrile, 4-{3-[4-(2-0x0-2H-pyridin-1-yl)benzyl]-3H-imidazol-4-

ylmethyl} benzonitrile, 4-{3-[4-(5-chloro-2-ox0-2H-[1,2']bipyridin-5'-ylmethyl]-3H-imidazol1-4-
ylmethyl} benzonitrile, 4-{3-[4-(2-0x0-2H-[ 1,2']bipyridin-5'-ylmethyl]-3H-imidazol-4-
ylmethyl}benzonitrile, 4-[3-(2-0x0-1-phenyl-1,2-dihydropyridin-4-ylmethyl)-3H-imidazol-4-
ylmethyl}benzonitrile, 18,19-dihydro-19-0x0-5H,17H-6,10:12,16-dimetheno-1H-imidazo[4,3-
c][1,11,4]dioxa-azacyclononadecine-9-carbonitrile, ()-19,20-dihydro-19-ox0-5H-18,21-cthano-
12,14-ctheno-6,10-metheno-22H-benzo[d]imidazo[4,3-k][1,6,9,12]-oxatriaza-cyclooctadecine-9-
carbonitrile, 19,20-dihydro-19-ox0-5H,17H-18,21-c¢thano-6,10: 12,16-dimetheno-22H-
imidazo[3,4-h][1,8,11,14]oxatriazacyclo-eicosine-9-carbonitrile, and (x)-19,20-dihydro-3-
methyl-19-0x0-5H-18,21-ethano-12,14-etheno-6,10-metheno-22H-benzo[d]imidazo[4,3-
k][1,6,9,12]oxa-triazacyclooctadecine-9-carbonitrile.

[00313] For an example of the role of a prenyl-protein transferase inhibitor on angiogenesis see
J. Of Cancer, Vol. 35, No. 9, pp.1394-1401 (1999).

[00314] Examples of HIV protease inhibitors include amprenavir, abacavir, CGP-73547, CGP-
61755, DMP-450, indinavir, nelfinavir, tipranavir, ritonavir, saquinavir, ABT-378, AG 1776, and
BMS-232, 632. Examples of reverse transcriptase inhibitors include delaviridine, efavirenz, GS-
840, HB Y097, lamivudine, nevirapine, AZT, 3TC, ddC, and ddl. It has been reported (Nat.
Med.;8(3):225-32, 2002) that HIV protease inhibitors, such as indinavir or saquinavir, have
potent anti-angiogenic activities and promote regression of Kaposi sarcoma.

[00315] “Angiogenesis inhibitors” refers to compounds that inhibit the formation of new blood
vessels, regardless of mechanism. Examples of angiogenesis inhibitors include, but are not
limited to, tyrosine kinase inhibitors, such as inhibitors of the tyrosine kinase receptors Flt-1
(VEGFR1) and Flk-1/KDR (VEGFR20), inhibitors of epidermal-derived, fibroblast-derived, or
platelet derived growth factors, MMP (matrix metalloprotease) inhibitors, integrin blockers,
interferon-a, interleukin-12, pentosan polysulfate, cyclooxygenase inhibitors, including
nonsteroidal anti-inflammatories (NSAIDs) like aspirin and ibuprofen as well as selective
cyclooxygenase-2 inhibitors like celecoxib, valecoxib, and rofecoxib, carboxyamidotriazole,
combretastatin A-4, squalamine, 6-O-chloroacetyl-carbonyl)-fumagillol, thalidomide,

angiostatin, troponin-1, angiotensin II antagonists (see Fernandez et at., J. Lab. Clin. Med. 105:
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141-145 (1985)), and antibodies to VEGF (see, Nature Biotechnology, Vol. 17, pp.963-968
(October 1999); Kim et al., Nature, 362, 841-844 (1993); WO 00/44777; and WO 00/61186).
[00316] Other examples of angiogenesis inhibitors include, but are not limited to, endostatin,
ukrain, ranpirnase, IM862, 5-methoxy-4-[2-methyl-3-(3-methyl-2-butenyl)oxiranyl]-1-
oxaspiro[2,5]oct-6-yl(chloroacetyl)carbamate, acetyldinanaline, 5-amino-1-[[3,5-dichloro-4-(4-
chlorobenzoyl)phenyl]-methyl]-1H-1,2,3-triazole-4-carboxamide, CM101, squalamine,
combretastatin, RP14610, NX31838, sulfated mannopentose phosphate, 7,7-(carbonyl-bis[imino-
N-methyl-4,2-pyrrolocarbonyl-imino[ N-methyl-4,2-pyrrole]-carbonylimino]-bis-(1,3-
naphthalene disulfonate), and 3-[(2,4-dimethylpyrrol-5-yl)methylene]-2-indolinone (SU5416).
[00317] “Inhibitors of cell proliferation and survival signaling pathway” refer to pharmaceutical
agents that inhibit cell surface receptors and signal transduction cascades downstream of those
surface receptors. Such agents include inhibitors of inhibitors of EGFR (for example gefitinib
and erlotinib), inhibitors of ERB-2 (for example trastuzumab), inhibitors of IGFR, inhibitors of
CD20 (rituximab), inhibitors of cytokine receptors, inhibitors of MET, inhibitors of PDK (for
example LY294002), serine/threonine kinases, inhibitors of Raf kinase (for example BAY-43-
9006 ), inhibitors of MEK (for example CI- 1040 and PD-098059) and inhibitors of mTOR (for
example Wyeth CCI-779 and Ariad AP23573). Such agents include small molecule inhibitor
compounds and antibody antagonists.

[00318] “Apoptosis inducing agents” include, but not limited to, activators of TNF receptor
family members (including the TRAIL receptors).

[00319] “Agents that interfere with cell cycle checkpoints” refer to compounds that inhibit
protein kinases that transduce cell cycle checkpoint signals, thereby sensitizing the cancer cell to
DNA damaging agents. Such agents include inhibitors of ATR, ATM, the Chkl and Chk2 kinases
and cdk and cdc kinase inhibitors and are specifically exemplified by 7-hydroxystaurosporin,
flavopiridol, CYC202 (Cyclacel) and BMS-387032.

[00320] “Agents that interfere with receptor tyrosine kinases (RTKs)” refer to compounds that
inhibit RTKs and therefore mechanisms involved in oncogenesis and tumor progression. Such
agents include, but not limited to, tyrosine kinase inhibitors such as inhibitors of ¢-Kit, Eph,
PDGF, F1t3, Lck, Btk, and c-Met. Further agents include inhibitors of RTKs shown as described
by Bume-Jensen and Hunter, 2001, Nature 411: 355-365. Examples of “tyrosine kinase
inhibitors” include, but not limited to, N-(trifluoromethylphenyl)-5-methylisoxazol-4-
carboxamide, 3-[(2,4-dimethylpyrrol-5-yl)methylidenyl)indolin-2-one, 17-(allylamino)-17-
demethoxygeldanamycin, 4-(3-chloro-4-fluorophenylamino)-7-methoxy-6-[3-(4-
morpholinyl)propoxyl]-quinazoline, N-(3-cthynylphenyl)-6,7-bis(2-methoxyethoxy)-4-
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quinazolinamine, BIBX1382, 2,3,9,10,11,12-hexahydro-10-(hydroxymethyl)-10-hydroxy-9-
methyl-9,12-epoxy-1H-diindolo[ 1,2,3-fg:3',2",1'-kl]pyrrolo[3,4-1][ 1,6 ]benzodiazocin-1-one,
SH268, genistein, ST1571, CEP2563, 4-(3-chlorophenylamino)-5,6-dimethyl-7- H-pyrrolo[2,3-
d]pyrimidinemethane sulfonate, 4-(3-bromo-4-hydroxyphenyl)amino-6,7-dimethoxyquinazoline,
4-(4'-hydroxyphenyl)amino-6,7-dimethoxyquinazoline, SU6668, SU11248, STI571A, N-4-
chlorophenyl-4-(4-pyridylmethyl)-1-phthalazinamine, and EMD121974.

[00321] HDAC inhibitors are also useful in combination with platelet fibrinogen receptor (GP
Iib/I11a) antagonists, such as tirofiban, to inhibit metastasis of cancerous cells. Tumor cells
activate platelets largely via thrombin generation. This activation is associated with the release of
VEGF. The release of VEGF enhances metastasis by increasing extravasation at points of
adhesion to vascular endothelium (Amirkhosravi, 1999, Platelets 10: 285-292). Therefore,
HDAC inhibitors serve to inhibit metastasis, in combination with GP Iib/Illa) antagonists.
Examples of other fibrinogen receptor antagonists include abciximab, eptifibatide, sibrafiban,
lamifiban, lotrafiban, cromofiban, and CT50352.

[00322] As used above, “integrin blockers” refers to compounds which selectively antagonize,
inhibit or counteract binding of a physiological ligand to the o, integrin, to compounds which
selectively antagonize, inhibit or counter-act binding of a physiological ligand to the ofs
integrin, to compounds which antagonize, inhibit or counteract binding of a physiological ligand
to both the a,fs integrin and the o5 integrin, and to compounds which antagonize, inhibit or
counteract the activity of the particular integrin(s) expressed on capillary endothelial cells. The
term also refers to antagonists of the afBs; owPs, 1P, 02P1, asPi, 0P and asPs integrins. The term
also refers to antagonists of any combination of a3, 0fs, owfs, 0Ps, 1P, 02P1, asPi, oePi and
aP4 integrins.

[00323] Commercially available anti-cancer agents which are used in combination with an
HDACS selective agent disclosed herein include, but are not limited to: abarelix (Plenaxis®);
aldesleukin (Prokine™); Aldesleukin (Proleukin®); Alemtuzumab (Campath®™); alitretinoin
(Panretin®™); allopurinol (Zyloprim™); altretamine (Hexalen™); amifostine (Ethyol®); anastrozole
(Arimidex®); arsenic trioxide (Trisenox™); asparaginase (Elspar”™); azacitidine (Vidaza®™);
bevacizumab (Avastin®); bexarotene (Targretin®); bleomycin (Blenoxane™); bortezomib
(Velcade®™); busulfan (Busulfex™); busulfan (Myleran®™); calusterone (Methosarb™); capecitabine
Xeloda®); carboplatin Paraplatin®); carmustine (BCNU, BiCNU); carmustine (Gliadel™);
celecoxib (Celebrex™); cetuximab (Erbitux™); chlorambucil (Leukeran®™); cisplatin (Platinol®);
cladribine (Leustatin®™); clofarabine (Clolar™); cyclophosphamide (Cytoxan®™); cytarabine

(Cytosar-U®); cytarabine liposomal (DepoCyt); dacarbazine (DTIC-Dome);
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dactinomycin(actinomycin D, Cosmegen”); Darbepoetin alfa (Aranesp”); dasatinib (Sprycel®);
daunorubicin liposomal (DanuoXome); daunorubicin (daunomycin, Daunorubicin®);
daunorubicin(daunomycin, Cerubidine®™); decitabine (Dacogen®); denileukin (Ontak™);
dexrazoxane (Zinecard®™); docetaxel (Taxotere™); doxorubicin (Adriamycin®); doxorubicin
liposomal (Doxil®); dromostanolone propionate; epirubicin (Ellence™); Epirubicin; Epoetin alfa
(EPOGEN®™); erlotinib (Tarceva®); estramustine (Emcyt™); etoposide phosphate (Etopophos™);
ctoposide (VP-16; Vepesid®); exemestane (AROMASIN®); fentanyl citrate (Fentora™);
Filgrastim (Neupogen™); floxuridine (FUDR); fludarabine (Fludara®); fluorouracil (5-FU,
Adrucil®); fulvestrant (Faslodex™); gefitinib (Iressa®); gemcitabine (Gemzar®™); gemtuzumab
ozogamicin (Mylotarg™); goserelin acetate (Zoladex™); histrelin acetate (Histrelin®™); hydroxyurea
(Hydrea™); Tbritumomab Tiuxetan (Zevalin®); idarubicin (Idamycin®); ifosfamide (IFEX®);
imatinib mesylate (Gleevec®); interferon alfa 2a (Roferon A®); Interferon alfa-2b (Intron A®);
irinotecan (Camptosar”); lenalidomide (Revlimid®); letrozole (Femara®™); leucovorin
(Leucovorin®); Leuprolide Acetate (Eligard™); levamisole (Ergamisol™); lomustine, CCNU
CeeBU®); meclorethamine( nitrogen mustard, Mustargen™); megestrol acetate (Megace™);
melphalan (Alkeran®™); mercaptopurine (6-MP, Purinethol®); mesna (Mesnex"); methotrexate
(Rheumatrex”™, Trexall®); methoxsalen (Uvadex®); mitomycin C (Mutamycin®); mitomycin C
(Mitozytrex™); mitotane (Lysodren™); mitoxantrone (Novantrone™); nandrolone phenpropionate
(Durabolin-50); nelarabine (Arranon™); Nofetumomab (Verluma®); Oprelvekin (Neumega®);
oxaliplatin (Eloxatin®); paclitaxel (Paxene®™); paclitaxel (Taxol®); paclitaxel protein-bound
particles (Abraxane®™); palifermin (Kepivance®™); pamidronate (Aredia™); panitumumab
(Vectibix®™); pegademase (Adagen®); pegaspargase (Oncaspar”); Pegfilgrastim (Neulasta®™);
pemetrexed disodium (Alimta®); pentostatin (Nipent™); pipobroman (Vercyte®); plicamycin,
mithramycin (Mithracin®); porfimer sodium (Photofrin®); procarbazine (Matulane®™); quinacrine
(Atabrine™); Rasburicase (Elitek™); rituximab (Rituxan®™); sargramostim (Leukine®);
Sargramostim (Prokine®); sorafenib (Nexavar™); streptozocin (Zanosar"); sunitinib maleate
(Sutent®™); talc (Sclerosol®); tamoxifen (Nolvadex™); temozolomide (Temodar®™); teniposide
(VM-26, Vumon®); testolactone (Teslac”™); thalidomide (Thalomid®); thioguanine (6-TG,
Thioguanine®™); thiotepa (Thioplex™); topotecan (Hycamtin®™); toremifene (Fareston®™);
Tositumomab (Bexxar®™); Tositumomab/I-131 tositumomab (Bexxar®); trastuzumab
(Herceptin®); tretinoin (ATRA, Vesanoid®); Uracil Mustard; valrubicin (Valstar™); vinblastine
(Velban®™); vincristine (Oncovin®); vinorelbine (Navelbine™); vorinostat (Zolinza®); zoledronate

(Zometa™); and zoledronic acid (Zometa®™).
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[00324] In some embodiments, the HDACS selective compounds described herein are used in
combination with gene therapy for the treatment of cancer. For an overview of genetic strategies
to treating cancer see Hall et al. (Am J Hum Genet 61:785-789, 1997) and Kufe et al. (Cancer
Medicine, 5th Ed, pp 876-889, BC Decker, Hamilton 2000). Gene therapy is used to deliver any
tumor suppressing gene. Examples of such genes include, but are not limited to, p53, which are
delivered via recombinant virus-mediated gene transfer, Duc- 4, NF-I, NF-2, RB, WTI, BRCAI,
BRCA2, a uPA/uPAR antagonist (“Adenoviras-Mediated Delivery of a uPA/uPAR Antagonist
Suppresses Angiogenesis-Dependent Tumor Growth and Dissemination in Mice,” Gene Therapy,
August 1998, 5(8): 1105-13), and interferon-y (J. Immunol. 2000; 164:217-222).

[00325] In other embodiments, the HDACS selective compounds described herein are
administered in combination with an inhibitor of inherent multidrug resistance (MDR), in
particular MDR associated with high levels of expression of transporter proteins. Such MDR
inhibitors include inhibitors of p-glycoprotein (P-gp), such as LY335979, XR9576, OC144-093,
R101922, VX853 and PSC833 (valspodar).

[00326] In some embodiments, the HDACS selective compounds described herein are employed
in conjunction with anti-emetic agents to treat nausea or emesis, including acute, delayed, late-
phase, and anticipatory emesis, which result from the use of a HDACS selective compound
described herein, alone or with radiation therapy. For the prevention or treatment of emesis, a
HDACS selective compound described herein is used in conjunction with anti-emetic agents,
such as, but not limited to: neurokinin-1 receptor antagonists, SHT3 receptor antagonists (such as
ondansetron, granisetron, tropisetron, Palonosetron, and zatisetron), GABAg receptor agonists
(such as baclofen), corticosteroids (such as dexamethasone, prednisone, prednisolone, dopamine
antagonists (such as, but not limited to, domperidone, droperidol, haloperidol, chlorpromazine,
promethazine, prochlorperazine, metoclopramide), antihistamines (H1 histamine receptor
antagonists, such as but not limited to, cyclizine, diphenhydramine, dimenhydrinate, meclizine,
promethazine, hydroxyzine), cannabinoids (such as but not limited to, cannabis, marinol,
dronabinol), and others (such as, but not limited to, trimethobenzamide; ginger, emetrol,
propofol).

[00327] In one embodiment, an anti-emesis agent selected from among a neurokinin-1 receptor
antagonist, a SHT3 receptor antagonist and a corticosteroid is administered as an adjuvant for the
treatment or prevention of emesis that results upon administration of the instant compounds.
[00328] In other embodiments, the HDACS selective compounds described herein are
administered with an agent useful in the treatment of anemia. Such an anemia treatment agent is,

for example, a continuous eythropoiesis receptor activator (such as epoetin-a,).
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[00329] In other embodiments, the HDACS selective compounds described herein are
administered with an agent useful in the treatment of neutropenia. Examples of agents useful in
the treatment of neutropenia include, but are not limited to, a hematopoietic growth factor which
regulates the production and function of neutrophils such as a human granulocyte colony
stimulating factor, (G-CSF). Examples of a G-CSF include filgrastim.

[00330] In some embodiments, the HDACS selective compounds described herein are
administered with an immunologic-enhancing drug, such as levamisole, bacillus Calmette-
Guerin, octreotide, isoprinosine and Zadaxin.

[00331] In other embodiments, the HDACS selective compounds described herein are useful for
treating or preventing cancer, including bone cancer, in combination with bisphosphonates
(understood to include bisphosphonates, diphosphonates, bisphosphonic acids and diphosphonic
acids). Examples of bisphosphonates include but are not limited to: etidronate (Didronel®),
pamidronate (Aredia®), alendronate (Fosamax ™), risedronate(Actonel®), zoledronate (Zometa®),
ibandronate (Boniva®), incadronate or cimadronate, clodronate, EB-1053, minodronate,
neridronate, piridronate and tiludronate including any and all pharmaceutically acceptable salts,
derivatives, hydrates and mixtures thereof.

[00332] In other embodiments, the HDACS selective compounds described herein are useful for
treating breast cancer in combination with aromatase inhibitors. Examples of aromatase
inhibitors include but are not limited to: anastrozole, letrozole and exemestane.

[00333] In some embodiments, the HDACS selective compounds described herein are useful for
treating or preventing cancer in combination with siRNA or RNAI therapeutics.

[00334] “DNA methyltransferase inhibitor” refers to compounds which inhibit the methylation
of the DNA base cytosine at the C-5 position of that base by the DNA methyltransferase enzyme.
In some embodiments, DNA methyltransferase inhibitors include 5-azacytosine and zebularine®.
Radiation therapy

[00335] Radiotherapy, also called radiation therapy, is the treatment of cancer and other diseases
with ionizing radiation. Ionizing radiation deposits energy that injures or destroys cells in an area
being treated (a “target tissue”) by damaging their genetic material, making it impossible for
these cells to continue to grow. Although radiation damages both cancer cells and normal cells,
the latter are better able to repair themselves and function properly. Radiotherapy is used to treat
localized solid tumors, such as cancers of the skin, tongue, larynx, brain, breast, prostate, colon,
uterus and/or cervix. It is also used to treat leukemia and lymphoma (cancers of the blood-

forming cells and lymphatic system, respectively).
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[00336] A technique for delivering radiation to cancer cells is to place radioactive implants
directly in a tumor or body cavity. This is called internal radiotherapy (brachytherapy, interstitial
irradiation, and intracavitary irradiation are types of internal radiotherapy.) Using internal
radiotherapy, the radiation dose is concentrated in a small area, and the patient stays in the
hospital for a few days. Internal radiotherapy is frequently used for cancers of the tongue, uterus,
prostate, colon, and cervix.

[00337] The term “radiotherapy” or “ionizing radiation” include all forms of radiation, including
but not limited to a, B, and y radiation and ultra violet light. Radiotherapy with or without
concurrent or sequential chemotherapy is an effective modality for head and neck, breast, skin,
anogenital cancers, and certain nonmalignant diseases such as keloid, desmoid tumor,
hemangioma, arteriovenous malformation, and histocytosis X.

[00338] Provided are methods of using at least one histone deacetylase inhibitor to reduce side
effect caused by at least one other therapeutic treatment, such as radiation-induced normal tissue
fibrosis or chemotherapy-induced tissue necrosis, and the methods provided herein also
synergistically inhibit tumor cell growth with radiotherapy and other anti-cancer agents.

Growth Hormone Secretagogues

[00339] In some embodiments, a selective inhibitor of HDACS is used in combination with one
or more growth hormone secretagogues including, but not limited to, arginine, L-3,4-
dihydroxyphenylalanine (1-Dopa), glucagon, vasopressin, PACAP (pituitary adenylyl cyclase
activating peptide), muscarinic receptor agonists and a synthethic hexapeptide, GHRP (growth
hormone releasing peptide).

Agents for Treating Autoimmune Diseases, Inflammatory Diseases, or Allergy Diseases
[00340] In one embodiment, where the subject is suffering from or at risk of suffering from an
autoimmune disease, an inflammatory disease, or an allergy disease, a selective HDACS inhibitor
compound is administered in any combination with one or more of the following therapeutic
agents: immunosuppressants (€.g., tacrolimus, cyclosporin, rapamicin, methotrexate ,
cyclophosphamide, azathioprine, mercaptopurine, mycophenolate, or FTY720), glucocorticoids
(e.g., prednisone, cortisone acetate, prednisolone, methylprednisolone, dexamethasone,
betamethasone, triamcinolone, beclometasone, fludrocortisone acetate, deoxycorticosterone
acetate, aldosterone), non-steroidal anti-inflammatory drugs (e.g., salicylates, arylalkanoic acids,
2-arylpropionic acids, N-arylanthranilic acids, oxicams, coxibs, or sulphonanilides), Cox-2-
specific inhibitors (e.g., valdecoxib, celecoxib, or rofecoxib), leflunomide, gold thioglucose, gold
thiomalate, aurofin, sulfasalazine, hydroxychloroquinine, minocycline, TNF-a binding proteins

(e.g., infliximab, etanercept, or adalimumab), abatacept, anakinra, interferon-f3, interferon-y,
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interleukin-2, allergy vaccines, antihistamines, antileukotrienes, beta-agonists, theophylline, or
anticholinergics.

[00341] In one embodiment, selective HDACS inhibitor compounds described herein, or
compositions and medicaments that include the selective HDACS inhibitor compounds described
herein, are administered to a patient in combination with an anti-inflammatory agent including,
but not limited to, non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids
(glucocorticoids).

[00342] NSAIDs include, but are not limited to: aspirin, salicylic acid, gentisic acid, choline
magnesium salicylate, choline salicylate, choline magnesium salicylate, choline salicylate,
magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen, fenoprofen calcium,
flurobiprofen, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac tromethamine, naproxen,
oxaprozin, diclofenac, etodolac, indomethacin, sulindac, tolmetin, meclofenamate,
meclofenamate sodium, mefenamic acid, piroxicam, meloxicam, COX-2 specific inhibitors (such
as, but not limited to, celecoxib, rofecoxib, valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522,
L-745,337 and NS398).

[00343] Combinations with NSAIDs, which are selective COX-2 inhibitors, are contemplated
herein.

[00344] Compounds that have been described as selective COX-2 inhibitors and are therefore
useful in the methods or pharmaceutical compositions describede herein include, but are not
limited to, celecoxib, rofecoxib, lumiracoxib, etoricoxib, valdecoxib, and parecoxib, or a
pharmaceutically acceptable salt thereof.

[00345] Corticosteroids, include, but are not limited to: betamethasone, prednisone,
alclometasone, aldosterone, amcinonide, beclometasone, betamethasone, budesonide,
ciclesonide, clobetasol, clobetasone, clocortolone, cloprednol, cortisone, cortivazol, deflazacort,
deoxycorticosterone, desonide, desoximetasone, desoxycortone, dexamethasone, diflorasone,
diflucortolone, difluprednate, fluclorolone, fludrocortisone, fludroxycortide, flumetasone,
flunisolide, fluocinolone acetonide, fluocinonide, fluocortin, fluocortolone, fluorometholone,
fluperolone, fluprednidene, fluticasone, formocortal, halcinonide, halometasone,
hydrocortisone/cortisol, hydrocortisone aceponate, hydrocortisone buteprate, hydrocortisone
butyrate, loteprednol, medrysone, meprednisone, methylprednisolone, methylprednisolone
aceponate, mometasone furoate, paramethasone, prednicarbate, prednisone/prednisolone,
rimexolone, tixocortol, triamcinolone, and ulobetasol.

[00346] In one embodiment, HDACS selective inhibitors are administered in combination with

leukotriene receptor antagonists including, but are not limited to, BAY u9773, Cuthbert ef a/ EP
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00791576 (published 27 Aug 1997), DUO-LT (Tsuji et al, Org. Biomol. Chem., 1, 3139-3141,
2003), zafirlukast (Accolate®), montelukast (Singulair®), prankulast (Onon®), and derivatives
or analogs thereof.

Kits/Articles of Manufacture

[00347] For use in the therapeutic applications described herein, kits and articles of manufacture
are also described herein. Such kits include a carrier, package, or container that is
compartmentalized to receive one or more containers such as vials, tubes, and the like, each of
the container(s) including one of the separate elements to be used in a method described herein.
Suitable containers include, for example, bottles, vials, syringes, and test tubes. The containers
are formed from a variety of materials such as glass or plastic.

[00348] The articles of manufacture provided herein contain packaging materials. Examples of
pharmaceutical packaging materials include, but are not limited to, blister packs, bottles, tubes,
inhalers, pumps, bags, vials, containers, syringes, bottles, and any packaging material suitable for
a selected formulation and intended mode of administration and treatment. A wide array of
formulations of the compounds and compositions provided herein are contemplated as are a
variety of treatments for any disease, disorder, or condition that would benefit by inhibition of
HDAC activity, or in which HDAC is a mediator or contributor to the symptoms or cause.
[00349] For example, the container(s) include one or more compounds described herein,
optionally in a composition or in combination with another agent as disclosed herein. The
container(s) optionally have a sterile access port (for example a container that is an intravenous
solution bag or a vial having a stopper pierceable by a hypodermic injection needle). Such kits
optionally comprising a compound with an identifying description or label or instructions relating
to its use in the methods described herein.

[00350] A kit will include one or more additional containers, each with one or more of various
materials (such as reagents, optionally in concentrated form, and/or devices) desirable from a
commercial and user standpoint for use of a compound described herein. Non-limiting examples
of such materials include, but not limited to, buffers, diluents, filters, needles, syringes; carrier,
package, container, vial and/or tube labels listing contents and/or instructions for use, and
package inserts with instructions for use. A set of instructions will also be included.

[00351] A label is attached on or associated with the container. A label is attached on a
container when letters, numbers or other characters forming the label are attached, molded or
etched into the container itself; a label is associated with a container when it is present within a

receptacle or carrier that also holds the container, ¢.g., as a package insert. A label is used to
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indicate that the contents are to be used for a specific therapeutic application. The label also
indicates directions for use of the contents, such as in the methods described herein.

[00352] In certain embodiments, the pharmaceutical compositions are presented in a pack or
dispenser device which contains one or more unit dosage forms containing a compound provided
herein. The pack, for example, contains metal or plastic foil, such as a blister pack. The pack or
dispenser device is accompanied by instructions for administration. The pack or dispenser is also
accompanied with a notice associated with the container in form prescribed by a governmental
agency regulating the manufacture, use, or sale of pharmaceuticals, which notice is reflective of
approval by the agency of the form of the drug for human or veterinary administration. Such
notice, for example, is the labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insert. Compositions containing a compound
provided herein formulated in a compatible pharmaceutical carrier are also prepared, placed in an

appropriate container, and labeled for treatment of an indicated condition.
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EXAMPLES
[00353] These examples are provided for illustrative purposes only and not to limit the scope of
the claims provided herein. The starting materials and reagents used for the synthesis of the
compounds described herein are synthesized or obtained from commercial sources, such as,
Sigma-Aldrich, Fluka, Acros Organics, Alfa Aesar, Bachem and the like.
Example 1: Synthesis of (E)-3-(2-(4-chlorophenoxy)phenyl)-NV-hydroxyacrylamide (6)

DMF, 100 °C O 0
Cl

3

[00354] Step 1: A mixture of 2-fluoro-benzaldehyde (1, 7.0g, 56.4 mmol), 4-chlorophenol (2,
7.25 g, 56.4 mmol) and K,COs (12.0 g, 85 mmol) in 50 mL DMF was heated overnight at 100
°C. Progress of the reaction was monitored by LC/MS. After reaction completion, the reaction
mixture was cooled, poured into water (30 mL) and then extracted twice with EtOAc. The EtOAc
layers were combined and washed with water, then brine and dried with MgSQOj,. After filtration
and concentration, the crude material was purified by flash chromatography (hexane/EtOAc: 0-

100%) to provide 9.0 g (69% yield) of 2-(4-chlorophenoxy)benzaldehyde (3).

ol S O
0+ /9\/& __NaH/DM
Q O/c'> 0
4

Cl 3 o °
[00355] Step 2: To a solution of 2-(4-chlorophenoxy)benzaldehyde (3, 0.5 g, 2.15 mmol) and
trimethyl phosphonoacetate (4, 0.47 g, 2.6 mmol) in 20 mL of DMF was added NaH (95%) (62
mg, 2.6 mmol). The mixture was stirred overnight at 100 °C. The DME was evaporated, then
water was added to quench the reaction and extracted twice with EtOAc. The EtOAc layers were
combined, washed with water, then brine and dried with MgSO,. After filtration and
concentration, 0.57 g (90% yield: >90% purity by UV254) of (E)-methyl 3-(2-(4-
chlorophenoxy)phenyl)acrylate (5) was isolated and used without further purification.
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[00356] Step 3: To a cooled solution of (£)-methyl 3-(2-(4-chlorophenoxy)phenyl)acrylate (5,
0.29 g, 1.0 mmol) in IPA (5 mL) was added 50% NH,OH/H,O (1.0 g, 30 mmol), and then 1N
NaOH (2 mmol, 2 mL). The reaction mixture was stirred for 1 hr at 0 °C, then acidified to pH =
7, diluted with water, and then extrated with EtOAc (3X50 mL). The combined organic layers
were washed with brine and dried with MgSQy,. After filtration and evaporation, 0.24 g (84%
yield) of (£)-3-(2-(4-chlorophenoxy)phenyl)-N-hydroxyacrylamide (6) was isolated. The crude
material was purified by HPLC. EM (calc): 289.05; MS (M+1H) = 290.0.

Example 2: Synthesis of (E)-N-Hydroxy-3-(2-phenoxyphenyl)acrylamide (7)

Iz

<

7
[00357] The title compound was synthesized as described in Example 1. EM (calc): 255.09; MS
(M+1H) = 256.5.
Example 3: Synthesis of (E)-3-(2-(p-Tolyloxy)phenyl)-N-hydroxyacrylamide (8)

0]

@\/\)J\ o
N
H

8
[00358] The title compound was synthesized as described in Example 1. EM (calc): 269.11; MS
(M+1H) = 270.5.
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Example 4: Synthesis of (E)-3-(2-(4-Fluorophenoxy)phenyl)-V-hydroxyacrylamide (9)

Iz

F 9

[00359] The title compound was synthesized as described in Example 1. EM (calc): 273.08; MS
(M+1H) = 274.0.

Example 5: Synthesis of (E)-N-hydroxy-3-(2-(4-methoxyphenoxy)phenyl)acrylamide (10)

0]

@\/\)’L .OH
N
H

10 O~
[00360] The title compound was synthesized as described in Example 1. EM (calc): 285.1; MS
(M+1H) = 286.0.
Example 6: Synthesis of (E)-3-(2-(3-Chlorophenoxy)phenyl)- V-hydroxyacrylamide (11)

\ 4
N OH
H
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% Cl
11

[00361] The title compound was synthesized as described in Example 1. EM (calc): 289.05; MS
(M+1H) = 290.0.
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Example 7: Synthesis of (E)-3-(2-(3,4-Dichlorophenoxy)phenyl)-V-hydroxyacrylamide (12)

-OH

/
O

Cl

-
N

[00362] The title compound was synthesized as described in Example 1. EM (calc): 323.01; MS
(M+1H) = 324.5.
Example 8: Synthesis of (E)-N-hydroxy-3-(2-(m-tolyloxy)phenyl)acrylamide (13)

-OH

o5

13
[00363] The title compound was synthesized as described in Example 1. EM (calc): 269.11; MS
(M+1H) = 270.5.
Example 9: Synthesis of (E)-3-(2-(3-Fluorophenoxy)phenyl)-V-hydroxyacrylamide (14)

-OH

g

F
14

[00364] The title compound was synthesized as described in Example 1. EM (calc): 273.08; MS
(M+1H) = 274.0.
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Example 10: Synthesis of (£)-N-hydroxy-3-(2-(3-methoxyphenoxy)phenyl)acrylamide (15)

0
2 -OH

e
0]

15
[00365] The title compound was synthesized as described in Example 1. EM (calc): 285.1; MS
(M+1H) = 286.5.
Example 11: (E)-N-Hydroxy-3-(2-(pyridin-3-yloxy)phenyl)acrylamide (16)

\ ”
H

0]

7

N

16
[00366] The title compound was synthesized as described in Example 1. EM (calc): 256.08; MS
(M+1H) = 257.5.
Example 12: Synthesis of (£)-N-Hydroxy-3-(2-(pyridin-4-yloxy)phenyl)acrylamide (17)
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[00367] The title compound was synthesized as described in Example 1. EM (calc): 256.08; MS
(M+1H) = 257.5.
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Example 13: Synthesis of (E)-3-(2-(1-acetylpiperidin-4-yloxy)phenyl)-N-hydroxyacrylamide
(18)

N
18
O
[00368] The title compound was synthesized as described in Example 1. EM (calc): 304.14; MS

(M+1H) = 305.5.
Example 14: Synthesis of (E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-4-
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[00369] The title compound was synthesized as described in Example 1. EM (calc): 332.17; MS

vloxy)phenyl)acrylamide (19)

(M+1H) = 333.5.
Example 15: Synthesis of (E)-3-(2-(1-benzoylpiperidin-4-yloxy)phenyl)-N-

@f\i o

N

H

ﬁoj
N

O%\@
20

[00370] The title compound was synthesized as described in Example 1. EM (calc): 366.16; MS

hydroxyacrylamide (20)

(M+1H) = 367.0.
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Example 16: Synthesis of (E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-4-
vloxy)phenyl)acrylamide (21)

A -OH

Iz

0o

®

N

[00371] The title compound was synthesized as described in Example 1. EM (calc): 367.15; MS

(M+1H) = 368.0.
Example 17: Synthesis of (E)-3-(2-(1-(furan-2-carbonyl)piperidin-4-yloxy)phenyl)-N-

0]
©\/\)J\ -OH
N
H
0]
2

N
2

hydroxyacrylamide (22)

(0]
Y

[00372] The title compound was synthesized as described in Example 1. EM (calc): 356.14; MS

(M+1H) = 357.0.
Example 18: Synthesis of (S,E)-3-(2-(1-acetylpiperidin-3-yloxy)phenyl)-N-

@\/\)J\N/OH

H

?

A
T

23

hydroxyacrylamide (23)

[00373] The title compound was synthesized as described in Example 1. EM (calc): 304.14; MS

(M+1H) = 305.5.
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Example 19: Synthesis of (S,E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-3-
vloxy)phenyl)acrylamide (24)

0

©\/\)J\ -OH

N

H

Q
G\lm)\
24 0

[00374] The title compound was synthesized as described in Example 1. EM (calc): 332.17; MS

(M+1H) = 333.5.

Example 20: Synthesis of (S,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-
hydroxyacrylamide (R,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-hydroxyacrylamide
(25)

\ -
NOH
H

A, C

[00375] The title compound was synthesized as described in Example 1. EM (calc): 366.16; MS

(M+1H) = 367.0.
Example 21: Synthesis of (S,E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-3-
vloxy)phenyl)acrylamide (26)

0

NS -.OH
N
w .
0
| s
Nm)/\)

26 O

[00376] The title compound was synthesized as described in Example 1. EM (calc): 367.15; MS
(M+1H) = 368.5.
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Example 22: Synthesis of (S,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-yloxy)phenyl)-N-

hydroxyacrylamide (27)

Gp
N =
27 O

[00377] The title compound was synthesized as described in Example 1. EM (calc): 356.14; MS

(M+1H) = 357.5.
Example 23: Synthesis of (R,E)-3-(2-(1-acetylpiperidin-3-yloxy)phenyl)-N-

hydroxyacrylamide (28)

)

@\/\)L .
N
H

N
28 \([)]/
[00378] The title compound was synthesized as described in Example 1. EM (calc): 304.14; MS

(M+1H) = 305.5.
Example 24: Synthesis of (R,E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-3-

vloxy)phenyl)acrylamide (29)

0

@\/\)’J\ .OH
N
H
0O
ij)\
29 O

[00379] The title compound was synthesized as described in Example 1. EM (calc): 332.17; MS
(M+1H) = 333.5.



WO 2013/101600 PCT/US2012/070671

103
Example 25: Synthesis of (R,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-
hydroxyacrylamide (30)

)

@\/\)’J\ o

N

H
Np

30 o
[00380] The title compound was synthesized as described in Example 1. EM (calc): 366.16; MS

(M+1H) = 367.0.
Example 26: Synthesis of (R,E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-3-

vloxy)phenyl)acrylamide (31)

A .
NOH

H
(0]
N
| N
QL
31 0

[00381] The title compound was synthesized as described in Example 1. EM (calc): 367.15; MS

(M+1H) = 368.0.
Example 27: Synthesis of (R,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-yloxy)phenyl)-N-

hydroxyacrylamide (32)

\ 4
NOH

H
0]
7N
N =~
32 O
[00382] The title compound was synthesized as described in Example 1. EM (calc): 356.14; MS
(M+1H) = 357.5.
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Example 28: Synthesis of (E)-N-(4-(4-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-
enyl)phenyl)nicotinamide (33)

O,N
0
ON OH Q_//
——- O
DMSO
F £ 120°C, 3 h
99%
34 35 F 36

[00383] Step 1: To a solution of 2-fluoro-5-nitro-benzaldehyde (34) (676 mg, 4.0 mmol) and 4-
fluoroorophenol (35) (537 mg, 4.8 mmol) in DMSO (5 mL) was added K,CO5 (1.10 g, 8.0
mmol) at room temperature (“rt”). The resulting mixture was flushed with N, and heated in a
sealed vessel with stirring at 120 °C for 3 h. After the reaction mixture was cooled to rt and
poured into brine, the mixture was extracted with ethyl acetate (35 mL x 3). The combined
extracts were washed with brine (10 mL x 2), dried over anhydrous MgSOQ,, filtered, and
evaporated to dryness. The residue was purified by a SiO; plug (eluted by 15% EtOAc in
hexanes) to afford pure 2-(4-fluoro-phenoxy)-5-nitro-benzaldehyde (36) (1.05 g, 4.0 mmol, 99%)
as a viscous oil. ESI MS m/z 262.2 (M+H)".

ON O,N
0
/ O O QMO—
I
:\< MeQ”~ I:I>\)J\0Me
o) OMe 0 0)
LiCl, DBU
CH,CN
rt, 65 h F
F 83%
36 37

[00384] Step 2: To a stirred solution of 2-(4-fluoro-phenoxy)-5-nitro-benzaldehyde (36) (469
mg, 1.79 mmol) and trimethyl phosphonoacetate (650 mg, 3.58 mmol) in acetonitrile (20 mL)
was added LiCl (228 mg, 5.36 mmol), followed by DBU (0.802 mL, 5.36 mmol) at rt. The
resulting mixture was stirred at rt for 65 h. After the reaction mixture was concentrated under
reduced pressure, the residue was treated with ethyl acetate (100 mL). The EtOAc solution was
washed with 1 M HCl aq. (10 mL x 2), sat. NaHCOs aq. (10 mL), and brine (10 mL), dried over
anhydrous MgSQ,, filtered, and evaporated to dryness. The residue was purified by a SiO; plug
(eluted by 10% to 25% EtOAc in hexanes) to afford pure 3-[2-(4-fluoro-phenoxy)-5-nitro-
phenyl]-acrylic acid methyl ester (37) (478 mg, 1.50 mmol, 83%) as a viscous oil. ESI MS m/z
318.3 (M+H)".
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[00385] Step 3: To a stirred solution of 3-[2-(4-fluoro-phenoxy)-5-nitro-phenyl]-acrylic acid
methyl ester (37) (478 mg, 1.50 mmol) in methanol (10 mL) was added 412 mg (7.5 mmol) of
iron powder. To this mixture 10 mL of conc. HCI was added at room temperature. The resulting
mixture was stirred at rt for 5 h and then allowed to stand for 1 h. The reaction mixture was
filtered through a Buckner funnel to remove iron powder and the resulting solution was
evaporated to dryness. It is then treated with ethyl acetate and washed with aqueous sodium
bicarbonate and dilute HCIL. The organic layer was separated and the aqueous layer was further
extracted with EtOAc (30 mL x 3). The combined organic phases were washed with brine (10
mL x 2), dried over anhydrous MgSQs,, filtered, and evaporated to dryness. The 3-[2-(4-fluoro-
phenoxy)-5-amino-phenyl]-acrylic acid methyl ester (38) was isolated as a yellow oil and used

without further purification. ESI MS m/z 288.3 (M+H)".

NH o—
O~ 0 o Qﬁ
HATU o
o) o) * NOH _—
C} 2 DMF, TEA o
N RT, 1h Q
61%
38 39 40
[00386] Step 4: To a stirred solution of 3-[2-(4-fluoro-phenoxy)-5-amino-phenyl]-acrylic acid
methyl ester (38) (58 mg, 0.20 mmol) and 3-pyridyl carboxylic acid (39) (35 mg, 0.32 mmol) in
DMF (2 mL) was added HATU (114 mg, 0.30 mmol), followed by a solution of TEA (0.033 mL,
0.32 mmol) at rt under N,. The resulting mixture was stirred for 4 h. After the reaction mixture
was concentrated under reduced pressure, the residue was treated with ethyl acetate (75 mL).
The solution was washed with acid (HCI) and base (NaHCOs3) and brine (10 mL x 2), dried over
anhydrous MgSQ,, filtered, and evaporated to dryness. The residue was purified by a SiO; plug
(eluted by 33% to 50% EtOAc in hexanes) to afford 3-{2-(4-fluoro-phenoxy)-5-[(pyridine-3-
carbonyl)-amino]-phenyl}-acrylic acid methyl ester (40) (47 mg, 0.12 mmol, 61%) as a viscous
oil. ESI MS m/z 393.4 (M+H)".
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[00387] Step 5: To a stirred solution of 3-{2-(4-fluoro-phenoxy)-5-[(pyridine-3-carbonyl)-
amino |-phenyl}-acrylic acid methyl ester (40) (86 mg, 0.22 mmol) in THF (1.2 mL) and MecOH
(1.2 mL) was added 50% solution of NH,OH in water (0.73 mL, 11 mmol) and 1 N NaOH aq.
(0.5 mL, 0.5 mmol) at rt. The resulting mixture was stirred at rt for 16 h. After the reaction
mixture was concentrated under reduced pressure, the resulting aqueous suspension was diluted
with DMSO (1.5 mL) and purified by HPLC to afford N-[4-(4-fluoro-phenoxy)-3-(2-
hydroxycarbamoyl-vinyl)-phenyl]-nicotinamide (33) (54 mg, 0.14 mmol, 62%) as a white solid.
EM (calc): 393.37; ESIMS m/z 394.1 (M+H)".

Example 29: Synthesis of (E)-3-(5-acetamido-2-(4-fluorophenoxy)phenyl)-N-
hydroxyacrylamide (41)

[00388] The title compound was synthesized as described in Example 28. EM (calc): 330.1; MS

(M+1H) = 331.0.
0]
H
Yoo
o H
O
F

41

Example 30: Synthesis of (E)-3-(5-acetamido-2-(3-chlorophenoxy)phenyl)-N-
hydroxyacrylamide (42)

[00389] The title compound was synthesized as described in Example 28. EM (calc): 346.07;
MS (M+1H) = 347.0.
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Example 31: Synthesis of (£)-/N-(4-(3-chlorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-
enyl)phenyl)nicotinamide (43)

[00390] The title compound was synthesized as described in Example 28. EM (calc): 409.08;
MS (M+1H) = 410.5.

3,

Example 32: Synthesis of (£)-/NV-(4-(3-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-
enyl)phenyl)nicotinamide (44)

[00391] The title compound was synthesized as described in Example 28. EM (calc): 393.11;

MS (M+1H) = 394.0.

Example 33: Synthesis of (£)-/NV-(4-(3,4-dichlorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-
1-enyl)phenyl)nicotinamide (45)

[00392] The title compound was synthesized as described in Example 28. EM (calc): 443.04;
MS (M+1H) = 444.5.
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Example 34: Synthesis of (E)-3-(5-acetamido-2-(3-fluorophenoxy)phenyl)-/V-
hydroxyacrylamide (46)

[00393] The title compound was synthesized as described in Example 28. EM (calc): 330.10;
MS (M+1H) = 331.0.
0
H
Yo
o H
0
@F
46

Example 35: Synthesis of (£)-3-(2-(4-fluorophenoxy)-5-(methylsulfonamido)phenyl)-/V-
hydroxyacrylamide (47)

[00394] The title compound was synthesized as described in Example 28. EM (calc): 366.07;
MS (M+1H) = 367.0.

y 0
~..N ™ .OH
SA N
o Yo H
0]
F
47

Example 36: Synthesis of (£)-3-(2-(3-chlorophenoxy)-5-(methylsulfonamido)phenyl)-/V-
hydroxyacrylamide (48)

[00395] The title compound was synthesized as described in Example 28. EM (calc): 382.04;
MS (M+1H) = 383.0.
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Example 37: Synthesis of (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)-
N-hydroxyacrylamide (49)

N/
H,N
NH o—
\ _»°~ /
xr Br K,CO,4 O
o) o + | _ _—
N DMF o)
RT, 4 h
50 0% Q 51
F
38 .

[00396] Step 1: To a mixture of 3-[2-(4-fluoro-phenoxy)-5-amino-phenyl]-acrylic acid methyl
ester (38) (72 mg, 0.22 mmol) and and 3-bromomethyl-pyridine (50) (41 mg, 0.24 mmol) was
added 3 mL of DMF and 200 mg K,COs and stirred at rt for 4 h. After the reaction was
completed, the mixture was concentrated under reduced pressure, and the residue was treated
with ethyl acetate (75 mL). The ethyl acetate solution was washed with acid (HCI) and base
(NaHCO3) and brine (10 mL x 2), dried over anhydrous MgSQy, filtered, and evaporated to
dryness. The residue was purified by a SiO, plug (eluted by 33% to 50% EtOAc in hexanes) to
afford (E)-methyl 3-(2-(4-fluorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)acrylate (51) (46
mg, 0.12 mmol, 61%) as a viscous oil. ESI MS m/z 379.4 (M+H)".

N ~ -,
o ™ N N N OH
H
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_ =

F F
51 49
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[00397] Step 2: This compound was prepared from 3-{2-(4-fluoro-phenoxy)-5-[(pyridine-3-
ylmethyl)-amino]-phenyl}-acrylic acid methyl ester (51) (84 mg, 0.22 mmol) by following the
same procedure described in Example 28, step 5, to provide 43 mg (0.10 mmol, 47%) of (E£)-3-
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(2-(4-fluorophenoxy)-5-(pyridin-3-ylmethylamino )phenyl)-N-hydroxyacrylamide (49) as a white
solid after HPLC purification. EM (calc): 379.13; ESIMS m/z 380.1 (M+H)".

Example 38: Synthesis of (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)-
N-hydroxyacrylamide (52)

[00398] The title compound was synthesized as described in Example 37. EM (calc): 395.1; MS
(M+1H) = 396.1.

Example 39: Synthesis of (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-2-ylmethylamino)phenyl)-
N-hydroxyacrylamide (53)

[00399] The title compound was synthesized as described in Example 37. EM (calc): 395.1; MS
(M+1H) = 396.0.

Example 40: Synthesis of (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-2-ylmethylamino)phenyl)-
N-hydroxyacrylamide (54)

[00400] The title compound was synthesized as described in Example 37. EM (calc): 379.13;
MS (M+1H) = 380.5.
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Example 41: Synthesis of (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)-
N-hydroxyacrylamide (55)

[00401] The title compound was synthesized as described in Example 37. EM (calc): 379.13;
MS (M+1H) = 380.0.

Example 42: Synthesis of (E)-3-(2-(3,4-dichlorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-NV-hydroxyacrylamide (56)

[00402] The title compound was synthesized as described in Example 37. EM (calc): 429.06;
MS (M+1H) = 430.5.

Cl

Cl
56

Example 43: Synthesis of (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-2-ylmethylamino)phenyl)-
N-hydroxyacrylamide (57)

[00403] The title compound was synthesized as described in Example 37. EM (calc): 379.13;
MS (M+1H) = 380.5.
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Example 44: Synthesis of (E)-3-(2-(3,4-dichlorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-V-hydroxyacrylamide (58)

[00404] The title compound was synthesized as described in Example 37. EM (calc): 429.06;
MS (M+1H) = 430.0.

Cl

Cl
58

Example 45: Synthesis of (E)-3-(2-(3-chlorophenoxy)-4-(pyridin-3-ylmethoxy)phenyl)-/V-

hydroxyacrylamide (59)
O
0 OH o /
o) / K2CO;3 /
/ + O
F cl DMSO
60 61 120°C, 3h
99%
62 Cl

[00405] Step 1: To a solution of 2-fluoro-4-methoxy-benzaldehyde (60) (616 mg, 4.0 mmol) and
3-chlorophenol (61) (617 mg, 4.8 mmol) in DMSO (5 mL) was added K,COs (1.10 g, 8.0 mmol)
at rt. The resulting mixture was flushed with N, and heated in a sealed vessel with stirring at 120
°C for 3 h. After the reaction mixture was cooled to rt and poured into brine, the mixture was
extracted with ethyl acetate (35 mL x 3). The combined extracts were washed with brine (10 mL
X 2), dried over anhydrous MgSQy, filtered, and evaporated to dryness. The residue was purified
by a Si0; plug (eluted by 15% EtOAc in hexanes) to afford 2-(3-chlorophenoxy)-4-
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methoxybenzaldehyde (62) (1.05 g, 4.0 mmol, 99%) as a viscous oil. ESI MS m/z 263.1

(M+H)".
0 0O O
/) I /
0 0 0
/ Q EtO” (FI;Et)J\OEt / QM

o) - 0 o)
LiCl, DBU
CH,CN
rt, 65 h
0,
Cl 83% 63 Cl
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[00406] Step 2: To a stirred solution of 2-(3-chloro-phenoxy)-4-methoxy-benzaldehyde (62)
(469 mg, 1.79 mmol) and triethyl phosphonoacetate (803 mg, 3.58 mmol) in acetonitrile (20 mL)
was added LiCl (228 mg, 5.36 mmol), followed by DBU (0.802 mL, 5.36 mmol) at rt. The
resulting mixture was stirred at rt for 65 h. After the reaction mixture was concentrated under
reduced pressure, the residue was treated with ethyl acetate (100 mL). The EtOAc solution was
washed with 1 M HCl aq. (10 mL x 2), sat. NaHCOs aq. (10 mL), and brine (10 mL), dried over
anhydrous MgSQ,, filtered, and evaporated to dryness. The residue was purified by a SiO; plug
(cluted by 10% to 25% EtOAc in hexanes) to afford (£)-ethyl 3-(2-(3-chlorophenoxy)-4-
methoxyphenyl)acrylate (63) (498 mg, 1.50 mmol, 83%) as a viscous oil. ESI MS m/z 333.3

(M+H)".
/ HO oJ
/OQMO BBr, \
0 o  DCM o O
-70°C, 1h
thenrt, 1h Q
Qo=

63 ClI 64 Cl

[00407] Step 3: To a stirred solution of 3-[2-(3-chloro-phenoxy)-4-methoxy-phenyl]-acrylic acid
ethyl ester (63) (498 mg, 1.50 mmol) in DCM (10 mL) was added 1 M solution of BBr3 in DCM
(4.5 mL, 4.5 mmol) at -70 °C under N,. The resulting mixture was stirred at -70 °C for 1 h and
then allowed to warm to rt. After the reaction mixture was stirred at rt for another hour, the
reaction was quenched by the addition of sat. aq. NaHCO; (10 mL) slowly at 0 °C. The mixture
was transferred into a separation funnel and the organic layer was separated. The aqueous layer
was further extracted with DCM (30 mL x 3). The combined organic phases were washed with
brine (10 mL x 2), dried over anhydrous MgSOy, filtered, and evaporated to dryness. The residue
was purified by a SiO, plug (eluted by 10% to 25% EtOAc in hexanes) to afford (£)-ethyl 3-(2-
(3-chlorophenoxy)-4-hydroxyphenyl)acrylate (64) (267 mg, 0.84 mmol, 56%) as an off-white
powder. ESI MS m/z 318.9 (M+H)'.
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[00408] Step 4: To a stirred solution of 3-[2-(3-chloro-phenoxy)-4-hydroxy-phenyl]-acrylic acid
ethyl ester (64) (64 mg, 0.20 mmol) and 3-pyridylcarbinol (65) (35 mg, 0.32 mmol) in THF (2
mL) was added Phs;P (79 mg, 0.30 mmol), followed by a solution of DIAD (0.063 mL, 0.32
mmol) in THF (1 mL) at 0 °C under N,. The resulting mixture was stirred at 0 °C for 1 h and
then at rt for 16 h. After the reaction mixture was concentrated under reduced pressure, the
residue was treated with ethyl acetate (75 mL). The solution was washed with brine (10 mL x 2),
dried over anhydrous MgSQsy, filtered, and evaporated to dryness. The residue was purified by a
Si0; plug (eluted by 33% to 50% EtOAc in hexanes) to afford (£)-ethyl 3-(2-(3-chlorophenoxy)-
4-(pyridin-3-ylmethoxy)phenyl)acrylate (66) (50 mg, 0.12 mmol, 61%) as a viscous oil. ESI MS
m/z 410.2 (M+H)".

QM o) \ HN-OH
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[00409] Step 5: To a stirred solution of 3-[2-(3-chloro-phenoxy)-4-(pyridin-3-ylmethoxy)-
phenyl]-acrylic acid ethyl ester (66) (91 mg, 0.22 mmol) in THF (1.2 mL) and MeOH (1.2 mL)
was added 50% solution of NH,OH in water (0.73 mL, 11 mmol) and 1 N NaOH aq. (0.5 mL,
0.5 mmol) at rt. The resulting mixture was stirred at rt for 16 h. After the reaction mixture was
concentrated under reduced pressure, the resulting aqueous suspension was diluted with DMSO
(1.5 mL) and purified by HPLC to afford (£)-3-(2-(3-chlorophenoxy)-4-(pyridin-3-
ylmethoxy)phenyl)-N-hydroxyacrylamide (59) (54 mg, 0.14 mmol, 62%) as a white solid. EM
(calc): 396.09; ESI MS m/z 397.5 (M+H)".

Example 46: Synthesis of (£)-3-(2-(3-chlorophenoxy)-4-(2-morpholinoethoxy)phenyl)-/V-
hydroxyacrylamide (67)

[00410] The title compound was synthesized as described in Example 45. EM (calc): 418.13;
MS (M+1H) =419.5.
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Example 47: Synthesis of (E)-3-(2-(3-chlorophenoxy)-4-(2-(4-methylpiperazin-1-
yvlethoxy)phenyl)-NV-hydroxyacrylamide (68)

[00411] The title compound was synthesized as described in Example 45. EM (calc): 431.16;
MS (M+1H) =432.5.
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Example 48: Synthesis of (£)-3-(2-(3-chlorophenoxy)-4-(2-(dimethylamino)ethoxy)phenyl)-
N-hydroxyacrylamide (69)
[00412] The title compound was synthesized as described in Example 45. EM (calc): 376.12;
MS (M+1H) =377.5.

Example 49: Synthesis of (E)-3-(2-(3-chlorophenoxy)-4-(2-methoxyethoxy)phenyl)-/V-
hydroxyacrylamide (70)

[00413] The title compound was synthesized as described in Example 45. EM (calc): 363.09;
MS (M+1H) = 364.5.
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Example 50: Synthesis of (E)-3-(2-(3-fluorophenoxy)-4-(2-methoxyethoxy)phenyl)-/V-
hydroxyacrylamide (71)

[00414] The title compound was synthesized as described in Example 45. EM (calc): 347.12;
MS (M+1H) = 348.0.

Example 51: Synthesis of (£)-3-(4-(2-acetamidoethoxy)-2-(3-chlorophenoxy)phenyl)-/V-
hydroxyacrylamide (72)

[00415] The title compound was synthesized as described in Example 45. EM (calc): 390.09;

MS (M+1H) = 391.5.
0O
) .
Cl
72

Example 52: Synthesis of (£)-3-(2-(3-fluorophenoxy)-4-(2-(dimethylamino)ethoxy)phenyl)-
N-hydroxyacrylamide (73)

[00416] The title compound was synthesized as described in Example 45. EM (calc): 360.14;
MS (M+1H) = 361.0.
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Example 53: Synthesis of (E)-3-(2-(3-fluorophenoxy)-4-(2-(4-methylpiperazin-1-
yvDethoxy)phenyl)-NV-hydroxyacrylamide (74)

[00417] The title compound was synthesized as described in Example 45. EM (calc): 415.19;
MS (M+1H) =416.5.
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Example 54: Synthesis of (E)-3-(2-(4-fluorophenoxy)-4-(2-methoxyethoxy)phenyl)-/V-
hydroxyacrylamide (75)

74

[00418] The title compound was synthesized as described in Example 45. EM (calc): 347.12;

MS (M+1H) = 348.0.
WN/OH
H
/O\/\O 0

F 75

Example 55: Synthesis of (E)-3-(2-(4-fluorophenoxy)-4-(pyridin-3-ylmethoxy)phenyl)-/V-
hydroxyacrylamide (76)

[00419] The title compound was synthesized as described in Example 45. EM (calc): 380.11;
MS (M+1H) = 381.5.
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Example 56: Synthesis of (£)-3-(2-(4-fluorophenoxy)-4-(2-(dimethylamino)ethoxy)phenyl)-
N-hydroxyacrylamide (77)

[00420] The title compound was synthesized as described in Example 45. EM (calc): 360.14;
MS (M+1H) = 361.5.

77
Example 57: Synthesis of (£)-3-(4-(2-acetamidoethoxy)-2-(4-fluorophenoxy)phenyl)-/V-
hydroxyacrylamide (78)
[00421] The title compound was synthesized as described in Example 45. EM (calc): 374.12;
MS (M+1H) = 375.0.
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Example 58: Synthesis of (E)-3-(2-(4-fluorophenoxy)-4-(2-(4-methylpiperazin-1-
ylethoxy)phenyl)-NV-hydroxyacrylamide (79)

[00422] The title compound was synthesized as described in Example 45. EM (calc): 415.19;
MS (M+1H) =416.5.
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Example 59: Synthesis of (E)-3-(2-(3,4-dichlorophenoxy)-4-(2-methoxyethoxy)phenyl)-/V-
hydroxyacrylamide (80)

[00423] The title compound was synthesized as described in Example 45. EM (calc): 397.04;
MS (M+1H) = 398.0.
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Example 60: Synthesis of (£)-3-(4-(2-acetamidoethoxy)-2-(3,4-dichlorophenoxy)phenyl)-/V-
hydroxyacrylamide (81)

[00424] The title compound was synthesized as described in Example 45. EM (calc): 424.05;

MS (M+1H) = 425.0.
0
] WN/OH
\n/N\/\O 0
0

cl

Cl

81

Example 61: Synthesis of (E)-3-(2-(3,4-dichlorophenoxy)-4-(2-morpholinoethoxy)phenyl)-
N-hydroxyacrylamide (82)

[00425] The title compound was synthesized as described in Example 45. EM (calc): 452.09;
MS (M+1H) = 453.0.
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Example 62: Synthesis of (£)-3-(2-(3,4-dichlorophenoxy)-4-(pyridin-3-ylmethoxy)phenyl)-
N-hydroxyacrylamide (83)
[00426] The title compound was synthesized as described in Example 45. EM (calc): 430.04;

MS (M+1H) = 431.5.
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Biological Examples

Cell lines and reagents

[00427] Cell lines are obtained from DSMZ (Braunschweig, Germany) or ATCC (Manassas,
VA). Cells are grown in RPMI 1640 with 10% fetal bovine serum in a 5% CO»/air incubator at
37°C. Thapsigargin and BAPTA-AM are from Calbiochem (San Diego, CA). 3-
((dimethylamino)methyl)-N-(2-(4-(hydroxycarbamoyl)phenoxy)ethyl)benzo furan-2-carboxamide
is a broad-spectrum HDAC inhibitor which was synthesized as previously described. Other
analogs with varying degrees of specificity towards the HDAC isoforms are synthesized as
described herein.

Example 63: Histone Deacetylase Activity

[00428] HDAC activity is measured using a continuous trypsin-coupled assay that has been
described in detail previously (US 20070281934; Schultz et. al., Biochemistry, 43 (34), 11083 -
11091, 2004; Kim et al. (2006), Methods Mol Biol., 325:273-283). For inhibitor characterization,
measurements are performed in a reaction volume of 100 [JL using 96-well assay plates in a
fluorescence plate reader. For each isozyme, the HDAC protein in reaction buffer (50 mM
HEPES, 100 mM KCl, 0.001% Tween-20, 5% DMSQO, pH 7.4, supplemented with bovine serum

albumin at concentrations of 0-0.05%, is mixed with inhibitor at various concentrations and
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allowed to incubate for 15 minutes. Trypsin is added to a final concentration of 50 nM, and
acetyl-Gly-Ala-(NV-acetyl-Lys)-AMC is added to a final concentration of 25-100 uM to initiate
the reaction. After a 30 minute lag time, the fluorescence is measured over a 30 minute time
frame using an excitation wavelength of 355 nm and a detection wavelength of 460 nm. The
increase in fluorescence with time is used as the measure of the reaction rate. Inhibition constants
Ki(app) were obtained using the program BatchKi (Biokin, Pullman, WA). The results are
summarized in Table B below.

Table B. Comparison of HDAC ICsg values of Representative HDAC8-selective inhibitors

Compound HDACI1 ICsp (uM) HDACS ICsy (uM) HDAC6 ICsp (uM)
No.

O o] | &
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80 D

A = less than or equal to 0.1 pM

B = greater than 0.1 uM but less than or equal to 1 uM
C = greater than 1 pM but less than or equal to 10 uM
D = greater than 10 uM
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Example 64: Cell proliferation assay

[00429] Tumor cell lines and human umbilical vein endothelial cells (HUVEC) are cultured for
at least two doubling times, and growth is monitored at the end of compound exposure using an
Alamar Blue™ (Biosource, Camarillo, CA) fluorometric cell proliferation assay as recommended
by the manufacturer. Compounds are assayed in triplicate wells in 96-well plates. The
concentration required to inhibit cell growth by 50% (Glsg) and 95% confidence intervals are
estimated from nonlinear regression using a 4-parameter logistic equation. The effect of HDACS
selective inhibitor compounds on cell proliferation in Jurkat cells is measured. Apoptosis is
measured by Annexin-V flow cytommetry. Growth inhibiton iss measured by Alamar Blue assay.
Growth Inhibition of Jurkat Cells measured by Alamar Blue assay is shown in Table C. Cells are
treated with compound for 3 days.

Table C. Growth Inhibition of Jurkat Cells measured by Alamar Blue assay

Compound Glso (M)
6 1.43
7 -
8 6.1
9 2.00
10 2.25
11 1.98
12 1.80
13 2.5
14 3.58
15 3.37
16 >20
17 --
20 9.70

Example 65: Western Blotting

[00430] Cells are washed with PBS and resuspended in triple-detergent lysis buffer [50 mM
Tris-CL(pH 8.0), 150 mM NaCl, 0.1% SDS, 0.5% deoxycholic acid, 1.0% NP-40, supplemented
with ImM EDTA, 1 mM PMSF, 1mM Na3;VO,, 2mM B-glycerophosphate and the COMPLETE
protease inhibitor cocktail (Roche Molecular Biochemicals, Indianapolis, IN)] on ice for 10
minutes. After centrifugation, equal quantities of protein are resolved on SDS-polyacrylamide
gels (Bio-Rad Laboratories, Hercules, CA). Gels are transferred to polyvinylidene difluoride
membrane using a Semi-dry Transfer Cell (Bio-Rad Laboratories, Hercules, CA) and Western
blotted, using an anti-Hsc70 antibody to control for loading and transfer. Bands are imaged and
quantified in the linear range and normalized to Hsc70, using the Odyssey Infrared Imaging

System (LICOR, Lincoln, NE).
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Example 66: Apoptosis assays
[00431] Cytotoxicity is evaluated after 2 or 3 days of treatment with inhibitor alone and in
combination with qVD, BAPTA-AM, thapsigargin and phospholipase C inhibitor using annexin-
V staining. Annexin-V binding is assayed with a FACSCalibur instrument (Becton-Dickinson,
San Jose, CA) using reagents from BioVision (Mountain View, CA) per manufacturer’s protocol.
Example 67: Caspase activation assays
[00432] Caspase enzyme activity iss measured in Jurkat cells using the Apotarget Caspase
Colorimetric Protease Assay (BioSource International, Camarillo, CA) as per manufacturer’s
protocol following treatment with inhibitor.
Example 68: Intracellular Calcium Measurements
[00433] For the spectrofluorimetric measurements, cells (1 X 10° cells/mL) are incubated for 1 h
in Hanks’ Balanced Salt Solution (HBSS; Invitrogen) containing 10% Fetal Bovine Serum and 5
[OM Indo1-AM (Invitrogen) at 37°C in the dark. Cells are then harvested, centrifuged (200 X g
for 5 min) and washed three times with HBSS to remove extracellular Indo1, and readjusted to 1
X 10° cells/mL in HBSS. Fluorescence is monitored throughout each experiment at 37°C with a
fluorescent plate reader (Fluoroskan Ascent FL; Thermo Scientific). After a 5 min temperature
equilibration period, samples are excited at 338nm and emission is collected at 405 and 485nm,
corresponding to the Ca**-bound and -free Indo1 fluorescence emitted respectively, at 6-sec
intervals over a 1 minute period. Drug (or control) is then added, and acquisition is continued for
5 minutes. Maximal ratio values are determined by the addition of 1000M ionomycin at the end
of the measurements. Intracellular [Ca*"] changes are shown as changes in the ratio of Ca®'-
bound and -free Indo1.
Example 69: Pharmacokinetic Analysis of HDAC Inhibitor Compounds
[00434] This study, performed in male rats with test compounds is designed to provide
preliminary information on their pharmacokinetics. The test compounds are administered in
combination by oral gavage.
[00435] The specifications for rats used on this study are as follows:

Strain: CD® IGS rats (Sprague-Dawley derived)

Source: Charles River Laboratories

Surgical modification for oral dosing: One portal vein cannula and one jugular vein

cannula

Body weight range at dosing 350 to 375 g
[00436] The rats are acclimatized to laboratory conditions for at least 24 hours before dosing.

The evening before dosing, food is withheld from the rats and is returned immediately following
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the 3-hour blood collection time point. Water is provided ad /ibitum. The rats are housed
individually in translucent polycarbonate cages.

[00437] Test compounds are prepared as 3.0 mg/ml solutions (1% MC/0.4% Cr EL in WFI).
[00438] Rats are administered a single dose of test compound in combination by oral gavage.
Dose volumes are adjusted based on body weight data collected immediately prior to dosing.
[00439] The dose volume is 1 ml/kg and the nominal dosage is 3 mg/kg.

[00440] Blood samples are collected at 5 minutes, 20 minutes, 1 hour, 3 hours, 6 hours, 9 hours,
and 24 hours post-dosing from orally dosed rats. The samples are collected into plasma separator
Microtainer tubes with anticoagulant (lithium heparin). Plasma samples are prepared by
centrifugation (5 min at 5000 x g), and at least 100 pL are transferred to storage tubes and frozen
on dry ice. Samples are maintained at approximately -75C until prepared for analysis.

[00441] Plasma samples are thawed and 75 uL aliquots are transferred to centrifuge tubes to
which 10 uL aliquots of internal standard solution (0.5 pug/mL) are added. The samples are not
diluted with blank plasma prior to further processing. Soluble proteins are precipitated by the
addition of 300 pL of methanol, followed by centrifugation (20 min at 16,000 x g). The samples
are evaporated to dryness and reconstituted in 100 pL of water containing 0.2% formic acid and
10% methanol. All amples are loaded onto an autosampler maintained at 6 °C and evaluated for
oncentrations of test compound using LC-MS/MS. Plasma concentration data are evaluated using
the computer program WinNonlin (Professional Edition, Pharsight Corporation, version 5.01).
The analyses are performed using nominal sample times and a noncompartmental method with
uniform weighting. Pharmacokinetic parameter estimates include terminal half-life, volume of
distribution at steady state, and area under the concentration-time curve (AUC).

[00442] HDAC inhibitor 3-((dimethylamino)methyl)-N-(2-(4-
(hydroxycarbamoyl)phenoxy)ethyl)benzofuran-2-carboxamide is added to the cassette to serve as
a standard since the pharmacokinetics of this compound have been determined previously in rats.
Example 70a: Parenteral Composition

[00443] To prepare a parenteral pharmaceutical composition suitable for administration by
injection, 100 mg of a water-soluble salt of a selective HDACS inhibitor compound described
herein is dissolved in DMSO and then mixed with 10 mL of 0.9% sterile saline. The mixture is
incorporated into a dosage unit form suitable for administration by injection.

[00444] In another embodiment, the following ingredients are mixed to form an injectable

formulation.
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Ingredient Amount

Selective HDACS inhibitor compound described 12¢g

herein

sodium acetate buffer solution (0.4 M) 2.0 mL

HCI (1 N) or NaOH (1 M) q.S. to suitable
pH

water (distilled, sterile) q.s.to 20 mL

[00445] All of the above ingredients, except water, are combined and heated to 60-70 °C with
stirring. A sufficient quantity of water at 60 °C is then added with vigorous stirring to emulsify
the ingredients, and water then added q.s. to 100 g.

Example 70b: Oral Composition

[00446] To prepare a pharmaceutical composition for oral delivery, 100 mg of a selective
HDACS inhibitor compound described herein is mixed with 750 mg of starch. The mixture is
incorporated into an oral dosage unit for, such as a hard gelatin capsule, which is suitable for oral
administration.

[00447] In another embodiment, the following ingredients are mixed intimately and pressed into

single scored tablets.

Ingredient Quantity per tablet,

mg

selective HDACS inhibitor compound described 400

herein

Cornstarch 50
croscarmellose sodium 25
Lactose 120
magnesium stearate 5

[00448] In yet another embodiment, the following ingredients are mixed intimately and loaded

into a hard-shell gelatin capsule.
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Ingredient Quantity per tablet,
mg
selective HDACS inhibitor compound described 200
herein
lactose, spray-dried 148
magnesium stearate 2

[00449] In yet another embodiment, the following ingredients are mixed to form a suspension

for oral administration.

Ingredient Amount
selective HDACS inhibitor compound described 1.0¢g
herein
fumaric acid 05¢g
sodium chloride 20¢g
methyl paraben 0.15¢
propyl paraben 0.05¢g
granulated sugar 255¢g
sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 mL
Colorings 0.5 mg
distilled water q.s. to 100
mL

Example 70¢: Sublingual (Hard Lozenge) Composition

[00450] To prepare a pharmaceutical composition for buccal delivery, such as a hard lozenge,
mix 100 mg of a selective HDACS inhibitor compound described herein with 420 mg of
powdered sugar mixed, with 1.6 mL of light corn syrup, 2.4 mL distilled water, and 0.42 mL
mint extract. The mixture is gently blended and poured into a mold to form a lozenge suitable for
buccal administration.

Example 70d: Inhalation Composition

[00451] To prepare a pharmaceutical composition for inhalation delivery, 20 mg of a selective

HDACS inhibitor compound described herein is mixed with 50 mg of anhydrous citric acid and
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100 mL of 0.9% sodium chloride solution. The mixture is incorporated into an inhalation
delivery unit, such as a nebulizer, which is suitable for inhalation administration.

Example 70e: Rectal Gel Composition

[00452] To prepare a pharmaceutical composition for rectal delivery, 100 mg of a selective
HDACS inhibitor compound described herein is mixed with 2.5 g of methylcelluose (1500 mPa),
100 mg of methylparapen, 5 g of glycerin and 100 mL of purified water. The resulting gel
mixture is then incorporated into rectal delivery units, such as syringes, which are suitable for
rectal administration.

Example 70f: Suppository Formulation

[00453] A suppository of total weight 2.5 g is prepared by mixing a selective HDACS inhibitor

lTM

compound described herein with Witepsol ™ H-15 (triglycerides of saturated vegetable fatty

acid; Riches-Nelson, Inc., New York), and has the following composition:

Ingredient Quantity per suppository
(mg)

selective HDACS inhibitor compound described 500
herein

Witepsol® H-15 balance

Example 70g: Topical Gel Composition

[00454] To prepare a pharmaceutical topical gel composition, 100 mg of a selective HDACS
inhibitor compound described herein is mixed with 1.75 g of hydroxypropyl celluose, 10 mL of
propylene glycol, 10 mL of isopropyl myristate and 100 mL of purified alcohol USP. The
resulting gel mixture is then incorporated into containers, such as tubes, which are suitable for
topicl administration.

Example 70h: Ophthalmic Solution Composition

[00455] To prepare a pharmaceutical opthalmic solution composition, 100 mg of a selective
HDACS inhibitor compound described herein is mixed with 0.9 g of NaCl in 100 mL of purified
water and filterd using a 0.2 micron filter. The resulting isotonic solution is then incorporated
into ophthalmic delivery units, such as eye drop containers, which are suitable for ophthalmic
administration.

[00456] The examples and embodiments described herein are for illustrative purposes only and
various modifications or changes are to be included within the spirit and purview of disclosure

and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A compound having a structure of Formula I:

TR N
R2

-<\
-
o]
=I=
> x,
0
I

Formula I
wherein:

R'and R? are each independently H, OH, halogen, or C;-Cgalkyl;

L and L, are each independently a bond, O, S, NR?, -NR'’C(=0)-R", S(=0), S(=0),,
NHS(=0),, -C;-Cgalkylene-, -C,-Csalkenylene-, -C,-Csalkynylene-, -C;-
Csheteroalkylene-, -C;-Csalkylene-O-, -C;-Csalkylene-O-C,-Csalkylene-, -C;-
Csalkylene-NR’-, -C1-Calkylene-NR*-C;-Csalkylene -, -C;-Csalkylene-C(=0)NR’-, -
C1-Cialkylene-C(=0)NR’-C;-Caalkylene -, -C,-Cgalkylene-NR’C(=0)-, -C;-
Csalkylene-NR’C(=0)-C-Csalkylene-, -C;-Cealkylene-S-, -C,-Csalkylene-S-C -
Csalkylene-, -C;-Cgalkylene-S(=0)-, -C;-Csalkylene-S(=0)-C;-Csalkylene, -C;-
Csalkylene-S(=0),-, -C;-Csalkylene-S(=0),-C,-Csalkylene,—~C(=0)-, or —C(=0)-C;-
Cealkylene;

X is a substituted or unsubstituted group selected from among aryl, heteroaryl, Cs-
Ciocycloalkyl, and C,-Cgheterocycloalkyl; where if X is substituted, then X is
substituted with 1, 2, 3, 4, or 5 groups selected from among halogen, C;-Cgalkoxy, C;-
Cefluoroalkoxy, aminoC;-Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-
CsalkylaminoC,;-Csalkoxy, C,-CsheterocycloalkylC;-Csalkoxy, Cs-
CsheterocycloalkylC-Caalkyl, -CN, -NO,, -CO,R", -C(=O)R"!, -S-R", -S(=0)-R"", -
S(=0),-R", -NR'"’C(=0)-R"!, -C(=O)N(R'),, -S(=0),N(R'),, -NR'?’S(=0),-R"", -
OC(=0)N(R'%),, -NR'’C(=0)0-R"!, -OC(=0)0-R"!, -NHC(=0)NH-R"', -OC(=0)-
RY, -N(R'"),, -C-CralkyIN(R'®),, C;-Csalkyl, Ci-Csfluoroalkyl, C,-Csalkenyl, Cs-
Csalkynyl, C;-Cgheteroalkyl, Cs-Cscycloalkyl, substituted or unsubstituted C,-
Cioheterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

Y is H or a substituted or unsubstituted group selected from among C;-Csalkyl, -CO,R',
-C(=0)R"!, -NR'’C(=0)-R"", -C(=0)N(R'%),, aryl, heteroaryl, Cs-C qcycloalkyl, and
C,-Cjpheterocycloalkyl; where if Y is substituted, then Y is substituted with 1, 2, 3, 4,
or 5 groups selected from among halogen, C;-Csalkoxy, Ci-Csfluoroalkoxy, aminoC;-

Csalkoxy, C;-CsalkylaminoC;-Csalkoxy, hydroxyC;-CsalkylaminoC;-Csalkoxy, C,-
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CsheterocycloalkylC;-Csalkoxy, C,-CsheterocycloalkylC;-C,alkyl, -CN, -NO,, -
CO.R", -C(=0)R", -S-R", -S§(=0)-R"", -S(=0),-R"!, -NR'’C(=0)-R", -
C(=0)N(R'),, -S(=0),N(R'%),, -NR'?’S(=0),-R", -OC(=O)N(R'"),, -NR'°C(=0)0-
R, -0C(=0)0-R"!, -NHC(=0)NH-R'!, -OC(=0)-R", -N(R'?),, -C;-CralkyIN(R'"),,
C;-Cealkyl, C;-Csfluoroalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Csheteroalkyl, Cs-
Cscycloalkyl, substituted or unsubstituted C,-Cjoheterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl;
R'? is hydrogen, or a substituted or unsubstituted group selected from among C-
Csalkyl, C;-Csfluoroalkyl, C;-Csheteroalkyl, Cs-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, and heteroaryl;
R is a substituted or unsubstituted group selected from among C;-Cealkyl, C;-
Cefluoroalkyl, Cs-Cscycloalkyl, C,-Cgheterocycloalkyl, aryl, and heteroaryl,
R’ is H, C;-Cealkyl, phenyl or benzyl;
or a pharmaceutically acceptable salt, pharmaceutically acceptable N-oxide, or
pharmaceutically acceptable prodrug thereof.
The compound of claim 1 wherein R' and R? are each independently H.
The compound of claim 1 or 2 wherein L is O or S.
The compound of any one of claims 1-3 wherein X is a substituted or unsubstituted aryl.
The compound of claim 4 wherein aryl is phenyl.
The compound of claim 5 wherein phenyl is substituted with at least one CL, Br, I, or F.
The compound of claim 5 wherein phenyl is substituted with at least two of Cl, Br, I, or F.

The compound of claim 5 wherein phenyl is substituted with at least one C;-Csalkyl.

A A B AR L B

The compound of claim 8 wherein C;-Cealkyl is methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, or tert-butyl.
10.  The compound of claim 9 wherein C;-Cgalkyl is methyl.

11.  The compound of claim 5 wherein phenyl is substituted with at least one C;-Csalkoxy.

12. The compound of claim 11 wherein C;-Cgalkoxy is selected from methoxy or ethoxy.

13.  The compound of any one of claims 1-3 wherein X is a substituted or unsubstituted
heteroaryl.

14.  The compound of claim 13 wherein heteroaryl is pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-
azaindolyl, 7-azaindolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,

phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl,
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thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and
furopyridinyl.
The compound of claim 14 wherein heteroaryl is pyridinyl.
The compound of any one of claims 1-3 wherein X is a substituted or unsubstituted Cs-
Ciocycloalkyl.
The compound claim 16 wherein Cs-Cjocycloalkyl is cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl.
The compound of any one of claims 1-3 wherein X is a substituted or unsubstituted C,-
Cioheterocycloalkyl.
The compound of claim 18 wherein C,-Cjgheterocycloalkyl is quinolizinyl, dioxinyl,
piperidinyl, morpholinyl, thiomorpholinyl, thiazinyl, tetrahydropyridinyl, piperazinyl,
oxazinanonyl, dihydropyrrolyl, dihydroimidazolyl, tetrahydrofuranyl, tetrahydropyranyl,
dihydrooxazolyl, oxiranyl, pyrrolidinyl, pyrazolidinyl, dihydrothienyl, imidazolidinonyl,
pyrrolidinonyl, dihydrofuranonyl, dioxolanonyl, thiazolidinyl, piperidinonyl, indolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, and tetrahydrothienyl.
The compound of claim 19 wherein C,-Cjgheterocycloalkyl is piperidinyl.
The compound of claim 20 wherein piperidinyl is substituted with -CO,R'’, -C(=0)R"" or
-C(=O)N(R'"),.
The compound of claim 21 wherein piperidinyl is substituted with ~C(=O)R'".
The compound of claim 22 wherein R"' is a substituted or unsubstituted C;-Csalkyl.
The compound of claim 23 wherein C;-Csalkyl is methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl or tert-butyl.
The compound of claim 24 wherein C;-Cgalkyl is methyl or iso-propyl.
The compound of claim 22 wherein R"' is a substituted or unsubstituted aryl.
The compound of claim 26 wherein aryl is a phenyl group.
The compound of claim 22 wherein R'" is a substituted or unsubstituted heteroaryl.
The compound of claim 28 wherein heteroaryl is pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, 4-azaindolyl, 5-azaindolyl, 6-
azaindolyl, 7-azaindolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl,

thiadiazolyl, furazanyl, benzofurazanyl, benzothienyl, benzothiazolyl, benzoxazolyl,
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quinazolinyl, quinoxalinyl, imidazo[1,2-a]pyridinyl, thiophenopyridinyl, and
furopyridinyl.
The compound of claim 29 wherein heteroaryl is pyridinyl or furanyl.
A compound selected from (E)-N-hydroxy-3-(2-(3-methoxyphenoxy)phenyl)acrylamide;
(E)-3-(2-(3-fluorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-N-hydroxy-3-(2-(pyridin-
3-yloxy)phenyl)acrylamide; (E)-N-hydroxy-3-(2-(pyridin-4-yloxy)phenyl)acrylamide;
(E)-N-hydroxy-3-(2-(4-methoxyphenoxy)phenyl)acrylamide; (E)-3-(2-(3-
chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)phenyl)-
N-hydroxyacrylamide; (E)-N-hydroxy-3-(2-(m-tolyloxy)phenyl)acrylamide; (E)-N-
hydroxy-3-(2-phenoxyphenyl)acrylamide; (E)-N-hydroxy-3-(2-(p-
tolyloxy)phenyl)acrylamide; (E)-3-(2-(4-chlorophenoxy)phenyl)-N-hydroxyacrylamide;
(E)-3-(2-(4-fluorophenoxy)phenyl)-N-hydroxyacrylamide; (S,E)-3-(2-(1-
benzoylpiperidin-3-yloxy)phenyl)-N-hydroxyacrylamide; (S,E)-3-(2-(1-acetylpiperidin-3-
yloxy)phenyl)-N-hydroxyacrylamide; (S,E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-3-
yloxy)phenyl)acrylamide; (E)-3-(2-(1-(furan-2-carbonyl)piperidin-4-yloxy)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(1-acetylpiperidin-4-yloxy)phenyl)-N-hydroxyacrylamide;
(E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-4-yloxy)phenyl)acrylamide; (E)-3-(2-(1-
benzoylpiperidin-4-yloxy)phenyl)-N-hydroxyacrylamide; (E)-N-hydroxy-3-(2-(1-
nicotinoylpiperidin-4-yloxy)phenyl)acrylamide; (R,E)-3-(2-(1-acetylpiperidin-3-
yloxy)phenyl)-N-hydroxyacrylamide; (S,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-
yloxy)phenyl)-N-hydroxyacrylamide; (R,E)-3-(2-(1-(furan-2-carbonyl)piperidin-3-
yloxy)phenyl)-N-hydroxyacrylamide; (R,E)-N-hydroxy-3-(2-(1-isobutyrylpiperidin-3-
yloxy)phenyl)acrylamide; (R,E)-3-(2-(1-benzoylpiperidin-3-yloxy)phenyl)-N-
hydroxyacrylamide; (R,E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-3-
yloxy)phenyl)acrylamide; (S,E)-N-hydroxy-3-(2-(1-nicotinoylpiperidin-3-
yloxy)phenyl)acrylamide; (E)-N-(4-(4-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-
1-enyl)phenyl)nicotinamide; (E)-3-(5-acetamido-2-(4-fluorophenoxy)phenyl)-N-
hydroxyacrylamide; (E)-3-(5-acetamido-2-(3-chlorophenoxy)phenyl)-N-
hydroxyacrylamide; (E)-N-(4-(3-chlorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-1-
enyl)phenyl)nicotinamide; (E)-N-(4-(3-fluorophenoxy)-3-(3-(hydroxyamino)-3-oxoprop-
I-enyl)phenyl)nicotinamide; (E)-N-(4-(3,4-dichlorophenoxy)-3-(3-(hydroxyamino)-3-
oxoprop-1-enyl)phenyl)nicotinamide; (E)-3-(5-acetamido-2-(3-fluorophenoxy)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-(methylsulfonamido)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-(methylsulfonamido)phenyl)-N-
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hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-3-ylmethylamino )phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-5-(pyridin-2-ylmethylamino )phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(4-fluorophenoxy)-5-(pyridin-2-ylmethylamino)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-3-ylmethylamino)phenyl)-N-
hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-5-(pyridin-3-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-5-(pyridin-2-
ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3,4-dichlorophenoxy)-5-
(pyridin-2-ylmethylamino)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-
(pyridin-3-ylmethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-
morpholinoethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-4-(2-(4-
methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-
4-(2-(dimethylamino)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-chlorophenoxy)-
4-(2-methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-
methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(4-(2-acetamidoethoxy)-2-(3-
chlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-
(dimethylamino)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(3-fluorophenoxy)-4-(2-
(4-methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-
fluorophenoxy)-4-(2-methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-
fluorophenoxy)-4-(pyridin-3-ylmethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-
fluorophenoxy)-4-(2-(dimethylamino )ethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(4-(2-
acetamidoethoxy)-2-(4-fluorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-(4-
fluorophenoxy)-4-(2-(4-methylpiperazin-1-yl)ethoxy)phenyl)-N-hydroxyacrylamide; (E)-
3-(2-(3,4-dichlorophenoxy)-4-(2-methoxyethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-
(4-(2-acetamidoethoxy)-2-(3,4-dichlorophenoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-
(3,4-dichlorophenoxy)-4-(2-morpholinoethoxy)phenyl)-N-hydroxyacrylamide; (E)-3-(2-
(3,4-dichlorophenoxy)-4-(pyridin-3-ylmethoxy)phenyl)-N-hydroxyacrylamide; an active
metabolite, pharmaceutically acceptable solvate, pharmaceutically acceptable salt,
pharmaceutically acceptable N-oxide, or pharmaceutically acceptable prodrug thereof.
A pharmaceutical composition comprising (a) a compound of any of claims 1-31 or an
active metabolite, pharmaceutically acceptable solvate, pharmaceutically acceptable salt,
pharmaceutically acceptable N-oxide, or pharmaceutically acceptable prodrug thereof,

and (b) a pharmaceutically acceptable diluent, excipient, or carrier.
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The pharmaceutical composition of claim 32, wherein the pharmaceutical composition is
formulated for intravenous injection, subcutancous injection, oral administration,
inhalation, nasal administration, topical administration, ophthalmic administration or otic
administration.
The pharmaceutical composition of claim 32, wherein the pharmaceutical composition is
a tablet, a pill, a capsule, a liquid, an inhalant, a nasal spray solution, a suppository, a
suspension, a gel, a colloid, a dispersion, a suspension, a solution, an emulsion, an
ointment, a lotion, an eye drop or an ear drop.
A method of treating T-cell lymphoma or leukemia in a mammal in need thereof,
comprising administering to the mammal a pharmaceutical composition containing a
therapeutically effective amount of a compound of claims 1-31.
The method of claim 35, further comprising administering to the mammal a second
therapeutic agent, selected from among abarelix; aldesleukin; Aldesleukin;
Alemtuzumab; alitretinoin; allopurinol; altretamine; amifostine; anastrozole; arsenic
trioxide; asparaginase; azacitidine; bevacizumab; bexarotene; bleomycin; bortezomib;
busulfan; busulfan; calusterone; capecitabine; carboplatin; carmustine; carmustine;
celecoxib; cetuximab; chlorambucil; cisplatin; cladribine; clofarabine; cyclophosphamide;
cytarabine; cytarabine liposomal; dacarbazine; dactinomycin; Darbepoetin alfa; dasatinib;
daunorubicin liposomal; daunorubicin; daunorubicin; decitabine; denileukin;
dexrazoxane; docetaxel; doxorubicin; doxorubicin liposomal; dromostanolone propionate;
epirubicin; Epirubicin; Epoetin alfa; erlotinib; estramustine; etoposide phosphate;
ctoposide; exemestane; Filgrastim; floxuridine; fludarabine; fluorouracil; fulvestrant;
gefitinib; gemcitabine; gemtuzumab ozogamicin; goserelin acetate; histrelin acetate;
hydroxyurea; Ibritumomab Tiuxetan; idarubicin; ifosfamide; imatinib mesylate;
interferon alfa 2a; Interferon alfa-2b; irinotecan; lenalidomide; letrozole; leucovorin;
Leuprolide Acetate; levamisole; lomustine; meclorethamine, nitrogen mustard; megestrol
acetate; melphalan; mercaptopurine; methotrexate; methoxsalen; mitomycin C;
mitomycin C; mitotane; mitoxantrone; nandrolone phenpropionate; nelarabine;
Nofetumomab; Oprelvekin; oxaliplatin; paclitaxel; paclitaxel; paclitaxel protein-bound
particles; palifermin; pamidronate; panitumumab; pegademase; pegaspargase;
Pegfilgrastim; pemetrexed disodium; pentostatin; pipobroman; plicamycin, mithramycin;
porfimer sodium; procarbazine; quinacrine; Rasburicase; rituximab; sargramostim;
Sargramostim; sorafenib; streptozocin; sunitinib maleate; tamoxifen; temozolomide;

teniposide; testolactone; thalidomide; thioguanine; thiotepa; topotecan; toremifene;
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tositumomab; tositumomab/I-131 tositumomab; trastuzumab; tretinoin; Uracil Mustard;
valrubicin; vinblastine; vincristine; vinorelbine; vorinostat; zoledronate; and zoledronic
acid.
A compound of any one of claims 1-31 for treating T-cell lymphoma or leukemia in a
mammal.
Use of a compound of any one of claims 1-31 in the manufacture of a medicament for
treating T-cell lymphoma or leukemia in a mammal.
A method of treating a disease or condition mediated by interleukin-1 beta (IL-1b) or IL-
18 in a mammal, comprising administering to the mammal a therapeutically effective
amount of a compound of any one of claims 1-31, or a pharmaceutically acceptable salt,
pharmaceutically acceptable N-oxide, pharmaceutically active metabolite,
pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate thereof.
The method of claim 39, wherein the disease or condition is selected from among
osteoarthritis, rheumatoid arthritis, septic arthritis, gout, pseudogout, juvenile arthritis,
Still's disease, Ankylosing spondylitis, systemic lupus erythematosus (SLE), Henoch-
Schonlein purpura, psoriatic arthritis, reactive arthritis (Reiter's syndrome),
hemochromatosis, hepatitis, Wegener's granulomatosis, Familial Mediterranean fever
(FMF), HIDS (hyperimmunoglobulinemia D and periodic fever syndrome), TRAPS
(TNF-alpha receptor associated periodic fever syndrome), inflammatory bowel disease,
Crohn's Disease, ulcerative colitis, recurrent fever, anemia, leukocytosis, asthma, chronic
obstructive pulmonary disease, and myalgia.
The method of claim 40, further comprising administering to the mammal a second
therapeutic agent, selected from among tacrolimus, cyclosporin, rapamicin, methotrexate ,
cyclophosphamide, azathioprine, mercaptopurine, mycophenolate, or FTY 720,
prednisone, cortisone acetate, prednisolone, methylprednisolone, dexamethasone,
betamethasone, triamcinolone, beclometasone, fludrocortisone acetate,
deoxycorticosterone acetate, aldosterone, aspirin, salicylic acid, gentisic acid, choline
magnesium salicylate, choline salicylate, choline magnesium salicylate, choline
salicylate, magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen,
fenoprofen calcium, flurobiprofen, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac
tromethamine, naproxen, oxaprozin, diclofenac, etodolac, indomethacin, sulindac,
tolmetin, meclofenamate, meclofenamate sodium, mefenamic acid, piroxicam,
meloxicam, celecoxib, rofecoxib, valdecoxib, parecoxib, etoricoxib, lumiracoxib, CS-

502, JTE-522, L-745,337 and NS398, leflunomide, gold thioglucose, gold thiomalate,
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aurofin, sulfasalazine, hydroxychloroquinine, minocycline, infliximab, etanercept,
adalimumab, abatacept, anakinra, interferon-f3, interferon-y, interleukin-2, allergy
vaccines, antihistamines, antileukotrienes, beta-agonists, theophylline, and
anticholinergics.

Compound of any one of claims 1-31 for treating a disease or condition mediated by
interleukin-1 beta (IL-1b) or IL-18 in a mammal.

Use of a compound of any one of claims 1-31 in the manufacture of a medicament for
treating a disease or condition mediated by interleukin-1 beta (IL-1b) or IL-18 in a

mammal.
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IR EIE) NI EERZ. (S, B)-N- 3 3E —3-(2- (1- MHMEFE VR e —3— JE40 L) K38 §
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F -NR°C (= 0) —.—C,—C, WhtFE -NR°C( = 0) —C,—C, WhtHk —.—C,~C, WhtHE -S—.—C,—C, Wkt
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0)NH-R"'.-0C ( = 0) -R".-N(R"%) ,. —C,—C, %&%E N(R') ,. C,—C, %k . C,—Cy HbEIE . C,—C, MEE
C,=Cq BRAE L C,=Cy AT L C=Cg FRBESE B BRI C,-Co 28 B2k B REUR B 05
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[0011] 75N —ANHAMSHE 77 S, C—C it e

[0012]  7E 5 —ASEil s S, 2RI 2 /b — A C=Cy KA TR 765 — ALt 7 &
i, C—C, B IEIE A AR O 5 .

[0013]  7E—ANSEE 7 b, XORBURBREUR 2L 558 . 765 — N SEfE 7 Erp, 24 05 3 2
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[0017] 725 —ASEHETT A, CCyp ZRFA Pt R MR AL . A 24 BF U L WIR g 2k | ek
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E)-3-(2-(1- 28 FER R WR e —3- JR 4 0% ) A% ) -N- R E WK ELZ. (S, B)-3-2-(1- &
WEFEWRIE —3- JE4 0% ) 2R 58 ) -N- RN A BEIZ. (S, B)-N-J2 2k -3-(2-(1- 7 T Btk
WE —3- FEARE ) ) WmEL L. (B)-3-Q- (- (Welg —2- B8 ) WRmg —4- B4 &) ¥
) -N- BRENMGEEZ. (B)-3-2-(1- SWEENRIE —4- R4 ) KA ) -N- BENAEEZ.
(B) -N-J2 2% -3-(2- (1- ¢ T BRFEWRAE —4- JE4058 ) AR08 ) NAIEI% . (B) -3- (2 (1- ZX Ik
FEWRME —4- FEEEL ) K& ) -N- BERMGEE. (B)-N- 3% -3- (- (1- B EEIRE —4- 5
IR I NMEEERZ. R, B)-3-(2-(1- ZBEFRERIE —3- JE40 0L ) 3L ) -N- BRI 4
Wfz . (S, B)=3—(2—(1-(MRM —2— P2k ) WRiE -3- 2E5028 ) K3 ) -N- BREN G, R,
E)=3-(2-(1- (WEmg —2—- ¥ JE ) WRME —-3- J 4808 ) 25 ) -N- BRENMEZ. R, B)-N-F&
= -3-(2-(1- T BEERNRIE -3- B4 ) R ) NEBHZ. R, E)-3-(2-(1- 2K B IR
ME —3- FLAIE ) 25 ) -N- BIEENMEEEIZ. (R, B) -N- 2 3& —3-(2- (- JHBEFE R e -3- 5%
AR RIE) REEERZ. (S, BE)-N- B3t —3- (- (1- M mEFE VR e —3- 40 ) X)) |
I (B) -N-(4- (4 ARG I ) -3- (3- (BRI A I ) -3- BAUA —1- 43k ) K& ) Ak
Mz, (B)-3-(5— LBEE I —2- (4- AR ) K5 ) -N-RENEHIZ. B)-3-6- SBR
i -2-(3- RN ) K ) -N- BRENEIE . (B) -N-(4-(3- SUAREE ) -3- G- (RER
F) -3- AN 14535 ) FEE) MELE . (B) -N-(4- (3- A EAIE) 3- (3- (BRI EIE) -3-H
RV —1- 55 ) 2835 ) MWmEIZ. (B)-N-(4-(3,4- A FEIE)-3-B-( BRI )-3- &
R -1- 1) ) WEE%. B)-3-(5- ZBRaE 5t —2- - W AEA ) K )-N- &
SR EE . (B)-3-(2- (4- R IE ) -5 ( FIL R mE L3k ) K55 ) -N- BRI TR I B i
(B) -3-(2— (3— RURA AL ) 5 ( FEERAMEILIE ) K3 ) N- BRENKEENZ. (B)-3-(2-(4- "
HASE )5 (ke -3- 58 AR &AL ) 2R3 ) -N- BRI MM WM. (B)-3-(2- (3~ S K4
7 ) -5 (ki -3- RS ) K5 ) -N- BENGEZ. (B)-3-(2-(3- & % ) -5- (it
W —2- L AL EU0E ) 2R3E ) -N- BREL NG IENZ . (B) -3-(2- (4— R4 AL ) -5 (ikme —2- &
R G ) B3 ) -N- R EWF B, (B)-3-(2-(3— AR ) -5 (nhng —3- 3 A
B) FE)-N-RIEWEE L. B)-3-02-(3,4- & FEE)-5-(nhg -3- R PR E
Fe) EKE)-N-BERGE NG, B)-3-2-G- FWIAEAE ) -5-(ukrg —2- FEPRE R ) K
B -N- BRIE TN R . (B)-3-(2-(3,4- G KA 3L ) -5 (kg —2- 3E I JE (0t ) %
X ) N- IR WL (B)-3-(2- (3— SUAR% L ) —4- (nbrg —3- ZEP AL ) 2258 ) N- %
TR (B)-3-(2-(3- & IR FE ) -4-(2- kI 248 58 ) F ) -N- 52 35 79 4 ik
f. (B)-3-(2-(3- @URAEEE ) 4-(2-(4- FREIRE -1- 2 ) L8 E) FE)-N-BRENG
Wefi . (B)-3-(2-(3- W ARHAIE ) 4- Q- ( Z &I ) CHE) KE ) -N- BRI NIt
(B) -3-(2- (3-RURSEEE ) 4- Q- FARIELEE) 1) -N-RIEWNEEZ . (B)-3-(2-(3- 7
REHE)A-C- FHEECHEEE) FE)-N-RBEWNHEH L. B)-3-(4-2- SBHEE LA
) -2- (- JAREE ) K -N-RENEBZ. B)-3-2-G- mARRE)4-C-(ZF
FERE) CHEIE) FE)N-BENGBEE. B)-3-2-3- FARAR ) 4-2- (4~ FIHIR
W -1- 3% ) QIR ) KB N-FRENHEBE L. (E)-3-2-(4- FoREE ) -4-2- FHE
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CEFE) ZRIL)N-BEN G L. B)-3- Q- (4= FREEE ) 4- (e -3 F& F 4 %)
REE)-N- RN AW B)-3-(Q2-(4- FARAEE ) 4-Q-( ZHFEAEL) HE)
) -N-FRE NG (B) -3-(4-(2- LB E IR 55 ) —2- (4- oA ) 285 ) N- 25
WIGEEEZ . (B) -3-(2- (4~ ARG IE ) —4-(2-(4- FEEIREE —1- 5L ) 5 FE) KE)-N-1
LR B)-3-(2-3,4- ZR/ KAL) 4-C-FHECHE) KE)N-FHENRE
GG, (B)-3-(4-2- OB FE O FE ) 2-(3,4- & REE) KE)-N-BE N
Bz (B) —3—(2—(3,4— "G ZRAIE ) —4— (- Wk AL 2 40 38 ) 3L ) —N- 52 55 A 06 T e
(B)=3-(2- (3,4~ R AREIEL ) —4-(nkmg -3- LI ) KIL ) -N- FRIL NG IEIE s s 1
U 252 LT B2 SR 2% Lol 8252 193k 2527 LT B2 1 N- Aok 2 2
RTEERZ AT .

[0023]  ASCHE—L AT T WA EY, HaEX (D, D, (11, (IT11a), (IV) . (IVa)
(IVb) 8% (IVe) MA YL A 2525 bl 822 M HI ) 255 bl 8252 1) 3k
25 B2 0 N- SR B 25 BT A2 R 24, DL R 25 b mT 4 52 AR R R R 771 B
Bk fE—2es 7 b, A ALAECE R F T P RS R R CUIRGA 2 RN
S BILY . RRA Y AIRA AT A Y, (B2l T 0, AL A e B R
LT B B RN F) S 5 500 R 01 BV VR PG B 7 23 BTSSRV YAV L) 3K
B R IR ) e EE 5

[0024]  JEAb, ARSCATF T WA A, AL A SCHTR 1) HDACS $IHIFI4k A 1) s L 25 2%
RRTERZ AR 25 BT N- SR ER 2 25 BT A2 R 24, DL 255 BT R KA
B RIE A S . AE— 28 STl 5 b, 294 & e i o F e B R R S R
ROV RG24 R R 25 IR A A B E 45 2 . R Be sl b, A SR
B TR LT R AR R N T SRR T L R R R L SRS L A A B
R FULALT S 258 PR T AR T B B

[0025]  7F R 2 sl =, A SCATE TIRIT L b 10 T 40 M bk © 0% Bk I 1
%, FALHE e A SCHTIR 1) HDACS FIFIML &4 4 —AJ7 10, FTiRI FLali 2 N, fE—
sty e, AR SCHTIR L S T IRG 25 .

[0026]  7E—NJ5 T2 A SO ¥) HDACS Ak G AE 16 Y7 T LN IR T 48 i ik (939 51
I R & o A — N5 T TRV FLsh ) NS 6 — 28Tl 77 2 rp, ASCHTiR b &
M O ReE 25

[0027]  #E—N 75 I A& A SC AT ¥9 HDACS $ IS AL A EHi 2 FH T 167 e SLah i T 41
bk CL R B s I 2 h R & AE— AN J7 T, TR FLB e N2 75— S8t 7y %
W, ASCHTIR AL S D REE 2

[0028]  ASCIEHER T EA FREMMILIW TR HE A E -1 8 (IL-1b) B IL-18 AT
P59 SR e 1 7 2%, LA RE X LBl A e FH ¥6 97 A R AR ST IR (1) HDACS kIR &4
s 22 BRIz i L 255 a2 1 N- SEAL D 22 i TEAR U L 252 e B2 R
A FRT T2 AE— N J7 T, TR BOIR L IE B B O848 R MDY %
JUR M DT 98 I A ABRE R B A B ST R A R (Still’s disease) (BREPEAAER
RAMLBEIRIE (SLE) \Henoch— Schonlein 48 4 OB O 5 L [ NPE T 98 (SRRF /R 457
HAE ) M ZR DU 5 TR A0 A 5 i « S P AR gk (FMF) JHIDS (S 2k & (1
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IAE DRI W1 A PR A 1E ) « TRAPS (TNF- o S2 4 H 5 10 Fa A & A A48 ) 2 ME s
0 B B 1507 T 5 T 4% < IRV B 0 L 22 L R A BE S M e S LR . A
J3 T P Ty — 0 ARG R IR FL BNt 5 VTR 1R R R A A Sl B ) VR
W2 B2 (rapamicin) 2 RS  PRBE i 0 e 0 (B SR | 22 25 Ty i sl FTY 720,
SR PRI S I R ] (A UK SR A T TR JE T M JE KA A AR A | 22 T T L 3 GRS (R R
T AR « T R I 0 S R T 45 ) 5] ) DC AR /KA R JE IR AR /K A R 8% 7K A% R fIH
i~ MR K A R B K 4 BR LAk 7K A% BR B K R AN s — B AN R 25 B A& 25 AR A I
3G R ECIE S AT S v 55 A S5l (nabutone) FiRE IR (ketolorac)  HiMS IR 2 T
TR A VYD TS ST R KL IR ISR A AT AR R LGSR T AT IR £ L
ST TR T 25 IR IR L 27 5 L SR 9 1 B L JE SRk 1A L B AR A AR 25 L A 5 K
e K CS-502, JTE-522. L-745, 337 H1 NS398. K UK AL A #H 4 AR 3E
M4z 487 (aurofin) AN ZUI ML IE | FR 55 U ORIV 1 38 L DR B e AR TR P 3 L BT IA R
BHL TP A A s TR - B TR -y AN E 2 VRS RN P42
PUA =M B — W IR PUIRARREZ o (B AN T, BRI NS, B st
Ji 77 G, A SCHTR AL B4 RG24
[0029]  7E-— AN Jy [, % 3C BT ib (1) HDACS #1571 4L & ¥ L T ¥R 57 "R SLsh 4 b 1 A Ay
% 1B (IL-1b) 8 IL-18 /- FRPIm aR I o £ — 77 T, BT s sl I 12 BB 61 46
AR DT 28 IR EEME DG 28 VIR RGBT IR B BB O 58 R R SR EL AR R VR
G L BEIRIE (SLE) « Henoch— Schonlein 5 - B IS 2 VIS R (SRHF /R 5
HAE ) ML Z YT 28 5 06 40 PR 5 i « S P M g B (BMF)  HIDS (i %o 33 2K A
[ MLSE DR 1 R LA AE )  TRAPS (INF— a2 fRAH ¢ (1) B A ME R 0S5 1F ) « 1t W
i~ 0, B TR Iz PR G I 2 RV A TR 0 G 2 | RN |0 P A MU . A
75— 77 T, A SCHTIR ) HDACS $ I &4 5 58 3Ry B G A8, 1258 167 it A ik
SO E] AR ER L E I AR R 2 TS PR IR A B MR EE RS (R RS | FE Sy S T FTY 720,
SR PRI S I R T A TR SR A T Tk JE T 1 ZE KA A At KA | 22 T T L A3 GRS VBB R
T (AR « T R 0 0 R ) T S48 ) 5] ) DE AR KA R JE MR R MR AR K A BR B /K A% R JIH
i~ MR 7K 7 R B K 4 BR ALK K A% BR B L K BR A s — B 0N R 25 L B VAV 25 L AR VI
SRR LV SF ATV S5 WIS 25 AT S0 T PR S PR T I 2 AR L DR R LR
TR KIC TR IR S = (RPARIR VFG3E T AR AN IR 26 R G025 IR  F 25 R I  hik
%R SRV R FER AT B AR B AT AR S A S KA B AOK S . CS-502,
JTE-522. 1.-745, 337 FI1 NS398 . 2 F A E Bt A0 i B & B AR SR IR 4\ v 73 WD AU T iz ik
WE | FR L S K PR 25 DR B A L BT A BT ] £ P S BT 1 5% L T
F-B T IE -y AN E 2 RSN DA 2 B A = B - BEh 2R A P
BEEZS . fE—ANJ7 I, BTiR FLah R AR fE—S8sLjfi )7 =, ASCATR b &4 Dk
ZeE TP
[0030]  #E—ANJ7 THI A& A SCHTIR ¥ HDACS il AL AL & M0 4E Hil 4% FH T 187 i SL3h i i
F/r % -1 8 (IL-1b) B IL-18 /- S IR BUIRGL I 25 h & . 76— J7 T, BTk 5
YR NIS . A2 T S, A SCTIR G A RG24
[0031]  EATAMTI K 248 FH HDACS #5714k & 4 BEAT 1697 16 b IR S it 75 2 v, A2 Bk i FH
13
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HDACS FI IR A M A H8 i FH 22 /b — B R AN 25— D B SE 7 56 o &R 2455 LA
ARART NGy i FH 5 455 [ Bt P
[0032]  FE—HESj 75, AR SCHTAR AL G A T HDACS HIvE s TR B &%
a7 HDACS 35 4 PRI il ) 92 93 B 0 o
[0033]  FE—2E5iji 7 S, ASCATIR AL G H T L HIF0 ) HDACS Y& PERT 254
[0034]  FRAL T il HALFE AR R, ZE AR I A ST AT ) HDACS #1575 »
FARZE, bR e sz GV A A WL 2525 a2 19 3h . 252 Bl #32 1) N- Ak
V) HT 2y B 255 ] A2 BRI AL ) T3 HDACS fid M, R TG 97 TR sk fr &
52 20 10 HDAC ¥ P R4 i) R 5 8 EOPR L 1) — sl 22 Pferieti o
[0035]  7E LR 7V A A RN A (1 o Ath B AR R fEFI AR SRR DA 1 40 1 04 K
A2 ST 5 WL o BRI, N B, 2% 43 A 0 LA S e 9] 8 2% W L R S i 7 S A3 LA
J7 ANEE BRI L TE AN HE IR, 75 4% 2 FF Y2 IR #OR0 3 [ P ) 25 i AR AL RTE Lok 5 74
13 21 5 W

A
[0036] it WAL AE A FANE S EAE FH B9 40 A 1 i 0 ) S 0 16 0 A % €8 i &5 ) 1) o
e R B AL R R I (A I8 R 2 o 4B 11 I S BRAR A ) AR AR SEUT IR 6 8 19 3R N A S P
AWM Lo S4BT & A BN DNA AL —&, A& A0 SBACRES voe G 0502
Aib B AE 1 B SR T BRRAS IS A2 A T 58 5y Bl 4 e i B LA I TE . Bz, Al AR Bk
[ S BEAL 5 2R R SR E AR G . RS R O SR TR T AR O OB Al (HAT)
S E AN OB (IDAC) FAH R AE .
[0037] 2R AN CWERE (HDAC) AL SR MFEIT A e A N R =8 e — 22 B
R o 122 5 R AR G 60 TR (1) B 40 » 5 BSUEG SR R4
[0038]  HDAC #I#HIF) (HDT) LA &0 MR S 1o R 35 D) e 1 1 oL 1) 6 o b 5 2 R TR 36
ko HDT 380 SWAb 4 8 1) SR AR, ELEGE m Y ( T 2548, T e i A% /MR 5 2 R 3+
TR R o
[0039]  ZH 4% (AN L BERE (HDAC) 1832 a5 A AR 0 1) S A i e e 2 O 0 S R4k
WHEREE . BIMMENZEAFHLEME SR — Mo EM RGP REIEH. 4EE
Wit CBERE O oy i =28 T 200 11 SRR G C kRS (HDAC) 2 & BRI/K gl . 5 11 skl
YR T R TT 2R T8 A TR/ R AR DL K B R 45 F B 20 234k
[0040] T S A 7 15 % B RPD3 5 A 7™ M 4H 2% T 28 HDAC A 4% :HDAC1. HDAC2. HDAC3,
HDACS. HDAC11,
[0041]  HDACS #& 377 ¥k L (1) 42kDa £t [ 0T, & A7 T Ak 2 4l 2R DL S LA N 2 i 9 48
Ml 22 ) 40 B #%. GenBank % 3% 5 NP 060956 ;Buggy, J. J. %, Biochem. J.,350 (Pt 1),
199-205 (2000) & T 4> K HDACS HIEFAER LA o F DUMPAS IR (1) 45 & 110 57 52 15 1 Ak 3 11 55
¥ T HDACS HI45#4) (Somoza 2§, Structure, 2004,12,1325) .
[0042]  TT ZRJ&fRE HDAL &5 UK RIYEA, HALFS :HDACA . HDAC5. HDAC6 . HDACT . HDAC9.
HDAC10,
[0043] 11 2% HDAC CLik—2B 4045 1 11a 28 (HDAC 4.5.7 F19) F1 I1b 2% (HDAC 6 F1 10) .
[0044] % =KW SWERE H Sir2 B R B R 4. X SC B A 41 8 1 0 SRS PR
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SELESSMAIEE L 5 T 28R 1T BT R, e (HBRIRERS — %7 ) NAD ##
PERT, 3 H 5 T 28 HDAC F1 11 28 HDAC AN[E], ‘BAT AL & AL M A7 o

[0045]  TE4H A, HDAC & A VE A 2 o Ba ) 2 A — 5 a4 . & X k)
B HDAC R A iEAT T R AL, HADHE N-CoR/SMRT. Sin3NuRD Fll CoREST & &4, #FiXst
54 W, HDACL A1 HDAC2 1% 5 mSin3 Mi—2 8 CoREST & I BiAH HAEH » .4 % B, HDAC3
FH TTa 28 HDAC 5 SMRT FIAH G N-CoR I BUAH HAEH . KM, 1/E I %I F B,
KEHFER 75— MBS 4 « DNA 4548 [ F0 HDAC [ 5E RLVEET X 4 (0,5
(R S XA T 2 8 ARG TR, DA 308 0L 1) 2 SR P

[0046]  HDAC [K| 32 55175 40 Mo F B SR RE AN 42 ) b BTl B (4 2k R i B b A A5 B2 9 97
Mo CLZ2FRH], HDAC [y ZE R, A 65 p2IWAF/CIPL. p27.pb3 M4 M & H E, IF b
TS A i R A A A R R I SR 1 D SRR . FEAEH] HDAC FNHIFIEYT 5 e g3
1 2 e 40 i 25 b () AR 3R, ELAAR N A9 3R BH , — 48 B S 500 s 2 i g A= KR
B Pl HDAC [R) T B AR 038 PR Bk 2B 1 N AR 9 P 5 3 IR 7 &5 6 X S R P AR A)
PRI SE ) 454 (Schultz 2%, Biochemistry, 2004, 43, 11083-11091) ,

[0047]  HELEFEME HDAC Fl57) LA R S 280 IRk 240 (Can A2 BT 1 ) HDAC 1 i £ 15t
s T . SAHA (AEIEHEME HDAC FHIF) ) By /e ML MR 58 4 T8, W Re A2 1 T
(143 2 ER] 3 TR AT 5038 438 1 40 i 3G SRR A O AE T AR I B 1 R T REPR o WG LT SAHA Z5EIE
FEME HDAC #IHIFIE § CBL A E A E A RAEHEAE A G AR B SR A &
EESS)EE L (EV NS

[0048]  Bcl-6 (¥ 4% 13 ) « LEF/TCF (kB34 55 K+~ ) « P53 (R il 88 1) sKu70 ( R
HAEFEDNAEEENKZ I B S PR ) HIF-1a (& R4 ) GATA-1 (¥ % B
)« WRN(Werner il ) « E2F-1 (¥ ) « Smad7 (F3%B¥)  Rb (R #DHilEE 5 )
TFIIF (3 ) e Jun (33K ) « a - TR EE (FMWE A ) IMGI (Y) (et miss
1) JACTR (232 R SieE 8 1) R 2 (5 5% ) JEKLF (2040 i kruppel FEERIF)
YY-1 (E% B+ ) o NF-x B(RelA) (F43 I+ ) « MyoD (H 5B+ ) I AT H a7 (fLED
i) Hsp90 ({EfEEE 5 ) TFLIE (RS MLA ) b- B (F5% S ) JTFIB (R +) .
[0049] A% 4l 21 8% A 1 £ I B 7l 590 40 2 P 2 R AL S

[0050] 1) FH HDAC P ill3fli5 2 (LA -4 Ho A ) (o1 Fnat i 8 128 1 B) R U3 T2 (Bak.
BAX. CD95 Kz HLECAABE IS B 1« GADD45 B p53. Apaf—1 DFF45a.Bim. BAD. TRAIL. DR5. Fas
S FCECAR UL R R 8 I 9 -8 i =3) VA Ry (AR AS AR A -1 A E
B R EANEEMED IL) gl (AEE H2B) W miRiEie RAPB) .

[0051]  2) 4 HDAC 1 il 35140 il iy AT - 40 T8 (4 o R BB 2 3 D1 R0 A DL R R &
) HUATI Bel-2.Bel-XL. c-FLIP A7 8 [ XIAP) I35 A2 e bRl (Ifil 8 i B2 AR KA
T HIF-Loc) 2 B S R MEGIHRIA - (TNF-a. IFN-g & IL-1b Fll -6) \f5 55 S K
SRR R 5 IEHIM SR (STATS) .

[0052]  HDAC Ml sl [F] R BUBLSF- 22 57 2 AN RIS BY () 0E « HDAC #PHI55IXT HDAC Fry3 i) 5 2
Z EINHERPUE SR, FIAEAR T - (1) 40 RIGTE I (11 4T (40t
o) R s (Li1) 40N s (Lv) IR mlgE R i35 S s DU (v) s i 788 A i) BHL
Wr CErPREIME KRS ).t HDAC PP ) ix 8 2 B AUR R TRy iE i 72
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[0053]  X2H 2 I QBERE (HDAC) 1R 25471 B AR RTE L4 B T HDAC A2 3011 5 4
W ] S SRR e i A AN REAH 2 L PR b S B VE ] (Kramer %%, Trends Endocrinol.
Metab. 12,294-300, (2001)) . —2EHF53 L2403 B, 11 HDAC 03 7710 - Ao 400 22 F) Ak P 2K
20 H B BT BT SR RN A0 i A AR Gy R AR G/ . 2 5 i A T HL
L2/~ 4% HDAC #0055 i R R EE p21.p27.p53 FIANHE s A B. S48, 41
B A FN4H M A B9 8 11 D B HDAC Fi ) i . FEMR 4 i R p, —LEmf 5 DK B, H
HDAC il Ak 3 T B AL Rl A A R AR/ B4 BRI T AR 9T IR T
FH HDAC it 70 4k 252 1y -2 50 B e A AR e e 22 1T a2

[0054] S HDAC ¥ 7% 5 9 90 (1) f W & B0 BB R R AR A 2 1k WL R0 48 i 1 i s e A
XAE LT, Yok 5407 SER LR 2 /8 RAR o 5 B 400k 40 i (4 15 (PML) 8% - 4k
41 f i e B (PLZF) 45 1 A Ao PML-RAR« Rl PLZF-RAR a 4 #% ¥ 3@ if &
SMRT-mSin3-HDAC 5G4 i) e 5 B AR A i 400 s 2 801 )5 BT i 8 28 9 a9 FpE - (L 5%,
Nature 391,811-814(1998)) ;Grignani 2%, Nature 391,815-818(1998)). PML-RARa JE
A R AT ER VG T » 1Tl PLZF-RAR @ JEN X Aa T R Pk X T EA PR ER
T2 28 1R B8 3, 1 25 2 5 2 R s I HDAC 30570 T R M 5 E0H PR 1 A 41 i & A 1) 5
4 2 ik (Warrell 2%, J.Natl. Cancer. Inst. 90, 1621-1625, (1998)) . HDAC i& &5 = #E il
i AH 9% (Steffan 2%, Natured13 :739-744, “Histone deacetylase inhibitors arrest
polyglutamine—dependent neurodegeneration in Drosophila”).

[0055]  —fBcke i, JL-F A EF X HDAC R ER A2 ) Ak & 4, LLIRI S 80 30 B
HDAC [R)Ff 28 o 32635 HDAC i FIAE PR P AE KB IR 40 i 28 5 RS 704 & L AR A A
/ BT

[0056] il HDAC #filf) (3Z HDAC #Pii5HI ) (IIfkIREE 25 51VF 2 2 BRIt ARG .
rP AL I /AR sk 2D R A M R F QT e ST HLAtL O I 75 P 3 L e VI 57 DL R Bk
AP (#hn, 2 0. Clinical Cancer Research 2003,9(10),3578-3588 ;Clinical Cancer
Research2002,8(7),2142-2148 ;flProceedingsof the American Association of Cancer
Research 2005,46,Abs 3978) o 532 LM EIFIAH S, HILHEMHE M ] —Fh HDAC [F] Ff 2
[RIEFE % HDAC FPHIRAA B H T4 B o stk 1 259 .

[0057]  FEELIE 2 HDAC PR e R IR A b 2 RIE TE NP AR RNV W)
e BTN R R T e vt s 27 F8 B IR T AR AL () S PE T E I, IR R A R AN 2 2
KEEN

[0058]  AICHHIR T HDACS IR &4 AH L HA HDAC [RIFHAY (45401 HDAC 1.2.3.6.10
HULL) , A SCHER (AL A W) 15 FE M ] HDACS .

[0059]  4NASCHTIA, HDACS - EEAE R MR A AR 5 1 6 e A6/ b sz 40 i DL R A
PR S rh R Ik . (AR R, 6 HMUFRE N3 WA A =R, BE—Fh i)
JiR B AR ER - W IR R R . AN BRI Pl 4l R U0 Ch HDACS Ve MEHERE AL K&
MHIZELE 6 ARk, B, 9] HDACS W METUH 2 vk MR A K =M= & 40
PP IR R R 23 ik, AR B2 v 4 B PR 5 R A AR AR

[0060] A SCHEIA T Id AL ) 52 K it FH 6 1 HDACS #1120 & ) ke o) 52 1K i (g A=
KEZIHIRRIERI 7. F A, ARSCHGAR 7385 v 52 1838 I FH 2B $6 1t HDACS H 5k v 77
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AR R Z SRR Z K2R E T

T 41 ok £ 989 5K (9 1095
[0061]  HDACS LLS 4 (/K SE A5 il Jurkat \HuT78.K562.PC3 Fl OVCR-3 2% i 48 s 2
RKiE. L, WATSTHTAR, POl HDACS 35 P4 1 ok 40 M8 92> T 40 i S 1 g 4 . (431
U Jurkat 4 ) IIMEAE . AH S, HDACS Fhl AN ma e M40 M (5 an 4 J& i iz 40 i ) =%
B T 40 H SR J5 40 B 2R A0 TR 4 R BT . (AL, S e HDACS $kI5RI AT H T2 5k
BELIE T 40 MR 5 Ry e i XDk J , it A e 1t 40 e EL A5 98D IR B e BOe 2
[0062]  ASCHAHIR T ) A T 4 MUk E 08 16 52 R 5 e FH e e 1 HDACS 5 2 A 10k
BIT SR E T ASCERAR T ) B T 40 Mk 208 1) 523038 il FH D8 AE TR dh 5
& T L PR HDACS FHIFIZH-A 10 B A T 40 B Ak VA T %32 1838 1K 7 v
[0063]  fE—HEsLjli /7 b, SEREME HDACS #iEIFML A AL S TRT BA T 41
TR EIRE, 5 G A0 ] T 20 B AR ELPRE L YRR L R0 IR R L S Dk T 40 AR vk ELRE SO A T A R
Je 1) 2 AR
[0064]  /F—UESTifi 5, T 4Ok E 08 (K0T I V2B dE 1) 5238 e Y6 7 A S IR ik
FEME HDACS IR 2 S o
[0065]  AEILAthSEHE T Z A, T 4 Btk LR K v6 T EL G BRIE P HDACS kIR 29 4L &4
Ab, I AT B A A ARSI IR I — R a2 Bl 55 4 BT o
[0066]  AXSC TR ¥ 75 5 AL HE DLV T A 4505 i 2 A 2 DATE 1 Y B AIC HDACS I & IE IR v
PEI 2 LB HDACS I I Za AL & 4. AE—LesEiiy b, ¥8 B THRAiRT7 2 10
S CHD B ARG i) 763 ER T3 A 2 CLIE AR SR B4 HDACS it £ BE R v 1 1 2 e e 1
HDACS iR G 25 G -
[0067]  7E—ANSEHl 7y &, ok B A T 40 M bk CU8 AR R 2R3 16 T 41 o AE R Rl ik
FEMERIEEAL T 40 J 1994 B2 16 126 5 1t HDACS F IR A AE T AEARSMEATEE oA 3 R )5,
BAEEAL T AP BE T 4IRS I N RS2 o T 40 R 75 RSN HE R A P %
WAL Porter 25, (2006), Blood, 107 (4) :1325-1331 ;Rapoport %%, (2005), Nat. Med. ,
1230-1237 ;Laport %, (2003), Blood, 102 (6) :2004-2013 F1 4T T #iik o

B PR Y R et O
[0068]  /F &S 75 ZE 1, 1) A2 i VAT A S0 I IR BRI HDACS H 5] Ao 2> — Fof
B Rl R MR MR (Il TL-18) KI5k
[0069]  7E—LESIi 7y Z2 H, 1) 52 AR i L £ HDACS HFFIAL & 400 LA FRAIC— Fih B3 22 Fof
28 0 M IRl () 4 5 PR AP 5 12 PR 40 i R0 % 4 TL-1 B \TL-6,IL-18.TNF—a \MCP-1
B MIP-1a .
[0070] 1 A< ST T IR, A SC T I 1 16 £ 1tk HDACS #0574k & 4 ek 2> B 3R ASBR T 3 A
#-18 (IL-18) W& R4 MR 5153wk Rk, HDACS 422 5 4 Mu [Kl 73 W4 (1) HDAC Wl . 1
FE 1 HDACS F 54k S P A8 F S AL 1 9t 4 B R i ity A vk 59 R B PR () 7 7 X 2
F T X HDAC [R) o 289 (g B M 0k (AR L T 3050 T HDAC [RI A AL f)32 ~HDAC #0151
[RIAEH ) o
[0071] AT Pk (£ ME HDACS FNISRI4L &4 LAFR) A 7 RIS IR 2 8% (LPS) A1t/
B ATP JIJET TL-1 B AAEAL I NS I iz 4h i (PBMC) DA A SRz 4l M 3R THP-1 1153 Wk
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TE— 2527 75 S, I ECs, TEMMEY 0. 5 Sl B IR 2244 5 Sl BE IR IYE I P o

[0072]  TL-18 F{ A= 73 Wb 2 3L A 3 5 70 Wil AR 28 B AR BEAT 1Y, J080 SRRt e
KA AR R BN T SRR B AR 1 6 TL-1 8 B ARRI &85 8RN DU A4S
PLA=2 75 P FHE 7 W IR Bl 00T o A6 — 2B S 77 G2 TP, AP i A £ 11 HDACS ik &
YA HLX A W P A AR

[0073]  BASCHTIA, BEFEME HDACS A TiRT7 H TL-1 B 70l R PR/ 3 B 2 AR
IR SR DL AERCAE B 5 S B ORI, TL-1 B 4 5 SR GG F AR RAEARAE H
vk (40 Burger ¢, Best Practice&Research Clinical Rheumatology, Vol. 20, No. 5,
PP. 879-896, 2006 ;Dayer 2%, Current Opinions in Rheum.,2001,13 :170-176 ;Abramson
%%, Rheumatology, 2002 ;41 ;972-980) ;3 $¢ 1 HDACS 516 &4 F T 367 BESR 50 5
R WASTITIA, TP HDACS AL T TL-18 73, BRI wT F Ti697 S
TL=1 B 73 WARIIE AR S R ORI, A AN R T« 50719 28 R R PR 57 % L ik
PSR 28 I AR DA BE B SY 2 Js ZRK s ELVE R AR R R R AL ARG (SLE) .
Henoch—- Schoénlein Z B A= B T R VIR TR (RRF/REEEAE ) VMR YTHE A
T 98 <=5 46 90 TR S ko « SR ME L AR i B (BMF) « HIDS (i B e 8K 2R 1 IAE D R0 3 M A 4
LRAE ) VTRAPS (TNF— a SZARAH S B L IAME R GRS AE ) « R I - 5o 2 B ot M 45
IR T 40 R 22 G A8 BE M I UL 5 B R A 5 R AE S
SRR R PR R IRIEME ST 2 IR B AR R R A (FMF) L TNF 52 A AH DG F
WIMELEAAE (TRAPS) | sy S e BR 8 1 IAURE D £ A I PE R g &4k (HIDS) \Blau Z5-A 1k FCAS.
MWS BT AE JLA 2 R RAEVESP (NOMID) A1 Cryopyrin AHIKI I LR G4 (CAPS) (K
WMV B 5 SAETE SR G E (FCAS) sMuckle—Wells ZRa ik (MWS) BT LKW £ ARG RAEVE
P (NOMID) 18 M2 J LA ER | KOS 48 E i (CINCA) seryopyrin AHIGH i BT 4551
(CAPS) ALPRMEANT PRI R IR ME IR B MBS 45 S Ak (PAPA) o

[0074]  fEik— B WY SEHETT S0, ASCHTIR VA TR YT RYERM, HARREAR T 5
Wi« 2 PE M9 < R R 8 VHIR B 8 VA SV R VB RV L T E SRV HIE R L IHEE
RGi 5 EEIER MR IR B2 R IR R DN 1B IR R 2N
il ot ERRAR VM SR IR R VAT YRSV VR B IR R ACRYETT IR 2 Lk 2 L FLIR
RBENER CEBE SOOI LR VT 2B S AR B R VH R BIR R IR IR R LA
RIS S8 I A R K 28 SR BR PR A 28 il 2% B BTSRRI AR B R
YR 28 VIR DI 2 IR A VLR bk A 58 T 2 ML 8 BT AR L S AARBH 98
[0075] {55 AP LA ) ST 2, A SCHTIR B 75 VR FH TR ST R B IR DL 98 1 R Btk
90 AP AR A W S PR R R T T AR 0 S P A I (4 2 22 TS A b M 4 i
IR EL 0 L ) YR R R B BRI o 28 M R SRR AR T AR 200 (V240 ) K (e
I ) PR R R R T R A D e O . WA SO A, R B2 R DL B AR (B AR T+ -8
IS P ik 1 B A L S RRIZ B A A R R MR SR B B R R | 21 B B A L T A
AHIIRIC NI PR B 9 22 TEALTE L 2L B0 Tt DA KRR AUAH SR, (HANLHE B2
98t S SLARIRART o

[0076]  7F— &St 75 2, AR T vE M THR9T B 5 R MR v, S HANR T
R T 98 28 RO OGN Rl 0T R AR S AR AL G R IR B PR
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REWLTE J3 B A B AR AR & (Hashimoto” s thyroiditis) . Ord FAR iR 2 4 B KT
(Graves’ disease) &AL LEETE (Sjogren’s syndrome) \ £ KPR ASAK - ELH 255

fiE (Guillain-Barré syndrome) .zt & B i A6 i 8\ FAAK AR 0 « RPRR IR B2 — UL 2R 25
AAE R E MR R DU TR PTG A T ARG M BT 000 . B G B TR 98 R I T
' REEEAE (Goodpasture” s syndrome) A & M I/ sk 2D 14 20 088« PR psh 8 4% L Al B2 5
R PERR VTP AL, SERE R ZR A fE (Reiter” s syndrome) « i #Z [KH) KK (Takayasu’ s
arteritis) BB A R 2 B B G g8 MRS 0P B2 100 =545 40 TR 25 I 24 B 08 5 S D3¢
By [GIE (Behget’s disease) VBMEIE ST B BEARENLRE 5 75 IR SAIE | TRFCPE B
AP WU 0 0 A A 9

[0077]  FE—UsE Jy e, AR SCHTIR I i TR 97 5 R G B R U0 BOR e , A FRH AR
TRAYPUE 1005 R S i e S N VAR A N (I, SR A AR LR 25
W), B IEY SRR SRS s i A AR S RN ) | T R R AR N
FBE 98 AR R S5k 98 IR R i 2%

[0078] 2 W& M 2 9E C 58 IE W) & B AH S B (Coussens 25, Nature, 420, 860-867,
2002) o &P R AEAH IR AE L REAE AN PR T s B« B0 RS « 7 30 L B b
Jes BT BRI PN &5 i EL e o R PETIER S5 A1 o B0 R = A0 S PR 2 rh A A3 21 17 DA
N ARIRI SRS AR AR BT 25 (NSAID) 1 A 5 45 1 B e LR T8 R0 B e R A 2R 1)
PRARAH DG, {2 2 41 M PR 72 4 1tk 98 N A BB I R RO

[0079]  {R R ANMIE T2 S R A BOBPERAL IR AR K VR BRI o (2 A 41 L R - E i
I8 N BRI BRI I R 2 3R R4 T 2 RN, B R RN AN TG 4K 1 2 1 40 B 1 A KR
R8RS IR A S A T AL PR > AT 5 50 988 0 S P B R R e 8 A K F 0
Hile CARIE, 1L-18 FE AR MR 40 A BEE A RO HUME R g . 75 JLP N IaE
o SRR M B B R TL-1 8 Rk O SR & MR AR K AT AN RA 2K

[0080]  7E TL-1B #Ysiy£f 4 AR 4 e, W B T 2512 22 (WL K MMP-2 FiT MMP-9 il
TGF B 1) B, IX 57E TL-1 a B4 12T 4 [R5 4 o X SU L R ) OGP AR ) . TL-1 B #EIAH
W o S M R AR A S S A 0 1 40 MMP AT 2R L IR 7 B A ik N R 4
J b R BB A 1T Y iR A7 AR 1 e 4 K42 28 00, AT S BUM R (AR R R RS . TL-1 B
G5 o Wb AR KRR 28 Ak BR 7, 491 G 25 5 4 g 2 1 R L A A B ERL 7 ( R VEGE I bFGF A
ELR- FH P CXC #a4k Rl 1, B IL-8 FIMCP-1) o (Apte 2%, Cancer Biology I L EE, vol. 12,
2002, 277-290) ,

[0081]  AFWANY IL-1 B CL&5 MR B KRR ZBAHOCHE . PR 40 g sl b8 R B 155, 81
W IE A e B E HDACS AL &%t TL-1 B - bR At 7 — Rl it 1697 J7 1%,

[0082]  [AIBLAE— NSl B b, A SCATIR K3k B8 1 HDACS L& T IERTT » fE— 4
SEHE 7 2 AR S PTR IE BRI HDACS AW H T IR YR TT o 1B — S8 7 £, A3
FITiR R E BT HDACS Ak &4 1 T IR BIYE YT, AR I B AR ZH 2RIk RS I PRI
TR AT o TR I8 R AT 2498 45 40 A 208G A 0N 5 40 e g R AN R TRV R AR TR A 4
PAJES « I 78 470 R 0 e I 7 P B2 TAVIRE L RV R (kaposi” s sarcoma) I LR TG
U PR R VR EEL T PR R S T o 2 2R A M R o 2 T 4 DA JR R SO TR R T R A 9 T
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(askin’s tumor) \JJUSCIKI (ewing’s) PRSP B2 40 o Jeg L 0 A 28 W88 < v AV IRE Ty
IR
[0083] ik &R HIEIR W B A TS W8 2 2. S0, B0, “Harrison’ s

Principles of Internal Medicine® ”, 55+ 7B, 2004, The McGraw-Hill Companies,

Inc. o
[0084]  FE &P AL BTk 1) SE 75 Ze b, SR ARk — Pl i A VR T A R e
£ HDACS $ I 20 A W4T 167 BRI BRI, R B AR, A SCRTIR I 7 15 3 TR 7
B E A T8 1 il 2B PE HDACS I A AT VR I7 M BRI T B AL A 12 R .
B, 45— Le STt 7 2, BB T A0 MR R K SR R R MR UG, TR

&)
[0085]  ASCHTRMIALEGW) . JL2y%: Rl He 2 1 3h 2525 Bl 252 10 N- e 25 250 1
FUY) 255 bRl 852 (R T 25 802 2 BT 8 52 IS A A 4 i) HDACS 5 M, JFH TR H
G HDACS 35 P PR AL 35 AL K B 3 o AR ST AL A4 /2 HDACS FkIAIAL 540
[0086]  7F A< 3L I 7 v 1) — S8 St 5 ZE H, 16 £ % HDACS il 511 % HDACS 1] 1C;, HEXT
HDAC1 . HDAC2. HDAC3 HDAC6 . HDAC10 B HDACL1 ] 1Cy, {R 2 /D2 10 £5. 1EASCHTIRATAT 77
VR S8zl 7 2 b, e HDACS 0157 % HDACS F 1C,, 7N T4 100 nM, 3 H.EE % HDACL
HDAC2., HDAC3, HDAC6, HDAC10 %, HDAC11 f¥) I1Cy IR /DL 10 £ o £EASCHTIRARAT J7 12—
Ui 77 2P, B PEPE HDACS $IF7 % HDACS ] 1Cy, /N T2 50nM, FF H.H 1218 356 2 30 157
X HDAC1 . HDAC2. HDAC3 . HDAC6 . HDAC10 B HDACLL f#) 1Cy, {R 2 /D2 10 £,
[0087]  7E—esiji 7 22, A SO AR (5 4 1t HDACS #1574 HDACS (1) 1C,, LEXT HDACL .
HDAC2 \HDAC3HDAC6 F1 HDAC10 ] 1Cs R 22 /D2 15 i o FE—2USJE /7 S rh, AN STl ()5 45
P HDACS #7751 %} HDACS F 1C,, B HDAC1HDAC2HDAC3HDAC6 A1 HDAC10 ] 1Cy, {52/
2920 £ o AE—HESLH 7 S, ARSCHTIA I £ 1% HDACS #5514 HDACS [#] T1C4, EE AT HDACL
HDAC2,HDAC3HDAC6 11 HDAC10 [1] 1Cy, A2/ 100 5. 5341, AN SCHTIR I F M HDACS 11
HIFR6T HDACS [ IC., /N T-45 100 nM, 1fii % HDAC1 . HDAC2. HDAC3, HDAC6 F1 HDAC10 ] 1C,, K
F45 100 nM,
[0088]  fE—HUSLjE Ty ST, AN ST IR A £ HDACS i 571X HDACS [#] 1Cy, LT HDACI
(1) 1Cs IR0 10 £ 0 75— LS 77 22, AR SC Tk () 1 $6- % HDACS il 551 % HDACS [
1Csy LEXT HDACT 1) 1C5 fR 22 /02 20 fi5 o AE—HESH /7 &0, AR SCHTIR I 1 B HDACS # ]
FXF HDACS [ 1C5, LR HDACT [ 1Cs K2 /D 2 40 5. 7E—2E5 77 £, AN SCHTIR e F
PE HDACS P55 % HDACS f¥) 1Cy, ELXF HDACL [ TCs, KA /D2 100 5. #E—LESLjilE 7 =,
ASCITIR 12 %11 HDACS 05751 %f HDACS ) IC5, EEXS HDACL F TG, R 22 /D 4 150 5. £EX
— e T e, AR ST IR YRR HDACS HHIFRIXS HDACS 1 1C,, EbXf HDACL [ 1C; K2
b2y 200 £
[0089]  FE—L5jifE 5 G P, A SC TR (2L PE HDACS HH57%F HDACS ) 1C,, /N T4 100
nM, 3 H Eex Hofth HDAC [R]#$% (HDAC1 . HDAC2. HDAC3. HDAC6. HDAC10) f#] 1C,, K Z /D4 20
i, Forpotf Hofth HDAC [RIFPAY ) TC,, K T2 100nMs
[0090]  7E—H8SLi Ty S, ASCHIIA Tk 4L B A LR 8 (HDACS) #IHilF. 754t
S g e, i REE HDACS RIS 2 87 11 W SR 8 WE PRI 1Cs, LL iz $EE HDACS 17
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I 20 2R 10 2Tl 120 0 2T 2 48 A e TR 3 A At 2T 6. 41
Wi 2Tk 10 B8R (A6 ZeRE 11 WS TR 1C., R E /D4y 10 1%,

[0091]  ZE— A EAR (D) - Ey -

R' ©
OH
Ry -
Lt e R
Y L
X
A

Hrp .

R' Al R® & G a7 b H. OH. pg B C,—C, Stk ;

LFL, & [ ph 57 2 8. 00 SONR', -NRC( = 0)-R". S(=0).S( = 0),. NHS( =
0) ,« —C,=Cy W J2 Bk -, —C,—Cy W4 55 - —C,—C, W Bt -, —C,—C, W Ze i 5 -, —C,—C, W %
B -0-. —C,—C, Wik -0-C,—C, WhtHE -, —C,—C, WhEE: -NR*—, —C,—C, WA -NR*-C,—C, .
Fidk - —C—Cs WhtH: —C (= 0)NR*—.—C,~C, WAt ~C( = 0) NR*-C,~C, W HiFk —.—C,~Cs Wt
F -NR°C (= 0) —.—C,—C, WhEFE -NR°C( = 0) —C,—C, WhtHk —.—C,~C, WAt HE -S—.—C,—C, Wkt
Fe -S—-C,—C, WAERE —.—C,—Cy WhERE -S (= 0) —.—C,—C, WA dE -S (= 0) -C,—C, WhE K . —C,—C,
TR -S (= 0) )~ —C,—C, Wi -S (= 0),~C,—C, WhEHR . —C( = 0)- 58 —-C( = 0)—C,~C, .
Bk

X STk B J7 3k 2807 FE . CCyo FRBEIE M C,mC, o 2% B e 2 1 B sloR BRI 26 1] 3L
RS X R EUARR, B A XRAEE B BLF B 1 A2 A3 A4 AN B S AN IR BT U -
X % C=Co FERFE C—Cy BT A IR A C—C Fi 2% C—C, it a2k C-C, pe AR
5 C=Cy e FE 2 5 C-Cy e L 2\ GGy 28 Bt 3 C—C, ot L 2k CCy 22 1 bt 2k C,—C, Jit
. —CN. -NO,~ -CO,R"™. -C( = 0O)R", -S—R". -S( = 0)-R". -S( = 0),-R', -NRC( =
0)-R"'.-C(=0ONR"),.-S(= 0),NR"),.-NRS( = 0),-R".-0C( = 0)N(R"),.-NR"C( =
0) 0-R". -0C( = 0)0-R". -NHC ( = 0)NH-R"'| -0C( = 0) R". -N(R'"),. =C,—C, %tFE NR"),.
C,=Co Btdk\ C=Cy FBTIE | C—Cy M C,—Cy BRIE | C,=C, AETE | Cy—C FRBEIE U BIAR HUAR
() C,=Cyo 28I BETE  HUARBIR BRI 05 ZE AT HUA R BIOR BUAR ) 24 05 2

Y & HE % B C-C, Bt FE. —COR. -C( = 0)R", -NR'C( = 0)-R". -C( = 0)N(R"),.
FFEEHR TG HE L CCy FBEFER C,—Cp 2B R BOR B H BE T s Serpan 3L Y 2 BAR
I, AR Y RHEE ELUF A 1 A2 A3 N4 ANE 5 DB FTBURHY X3 C,—Cs BEATE.
C,—Cy MPTAEIE B IE C—C, FLdIE C—C, fidkad gk C-C, Bl Ik Rk C-C, b dk 2 2k C,-C,
KA R L C,—Cy ZRFRBEEE C,—C, BR4EE L C,—Cy ZeBRbEE C,—C, fdE . —CN. -NO,. —CO,R"’, —C( =
O)R", =S—R". =S( = 0)-R". -S( = 0),~R"\ -NRC( = 0)-R". -C( = O)NR'"),. -S( =
0) ,N(R™) 5. -NR™S (= 0) ,~R"'.-0C (= 0)N(R"") ,»—-NR"°C( = 0) 0-R"',.-0C ( = 0) 0-R"" .-NHC ( =
0)NH-R'.-0C ( = 0) -R".-N(R"%) ,» —C,—C, % %= N(R') ,. C,—C, %EdE . C,—C, HbEIE . C,—C, MEE .
C,=Co BRI C,=Cy B TE | Co—Cy FRBEE UARBUAR U C,=Cy 28 B AR SR BRI 7
FEREUACEAR BRI 2% 05 25

RYJEEBUE B C,—Cs Bt C,—Cs TREHE \C,—Cy APTEHE \Ci—Cy FRBEIE \C,-Cy A4 BETE L T
SN2 5 L U EOR BRI ZE ]
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RY 21k H C-C fidk C—Co MBEHE . C-Cy FRPEIE . C,Cy AR GEAE D57 BRI A J5 HE IR HL
BRI HIEE A

R’ & H., C,=C, FEdE RIE R

s 2y BRI 3 255 BT RS2 I N- A sl 2 5 LRl AT 2
[0092]  7E—ANSE i Ty 58 T o2 BRI I RE R PR JE R 54, Horp e 2- £ BB E 2
L-X, Horr

LA, 0.S.NR. S(=0).S(=0),. —C,~C, WheH: - —C,~C, WHHEE -, —C,—C, Wk
F - -C—C, W2k sk —. —C,—C, WhEdE —0-, —C,—C, Wkt FE —0-C,—C, WhiF —. —C,—C, WL
e -NR’- . —C,—C, Wt Ik —-NR*—C,—C, W AeHk — . —C,—C, WAEH: —C (= 0) NR*—.—C,—C, WAt R —C (=
0) NR*-C,—C, Wkt 3k -, —C,—C, WhEdE -NR°C( = 0) -, —C,—C, Wt H: -NR’C ( = 0) -C,—C, W4¢
B - —C,—C, Whidt —S—. —C,—C, Wit -S—C,—-C, Wik -, —C,—C, Whid: -S (= 0)-. -C,—C,
Wk -S (= 0)-C,—C, WhiHE . —C,—C, Whidt -S (= 0),—.—C,—C, Whidk -S (= 0),~C,~C, V.
Bk, ~C( = 0)- 3 ~C( = 0)-C,~C; Whid ;

X1k H 7 5 207 55 Co=Co FRBEEETN C,=Cp 28 At 2k () AR R HUARC ) 25 T 5 L
PR X R EUARH, B A X AL B BLTF B 1 A2 A3 A4 AN ES AN IR A BT B -
3 C—Co BERFE C=Co BRI & FE C—C, FLa 2. C-Cy Je R & 2k C-C, e 2 2
5 C=Cy e Rz 5 C=Cy el 2k GGy Z8 B Bt 5 C—C, Bt L 2k CCy 2 F1 bt 2k C,—C, %
H . —CN. -NO,. —-CO,R"™, -C( = O0)R", -S—R", -S( = 0)-R". -S( = 0),-R'. -NRC( =
0)R".-C(=0NR"),.-S(= 0),NR"),.-NRS( = 0),-R".-0C( = 0)N(R"),.-NR"C( =
0) 0-R". -0C( = 0) 0-R"'. -NHC ( = 0)NH-R"'. -0C( = 0) R, -N(R'"),. —C,—C, KEH N(R") ,.
C,=Co Btk C=Cy FBTIE | C=Cy MdE C,Cy BREE | C=C, AEdE | Cy—Cy BBk U EUAR BUAR
() C,=Cyo A BEdE AR B B ) 77 ZE AU B BRI 2% 07 2

s ARG 255 R MV AL 255 BT RS ) L 2 BT R
N- AL B2 2 E Rl AT 25 .

[0093] X TAEART BT A7 S it 77 58, BUAREE 1R B P9 & 1L 2R AT i) 1R o o, £ — S8l
Fh, LS 0y S BINR s (EHA ST b, L 0o /28507 2, LJ& S fE—265L
J7 &, Lo NRY, Horp RS fE— A7 S, L& NR, Hot R 2 C-C fidiEe 715
— AN, L NR, Hoh R RS LB BN R AR IE TR R TR ERUT R
S — AL A, L2 N, L R 2T, AN ALl rgd, L2k, £ —1
ST, L2 S(=0) 8iS(= 0),. fEJ— DM ESP, L& -C,-C Witk -, -C,—C,
WAREE — B —C,Cy WL -0 BN — AL S, L & C-C Wik, ik B AEE. V&
Feal VN EE . ST S, L —C =G WARKedE - —C—C; Wtk -0 -C,—C, Wkt
e -0-C,—C, Whidk —. —C,—C, WhEHRE -NR°~-, —C,—C, WAEHE —S—. —C,—C, Whidk —-S-C,—C, Wkt
B — 8 -C,=C, W dE -NR°~C,—C, We Ik —o AE—ANSEHE T ZE, L J& —CHy=S—o 765 — A58
Tr R, L —CHNR = 7555 — A5 77 %2, L2 —CHNR®, Horp R 2 Ho 7E— AN St 2,
L /& —CH,=0-o 7EX—ANSEHr %, L a2 —C,=Cy ks —C (= 0)NR*-.—C,~C, Wik —C( =
0) NR*-C,—C, Wikt —.—C,—C,; Wit -NR°C (= 0) - 8 —C,—C, Whtdk -NR°C( = 0) -C,—C, Wi
o FEN AR R, LA -C-C WesE -S (= 0)— —C,=C; WAedE -S (= 0)-C,~C,
Wgedt . —C,—Cq Whedk —S (= 0),— —C,=C, WhtH: -S (= 0),-C,—C, Whedk, 13— DL
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HEFP,LE-C(=0)-8-C(=0)-C-C, Whik.
[0094]  ASCEHER T (1D Mib&Y, Hod R f R £ B Ak Hb A H 8k C—C, fidk. 7257
—ANSEHET S, R R He fEX—ANSERET S, R & Ho fE— NS S, R AR #
& Ho EN—NSERETZEH, R 2 C-Co e, ik A FEE . 456 EREE R REE T &7
TERGRT R E RS IE . 5 — MR R, R & C-Cy pidt, Wik 5 AL, 42,
IEWZEFREEE T3 5 TR BUT 2 ER s E O .
[0095] 7RSSty Zrh X (1D Kb &9 -

R'" O

N N,OH
H

2
%R

X

A1)

Hrp .

R FI R® & A M7 17 H. OH. 5 2R B C,—C, S

LB, 0. S NR, -NRC( = 0)-R". S(=0).S(=0),. -C,~C; W & % -, -C,~C, ¥
JiFE . —C,=Co WRLEE — —C,—Cy W AR — —C,—Cy WA -0, —C,—C, Wkt —0-C,~C,
Fedk -, —C,—C, W e 3E -NR*—, —C,—C, W %8 FE -NR°—C,—C, W pe 3k -, —C,—C, W.AEdE —C( = 0)
NR>-, —C,—C, Whidk —C( = 0)NR’~C,—C, WAt —. —C,—C; WhiF: NR°C( = 0)-. —C,—C, Wkt
e NR°C (= 0)-C,—C, Wtk -, —C,—Cs Whidk -S—. -C,—C, Wtk -S-C,—C, Whid -, —C,—C,
WkEEE -S (= 0)—.—C,—C, WhEEE -S (= 0) —C,~C, WhEkE . —C,—C, Wkt -S (= 0),—.—C,—C,
Whed -S (= 0),-C,=C; Whtdk, -C( = 0)- 8 -C( = 0) =C,~C; WheH: ;

X Rk B U7 J 05 5E L CCy MREEEE I C,=Cy PR ot 25k 1) IR R BUAR B 5 14T 5 3L
RS X R BRI, B A XA B BLTF B 1 A2 A3 A4 A B S AN IR A BT HUA -
X 3 GGy BE T C—Cs BT A IE B Ik C—Cy BB Ik C=C, Sedk I C—C, e o 2
5 C=Cy e FE a5 C-Cy Be il 2 GGy 28 BR Bt 5 C—C, Bt L 2k GGy 2 F1 e 2k C,—C, %t
H . —CN. -NO,. —-CO,R™, -C( = 0O)R", -S—R", -S( = 0)-R". -S( = 0),-R". -NRC( =
0)R"'.-C(=0NR"),.-S(= 0),NR"),.-NRS( = 0),-R".-0C( = 0)N(R"),. -NR"C( =
0) 0-R". -0C( = 0) 0-R". -NHC ( = 0)NH-R". -0C( = 0) R". -N(R'"),. —C,—C, EFE NR") ,.
C,=Co Fedk C—Cy FUBTIE | C=Cy M C,Cy BRI C=C, e dE | Cy—Cy BBk U B BUAR
(1) C,=Cyo 28I AR BICR BRI 05 S AT UAR IR B ) 24 05 2

R BEEIE B C,—Cy 5idE C=Cq FFETE C,—Co AeBTHE  Co—Cy RBEIE  C,-Cy AIRFETE JF
FEFN 05 e I AR ECR BRI 2R ]

RY 2 H C-C fidk C—Co BEHE C-Cy FRPEIE . C,Cy AR EAE D7 HAI A 75 HE R HL
ARECR BRI ZEHR]

R’ & H. C,—Cg Bt RFEBREE

UL PRI EE V25 BT N- U sl g s Bl e AT 24 .

[0006]  {E55—ASEii 7y =2 (T1A) K&
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R1
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o
N
(R%),
X(1IA)

Hrp .

R' AT R® 4% E M7 b2 H OH. G R B C,—C, B ;

R 7 A AL K25 C,—C FEAUIE | C—C, MUBEAUIE  2USE C—C, BEdIE C—C, JE R 2 C,-C,
R I R Ik C—C, e gk 2k C—Cy B2k CCy 2RI PE 2t C-Cy Bid 2k C,—Cy A2 bt 2k
C,—C, BiFE ., —CN, -NO,, —CO,R'*. -C( = 0)R" . -S-R".-S( = 0)R".-S( = 0),—R" . -NR"C( =
0)R".-C(=0NR),.-S(= 0 ,NR"),.-NRS( = 0),-R".-0C( = 0)N(R"),.-NR"C( =
0) 0-R". -0C( = 0) 0-R"'. -NHC ( = 0)NH-R"'. -0C( = 0) R, -N(R'"),. =C,—C, KEH NR") ,.
C,=Co Ftdk C—Cy FUBTIE | C=Cy MdE C,Cy BREE . C=C, ZedE | Cy—Cy BBk U EUAR BUAR
1) C,=Cyo 28It IE AR BICR B 05 B R UARBICR B 1) 2% 05 2%

n e 0 3 5 KA

R RA M H C,-Cy BidEC,—C, FUbtIE . C,—Cy Zubidt . Co—Cy B FE . C,—Cy Z4FRBERE L T
FERN 2 05 I AR EUCR BRI ZE ]

RY 21k H C-C Bidk C—Co MBEHE C-Cy FRPEIE . C,Cy AR BEAE D7 I, J5 LR HL
ARER BRI ZE ]

BUILZG A PRTRZ I Eh V205 BTS2 0 N- i o T B2 IR 24
[0097]  fE—ASEHE T 2 (T1A) Mtk &49, Hoh RYFI R 25 A7 He B —A
S R (TIA) a9, P R BRER. E5— MR+, R & Cl. 55—
AT ST, ROEF. R — i &, R 2 Bre EA— MRS RT, R 2 C-C,
Rtk FEN A RSP, R EFE L BN FRNE T TERRT &, 54
ST, ROREFEE. fE— A R, RO C-Cy bk, S — AN &, R
SEFEIL . IEN AT R R R OEIE. Aty R (1) ka9,
Hhn & Lo R R, n 2 2. FEX AT SR, R R ERE GRS 1T
PEEUARI o 7255 — AN S 7 Zerp, RY SR AEBRE RIS A 0 TR A BRI o 78 X — N3l 7 v,
RY 2 AE R B2 3 [ (1 AR A AR
[0098]  7E 5 —ANSEii 7y 2 (T1B) K&

R' O

N OH

rz M
éN
m\( R

A (1IB)

n
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Hrp .

R' Al R® & G #har b & H. OH. pg B C,—C, Stk

R % HE K. C,—Cs LR IS C,—Cs WA 1S C,—Cs RIS C,—C, KR I C,—G;
PRl B R C-C, B A 3L C,—C, i3 C—Cy 2B 3k C—C, S 3t C,—Cy 24 PR i3t
C,—C, BeFE . —CN, -NO,. —CO,R"*. -C( = 0)R" . -S-R".-S( = 0)-R".-S( = 0),~R" . -NR"C( =
0)—R".-C(=0)NR"),.-S(= 0),N(R'),.-NRS( = 0),-R".-0C( = 0)N(R'"),.-NRC( =
0) 0-R"., —0C (= 0)0-R", -NHC( = 0)NH-R", -0C( = 0) -R"". -N(R""),. -C,—C, £t FE N(R") ,.
C,—Cs Fidik C,—Cy FBTIE | C,—Cy Mk | C,—Cy L C—Cy AT L Cy—Cy MBE Tt BB AR HUAY
() C,=Cyo 28I AR BICR BRI 5 ZE A EUA R EOR BUAR ) 24 05 2

nAEM 0 2 4 AL

R BAIEH C—C, Bt . C,—Cy FREEE . C—C, AeEHE (C—Cy REEE \C,—Cy AeFR S dE 7

TN 05 B BB R B S ]

R JEIEH C,=C, bidk C—Cy FUPEHE . Cy—Cy MedE C,Cy ARMRBEIE | 5 HEAI A% J5 3 (17 Y
ARECAR BRI A

B2 BRI ) 3 20 BT ) N- S e 2 BT R T2y .
[0099]  7E—/NSEj 7 e (1IB) L&, o R FI R & A ASZ 2 He 7E—5K
Wi SRR (LIB) L&, Hop R 2 He 25— sy b2 (1IB) itk &4, 1
HROER R, R AL EST, R 2 Cle FEN DL ET, R &P, £8Pk
W7, R & Bro fE5— AR R, R C-Co JidE. fE N —ANSEiir =, R EF
T OV EREERNEE R TERRT R, AL E9d, R 2R, E—A L
&P, R 2 C-C bt dE. 7 — i &, R 2FEIE. £ &+, /R
ECHEIE. fER— 2 (1A B’ a9y, Hhn 2 1. fEX A7 &4,
n g 20 EX—ANEHET P, R REBNEBIFA M AL AR . 25— ALt i, R
SEAEBRE RS I IR AR Y o 76 X — A5l P, R R AERRE B IE P ) A0 A HUAR 1K o
[0100]  7E5— s &b (110 &9 -

R1
R

2
C}R

e
RY—F NP

g

AJIC)

~OH
N
H

Hrp .

R'F1 R® & A A7 2 Hy OH. G 28 B, —C, et

RY AR % B ST H % F & 3% C—Cy FEALIE C—C RUBTAUIE B C,—C BE 2k,
C,=C, btdkzd Ik C,—C, Fifl . e dE C-C, sk a gtk C=C, B At C,-Cy ZRFA btk C,—C; S
F | C,-Cy ZRBR B SE C,-C, BEdE . —CN, -NO,. —CO,R"*. —C( = O)R".-S-R".-S( = 0)-R"'.-S( =
0),~ R -NRC(= 0)-R".-C(= 0O)N(R"),.-S( = 0) NR') ,.-NR'S( = 0) ,—R"'.-0C( = 0)
N(R"),.-NR"C (= 0) 0-R".-0C (= 0) 0-R" ,-NHC (= 0) NH-R"".-0C ( = 0) -R"" . -N(R"") ,.—C,—C,
T dk N(R') 5. C,—C BrdE C,—Cs BLTIE L C,—C, FFh . C,—Cy BLIE | C,—C, 2tk C,—Cy it
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BUARBURBURIY C,=Cyo A e RE B RECR BRI 77 ZE AU AR BRI 2% 77

p M 0 B 4 [IHEAL

n M0 25 HIEEEY

R REEIE H C,—C HedEC—Cs MUBEIE C,—C, Aidik C—Cy IMBEHE L ComCy ZNFRETE 7
BRI 77 H I B BUR BRI BT

RY L H C—C Fedik C=Cy BEHE CCo ML C,Co ZNFRFEdE L D7 SL Ik 77 L FAU Y

AREARBACIEE ]

o2 PR I i 258 T2 (1 N= A B2 2 3R KR 24 o
[o101]  FE— Aty 2 (110) K&y, Hrh RRIR® & AR Ho 725 — 1
Seiitir b2 (110 L&Y, Horbp & 2. B DSt A (110 Mtk &4,
Horbp & 30 EX St R (110 B4, Horp p 32 4,
[o102]  fE— Sty sh ek B (11D) K&

R1

Hrp

R' AT R® % E A7 b2 H OH. G R B C,—C, B ;

RYFIR % A7 HEGE AL x5 C-Cs FEaIE. C—Co MUPT IR 22 C,-C, ol tE,
C,=C, FedEz FE C,-C, B Ik St C-Cy pidE e gt C-C, FEd . C,-C 8 M2t C,-C, s
FE | CCy PR EE C,—C, BEdE . —CN, -NO,. —CO,R"*. -C( = 0)R".-S—R".-S( = 0)R".-S( =
0),~R"'.-NRC( = 0)-R".-C( = O)NR"),.-S (= 0) NR"),.-NR"S( = 0) Z—R“\—OC( = 0)
N(R"),.-NR"°C (= 0) 0-R"".-0C ( = 0) 0-R" . -NHC ( = 0) NH-R"".-0C ( = 0) -R"' . -N(R"") ,.,
Yk N(R') 5. C,—C, Be k| C,—Cy ki C,—C, Mgk C,—C, BedE. C,—C, 2t dt. C,—C4 H}:’J;@Q
BURBR BRI C,—C 28 pEdE B BIR BRI D7 ZE R A R B AR U ) 2 05 5

q M 0 F 3 [IEEEL

R RS BUE B C,—Cs BtdEC,—Cs TREHE \C,—Cy APTEHE C3=Cy FRBEIE \C,-Cy A4 BEIE L T
FEMZ% 5 FE A U EOR BRI ZE ]
R RIEH C-Cy HEdE C,—Co MBEIE Co—Cy FBEIE | C,—Cy Z4FABESE 5 FEFN % 75 JL 1 Y

ARER BRI ZER]

B PRI Eh 20 BTS2 I N- A o T B2 IR 24
[0103]  FE—AMsEiti Ty 2 (TID) Wfh&4), Hod g 72 00 725 — Lty b 2
(11D) WIAL&4, Hob RV FI R® &% H RS MR Ho 7B X —ANS2itior =28 (11D) L&,
Hr R C-Cy etk e fER— ML SR, R EFE . CE I ERE FHRE ETEFT
FEEBUT 3. (EN—ASEHA R R EFRE. EN—DLlTET, R ERNE. £ —
AL, R TR AR — T R, RO RS (RN AL T R R R
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FiHE o ARSIy G0, R UG F LR DKM e L MR | =L bR | DY ML |
IR MR L AR M7y i | S R A R L R WA e IR L | S R WAL L It i | e BRI S e R s L Mgt e
A= R oRMIIREL L 65— FRMIR A 6 BN MIVREE (7— BRI AR T IR M R IR 2 L I
WARAE M| WA | M| e | PRI 5 IRk R L | = IR | S M| WG e | ORI R 5 (RS ML (W —
AR IR M L 2R TR IR i L 2 DR IRy S5 S O I A S L WS A D AR i, e R R A L G
W (1, 2-a] AHERESE WY FROE e SERIRAE e SR . 765 — AN SEitTr &b, R 2HbiESE
FEX AT 5, R 2RI AL . 75— ALl &, R 2w 2k

[0104]  fE5— ALty b2 (TIE) b &4 -
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ﬁ.‘?
Q
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N
H
o
{W)f»Q\I ’QR

X (IIE)

~OH
5

Hrp .

R' I R 2% E Aho7 M2 H. OH. & 5k C,—C, Sedit

RYFIR % B ST H % F 4 3% C—Cy FEALTE C—C MUPTAUIE EU5E C—C, Fr 2.
C,=C, Fedk 2 2k C,—C, Bedl Ik 2k C-C, gk ad gt C—C, Fid gt C,-Cy 8Bt dE C,-C, HEs
F | C,—Cy ZRBRBESE C,-C, BEdE . —CN, -NO,. —CO,R"*. -C( = 0)R".-S-R".-S( = 0)-R''.-S( =
0),~R"'.-NRC(= 0)-R".-C(= O)NR'),.-S (= 0) ,N(R"),.-NR"S ( = 0),~R"'.-0C( = 0)
N(R"),.-NR"C (= 0) 0-R"'.-0C (= 0) 0-R" ,-NHC (= 0) NH-R"".-0C ( = 0) -R"' . -N(R") ,.—C,—C,
FidE N(RY) . C,—C, Ktk C,—Cy I C,—Co MEE. C,—C, It C,—Cy et | C,—Cy FRprdit
BURER BRI C,-C o 28 M bt B B BR B AR D5 ZE R B R B A U ) 2 05 2

rae 0 Bl 4 HEEL

R BEEIE B C,—Cy 5idE C=C, FFEIE C,—Co FHBTHE \Co—Cy RBEIE C,-Cy AIRFEFE JF
FEFN % 05 e I U ECR BRI 2R ]

RY 21 H C-C Bidk C—Co MBEHE C-Cy FRPEEE . C,Cy AR EAE D57 BRI A J5 HE R HL
BRI ZEE]

SIS PRTRZ I EE 25 BRI N- A el T RS2 TR 2
[0105]  FE—AMsiti gy rp 2 (TIE) W&, Ho v 72 00 725 — ANty & rh 2
(ITE) Wfb&4, b RV A1 R® 4 HROT R Ho 7B N —ANs2iir =2 (T1E) b&4,
HAp R 2 C-Colidk, fER My &, R 2R LI ENE RRE ETEFT
FEHORUT 3. AE N — SR R R RS BN AL BRI B
SCHET SR, R RS . AEN AT L R R AL AN SR R, R ik AL
WE Sk DK PR | W 5 (L A | — W CIEER R | DU A G 5 MRy T | S MR L IR MR |
WS | S IR A | P Sk W BRI | S b (Mg [P G L 4— R AR IR 2 L - A2 L 6-
HRMGIR L \ T— B2 IRk | 2R K Wk | 2R IR i | WG WK | M| W 5L | g IRk | ORI L | kR
Fhy ZEEE L SN PR | e L NS L (T ML I ML (R L R IR N e R Ty
Hh IR IR IE S TR IR ML | AR | TR bR L BRI (1, 2-a] HLRE JE | Wy JEALLE

27



CN 104136410 A W B B 21/91 7
FOWRIR ke RE . 85— ANl 7 2 rh, RO kg RE . 7B — NSy &P, R BWeig Sk, 7
N—ASEJtE 7 &, R EMEmy 5,

[0106] fEN —sgii s B2 (IR b5 -

R'l
w IOH
R2
0]

(R‘ﬁsO« -

X (ITF)

O xT=

Hrp

R' AT R® 4% E M7 b2 H. OH. G R B C,—C, B ;

RYFIR % H A S7 % B & K3 C—Cy Bt i B C—C, Mt UL ZUJE C,—C, Bt S5
C,=C, btFk 2 Ik C,—C, Fideld . gt C-C, ek ad gt C-C, FdJE . C,—Cy ZRFRFidk C,—C, S
B\ CCy ZeIREIE C,=C, 53 . —~CNL ~NO,» —CO,R®, —C( = 0) R, -S-R''. -S( = 0)-R"'.-S( =
0),~R"'.-NRC( = 0)-R".-C(= O)NR'),.-S( = 0) ,NR'),.-NR*S ( = 0),~R"'.-0C( = 0)
N(R"),.-NR"C (= 0) 0-R"'.-0C (= 0) 0-R" ,-NHC (= 0) NH-R"'.-0C ( = 0) -R"' . -N(R"") ,.—C,—C,
FEEE N R, C,—C, Bt C—Co AT C—Cy MEE C,—C, HIE | C—Cy e dt | C—Co FRpREE
BURBR BRI C,—C 28 pe s AR IR B R D5 ZE R BUARBR A U ) 24 05 26

s &0 B 5 AL

R BAEKIE B C,—Cy HidE C=C FREIE C,—Co F4BEHE Co—Cy RBEIE C,-Cy IR RETE T
T2 5 L U EOR BRI ZE ]

RY 21 H C-C Bidk C—Co MBEHE . C-Cy FRPEIE . C,Cy AR GEAE D57 I 75 L IR HL
ARER BRI ZER]

UL PRI EE V205 BTS2 I N- sl T B2 IR 24
[0107]  FE—AsEiti; Zrh 2 (TIF) k&4, Hd s 22 00 25— ety &b o2&
(1TF) WAL&4, Hoh RV A1 R® & H ST R Ho 7B X —ANSzitior =2 (TIF) L&4,
HAP R JE C-C it AER— MLl R, R 2. L I ENE FRNE ETE.FT
FEEORUT 3. AE N — SR B R RS BN AL BRI . B
SEHET S, R ORI, EN Al =, R R A5 E—ANSEE T R, R AL
WE 5 DK P JEE | e 5\ bp s T | — W IEE R | DU A IR R IR Iy T | S AR R L IR MR |
WL | S MR W L ILE g 25 IR EE | SR s R | ORI L 4— SR 4% IR L 5 4RI L 6 &L
FMIRFE T B 2R DRIk | 28 K W Ik R I ik | IRk | M| W 5L |1 R Ik | IR IR 5L | kR
F ZRFL | S Ng RIk EmE L WEEIA L I L I R L IHRIE G L R R IR I Ik R IR IRy
T R IR MR MR TE R TR RIS | A IR T | TR bR T L BRI (1, 2-a] NLRE JE | EWy FEALL e S
ARG e . 85— A7 b, R O&MEIERE . E X — Ay Erf, R &
FEN —ASEHE T e, R & MEy I
[o108]  E Sy FErp e (I1D) MEY)
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R' O
E’OH
2
Y\La l!_ R

X
A1)

Hrp .

R' AT R® % @ M7 b2 H OH. G R B C,—C, B ;

L AL, & [ Jh 37 Hb 2 8L 00 SONR®, -NR'C( = 0)-R". S( = 0). S( = 0),. NHS( =
0) 5+ —C,—C, Wt = — —C,—Co W4 2 — —C,—C, W3 -, —C,—C, W Ze i 3 -, —C,—C, T 4%
FE -0-, —C,—C, Wkt —0-C,—C, Wik -, —C,~C, WhEHE -NR*~, —C,—C, WAid -NR*-C,—C, W
Fedt —.—C,—Cs Whtdk —C( = 0)NR*-.—C,—C, WheHE: —C (= 0)NR>-C,—C, Wik —.—C,—C, Wkt
F -NR°C( = 0) —.—C,—C, WhiIE -NR’C ( = 0) -C,~C, Wik —.—C,—C, Wik —S—.—C,—C, W
F -S—-C,—C, Whedk —.—C,—Cs Whedk -S (= 0) —.—C,—C, WAt S (= 0) -C,—C, Wik . —C,—C;
WAk -S (= 0) )= —C,—C, Whidk =S ( = 0),~C,—C, Wik ~C( = 0)- 58 -C( = 0) -C,~C, .
fE gk

X1 B 07 5 07 3 CCho MMEEFEAN C,Co AR FA fre 5 1A B R UG A 355 121 5 3
oo SR X BRI, A X 24 B BA R BT 1 A2 A3 A4 A sl b A2k B BT BOFC -
3 C=Co B AR C—Cy MUbE LAk & 2 C—Cy L FE . C—C, Je R 2 2t C,—C; pr | B 2
5 C=Cy e 5 & JE CCy e 4L 35\ CCo 24 BRI 36 C—C, It 280 2\ C,—Cq 2% 31 it 3 C,—C, %t
H . —CN. -NO,. —-CO,R™, -C( = 0)R", -S—R", -S( = 0)-R". -S( = 0),-R". -NRC( =
0)R".-C(=0NR"),.-S(= 0),NR"),.-NRS( = 0),-R".-0C( = 0)N(R"),.-NR"C( =
0) 0-R". -0C( = 0) 0-R"'. -NHC ( = 0)NH-R"'. -0C( = 0) R". -N(R'"),. —C,—C, KEF NR") 5.
C,=Co B C=Cy TFEHE  C,=C M C,=C FEE L C—C ARBEHE | C—Cy Mpe s VIUREUR BUAR
1) C,=Cyo ZRIRBETE AR U R 2% ZE AR SR BRI 2% 05 2k

Y & HE ik B C-C, k. —CORY. —-C( = 0)R", -NR"C( = o)—R11 -C( = 0)N(R"),.
JiHE I HE CC NSRRI C,—C o NI BE I A BUR IR 26 T s LAt SR Y 2 AR
(), B4 Y 2% H LU 1 A2 A3 A4 A8 5 AR P BRI s 2\ C,—C ek
C,—Cy WP TE BT C—C, PEoIE C—C, Pidka gk C-C, B It Rt C-C, e dk a2t C,-C,
FESEIE  CCo ZRIRBESE C—C, BESEIE L CCy 24P C—C, JE2E . ~CNL —NO,, —CO,R™, ~C( =
O)R". -S—R'". =S( = 0)-R". -S( = 0),~R". -NRC( = 0)-R", -C( = OONR'),. -S( =
0) ,N(R") 5. -NR"S (= 0) ,~R"'.-0C (= 0)N(R") ,»—NR"°C( = 0) 0-R"'.-0C (= 0) 0-R"" . -NHC ( =
0)NH-R",-0C ( = 0) -R"'.-N(R'%) ,.—C,—C, % HE N(R') ,. C,—C, %k C,—C, bt Ik C,—Cs Fidik
C,=Co JFE L C,=Cy AR TE | Co—Cy FREHE HUARBUAR I C,=C, 28 B B BOR U 7
FERTEHUACHI AR BRI 2% 05 2

R EEEIE B C,—Cy 5idEC=Cq FFEHE C,—Co AHBTHE \Co—Cy FRBEIE C,-Cy AIRFETE JF
FEFN 5 e I AR ECR BRI 2R ]
R SR H C,—Cs Bk C=C TUGEIE . C-Co FRGETE | C,Co 2RI IEIE L T FE AN A% 57 2 (I EL

AECR BRI LA

R’ 42 H. C,=C, Pt R F A
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55 BRI L 2525 BRI N- AL s o B2 (AT 24
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R' AT R® % @ M7 b2 H OH. G R B C,—C, B ;

L AL, & [ Jh 37 #b 2 8L 00 SONR®, -NR'C( = 0)-R". S( = 0). S( = 0),. NHS( =
0) ,+ —C,—C, Wt = — —C,—Cy W4 & — —C,—C W3 -, —C,—C, W Ze i 3t -, —C,—C, T %%
FE -0-. —C,—C, Wkt —0-C,—C, Wik -, —C,~C, WhEHEE -NR*~, —C,—C, WAidk -NR*-C,—C, W
Fidk - ~C=Cs WhEFE —C (= 0)NR*~.~C,~C, WA ~C( = 0) NR*-C,~C, W HiFE —.~C,~Cs W A¢
F -NR°C( = 0) —.—C,—C, WhiIE -NR’C( = 0) -C,~C, Wik —.—C,—C, Wik -S—.—C,—C, W
F —-S—-C,—C, WhEdk —.—C,—Cs Whedk -S (= 0) —.—C,—C, WAt -S (= 0) -C,—C, Wik —C,—C;
WAk -S (= 0) )~ —C,—C, Whidk =S ( = 0),-C,~C, Wik ~C( = 0) - 58 -C( = 0) -C,~C, .
fE gk

X1 B 07 5 07 3 CCho MMEEFEAN C,C,o AR FA fre 5 1Y B R UG A 355 12T 5 3
R X R EUARE, B A X AL B BLTF B 1 A2 A3 A4 AN B AN IR A BT HUA -
35 C=Co B AR C—Cy MUbE AR . & 2 C—Cy B I C—C; Je R 2 2t C,—C; pL | B 2
5 C=Cy e 5 & JE C=Cy e 0 35\ CCo 24 BRI 36 C—C, It 280 3\ C,—Cq 2% 31 it 3 C,—C, %t
H . —CN. -NO,. —-CO,R™. -C( = 0)R", -S-R", -S( = 0)-R". -S( = 0),-R". -NRC( =
0)R".-C(=0NR"),.-S(= 0),NR"),.-NR’S( = 0),-R".-0C( = 0)N(R"),.-NR"C( =
0) 0-R". -0C( = 0) 0-R". -NHC ( = 0)NH-R". -0C( = 0) R". -N(R'"),. —C,—C, KEF NR"") 5.
C,=Co HEHE C=Cy MFEHE C,=C M C,=C FLEE L C=C AT C—Cy MpE s (IUREUR BUAR
1) C,=Cyo ZRIRBETE L AR AR 2% ZE A AR SR BRI 2 05 2

Y S HEkik H C,-C Btk . —CO,R™.—C( = 0)R".-NRC( = 0) R".-C(= 0)N(R'),.S( =
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Press, New York, % 388-392 Wi ;Silverman(1992), The Organic Chemistry of Drug
Design and Drug Action, Academic Press, Inc., San Diego, 2 352-401 i, Saulnier
2. (1994), Bioorganic and Medicinal Chemistry Letters, Vol.4, p. 1985 ;Rooseboom
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KRG IR B & .
[0248] AT HRIATE “ L[ 7 B BT s A — 4 3 i e ) 2 MG
7, iy HLE A4 18 I A R BAS [R] ) 25 253842 8035 7EAH (R BRAS [R] T IN TR) it FH 12 2455700 46
[0249] AT FHEIARTE “ 8467 235 A B TG99 | N 48 M 521 23 A A s 40
AL E W EART] o
[0250]  R¥E “MukE)” 2 d8 H TEIE X AR Hirtb 59 B A &) Mok R H 4
PSR E RIS M B H TR EA G . A8 RS AR 2 s i (g2 A3t pH 4% ) s 4 45 )
FR R, AR HAS PR T IR R 22 rh b VR
[0251]  ASCAFF B G AU A A -G A R I B T iz A S AT A2
ATE AU 2T A S AR I BT T AL & D) B AL 0 PERT ) o n A ST
FIATE “ARH” 3R A R R 2 ) B I R SR (RS AELAS BT 7K At B . AT E
BEAEAL IR SO ) o ERLIEE, BBATAS AL S0 AR 8 S5 DA o 914, 40 M (3= P450 AL 2 P
AT 5 S L, T T T T 2 e T i A Il e L TR 1) 4 2 0 T TR 2 1) 7 DR T
JIR R RIR A B SR AE e M o o TN RE— P45 B vl 3k A The Pharmacological
Basis of Therapeutics, 2f 9 fit, McGraw—Hill (1996) » AS 32 T HIAL-S 4 A 438 1o v
T R AE V) I BT ECE 12008 T LR, Bl I TR R AL S0 5 I iR i
BIH ISR SR EE .
[0252]  “/EYRI RS 2 TR I8 2 P 53 I sh BN IR B (R A SR A FF AL & 4
MEEE . AWIEFIKN 425 R 28 (AUC - ..,) TBE R e X4 100 % ] YA H
(1) (F% ) o “IRAEDIRIHEE 48 S if bk ST A BG4 CUIRZSV A -GN, ASCHT A FF )
1B PR 2 PR B R RS
[0253]  “IM IR FE "R FR A ST 8 A B WAE 52 AR MV R R Hh IR B o B B
fift, T 5 AR G AR A PR A/ B S HAR YR 7 SR AT B8 FIAH BAE R, AR SO iRk & 1
MR ELEZ IR 2 A A . MR A S A T — AN S 48, AR SCA TR AP 1 1
W RS2 B AR A [FIRE 8 Wi K MR EE (C,.,) BRIE 2185 K I 29 2 1 N [A)
(T, BRI IR BB () 2R R SRR (AUC,. ) SE(E RS2 AT AFE . BT fpas
AT, R AL B I “ IR A R BT R B2 B SR AN R T AN A
[0254]  “ZjAXBN 1457 2 ¥edh i E/E F ALK BIAR FEE Y 9P R 2=

A AN 2577 0 S48
[0255] S Y ZE SR FREAIR T« DR ERIK N B 3550 i B A IR G 25 5
B2 B VB IE EE B LA PVEST B R R R e 2. 4, DR & 1 B A ik A
FEWLIAI Y B2 SHRAK P B8 YRS, DUSCE N« B0 2 P TS P IR 8 P R 2 B
[0256] A SCAT IR 1 259 50 ELFGAE AN BR 7K Pk 8 1 23 AR B LA 20 BOUR S [T 1k L i o
ARG B RUE ) AR 2R K AR 37 RIDRETRCH ) 428 iR Tl ) S 300 ol 30 0 IR AL
) FE IR R TR 751 S AR T 501 Ak ek OB T 501 22 JRVURE o) 77 VB 5 ) S BV TR 45
FEIBCHIH) o
[0257]  EFELEST 77 &, A SCHTR KA S UL R 77 i A 42 5 77 Xt A o 72304l
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SE T G T AT IR AL S 4 LA DR SEORE TR0 ) 78 2 DU AR T80 70 64 7 2 sl A A7 BT
BB R AR o A5 53 AP IAR I SE T 7 ZE 0, AT AL & 40 Jmy 0 I FH £ o

[0258]  {F LS 77 2, F A SCHTIR AL S B I R S AL S . A8 BARIK LT
Fh, YA G YA — PhE 2 R AR AR bR S2 i DL T R BC I, 1% 38R
TR T SR A A ), S0 M) T Kb M-S 0 2 w] 2 FH il vt o i FR) SR B ok T B 4%
R 25 253840 ATART 2477 1] 52 I R L B PR A TR 771 22 s 1 T I 14 SC T ik 1) 25 49)
44 :Remington :The Science and Practice of Pharmacy, 3+ Uit (Easton, Pa. :
Mack Publishing Company,1995) ;Hoover, John E., Remington’ s Pharmaceutical

Sciences, Mack Publishing Co., Easton, Pennsylvania 1975 ;Liberman, H. A. FH
Lachman, L, Eds. , Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980 ;
DL K Pharmaceutical Dosage Forms and Drug Delivery Systems,:f-tBjz (Lippincott
Williams&Wilkins 1999) .

[0259]  Z5H 20 & W2 T A SC AT IR I HDACS ik 4k & 49 5 Ho Al Ak 2% Bl 2 an 28 i A e
A FRRE T 73 HGR) T 50 SE AR/ SRR RIS AEREEESi T b, 29 A&
WA BT XL AL &)

[0260]  7E—ANSEHti 77 4 T, A< SCHTIR ) HDACS 00615704k S 28 K v i P e i o 78 ELA TR
SE T FE AN 5 K TRIE B AT EARA B, W Hank 9\ Ringer ¥
SRR ER K G2 PR AESLAN ST T G TP, A SO IR ) HDACS i 57 AL 5 A0 e A R A 5
252y, fE BRI SERETT 20, 85 R/ R 551 & T i 2E L i be ks i aE . el
A SCPTR AL S Pk e i s T oAt i B A S R A S it 7y Z2 oy, 3l R D R A S KRS
T S 8

[0261] 755 — ALt T b, ASCHTR AL SR BCHl s T HIREE 25 . AR SCRTIR AL
AW R IR BL, AT 5, % ) IRGR YA EE )R R L R B R i TR
AR TREIE B R TR B ) TR

[0262]  fEALAESR 77 S b, AT CUIRASE H O 25 W 0500 23R4T o — Tl el 22 b il A4 D T2
5 — PP B P A ST IR A A VIR G, AT I MO B TS R A 4, I H W R 278 A
A I8 HR RS RRUR TR A W 0 T LASRAT R s AL o 3l AR TR )R ol A2 <SR AR A S
K, B FUNE RN EE i s L AL L 2T AR RN, A T R OKTE R | D 22 TE R R KTE
By SR EERY I BB MR AT AR 3R B AT E 3R R T IR Y R IR Y5
By s BOARIR T, 0 2R LGS el (PVP BURYENT ) sBEERES . A BRI ST T %
i AT RS N A o AT 5 AR AR AT R PR R 2T 4R 30 L 3R LR e ] B
g s TR IR L B L R R Y

[0263] [ R B3 A 45 H B R il B )4 N — e X %2 DA K bR B BRI H b s A
TR ) 8 88 30 ot S ) 2 B IR B o AR BRI ST &b, N - Il AIRESH 5 — M2
FRIE R AR A HOE TERIY o A SBT3, SRSB4 SURE, W e BORh &3), A/ sl
T B TR R R R M R, LR AR E ) (e A ST Ty S, IR B O A Ve iR BUR TR
LEA TSR A — R e 2 AE AL & AN ZEB T 5, &8 RIS el F IR
MR EOR AR S . T34, ARG RS AR E .

[0264] 115 AN LA R ST 77 S, Jmy 8t A SC BT adk ) HDACS il &4 . 7] Jmy i
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PRI G DA R TR BV W VRV B TR 2k VB LB BUCE

[0265]  7EHAth St 75 G, ASSCHTIR (¥) HDACS FIHIFIL A4k FL i R N5 25 18 &
TN 25 PR N FHE AR T U557 5 77 80k K

[0266] 2520 G0 B3 R R e 4l 88 1R sl 2 el 1 T 3 B2y 2 T 32 i BRI 3
TIB s ASCTIR TS B S AT N- A e (R PEZ W2 ) L
SR B 5D 0 AT HH R SR AL TR (s A QU o AN SCHITIR B 54 ) 22 0 B AR S A AR S
BASEAR SR M AL SREE A o RAE, ASCATE AL G RS AR R A LR 2y
BRI R BT AR BRI R L e AR AL S IR AL Sl
FEARSCH RIT o T3hh, A G e i & A 25 W) sl 2570 oAk Ve ), il ) A
SE IR SCFLALR, B IR, T T IR IS 2k, Se i, A/ B e iR Y B
{ARIEGREZ P

[0267]  fERLAESIE T b, S A AR SR A G T B PERT / 8h 7 AL &
A o FEZELRIRT T RN T AR, DR BLVA A /D 870 B BOIR DG IRPRE IR (K 35 1] E 2
IR SRV 8 Bl AL S0 A 80 Tz K B 150 BOR LK ™ EFE L
HIHERE L LLRTHIIRTT B B BERES R AR 25 W00 SO, LU R B iR A W . V697 A
B AT e b e (EL AN R T 751 3 1 s A A R VR R E

[0268] £ T B/ 1t A HH P 5 1) o S5 S 500 o BSCIR B 5  HA Ty AT U 1 £
TR &G AR E WA EY . (EZHE T, K Bk T 8 B4 BOR A& AR

faray
>3 o

[0260]  fE— LSl Jy S, 4 G AT ] — Pl P AL B2 BT RS2 (AR LU Ty
ORI AL FR I AT L, FAT R RS AL S0 o vl 2 Yl o 53
IR TR FE 20 253812

25 2 TTIENNRTT JT S5
[0270]  ASCHTRAA DA T4 T30 ) HDACS B TR YT 22 /bl 73 132 25 T HDACS 1)
HE R BRI 258 5356, -6 7T F BRI TT 1 52183 1A SCAT A i iR
DL T A 1) ik 2 X IR T AT BRI WAL G 22y MA G S 2D FiR
SCATIR AL G, B 2% B2 1Bk 255 BTS2 1 N- AL 25 25 iE PR AR L 2
LRI IR 2 82 2 BT (R o
[0271]  HAACHIRML G GY oA T WP A/ sGa iy AR E it - 27T HER
AT S B2 AV & s 2 20 & 73 BELLE 0 SR GL ARE DR K 3, 1] B BB AT 000 SR UL (1 F8
Tt FHAZAL G o A3 RO T2 A 1 B R 50090 BCIR F47™ ERE FERTRE S ST VA T
B R BEIRZS AR TAR 251K S5 LR T2 38 B TR W o G0 e f8) a1 583 3 s A X
KA 72 XL A R
[0272]  FE TR 1 A A5 1) B S5 S 50 S oA ESCIR B 5 L H A Ty LA XU 1 F6
ST ARG WA G X R SO BPA E BGHE . ERXR i
Hh R R T B T FOIRAS AR A o e A 7)o 1 R e I
B e o AAE BB AT I, 1 L 38 (1 200 R E R 00 9 i BICER O ) 7 B R P
AP S BT HIATT BB A8 BEIRAS MU 25 W0 S22, LS v B il 4 320 0
[0273]  FEHL AP B HPROLBAT SR IGO0 N, O 1 S8 B DU Aty 24 il sl PR il
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)59 BOPR DL IRRE R, AR B AR i 2, A0 S 1)t FH A S M R4 T, B, FR S G (1) — By
(), B0, 4% R A AR i AP 2L N ]

[0274]  7EHrp B IR A B O D0 T, AR B AR (R &, A& P I it FH i 2 igF
AT B, BT A B 259050 J /e — BNt Ia) CRI, “ORZ5H7) Pyl I os2 b sl sy 452 o AR 245 34
A EEN 2 KRB 1 FEALE, AZEFR UL, 4 2 K3 K4 K5 K6 K7 K10 K12 K,
15 K20 K128 K35 K50 K70 K100 K120 K150 K180 K200 K. 250 K280 K .
300 K320 K350 Kuk 365 Ko E—LESLtE Ty &1, PR P ()57 2o b a2 A2 10 % 31|
25100 % , N80T = 5 AR 20 10% 4 15% 21 20% 2 25% 2 30% 4] 35% 24 40% &
45% 21 50% 21 55% 2160 % 21 65% A1 T0% A1 T5% 21 80% 21 85% £ 90% £ 95%
B4 100% .

[0275]  — HABFROURANGE, WL LU, 4R E . G, & e 5 Rek
TR SR AR A gk 2D B RE BCIR L T 2 AT LURFE K o SHaERA AT R K
IR, — 48 8 3 { BRI TR B PR VR T

[0276]  XF IV T M B 1) 45 i 2450 1) S R AR A 1 e a2 A A4 35 o SR O B L 7™ B R S
LRI 2 R B R (B ke ) SR Z AN R, AN AR 200 191 ) B AR 1
OLREAT 0 0E » P 185 00 B0, H5 490 i ¢ EL A 2550 L 25 253 42 BT iR T KPR UL PIT i 97 1 32 1K
HEE F . R, RIS, AR AR AT H I & AR AR R 2 0. 02mg 224 5000mg (1170
W, LB LA S 7 B2, AR R Y Img 44 1500mg HITEFE N . 78— 2652 77 2, T
AL SRR P EE A T BN E 2 I, PR s R E R (BRI TR Y ) BAIE
F14) 1) o Tt FH 5 48] 2 3R P R« =R DY YR 8% B 22 YR TP 51

[0277]  ASCHTIR I 25V AL-E AL T 18 & I FORS R 22 0 SR A2 R B b o A SR 51 2
R P 3 ) A S B 1) Rt & 0 27 LK R e T R 1 = QR A= v = e SR e =N
TR IR T o = PR S5 48] B, 2 1) R B I B, /MR Z AL (R K o IK PR B
HEW I LAEA T PR IR a5 B BRI B A2 o B0, A8 AT PRIk a5 B I 2 | A48, TE1%
UL, G — RSB E R DRGSR, Tl E 400 5 idilsn 230 T a RS H AR
T E BALRIEY b, BRI T BRI 2 A E A

[0278]  IEG T ASCHTRAL S H & A2 LT 0. 01mg/ kg 22 2. 5mg/kg AT, fEAFEH
AP T R R B FLsh P, fa7n ) H I EAE LT 0. bmg 222 100mg [IFEFH 4, LL4r FF 1)
57 (A AR E AR TR 2 DU K, BBLRE KR e it A« T IR 251
EIERRALRIE S 2 Img 2229 50mg TG PEL7r o AT TE AR VU, A 28 FAMA
1697 7 ERAR R H R K, FF HEE S 1K e (8 A S R 2 AR FF AEAN T LK. 31
AR 1 2740 5 T AR, X e AN PR T A P AL A R T BT R IR BRI O
2 2B SRR B FF SR BRI BRI P B R T, DA A MO B A 1 ) 1

[0279]  BRIATT 7 R EEVERIR T SO I b v 25 54 R TP A 40 Mo 355 2 W s S 56 s ) b
AT, BARHANR T LD50 ( HEAR I 50 % B ) F1 ED50 ( HEAA K 50 % ¥A 97 A 251
&) HE. S-SRI RUR 2 RF & LR IR T 2L JF He SRR Al LD50 5 ED50 2 [
FILCAE . B HH mB T Fa 2L B 02 L AL BT TIUTIR) o A4 i 35 72 1A 50 R S 0 5 384 1)
B T e e AR S . 7E—28sil 7 b, R A M IRE A TR
ED50 H B B/ N ERA IR ERTEE N .. 5815 1%30 B 2L, X B g T Fi 4 A i 3 72
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AL AL IR 25 253845

AT
[0280]  ASCHTIA AL & AN AL £ Wik AR FXS BT iy BRIR UL K6 77 0 (i o 22649 1)
IRy B AL ] o TR, ASCHTR A S LK (FEAR HTBR G iR 7 ISty 28 mh ) oAby
FIALE R — 2y A Y AT, IF Hobt AR A0 BN AL 22 R M i 8 T AS (7] (3 42 25
FRAEAA L 1) 7 5 A S G T B B ORI e  2 2 ORT 45 2 I TRV BEAT M 06 25 24
[0281]  FESCLESEA A, A it HIA ST IR 1) 2220 — B 5 AN Al VR 7 S B IE . Y
I S R E AR — P SO SN A SR IR I S S i IR AL 5 D 2232 1) R A
MZ &0, AWK A Tl DU O 2550 R aa iR T R S il . B0, I3l &, —Ff
A SCHTRAL G PG BORIE I e ) A ifo g i (R, V2570 B 5 BAT S/ R TT 2t AL,
(B 5 AR T TR A I S 248 ot JB 3 AR T fn Ak ) o B, A =, R 22 1
i Al 4 30 T B I FH — P AR SO IR AL S R B A R T m AR IR T — Fha TR (e
BT TS ARG SR. RO F, AE TR 0 s sCR BT, B 452 1
AR AL PGSR R INBUERE A2 T PRl At
[0282] 7 H A4k & 0 1) HL AR B PR Bk T T2 ¥ B i A9 2 W AT AL AT TR 2838 AR DR 0 AT 7 >4
AT T SR AW AL SR (0 [R] IN BEAS (R I BAE [F] VR 77 7 SN ) AR 2kt
TXEHR TR I AE BOIR DL PR 5, B8 BOIR DG, AU AL S I Se fn s . Va7 7 524
IR it FH 2 Py R 387 700 10 B 52 FH SR 8 5 2 E 0 BT IR 7 (R0 AT B B IR DL IR PP A i
E R o
[0283]  Xf T-ASCHTIR IR 6 YT > FLIR A PR AL S A RO R R A0 A (R IBC 15 25 1K 2R
R AL BAR 298 B iy O SORDL A SR AR J30b, S35 — Bl Bl A0 157
SETR) I A SRR AL 5 5 2 A ) s ) e P s AR AR BT o o R AR 4k i
HYs G BRI ek s 5 A= M BB 5t P 4 1 o R 3 =2 WP
[0284]  JEidnfal, 2 Fiayy ) (Horh— MU A SCHTIR IR HDACS b F AL &1 ) DMERIK
J it P SR = (R S o A R RIS R, 2 Al il L — i) — o e, B LL2 Rl
AR (OO 5 5 AT B R e AR PR T IR ) o A5 28500 T S,
BT AL Z NGRS T, 808 REME D 2 DRI T o WERANE RISt 22450 A 19
IFIR) A2 T2 o 30 /0 T DU JI AN o 530, 206 7532 AL A WDRTRIR) AN 00 9 Aot 245570 6 4ok
M EWAR T ZERITT A .
[0285]  WILABEfE, VAT« P B et 3 SR MR (1 PR DL (1 78 7 SRR 22 i A 3 BB T
XL B AL SR AT BORRE IR D, LA B2 AR AR R ) B AT S AR DL
DAL, S o A £ 79108 7 AT AR KA [, DAL R A Al 125 A S 3 F 771 £ 77 56
[0286] Al AN S22 K16 77 IR 25502 K BRI 2R, B0 2 T B 2 AR (] et Y ) 2 5]
R R IR 8T T 25 FAR SR, 2L AP — 387 AL A 08 ok SR A0 e 1) 7 it A« 1%
P25 Tt 7 S SR PR RO AR R it P 5 e B T 0 P TRO B o 221 Ik 20 R 1)
[ A ) B MBS 93 B B0 I AN 55, B 2% 2450 FRO 1 5 4900 4 24 50 PR 28000 S A P 70
AIHTRE 2% -SRI B) ) 2438 o A8 7p TR L IR AR BT 28 AR A th e 5 A A 571 ) e o
[0287]  Ji4b, ASCRTIR AL G0t J 3 1R SLA AT s P (7] 2 AR O RE PP G A A o (24491
15 » U AEAS SO IR (7 iR PR IR VR T A/ BT A, FE AR A SC A T AL & )
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W2 G/ B85 HAWET I A G SR AR &, Uifoe Meg i 2 o a5 5t
L BCIR UAH O ) AR 5L R ) 485 717 2 o
[0288]  ASLHTIA AL G PRI R G167 755 SR DL & A2 2 A1 S TR) sl e i A, 9F HAS
AV A S N TR T AS I BRI, 90 4, A S A TR 570, I Ho6P A ke
AR BREI 0 FRIBE Tr] P 52 4R B e S i, DU PR B SR OL R R A o S N4 &
WIAERE R A VE S 1) B AR R R AR J ST B AR X 52385 Tt FH o A A0 16 it FH AR IR R AE 11
A A8 /NI N IT G, A8 HARSE T 22, FERER AR e ) 48 /NINTN TR, 76 55— S8 7
G, AERIER AR B ] 6 /NI TFR, A8 X — SETl 77 2270, AEREIR AR 3 /M IT 46
WU Tt FH 8 e A T S F R AR AT, 90 A bk P e 56 T B A BRI B /NIRRT AR AL
FAll e B 33 B2 W) s 1R S, BR AL & o FE—LUS 7 S, AERS I 2 BiPBE Bk
OURAE G AE VTS RIAT RS 0 T R ] Rt it AL &4, I B 8RB 7 2= wi s 11— B
INFTR], a2y 1A HEIZ 3 AN H o XT8N RE, 67 N KA A E, 3F AT b
MR e LN B, A S EE & A G IR 222 2 A, 75— SES Ty F
25 1 A HRNZ) 5 4F, R HARSE T ZrP, 20 1A HBIZ) 3 4

EA% i
[0289]  UBLALHEIR T A SCHTIA )2k & M HDACS H )57 55 Ho At Pois 55 sl Ak 2% Ve 97 F i 41
o HRPUEFN AL 2= 1897 I S 7] W V. T. Devita A1 S. Hellman ( 7% ) ¥ Cancer
Principles and Practice of Oncology, # 75 hix (2001 4= 2 H 15 H ), Lippincott
Williams&Wilkins Publishers. ZET25MRIA SCHEAE R HARR MR E 2RI A5 .
[0290]  4NASCHTHIARIE“A &7 B E IR G s AL A ok — R id Ve a2 i #5321 507 i
I HALREVE PR o3 1 [ s AR e A 7B 288y B, A6 2B e A . AR
SE A BRI T RS A A ST I DA A R R R IR Ji Ak & P R & 24750 Y o DA B — S 4
sl E TR R ) R E i o R8sy R, A s 2 AERE A S . RECIEREEA
G BTRIE M B9 G0 A SC AT IR AL A AT A 25700 E by BRI SE AR IR B AT BRAH 44 3
I S5 T S Y LA T TRD g I 1] PR i, G A SR ()t FH A B AR R R I AL S D
AROKY o Ja I T3 R 72, 90 i = Fh B 5 22 Py M B 20 R e A o
[0201]  fE—NJ7 T, A3C2 JTH HDAC #5755 1 B B # % (anthrocyclins) HISHL
T RBP BB B I K B A ) DA R A S A B T R R PR E IR 1
AHRPA T SIS AL S IR R S Tt H
[0292]  HUEFRIA / BAE A 277 kb A FH I 25 0 RS AR AN PR TR 910 2570 < ER R <2 1R
300 IR S A T T A B 2 AU R 4 MR/ 4 B R BURS TER)  Se
I dk — O SR B AR BT AR R RS | I AR SR 4 R T A A R R T
FEAM TR 40 ML H T35 3500 P04 M R A B S 2550 TP AR 2 IR TR (RTK) 1124
F) BEICE 1 BT ) NSATD. [ 1) 2 255 251 (MDR) Al 30) « bk 500 R A TR 97 22 1M
FRIFAHFR AT 367 mh PR 40 B o2 1R 245501 S e 1G o 254 « BRI 228 L T A Wl T I 7
75 T IR A MU AR AL 2550 v — S WA EE IR e eI R A A
[0203]  TESZ2IAE AL (HIan, T 40Maik g ) B OL T, LEFe M HDACS FNHlF 5 —
Rl Bk 2 B HAR BT AT B BCSATH o Pi ) i S 4 A 5 A0 AN R T 2407 R 51 2557 <5 &
a4 -2 - AR 2R AMER. 2 WA KENM KT, e /S8 e.
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17-N- MRS —17- Z- A R 2 (17-AAG)  Fhr B L LY294002 A= 4 K« iih
IR BAY11-7082, PKC412 8% PD184352,

[02904]  Taxol™ JRHEFR A “EAZEE”, & A BT S0 DU 2540, "o 0 o M it AR 2 S T Bk
TA/ER, LLE Taxol™ (IS4, Wl Taxotere™, BLAT FEANSEAS S 204 by 3L [7) 45 K4 R 4iE
(R4 Gt L3R B T AR AT T LA R 4 B BEL 7 G2-M i Re s, JF AT T 5 A
SCHTRAC A PR G IR YT RE o

[0205] 5 ek HDACS il 351 65 A7 FH 1) G At g 7] 0, 7% ol 2 2= L2 B &2 D ok 5
B KA R BT PG 4= B 2R LE 2 5 ER R R =5 i w5 ] 5w B g i) 2 ko s BT A 3R
INTPE NG 2R T RP 56 R 20 B Ky s 2 MY e B0 it e s 22 i 3 38 s R AL
Bt s IR B 22 BT 4L s FTFL IR B 85 2% 5 2 Byl s A B0 UR s B R & i s BRI B A
B AR DU VEE ST R SRR MR 5 = s AW R4 sIRIC ST s T % I =
Ci RPN s REHZ s R VUMW R0 s RER)YT B R AE s IR0 s iaHsF X R
TRETT VB EE v Py AR v L IS4G s IR IE % B o s A R R Eh R
LIRS HUPO A 0 B LA s LT 5 R ER ML FLIC T Y B s BhIR 2 R LU 2 st
S5 KRR TR RIS oF s T IR Ja A A s I A 2R KIS YD s BRI KR S 28 s A 2 R
IEAA s B s AKUCHRIE s EhIRR L L2 JuAmyE M s R IR R LU A2 sESER)YT sHESEw)YT
RN s MR e B PRAKFEVA R s K WG s ERIRVEAE M VEFLIIEE (55 4R A IR UK T 5
TR ISP s JRUPR WENE 5 FR PO AR s BRI s 4 w) B BRI 5 vE e SRRk s sh iRt
LA s I st 48 B (iimofosine) s &R IT(HBIEEHA AN F 1T 8 rIl2)
FHIE a2a;FHE a-2b;FHME o nl s FPE a3 FHE B-la;THIE v-1b;
A s BRI MR SR PR 2= 3m IR s>k e s R PR S P B bR 5 ER IR AR RAT e 59 56 ith A 59
SR ERRRVS W s LRI s HR ERRETT B R P Hh A2 S BEIR SO Al 36k
B s FEVEIR SEMFENENS o NS o Al s SR ZNE 36 R oK T i oK FE
B2 R R KITENR KT SR s 2R E R 2 RINE R DKIEH B BOKFC R 2%
MR VA B 1AM R R B B O I T IARE IR R AT S IIRENE
B R EIE I s WRYAR T sWRYAET FL s SRER L % B 1 R4 2% s s S5 sy B sy aE
BE GIRJESEANT sEhRA R O MRS H R ERIE DA B IR R R AR
BRE s v055 5 s ERER VP 57 X s R SERIVT 52 8 5% QR R A 2R s v A8 55 s Eh RS I
Wi BRSERVT RN SBERR R R B IR ERURIR MR BRI = B N s SR
WEENE B SR s e B P R SRR TR ST S SRR s MEMRCAR
L AT RIS B IR AT s B IR VOS2I s = Tyl s = b R IR 2
A B AR SRR Z AT A M s Sy SRV T s IR S BOE IR 4ER A IR KR KA
FhR KA MR KARILE sWIRKAE HEE MR KE D AR KFE R R
KEDE MRKENE REAM 378 i3 nfh T  Bhm e R LA,

[0206] 54 HDACS 1 il 5K & 4 H ) HeAh Bodie A0 dE <20- % -1, 25— 3 dh4i ik
7 D3 ;56— LURFEPRWERE BT LA Bl R bE B TR 4 s BRI G E  F0) 2 SR HT Bl b (3 A
FGALL-TK 38507 578 FE R R AT 52,4 A RKE LR s & s & 560 )R s = Lt
B2 WY WE FRTSA% T 5 Bl ity i 5 00 0% PN 58 5 L7 A G RO R) s 5 LR D s 5P G 5%
A s PUE MRS R AT A -1 PSR, AT 7R BB sPUR I s R X E
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FER s H 2 BRFTAERIR P8 T2 25 A7) s R T3 57 s B % R sara—CDP-DL-PTBA ;4
AR W 2z B 9-[2- A4S —4-( PFILIAR I BE 20 0 ) R 20k 1-N, 5— Ik —4-nymg
k% (asulacrine) ;[ 3E4H ;B % 5] VT ;axinastatinl ;axinastatin2 jaxinastatin3 ;
Bl =) B s BT HL B 28 s A IR s AR A E R I TAY s 2 22 (balanol) ; 25 #]
fth, sBCR/ABL F5PU5 s AR H 4 =8 s A BRI 2R &R s B WIHIRATAED 5 B —alethine ; Ul
Wiz (betaclamycin) B s I MEIR IR sbFGE 55 5 bC - & Jig 5 Eo A0 5 07 P g 2k
Ko s AR TLAE s MR IR O S 5 A S LT RHr s AT 4R (breflate) sTRUL S ;41 &
BR TR AR AL Ry = BB E A C(calphostin ©) sEMIRAT A s & 240
IL-2 s RIS A s MR — 200 — =M R I WEIRE — W ;CaRest M3 ;CARN 700 ;3K H i
FOHIFR) s R PR 5 W B PPN (1COS) 5 BERE s R A Prwd K B 78 #h 3 ve s — &b
M (chlorlns) sftfic @ ENEME ;PO-RATHIZR sITECNRObE s s S s RURSF B 5 e F e
FM 22552 (collismycin) A ;R 28 B s FHATMTT A4 H AT K404 sconagenin ;
crambescidin 816 ; s L IBHE s B EREEER 8 s B R R A T2EW scuracin A FRIERE ;36
1 (cycloplatam) ;3€n[# % (cypemycin) s FBE MUY+ /B ZE B FR B ;40 M A IR 1 s %
B e MER) 53k & BT s MU PE A s A 3% (dehydrodidemnin) B s M3 3 AR ; 1 ZE
KR s 40 e IR R A B e A AT dERIAK Y BRE SIREME N R B 53, 4- R RN
M (didox) ; —ZFEFWREIL s — & -5- AAMA ;9- — &R AR ET =
FElE s 20 m) B s BRIV & 25 s e KR s 2 R & # (duocarmycin) SA sAKATAMN
B S RTT s HCHIAR BT MK s BT s KR S 2 IR s I s SV R s R R LA s 241
R 5 E SR VT ALY s ME SR BN AR s BESCER FEDOR s WA M S B IR A HE VA T K VT 3R
AR M VEFL VR SR 4E A I AR R AR TIME N 5 ST 5 2 R W RO R
ERER TIE VR & R AR SR 0 R SR g E 2 AR RTT 15 s JEMRAL SRR R s i
s s o0 Je i ve s DB 50 s 35 PO A 2 B H BRI s 2 BRI 1, 7- PR R MR
(hepsulfam) ; &2 AL Kl F (heregulin) ;75 W FH AL — L WENE s G 22 Bk 5 s BEIE IR <
AR 2 S5 D Pl 5 PP SRR s B i S w) Atk 5 K Y E I 5 K SRR S
WO 5 o 5 R W A R -1 B2 AR50 s FIR RS ) s TS s A 5= s BIURIT ; aa]
FE A HEE B ER R E 5 I M (isobengazole) ;isohomohalicondrin
B; 4t &) B ;jasplakinolide ;kahalalide F; = 2/ A W8 28 N; 2 i ik ;5 L& &=
(leinamycin) ;2KA% w5 00 MG % 5 2 B s leptolstatin sk Wk (3 1095 300 1 A 5 5 F9 4
M o FHE RN ImAR + MESER + 2200 SR N Im AR 5 20 e BRI SRR S T B R AU
SEHEME KRR SR MRS Y) lissoclinamide 7 ;3&4H MR &R MR s RER
B i BB VAT I8 RO T B R 19 e MRS s 1- (R -5- B3 ) mIH]
s (ysofylline) ;ZRMRAK ;SEIH P smannostatin A s ThL Hw)fih ; R DMy FLIRL AR
HEARMHIE S (maspin) ;F& FUA MR IPHIF 28 56 8 & O IR 6 K ke
o s FEAFEAR s RO IR G 5 AR S0 I sMIF F0R0550) oK AE R s KR s K7 =) 2 Sl
[RBUEE RNA K AEHIUNR s i POP g s 2 R =R oKIEZE L BT R (mitotoxin) Ji
YA K 7 - BEER ORIE RN s VAT s b m 2 s BB HUA, N9BEETE
WRIER s BRI IR BT A+ 23 SOFT B 4E I BE sk s SWRIARE 2 5Py MEEE A5 s 2L T2
PRSI 1 BATT T PUEST smycaperoxide B s AT B 4 L EESZERY) smyriaporone ;
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N— LBRFEHIIEAR sN- B LR s I AR snagrestip ;4§ + BB snapavin ;%%
il R RS s RIAH s AR A BB P MEIKEE N DI B BOKEE BV E
% (nisamycin) ;—SAE T AR A HUEALT) snitrullyn ;06— “F2E G B K
okicenone ; L IR s BB FIM 5 B3 PTF B 5 B PT A B s RURCAE R JiZ (oracin) 5 R4t fw Al
THFH WD Wb e  BWyb R B r i & 3 (oxaunomycin) 51 57 % s B AR BEAR
B 2 IR IFRIR s A2 =B IR oK S5 s /SECAL LR IR BE & MR W2k 32 (parabactin) ;
MAHT VT 5 114G 3549 A s SR PH R IR AN Wi w) i T s B 4T M (pentrozole) ;4> IR
Bt SR EIENG 2 JR I Wy A 3 (phenazinomycin) ; SPRZRES ; W FR G 57 s BRpG 2
Je sEhIR UL &R i IR A bl v B 83 (placetin) A G5 E (placetin) B 410
i SO I A IR B E A B A s - SIERE AW sy el AR = ke
PSR - IYRER TSRS J2 s AR EIR 2E T E A A Rl A
C FHIFR 5 2 U C R, T0BE 5 B 1 TS 2 R 2% I B 9710 ot 391 5 MO R 1 Tt PR A T 9710 o1
7 PRI UG B EL AL MARIRR Y I itk EE R LR AL L0 R A R LG ILEEY) sraf PR s E S
th2E B S 3 sras VEWRAE B VS B A H05R) sras DI sras—GAP FIHIF) ;& A 3 B i
T KB EILRER Re 186 /R 75 2% s 140 (RIT 4k A % ; B W% ; B A nbg ¥ 5k ;o
27 srubiginone Bl sruboxyl ;725K ;saintopin ;SarCNU ; LA EE (sarcophytol) A ;b
Fer)SE 5Sdi 1 B s\ SERIT R ERIEIHN 1 A NEZERE F 55 2IH E
SRR RREPUR S S A VIR s RBAT A IR K SR ssolverol ALK
WP RESED KRG LR I &% (spicamycin) D sBESEE] VT R TLIK
CD- BEIAAMART /& 6 — PIIR 1 sl s T4 Mo ilFn) s 40 Mo 73 230605 sstipiamide ;787
WREZEIDHIF ssulfinosine ; 38R MLE WG VI IKFEBUH] ssuradista sEFH 8 7 5 S0,
A B BE i R A SR A B S AL AR RESE R YT AL BT B R A
g stellurapyrylium s br BERD I =5 5200025 B S Me % & Jeyn 7 s T AL DY & 5 Y
Bk (tetrazomine) ;FEAAFLAR s WETT FUAK ; ML /NARAE RGBS 5 I/ e 22 B FUL4) 5 Mg v
B R A R R S AN s I R R A AR R SRR AR B AL
ERKJf stopsentin s¥EHGK ST s A BE T 4 ML IR 1 s R D050 s 4E IR s — SRS IR 1 s v
SEVE s D s B AR AR R B PR 5 T 2R U T A ) 5 P 2 R B R A o
5] (tyrphostins) ;UBC I 5 2 236 w) 5 W bR A2 5 S2UR 11 AE KM HIE 1 5 IR B2 74
PR sAE K svariolin B A RS, LA MR RIATT s4ERr B Bl s 22 1L sverdins ;45
W55 s KABREE s KBEMT s4ifthF (vitaxin) sARGEME sFLERERE sHTJE 80 s R 4E C s F13%
w7 S

[0207] 5 REFEME HDACS i) A A58 Ay S — 26 A 1 e s 571) B0 48 e A0 550 DU AR BE 42D
RN aifes, Bork (HIET IBENLIL . 28 T IRE IS5 ) e es (40 =95
) EAHZENR (HIAnRSERVT & S RVT % ) B R AR (UG KRS ) o LRI R SE
P AFEAHAS PR T B ALY (5] an s FRieng: ) slmene A0 (5] anBnpbs B 1 ) (VEEne 2510l
(A5 G SR AL i S I T ] A T ) o

[0208] W] L5 45t HDACS I Hil57 6 A A5 FH 1 R AR 7 4 1) SE ) A R H AN PR TR AR e 2R
RS (BB KA ) R R R RIS (FIankFem ) HiEEE (Flinga
HREZRWE HRER) S (Bl - RABZE ) sUEY N E T (FlanTHisE
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ado,

[0200] 55 %M HDACS 1)) Bk A8t FH Iy Joe Ao 3510 1 S5 9] A B AELAN BR T 0028 (481 %
T IR R T BRI RIA S ) O WA R 3L = RS (0 oS R 9k = 2R U
FERYR ) VRIS (B0 A% ) EAHZENR (B SERYT & SERT A SER) VT VA
5 AR (AR ) o PURE I SEE RS HA R T-r IR (g T
WS ) BRMEIE A (a0 AR BRI PR EF S BTBE I ) (RS SR (B N SRR RS (A
B s BRI AT )

[0300] W] LA e HEME HDACS )5 G4 FH 0 22 5 B i sl A R (AN PR T8 |
IR Rz S I RE S (A s (AR ) B ER 28 () ln R 8 22 ) 6 1% PP b 2 i i 7R P e 47
Wi ) HESZE S (B — LB UMY LM ) GBI S (Bl B 2R ) i R
(BT RS2 L 3 TP 2 ) Pl s (B Az ) e PERR SRS = 2R (Bl
PIEGHK, SPD-424) .

[0301]  7E5— ST 9, Dynepo ZERIBUA R A M A i 38 (PUat gy s AR 404l
Mo L ) ket HDACS F 54k S B 4 i FH

[0302]  “MfEIRER A2 AR ) R TR O R AT OB, fe TP B HIME R 5 Ak 4
GG Y. WEBR RS2 AR 506 SE B A FEEAS BR T, Ath 3558 25 L B i 8 45 L AT
LY353381. LY117081. 4G K K 25 4 =) BE4-[7-(2,2- — 3 -1- /AN A 4- 7
HE-2-[4-[2- (- WRMEHS ) LA ] 2R3 1-2H-1- ZRFFMbmg —3- 2% ) - 283 -2, 2- — RN
MRlE 4,47 — RO -2, 4- AL R - RLL K SHE46,. R LB TT S, #EK
E RN RE | P (A S I o o

[0303]  “HEBZRSZAATIH” IR R AR, fe T tRakdNHl R R 5 2455 1
G MRS AR50 B S AL RE FE TS HE R I At 5 o — 38 TR BRI L JE B oK IR
Al fiz « B8 Jg A o e DL R s PR ST LR o

[0304]  “ISARTEEESZ AT 2 Fe LI K AT LI, e THLEM HI ST RE 5 2 1k
ST EY . SIS RS2 AR R K S A FE DIvb BT 4R PR 13- I - PR TR
9— I — PLEEIR . o — IR 3L AR, TLX23-7553 R -N- (47 — BRH ) 4k Pk Ll &
N—4— JREE R FLYE T IZ o

[0305]  EH 987 BT Jesd A 10 AR ST I 1) 77 v R0 465 4 w468 1 JHC A 24 5] B i A
PEEAY) CEIER R8T ) S ERE (B K FCERR ) EURIR (B2 2E0R ) BT £
CHIAnT S B ) B BB Sl () oK FEE 2 B KR )

[0306] i b FH T A A AU SR 4 B FH v G2-M B i AR AR A 9 L5 3 B 1 HDACS
0 3500 570 36 A A P 1 B0 R0 SE 48 A FE (RS BR R 40 T B TR T R I 25 B AR I
M (Erbulozole, tH #X 24 R-55104) « £ 7 @) il VT 10 (Dolastatin 10, 18 FK 24 DLS-10 F
NSC-376128) . f2 Z I K AR ATk (Mivobulin isethionate, tHFRA CI-980) K- 75 Hr i«
NSC-639829 [&] 3% ¥#F 245 N I (Discodermolide, th#k &y NVP-XX-A—296) . ABT-751 (Abbott,
WK A E-7010) « [ 4T 5 5 (Altorhyrtin, & WP 4€ B 52 A AR 4E 5 52 ©) L g 4 4 &=
(Spongistatin, iF WHFLRIPER 1 IBARINER 2 HINER 3VEAMNE 4. 14830 FK 5.5 4
FOFARINE TSR S ARSI MR 9) JEiRVE L2 T (Cemadotin hydrochloride,
tHFR A4 LU-103793 1 NSC-D-669356) i [ 2K (i IR E = AR E R BB IEE
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K CORPRA AR 8 3 A 5L dEpoA) VIR 1# 75 Z D (B4 KOS—-862. dEpoB Al it 45 125 12
HEDB) R ER BRI R PR SR BN- SV IR &R AN- 4. 16— Bz
[ % B 21— 2 IR 1 R B (PR BMS-310705) (21— FRILIR 1H R D (HFRA I 1%
18 2% F Fl dEpoF) 26— IR {8 25 ) JfilImfth T PE (Auristatin PE, tBFK A NSC-654663) .
KA £ T (Soblidotin, # Fr K TZ2T-1027) . LS-4559-P (Pharmacia, 4 FK & LS-4577) .
L.S-4578 (Pharmacia, W #K A LS-477-P). LS-4477 (Pharmacia) . LS—4559 (Pharmacia) .
RPR-112378 (Aventis) . i B2 K # #r #ili. DZ-3358 (Daiichi) . FR-182877 (Fujisawa, {4
R A WS-9885B) . GS—164 (Takeda) « GS—198 (Takeda) « KAR-2 (Hungarian Academy of
Sciences) . BSF-223651 (BASF, 4 # & ILX-651 F1 LU-223651) . SAH-49960 (Lilly/
Novartis) . SDZ-268970 (Lilly/Novartis) . AM-97 (Armad/Kyowa Hakko) . AM—132 (Armad) .
AM-138 (Armad/Kyowa Hakko) . IDN-5005 (Indena) « &3k #E 2 52 (Cryptophycin 52, tHFR A
LY-355703) « AC-7739 (Ajinomoto, tHFR A AVE-8063A Fi CS—39. HCI) « AC-7700 (Ajinomoto,
. BR A AVE-8062. AVE-8062A. CS—39-L-Ser. HCI #1 RPR-258062A) | Vitilevuamide.
Tubulysin A. Canadensol. & Z& % & % (Centaureidin, o #K & NSC-106969) .
T-138067 (Tularik, 4 ®k & T-67, TL-138067 F1 TI-138067) . COBRA-1 (Parker Hughes
Institute, #4 F% & DDE-261 Fl WHI-261) . H10 (Kansas State University). H16 (Kansas
State University) B HA[PE ] Al (Oncocidin A1, F% A BT0-956 F1DIME) \DDE-313 (Parker
Hughes Institute). Fijianolide B. Laulimalide. SPA-2(Parker Hughes Institute) .
SPA-1 (Parker Hughes Institute, t % 4 SPIKET-P).3-TAABU( 4 JE 4 %% /Mt. Sinai
School of Medicine, H# & MF-569) . T 1% F (Narcosine) ( tFx K NSC-5366) S 7] T
(Nascapine) . D-24851 (Asta Medica) . A—105972 (Abbott) . F& K %5 #& (Hemiasterlin) .
3-BAABU ( 40 ' 2% /Mt. Sinai School of Medicine, A MF-191) JTMPN(Arizona State
University) XN £ Bk 77 B 46 4. T-138026 (Tularik) « Monsatrol. Inanocine ( t4 #k 4
NSC-698666) +3-1AABE ( 4 fi %42 /Mt. Sinai School of Medicine). A—204197 (Abbott) .
T-607 (Tuiarik, tFK  T-900607) . RPR-115781 (Aventis) . ¥ # 2 (Eleutherobin, i 1
FHREYHWE. L OMEYME. S UME AN Z- Y% ). Caribaeoside. Caribaeolin.
W45 25 B(HalichondrinB) « D-64131 (Asta Medica) . D-68144 (Asta Medica) « & S ik
A(Diazonamide A). A-293620 (Abbott) NP1-2350 (Nereus) +H2 Z i N lig A (Taccalonolide
A. TUB-245 (Aventis) . A—259754 (Abbott) . Diozostatin. (=) -Phenylahistin( &
Fr A NSCL-96F037) . D-68838 (Asta Medica) . D-68836 (Asta Medica). Ml Z i &
H B(Myoseverin B).D-43411 (Zentaris, % F#K & D-81862). A-289099 (Abbott) .
A-318315 (Abbott) JHT1-286 ( 4Kk SPA-110, = FHEEEEh ) (Wyeth) \D-82317 (Zentaris) .
D-82318 (Zentaris) . SC-12983 (NCI) . Resverastatin  ® %4. BPR-0Y-007 (National
Health Research Institutes) Fl SSR-250411 (Sanofi) »

[0307]  “HHfu Rtk / 4 BRANHIF)” R IEXFE R &) 3 3 EE i BT 4 ) Dh g
5S4 B AT B A M G A, S BT P4 MR 22 50 3 A S R REBEAL R R IR
DEIRL -« Bk AR AR ST B0 (R4 S U DI 57/ 08 AR 8 ) 22 53 2L 0K B i 1 0 )
) A H E N S BEBENHIF) 2 590 22 3 243 FE i S B 0 050 PR s AR RN
s TER / BUBERIRT NG AR 5 58 s BE DA 7] VA 7 ) S b e A B 5 L B B
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Pt 7 491 ) ) R ik 7 2 1) S B ) ol 5

[0308] 40 ff &5 4 5 ) SE B AL FEH AR T - B fu 3L B (tirapazimine) . sertenef . %
R FH B AR R R S PERZ KRBT 8 D op . § 5
FVT VAR SERYT A I8 50 By R B S M % B4R (heptaplatin) | M 5] VT | AR 20T R
JeNEF ML (improsulfan tosilate) . A& JB 52w VT 08 U EL L IR e B R L y& H0 ¥
PR B R NP R A 5 R (dexifosfamide) (W - i — 50 (2- A
B - kwE ) AR R g A AR L . GPX100. (e, kA, /) - A mu-( 28 -1,
6- i )mu-[ % -0 (ID ] X[ =iz - (50 4 TD 1- ALY 0 78 iE 55k iz
(diarizidinylspermine) . =&AL A 1- (11— T ek -10- B+ ek ) -3, 7- =
LIS e R L A PR LE 2 R 2 LU AR ORAT R L L 2 i 25 Ry R
ez A DU 37 - W2t -37 MEIpRAR —13- 4 —10- IR A B R LI E R
IR b A HOR) ZR3 A48 MEN10755 AT 4— i A AU -3 i zd 2k —3— WY PO E 5k —4- SR
Fe 2% (W W000/50032)

[0309] DI L FE A I IR R K AR E .37, 47 - TR -4 - AR 87— &
AR 2 IR R E 2. 2 alfhy] 8 SR KRR, Bgfhy T v S 2 T
RPR109881. BMS184476 K & # 75« & BR ¥ %22, 3,4,5,6— TL 3 -N-(3- 3l —-4- PR AR
B ) — ZETEEE I i K KRB N, N— R —L— 4k —L— 4 Bk -N- PP —L— 4 L
FE L R — U T SEBEL L TDX258 Fil BMS188797,

[0310] 1 e A il 410 ol 551 ) — L8 S48 2 FE 8% e hycaptamine . B 378 B L A5 GRS B
6- LAAIENELE -37,47 -0 A — K0 B 2 - B0 B 25 .9- 42 N, N- 3 -5 4
Fe otk e JF [3,4,5-KL] IY B —2-(6H) A HZ.1- & & -9- £ % —5- % -2,3- ¥ 9- ¥
J -4 A -1H, 12H- 2K 9 [de] ML B [37,47 b, 71— W] & JF [1,2b] M0k 10, 13 (9H,
16H) W BT R T-[2- (N- RN AL ) - &2 1-(20S) = #4HE BNP1350 BNPT1100,
BN80915., BN80942. B MK FLvH 1 & e i v &g An e 2B 27 — AR —27 - AR - 1K9E
VT GL331 N-[2-( Z 3R a A ) &5 ]-9- Ja & -5,6— — H 3L —6H- mibme 3 [4, 3-B] #f
e —1- FFEE R 9-[2- AR 4-( RN R 2 ) KA A TN, 56— 3 —4- Y ig
Ak % (asulacrine) . (5a,b5aB,8aa,9b) —9-[2-[N-[2-( — I EIEE ) L3 ]-N- FEE
2] O 1-5-[4- 2k -3, 5- A RHE ]-5,5a,6,8,8a,9- SNEMEMR I (37,47 :6,7)
colchic(2,3-d)—1,3- Z5Z BRI M —6- i .2, 3— (I I 3E — 4k ) -5- 3L -7- 2 3L 8-/
AERIF [e]-FEMESH6,9- W [ - = E LH ) - =& ] A [g] Frmk —5,10- — .
5-(3- @AENAIL ) -7,10- R -2- - B E L& T ) -6H- nit e Jf [4,5, 1-de]
W mgE —6- Fil N-[1-[2( 2R KE ) LR 1-7T- B4 -9- 5 -9H- g —4- L H
HE ] PR N- (- ( PRI ) &5 ) WYiE —4- BBtz 6-[[2-( L) 2%k ] =
5 13- B -TH- B3 [2-, 1-c] Whsmbk —7 MR A Hb 35 =) 40

[0311]  “HUIEFEF” AL FE S SC RNA Fl DNA ZE 4% 7R 41 G3139. ODN698. RVASKRAS. GEM231
T INX3001, BA R BT AR P 40 4K v Al v R S0 = 0 Rl e E) Atk T R AEURUR T =
Vb FAR P R BRI i A | B N\ bR S L fosteabine BK-G W B R
€. paltitrexidy &M gp WE MR AR | b PG At vee L o Pz il o L 355 36 il 26 R 27 - It
-2 - R 27 - O AR 27 - WAL N-[5(2,3- =& - 2R IFIRME I ) TEEE
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BN —(3,4- —&ZH) PR N6-[4- Bi% —4-[N2-[2(B) ,4 (B) - + VU —MlE 1- Ha
WEAE 20k 1-L— H ol -B-L- H i — nbrsi BRpl 2 1— RN ng (B 3% 3708 Mg i 2% v b b
4-[2- 5 5 —4- A 4,6, 7, 8- PUS —3H-WERE I [5,4-b] [1,4] BEE —6- - (S) - &% ]2,
5— MEWY L —L- ¥ 20 IR 2 RN 5~ JRURMERE (B hy 1 11— ZWE2E —8— (2 2k A R E 4
FE L) —4- BT -6 AL —14- 2% -1, 11- Z & 2043 (7.4.1.0.0)- + DY H% -2,
4,6- =4 —9- LR LR GEMR A EEA PR AR 2" - # & -2 -W
S0 -NA- BRI IR IE —1-B-D— [ v A kg Al 6 I s g R 3— 2 JEnb g —2— R4 2 R IR » “ i
BE D= 2 1k ) i1 K= 8 2y vl R N 1 S0 ol N 9 B s P B e A - A 1 1 77 N
UL K i geg F ki 3 PR ps3, Hoid ik AL B 0 S IR B AT L (20, fln, S E &
F) 6,069, 134) ,

[0312]  “Sp R Ml - E ORISR 2T I E e K T - A BRI
AT — DA A A IS, Zm I sk - ER R B SE R - Ea B
(FPTase) . I RIFMILFH I - A B (GGPTase—1) M 1T BIFM-IEEFH M-I - HAH
B (GGPTase—11, JRFEA Rab GGPTase) o /8 —JiidE — 85 LR B 4L 540 1 55451 B,
fi (£)-6-[ & (4- FoRE) (1- R -1H- M —5- 38 ) R J4-C- = #%E)-1- §
7% -2 (LH) — MEmbk Rl (-) —6- [ 22 (4- JRZE 1) (1- RS -1H-kme—5-3%) L ]-4-(3-&
L) —1- AL -2 (LH) — MEWK A (+) —6-[ 22k (4- A58 ) (- 2 —1H- BR Mk —5- %)
2L ]-4-(3— @R 55 ) -1 1 2% -2 (1H) — & Wbk 5 (S) —n— T 2% —1-(2,3- = A1 3 - K
5 ) —A-[1- (4= FEEFIL ) -5 DKM I 1-2- URBERT . (S) -1-(3- &K% ) -4-[1-(4- &
FERAE ) -5 KM AL ] -5-[2- ( LBl ) — FI2E ) —2- WRIRRE 5 (S) n— T2 -1-(2-
TR IE ) —A4-[1-(4- FEE R ) -5 BRI L 1-2- WRIR M. 1- (3— | a3t ) —4-[1-(4- =
FEONAE ) —2- AL -5 BRI AT L ]-2- WRIR I 1- (2, 2- 2R3k £ 56 ) -3-[IN-(1-(4- &
FEREE ) -IH- ke 5- 5L - L3R ) AP B - URkiE4-{5-[4- AP —4-(4- |k
WE —2- FE AL ) - WRWE —1- 25 AL ]-2- R mkme —1- R} T 4-6-4-REF
A= JA R ) - WRRE —1- P ]-2- AR -1- R K 4-83-[4- -
R —2H- MLERE —1- 2% ) “F5E ]-3H- Bkme —4- FE AL | 05 4- {3-[4- (5 &l —2- SR —2H-[1,
2 T IEMbRE 5" - FEFAL J-3H-mkmME —4- FEREL ) RN 4-{3-[4- - AR —2H-[1, 2" ]
Bemtbme —5" - LA 3L J-3H- KM —4- FE R | RS 4-[3- (- AR -1- 2R -1, 2- A
mbiE —4- FEFSE ) —3H- B —4- FE RS | R0E .18, 19- & -19- AL -5H, 17H-6, 10 :12,
16— Z—F My —1H- BRME I [4, 3] [1, 11,4] =424 - B4 -9- Blig. (£)-19,20- —
A —19- %A -BH-18, 21— LHr 12, 14— ZHabf -6, 10— T —22H- Z<3F [d] BRMEJT [4, 3-Kk]
[1,6,9,12]- 2% =& 2% — T LR -9- 5 19,20- — & -19- & AKX —5H, 17H-18, 21~ &
My 6,10 :12, 16— — FI#F —22H- BKME I [3,4-h][1,8, 11, 14] 2 =% Z — K -9- FhEH
(+)-19,20- —&-3- AL -19- 848 -5H-18, 21— ZHr —12, 14- ZH5Hr -6, 10— I —22H- 2
I [d] BEMEIF: [4,3-k][1,6,9,12] A% - =F A+ /\ 3 -9- FjE.

[0318] 5K T J& — i 5k — £5 [ %% B8 I 100 o) 500 0k ofm A8 AR s i A B I s 45 22 0 . of
Cancer, Vol. 35, No. 9, pp. 1394-1401 (1999) .

[0314]  HIV &% 1 P 0 il ) 110 S 400 B0 4% 2 % 535 < Bl B 3. CGP-73547. CGP-61755.
DMP-450. efi #i I8 F5. 2 AE B A5 B w8 5 FIFE B 454 ¥ 28 B 5 ABT-378. AGL776 Fl
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BMS—-232. 191 4% S g 41 o) 571) () S A A0 % v 2K 8 VARG 6S-840 HB YOOT7 \h KK JE V4%
FHOPF L2 RE PR R E dDC T ddl. Bl (Nat. Med. ;8(3) :225-32,2002) HIV 2§
I B ) 50 e b 0 5 Bl b 2 AT LA SR B 0 A A R T R e v PRI R A
[0315] I A PR 28 L R A R LI, REFDHIH M P A Y. A
A A ) ) S A AR A AN FR T 75 2 PR YA 1) o1 551 P 2 PR ¥l 52 44 F1t—1 (VEGFRL) Al
F1k—-1/KDR (VEGFR20) ({317, 28 Bz 4= 16« i 4T 4 0 o 477 A8 10 s /N Ay A= 1 A K R 7
(IR, MMP (256504 JE 25 (I ) FIGR), SEBC B (I BEIT ), T4 —a , AN E 12, 25
T 1 ZR R, I 0 A BP0 ), A0 RS R SR DT R 245 (NSATD) 4 il 53] DT AR RN A 45 55 LA S e 8 1
RN -2 0 H 500 a0 28 ok B A AR (valecoxib) FIB AR EAG, R BL =M, & A fthyT
A4, g, 6-0- S CIEEE — Pk ) — MHAERE, voF B Ik, g 2=, DS s G -1, MR
32 11 353517 (S0 Fernandez %%, J. Lab. Clin. Med. 105 :141-145(1985)) , L\ %% VEGF %t
& (2 L Nature Biotechnology, Vol. 17, pp. 963-968 (1999 4F 10 H ) ;Kim %%, Nature,
362, 841-844 (1993) ;WO 00/44777 ;H1 WO 00/61186) ,

[0316]  ifil % A i 90 1) 370 ) L Athy S ) A0 FEAEAS R T - 9 B2 25 | ukrain. S . 1M862.
5 FARAE —4-[2- 2L -3-(3- I —2- Tadk ) MR Ot 1-1- S 49E [2,5] ¢ —6- 2
(ROWRE) BEFRE L83 — % (acetyldinanaline) \6— 2 %& —1-[[3,5- —
A A-(4-FFEPEER ) 25 ]- PR ]-1H-1,2, 3— =Wk —4- FIERZ. CM101. 1 & % % A
fBYT < RP14610. NX31838. it B Ak H i SO i PR 26 .7, 7— OBk — X [ W2 5 -N- 3k 4,
2— MEMS FFIREE — W [N- FE 4, 2- L 1 BRI a3 1- X - (1, 3- ZETifR & ) L
Ko 3-[(2,4- —RFEnEng -5 F% ) WAL ]-2- W[IBEmkER (SUS416) .

[0317]  “HH MO IGTE RN A7 1515 S @AMl R) 7 A2 Fa 0 i 40 Mo R 11 52 14 DL S OX B3R i 2 A6
W55 SRR 2570 BERZ5FAHE (BGFR M50 iz (4t 75 A8 Je fiis B8
J8 ) ERB=2 JMfIF) (501 22k 85T ) < TGFR JMifIF) . CD20 M50 (A2 & api ) 4l Al
T2 ARFNEIF) . MET S50« PDK FHI50] (4140 LY294002) 22 5(1% / 732 BRIAEE  Raf #H]
1) (551 BAY-43-9006)  MEK #0157 (4401 CI-1040 A1 PD-098059) LA & mTOR 557 ( 51
Wi Wyeth CCI-779 Fll Ariad AP23573) . BLIEZFIEEE/N 7T HHIFIAL A D RBARS B
[0318]  “HNMUIHTE GH)” BFMEAIR T INF 2K a2 (ALHE TRATL 324K ) s 7.
[0319] P40 B i S A s B 25 501) 7 A a0 ol i 5 40 B o SO0 A A 5 R 2 0 DB, A
T ASE 968 40 M 4T DNA $53 45 A BUR A &4 . IR R B ATR. ATM P57, Chkl A1 Chk2 ¥
B L& cdk Fll cde SBERADHIFR, UL 7- FRIL 2 TR 2 KPP L CYC202 (Cyclacel) F
BMS—387032 A&7 .

[0320]  “FHLZ PREE 2 RIUEE (RTK) HIZ55)” ZFRFDHI RTK I K L0 5 igg s Az
kA RIINLE A G RS 2550060 R B AN B T 58 2 BRI #1157 4 c—K ity Eph,
PDGF. F1t3. Leks Btk Fl c-Met PG, HoAth 2554545 41 Bume—Jensen Fl Hunter, 2001,
Nature 411 :355-365 T [¥) RTK il 551 Pt 2l B S 41 7 571) Py SE 9 AL R AHANBR T oN=- (=
R SE RS ) -5 L M —4- FWEZ . 3-[(2,4- RN ng —5- 2% ) WAL ) mIk
Wbk —2— W\ 17— (M N FR 2 ) —17- XA R EEE R 4- - A 4- Wit )-7- §
AFE 6-[3-(4- WIpREL ) TH AR EE 1 MMk, N- (3~ L FE 2R FL ) -6, 7- X (2- FE I L
SR ) —4- MR % BIBX1382.2,3,9,10,11,12- ;N & -10-( B EE R I ) -10- B I -9- H
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-9, 12- R4 —1H- —M5WEIF [1,2,3-Fg 3" ,2' , 1" —k1] mEngdf [3,4-1]101,6] 23—
EIRFREE —1- Wil SH268. YLkl A BHd . ST1571. CEP2563.4—(3- S EHE K ) -5,6- —H
5= —T-H- Mg I [2, 3—d] Wemg FpEilig £k . 4- (3— W —4- R R ) &0k -6, 7- A
MARIRR 4- (47 — FREEONSE ) &L -6, T- AR SR ME Mtk SUB668. SUL1248, STIS7T1AN-4- &
ARFE —4-(4- M 2L ) —1- BRRE LA EMD121974,

[0321]  HDAC #5538 w] FH F 5 I /MR 4T 4 B2 (1 JR 52 4k (GP Tib/111a) F5 40540 &
AE PRI G AT T, LA 8 40 M 0 S R o e e e = 2 0 o o L i A RO T AR, 1%
Pt 5 VEGF HUREIBAH OC . VEGF IRy RE JHOE Ik 78 & Py Rz Rk B s &b 38 0 A1 v 10 1 5 5 7%
(Amirkhosravi, 1999, Platelets 10 :285-292) . Ak, HDAC I35 GP 1ib/111a 540
FERA H TR o oA AT 4 2 1 R 52 AR FE D00 I S0 A0 4% Bl 5 S O IR PR Rz e
PR HOKAESE & AR B s HEBER CT50352,

[0322] 4 b fiv A ), “ & IBG AR 1 FELIT 7 7 A g B e MBS BT Il o A B BCAR S o B,
BIRE A NG REY, RSP RO PR A S o B, MIKEO NS S
IS, TEDL DSOS PUAEBERA S o, B BEERET A o, B BEIRE F P IS5 & 1AL
AW, L FE DT FD I SO HUAE B 40 1078 P9 B2 4 b 3R 0K B s B ER 1 NS T AL S
EUARIEIETE o Bgva Beva B va,Bia, B a B, fl a,B, BEEAKRTN. &R
HILFR a B, a By a Byva Bgoa Bva,B L a,B, a,B Ml aB, BREAFMT
T & B

[0323] 5 A SCHT 2> FF ¥ HDACS i 5 P 24 35 I 5 FH 1 i 65 B e R A FE AR AN PR T < il

£ %t o, (Plenaxis®)\ Bi] 3 (3 A 2% (Prokine‘m)n Bi] 4l (3 A %= (Proleukin®) < BT & 2k st

(Campath®). B | 4 a B (Panretin®), 51" & (Zyloprim®™). /5 T % i (Hexalen®).
S W T (Ethyol®) B 5 it m (Arimidex®). = 4 1k — fl (Trisenox®). 114 Mk i
(Elspar®). BT 4L i #F (Vidaza®). V1% 2 % 5 (Avastin®), I ¥ % 7T (Targretin®).
1 3k %% % (Blenoxane®) . Ml & # K (Velcade®) . M4 % (Busulfex®) . A W %
(Myleran®) | F 2 % i (Methosarb®) . F #5 fh 3% (Xeloda®) . F 41 (Paraplatin®).
B H YT (BONU, BiONU) « 4 35 7] ¥T (Gliadel ™). 2 %k % 45 (Celebrex®). 7 % # %3
(Erbitux®). # T B & IF (Leukeran®). M #1 (Platinol®), % #iz i % (Leustatin®),
S v (Clolar™) B 8% Bt i (Cytoxan®™). BB L 17 (Cytosar-U®). BT 8 Jfa 17 5 52
& (DepoCyt) « I8 I~ E2 & (DTIC-Dome) 55 A= 2% 3% (J £k B % D, Cosmegen® ), i& fKk
3T o (Aranesp®™). ik ¥ % JE (Sprycel®™). 2 40 % 2 Ji§ i #& (DanuoXome) \ % 41 5%
# (W i % %, Daunorubicin® ). R4 % % (i % %, Cerubidine® ) . 4 ¥ fll ¥

(Dacogen®™). Hi & 1/ % (Ontak ™). 77 i 1 /£ (Zinecard®), £ 7 i 3% (Taxotere™).
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% F b & (Adriamycin®™). % ¢ b 2 & 5%tk (Doxil®) 7 % i i it Wi % 5 b 2
(Ellence®™)., % F LL 2. fk 11T « (EPOGEN®). JL & % J& (Tarceva®™). #E 25 5 i1
(Emeyt®). B 1 & #C 11 1 (Etopophos ™)« KT 111 £ (VP-16 ; Vepesid® ) - & 1t 25 31

(AROMASIN®). ¥I#4 835 K J& (Fentora®) . 4F#% 71 52 (Neupogen®) « 5 R 1 (FUDR)
WAL HIR (Fludara®). URMIE (5-FU, Adrucil®) i 4k 71 B (Faslodex™). 5 4F 4 &
(Iressa®). # Vi iz 3% (Gemzar™). # % Bk 26 4t 2 K &2 (Miylotarg™) « e . # 5t b
(Zoladex™). B % 28 2 5 bk (Histrelin®). 5 56 IR (Hydrea®™). #7352 45 (Zevalin®) |
ft 3% Lk 2 (Idamyein®). 5 5 8% B B (IFEX®). 7 % 8% ft 3 % J8 (Gleevec®). T ik
% a2a (Roferon®). F # % a-2b (Intron A®). ft 7 % K (Camptosar®). ¥
T BE e (Revlimid®). 3k i M (Femara®). 7 Bt Y 4 M 5 (Leucovorin®)., B & ==
T Hi Bk (Eligard®). 7 JE vk M (Ergamisol®) . ¥ 3% 7 7T (CCNUCeeBU®), — &
i JE — £ fi¢ (meclorethamine) ( % 3%, Mustargen® ) . B i 7 #b 2 i (Megace®).
% ¥ £ (Alkeran®). 3 " 1 (6-MP, Purinethol® )- 2% 7 41 (Mesnex®). 2 7' i
(Rheumatrex™, Trexall®). A 4 ¥ # (Uvadex®™). %4 # % % ¢ (Mutamycin®),
4 2% 2% ¢ (Mitozytrex®). >k T # (Lysodren®). K 4& # B (Novantrone®). # A
W i J. (Durabolin—50) . %5 #73% (Arranon®™). % 9k 2 $t (Verluma®™), 2 4 &% (1 /v %
(Neumega®). BYbFIH1(Bloxatin®), % i (Paxene™). &1 (Taxol™). £ & (4
J 5 4 ok (Abraxane™) 1] 5k B (Kepivance®™). WK Bmz 2 (Aredia®™). e 5t
(Vectibix®). 5 i (Adagen™). ¥ 11 4 B (Oncaspar®). ¥ 9 7 2 (Neulasta”™), 5 3
i %2 — & (Alimta®™), 5 E) A T (Nipent™). ki ke (Vereyte™) % R & %, L EHE %
(Mithracin®) "M 484 (Photofrin®). N - E (Matulane®™). %4474 (Atabrine®).
AT 5L W (Elitek®). I % 4 % % (Rituxan®), ¥ # 7 % (Leukine®), ¥ # 7 &
(Prokine®). & # 4k Jé (Nexavar®). # 1% /2 (Zanosar®), &k M 7 Jé % J& (Sutent™).
¥ 1 (Sclerosol®) fih 3 5 25 (Nolvadex™). # 3 M % (Temodar®™) & JEHTF (VM-26,

Vumon® ) « % P 8 Teslac”™) ¥ FI [ 1% (Thalomid®) . 7 /&% (6-16, Thioguanine™
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) | WE 5 UK (Thioplex®) 46 i1 & Bt (Hycamtin®). 4E 5 K 25 (Fareston®). 45 7 5% 55 3
(Bexxar®). #LUGSE 51 /1-131 L7 3 hHi(Bexxar®™) #1244t (Herceptin®). 4 77
% (ATRA, Vesanoid® ) «JRBEE &I\ L L E (Valstar®) . K& (Velban®) | K4
B (Oncovin®) | KA 5% (Navelbine™). k) 1t (Zolinza®™), W:3k % £h(Zometa™)

HIMK B (Zometa®™) o
[0324]  {F L5z 7 SR, A SCHTIR Y HDACS iE M4 & 4 5 R R 7 VB 448 LLIA
TPRUE. S5 TUHIT RO I VR0 404 2 0 Hall % (Am J Hum Genet 61 :785-789,
1997) F1 Kufe 2% (Cancer Medicine,5th Ed, pp 876-889, BC Decker, Hamilton 2000) .
5 DRVT ¥k R 36 38 A A0 b e 10 ) R o 0 SIS R R ) 5 491 00, i AE AN BR T < T8 ik 2 0
I 5 1) 3 R 45 8 0E 4T 36 32 19 p53. Duc—4. NF-1. NF-2., RB. WT1. BRCAL. BRCA2. uPA/uPAR
5 Bt 7 ( “Adenoviras—Mediated Delivery of a uPA/uPAR Antagonist Suppresses
Angiogenesis—Dependent Tumor Growth and Dissemination in Mice, ” Gene Therapy,
August 1998,5(8) :1105-13) , UL T4 - v (J. Immunol. 2000 ;164 :217-222) .
[0325] 7 HiAth Szt 77 %2 b, 45 SC BTk () HDACS s £ MEAk &4 5 B A 1 £ 2541251 (MDR)
FRIFAIE 7], 2R ) it b5 32 2 B 3 ) e AR A K AH S R MDR BRI R RS 7 A o Hi 2K MDR 1l
FIELFE p- BEE T (P-gp) (NI, & 4 LY335979. XR9576. 0C144-093,R101922., VX853 Al
PSC833 (LA ) o
[0326]  fF 48zl 7 P, A SCHTIR ) HDACS Sk B4k &4 5 k50 45 S48 T, LUVATY
HH A ST TR 1) HDACS 645 11 A4 5 ) SR A s S5 TEU 7 VA B 4 T - B0 8 0 slOX i,
FE e GEIR | S IR It o T I (R PT BRI, ASSCETIA IS HDACS B FEMEAL A
W5 b RS S48 S 2k 2R B AN R T AR BOIK -1 S2AARSE B BHT3 B2 AR F Bt
) C B P R) B KR =) B FERE A B MV 1 =) BEORHLAE R B (zatisetron))  GABA, 3214
Pshin) GBI ) Bp iy (b 28 K00 R JErs ik R e ) « 2 EIEES B (il
{EANPR T2 3% S L SR 22 L SR IE B U IR L e TR R P S hE g L AR 0 % ) D i
2 (HI I 32 AR5 500, 9 B AN R 138 50 g e 2Ry B 2R 250 0] L U TP IR L S TR
FRR) KBRS (1) ELAS PR T B FE KRR Jee DR BRIy s S LU ) AILA (] an AEASBR T
LR A AT E VTAM ) .
[0327]  FE—/NSEHE 7 S, 1 BAPERIEUIR —1 2RSS SHT3 52 AR FE BTN 5SS [F] i
) bt R g e 245750 F LA 67 BB B A2 AL & 9 3 SURTIK I
[0328]  7EILAth Szl /7 2 b, A SC IR ) HDACS 3B AL &4 5 w] Bl TR 7 43 I ) 25 5770 Bk
G HCRET MG YT I, 1, 7 52 1R 21 40 A2 jese ARV AR CandiyayT —a ) o
[0329]  7EILAth Szl 7 22 b, A SO IR ) HDACS 3B MEAL &4 5] B 1A 7 b R0 s
DARERS 2GS T o PT FH IR A P RE A0 B g 2D i ) 245751 P S A5 A R ABLANBR 31 A
7 240 J ) 7 A T B ) i AR BB, G AR 4R B 7RISR 7 (G—CSF) o G—CSF I SE 49144,
M A
[0330]  7E—LL5j Ty S, ARSCHTIA I B4 1% HDACS 551 T /e Jig K e - /i v L Bt R
SERNVE AT E KAl (Zadaxin) F)90 58 599 28 525 i FH
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[0331]  7EHAth Sl 5 S b, A SCATIR 1) HDACS JEFEMEAL &40 5 XU IR &k ( B R4 £
5 UURAEIR #h « — W IR #h SRR IR AN WA ) KA w] M ¥R BT B e hE , 45 R e o XU

B4R 0 SE LR B AR T 36 Z B2 2k (Didronel ). WK BE#2 2 (Aredia®) . b i e

(Fosamax®) . Fl 23 2 th (A ctonel®) Mk 5% 2k (Zometa®™) . FHBE I 2 th(Boniva®).
PR BEIR 2h oo R BER 2L (cimadronate) U BEIR Eh \EB-1053 KA IR 25 « 48 SL IR IR 26 |
LGk 2 6 R0 5 IR IR 26, B0 8 SLAT I RO T A 1 25 2 EmT 2 R AT K G IR G
LY/
[0332]  7EHAth ST /7 &, A SCHTIR I HDACS JEFEMEAL &4 5 5 A B0 I B4 0T H T
TRTT FUNRSE o 5 7 B 1500 19 SE A AL FEAEAN R < B 00 iy i | St oy M 4K P 22 3
[0333]  7E—2ESjfi /7 & rh, AR SCITR ¥ HDACS IEFE AL G5 siRNA B RNATL ARG ]
F 9077 8 i o
[0334]  “DNA I IEAL AL BAIH50) 72 T T8 ik DNA AL A8 BRI ) DNA. i i s i 7 2B it
[ C-5 Ar F R AL G (B8l 7 22, DNA FF 54 RS g 4 i35 5 5 UM me
e F zebularine® .

IR
[0335]  JSURT ST R ANERR A TBUR G YT 5 A2 PR B S R R A LA (VAT o L B SR
TAERE B, iZBE B L IR A2 IR T X ( “ARZHZL”) PN 40 R PR 35 A 40 i R A0 B ER 2 4
J, ASTIX SO A MU AN RE Ak SR ARG o BRARTR S X e 40 B LE i 40 R A e 4 , 1R 5 4 e 5
UFHIE 4 BRAE BTN EAE T o U7 V2 TR 7 TR0 R SE ARS8 , G e JHes « T 98 e
et~ LR AU AU I 4 e R/ B R S . e TR I R LR
(53 )2 I 40 B Ak B2 R 48 R ) o
[0336] it I T I i 40 A SR 0 5 TR A A L0 TS IR AL N A T8 T PR A s v
XA FR Ay P9 R 9 s (I B B O T vk TR0 P ST P R S 2 R RO T VR I 2R
) o AFH RO TR U R R A AN IR, O B RS AEE B R R . U
SR T T B AR 25 e A S
[0337]  ARTE “HMURTT VY B B R S AL A T R S SRR T oL B R Y
TR RIS o AT SN (RIS 80 BT R 7 v2n Sk 80 LR B B T )
A A g L ST AR Y2 98 TR T AR | IV 98T B B T R ZE 2R A 2 i X S — 2
MR A R T
[0338]  ASCEEAE TAE A 220 — Bl 2l 8 (M £ TR 1 35105 sk b Pl 22 /D — P LA vy
LB SR EIER (i AR SHE &0 I % T YA Sk 78 R LR IE ) (K51, A
SCIEFRAE T 5 TR I VRN At g 0] ot ] 0 o) ek g 40 B AR A IR v

K ZEE W % (Secretagogues)
[0339]  fE—4L5Ijii /7 &, HDACS ¥k eI M HIF 5 —Fh el 2 P A KR (R W R A AT
LA KSR EAREEAR T R L-3,4- “REFFNAR 1-20) JEE ek
35N 22 PACAP (AR B R P AL BREOS IK ) B B0 32 A 71 R & B S IR GHRP (A2 K
PR ) o

FF9697 B 5 a2 R0 98 M s A 25 I N9 (14 2451
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[0340]  7ESZIRFE B B 5 I « 2 PR B 25 e M BYCHA SR 1 RS
(1) — A~ Sl 7y 22, B PRI HDACS FNHIFI A 5 —Fh s 2 P T 206 T7 T BB & A
o Pz IR 04, i v 5w EA AU B B B A A 2R 2 TS B IR I B R N | SN
W 55 My R IR R FTY720) Wl R i ae 28 (49, B IR I R T AR IR JB AR ey AR JE e
i FE KA A AR « 22 VO A UK T TR 0 S PT (R0 T TR O B i Il e [ i ) 3
BARBIR Y (B0, KIEREE T FEBEREIR  2- J7 LA IR « N- J7 IR e « 5 B 2S  HA 28k
IREE S R ) Cox—2 KT PERNHIF] (9, S =5 ZE R B AT B D AR AT ) CRAECOKEE
DAL TR 4 R AR SRR 4 V8 70 DU b R e OK IR IR 25 INF-a &5 5 H
T (0, SR BT ARIR VG 3 R IA R Bt ) B L R R LR - B LT
-V ANE 2SR PUALEZS P A = B - Fshi) Sk R e 2
[0341]  FE—ANSEHE Ty & T, ASCHTIAR (R 48 P HDACS iRk &40, 85 A AR ST TR I
1L FEPE HDACS Vil & DAL G R 294 5 Bl 25165 m BB T Pt R 535 (HA
B TR RPT R 25 (NSATD) ARz R B (OB B2 B ) o

[0342]  NSAID FLFEAHANERE T o il =) DEAR KA IR e IH R ELAR 7K 47 B2 % 7K 4 B ME sk« I
B KA R Bk K A R BB K A R B /K M B — BN R 55 AR TV 55 AR TRV 2745
ST S5 ATIE S5 Wi 25 4 A 9230 Wi v 1R T gg PR 2, T — T 25 AR L BRI g8 XU
MG KA FE IR W1 36 = BPARIR FE3E T 2T IR 3 L AR S5 IR ER A F 55 TS 1R\ ik 220 5
JRE SR 1T L COX—2 e e RPN IR) (A (EANFR T <ok & AT DR AT A =5 15 L Ih %5
He R CS-502. JTE-522. L-745, 337 F1 NS398) ,

[0343]  ASCWAE T SR EFENE COX-2 FMHIF1) NSAID 4 & o

[0344] LA AR A e M COX—2 # i) HESI AR A ST Bk M T s s A& A H
AL G D EFE AR T 8RB AT B AR AT AR 8 KFE 25 AR =% 8 Rl 3 25
s H 22 Eal Az L.

[0345]  B7 52 o] Bt A R AH AN PR T o A KA S iR PRI « ] S KA B8 [ ] 22 P 2 L i S
KA AAOKAS AT 2308 ARS8 AU A 2 R AR L ST HE 8 SR JE BE T IAL V1]
VR A b S AT e G ARG R R b 2 e B AR L 2 AR B T L M ZE KA L RIS L R
A IR e R RS R T AR ISR L  BOKRAS RS AL UL (ERIR R
FASVIRT T VIR0 KR S e IR JE 8 R AL AR SRR PG TE AR L i oK AR V&L
AT IRIHS /B SR T I S A0 T IR T T R EAL AT A T IREAL AT A R R TR
FA R SRR B IEIR JE AR e I TR AR R JE e REIR SEOKAR IR K AR IR JE R BRSNS / IR
V=Y VAN S| E S~ AN = IR T VNN is: =iy o SURER 2 (24 -9

[0346]  7E—NSEJ7 S, HDACS eI 5 B = Z AR PUIBEA i, &% 8 =
ZARFEFASEEAIR T :BAY u9773, Cuthbert 2, EP 00791576 ( AFF T 1997 4E 8 J 27
H ) ;DUO-LT (Tsuji %%, Org. Biomol. Chem. , 1,3139-3141,2003) , L& w] f(Accolate®),

T &Ry (Singulair®), 3470 (prankulast) (Onon®), & HATAM SR .
W&/ HlE

[0347] & T FEASCATR A7 MR A P A T, AS SO T 3R Al i h 2R &

Al DV RR R R B R A, A B LA — A A E R UM VE S, SRR
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RAEA SCHT IR TR A I — PR oo F e Brad i 7 A B, IO 1~ NI E S 2
AGVE o 74 F T8 W B SO R 5 22 Bl R R

[0348]  ASCHRALHHll B 5 A BL . 5P RSB S Bl A AR EA R TR R ARG
TE NS IR IR N AR TS R A S BT AR U ) 25 25 R A X
FEAT ELBRRE . KB A SRR B A S A A5 ) ) 1500 1 25 R AR R ST 32 2 T HDAC
I R R B HDAC FEAER S0 AL R A0 5 s o ik 2 PR I BCR L (1 22 TR 7 o
[0340]  filtun, 7 A3 BLAE— Al sl MASSCITIR AL 50, AR A AL S b s 5y — b
RN ITFZFNA G BAaEEM RA T RBEAN T (10, 2R K N RS B w4
RS R S ZE T M A RS ) o IER T SR B S AL S, LRSS T HAEA L
FITI (4 73 925 0 S AR RO P b &8 s it A 45

[0350]  IRFIERFELAE— A B DNEST 745 252 4 5 A7 AR LA 2 1) A P 0T
M FASCHTAAL G2 R R B — Rl sl Al (B s, ARt AR 4 I 3, R0/ e
) o BESEARHEAE BRI S B A5 EAN PR S b AR I B4R A Sk A A s FER
(carrier) LB AAR MM / BUEPRBE——1ZFRZE 5 T WA/ 8 Ui, LK
WAL U ] I A R s — UL

[0351]  FRAEPEFEAL EBUS BASAHCHE . 0 bR 1) 7 B HC 7 B & AR
WS 2] T2 H B, ARSI B AR A A b UARSEATAE T FIRE SO A A5 T e BB A
WIS BB D B A AR 28 5 AR ARG o PR HIR A7 AR ] TR 2 iR 7
PER T o BREEIE T D AR Bd BT, 490 e AR SCRTI (K 53R A DL B

[0352]  {ENLLLSE Ty P, 2yMA S IAE LB Bl e B P B At A sl Bl AR
TR A SR AL SV AL G, AR ) U SO R IR, i
WEA, MR E WA S Ui 4. B BUASIE A 5 A A AR ISR 1
B B 2D 3 A SR B 1) SBURTRILAA) B B 1 ARS8 R, 208 e ik i 2 2
BOAZN R T NS B 25 2. 00, SR AR A0 0 A 20 5 I R 2 0 R v D T
b7 ZiRIRRAS , BHEAE 7= S A A o Il 26 AR AR 7 1 2 P 1A o A PR A 25 AR SR AR Y
WEIA G, K HIBCE ARG A4 P, JFbRvE TR 77 Bds e

S

[0353] X LESJEAFIAN R T Uk BHIKS B i SR AL, AR 2 AR AL R ACR E SR e .
TG ARSI IR A ) B GG R R A s Bk B kR Y8, 4 Sigma—Aldrich,
Fluka.Acros Organics.Alfa Aesar.Bachem %,

SRR 12 (B) -3-(2- (4- EUAREIE ) KL ) -N- BEWNHTHEZ (6) KI5 K

H
K2CO;3
b (R
DMF, 100 °C CI’QO
Cl

1 P 3

[0354] L1 .2- 9 - & I (1,7.0g,56. 4mmol) \4— S 2K My (2,7. 25g,56. 4dmmol) 5

K,C0, (12. 0g,85mmo1) 7F 50mL DMF HH¥¥E-G4H) T 100°C a2, @it LC/MS Ml s vk

Mo NV SERUG B NIRE YV ETL FIA K (30mL) H, 285 A EtOAc ZEHU K. 4 EtOAc
72
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JEEIF, RUKVEE, 4k F K Peds, IF28 MgSo, T4k bRk Jm, M SR = 1 (bt
) K
0

/EtOAc :0-100% ) 24 R, 1531 9. 0g (69 % P73 ) 2— (4- SRS P (3),

QJQ @\\/u\o/
q

Qf;) . \‘?,:c'}\j\o - _NaH/DmE é

4

Ct 4 ol 5

[0355] PR 2 :fi] 2- (4= SUREIE ) ZRPIE (3,0. 5g, 2. 15mmol) FBFEES L1 =R (4,

0.47g,2. 6mmol) fE 20mL DMF 71 ] ¥ o I A NaH (95 % ) (62mg, 2. 6mmol) . 1% VR &5 {E

100°C T HERL B . # DME 785, SR J5 MoK LA KAZ RN, I HI EtOAc ZEHUM IR #4 EtOAc

A, FKSES, SR 5 F R /K YRSk IF48 MgS0, T8 1h eIk 4s )5 , 70 25193 0. 57g (90 %

PR 22 UV254 JIITE > 90 % ALHE ) (B) -3-(2- (4- SRS ) KAL) MR TlE (5), JF HG

it A H o

O
@\\\/u\o/ SN lrjl{,OH

NH,OHIH,0

cl cl

5 6
[0356] IR 3 ja A HIK (B) -3-(2- (4- SR EE) K5 N TES (5,0. 29¢, 1. Ommol)
76 TPA (5mL) % W B I N 50 % NH,0H/H,0 (1. 0g, 30mmol) , 4R J& Ml A\ IN NaOH(2mmol,
oml) o %R NVR G WA 0°C R B HE Lhr, B S5 BR 4L 2 pH = 7, FH /K 3EAT # B, 4k A
EtOAc (3X50mL) Z5HL. & IFHIATHUZ H K VB I 22 MgSO, T8 Mz )5, 7 B1S 21
0.24g (84% =% ) (B)-3-(2- (4- R ARFIE ) ZXE ) N- RENMBLL (6) . MWL HPLC
alifh. EM(IFEL) :289. 05 MS (M+1H) = 290. 0.

S 2« (B) -N=- ek 8- (2- REHFFIL ) WHBZ (1) &

[0357]  4nsEififs] 1 A ETIR G bR AL G . EM(TFEE ) :255. 09 ;MS (M+1H) = 256. 5,
SEHERY 3 ¢ (B)—3—(2- (R HZREEL ) F5 ) N- RENMEELL (8) KA

73
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AOH

/
:;:C}

-0~

[0358] WISty 1 H PTIR G AR AL AW . EM(THEED ) :269. 11 sMS (M+1H) = 270. 5,
SEHE] 4 ¢ (B) =3- (2- (4- FoREIE ) KL ) -N- BRIEEN MG (9) G K

OH
H

. {;Z

[0350]  fSEHEM] 1 ik & br AL . EMCTFEL) 2273, 08 :MS (M+1H) = 274. 0,
S 5 ¢ (B) -N- FdE —3- (2- (4- AR ZR AL ) 2568 ) IWMELIE (10) W&

AOH
H

10 O~

[0360]  WNSEZER] 1 AT IR G bR AL A . EM (1AL ) 1285, 1 sMS (M+1H) = 286. 0,
SEHER) 6« (B) -3-(2- (3- &R IE ) KIL) -N- BEWHEHEZ (11) KI5 K

H

Cl

Pag

[0361]  QISjtifs] 1 A prik & s @A &) . EM(THET ) :289. 05 sMS (M+1H) = 290. 0,
SEHER) 7 ¢ (B)-3-(2-(3,4- —EAREIE ) REE ) -N- BEWNGEZ (12) 146

H

o4

Cl
Ci

74
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[0362]  4nsZitf | A ETIR G bR AL G . EM(TFE) :323. 01 ;MS (M+1H) = 324. 5,
SEHER] 8 : (B) -N- $23E —3-(2- (M) 2RI ) 2538 ) TNGEEIZ (13) &k

~OH
H

?

13
[0363]  4nsZitf | AR ETIR G bR AL G4 . EM(TFE) :269. 11 ;MS (M+1H) = 270. 5.,
SEHE] 9 ¢ (B) —3- (2- (8- ARG L ) K3 ) -N- BRI (14) &K

~OH
N
H

atl

F
14

[0364]  4nsZitf | HHETIR G bR AL G4 . EM(TFE) :273. 08 ;MS (M+1H) = 274. 0,
S 10 (B) -N- ik -3-(2- (3- AR RSEIL ) &) WHABEE (15) M4 Ak

~OH

P73

D/

15
[0365]  AnsKiifsl 1 P pTIR & bR AL G ). EMCTFEE) 285, 1 MS (M+1H) = 286. 5.,
SR 11« (B) -N- ik —3- (2- (MEWE —3- Jhai it ) A3k ) NABtL (16)

H

ad N
o

[0366]  AnsKHEfl 1 o TIR & bR LS. EMCTTEL) :256. 08 sMS (M+1H) = 257. 5,
SEJE) 12 2 (B) -N- Fdk -3- (- (HERE —4- FE5UIE ) 258 ) INIAELE (17) HI& Rk

~OH

"g/
1

H

2/ N\
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[0367]  4nsZitf | A ETIR G bR AL G4 . EM(TFE) :256. 08 sMS (M+1H) = 257. 5,
SERE] 13 : (B) -3-(2— (1- SERIEIRIE —4- FL4R AL ) K3 ) -N- BREL kL (18) &

@\\\ﬂ ~OH
N

H
f%

N
0)\ 18
[0368] sty | WP ETIR G AR AL ). EM( T ) :304. 14 sMS(M+1H) = 305. 5,
SEHER) 14 2 (B) -N- 322E -3-(2-(1- R T BRIEIRIE —4- L5408 ) K3 ) WiltZ (19)

115 K
@"\\iNxOH
H
o
©
a)\(
19
[0369] WISty 1 H PTIR G AR AL A ). EM(THED ) :332. 17 sMS(M+1H) = 333. 5,
SERER 15 2 (B) —3— (2- (1- X R FERIE —4- FE48 3% ) 2RFL ) -N- BRI IEZ (20) 1Y

=95
@dm JOH
H
5

N

1

O
20
[0370]  dnSEitds) | ik & bR A 590, EM( TR ) :366. 16 sMS (M+1H) = 367. 0,
S 16 (B) -N- 2% -3 (2— (1- MHBEIERIE —4- FL4U0E ) 2:308 ) AIELZ (21) 1
AR
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R AH
@r\)\g
Coﬁ

O
N
0 =
(03711  WIsEiEd) 1 P TR & br i &4 . EM( 5 ) :367. 15 ;MS (M+1H) = 368. 0,

S 17« (B) =3-(2- (1- (R —2- FiE ) WRIE —4- FLai k) FRAL ) -N- B AL I I WL
(22) WG R

[0372]  Ansiifsl 1 P TR & hr UL S0 EMCITEL) 2356, 14 sMS (M+1H) = 357. 0,
SR 18« (S, B) =3-(2- (1- LBLFEWRIE —3- FE5 AL ) FRAE ) -N-FRdk ML (23) 1
=y

@]
~OH

I=

Q"‘:’ %
o=t

23

[0373]  WsZjtifd] 1 A ARG s AL . EM (S ) 2304, 14 sMS (M+1H) = 305. 5,
SEHER) 19 : (S, B) -N- 5% -3- (2 (1- 55 T EREENRE —3- 355808 ) %) NG BEE (24)

afEys's
(I\\\/U\N/OH
H
Q
QJW‘/L
24 0

[0374]  nsjtafsl 1 AP FTIR G AR AL ). EM( T ) :332. 17 sMS(M+1H) = 333. 5,
S 20 1 (S, B) =3-(2—(1- ZR R ERFENRIE —3- FE40E ) 2838 ) -N- BRI NGEEZ (R,
E)=3-(2- (1- KR WEILIRIE -3- FL5A 3L ) K ) -N- BRI NG (25) &

(s
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s 2
H
Q

ove
25 0
[0375]  Ansiiifsl 1 P ik & br UL S0 EMCITEL) :366. 16 sMS (M+1H) = 367. 0.
S 21 - (S, B) -N- Rk -3 (2- (1- MBLEEIRIE -3- B4 AL ) #5E ) MBI (26)
RE5Y

0
N
H
Q
| s
N P
26 O

[0376] A 1 o TR & bR AL S EMCITEL) 2367, 15 sMS (M+1H) = 368. 5.
S 22 = (S, B) =3— (2 (1- (WRAG —2- Bt ) WRIE -3 FLA AL ) 0L ) -N- AL U4t
ffie (27) Bk

Q0
N s,
2T O

[0377]  dnsicifsl 1 np ik 45 ebr L 50 EMCATEL) :356. 14 sMS (M+1H) = 357. 5,
SR 23 : (R, B)=3—(2— (1- LBRFENRIE —3— FLAd ) KAL) -N- FRIL NI IEIE (28) 1Y

(=57
@&jkﬁ,cm
O,

28 0
[0378]  dnsjtafd] 1 HHFTIR G AR AL ). EM(TTE ) :304. 14 sMS(M+1H) = 305. 5,
S 24 (R, B) -N- 236 -3 (2— (1- 7 T EEFEWRIE —3- FL4 38 ) KL ) TNmIENE (29)
HE R
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Q

CI%)KH;OH
O

28 O
[0379]  Ansiiifsl 1 p ik 5 Jbr UL S0 EMCITEL) 2332, 17 sMS (M+1H) = 333. 5,
S 25 : (R, E) =3- (2- (1- R A BEARENRIE —3- L4k ) KL ) -N- AL AR BERZ (30)
HRE5Y

]

m/lg,ou
40

3t o

[0380] S 1 o TIR & bR LS. EMCTTEL) :366. 16 sMS (M+1H) = 367. 0.
St 26 : (R, B) -N- 3t —3- (2- (1- MHBLALIRIE —3- FE50L ) 2R ) MBI (31)

6k
(r“wj\NrQH
H
|8}
S
e
31 0

[0381]  fiscilifsl 1 b AT & b UL 4. EM(AHEL) 2367, 15 MS (M+1H) = 368. 0,

SR 27 « (R, B) =3— (2— (1- (WRAG —2- Bt ) WRIE —3- FR4UAE ) 9% ) -N- AL U4t
fig (32) KI5 hk

32 0
[0382] st 1 P TR & bR UL S EMCITEL) :356. 14 sMS (M+1H) = 357. 5,
SR 28 + (B) -N= (4= (4- FORGEAE ) -3- (8- (R4 ) -3- NN —1- Mk ) 2R )
JHBERZ (33) HIE Rk
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ON
0
O,N OH &
& 0 KZQUS
+ mm————— 0
DMSO
F F 1209C, 3 h
99%
34 35 F 36

[0383] DR 1 AEZIE T, W 2- 5 -5 fiff2E - KBS (34) (676mg, 4. Ommol) FMl 4— F AW
(35) (537mg, 4. 8mmo1) 7E DMSO (5mL) H* (I H I A K,CO5 (1. 10g, 8. Ommo1) « FT{FVR A4 H
N, BEAT R HAE 2 B A28 P AE 120°C T HEFE A 3he RNVIRGWIAHI R = EIA 2 R
Kb G, H 48R 4B (35mLx3) AEBUZIR AW & AR 27K (10mL x2) ¥k, £ 70K
MgSO, T4, ik 3k, HZER BT . BAWE Si0, F:% (FHTHE I 15% EtOAc Pefli ) 4ifk,
P33 2REFE I R 48 2- (4- 3 - FREIE ) -5 iHFE - K (36) (1. 05g,4. 0mmo1,99% ) .
EST MS m/z262. 2 (M+H) ",

O,N
O
’ i Q\{}_
MeQ™ OMe o O
O OMe

LiCl, DBU

CH,CN

t, 65h E

F 83%
36 37

[0384] IR 2 AR T, ) 2- (4 9 — AR5 ) -5 A3 — 2 % (36) (469mg, 1. 79mmol)
FHBSBESL .18 — F 5 (650mg, 3. 58mmol) E LM (20mL) A FIF-# ¥ H I LiCl (228mg,
5. 36mmo1) , Bt J& b\ DBU (0. 802mL, 5. 36mmo1) o £E 1R N HiHE TSR 44 65h. W5 W4 1%
RINIREW G, BRI L8 Ol (100mL) FEATALEE . EtOAc ¥ IM HCL /K# (10mL
x2) ML F1 NaHCO, 7K ¥ 3 (10mL) FER /K (10mL) ¥EVE, £ /K MgSo, T4, i vk, & k&
To BRAME S10, K128 (FHCHETP I 10% 5 25% EtOAc YR ) 4lifk,, 75 31 S RE A5 i o i 46
3-[2-(4- 9 — 2R&0E ) -5 ik - ZR3E 1- NMRIR s (37) (478mg, 1. 50mmol,83% ) o ESI
MS m/z318. 3 (M+H) ",

O -
% Fe {%_{3
e 2 P o) o)
RHCH
tt, 5h
55%
F F
37 38

[0385] IR 3] 3-[2-(4- i - KA IE ) 5 Al 3L - 2R 1- TN MG R G (37) (478mg,
1. 50mmol) 7E FEE (10mL) HHIHEFEEE I 412mg (7. 5mmol) Bk#r. EZWE T, 1%
AW N 10mL 3K HCL, FEZ R F R PT13IR A4 5h, ARG ## & 1he R NIBAEME
A IR 2 ik 8 CABR 228k, FR RS ZE R 2T ARG H L8 SRR, I TR A 4N
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KA HC1 Yeisk. B ANUEFHH EtOAc (30mL x3) HE—20F WK ZE. A IHFHHL
A ER K (1omL x2) Pek, &£ T6/K MgSO, T8, ik vk, HE A2 T. 7 EER 20
3-[2-(4- Ji - AR FE ) -6 &I - KL |- IR s (38), H LRl —Dalifbm# ]
EST MS m/z 288. 3 (M+H) ",

d NH
QMO— o HATU Q‘j—%
] o] + = OH
O/LL DME, TEA o
@ N RT.1h Q
B1%

38 38 . 40
[0386] IR A AEEIWAN, N, A 3-[2-(4- i - FHEIEL)S- A -FEH - NHER T
fig (38) (58mg,0. 20mmol) FI 3— nkE F L (39) (35mg, 0. 32mmol) 7E DMF (2mL) = 1) 3 bk v
Y T 0 N HATU (114mg, 0. 30mmol) , i J5 N TEA %3 (0. 033mL, 0. 32mmol) » Fitf: T 15 &
Y Ah. WIERZGZ VIR EY R BRRYWH QTR O BE (Toml) 4bFE. YW AR (HC1) Fi
B (NaHCO,) FEE/K (10mL x2) HE¥k, &J07K MgS0, T8, I3, IF R 2T . WARYE Si0,
FZE (R 33% 22 50% EtOAc YENG ) 24k, 3 21 2 AR 1 T 3—{(2- (4- W - K5
F) 5= (ntkie —3- FREL ) - &I 1- RE | - NIGEE FFAE (40) (47mg, 0. 12mmo1,61% ) . ESI
MS m/z393. 4 (M+H) ",

d
z:‘g 7 o
\ P~  1NNaOH I, H

50% H,NOH Na N Sy O

QO O - H

THF, MeOH 0

t, 16 h i
33

F

[0387] JDER S5 FEEIR T, M 3—{2-(4- . — R4 5 ) 5[ (mbme -3- F 2 ) - &2 J- K
T} - TNIRHER G (40) (86mg, 0. 22mmol) 7E THF (1. 2mL) F1 MeOH (1. 2mL) H )45 #3550
N 50% NH,OH 7K ¥ 3 (0. 73mL, 1 1mmol) 11 IN NaOH /K¥¥& (0. 5mL, 0. 5mmol) o £EZ53E T4
FEITIFIR G 16he WRIRGTZ I NVIREY) 5, 43 31K =25 A DMSO (1. 5mL) Mkt i 4
HPLC 24k, 15 21 5 [ (0 A A4 1 N-[4- (4- 9 - K% ) -3- (- RAR U P - oMk ) - 2%
B 1- MHEERE (33) (54mg, 0. 14mmol,62% )« EM( 144 ) :393. 37 ;EST MS m/z394. 1 (M+H) ",

SEf) 29 : (B) -3- (5— LBkt —2- (4- A5 UAE ) 23 ) N- RIEWNMELE (1) 4

J
[0388]  fSEEf] 28 TR & AR AL . EM(AHEE) 2330, 1 :MS(M+1H) = 331. 0,
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F
41
SEHER) 30 : (B) -3- (5~ LW EE —2- (3- RS ) K38 ) N- BRI A MEEE (42) &
%
[0389] ISty 28 P ATIA A AR AL A . EM(THEL ) :346. 07 ;MS (M+1H) = 347. 0.

SEE) 31« (B) -N-(4- (3— A4 EE ) —3- 3— (FRFEZAL ) -3 NN —1- Mgk ) K3E)
JHEHZ (43) FIE Rk
[0390]  dnsiiifsl 28 Hh ik & bRl 5. EM(THEE) :409. 08 ;MS (M+1H) = 410. 5,

xN O
QJH( ﬁ‘@f\\/lﬁ’OH
© 0
A

43
SEE) 32« (B) -N-(4- (3— JA44AUEE ) —3- (38— (R FEZAE ) -3 U —1- Mgk ) 43E)
JHBERE (44) 15 Rk
[0391]  nsiiifsl 28 Hh ik & bR @idb 540, EM(TH5E) :393. 11 ;MS (M+1H) = 394. 0,

/N l H O
QYN@\)L”,OH
o O
i F

44
SEJtEf) 33 : (B) -N-(4-(3,4- GRS IR ) -
B ) WHEREE (45) K14

[0392]  4nsjitifs] 28 H PR & bR &AL A ). EM(TF5L ) :443. 04 sMS(M+1H) = 444. 5,

3-(3-(FRHEE AL ) -3- AN -1- M%) %
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N
o [ H O
S N\[::]:fhh’n\N}gH
H
U (8]
Q.
45 i

SR 34 « (B) -3- (65— LBEIL —2- (3 AL ) KAL) -N- BRI mLHE (46) 14

CN 104136410 A

%
[0393] sty 28 WP IR G AR AL ). EM(TFEL ) :330. 10 sMS (M+1H) = 331. 0,

8]
H = JOH
Y N
Q 0

F
46

S 35 ¢ (B) -3- (22— (4- ARG TE ) -5 ( LT W i 358 ) 2505 ) -N- B EL T 4 I i
(47) 145 Rk
[0394] WISt 28 H FTIR A b AL A4 . EM( V1AL ) :366. 07 sMS (M+1H) = 367. 0,
Q

H
~ourN ™ AOH
¢ \
o "o
O;

47
SEJER] 36 1 (B) —3-(2- (3— R ARE L ) 5 ( FEEMRME L ) K3 ) -N- B AL 46 W Ii%
(48) 114 Rk
[0395] 4Lty 28 W IR G AR AL ). EM( T ) :382. 04 sMS(M+1H) = 383. 0,

H Q
~:S,N \@\\\)j\a,ofi
o Yo

Q
<y
48

S 37+ (B) -3-(2- (4- ARSI ) -5 (MERE -3- R AL ) K3k ) -N- AL N1
BLhZ 4 R (49)
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[0396] DB 1.l 3-[2-(4- % — 2R 48 ) -5 & 2 - 2K 3L - A 4% IR /P B (38) (72mg,
0. 22mmo1) F 3— WA ZE — nikwE (50) (41mg, 0. 24mmol) FIVEEY) M 3mL DMF 1 200mg
K,CO, JFAE S T HidE 4he SN 5 5 » IR IRAF1ZIR G, JF B 418 4B (T5mL) X 5%
RYIATA I . 1% R CTEHS AR (HCL) Ak (NaHCO,) FrEhK (10mL x2) Peigk, Z&T0K
MgSO, T4, iy, HERET . RS Si0, % (JHOET R 33% 3 50% EtOAc ¥
it ) gk, 232 2RI (B) -3- (- (4- FAREIE ) -5- (nikhe -3- SEIEEIE ) #5E)
G EE (51) (46mg,0. 12mmo1,61% ) EST MS m/2379. 4 (M+H) .

/N fN O
Q_J\,ﬂ@da/ Q\J\/H\g\\)ﬁfOH
é CO?
F F

51 49
[0397] 20 3R 2. 45 BE S il 45 28 0 3R 5 o R 1 AH R F2 ¥, B O3-{2-(4- - KR
F)-H5-[(mbme -3- A ) -2 & ]- K& |- WK TR 51 (84mg, 0. 22mmol) il 4% 1%
&Y, 4 HPLC 4hitk J5 15 3 5 [ @ [ 7K 1Y 43mg (0. 10mmol,47 % ) (B) -3-(2-(4- FARH
55 ) -5 (Mbwe —3- FE R ) B ) -N- BENGTE (49) o EM(TFE) :379. 13 :EST MS
m/z380. 1 (M+H) ",
SEHEfF) 38 : (B) —3- (2- (3— GUARAIE ) —5- (nikmg —3- FE ARG IL ) 5 ) -N- RENG

ki (52) 4Rk
[0398] sty 37 WP IR G AR AL A . EM( T ) :395. 1 MS(M+1H) = 396. 1.

N 9’ 0
@VNO\/\VLW
O
@u

52
S 39« (B) -3- (2- (3— SARAIL ) -5- (MLhe —2- FEFIILEAE ) ZR0L ) -N-FR L N4
Wil (53) & L
[0399]  nsiiifsl 37 Hh prik & AR AL S . EMCTHEE) :395. 1 MS (M+1H) = 396. 0.
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— H O

N b
o
i ci

53
SEHERE] 40 : (B) -3- (2- (4- FAREIE ) -5 (ke —2- FEF LI ) 713 ) -N- BIEA A
ki (54) R4 Rk
[0400] sty 37 WP FTIR G AR AL A ). EM( T ) :379. 13 sMS(M+1H) = 380. 5,

= H O
N N
Q

54
SEHEE] 41« (B) -3- (2- (3— AL ) -5 (ke —3- FE LI ) 13 ) -N- BIE AN
ki (55) R4 Rk
[0401]  nsjtifyl 37 W iR & bR AL 5. EM( T ) :379. 13 sMS(M+1H) = 380. 0,

xN 9]
@/H\@\\Aﬁ’OH
(6]
QJ,

55
S - (B) -3-(2-(3,4- “5UAREIL ) -5- (kg -3- FE LG IE ) KA ) N- BERF
WREE (56) 4 K
[0402]  nsEjtafs] 37 W FTIR G AR AL S ). EM( T ) :429. 06 sMS (M+1H) = 430. 5,

N 1k 0
L.)\,Nﬁ@mm
H
(8]
!l Cl
|

56
SEHER] 43« (B) -3- (2- (3— B AREIE ) 5 (ke —2- FEFFLEIE ) 3L ) N- BEAN A
Wkh (57) & Rk
[0403] sty 37 WP TR G AR S ). EM( T ) :379. 13 sMS(M+1H) = 380. 5,
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= ) O
N N
H
O
@F

57
S 44« (B) -3-(2- (3, 4- “&UREIL ) -5 (kg —2- FL SR AL ) REL ) -N- 13
PR (58) HI4 Ak
[0404]  nsLjtifs] 37 WP ETIR G AR AL S W) . EM( T ) :429. 06 sMS (M+1H) = 430. 0,

7 0
]
Q,NU%)\&,OH
0
8

c
58
S 45+ (B) =3- (2— (3— SUREIL ) —4- (MEIE —3- FEFIAE ) 2950 ) -N=- Fedk U4t
fig (59) Ik

O
0 OH 0 Z
8,
/ + O
F ¢l DMSO
60 1209°C, 3h
61 89%

62 Ol
[0405] DI 1 .fE=WE T, M 2- & —4- FHEE - KXFEE (60) (616mg, 4. Ommol) Fl 3— FAK
M (61) (617mg,4. 8mmo1) £E DMSO (5mL) H (¥ H A K,CO, (1. 10g, 8. Ommol) o ATFFIRA
VI N, R, FRAE B ARAR AE 120°C R RNk 3he R VIREWIAEI 2 B HE
K G RIREWH LR Ol (35mL x3) FHL. G HMZEA K (1omL x2) $E¥%, &0
K MgSO, T4, ik ug, HERET . BRARML Si0, 2 (H kPR 15% EtOAc YT ) 4l
1k, 73 21 SR HE 1 2- (3- RURAE L ) —4- PR K F B (62) (1. 05g,4. 0mmo1,99% ) .
ESI MS m/z263. 1 (M+H) ",

0 0 0 /
# i
0—< \>—/ 0 0
/ EtO’r?\)kOEt / \
S OFEt .

0 0
Lici, DBU
CH,CN
rt, 65 h
Cl 83% ci
62 63

[0406] I 2.AEEWE T, M2-GC-& - FKER)4-FHE - KFE (62) (469mg,
1. 79mmo1) FIEEEE 2,18 — 2 /5 (803mg, 3. 58mmol) 7E ZJF (20mL) A (I #E v T n A
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LiCl (228mg, 5. 36mmol) , fifi J5 i A DBU (0. 802mL, 5. 36mmol) o 73 Vi & W) £F 25 15 F hi b
65h. kR LA I NIR AW G, AR 18 85 (100mL) 4b3E, EtOAc ¥ A IM HCI 7K
FE (10mL x2) HLFN NaHCO, K (10mL) FEh7K (10mL) BE%, £ 8K MgS0, T4, I &,
HERET. RWe Si0, #12ZE (O H 10% 2 25% Et0Ac e ) 4ifk, 15 21 2 R;
PRI (B) =3— (2 (3— RUAR%IE ) —4- PRI R ) NIGIE LB (63) (498mg, 1. 50mmol,

83% ). ESI MS m/z333. 3(M+H) ",

OQMOJ BBry
4 —_—
DCM

O O
-70°C,1h
At 1h
55%

63 Cl
[0407] IR 3 AE -TOCHIN, T, [0 3-[2-(3- 5 - ZR& I ) 4- A - A - THER
B (63) (498mg, 1. 50mmol) 7 DCM (10mL) A FI B FEE M IM BBr, (] DCM % (4. 5mL,
4.5mmol) o {E —T0°CTFHFEIIFRED 1h, KRG FHERER . ZRNMBEWEZET
/NI, AR 0°CTN 2218 I AT NaHCO, ZKES (10mL) FEK [V o BTG Y)
HBE SRR EENE. KEH DOMBomL x3) #E— B2, & IFMa NI h
K (10mL x2) WE¥, £ 707K MgS0, T4, i ik, JF8 R 2+ . BRRWE Sio, A% (H ok
1) 10% %2 25% EtOAc YN ) 4if, 152 2 K M K (B)-3-(2- (3- F ARSI ) —4- B
KL NIHER LG (64) (267mg, 0. 84mmol,56% ) o ESI MS m/z318.9 (M+H) *,

HO Y DM\\ 7\ OQ\ 0‘“”“““&%\
 DIAD, PPhy _ Q‘J 5 \M{o

?“&ER 1H

65 61% e OC

[0408] DIRAAEOCHIN, T, M 3-[2-C-"A - KHEE)4-RE-XE]I-WHERS
fig (64) (64mg,0. 20mmol) F1 3— AL EE A EE (65) (35mg, 0. 32mmol) #F THF (2mL) P ] 4 £ %
W& N PhyP (79mg, 0. 30mmol) , B J5 Bl A DIAD (0. 063mL, 0. 32mmol) [¥) THF (1mL) ¥ .
BRI RAWAE 0°C FHiHE th, SR 5 E = N ik 16h, MR IRAR [ IR -G 5, 7k A4 H
LR Bs (TomL) AL, ZEEW A K (1oml x2) ek, & T07K MgS0, T4, 1L 38, JF 28 Kk
BT, AW Sio, FEZE (FHOREPIK 33% %8 50% EtOAc YEML ) 4ith, 12 3 2k B 1
EY (B)-3-(2- (3 SR AL ) 4-(nbng -3- B FHEE ) KE) WHIR LB (66) (50mg,
0. 12mmo1,61% ). EST MS m/z410. 2 (M+H) ",

O \ O
\ 8} HN-
(}—/ : ~ 1N NaOH (/}_/ ‘Q_M on
N= O o} 50% H,NOH = Y Y
Q THF, MeOH Q
rt, 16 h
|

66 G &g
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[0409]  DER5 AEEIE T, M) 3-[2-(3— 3l — AR EE ) 4-(nbrg -3- &R ) - & -
1R L5 (66) (91mg, 0. 22mmol) 7E THF (1. 2mL) 1 MeOH (1. 2mL) A FIBERESE NN 50%
NH,OH 7K %5 (0. 73mL, 11mmo1) FH IN NaOH 7K#5# (0. 5mL, 0. 5mmol) » PR A WTE =R
FEERE 16h SRR VIR AP IE 13 B0 K PR B DMSO (1. 5mL) 4%, 48 HPLC 46
b, 193 & B AR (B)-3-(2- (3— |AAIE ) —4- (kg -3- FEPAAE ) K3 ) -N- 2k
WHEEEZ (59) (54mg, 0. 14mmol,62% ) » EM( 115 ) :396. 09 EST MS m/2z397. 5 (M+H) ",
SENELF] 46 (B) —3-(2- (3— EURSAIE ) —4- (2- Wk 258 ) R ) N- BREN B
(67) W& 1K
[0410]  Gusjtidfs] 45 o PR G AR AL S Y. EM(TTE ) <418, 13 ;MS (M+1H) = 419. 5.
O

l\/N\/’\O ')

cl
67

SEHER) AT ¢ (B) —3- (2- (3-SR EIE) 4- (2- (4-FIHIRE -1-FL ) L5 FE) K ) -N-#1
EEPIEEEE (68) 4 K
[0411]  dnsEjifafy) 45 W TR G bR 590 EM( T ) 431, 16 ;MS(M+1H) = 432. 5,

O
\N/W /q\/kN,OH
‘\/N\./'\G o :

Cl
68

SEH 48 : (B) -3—- (2- (3- &S ) 4- Q- ( W) 8 IE) FE) -N-RBENR
1HENE (69) HIA Rk
[0412]  Gnsijitifs] 45 H iR & br @A 590, EM(TF5 ) :376. 12 ;MS(M+1H) = 377. 5,

SEHEM] 49 ¢ (B) -3— (2- (3— AR ) —4-(2- PR CEE) KE) -N- BRER A I
(70) ARk
[0413] WSt 45 T TR A bR AL A4 EM( T4 ) :363. 09 ;MS (M+1H) = 364. 5.
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<8

70
SEHEL] 50 ¢ (B) -3— (2- (3— R4 ) —4- (2- PR CEE) KE) -N- BRER G I
(1) ARk
[0414]  nsjifafs] 45 WP FTIR & AR S ). EM( T ) :347. 12 ;MS(M+1H) = 348. 0,

SR 51 ¢ (B) -3- (4- (2- LR FE 2585 ) —2- (3- EURSEFE ) KIE ) -N- BIL A A
F (72) B4R
[0415]  GnsEjifs) 45 FFTIR G b @A 54 . EMCHFEL) :390. 09 sMS (M+1H) = 391. 5,

W JOH
) @
Cl

72
SEE) 52 : (B) -3—-(2- (3- W AEIE ) 4- Q- ( ZHESIE) 28 ) FE)-N-BER
WREhE (73) W4 K
[o416] sty 45 W TR G AR ). EM( T ) :360. 14 sMS(M+1H) = 361. 0,

SEHER) 53« (B) —3-(2— (3- ARG IE ) —4- (- (4- FEEWRE -1-3% ) L) 35) N-#
TR (T4) B4R
[0417]  dnsEifafs) 45 W TR & bR 5. EM(TTEL) 415, 19 sMS(M+1H) = 416. 5,
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‘\‘N/ﬁ K\I“\\JJ\N,OH
k/N\/“\Q ') H

74
SEHER) 54 ¢ (B) -3- (2- (4 B AREIE ) 4- 2~ FEFEOHEIL) K5 ) -N- BN G ELZ
(75) & Rk
[0418]  nsLjfifs] 45 W TR & AR S ). EM( T ) :347. 12 ;MS(M+1H) = 348. 0,

O

m}LNﬂH
0 H
-~ \,/\0 O

; 75

SR 55« (B) —3— (2— (4— FAREIE ) —4- (MERE —3- FEFSIE ) ZR5E ) -N=- Fedk U4t

i (76) HIE R
[0419] sty 45 W TR & bR B ). EM( T ) :380. 11 sMS(M+1H) = 381. 5,

SEJEf) 56 : (B) -3—(2- (4- | AREIE ) -4- Q- ( HEEIL) 28I ) FE)-N-RER
Wtkhe (7T7) W5 K
[0420]  nsEitifel 45 WP TR G AR AL ). EM( T ) :360. 14 sMS(M+1H) = 361. 5,

| : Ry N,OH
gl H

R ) AR ) -N- I

%T

S 57 : (B) -3 (4- (2- LI 283 ) —2- (4-
i (78) 4k
[0421]  Wnsjtifsl 45 W TR & bR A G0 EM( T ) 2374, 12 sMS(M+1H) = 375. 0,
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SEJEf) 58 : (B) —3— (2— (4- i AAFIE ) 4- (2- (4- MEIRE-1-3L) L8 EE) FH)N-1]
I (79) K&
[0422]  GnsCjitafs) 45 TR G Bbn AL S . EM(FEL) (415, 19 sMS(M+1H) = 416. 5.

T W
s

79 F
SR 59 ¢ () -3-(2-(3,4- R KAL) -4-(2- FEIECEIL ) I ) -N- BRI
Wk (80) FrI& Rk
[0423] WS 45 T ATIR A bR B S . EM(TIEL ) 2397, 04 ;MS (M+1H) = 398. 0.
Q

/@V‘\NIOH
H
@Q
{

80
SEHER] 60 : (B) -3-(4-(2- LB R FE L85 ) 2-(3,4- —HUOREIRE ) EE ) N- BN
I (81) 4 %
[0424]  nsEjifafs] 45 HHETIR G AR G ). EM(TFEL ) 424, 05 sMS (M+1H) = 425. 0,

Q
Cl

o
81

SEHER] 61 ¢ (B) -3 (2- (3,4~ & AREIE ) —4- (- WIKEE L5838 ) K38 ) -N- BE N &
Wk (82) F& Rk
[0425]  dnsEjifafs) 45 W TR G AR ). EM(TTEL ) :452. 09 sMS (M+1H) = 453. 0,
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g
‘0/\1 /ZIMN,OH
Cl

Cl
82
SEER) 62 2 (B)-3-(2-(3,4- " &UREIL ) -4-(nikng -3- B AR ) KR ) -N- 7ER
Wtk (83) W14 Ak
[0426] WIS 45 FATIA A PR AL S . EM(THEL ) :430. 04 ;MS (M+1H) = 431. 5,

0
KIMN,OH
H
o
)\E ~cl
|
83

(e
®

N

A S it 151

4 i AR
[0427]  ZHJig & M DSMZ (Braunschweig, Germany) 8¥% ATCC (Manassas, VA) 3515 . 4H/fE S
A 10% A4 M5 ¥ RPMT 1640 W1, 7E 5% CO,/ AR FRA P T 37 CA K. BHHHE A ESH
BAPTA-AM 3K H Calbiochem(San Diego,CA) . 3—(( “HFLEEL ) R ) -N-(2-(U-(BRIER
TR ) RARIE ) L3 ) AFFIREG —2- BRI i Se T Pl A ) ) 1 HDAC SR . X
HDAC [RIFh 88 B A AN [FIRE B2 s S 1k R A SR A A A S BT ik 5 1o

S 63 <21 R M SRS T
[0428]  HDAC % A% FH 3% &5 F 25 (1 A9 TG R 30 B AT 0 &, 23036 S i U 3EAT T Ve id
(US 20070281934 ;Schultz %, Biochemistry,43(34),11083-11091, 2004 ;Kim %%, (2006) ,
Methods MolBiol. ,325 :273-283) o X Tl RAE , 765 G LA A A8 F 96— FLII E Hi
76100 v L g SRR @EAT I 5 o X0 B[R] T8, 740 7873 0-0. 05 % 3R FE I 4= 1fiE B8R 1)
RNV ZEM (50mM HEPES, 100mM KC1,0. 001 % I3 —20,5% DMSO, pH 7. 4) H1(#) HDAC & 14
SRS AR IR S, R E 16 208h. IMAEE AR S 50nM (R EIRE, FFImA L
WEHE —Gly-Ala— (N- ZWEE —Lys) —AMC £ 25-100 u M R LW UL R RN . 30 4340 G
IS 8] Ji5 5 8 FH 355nm A A 460nm KB ACAE 30 432 I I TR G Pl 5. 2kl
BN () 3 I A AE S N R i . A 2P BatchKi (Biokin, Pullman, WA) 73 20l %4
K; (app) » &R L4 TLLFEK B 1,

7 B AU HDACS— i PE IR ) HDAC 1Cq, {H I HLEL
eSS HDAC1 TC,(uM)  |HDACS IC;,(uM)  [HDACE TC,(u M)

6 C A C
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%

AA

et

86/91 1T

7 C
8 C
9 C
10 C
11 C
12 C
13 C
14 C
15 C
16 C
17 D
20 C
42 D
49 D
99 C
67 C
68 C
69 B
80 D

A =/NTEREZET 0. 1uM

B=KFO0. 1uM{B/FEZET 1uM
C=KF 1uM{ENTEET 10uM

D =K+ 10uM

ST 64 0 H G T A

[0429]  ieq & Jio 22 R0 A JiFF 0 Bk Y Sz 40 Bl (HUVEC) 85 9% & /b AN 8 it [a), JF R4k &4 2
&2 RIS RS R B 4 30 05 ™ (Alamar Blue™) (Biosource, Camarillo, CA) ¢3¢
A H g T R I I I AR K S IAE 96— FLAR TP I = A AH R LA E « BL50% (GIg,) A
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95 %6 B A5 DX 1A) 1 40 i A= A B s Rk BB A Y 4- 8028 T e e AR el G 5. 0
& ] HDACS i FE MRS P Jurkat 20 i Ak 40 i G B0 s e o 40 i ) T 20 o JE K 2
F =V AL M AT B o A A 30 Ao 25 X 00 2 o S e o] oy 22 6 0 B Y Jurkat
AL ERINRIAER C s 4l AL S AL 3 K

& C SR Iy 2 i IR R B Y Jurkat 40 A 3]

wodh Glsp (uM)

6 1.43
7 _—

8 6.1

9 2.00
10 2.25
11 1.98
12 1.80
13 2.5
14 3.58
15 337
16 >20
17 -

20 9.70

STt 65 Western EIZES;Hr
[0430]  4H M 28 PBS Ye ¥k, HE & T = £ 15 7 & 2 ph i [50mM Tris—Cl(pH 8.0),
150mM NaCl,0. 1% SDS,0.5 % it 4 iH iR, 1. 0 % NP—40, #p 785 ImM EDTA, ImM PMSF, ImM
Na,V0,, 2mM B — H il % 1 Th F1 4= 5 A B HD I FVE 54 (Roche Molecular Biochemicals,
Indianapolis, IN) ] o7, fE0K EAR%E 10 7380, BLar & JE, 588 18 E TUE SDS- RN
ek (Bio—Rad Laboratories,Hercules,CA) FHEAT 08T AF 2T H 8 0 (Semi—dry
Transfer Cell) (Bio—Rad Laboratories,Hercules,CA) &R 25 M M LG, 3T
{8 T —Hsc70 HUARUEAT Western EIEE, LA HI MBI % . A8 H] Odyssey ZLAMNRAR R4
(LICOR, Lincoln, NE) XF4%H7 BEAT ef% , JF ARG M [ W 25T 22 & 4 Hse70 BEAT PRyt .

S 66 < 41 A TR
[0431] RSB HHGRIAL BE L Ao 5 qVD\BAPTA-AML B8 2 [~ Y R AN IR G C F0 IR KA
AbFE 2 83 K, AR AR B -V G (v AL 40 Mase P o 42 HR0IE R 77 %8, HI FACSCal ibur
I #% (Becton-Dickinson, San Jose, CA) {# >k H BioVision (Mountain View, CA) &7
MEMBEREH -V 455

S 67 < DR S RO I
(4321 ¢ FLHBIFALEE 5, $5 JE RIS R 77 6, 01 Apotarget DR 1 ML (5 25 (1
R (BioSource International,Camarillo,CA) 7E Jurkat 4 i bl & R 2% (B ) v
M.

S 68 41 L P S B
[0433] X T 9006 LA &, 41 e (1X10° 40 L /mL) 765 4 10 % i 4 L35 A1 5 1 M
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Indo1-AM(Invitrogen) HJ Hanks “F#if h¥# & (HBSS ;Invitrogen) HAE 37°C N s b ks
7% 1he ARJGWR4EM, B0 (200Xg BEAT Bmin) , 35 ] HBSS $Ek =R LU 25 41 a4 Indol,
FAE HBSS FFEE R 2 1X10° NI /mL. {E 37°CF, F 92611 (Fluoroskan Ascent FL ;
Thermo Scientific) 7ESE50 M FEAN R P IR IZ¢ . Smin W& P4 )5, ZE— PP A
) A BL 6 AR ER AR TRDRRG , A A 338nm 80K I HLAE 405nm F1 485nm AR IR 5 73 5l %o R
T Ca” 4i G HIRIAS Ca® 1 Indol MRS 6. BEfGIMAZIY) (B IR , FF4REE3RHL 5
SYER. AEDN RS AR T N 10 u M B T8 FOR I E K. 4Ly [Ca™] B EIR K
Ca” G5 A IAAE Ca® 1 Indol LLAERIAEAk . S 69 :HDAC KL AW 25480 J) %
Sl
[0434] A AR AL G W) A0 ME TR B b AT B 79 v vt A JR A OC T H Z54K3) ) 4 1
WIAAE B WRAA Y S O A T o
[0435]  iZMHF ST AT A K BT RRAS a0 T

Mz CDY 16S KB (JE T Sprague-Dawley)

s :Charles River SZK =

B UIRZE 2510 F AR R «— AT Do IR 8 R0 — > S0 oA 2 4 24 I R AR EE S TR A
350g & 375¢g
[0436]  7EZ5 240, T K RAE LI = 4 0F FIE N 2 /b 24 /NI o 25 2 AT 4, PR K R £, JF
TE 3 /NINFR AL IN R) i f5 S B S B o Bl K o DR BRSO AR 102 B IR SR B FR ISR T
[0437] K5I RAL AW 2% B 3. Omg/m] ¥R (1% MC/0. 4% Cr EL, {E WFI 1) .
[0438] K RidE I CVRIBRA i — A= IR G4 . )& AR BURYE 7 I 25 25 e S 1
R EE R AT I EL
[0439]  FEAKFA Iml/kg, MARFRFE R 3mg/kgo
[0440]  FEZ5Z5)5 5 7308020 438 1 /NI 3 /IR L6 /NIRE L9 /NI 24 /N AN YIRS 25 1K
U R AR MV o FESCREER AU (AFE2E) 1K 7 B4 Microtainer 5 H,
2250 (££5000xg T 5min) #il# MRFE &, ¥ 20 100 v L #2768 T, FFETIK B3
o TEHESH T #rar, #E i — BERFFEL -75C T
[0441]  RFIMRAE AR 4 75 w L S0 I 25 0E T, KA 10w L WARE
(0.5 g/mL) [, A DACIERT, ZFE A2 A M 2R, @A 300m L
A, Bt 5 250 (7E 16, 000xg T 20min) SRPLiE v WM& A . R AR 2T, IFAE
100 L& 0. 2% FEA 10% FEERIK P ERE . Pratem#imal4E£E e 6 CHy B shidk e
Z, FEAEH LC-MS/MS vRAL AL S R BE o A8 FHH A LRE P WinNonlin (Professional
Edition, Pharsight Corporation,5.01 iz ) flGR MM EEHE . %5 BT 2 A8 bR AR R A
N TR SR 29 53 AR AE b5 23 m se i) o 254K30 00 2 2400 Al v (B AR R P 32 A
AR, AR L — W [R) #1267 F i # (AUC) »
[0442]  F HDAC #Pil5H) 3— (( ZFEEZE ) HAE ) -N-(2- (4- (R AEa B PR ) REE)
LHe ) R —2- LI 2 & AE A bRdE, B AL S 254880 ) 4 St O AR
KRR

S 70a < H AMAG Y
[0443]  Oh T il 4% 1h Al vE S 4s 5 1 B AN AL G, 14 100mg AR ST IR 1) 1 HE

95



CON 104136410 A o BB B 89/91 7T

HDACS il 7L £ PR K5 M ¥ Al A2 DMSO HP, AR5 5 10mLO. 9% i #h/KiR & o FHR G
YOI B3 Tl I S 45 2R A e
[0444] 75— AT S R T SR TR G LU Rl 5 i) o

A ¥
AP A 45 1 HDACS 4% #4445 1.2g
TR Y R (0.4 M) 2.0 mL
HC1 (1 N)& NaOH(1 M) &%, b6 pH
K(EEA, RE) ¥, £20mL

[0445]  REBR7K IS LA BT B IR G , FRERERE T INFAE 60-70°C o SRS 7ERI 24P+

BN 60°C L 2 197K, DAE BT Bl 7 FLAL, 4R J5 N 2 (17K 22 100g.
SEHEAE] 70b < TR A

[0446] Oy T il 2% H T I ARIBIE G 29 AL 51 ¥ 100mg A SCHTIA IR 1B FE % HDACS H1ifil51]

e EYE 750mg VERIR S . KR AV EIIE A 10 ARSS 2510 O AR 2 A7 Lo kel BH i s 22

o

[0447]  7E 5 —ANSEHE 7 20, B R 51 R A3 S A M TR A FF F il i S — R )

% FhveE, mg
AL PR 69 4RH HDACS 8] ML &-d 400
E AR H 50
RBEARTFTEABRER 25
L% 120
RGBS 5

(04481 XL — ST S, B R AR B IR A D AT I e e

A AP E, mg
A& 6y 54 HDACS W H #l 44 200
Lk, RETHRY 148
AR B 4 2

[0440]  £E 30— St 7 S0 R T AN IR A DU UM 1 RS 24 1) s o
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% ¥
AL PR Ay k48P HDACS % L& 4 10g
T 5 0.5¢g
A A 20g
*f¥e R VLT B 0.15¢
*F R ROF B B 0.05¢g
B 255¢g
ol BB (T0%i5 1) 12.85 g
Veegum K (Vanderbilt Co.) 1.0g
ok A 0.035 mL
& &R 0.5 mg
AEBA EF, £ 100mL

SERER] 70 o H R (HEEETR ) AW
[0450] & T il 4% FH T 000 B X I 2 AL A, 49 B BE R, 4 100mg A% SC P (1) 1k B
HDACS M HIFIL &M 420mg HEXYIR G, IZBEK CUR A L. 6mL A TOKBEHRK 2. 4mL 2518
JKFN 0. 42mL FEATEEEU . K5 TR A T HIR, FHE AL B, DR RGE &I 44 2 1 B
7o

SEHER] 70d N A
[04511 2 T Hil#¢ TR EE I A G, 1 20mg AR SCHT I (193 $- 4 HDACS F il R4k
E 5 50mg TL/KATREERAN 100mL0. 9 % FALENETRIR G o FHRA WM RIS A AL 2511
W NI BT R 25 4 o

SEHE T0e  HIAE A A
[0452] O T 2 H T Bk 294519, % 100mg A SCHTIR I B FE % HDACS H)1 il 5]
WEYE 2. 5g FEEA4EE (1500mPa)  100mg X F 5528 R F /i 5 H JiH A 100mL £i74 /KR
Ho RIFHAFRIMERIR G M EIE A B 2510 B % oo inE H 281 .

SEHEM] TOF R 5 I3
[0453] 3@ il Kg A SC AT 1K 1 £ HDACS 1AL &4 5 Witepsol "H-15 (HRAE A Ja iy
FR 1) H ¥ =M sRiches—Nelson, Inc. ,New York) R -4& il & S EE N 2. 5g FIFEF, %25 A
RN

R & A3 H) 49 F (mg)
AL 6454 HDACS 49 %) 7L adp 500
Witepsol® H-15 ¥

S T0g < R IR A A
[0454] O T il Rl Bt 2y AL G4, F 100mg A SCHTIA [ FE I HDACS 314k 54
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5 1. 75g BN FLETYE 2 L 10mL A . 10mL (A 55 R S AT R A 100mL 2504k (1) % USP VR o 4R
JE AT BN IR A NN BIIE & SR 45 2R A s Wi

SEHE) 70h AR AR AL G
[0455] &y 7 4 HE P Vs 2 A &0, ¥ 100mg A ST iR ik 6 M HDACS $iIFAL &4
5 0.9g NaCl 7 100mL 4y K HHiRA, FHAEA 0. 2 BeKuER T UE . AR5 F 1T BN S B
TN B3 IR 25 24 11 HIR 05 8 025 HR o W R VR A4 P
[04561 X SC I (1% S5 Jt A9 FH St 7 S R T U BH ) H 1, I B8 A G o AR s (o 46 70
FIT B ASUR) S22 SR 5 1 23 JF P 28 AR5 ] ARG A R B P
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Abstract

Described herein are compounds and pharmaceutical compositions containing such
compounds, which inhibit the activy of histone deacetylase 8 (HDACS). Also
described herein are methods of using such HDACS inhibitors, alone and in
combination with other compounds, for treating diseases or conditions that would

benefit from inhibition of HDACS activity.
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