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REVERSE AMIDE COMPOUNDS AS 
PROTEIN DEACETYLASE INHIBITORS AND 

METHODS OF USE THEREOF 

PRIORITY BENEFIT 

[0001] This application is a continuation of US. applica 
tion Ser. No. 13/010,974, ?led on Jan. 21, 201 1,Which claims 
the bene?t of US. Provisional application 61/336,460, ?led 
on Jan. 22, 2010, the contents of Which are incorporated 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The identi?cation of small organic molecules that 
affect speci?c biological functions is an endeavor that 
impacts both biology and medicine. Such molecules are use 
ful as therapeutic agents and as probes of biological function. 
Such small molecules have been useful at elucidating signal 
transduction pathWays by acting as chemical protein knock 
outs, thereby causing a loss of protein function. (Schreiber et 
al, J. Am. Chem. Soc, 1990, 112, 5583; Mitchison, Chem. and 
Biol., 1994, I5 3) Additionally, due to the interaction of these 
small molecules With particular biological targets and their 
ability to affect speci?c biological function (eg gene tran 
scription), they may also serve as candidates for the develop 
ment of neW therapeutics. 
[0003] One biological target of recent interest is histone 
deacetylase (HDAC) (see, for example, a discussion of the 
use of inhibitors of histone deacetylases for the treatment of 
cancer: Marks et al. Nature RevieWs Cancer 2001, 7, 194; 
Johnstone et al. Nature RevieWs Drug Discovery 2002, 287). 
Post-translational modi?cation of proteins through acetyla 
tion and deacetylation of lysine residues plays a critical role in 
regulating their cellular functions. HDACs are Zinc hydro 
lases that modulate gene expression through deacetylation of 
the N-acetyl-lysine residues of histone proteins and other 
transcriptional regulators (Hassig et al Curr. Opin. Chem. 
Biol. 1997, 1, 300-308). HDACs participate in cellular path 
Ways that control cell shape and differentiation, and an HDAC 
inhibitor has been shoWn effective in treating an otherWise 
recalcitrant cancer (Warrell et al J. Natl. Cancer Inst. 1998, 
90, 1621-1625). At this time, eleven human HDACs, Which 
use Zn as a cofactor, have been identi?ed (Taunton et al. 
Science 1996, 272, 408-411;Yang et al. J. Biol. Chem. 1997, 
272, 28001-28007. GroZinger et al. Proc. Natl. Acad. Sci. 
U.S.A. 1999, 96, 4868-4873; Kao et al. Genes Dev. 2000, 14, 
55-66. Hu et al J. Biol. Chem. 2000, 275, 15254-15264; Zhou 
et al. Proc. Natl. Acad. Sci. U.S.A. 2001, 98, 10572-10577; 
Venter et al. Science 2001, 291, 1304-1351) these members 
fall into three classes (class I, II, and IV). An additional seven 
HDACs have been identi?ed Which use NAD as a cofactor. To 
date, no small molecules are knoWn that selectively target any 
particular class or individual members of this family ((for 
example ortholog-selective HDAC inhibitors have been 
reported: (a) Meinke et al. J. Med. Chem. 2000, 14, 4919 
4922; (b) Meinke, et al Curr. Med. Chem. 2001, 8, 211-235). 
There remains a need for preparing structurally diverse 
HDAC and tubulin deacetylase (TDAC) inhibitors particu 
larly ones that are potent and/or selective inhibitors of par 
ticular classes of HDACs or TDACs and individual HDACs 
and TDACs. 
[0004] Recently, a cytoplasmic histone deacetylase protein, 
HDAC6, Was identi?ed as necessary for aggresome forma 
tion and for survival of cells folloWing ubiquitinated mis 
folded protein stress. The aggresome is an integral compo 
nent of survival in cancer cells. The mechanism of HDAC6 
mediated aggresome formation is a consequence of the 
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catalytic activity of the carboxy-terminal deacetylase 
domain, targeting an uncharacteriZed non-histone target. The 
present invention also provides small molecule inhibitors of 
HDAC6. In certain embodiments, these neW compounds are 
potent and selective inhibitors of HDAC6. 
[0005] The aggresome Was ?rst described in 1998, When it 
Was reported that there Was an appearance of microtubule 
associated perinuclear inclusion bodies in cells over-express 
ing the pathologic AF508 allele of the cystic ?brosis trans 
membrane conductance receptor (CFTR). Subsequent 
reports identi?ed a pathologic appearance of the aggresome 
With over-expressed presenilin-1 (Johnston J A, et al. J Cell 
Biol. 1998; 143:1883-1898), parkin (Junn E, et al. J Biol 
Chem. 2002; 277: 47870-47877), peripheral myelin protein 
PMP22 (Notterpek L, et al. Neurobiol Dis. 1999; 6: 450-460), 
in?uenza virus nucleoprotein (Anton L C, et al. J Cell Biol. 
1999; 146:113-124), a chimera of GFP and the membrane 
transport protein pi 15 (Garcia-Mata R, et al. J Cell Biol. 
1999; 146: 1239-1254) and notably amyloidogenic light 
chains (DuI J L, et al. J Cell Biol. 2001; 152:705-716). Model 
systems have been established to study ubiquitinated (AF508 
CFTR) (Johnston JA, et al. J Cell Biol. 1 998; 143: 1 883-1898) 
and non-ubiquitinated (GFP-250) (Garcia-Mata R, et al. J 
Cell Biol. 1999; 146:1239-1254) protein aggregate transport 
to the aggresome. Secretory, mutated, and Wild-type proteins 
may assume unstable kinetic intermediates resulting in stable 
aggregates incapable of degradation through the narroW 
channel of the 26S proteasome. These complexes undergo 
active, retrograde transport by dynein to the pericentriolar 
aggresome, mediated in part by a cytoplasmic histone 
deacetylase, HDAC6 (KaWaguchi Y, et al. Cell. 2003; 115: 
727-738). 
[0006] Histone deacetylases are a family of at least 11 
Zinc-binding hydrolases, Which catalyZe the deacetylation of 
lysine residues on histone proteins. HDAC inhibition results 
in hyperacetylation of chromatin, alterations in transcription, 
groWth arrest, and apoptosis in cancer cell lines. Early phase 
clinical trials With available nonselective HDAC inhibitors 
demonstrate responses in hematologic malignancies includ 
ing multiple myeloma, although With signi?cant toxicity. Of 
note, in vitro synergy of conventional chemotherapy agents 
(such as melphalan) With bor‘teZomib has been reported in 
myeloma cell lines, though dual proteasome-aggresome inhi 
bition Was not proposed. Until recently selective HDAC 
inhibitors have not been realiZed. 

[0007] HDAC6 is required for aggresome formation With 
ubiquitinated protein stress and is essential for cellular viabil 
ity in this context. HDAC6 is believed to bind ubiquitinated 
proteins through a Zinc ?nger domain and interacts With the 
dynein motor complex through another discrete binding 
motif. HDAC6 possesses tWo catalytic deacetylase domains. 
It is not presently knoWn Whether the amino-terminal histone 
deacetylase or the carboxy-terminal tubulin deacetylase 
(TDAC) domain mediates aggresome formation. 
[0008] Aberrant protein catabolism is a hallmark of cancer, 
and is implicated in the stabiliZation of oncogenic proteins 
and the degradation of tumor suppressors (Adams J. Nat Rev 
Cancer. 2004; 4:349-360). Tumor necrosis factor alpha 
induced activation of nuclear factor kappa B (NFKB) is a 
relevant example, mediated by NFKB inhibitor beta (IKB) 
proteolytic degradation in malignant plasma cells. The inhi 
bition of IKB catabolism by proteasome inhibitors explains, 
in part, the apoptotic groWth arrest of treated myeloma cells 
(Hideshima T, et al. Cancer Res. 2001; 61:3071-3076). Mul 
tiple myeloma is an ideal system for studying the mechanisms 
of protein degradation in cancer. Since William Russell in 
1890, cytoplasmic inclusions have been regarded as a de?n 
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ing histological feature of malignant plasma cells. Though the 
precise composition of Russell bodies is not known, they are 
regarded as ER-derived vesicles containing aggregates of 
monotypic immunoglobulins (Kopito R R, Sitia R. EMBO 
Rep. 2000; 1:225-231) and stain positive for ubiquitin 
(Manetto V, et al. Am J Pathol. 1989; 134:505-513). Russell 
bodies have been described With CFTR over-expression in 
yeast (Sullivan M L, et al. J. Histochem. Cytochem. 2003; 
51:545-548), thus raising the suspicion that these structures 
may be linked to overwhelmed protein catabolism, and poten 
tially the aggresome. The role of the aggresome in cancer 
remains unde?ned. 
[0009] Aberrant histone deacetylase activity has also been 
linked to various neurological and neurodegenerative disor 
ders, including stroke, Huntington’s disease, Amyotrophic 
Lateral Sclerosis and AlZheimer’s disease. HDAC inhibition 
may induce the expression of anti-mitotic and anti-apoptotic 
genes, such as p21 and HSP-70, Which facilitate survival. 
HDAC inhibitors can act on other neural cell types in the 
central nervous system, such as reactive astrocytes and micro 
glia, to reduce in?ammation and secondary damage during 
neuronal injury or disease. HDAC inhibition is a promising 
therapeutic approach for the treatment of a range of central 
nervous system disorders (Langley B et al., 2005, Current 
Drug TargetsiCNS & Neurological Disorders, 4: 41-50). 
[0010] Histone deacetylase is knoWn to play an essential 
role in the transcriptional machinery for regulating gene 
expression, induce histone hyperacetylation and to affect the 
gene expression. Therefore, it is useful as a therapeutic or 
prophylactic agent for diseases caused by abnormal gene 
expression such as in?ammatory disorders, diabetes, diabetic 
complications, homozygous thalassemia, ?brosis, cirrhosis, 
acute promyelocytic leukaemia (APL), organ transplant 
rejections, autoimmune diseases, protoZoal infections, 
tumors, etc. Thus, there remains a need for the development 
of novel inhibitors of histone deacetylases and tubulin histone 
deacetylases. In particular, inhibitors that are more potent 
and/or more speci?c for their particular target than knoWn 
HDAC and TDAC inhibitors. HDAC inhibitors speci?c for a 
certain class or member of the HDAC family Would be par 
ticularly useful both in the treatment of proliferative diseases 
and protein deposition disorders and in the study of HDACs, 
particularly HDAC6. Inhibitors that are speci?c for HDAC 
versus TDAC and vice versa are also useful in treating disease 
and probing biological pathWays. The present invention pro 
vides novel compounds, pharmaceutical compositions 
thereof, and methods of using these compounds to treat dis 
orders related to HDAC6 including cancers, in?ammatory, 
autoimmune, neurological and neurodegenerative disorders. 

SUMMARY OF THE INVENTION 

[0011] In one aspect, the invention provides a compound of 
formula I: 

[0012] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
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Wherein, 
[0013] Z is N or CR*, Wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0014] ring A is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0015] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0016] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)P, each of Which may be optionally substituted; or 
(ii) When Z is CR*, Rl may be optionally substituted branched 
alkyl, OR3, or N(R3)(R3), %H2CH2OH, OCH2CH2OH, 
SH, or thio alkoxy; 
[0017] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0018] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0019] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0020] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0021] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0022] n is 4, 5, 6, 7 or 8; and 
[0023] p is 0, 1, or 2. 
[0024] In another aspect, the invention provides a pharrna 
ceutical composition comprising a compound of formula I, or 
a pharmaceutically acceptable ester, salt, or prodrug thereof, 
together With a pharmaceutically acceptable carrier. 
[0025] In one aspect, the invention provides a method of 
inhibiting a histone deacetylase (HDAC) in a subject, com 
prising administering a compound of formula I 

( 

Q 0 O OH; 

R1 1! 

[0026] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0027] Z is N or CR*, Wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0028] ring A is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0029] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0030] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)p, each of Which may be optionally substituted; or 
(ii) When Z is CR*, R 1 may be optionally substituted branched 
alkyl, OR3, or N(R3)(R3), %H2CH2OH, OCH2CH2OH, 
SH, or thio alkoxy; 

1) 
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[0031] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0032] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0033] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0034] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0035] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0036] n is 4, 5,6,7 or 8; and 
[0037] p is 0, l, or 2. 
[0038] In another aspect, the invention provides a method 
of treating a disease mediated by HDAC-6 in a subject com 
prising administering to the subject a compound of formula I 

(I) 

Q 0 O OH; 

R] IL 

[0039] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0040] Z is N or CR*, Wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0041] ringA is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0042] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0043] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)p, each of Which may be optionally substituted; or 
(ii) When Z is CR*, Rl may be optionally substituted branched 
alkyl, 0R3, or N(R3)(R3), %H2CH2OH, OCH2CH2OH, 
SH, or thio alkoxy; 
[0044] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0045] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0046] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0047] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0048] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0049] n is 4, 5,6,7 or 8; and 
[0050] p is 0, l, or 2. 
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[0051] In other aspects, the invention provides a method of 
treating a subject suffering from or susceptible to multiple 
myeloma comprising administering to a subject in need 
thereof a therapeutically effective amount of a compound of 
formula I, 

( 

Q 0 O OH; 

R] IL 

[0052] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0053] Z is N or CR*, Wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0054] ring A is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0055] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0056] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)p, each of Which may be optionally substituted; or 
(ii) When Z is CR*, Rl may be optionally substituted branched 
alkyl, 0R3, or N(R3)(R3), 4CH2CH2OH, OCHZCHZOH, 
SH, or thio alkoxy; 
[0057] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0058] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0059] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0060] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0061] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 

1) 

[0062] n is 4, 5,6,7 or 8; and 
[0063] p is 0, l, or 2; 
[0064] to thereby treat the subject suffering from or suscep 
tible to multiple myeloma. 
[0065] In another aspect, the invention provides a kit com 
prising a compound capable of inhibiting HDAC activity 
selected from one or more compounds of formula I 

(I) 

Q 0 O OH; 

R1 1', 

[0066] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
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wherein, 
[0067] Z is N or CR*, wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0068] ringA is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0069] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0070] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)p, each of Which may be optionally substituted; or 
(ii) When Z is CR*, Rl may be optionally substituted branched 
alkyl, 0R3, or N(R3)(R3), 4CH2CH2OH, OCH2CH2OH, 
SH, or thio alkoxy; 
[0071] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0072] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0073] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0074] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0075] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0076] n is 4, 5,6,7 or 8; and 
[0077] p is 0, l, or 2; 
and instructions for use in treating multiple myeloma. 

DETAILED DESCRIPTION OF THE INVENTION 

[0078] De?nitions 
[0079] Listed beloW are de?nitions of various terms used to 
describe this invention. These de?nitions apply to the terms as 
they are used throughout this speci?cation and claims, unless 
otherWise limited in speci?c instances, either individually or 
as part of a larger group. 
[0080] The term “alkyl,” as used herein, refers to saturated, 
straight- or branched-chain hydrocarbon moieties containing, 
in certain embodiments, betWeen one and six, or one and eight 
carbon atoms, respectively. Examples of C 1 -C6 alkyl moieties 
include, but are not limited to, methyl, ethyl, propyl, isopro 
pyl, n-butyl, tert-butyl, neopentyl, n-hexyl moieties; and 
examples of C l-C8 alkyl moieties include, but are not limited 
to, methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, neo 
pentyl, n-hexyl, heptyl, and octyl moieties. 
[0081] The term “alkenyl,” as used herein, denotes a 
monovalent group derived from a hydrocarbon moiety con 
taining, in certain embodiments, from tWo to six, or tWo to 
eight carbon atoms having at least one carbon-carbon double 
bond. The double bond may or may not be the point of 
attachment to another group. Alkenyl groups include, but are 
not limited to, for example, ethenyl, propenyl, butenyl, 1 -me 
thyl-2-buten- l -yl, heptenyl, octenyl and the like. 
[0082] The term “alkynyl,” as used herein, denotes a 
monovalent group derived from a hydrocarbon moiety con 
taining, in certain embodiments, from tWo to six, or tWo to 
eight carbon atoms having at least one carbon-carbon triple 
bond. The alkynyl group may or may not be the point of 
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attachment to another group. Representative alkynyl groups 
include, but are not limited to, for example, ethynyl, l-pro 
pynyl, l-butynyl, heptynyl, octynyl and the like. 
[0083] 
[0084] The term “aryl,” as used herein, refers to a mono- or 
poly-cyclic carbocyclic ring system having one or more aro 
matic rings, fused or non-fused, including, but not limited to, 
phenyl, naphthyl, tetrahydronaphthyl, indanyl, idenyl and the 
like. 

[0085] The term “aralkyl,” or “arylalkyl,” as used herein, 
refers to an alkyl residue attached to an aryl ring. Examples 
include, but are not limited to, benZyl, phenethyl and the like. 
[0086] The term “carbocyclic,” as used herein, denotes a 
monovalent group derived from a monocyclic or polycyclic 
saturated, partially unsatured, or fully unsaturated carbocy 
clic ring compound. Examples of carbocyclic groups include 
groups found in the cycloalkyl de?nition and aryl de?nition. 
[0087] The term “cycloalkyl,” as used herein, denotes a 
monovalent group derived from a monocyclic or polycyclic 
saturated or partially unsatured carbocyclic ring compound. 
Examples of C3-C8-cycloalkyl include, but not limited to, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopen 
tyl and cyclooctyl; and examples of C3-C12-cycloalkyl 
include, but not limited to, cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, bicyclo[2.2.l] heptyl, and bicyclo[2.2.2] 
octyl. Also contemplated are monovalent groups derived 
from a monocyclic or polycyclic carbocyclic ring compound 
having at least one carbon-carbon double bond by the 
removal of a single hydrogen atom. Examples of such groups 
include, but are not limited to, cyclopropenyl, cyclobutenyl, 
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, 
and the like. 

[0088] The term “heteroaryl,” as used herein, refers to a 
mono- or poly-cyclic (e.g., bi-, or tri-cyclic or more) fused or 
non-fused, moieties or ring system having at least one aro 
matic ring, having from ?ve to ten ring atoms of Which one 
ring atom is selected from S, O and N; Zero, one or tWo ring 
atoms are additional heteroatoms independently selected 
from S, O and N; and the remaining ring atoms are carbon. 
Heteroaryl includes, but is not limited to, pyridinyl, pyraZi 
nyl, pyrimidinyl, pyrrolyl, pyraZolyl, imidaZolyl, thiaZolyl, 
oxaZolyl, isooxaZolyl, thiadiaZolyl, oxadiaZolyl, thiophenyl, 
furanyl, quinolinyl, isoquinolinyl, benZimidaZolyl, benZoox 
aZolyl, quinoxalinyl, and the like. 
[0089] The term “heteroaralkyl,” as used herein, refers to an 
alkyl residue residue attached to a heteroaryl ring. Examples 
include, but are not limited to, pyridinylmethyl, pyrimidinyl 
ethyl and the like. 
[0090] The term “heterocycloalkyl,” as used herein, refers 
to a non-aromatic 3-, 4-, 5-, 6- or 7-membered ring or a bi- or 
tri-cyclic group fused of non-fused system, Where (i) each 
ring contains betWeen one and three heteroatoms indepen 
dently selected from oxygen, sulfur and nitrogen, (ii) each 
5-membered ring has 0 to 1 double bonds and each 6-mem 
bered ring has 0 to 2 double bonds, (iii) the nitrogen and sulfur 
heteroatoms may optionally be oxidiZed, (iv) the nitrogen 
heteroatom may optionally be quaterniZed, and (iv) any of the 
above rings may be fused to a benZene ring. Representative 
heterocycloalkyl groups include, but are not limited to, [1,3] 
dioxolane, pyrrolidinyl, pyraZolinyl, pyraZolidinyl, imida 
Zolinyl, imidaZolidinyl, piperidinyl, piperaZinyl, oxaZolidi 
nyl, isoxaZolidinyl, morpholinyl, thiaZolidinyl, 
isothiaZolidinyl, and tetrahydrofuryl. 

The term “alkoxy” refers to an iO-alkyl moiety. 
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[0091] The term “alkylamino” refers to a group having the 
structure iNH(Cl-C12 alkyl) Where Cl-Cl2 alkyl is as pre 
viously de?ned. 
[0092] The term “acyl” includes residues derived from 
acids, including but not limited to carboxylic acids, carbamic 
acids, carbonic acids, sulfonic acids, and phosphorous acids. 
Examples include aliphatic carbonyls, aromatic carbonyls, 
aliphatic sulfonyls, aromatic sul?nyls, aliphatic sul?nyls, 
aromatic phosphates and aliphatic phosphates. Examples of 
aliphatic carbonyls include, but are not limited to, acetyl, 
propionyl, 2-?uoroacetyl, butyryl, 2-hydroxy acetyl, and the 
like. 
[0093] In accordance With the invention, any of the aryls, 
substituted aryls, heteroaryls and substituted heteroaryls 
described herein, can be any aromatic group. Aromatic 
groups can be substituted or unsubstituted. 

[0094] The terms “hal,” “halo” and “halogen,” as used 
herein, refer to an atom selected from ?uorine, chlorine, 
bromine and iodine. 
[0095] The term “oxo” as used herein, refers to an oxygen 
that is attached to a carbon, preferably by a double bond (e.g., 
carbonyl). 
[0096] As described herein, compounds of the invention 
may optionally be substituted With one or more substituents, 
such as are illustrated generally above, or as exempli?ed by 
particular classes, subclasses, and species of the invention. It 
Will be appreciated that the phrase “optionally substituted” is 
used interchangeably With the phrase “substituted or unsub 
stituted.” In general, the term “substituted”, Whether preceded 
by the term “optionally” or not, refers to the replacement of 
hydrogen radicals in a given structure With the radical of a 
speci?ed substituent. Unless otherWise indicated, an option 
ally substituted group may have a substituent at each substi 
tutable position of the group, and When more than one posi 
tion in any given structure may be substituted With more than 
one substituent selected from a speci?ed group, the substitu 
ent may be either the same or different at every position. The 
terms “optionally substituted”, “optionally substituted alkyl,” 
“optionally substituted “optionally substituted alkenyl,” 
“optionally substituted alkynyl”, “optionally substituted 
cycloalkyl,” “optionally substituted cycloalkenyl,” “option 
ally substituted aryl”, “ optionally substituted heteroaryl,” 
“optionally substituted aralkyl”, “ optionally substituted het 
eroaralkyl,” “optionally substituted heterocycloalkyl,” and 
any other optionally substituted group as used herein, refer to 
groups that are substituted or unsubstituted by independent 
replacement of one, tWo, or three or more of the hydrogen 
atoms thereon With substituents including, but not limited to: 
[0097] alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heterocy 
cloalkyl, heteroaryl, arylalkyl, heteroarylalkyl, 
[0098] iF, iCl, iBr, fl, 
[0099] iOH, protected hydroxy, oxygen, oxo, 
[0100] iNOZ, %N, 
[0101] iNHZ, protected amino, iNH4C1-Cl2-alkyl, 
iNH-aryl, -dialkylamino, 4OiCl-Cl2-alkyl, iO-aryl, 
[0102] iC(O)i, iC(O)Oi, %(O)NHi, ADC 
(O)i, iOC(O)Oi, A)C(O)NHi, iNHC(O)i, 
iNHC(O)Oi, 

cloalkyl, 4C(O)-aryl, 4C(O)-heteroaryl, 4C(O)-heterocy 
cloalkyl, 
[0104] iC(O)O%l-Cl2-alkyl, %(O)OiC3-Cl2-cy 
cloalkyl, iC(O)O-aryl, 4C(O)O-heteroaryl, iC(O)O-het 
erocycloalkyl, 
[0105] iCONHz, %ONHiCl-Cl2-alkyl, iCONH 
aryl, 
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[0106] iOCO2%l-Cl2-alkyl, iOCOz-aryl, 
ADCONHD ADCONHiCI-CIZ-aIkyI, ADCONH-aryl, 
iNHC(O)iCl-Cl2-alkyl, iNHC(O)-aryl, iNHCOzi 
Cl-Clz-alkyl, iNHCOz-aryl, iS(O)4Cl-Cl2-alkyl, 
iS(O)-aryl, iSOzNHiCl-Cu-alkyl, iSOzNH-aryl, 
[0107] iNHSOz-Cl-Clz-alkyl, iNHSOz-aryl, 
[0108] iSH, iSiCl-Clz-alkyl, or iS-aryl. 
[0109] In certain embodiments, the optionally substituted 
groups include the folloWing: Cl-Cl2-alkyl, C2-C12-alkenyl, 
C2-Cl2-alkynyl, C3-C12-cycloalkyl, C3-C12-aryl, C3-Cl2 
heterocycloalkyl, C3-C12-heteroaryl, C4-C12-arylalkyl, or 
C2-Cl2-heteroarylalkyl. 
[0110] It is understood that the aryls, heteroaryls, alkyls, 
and the like can be further substituted. 
[0111] As used herein, the term “metal chelator” refers to 
any molecule or moiety that is is capable of forming a com 
plex (i.e., “chelates”) With a metal ion. In certain exemplary 
embodiments, a metal chelator refers to to any molecule or 
moiety that “binds” to a metal ion, in solution, making it 
unavailable for use in chemical/enzymatic reactions. In cer 
tain embodiments, the solution comprises aqueous environ 
ments under physiological conditions. Examples of metal 
ions include, but are not limited to, Ca“, Fe“, Zn“, Na", etc. 
In certain embodiments, the metal chelator binds Zn“. In 
certain embodiments, molecules of moieties that precipitate 
metal ions are not considered to be metal chelators. 
[0112] As used herein, the term “small molecule” refers to 
a non-peptidic, non-oligomeric organic compound either 
synthesiZed in the laboratory or found in nature. Small mol 
ecules, as used herein, can refer to compounds that are “natu 
ral product-like”, hoWever, the term “small molecule” is not 
limited to “natural product-like” compounds. Rather, a small 
molecule is typically characterized in that it contains several 
carbon-carbon bonds, and has a molecular Weight of less than 
1500, although this characteriZation is not intended to be 
limiting for the purposes of the present invention. Examples 
of “small molecules” that occur in nature include, but are not 
limited to, taxol, dynemicin, and rapamycin. In certain other 
preferred embodiments, natural-product-like small mol 
ecules are utiliZed. 

[0113] The term “subject” as used herein refers to a mam 
mal. A subject therefore refers to, for example, dogs, cats, 
horses, coWs, pigs, guinea pigs, and the like. Preferably the 
subject is a human. When the subject is a human, the subject 
may be referred to herein as a patient. 
[0114] Treat”, “treating” and “treatment” refer to a method 
of alleviating or abating a disease and/ or its attendant symp 
toms. 

[0115] As used herein, the term “pharmaceutically accept 
able salt” refers to those salts of the compounds formed by the 
process of the present invention Which are, Within the scope of 
sound medical judgment, suitable for use in contact With the 
tissues of humans and loWer animals Without undue toxicity, 
irritation, allergic response and the like, and are commensu 
rate With a reasonable bene?t/risk ratio. Pharmaceutically 
acceptable salts are Well knoWn in the art. For example, S. M. 
Berge, et al. describes pharmaceutically acceptable salts in 
detail in J. Pharmaceutical Sciences, 66: 1-19 (1977). The 
salts can be prepared in situ during the ?nal isolation and 
puri?cation of the compounds of the invention, or separately 
by reacting the free base function With a suitable organic acid. 
Examples of pharmaceutically acceptable include, but are not 
limited to, nontoxic acid addition salts are salts of an amino 
group formed With inorganic acids such as hydrochloric acid, 
hydrobromic acid, phosphoric acid, sulfuric acid and perchlo 
ric acid or With organic acids such as acetic acid, maleic acid, 
tartaric acid, citric acid, succinic acid or malonic acid or by 
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using other methods used in the art such as ion exchange. 
Other pharmaceutically acceptable salts include, but are not 
limited to, adipate, alginate, ascorbate, aspartate, benZene 
sulfonate, benZoate, bisulfate, borate, butyrate, camphorate, 
camphorsulfonate, citrate, cyclopentanepropionate, diglu 
conate, dodecylsulfate, ethanesulfonate, formate, fumarate, 
glucoheptonate, glycerophosphate, gluconate, hemisulfate, 
heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethane 
sulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, 
maleate, malonate, methanesulfonate, 2-naphthalene 
sulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, 
pamoate, pectinate, persulfate, 3-phenylpropionate, phos 
phate, picrate, pivalate, propionate, stearate, succinate, sul 
fate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, 
valerate salts, and the like. Representative alkali or alkaline 
earth metal salts include sodium, lithium, potassium, cal 
cium, magnesium, and the like. Further pharmaceutically 
acceptable salts include, When appropriate, nontoxic ammo 
nium, quaternary ammonium, and amine cations formed 
using counterions such as halide, hydroxide, carboxylate, 
sulfate, phosphate, nitrate, alkyl having from 1 to 6 carbon 
atoms, sulfonate and aryl sulfonate. 
[0116] As used herein, the term “pharmaceutically accept 
able ester” refers to esters of the compounds formed by the 
process of the present invention Which hydrolyZe in vivo and 
include those that break doWn readily in the human body to 
leave the parent compound or a salt thereof. Suitable ester 
groups include, for example, those derived from pharmaceu 
tically acceptable aliphatic carboxylic acids, particularly 
alkanoic, alkenoic, cycloalkanoic and alkanedioic acids, in 
Which each alkyl or alkenyl moiety advantageously has not 
more than 6 carbon atoms. Examples of particular esters 
include, but are not limited to, formates, acetates, propi 
onates, butyrates, acrylates and ethylsuccinates. 
[0117] The term “pharmaceutically acceptable prodrugs” 
as used herein refers to those prodrugs of the compounds 
formed by the process of the present invention Which are, 
Within the scope of sound medical judgment, suitable for use 
in contact With the tissues of humans and loWer animals With 
undue toxicity, irritation, allergic response, and the like, com 
mensurate With a reasonable bene?t/risk ratio, and effective 
for their intended use, as Well as the ZWitterionic forms, Where 
possible, of the compounds of the present invention. “Pro 
drug”, as used herein means a compound Which is convertible 
in vivo by metabolic means (eg by hydrolysis) to afford any 
compound delineated by the formulae of the instant inven 
tion. Various forms of prodrugs are knoWn in the art, for 
example, as discussed in Bundgaard, (ed.), Design of Pro 
drugs, Elsevier (1985); Widder, et al. (ed.), Methods in Enzy 
mology, vol. 4, Academic Press (1985); Krogsgaard-Larsen, 
et al., (ed). “Design andApplication of Prodrugs, Textbook of 
Drug Design and Development, Chapter 5, 113-191 (1991); 
Bundgaard, et al., Journal of Drug Deliver RevieWs, 811-38 
(1992); Bundgaard, J. of Pharmaceutical Sciences, 77:285 et 
seq. (1988); Higuchi and Stella (eds.) Prodrugs as Novel Drug 
Delivery Systems, American Chemical Society (1975); and 
Bernard Testa & Joachim Mayer, “Hydrolysis In Drug And 
Prodrug Metabolism: Chemistry, Biochemistry And Enzy 
mology,” John Wiley and Sons, Ltd. (2002). 
[0118] This invention also encompasses pharmaceutical 
compositions containing, and methods of treating disorders 
through administering, pharmaceutically acceptable pro 
drugs of compounds of the invention. For example, com 
pounds of the invention having free amino, amido, hydroxy or 
carboxylic groups can be converted into prodrugs. Prodrugs 
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include compounds Wherein an amino acid residue, or a 
polypeptide chain of tWo or more (e.g., tWo, three or four) 
amino acid residues is covalently joined through an amide or 
ester bond to a free amino, hydroxy or carboxylic acid group 
of compounds of the invention. The amino acid residues 
include but are not limited to the 20 naturally occurring amino 
acids commonly designated by three letter symbols and also 
includes 4-hydroxyproline, hydroxyysine, demosine, iso 
demosine, 3-methylhi stidine, norvalin, beta-alanine, gamma 
aminobutyric acid, citrulline, homocysteine, homoserine, 
omithine and methionine sulfone. Additional types of pro 
drugs are also encompassed. For instance, free carboxyl 
groups can be derivatiZed as amides or alkyl esters. Free 

hydroxy groups may be derivatiZed using groups including 
but not limited to hemisuccinates, phosphate esters, dimethy 
laminoacetates, and phosphoryloxymethyloxy carbonyls, as 
outlined inAdvanced Drug Delivery RevieWs, 1996, 19, 1 15. 
Carbamate prodrugs of hydroxy and amino groups are also 
included, as are carbonate prodrugs, sulfonate esters and sul 
fate esters of hydroxy groups. DerivatiZation of hydroxy 
groups as (acyloxy)methyl and (acyloxy)ethyl ethers Wherein 
the acyl group may be an alkyl ester, optionally substituted 
With groups including but not limited to ether, amine and 
carboxylic acid functionalities, or Where the acyl group is an 
amino acid ester as described above, are also encompassed. 
Prodrugs ofthis type are described in J. Med. Chem. 1996, 39, 
10. Free amines can also be derivatiZed as amides, sulfona 
mides or phosphonamides. All of these prodrug moieties may 
incorporate groups including but not limited to ether, amine 
and carboxylic acid functionalities 
[0119] Combinations of substituents and variables envi 
sioned by this invention are only those that result in the 
formation of stable compounds. The term “stable”, as used 
herein, refers to compounds Which possess stability suf?cient 
to alloW manufacture and Which maintains the integrity of the 
compound for a su?icient period of time to be useful for the 
purposes detailed herein (e.g., therapeutic or prophylactic 
administration to a subject). 

[0120] The terms “isolated,” “puri?ed,” or “biologically 
pure” refer to material that is substantially or essentially free 
from components that normally accompany it as found in its 
native state. Purity and homogeneity are typically determined 
using analytical chemistry techniques such as polyacryla 
mide gel electrophoresis or high performance liquid chroma 
tography. Particularly, in embodiments the compound is at 
least 85% pure, more preferably at least 90% pure, more 
preferably at least 95% pure, and most preferably at least 99% 
pure. 

[0121] Compounds of the Invention 
[0122] In one aspect, the invention provides a compound of 
formula I: 

<1) 
0 O 

OH; 

[0123] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
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wherein, 
[0124] Z is N or CR*, wherein R* is an optionally substi 
tuted alkyl, an optionally substituted acyl, an optionally sub 
stituted aryl or an optionally substituted heteroaryl; 
[0125] ring A is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0126] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0127] R1 is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, C(O)Oi 
R2, or S(O)P, each of Which may be optionally substituted; or 
(ii) When Z is CR*, R 1 may be optionally substituted branched 
alkyl, OR3, or N(R3)(R3), %H2CH2OH, OCH2CH2OH, 
SH, or thio alkoxy; 
[0128] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl; 
[0129] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; 
[0130] R is H or an optionally substituted alkyl; or R and 
ringA may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0131] each R2 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0132] each R3 is independently alkyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl, each of Which is optionally 
substituted; 
[0133] n is 4, 5,6,7 or 8; and 

[0134] p is 0, l, or 2. 
[0135] In one embodiment, the ring A is phenyl, naphthyl, 
anthracenyl, pyridinyl, pyrimidinyl, pyraZinyl, indolyl, imi 
daZolyl, oxaZolyl, furyl, thienyl, thiaZolyl, triaZolyl, isox 
aZolyl, quinolinyl, pyrrolyl, pyraZolyl, or 5,6,7,8-tetrahy 
droisoquinoline; each of Which may be optionally 
substituted. 

[0136] In another embodiment, the ring B is phenyl, naph 
thyl, anthracenyl, pyridinyl, pyrimidinyl, pyraZinyl, indolyl, 
imidaZolyl, oXaZolyl, furyl, thienyl, thiaZolyl, triaZolyl, isox 
aZolyl, quinolinyl, pyrrolyl, pyraZolyl, or 5,6,7,8-tetrahy 
droisoquinoline; each of Which may be optionally substi 
tuted. 

[0137] In certain embodiments, R1 is H, optionally substi 
tuted alkyl, optionally substituted aryl, or optionally substi 
tuted heteroaryl, or R1 is OH or alkoxy. 

[0138] In a further embodiment, R1 is H, methyl, ethyl, 
propyl, i-propyl, butyl, i-butyl, t-butyl, pentyl, hexyl, phenyl, 
naphthyl, pyridinyl, OH, OCH3, OCH2CH3, OiPr, O-iPr, 
O-Bu, O-sBu, or O-tBu; each of Which may be optionally 
substituted. 

[0139] In various embodiments, R1 is OH, alkoxy, NH2, 
NH(alkyl), N(alkyl)(alkyl), NH-aryl, NH-hetroaryl, N(aryl) 
(aryl), N(aryl)(heteroaryl), or N(heteroaryl)(heteroaryl). 
[0140] In other embodiments, the carbonyl and the Z group 
attached to ring A are disposed para to each other. 

[0141] In other embodiments, the carbonyl and Z group 
attached to ring A are disposed meta to each other. 

[0142] In another embodiment, the carbonyl and the Z 
group attached to ring A are disposed ortho to each other. 
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[0143] In one embodiment, the invention provides a com 
pound formula II: 

[0144] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0145] each of X1, X2, X3, or X4 is independently N, CR', 
O, S, NCR', CR'CR', OCR', SCR', or absent, or X 1 or X4 may 
be joined With R to form a bicyclic ring; Wherein up to three 
ofXl, X2, X3, or X4 may be N; 
[0146] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0147] R1 is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, or C(O)Oi 
R2, each of Which may be optionally substituted; 
[0148] R is H or an optionally substituted alkyl; or R andXl 
or X4 may be joined to form a fused bicyclic ring Which may 
be optionally substituted; 
[0149] each R' is independently H, optionally substituted 
alkyl, halo, OH, NH2, NHR", haloalkyl, CN, N3, NO2; 
[0150] R" is H or alkyl; and 
[0151] R2 is alkyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl, each of Which is optionally substituted. 
[0152] In certain embodiments, X1, X2, X3, and X4 are all 
CR'. 
[0153] In other embodiments, X2 and X3, are N and X l and 
X4 are CR'. 
[0154] In another embodiment, X2 and X3, are CR' and X1 
and X4 are N. 
[0155] In still other embodiments, X2, is N; X3 is S, N or O; 
X1 is CR' and X4 is absent. 
[0156] In one embodiment, ring B is phenyl, pyridinyl, 
pyrimidinyl, or pyraZinyl; each of Which may be optionally 
substituted. 
[0157] In a further embodiment, ring B is substituted by 
alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, aralkyl, 
haloalkyl, hal, OH, NH2, NHR", CN, N3, or NO2. 
[0158] In certain embodiments, R1 is H, alkyl, aryl, aryla 
lkyl, or heteroaryl, each of Which may be optionally substi 
tuted. 
[0159] In another embodiment, the invention provides a 
compound of formula III: 

[0160] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
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wherein, 
[0161] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0162] R1 is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, carbocyclic, C(O)iR2, or C(O)Oi 
R2, each of Which may be optionally substituted; 
[0163] R2 is optionally substituted heteroaryl, and 
[0164] R is H or an optionally substituted alkyl; or R and the 
phenyl ring may be joined to form a fused [6,5] bicyclic ring 
Which may be optionally substituted. 

[0165] In one embodiment, ring B is phenyl, pyridinyl, 
pyrimidinyl, or pyraZinyl; each of Which may be optionally 
substituted. 

[0166] In a further embodiment, ring B is substituted by 
alkyl, aryl, aralkyl, haloalkyl, hal, OH, NH2, CN, or NO2. 
[0167] In other embodiments, R1 is H, alkyl, aryl, arylalkyl, 
heteroaryl, C(O)iR2, or C(O)OiR2, each of Which may be 
optionally substituted. 
[0168] In various embodiments, R2 is optionally substi 
tuted pyridinyl. 
[0169] In another embodiment, the invention provides a 
compound of formula IV: 

N \ 
| KN/ 

(IV) 

O O 

OH; N/WQkN/ 
| H 
R 

R 

[0170] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0171] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0172] R1 is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, or carbocyclic, each of Which may 
be optionally substituted; 
[0173] or ring B and R1 may together With the atom to 
Which each is attached, form an optionally substituted hetero 
cyclic, or an optionally substituted heteroaryl, and 
[0174] R is H or an optionally substituted alkyl; or R and the 
1,3-pyrimidinyl ring may be joined to form a fused bicyclic 
ring Which may be optionally substituted. 
[0175] In certain embodiments, ring B is phenyl, pyridinyl, 
pyrimidinyl, or pyraZinyl; each of Which may be optionally 
substituted. 

[0176] In a further embodiment, ring B is substituted by 
alkyl, aryl, aralkyl, haloalkyl, halo, OH, NH2, CN, or NO2. 
[0177] In other embodiments, R1 is H, alkyl, aryl, arylalkyl, 
or heteroaryl, each of Which may be optionally substituted. 

[0178] In another embodiment, R1 is substituted by OH or 
halo. 

[0179] In certain embodiments, the ring formed by ring B 
and R1 is piperidine, pyrrolidine, tetrahydroquinoline, mor 
pholine, piperaZine, tetrahydro-triaZolo pyraZine, or diaZ 
epane, each of Which is optionally substituted. 
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[0180] In another embodiment, the invention provides a 
compound of formula V: 

(V) 

OH; 

[0181] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0182] each ofXl, X2, or X3 is independently N or CR'; 
[0183] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0184] R1 is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, or carbocyclic, each of Which may 
be optionally substituted; 
[0185] each R A and RE is independently H, NH(RC), N(RC) 
(RC), N(RC)CO(RC), C02H, C(O)RC, C(O)ORC, C(O)NHZ, 
C(O)NH(RC), C(O)N(RC)(RC), SOZRC, SORC, SRC, alkyl, 
aryl, arylalkyl, alkoxy, heteroaryl, heterocyclic, and carbocy 
clic, each of Which may be further substituted; or R A and RB 
together With the carbon to Which they are attached form a 
carbonyl; 
[0186] each RC is independently H, alkyl, alkenyl, aryl, 
heteroaryl, cycloalkyl, or heterocyclic, each of Which may be 
further substituted; 
[0187] R' is H, optionally substituted alkyl, halo, OH, NH2, 
NHR", haloalkyl, CN, N3, NO2; 
[0188] R" is H or alkyl; and 
[0189] m is l or 2. 
[0190] In a related embodiment, the invention provides a 
compound of formula Va: 

(Va) 

[0191] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
Wherein, 
[0192] each ofXl, X2, or X3 is independently N or CR'; 
[0193] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0194] R1 is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, 
heteroaryl, heterocyclic, or carbocyclic, each of Which may 
be optionally substituted; 
[0195] each R A and RE is independently H, NH(RC), N(RC) 
(RC), N(RC)CO(RC), CO2H, C(O)RC, C(O)ORC, C(O)NH2, 
C(O)NH(RC), C(O)N(RC)(RC), SOZRC, SORC, SRC, alkyl, 
aryl, arylalkyl, alkoxy, heteroaryl, heterocyclic, and carbocy 
clic, each of Which may be further substituted; or R A and RB 
together With the carbon to Which they are attached form a 
carbonyl; 
[0196] each RC is independently H, alkyl, alkenyl, aryl, 
heteroaryl, cycloalkyl, or heterocyclic, each of Which may be 
further substituted; 
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[0197] R' is H, optionally substituted alkyl, halo, OH, NH2, 
NHR", haloalkyl, CN, N3, NO2; 
[0198] R" is H or alkyl; and 

[0199] m is l or 2. 

[0200] In one embodiment, X1, X2, and X3, are all indepen 
dently CR'. 

[0201] In another embodiment, ring B is phenyl, pyridinyl, 
pyrimidinyl, or pyraZinyl; each of Which may be optionally 
substituted. 

[0202] In a further embodiment, ring B is substituted by 
alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, aralkyl, 
haloalkyl, halo, OH, NH2, NHR", CN, N3, or NO2. 
[0203] In certain embodiments, R1 is H, alkyl, aryl, aryla 
lkyl, or heteroaryl, each of Which may be optionally substi 
tuted. 

[0204] In another embodiment, the invention provides a 
compound of formula VI: 

(VI) 

O O 

OH, \ N/\/\/\)l\N/ 
I I H 

R* R 
R1 / 

[0205] or a pharmaceutically acceptable salt, ester or pro 
drug thereof, 
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Wherein, 
[0206] ring B is an optionally substituted aryl or an option 
ally substituted heteroaryl; 
[0207] R* is an optionally substituted alkyl, an optionally 
substituted aryl or an optionally substituted heteroaryl; 
[0208] R1 is H, alkyl, aryl, arylalkyl, heteroaryl, heterocy 
clic, carbocyclic, OH, alkoxy, NH2, NH(alkyl), or N(alkyl) 
(alkyl); 
[0209] or R* and R1 together With the atom to Which each is 
attached, may form an optionally substituted carbocyclic, 
optionally substituted heterocyclic, optionally substituted 
aryl or optionally substituted heteroaryl ring; and 
[0210] R is H or an optionally substituted alkyl. 
[0211] In one embodiment, ring B is phenyl, pyridinyl, 
pyrimidinyl, pyraZinyl, or thiaZole; each of Which may be 
optionally substituted. 
[0212] In another embodiment, R* is methyl, tri?uorom 
ethyl, phenyl, pyridinyl, pyrimidinyl, pyraZinyl, or thiaZole; 
each of Which may be optionally substituted. 
[0213] In certain embodiments, R1 is OH, methoxy, or 
ethoxy. 
[0214] In various embodiments, ring B and R* are each 
independently substituted With one or more of alkyl, halogen, 
or C(O)NRXRY, Wherein RXis H or alkyl, and RYis H or alkyl. 
[0215] In other embodiments, ring B and R* are each inde 
pendently substituted With one or more of methyl, F, or C(O) 
N(Me)2. 
[0216] In another aspect, the invention provides a pharma 
ceutical composition comprising a compound of formula I, or 
a pharmaceutically acceptable ester, salt, or prodrug thereof, 
together With a pharmaceutically acceptable carrier. 
[0217] Representative compounds of the invention include, 
but are not limited to, the folloWing compounds of Table 1 
below. 

TABLE 1 

4- (diphenylarnino)—N—(7—(hydroxya.rnino)—7 
oxoheptyl)benza.rnide 

IC50(nM) HDAC6 I 18 HDAC3 I 316 

AN 
U 

4-(dipyrimidin—2—yla.rnino)-N—(7 
(hydroxyalnino)—7—oxoheptyl)benza.rnide 
IC50(nM) HDAC6 I 174 HDAC3 I 1089 
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TABLE l-continued 

N/ 

Ql 1% g 
T 

g’ 
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O O 

OH NWkN/ 
H H 
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CN 






















































































































