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(57) Abstract: This invention provides
the compound having the structure
wherein n is 1- 10; X is C-Ry; or N,
wherein R;; is H, OH, SH, F, Cl, SO,R;,
NO,, trifluoromethyl, methoxy, or
CO-R;, wherein R; is alkyl, alkenyl,
alkynyl, C;5-Cg cycloalkyl, or aryl; R, is
H or NR;3R,, wherein R; and R, are each
independently H, C;-Cs alkyl, or C5-Cg
cycloalkyl; Rs is OH or SH; and R,
RpA Ry, and Ryyare each independently
H, OH, SH, F, CI, SO,R;5, NO,,
trifluoromethyl, methoxy, or CO-Ris,
wherein Rys is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl, or a salt of
the compound, which is useful in the
treatment of tumors.
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HDAC INHIBITORS

This application claims the benefit of ©U.S. Provisional
Application Nos. 61/063,965, filed February 6, 2008;
61/008,673, filed December 21, 2007; and 60/997,338, filed
October 1, 2007, the contents of each of which in its entirety

is hereby incorporated by reference.

Throughout this applicatibn, certain publications are
referenced. Full citations for these publications may be found
immediately preceding the claims. The disclosures of these
publications in their entireties are hereby incorporated by
reference into this applicétion in order to describe more

fully the state of the art to which this invention relates.

Background of the Invention

Histone deacetylases (hereinafter also referred as HDACs) are
known to play an essential role 1in the transcriptional
machinery for regqulating gene expression, induce histone
hyperacetylation and to affect the gene expression. Therefore,
it is a target of a therapeutic or prophylactic agent for
diseases caused by abnormal gene expression such as
inflammatory disorders, diabetes, diabetic complications,
homozygous thalassemia, fibrosis, cirrhosis, acute
promyelocytic leukemia (APL), organ transplant rejections,
autoimmune diseases, protozoal infections, tumors, etc., to

inhibit HDAC proteins.

Acetylation and deacetylation of histones are carried out by
histone acetyl transferases (HAT) and histone deacetylases

(HDACs). The state of acetylation of histones is an important
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determinant of gene transcription. Deacetylation is generally
associated with reduced transcription of genes whereas
increased acetylation of histones as induced by the action of
HDAC inhibitors results in greater transcription of genes.
Thus, HDAC inhibitors affect multiple processes in the cell
which are likely to depend upon the dynamic state of the cell
with  respect to its capabilities of replication and

differentiation.

The study of inhibitors of histone deacetylases indicates that
these enzymes play an important role in cell proliferation and
differentiation. The inhibitor Trichostatin A (TSA) (Yoshida
et al. (1990) “Structural specificity for biological activity
of trichostatin A, a specific inhibitor of mammalian cell
cycling with potent differentiation-inducing activity 1in
Friend leukemia cells” J. Antibiot. 43(9):1101-6), causes cell
cycle arrest at both Gl and G2 phases (Yoshida and Beppu,
(1988) “Reversible arrest of proliferation of rat 3Y1
fibroblasts in both the Gl and G2 phases by trichostatin A”
Exp Cell Res. 177(1):122-31), reverts the transformed
phenotype of different cell lines, and induces differentiation
of Friend leukemia cells and others. TSA and suberoylanilide
hydroxamic acid (SAHA) have been reported to 1inhibit cell
growth, induce terminal differentiation, and prevent the
formation of tumours in mice (Finnin et al., (1999)
“Structures of a histone deacetylase homologue bound to the

TSA and SAHA inhibitors” Nature 401, 188 - 193).

Cell <cycle arrest by ‘TSA correlates with an increased
expression of gelsolin (Hoshikawa et al., (1994) “Trichostatin
A induces morphological changes and gelsolin expression by
inhibiting histone deacetylase in human carcinoma cell lines”
Exp Cell Res. 214(1):189-97), an actin regulatory protein that

is down regulated in malignant breast cancer (Mielnicki et
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al., (1999) “Epigenetic Regulation of Gelsolin Expression in
Human Breast Cancer Cells” Experimental Cell Research, 249(1)
PP . 161-176) . Similar effects on cell cycle and
differentiation have Dbeen observed with a number  of
deacetylase inhibitors (Kim et al., (1999) “Selective
Induction of Cyclin-Dependent Kinase Inhibitors and Their
Roles in Cell Cycle Arrest Caused by Trichostatin A, an
Inhibitor of Histone Deacetylase”

Ann. N.Y. Acad. Sci. 886: 200-203).

Trichostatin A has also been reported to be useful in the
treatment of fibrosis, e.qg., liver fibrosis and Lliver
cirrhosis. See, e.g., Geerts et al., (1998) “Hepatic Stellate
Cells and Liver Retinoid Content in Alcoholic Liver Disease in

Humans” Clinical and Experimental Research 22 (2), 494-500.

Recently, certain compounds that induce differentiation have
been reported to inhibit histone deacetylases. Several
experimental antitumour compounds, such as trichostatin A
(TSA), trapoxin, suberoylanilide hydroxamic acid (SAHA), and
phenylbutyrate have been reported to act, at least in part, by
inhibiting histone deacetylase (see, e.g., Yoshida et al.
(1990) “Structural specificity for biological activity of
trichostatin A, a specific inhibitor of mammalian cell cycle
with potent differenfiation—inducing activity in Friend
leukemia cells” J. Antibiot. 43(9):1101-6; Richon et al.,
(1998) “A class of hybrid polar inducers of transformed cell
differentiation inhibits histone deacetylases” PNAS 95(6)
3003-3007; and Kijima et al., (1993) ™“Trapoxin, an antitumor
cyclic tetrapeptide, is an irreversible inhibitor of mammalian
histone deacetylase” J. Biol. Chem., 268(30) 22429-22435).
Additionally, diallyl sulfide and related molecules (see,
e.g., Lea et al., (1999) "“Increased acetylation of histones

induced by diallyl disulfide and structurally related
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molecules” Int J Oncol. 15(2):347-52), oxamflatin (see, e.g.,
Kim et al., (1999) “Selective Induction of Cyclin-Dependent
Kinase Inhibitors and Their Roles in Cell Cycle Arrest Caused
by Trichostatin A, an Inhibitor of Histone Deacetylase” Ann.
N.Y. Acad. Sci. 886: 200-203), Ms-27 275, a synthetic
benzamide derivative (see, e.g., Saito et al., {(1999) “A
synthetic inhibitor of histone deacetylase, MS-27-275, with
marked in vivo antitumor activity against human tumors” PNAS
96 (8) 4592-4597; Suzuki et al., (1999) “Synthesis and Histone
Deacetylase Inhibitory Activity of New Benzamide Derivatives”
J. Med. Chem., 42 (15), 3001 -3003; note that MS-27 275 was
later re-named as MS-275); butyrate derivatives (see, e.g.,
Lea and Tulsyan, (1995) *“Discordant effects of butyrate
analogues on erythroleukemia cell proliferation,
differentiation and histone deacetylase” Anticancer Res.
15(3):879-83), FR901228 (see, e.g., Nokajima et al., 1998),
depudecin (see, e.g., Kwon et al., (1998) ™“Depudecin induces
morphological reversion of transformed fibroblasts via the

inhibition of histone deacetylase” PNAS 95(7) 3356-3361), and

'm—carboxycinnamic acid bishydroxamide (see, e.g., Richon et

al., 1998) have been reported to inhibit histone deacetylases.
In vitro, some.of these compounds are reported to inhibit the
growth of fibroblast cells by causing cell cycle arrest in the
Gl and G2 phases, and can lead to the terminal differentiation
and loss of transforming potential of a variety of transformed
cell lines (see, e.g., Richon et al, 1996; Kim et al., 1999;
Yoshida et al., 1995; Yoshida & Beppu, 1988 (full cites
provided earlier)). In vivo, phenylbutyrate is reported to be
effective in the treatment of acute promyelocytic leukemia in
conjunction with retinoic acid (see, e.g., Warrell et al.,
(1998) “Therapeutic Targeting of Transcription in Acute
Promyelocytic Leukemia by Use of an Inhibitor of Histone
Deacetylase” Journal of the National Cancer Institute, Vol.

90, No. 21, 1621-1625). SAHA 1is reported to be effective in
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preventing the formation of mammary tumours in rats, and lung

tumors in mice (see, e.g., Desal et al., 1999).

The clear involvement of HDACs in the «control of cell
proliferation and differentiation suggest that aberrant HDAC
activity may play a role in cancer. The most direct
demonstration that deacetylases contribute to cancer
development comes from the analysis of different acute
promyelocytic leukaemias (APL). In most APL patients, a
translocation of chromosomes 15 and 17 (t(15;17)) results in
the expression of a fusion protein containing the N-terminal
portion of PML gene product linked to most of RARa (retinoic
acid receptor). In some cases, a different translocation
(t(11;17)) causes the fusion between the zinc finger protein
PLZF and RARa. In the absence of ligand, the wild type RAR«x
represses target genes by tethering HDAC repressor complexes
to the promoter DNA. During normal hematopoiesis, retinoic
acid (RA) binds RARa and displaces the repressor complex,
allowing expression of genes implicated in myeloid
differentiation. The RARa fusion proteins occurring in APL
patients are no longer responsive to physiological levels of
RA and they interfere with the expression of the RA—inducibie
genes that promote myeloid differentiation. This results in a
clonal expansion of promyelocytic cells and development of
leukemia. In vitro experiments have shown that TSA is cépable
of restoring RA-responsiveness to the fusion RARa proteins and
of allowing myeloid differentiation. These results establish a
link between HDACs and oncogenesis and suggest that HDACs are
potential targets for pharmaceutical intervention in APL
patients. (See, for example, Kitamura et al., (2000) “Histone
deacetylase inhibitor but not arsenic trioxide differentiates
acute promyelocytic leukaemia cells with t(11;17) in
combination with all-trans retinoic acid” Brit. J. Hemat.

108 (4) 696-702,; David et al., (1998) "“Histone deacetylase
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associated with mSin3A mediates repression by the acute
promyelocytic leukemia-associated PLZF protein” Oncogene
(1998) 16, 2549-2556; Lin et al., (1998) “Role of the histone
deacetylase complex in acute promyelocytic leukaemia” Nature

391(6669):811-4).

Furthermore, different lines of evidence suggest that HDACs
may be important therapeutic targets in other types of cancer.
Cell 1lines derived from many different cancers (prostate,
colorectal, breast, neuronal, hepatic) are induced to
differentiate by HDAC inhibitors (Yoshida and Horinouchi,
(1999) “Trichostatin and Leptomycin: Inhibition of Histone
Deacetylation and Signal-Dependent Nuclear Export” Annals of
the New York Academy of Sciences 886:23-35). A number of HDAC
inhibitors have been studied in animal models of cancer. They
reduce tumor growth and prolong the lifespan of mice bearing
different types of transplanted tumours, including melanoma,
leukemia, colon, lung and gastric carcinomas, etc. (Ueda et
al., (1994) “Serum levels of cytokines in patients with
colorectal cancer: Possible involvement of interleukin-6 and
interleukin-8 in hematogenous metastasis” 29(4); Kim et al.,

1999).

Several of the known HDAC inhibitors have been found to be
protective in different cellular and animal hodels of acute
and chronic neurodegenerative injury and disease, for example,
ischemic stroke, multiple sclerosis, and polyglutamine-
expansion diseases, such as Huntington’s disease and spinal
and bulbar muscular atrophy (SBMA) (Kozikowski et al, J. Med.
Chem. (2007), 50, 3054-3061). Furthermore, recent findings
suggest that HDAC inhibitors <can ameliorate deficits 1in
synaptic plasticity, cognition, and stress-related behaviors
in a wide range of neurologic and psychiatric disorders

including Huntington’s disease, Parkinson’s disease, anxiety
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and mood disorders, Rubinstein-Taybi syndrome, and Rett
syndrome (Abel, T and Zukin, R.S., Current Opinion 1in
Pharmacdlogy (2008) 8:57-64). Beglopoulos and Shen
(Beglopoulos, V. and Shen, J., ' TRENDS in Pharmacological
Sciences (2006) 27:33-40) found. that inhibitors of
phosphodiesterase 4 and histone deacetylases reduce memory
deficits and neurodegeneration in animal models of AD
affecting cAMP response element (CRE) genes. Recently,
Fischer et al (Fischer, A. et al., Nature (2007) 447:178-182)
reported improved learning behavior and access to long-term
memories after significant neuronal loss and brain atrophy can
be reestablished in a mouse model by environmental enrichment
and by treatment with inhibitors of histone deacetylases (see
reviews and commentaries by Sweat, J.D. et al., Nature (2007)
447:151-152; Mangan, K.P. and Levenson, J.M., Cell (2007)
129:851-853; Albert, M.S., New Engl. J. Med. (2007)
357(5):502-503; and Abel, T and Zukin, R.S., Current Opinion
in Pharmacology (2008) 8:57-64). There appears to be a poorly
understood component of neurodegenerative diseases related to
excessive histone deacetylase activity, or at least a
condition of reduced acetylation of certain histones that is
corrected by increased acetylation resulting 1in improved
learning and memory. In this respect, inhibition of certain
histone deacetylases with the compoﬁnds described herein may
potentially prove to be advantagebus in the treatment of

neurodegenerative diseases such as AD.

It has been estimated that neurodegenerative diseases
presently affect 20 million individuals worldwide. The cost
for medical care of patients with AD, for example, was $91
billion in 2005 and is predicted to increase to $160 billion
by 2010 (Burke, R.E., Pharmacology and Therapeutics (2007)
114:262-277). Despite considerable research on the etioclogy

and pharmacologic treatment of these diseases, no therapy is



10

15

20

25

- 30

WO 2009/045440 8 PCT/US2008/011367

known to delay their progression (Schapira, A.H.V. and Olanow,
C.W., JAMA (2004)291:358-364; Burke, R.E., Pharmacology and
Therapeutics (2007) 114:262-277). Alzheimer’s disease (AD) and
other neurodegenerative diseases are called tauopathies
because they are characterized by the accumulation of
aggregates of the tau protein in neurons. Tau proteins
promote the assembly and stabilization of microtubular
structures in neurons. Neurodegenerative diseases such as
AD are frequently characterized by impaired Ilearning and
memory. The mechanism(s) responsible for these most
troublesome symptoms 1is associated with death of neuronal
cells. At a molecular level, the basis for changes in memory
formation and consolidation has been linked to the activity of
histone deacetlylases chromatin structures (Korzus, E. et al.,
Neuron (2004) 42:961-972; Levenson, J.M. et al., The Journal
of Biological Chemistry (2004) 279:40545-40559).

Histone deacetylases also play a significant «role in
inflammatory diseases ({Hildemann et al. Appl Microbiol
Biotechnol (2007), 75(3), 487-497; Riester et al. Appl
Microbiol Biotechnol (2007), 75(3), 499-514; Adcock, IM! Br J
Pharmacol (2007), 150(7), 829-831; Huang L, J Cell Physiol
(2006), 209(3), 611-616). Diverse cellular functions including
the regulation of inflammatory gene expression, DNA repair and
cell proliferation are regﬁlated by changes in the acetylation
status of histones and non-histone proteins. Recently, in
vitro and 1in vivo data indicate that HDAC inhibitors may be
anti-inflammatory due to their effects on cell death acting
through acetylation of non-histone proteins. Although there
are concerns over the long-term safety of these agents, they
may prove useful particularly in situations where current
anti-inflammatory therapies are suboptimal (Adcock, IM. Br J

Pharmacol (2007), 150(7), 829-831).
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Histone deacetylase inhibitors are also proposed as potential
anti-HIV agents targeting Zn functional groups in retroviral
zinc finger domains, based on the hypothesis and data advanced
by Song et al. (2002) “Synthesis and Biological Properties of
Amino Acid Amide Ligand-Based Pyridinicalkanoyl Thiocesters as
Anti-HIV agents” Bioorganic & Medicinal Chemistry 10,  1263-
1273.

Histone deactylase inhibitors are also proposed as potential
inhibitors of cardiac hypertrophy based on the data advanced
by the following references: WO 2007021682, WO 2006129105, WO
2007014029, WO 2006023603, U.S. Patent Application Publication
No. 2007-0004771, U.S. Patent Application Publication 2007-
0135433, U.S. Patent Application Publication 2006-0235231, EP
1663310, U.S. Patent Application Publication 2007-0135365, EP
1694688, EP 1715870, EP 1691891, JPp 2007511528, EP 1699436,
and JP 2007514665.

The major structural group of HDAC inhibitors includes a
hydroxamic acid component, presumed to be critical to the
inhibitory activity of these molecules by their ability to
bind zinc. Several other types of zinc binding groups as
components of novel HDAC inhibitors are under evaluation. We
have developed a novel series of HDAC inhibitors using a
mercaptobenzaminoyl group as the zinc binder and believe that
this moiety could be used in place of the hydroxamic acid and
other zinc binding moieties on all other HDAC inhibitors to
pbtential advantage. The synthesis of these HDAC inhibitors is

described herein.

The compounds disclosed herein are also active inhibitors of
proliferation of human cancer cells. These compounds inhibit
the activity of histone deacetylase 3 and histone deacetylase

4 (HDAC3 and HDAC4, respectively), and also affect the
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stability of N-CoR in human brain cell lines (U-87) when cells

are exposed to these compounds in culture.
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Summary of the Invention

This invention provides the compound having the structure

/Ra
Ri3 H Z |
R12 Z N R
/
SR
> (@) R5
Ry™ X° "Ry
wherein
n is 1-10;

X is C-R;1 or N, wherein Rjs is H, OH, SH, F, Cl, SOsR7,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

O
e

R, is H or NR3R4, wherein R; and Ry are each independently

Z 1is

H, C;-Cgs alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Re¢, Riz, Ri3, and Ry are each independently H, OH, SH, F,
. Cl, SOzRis5, NO;, trifluoromethyl, methoxy, or CO-R;s,

wherein Rjs is alkyl, alkenyl, alkynyl, C;3-Cg cycloalkyl,

or aryl, or »

a salt of the compound.

This invention provides a process for preparing a compound

having the structure:

/Re
Ri3 H Z |
Ry2 z N X
=
YA
NS O Rs
R, X Rq4
wherein
n is 1-10;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO;Ry,
NO,, trifluoromethyl, methoxy, or CO-R;y, wherein R; 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;
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@)
Ko

R, is H or NR3Rs;, wherein R3; and Rs; are each independently

Z is

H, C;-Cg¢ alkyl, or C3-Cg cycloalkyl;

Ry is OH or SH; and

Re¢, Riz2, Ri3, and R;4 are each independently H, OH, SH, F,
Cl, SO2R15, NO,, trifluoromethyl, methoxy, or CO-R;s,
wherein R;s is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,

or aryl;

comprising:

a) contacting a compound having the structure

Ri3
Riz_~~_-Ris
o |
Ry X° "Ry
O
. . YU\OH . |
wherein Rjs 1s or NH;, with a compound having

the structure

H
R N.
S\H: Rg
o) o)

2 M on AN

wherein Rg 1is or NH;, Rg is H or

OtBu

and with a compound having the structure

R
//|6
0]
Ryg” N
O Y-ogofee

wherein Rijg is H or Me,

mis 1 or 2, and
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when m is 1, o is absent, Y is OH or SH; or

when m is 2, o is present, and Y is S, to form the

compound having the structure

/Re
Ria H /|
Riza A Z LN AN
. H: o JNCOPTR S
Ry X~ Ry al

O
Pt

This invention provides a method of treating a subject with a

wherein Z is

neurodegenerative disease comprising administering to the

10 subject a compound having the structure

/Re
: Ri3 H =z |
R12 Va Z\ea/N ™
n
NS I O R5
R X° "Ry
wherein
n is 1-10;
X is C-Ri; or N, wherein R;; is H, OH, SH, F, Cl, SO3Ry,

15 NO,, trifluoromethyl, methoxy, or CO-Ry, wherein R; is
alkyl, alkenyl, alkynyl, C;3-Cg cycloalkyl, or aryl;

@)
Kt

R, is H or NR3Rs, wherein R3 and R; are each independently

Z 1is

H, C1-Cg¢ alkyl, or Cs3~-Cg cycloalkyl;

20 Rs is OH or SH; and
R¢, Ri2, Ri3, and Ri4 are each independently H, OH, SH, F,
Cl, SOzRis, NO,, trifluoromethyl, methoxy, or CO-R;s,
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wherein Rys is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or
a salt of the compound in an amount effective to treat

the subject.

This invention provides a method for reducing the aggregation
of Tau protein in a cell comprising contacting the cell with

an effective amount of a compound having the structure

/Re
Ry3 H |/ |
Ri2 Zz N N
=
YA
N O R5
Ry”™ X° "Ryg

wherein
n is 1-10;

X is C-R;; or N, wherein Ry; is H, OH, SH, F, Cl, SOzRy,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is

alkyl, alkenyl, alkynyl, C;3-Cg cycloalkyl, or aryl;

O
Sy

R, is H or NR3R;, wherein Rs and R; are each independently

Z 1is

H, C1-Cg¢ alkyl, or C;3-Cg cycloalkyl;
Rs is OH or SH; and
Re¢, Ri2, Ri3, and Rjs are each indepéndently H, OH, SH, F,
Cl, SOzR;5, NO,, trifluoromethyl, methoxy, or CO-Ris,
wherein Ris is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or '

a salt of the compound, so as to thereby inhibit the

aggregation of Tau protein in the cell.
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Brief Description of the Figures

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1:

Inhibition of growth of glioblastoma multiforme
cell line U373 by compound 201 measured at 1, 3
and 7 days.

Inhibition of growth of glioblastoma multiforme
cell line U373 by compound 203 measured at 1, 3
and 7 days.

Inhibition of growth of glioblastoma multiforme
cell line U373 by compound 204 measured at 1, 3
and 7 days.

Inhibition of growth of glioblastoma multiforme
cell line U373 by compound 205 measured at 1, 3
and 7 days.

Inhibition of growth of glioblastoma multiforme

cell line U373 by compound 206 measured at 1, 3
and 7 days.

Inhibition of compound 205, compound 206, or
SAHA on GBM xenograft tumor volume measured at

0, 7, 14, 21 and 28 days.

Inhibition of growth of medulloblastoma cell
line DAQY by compound 205 or compound 205 in
combination with ATRA measured at 1, 3 and 7

days.

Inhibition of the growth of breast cancer cell
line, MDA-MB-231: Graphical representation (A)
and curve fit with ICsg value (B) of data

obtained following exposure of MDA-MB-231 cells
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Figure 8B:

Figure 8C:

Figure 8D:

16 PCT/US2008/011367

to compound 205 using the CellTiter-Glo assay.

The effects of 10 pM doxorubicin that was used

- as'a positive control are also shown in A. Each

Each point represents the mean * SD of at least

triplicate samples.

Inhibition of the growth of the colon cancer
cell line HT-29: Graphical representation (A)
and curve fit with 1ICsq wvalue (B) of data
obtained following exposure of HT-29 cells to
compound 205 using the CellTiter-Glo assay. The
effects of 10 uM doxorubicin that was used as a
positive control are also shown in A. Each Each
point represents the mean + SD of at least

triplicate samples.

Inhibition of the growth of the large cell lung
cancer cell line NCI-H460: Graphical
representation (A) and curve fit with ICsg
value (B) of data obtained following exposure
of NCI-H460 cells to compound 205 using the
CellTiter-Glo assay. The effects of 10 uM
doxorubicin that was used as a positive control
are also shown in A. Each Each point represents

the mean + SD of at least triplicate samples.

Inhibition of the growth of the lung
adenocarcinoma cell 1line NCI-H522: Graphical
representation (A) and curve fit with ICsg
valie (B) of data obtained following exposure
of NCI-H522 cells to compound 205 using the
CellTiter-Glo assay. The effects of 10 uM

. doxorubicin that was used as a positive control
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are also shown in A. Each Each point represents

the mean + SD of at least triplicate samples.

Inhibition of the growth of the lung small-cell
cell line NCI-H69: Graphical representation (A)
and curve fit with ICsg value (B) of data
obtained following exposure of NCI-H69 cells to
compound 205 using the CellTiter-Glo assay. The
effects of 10 puM doxorubicin that was used as a
positive control are also shown in A. Each Each
point represents the mean + SD of at least

triplicate samples.

Inhibition of the growth of the stomach cancer
cell line GXF-209: Graphical representation (A)
and curve fit with ICsg wvalue (B) of data
obtained following exposure of GXF-209 cells to
compound 205 using the CellTiter-Glo assay. The
effects of 10 uM doxorubicin that was used as a
positive control are also shown in A. Each Each
point ‘represents the mean = SD of at least

triplicate samples.

Inhibition of the growth of the 1liver cancer
(hepatoma) cell liné HepG2: Graphical
representation (A) and curve fit with ICsg
value (B) of data obtained following exposure
of HepG2 cells to compound 205 wusing the
CellTiter-Glo assay. The effects of 10 uM
doxorubicin that was used as a positive control
are also shown in A. Each Each point represents\
the mean + SD of at least triplicate samples.
Inhibition of the growth  of the ovary

adenocarcinoma cell line OVCAR-3: Graphical
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representation (A) and curve fit with ;ic“

value (B) of data thained following exposure
of OVCAR-3 cells to compound 205 using the
CellTiter-Glo assay. "The effects of 10 uM
doxorubicin that was used as a positive control
are also shown in A. Each Each point represents

the mean * SD of at least triplicate samples.

Inhibition of the growth of the pancreas cancer
cell line PANC-1: Graphical representation (A)
and curve fit with ICs; wvalue (B) of data
obtained following exposure of PANC-1 cells to
compound 205 using the CellTiter-Glo assay. The
effects of 10 uM doxorubicin that was used as a
positive control are also shown in A. Each Each
point represents the mean = SD of at least

triplicate samples.

Inhibition of the growth of the prostate cancer
cell line DU-145: Graphical representation (A)
and curve fit with ICsy wvalue (B) of data
obtained following exposure of DU-145 cells to
compound 205 using the CellTiter-Glo assay. The
effects of 10 uM doxorubicin that was used as a
positive controi are also shown in A. Each Each
point represents the mean * SD of at least

triplicate samples.

Inhibition of the growth of the prostate cancer
cell 1line LNCAP: Graphical representation (A)
and curve fit with ICs¢ wvalue (B) of data
obtained following exposure of LNCAP cells to
compound 205 using the CellTiter-Glo assay. The

effects of 10 uM doxorubicin that was used as a



5

10

15

20

25

~30

WO 2009/045440

Figure 8L-N:

Figure

Figure

Figure

Figure

Figure

Figure

Figure

9:

10:

11:

12:

13:

14:

15:

19 PCT/US2008/011367

positive control are also shown in A. Each Each
point represents the mean * SD of at least

triplicate samples.

Inhibition of the growth of the leukemia <cell
lines HL-60 (Fig 8L), K562 (Fig. 8M), and MOLT4
(Fig 8N): Graphical representation (A) and
curve fit with ICsy value (B) of data obtained
following exposure of HL-60 (Fig 8L), K562
(Fig. 8M), and MOLT4 (Fig 8N) cells to compound
205 using the CellTiter-Glo assay. The effects
of 10 uM doxorubicin that was used as a
positive control are also shown in A. Each Each
point represents the mean + SD of at least

triplicate samples.

Compound 205 and 206 Inhibition of U87 GBM
Xenograft

Compound 205 Inhibition of SHSY-5Y Xenograft
Compound 205 Inhibition of DAOY Xenograft

Compound 205 and Trichostatin Inhibition of

HDAC Activity in DAOY Cells

Compound 205 and SAHA Inhibition of HDAC
Activity in DAOY Xenografts

Compound 201 and 205 Inhibition of HDAC
Activity in SHSY-5Y Xenografts

Compound 201 and 205 in Normal Mouse Brain

Tissue
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20

Compound 205 and 212
Multiforme (U373)

Compound 205 and 213
Multiforme (U373)

Compound 214 against
Line U373

Compound 205 and 214
Multiforme (U373)

Compound 208 against
Line U373

Compound 213 against
U373

PCT/US2008/011367

against Glioblastoma

against Glioblastoma

Glioblastoma Multiforme

against Glioblastoma

Glioblastoma Multiforme:

Glioblastoma Multiforme

Compound 212 versus Glioblastoma Multiforme

Line U373
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Detailed Description of the Invention

This inventions provides the compound having the structure

/Re
Ri3 H /l
R12 = Z N N
YA
NS O Rs
Ry”™ X "Ry
whereiln
n is 1-10;

X 1is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SOzR,,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

O
Kot

R, is H or NR3R,, wherein R; and Ry are each independently

Z 1is

H, Ci-C¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Re¢, Riz, Ri3, and Ris are each independently H, OH, SH, F,
Cl, SOzR;s, NO,, trifluoromethyl, methoxy, or CO-R;s,
wherein Rjs is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or

a salt of the compound.

In an embodiment, the compound has the structure
Re
Riz K H //'q
R12 N\W/%”%\//N N
z
f\/lio U
>
Ry” X7 “Rug °

wherein

n is 1-9;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SORy,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; is

alkyl, alkenyl, alkynyl, C3-Cs cycloalkyl, or aryl;



10

15

20

25

WO 2009/045440 22 PCT/US2008/011367

R, is H or NR3R4, wherein R3‘and Ry are each independently
H, C;-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Re, Riz, Ri3, and Rj; are each independently H, OH, SH, F,
Cl, SOzR;5, NO,, trifluoromethyl, methoxy, or CO-Ris,
wherein R;s is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,

or aryl.

In an embodiment, the compound has the structure

Re

Ri 4 H K\/|
Y
0 0O R

Ry X 5

wherein

n is 1-8;

"X is CH or N;-

R; is H or OH;

R> is H or NR3R4, wherein R; and R, are each independently
Ci1-C¢ alkyl or C3-Cg cycloalkyl;

R is OH or SH; and

Rg is H, OH, SH, F, Cl, SOzR;, NO;, trifluoromethyl,
methoxry, or CO-R;, wherein R; is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl.

In an embodiment, the compound has the structure

Re
Ris H H
Ri2 X NW/N
| 5" & ®
s
Ry X Ry °

wherein

n is 1-9;
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X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SOzRy,
NOL trifluoromethyl, methoxy, or CO-R;, wherein R; 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl:;

R, is H or NR3Rs, wherein R; and R; are each independently

H, C1-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Rg, Riz, Ri3z, and R;s are each independently H, OH, SH, F,
Cl, trifluoromethyl, methoxy, or CO-R;s, wherein R;s 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl.

In an embodiment, the compound has the structure

Z I
f%

Z T
-
U’I_O

wherein

n is 1-8;

X is CH or N;

Ry is H or OH;

R, is H or NR3Rys, wherein R3 and Ry are each independently
C1-Cs alkyl or C3-Cg cycloalkyl;

Rs is OH or SH; and '

R¢ is H, OH, SH, F, Cl, trifluoromethyl, methoxy, or CO-
R;, wherein R; 1is alkyl, alkenyl, alkynyl, or C3-Cg
cycloalkyl, or aryl.

In an embodiment, the compound has the structure

Rz O O Re
Ri2 N N/Hn\N

| . H T H
Ry™ X Ry
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wherein

n is 1-8;

X 1is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SOzRq,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, 1is H or NR3R;, wherein R; and Ry are each independently
C;-Cg alkyl or C3-Cg cycloalkyl; and

R; is OH or SH; and

R¢, Riz, Ri3z, and R;4 are each independently is H, OH, SH,
F, Cl, SO;R;s, NOz, trifluoromethyl, methoxy, or CO-Ris,
wherein R;5 is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or

a salt of the compound.

In an embodiment, the compound has the structure

R, O O Rs
S NN
_ H H
Ry X
Re

wherein

n is 1-8;

X is CH or N;

Ry 1is H, OH or SH;

R, is H or NR3R4, wherein R; and Ry are each independently
C1-Ce alkyl or C3-Cg cycloalkyl; and

Ry is OH or SH; and

R¢ is H, OH, SH, F, Cl, SOz;R;, NOz, trifluoromethvyl,
ﬁethoxy, or CO-R;, wherein Ry is alkyl,. alkenyl, alkynyl,
C3-Cs cycloalkyl, or aryl.

In embodiments of the instant compound, Rs or Rg is SH, and
the aromatic ring bearing the SH group is a benzenoid, aza, or

polyaza-aromatic five- or six-membered ring.
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In an embodiment, R; and R, are H, X is CH, Rs is SH, Rg¢ is H,

and n is 4.

In an embodiment, R; is OH, R, is H, X is CH, Rs is OH, Rg 1is

H, and n is 6.

In an embodiment, R; is SH, R, is H, X is CH, Rs is SH, Rg is

H, and n is 6.

In an embodiment, R; and R, are H, X is N, Rs is SH, Re¢ is H,

and n is 4.

In an embodiment, R; is H, R, is NR3R;, wherein R; and Ry are

each C; alkyl, X is CH, Rs is SH, Re¢ is H, and n is 4.

In an embodiment, R; and R, are H, X is N, Rs is SH, Rg¢ is C1,

and n is 4.

In an embodiment, wherein R; and R, are H, X is N, Rs is SH, Rg

is H, and n is 5.

In an embodiment, R; is H, R, is NR3R4, wherein R; and R4 are

each H, X is CH, Rs is SH, R¢ is H, and n is 4.

In an embodiment, R; and R, are H, X is CH, Rs is SH, Re¢ is C1,

and n is 4.

In an embodiment, R; and R are H, X is CH, Rs is SH, R is

methoxy, and n is 4.

In an embodiment, R; and R, are H, X is CH, Rs is SH, Rg¢ is H,

and n is 5.
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In an embodiment, R; and R, are H, X is CH, Rs is SH, Rg is H,

and n is 6.

In an embodiment, R; and R, are H, X is CH, Rs is SH, Rg is H,

5 and n is 9.

In embodiments, the compound has the structure

S DA’
SRaaees!
Wosnas *@
Negaaaas)
S

10
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oY

In embodiments, the compound has the structure

OH O H
N
NI g
H O OH
SH O H
N
N/\/\/\/
H O SH
O @) SH
' H
R
N" 8
Cl
wherein Rg = H, alkyl, or aryl, or
0O 0O SH
| A N/A\\//\\//\\N
P H H
N
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This invention provides a pharmaceutical composition
comprising one or more of the above compounds or
pharmaceutically acceptable salts thereof, and a

pharmaceutically acceptable carrier.

This invention provides a method for reducing the size of a
tumor overexpressing nuclear receptor corepressor (N-CoR)
comprising administering to the subject the above
pharmaceutical composition so as to reduce the size of the

tumor.

In an embodiment of the instant method, the tumor
overexpressing nuclear receptor corepressor (N-CoR) is a brain

tumor.

This invention provides a method of inhibiting the activity of
histone deactylase (HDAC) comprising contacting the HDAC with
one or more of the above compounds so as to 1inhibit the

activity of histone deacetylase.
In an embodiment, the HDAC is histone deacetylase 3 (HDAC3).
In an embodiment, the HDAC is histone deacetylase 4 (HDAC4).

This invention provides a method of inhibiting HIV replication
comprising contacting an HIV-infected cell with one or more of

the above compounds so as to inhibit HIV replication..

This invention provides a method of inhibiting cardiac
hypertrophy comprising administering to the subject an amount
of one or more of the above compounds effective to inhibit

cardiac hypertrophy.
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This invention provides a method of treating a subject
afflicted with breast cancer, colon cancer, large cell 1lung
cancer, adenocarcinoma of the lung, small cell lung cancer,
stomach cancer, liver cancer, ovary adenocarcinoma, pancreas
cafcinoma, prostate carcinoma, promylocytic leukemia, chronic
myelocytic leukemia, or acute lymphocytic leukemia, comprising
administering to the subject the pharmaceutical composition

above, thereby treating the subject.

This invention provides a method of inhibiting fungal growth
comprising contacting the fungus with one or more of the above

compounds so as to inhibit the growth of the fungus.

This invention provides process for preparing a compound

having the structure:

Re
Ri3 H r¢é/|
Riz A< N N
X I \ea; 0] Rsg
Ry” X° Ry
wherein
n is 1-10;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; is

alkyl, alkenyl, alkynyl, C;3-Cg cycloalkyl, or aryl;

O
%ALNH%*;

R, is H or NR3R;, wherein Rz and Ry are each independently

Z is

H, C;-C¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Rg, Ri», Ri3, and Ris; are each independently H, OH, SH, F,
Cl, SOzR;s5, NO,, trifluoromethyl, methoxy, or CO-R;s,
wherein R;s is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,

or aryl;
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comprising:

a) contacting a compound having the structure

Ri3
Ri2 A~ Ris
o
Ry” X 'Ry
O
| . ZLJ\OH . |
5 wherein Rj;¢ is or NH,, with a compound having

the structure

H
R N
8\9: "Ry
o o)

%J\ ;L/u\

wherein Rg is OH or NH;, Rg is H or OtBu,
and with a compound having the structure
Re
//|
O XN
Riyo”
O \(--}i-P---
10 B - m
wherein Rig is H or Me,
m is 1 or 2, and
when m is 1, o is absent, Y is OH or SH; or
15 when m is 2, o is present, and Y is S, to form the

compound having the structure

s
Ri3 H Z |
R1s z No A
=
YA
q O Y-----
R2 X R14 a m
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O
%/”\NH;L _

In an embodiment, the process for preparing a compound having

Re

Ri H H [
J\)T NS
o} O R

Ry "X 5

wherein 72 is

the structure:

5
wherein
n is 1-9;
X is CH or N;
10 R; is H or OH;
R, is H or NR3Ryq, wherein R3 and R; are each independently
H, C;-C¢ alkyl, or C3-Cg cycloalkyl;
Rg is OH or SH; and
R¢ is H, OH, SH, F, Cl, SOz;Ry;, NOz, trifluoromethyl,
15 methoxy, or CO-R;, wherein Ry is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl;
comprises:
a) contacting the compound having the structure
R;
pZ NH,
o |
20 R, X

with a compound having the structure

H
HO N OtBu
TN

O o)
in the presence of one or more suitable first amide

bond-forming reagents, a suitable first base, and a
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suitable first solvent to form the compound having

the structure

N N_ _OtBu
=
ety
>
R, X ©

b) exposing the product of step a) to suitable

.
’

deprotection conditions to form the compound having

the structure

Ri 4
Je i
n
Ry X ©

wherein the product is obtained as a free base or
salt;
c) contacting the product of step b) with a compound

having the structure

R
7 /I 6
HO A
O Y----1
e a—

m
in the presence of one or more suitable second amide
bond-forming réagents, a suitable second base, and a
suitable second solvent to form the compound having

the structure

Rs
Ri 4 H = /|
n
R, \X O 0] Y"H""
m

wherein m is 1 or 2, and

when m is 1, o is absent, Y is OH or SH; or
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when m is 2, o is present, and Y is S.
In an embodiment, the instant process further comprises:

5 i) reacting the product of step c) with zinc in the

presence of hydrochloric acid to obtain the compound

having the structure

Re
ﬁ Y
R
Ry X © °© R

when m is 2, o is present, and Y is S.

10
In an embodiment, the process for preparing a compound having
the structure:
R, O 0O Rs
N’4A%\N
H H
15 wherein

n is 1-8;
R; and Rs are both OH or both SH;

comprises:

a) contacting a compound having the structure

H,N . NH,
Ny v/

with at least two equivalents of a compound having

the structure

O OH O . SH
\O)‘\© \0)‘\©
or

so as to form the compound having the structure
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R, O O Rs
NN
H H

In an embodiment, the process for preparing the compound

having the structure

OH O H
N
N/\/\/\/
H O OH

comprises:

a) heating methyl 2-hydroxybenzoate and 1,6-diaminohexane
in a flask with a Dean-Stark apparatus to distill
methanol;

b) cooling flask to room temperature and triturating with
water;

c) collecting the solid in the flask by filtration; and

d) recrystallizing the solid from alcohol.

In an embodiment, the process for preparing a compound having

the structure:

H O SH
~ N (CHy)s |
YT
= H
N @)
comprises:
a) combining 3-aminopyridine, 6-tert-Butoxycarbonyl

amino-hexanoic acid in methylene chloride;

b) adding HOBt, EDC-HCl and DIPEA to the mixture of step
a); and
c) stirring the mixture of step b) for 3 hours at room

temperature to produce the compound



10

15

20

25

WO 2009/045440 35 PCT/US2008/011367

H @)
N N\"/(CHZ)E,\NJ\OtBu
| o) H
P
N ;
d) allowing the compound of step c¢) to react under

deprotection conditions to produce the compound

H
YT
o)
N> 2HCI |

e) combining 2,2’-dithiodibenzoic acid, HOBt, EDC-HC1 and

’

DMF';

f) adding the compound of step d) to the mixture of step e)
and DIPEA and stirring at room temperature overnight;

g) pouring the product of step f) into water and extracting
with ethyl acetate;

h) washing the organic layer with brine, drying with sodium
sulfate, and concentrating;

i) purifying the crude residue with column chromatography

to produce the compound

S———S
H O Q H
(CHz)s _ACH2)s
N ~ N
mf H NG
N7 o 0 S

N"

j) dissolving the compound of step i) in ice=-cold methanol
and methylene chloride and adding concentrated HCl1 and
Zn dust;

k) stirring the mixture of step j) for 4 hours and diluting
the mixture with water and methylene chloride;

1) separating the aqueous layer and adding aqueous

saturated sodium bicarbonate and then cooling;
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m) collecting the solid by filtering, followed by drying
overnight;

n) extracting the dried solid wusing a mixture of hot
methanol and methylene chloride;

o) filtering the hot solution through glass filter paper;
and

p) evaporating the filtrate to dryness and triturating with
ethyl acetate to produce the compound

SH
H O

(CHyp)
N N\"/ 25\N
| o H

=

N

This invention provides a method of treating a subject with a
neurodegenerative disease comprising administering to the

subject a compound having the structure

Re
Rq3 ’ H\W/[i:iﬂ
Rﬂi:ffLi[:Z\fv)/N A
n
R; SX Ri4 °© R
wherein
n is 1-10;
X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO:Ry,

NO,;, trifluoromethyl, methoxy, or .CO-R;, wherein R; 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

O
%JLNH%‘;

R, is H or NR3Rs;, wherein R3 and Ry are each independently

Z 1is

H, C;-Cg alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢, Ri2, Ri3z, and Rys are each independently H, OH, SH, F,
Cl, SOzRis, NOz, trifluoromethyl, methoxy, or CO-Rjs,
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wherein R; is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or
a salt of the compound in an amount effective to treat

the subject.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Re
Riz N H //l
R12 F NWN Y
| n
0] (@) R
Ry™ X" Ry 5

wherein

n is 1-9;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SOzRy,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3R4, wherein R; and Ry are each independently
H, C1-Cg¢ alkyl, or C3-Cg cyclecalkyl;

Ry is OH or SH; and

Re, Riz, Ri3, and Ri4 are each independently H, OH, SH, F,
Cl, SOzR;5, NOp, trifluoromethyl, methoxy, or CO-Ris,
wherein Ris is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl; or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Re

RiH Ho (O
NS
0 O R

Ry~ X 5

wherein
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n is 1-9;

X is CH or N;

R; is H or OH;

R, is H or NR3Rs;, wherein R3 and Ry are each independently
H, C3-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢ is H, OH, SH, F, Cl, SOzR;, NO, trifluoromethyl,
methoxy, or CO-R;, wherein R; is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl;

or a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Re
Rq3 H H Z |
Ri2 AN NW/N x
| n
= R
RZ/\X R14 O O 5
wherein
n is 1-9;

X 1is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO;Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; is
alkyl, alkenyl, alkynyl, C;3-Cg cycloalkyl, or aryl;

R, is H or NR3R4; wherein R3; and Ry are each independently
H, C,-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢, Riz, Ri3, and R;y; are each independently H, OH, SH, F,
Cl, trifluoromethyl, methoxy, or CO-R;s, wherein Rjs is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl; or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure
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Re
Ry H H Z |
| AN N W N ™
n
R, X/ O @) Rs

wherein

n is 1-9;

X i1s CH or N;

R; is H or OH;

R, is H or NR3Rs, wherein Rs; and R; are each independently
H, C;-C¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢ is H, OH, SH, F, Cl, trifluoromethyl, methoxy, or CO-
Ry, wherein Ry is alkyl, alkenyl, alkynyl, C3-Cg
cycloalkyl, or aryl; or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Ri3 O O Rs
Ri2 N Nk\)n\N
| | H H
Ry™ X° "Ry
Re

wherein

n is 1-8;

X 1is C-R;; or N, wherein Ri;; is H, OH, SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3R4, wherein R3 and Ry are each independently
C;-Cg¢ alkyl or C3-Cg cycloalkyl; and

Ry is OH or SH; and



10

15

20

25

30

WO 2009/045440 40 PCT/US2008/011367

Rs, Ri2, Ri3z, and R;q4 are each independently is H, OH, SH,

F, Cl, SO»R;, NO; trifluoromethyl, methoxy, or CO-Ry,

wherein R; is alkyl, alkenyl, alkynyl, C3-Cs cycloalkyl,
or aryl, or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

R, O O R
S NN
J H H
Ry X
Re

wherein

n is 1-8;

X is CH or N;

Ry is H, OH or SH;

R, is H or NR3Ry;, wherein R; and R; are each independently
C1-Cgs alkyl or C3-Cg cycloalkyl; and '

Rs is OH or SH; and

R¢ is H, OH, SH, F, Cl, SOz;Ry, NO;, trifluoromethyl,
methoxy, or CO-R;, wherein Ry is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl;

or a salt of the compound.

In embodiments of the instant method, the subject is a human.
In embodiments of the instant method, the neurodegenerative
disease 1is Alzheimer’s disease, Mild Cognitive Impairment,

Parkinsons Disease, Frontotemporal Dementia, Dementia, or Lewy

Body Dementia.
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In an embodiment, the neurodegenerative disease is Alzheimer’s

disease.

In an embodiment, the methods further comprise administering
to the subject an NMDA receptor antagonist, an
acetylcholinesterase inhibitor, an anti-amyloid antibody, a 5-
HT6 antagonist, a gamma secretase inhibitor, a beta secretase
inhibitor, or an inhibitor of aggregation of amyloid-f

peptide.

In embodiments, the method further comprise administerihg to
the subject a tau aggregation 1inhibitor. Examples of tau
aggregation inhibitors include methylthioninium chloride,

naphthoguinone derivatives, and anthraquinones.

In an embodiment, the neurodegenerative disease is Parkinson’s

disease.

In an embodiment, the methods further comprise administering

to the subject a dopamine receptor agonist.

This invention provides a method for reducing the aggregation
of Tau protein in a cell comprising contacting the cell with

an effective amount of a compound having the structure

Re
Ri3 H o /I
Ri2 // y4 N ™
x> I \(Vi: O Rs
Ry” X Ry
wherein
'n is 1-10;

X is C-R;; or N, wherein Ry;; is H, OH, SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein Ry 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;
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0
| LHLNH;L ;

Z is

R, is H or NR3R;, wherein R; and Ry are each independently
H, C1-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH.or SH; and

R¢, Ri2, Ri3, and R4 are each independently H, OH, SH, F,
Cl, SOzRjs, NO;, trifluoromethyl, methoxy, or CO-Ris,
wherein R;s is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl, or

a salt of the compound, so as to thereby inhibit the

aggregation of Tau protein in the cell.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Re
R13 H H Z /l
Rz~ N\”/H\/N N
n
| o) O Rs

Y
Ry”™ X7 Ry,

wherein

n is 1-9;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO:Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R; is H or NR3Rs;, wherein R3 and R4 are each independently
H, C;-Cg alkyl, or C3-Cg cycloalkyl;

R; is OH or SH; and

R¢, Ri2, Ri3, and Ry4 are each independently H, OH, SH, F,
Cl, SO3Ri5, NOz, trifluoromethyl, methoxy, or CO-R;s,
wherein R;s is alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl,
or aryl; or

a salt of the compound.
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In an embodiment, the method comprises administering to the

subject a compound having the structure

Re
Ri H H //|
Aoy
NS O O R5

wherein

n is 1-9;

X is CH or N;

R, is H or OH;

R, is H or NR3Rs, wherein R3 and Ry are each independently
H, C1-Cs alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢ 1is H, OH, SH, F, Cl, SOR;, NOz, trifluoromethyl,
methoxy, or CO-R;, wherein R; is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl;

or a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Re
Ris H H Z |
Rizn N\[(@\/N
| Z @) " O |
Ry” "X~ "Ry 5

wherein

n is 1-9;

X is C-R;; or N, wherein Rj;; is H, OH) SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein Ry is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3R4,‘wherein R; and Rgy are each independently

H, C;-Cs alkyl, or C3-Cg cycloalkyl;
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Rs is OH or SH; and

Rs, Ri2, Ri3z, and Rys are each independently H, OH, SH, F,
Cl, trifluoromethyl, methoxy, or CO-R;s, wherein Rjs is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl; or

a salt of the compound.

In an embodiment, the method comprises administering to the
subject a compound having the structure

Rs

Ry H H
x NW/N
| n
=
R, X o O Rsg

wherein

n is 1-9;

X is CH or N;

R; is H or OH;

R, is H or NR3Rs, wherein R; and R; are each independently
H, C;-Cg alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢ is H, OH, SH, F, Cl, trifluoromethyl, methoxy, or CO-
R7, wherein R~ is alkyl, alkenyl, alkynyl, C3—Cg
cycloalkyl, or aryl; or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

Rz O O Rs
R12 A N/(’\)n\N
| 1 H H
Ry X° "Ry
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wherein

n is 1-8;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO2R-,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3Rs, wherein R; and R; are each independently
Ci-Cg¢ alkyl or C3-Cg cycloalkyl; and

Rs is OH or SH; and

R¢, Riz, Ri3, and Rj4 are each independently is H, OH, SH,
F, Cl, SO;R;s5, NO,, trifluoromethyl, methoxy, or CO-Ris,
wherein R;s is alkyl, alkenyl, alkynyl, C3;-Cg cycloalkyl,
or aryl, or

a salt of the compound.

In an embodiment, the method comprises administering to the

subject a compound having the structure

R, O O Rs
N NN
J H H
Ry X
Re

wherein

n is 1-8;

X is CH or N;

R; is H, OH or SH;

R, is H or NR3R4, wherein R; and Ry are each independently
C1-C¢ alkyl or C3-Cg cycloalkyl; and

Rs is OH or SH; and

R¢ is H, ©OH, SH, F, Cl, SO;Ry, NO,, trifluoromethyl,
methoxy, or CO-Ry, wherein R; is alkyl, alkenyl, alkynyl,
C3-Cg cycloalkyl, or aryl, or

a salt of the compound.
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In embodiments of the instant method, the cell is a neural

cell.
In embodiments, the cell is in a subject.

The invention provides a method of treating a patient
suffering from a tumor overexpressing N-CoR comprising
administering to the patient one or more of the compounds of
this invention, alone or 1in combination with one or more
retinoid receptor ligand, or one or more histone deacetylase
ligands, or both, in each case in an amount effective to treat

the patient.

The compounds of this invention may be used in combination
with other compounds which inhibit the enzyme histone
deacetylase (HDAC). These HDAC enzymes post-translationally
modify histones (U.S. Patent Publication No. 2004/0197888,
Armour et al.) Histones are groups of proteins which associate
with DNA in eukaryotic cells to form compacted structures
called chromatin. This compaction allows an enormous amount of
DNA to be located within the nucleus of a eukaryotic cell, but
the compact structure of chromatin restricts the access of
transcription factors to the DNA. Acetylation of the histones
decreases the compaction of the chromatin allowing
transcription factors to bind to the DNA. Deacetylation,
catalysed by histone deacetylases (HDACs), 1increases the
compaction of chromatin, thereby reducing transcription factor
accessibility to  DNA. Therefore, inhibitors of  histone
deacetylases prevent the compaction of chromatin, allowing
transcription factors to bind to DNA and increase expression

of the genes.

In the methods of the invention, an assessment of the
percentage of cells with N-CoR in the cytoplasm relative to

the percentage of «cells with ©N-CoR in the nucleus 1is
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representative. of the ratio of the number of more-
differentiated cells to the number of less-differentiated

cells in a given tissue.

In the method of the invention, tumors that overexpress N-CoR
may include glioblastoma multiforme, breast cancer, colorectal

cancer, small cell lung cancer or ovarian cancer.

This invention also proﬁides a method of inhibiting growth of
a tumor overexpressing N-CoR in a patient, comprising
administering to the patient one or more of the compounds of
this invention, alone or 1in combination with one or more
retinoid receptor ligand, one or more histone deacetylase
ligand, or both, in each case in amounts effective to affect
N-CoR so as to thereby induce differentiation of cells of the
tumor overexpressing N-CoR and inhibit growth of the tumor in

the patient.

As used herein, “therapeutically effective amount” means an
amount sufficient to treat a subject afflicted with a disease
(e.g. tumors overexpressing N-CoR) or to alleviate a symptom
or a complication associated with the disease without undue
adverse side effects (such as toxicity, irritation, or
allergic response) commensurate with a reasonable benefit/risk
ratio when used in the manner of this invention. The specific
effective amount will vary with such factors as the particular
condition being treated, the physical condition of the
patient, the type of mammal being treated, the duration of the
treatment, the nature of concurrent therapy (if any), and the
specific formulations employed and the structure of the

compounds or its derivatives.
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As used  herein, "treating" means slowing, stopping or
reversing the progression of a disease, particularly tumors

overexpressing N-CoR.

As used herein, "alkyl" includes both branched and straight-
chain saturated aliphatic hydrocarbon groups having the
specified number of carbon atoms. Thus, C;-C, as in “C;-C,
alkyl" is defined to include groups having 1, 2, ...., n-1 or
n carbons in a linear or branched arrangement. For example,
C1—-C¢, as 1in "C;-C¢ alkyl"™ is defined to include groups having
i, 2, 3, 4, 5, or 6 carbons in a linear or branched
arrangement, and specifically includes methyl, ethyl, propyl,
butyl, pentyl, hexyl, and so on. In an embodiment the alkyl is
C: (methyl).

The term "cycloalkyl”" shall mean cyclic rings of alkanes of
three to eight total carbon atoms, or any number within this
range (i.e., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl).

As used herein, "alkenyl" refers to a non-aromatic hydrocarbon
radical, straight or branched, containing at least 1 carbon to
carbon double bond, and up to the maximum possible number of
non-aromatic carbon-carbon double bonds may be present. For
example, "C,-C¢ alkenyl" means an alkenyl radical having 2, 3,
4, 5, or 6 carbon atoms, and up to 1, 2, 3, 4, or 5 carbon-
carbon double bonds respectively. Alkenyl groups include

ethenyl, propenyl, butenyl and cyclohexenyl.

The term "alkynyl" refers to a hydrocarbon radical straight or
branched, containing at least 1 carbon to carbon triple bond,
and up to the maximum possible number of non-aromatic carbon-
carbon triple bonds may be present. Thus, "C;-Ce¢ alkynyl”

means an alkynyl radical having 2 or 3 carbon atoms and 1
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carbon-carbon triple bond, or having 4 or 5 carbon atoms and
up to 2 carbon-carbon triple bonds, or having 6 carbon atoms
and up to 3 carbon-carbon triple bonds. Alkynyl groups include

ethynyl, propynyl and butynyl.

As used herein, "aryl" is intended to mean any stable
monocyclic, bicyclic or polycyclic carbon ring of up to 10
atoms in each ring, wherein at least one ring is aromatic.
Examples of such aryl elements include phenyl, naphthyl,
tetrahydro-naphthyl, indanyl, biphenyl, phenanthryl, anthryl
or acenaphthyl. In cases where the aryl substituent 1is
bicyclic and one ring is non-aromatic, it 1is understood that

attachment is via the aromatic ring.

In choosing compounds of the present invention, one of
ordinary skill in the art will recognize that the various
substituents, i.e. R;, Rz, etc. are to be chosen in conformity

with well-known principles of chemical structure connectivity.

The various R groups attached to the aromatic rings of the
compounds disclosed herein may be added to the rings by
standard proceudres, for example those set forth in Advanced
Organic Chemistry: Part B: Reaction and Synthesis, Francis
Carey and Richard Sundberg, (Springer) 5th ed. Edition.
(2007), the dontent of which is hereby incoporated by

reference.

The instant compounds may be in a salt form. As used herein, a
"salt" is salt of the instant compounds which has been
modified by making acid or base salts of the compounds. In the
case of compounds used for treatment of cancer, the salt is
pharmaceutically acceptable. Examples of pharmaceutically
acceptable salts include, but are not limited to, mineral or

organic acid salts of basic residues such as amines; alkali or
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organic salts of acidic residues such as phenols. The salts
can be made using an organic or inorganic acid. Such acid
salts are chlorides, bromides, sulfates, nitrates, phosphates,
sulfonates, formates, tartrates, maleates, malates, citrates,
benzoates, salicylates, ascorbates, and the 1like. Phenolate
salts are the alkaline earth metal salts, sodium, potassium or
lithium. The term "pharmaceutically acceptable salt" in this
respect, refers to the relatively non-toxic, inorganic and
organic acid or base addition salts of compounds of the
present invention. These salts can be prepared in situ during
the final isolation and purification of the compounds of the
invention, or by separately reacting a purified compound of
the invention in its free base or free acid form with a
suitable organic or inorganic acid or base, and isolating the
salt thus formed. Representative salts include the
hydrobromide, hydrochloride, sulfate, bisulfate, phosphate,
nitrate, acetate, valerate, oleate, palmitate, stearate,
laurate, Dbenzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, napthylate, mesylate,
glucoheptonate, lactobionate, and laurylsulphonate salts and
the 1like. (See, e.g., Berge et al. (1977) "Pharmaceutical
Salts", J. Pharm. Sci. 66:1-19).

The compositions of this invention may be administered in
varioﬁs forms, including those detailed herein. The treatment
with the compound may be a component of a combination therapy
or an adjunct therapy, i.e. the subject or patient in need of
the drug is treated or given another drug for the disease in
conjunction with one or more of the instant compounds. This
combination therapy can be sequential therapy where the
patient is treated first with one drug and then the other or
the two drugs are given simultaneously. These <can be

administered independently by the same route or by two or more
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different routes of administration depending on the dosage

forms employed.

As used herein, a "pharmaceutically acceptable carrier" is a
pharmaceutically acceptable solvent, suspending agent or
vehicle, for delivering the instant compounds to the animal or
human. The carrier may be liquid or solid and is selected with
the planned manner of administration in mind. Liposomes are

also a pharmaceutically acceptable carrier.

The dosage of the compounds administered in treatment will
vary depending upon factors such as the pharmacodynamic
characteristics of a specific chemotherapeutic agent and its
mode and route of administration; the age, sex, metabolic
rate, absorptive efficiency, health and weight of the
recipient; the nature and extent of the symptoms; the kind of
concurrent treatment being administered; the frequency of

treatment with; and the desired therapeutic effect.

A dosage unit of the compounds may comprise a single compound
or mixtures thereof with anti-cancer compounds, or tumor
growth inhibiting compounds, or with other compounds also used
to treat neurite damage. The compounds can be administered in

oral dosage forms as tablets, capsules, pills, powders,

granules, elixirs, tinctures, suspensions, syrups, and
emulsions. The compounds may also be administered in
intravenous (bolus or infusion), intraperitoneal,

subcutaneous, or intramuscular form, or introduced directly,
e.g. by injection or other methods, into the cancer, all using
dosage forms well known to those of ordinary skill in the

pharmaceutical arts.

The compounds can be administered in admixture with suitable

pharmaceutical diluents, extenders, excipients, or carriers



10

15

20

25

30

WO 2009/045440 52 PCT/US2008/011367

(collectively referred to herein as a pharmaceutically
acceptable carrier) suitably selected with respect to the
intended form of administration and as consistent with
conventional pharmaceutical practices. The unit will be in a
form suitable for oral, rectal, topical, intravenous or direct
injection or parenteral administration. The compounds can be
adﬁinistered alone but are generally mixed with a
pharmaceutically acceptable carrier. This carrier can be a
solid or liquid, and the type of carrier is generally chosen
based on the type of administration being used. In one
embodiment the carrier can be a monoclonal antibody. The
active agent can be co-administered in the form of a tablet or
capsule, liposome, as an agglomerated powder or in a liquid
form. Examples of suitable solid carriers include lactose,
sucrose, gelatin and agar. Capsule or tablets can be easily
formulated and can be made easy to swallow or chew; other
solid forms include granules, and bulk powders. Tablets may
contain suitable binders, lubricants, diluents, disintegrating
agents, coloring agents, flavoring agents, flow-inducing
agents, and melting agents. Examples of suitable liquid dosage
forms include solutions or suspensions in water,
pharmaceutically acceptable fats and oils, alcohols or other
organic solvents, including esters, emulsions, syrups or
elixirs, suspensions, solutions and/or suspensions
reconstituted from non-effervescent granules and effervescent
preparations reconstituted from effervescent granules. Such
liquid dosage forms may contain, for example, suitable
solvents, preservatives, emulsifying agents, suspending
agents, diluents, sweeteners, thickeners, and melting agents.
Oral dosage forms optionally contain flavorants and coloring
agents. Parenteral and intravenous forms may also include
minerals and other materials to make them compatible with the

type of injection or delivery system chosen.
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Specific examples of pharmaceutical acceptable carriers and
excipients that may be used to formulate oral dosage forms of
the present invention are described in U. S. Pat. No.
3,903,297 to Robert, issued Sept. 2, 1975. Techniques and
compositions for making dosage forms useful in the present
invention are described-in the following references: 7 Modern
Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes, Editors,
1979); Pharmaceutical Dosage Forms: Tablets (Lieberman et al.,
1981); Ansel, Introduction to Pharmaceutical Dosage Forms 2nd
Edition (1976); Remington's Pharmaceutical Sciences, 17th ed.
(Mack Publishing Company, Easton, Pa., 1985); Advances 1in
Pharmaceutical Sciences (David Ganderton, Trevor Jones, Eds.,
1992); Advances in Pharmaceutical Sciences Vol 7. (David
Ganderton, Trevor Jones, James McGinity, Eds., 1995); Aqueous
Polymeric Coatings for Pharmaceutical Dosage Forms (Drugs and
the Pharmaceutical Sciences, Series 36 (James McGinity, Ed.,
1989) ; Pharmaceutical Particulate Carriers: Therapeutic
Applications: Drugs and the Pharmaceutical Sciences, Vol 61
(Alain Rolland, Ed., 1993); Drug Delivery to the
Gastrointestinal Tract (Ellis Horwood Books in the Biological
Sciences. Series in Pharmaceutical Technology; J. G. Hardy, S.
S. Davis, Clive G. Wilson, Eds.); Modem Pharmaceutics Drugs
and the Pharmaceutical Sciences, Vol 40 (Gilbert S. Banker,
Christopher T. Rhodes, Eds.). All of the aforementioned

publications are incoporated by reference herein.

Tablets may contain suitable binders, lubricants,
disintegrating agents, coloring agents, flavoring agents,
flow-inducing agents, and melting agents. For instance, for
oral administration in the dosage unit form of a tablet or
capsule, the active drug component can be combined with an
oral, non-toxic, pharmaceutically acceptable, inert carrier
such as lactose, gelatin, agar, starch, sucrose, glucose,

methyl cellulose, magnesium stearate, dicalcium phosphate,
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calcium sulfate, mannitol, sorbitol and the 1like. Suitable
binders include starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and
synthetic gums such as acacia, tragacanth, or sodium alginate,
carboxymethylcellulose, polyethylene glycol, waxes, and the
like. Lubricants used in these dosage forms include ‘sodium
oleate, sodium stearate, magnesium stearate, sodium benzoate,
sodium acetate, sodium chloride, and the like. Disintegrators
include, without 1limitation, starch, methyl cellulose, agar,

bentonite, xanthan gum, and the like.

The compounds can also be administered in the form of liposome
delivery systems, such as small unilamellar vesicles, large
unilamallar vesicles, and multilamellar vesicles. Liposomes
can be formed from a variety of phospholipids, such as
cholesterol, stearylamine, or phosphatidylcholines. The
compounds may be administered as components of tissue-targeted

emulsions.

The compounds may also be coupled to soluble polymers as
targetable drug carriers or as a prodrug. Such polymers
include polyvinylpyrrolidone, pyran copolymer,
polyhydroxylpropylmethacrylamide-phenol,

polyhydroxyethylasparta-midephenol, or polyethyleneoxide-
polylysine substituted with palmitoyl residues. Furthermdre,
the compounds may be coupled to a class of biodegradable
polymers useful in achieving controlled release of a drug, for
example, polylactic acid, polyglycolic acid, copolymers of
polylactic and polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals,
polydihydropyrans, polycyanoacylates, and crosslinked or

amphipathic block copolymers of hydrogels.
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The active ingredient can be administered orally in solid
dosage forms, such as capsules, tablets, and powders, or in
liquid dosage forms, such as elixirs, syrups, and suspensions.
It can also be administered parentally, in sterile 1liquid

dosage forms.

Gelatin capsules may contain the active ingredient compounds
and powdered carriers, such as lactose, starch, cellulose
derivatives, magnesium stearate, stearic acid, and the like.
Similar diluents can be used to make compressed tablets. Both
tablets and capsules can be manufactured as immediate release
products or as sustained release products to provide for
continuous release of medication over a period of hours.
Compressed tablets can be sugar coated or film coated to mask
any unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective disintegration in

the gastrointestinal tract.

For oral administration in liquid dosage form, the oral drug
components are combined with any oral, non-toxic,
pharmaceutically acceptable inert carrier such as ethanol,
glycerol, water, and the 1like. Examples of suitable 1liquid
dosage forms include solutions or suspensions in water,
pharmaceutically acceptable fats and oils, alcohols or other
organic solvents, including esters, emulsions; sSyrups or
elixirs, suspensions, solutions and/or suspensions
reconstituted from non-effervescent granules and effervescent
preparations reconstituted from effervescent granules. Such
liquid dosage forms may contain, for example, suitable
solvents, preservatives, emulsifying agents, suspending

agents, diluents, sweeteners, thickeners, and melting agents.

Liquid dosage forms for oral administration can contain

coloring and flavoring to increase patient acceptance. In
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general, water, a suitable o0il, saline, aqueous dextrose
(glucose), and related sugar solutions and glycols such as
propylene glycol or polyethylene glycols are suitable carriers
for parenteral solutions. Solutions for parenteral
administration preferably contain a water soluble salt of the
active ingredient, suitable stabilizing agents, and if
necessary, buffer substances. Antioxidizing agents such as
sodium bisulfite, sodium sulfite, or ascorbic acid, either
alone or combined, are suitable stabilizing agents. Also used
are citric acid and its salts and sodium EDTA. In addition,
parenteral solutions can contain preservatives, such as
benzalkonium chloride, methyl- or propyl-paraben, and
chlorobutanol. Suitable pharmaceutical carriers are described
in Remington's Pharmaceutical Sciences, Mack Publishing

Company, a standard reference text in this field.

The instant compounds may also be administered in intranasal
form wvia use of suitable intranasal vehicles, or Vvia
transdermal routes, using those forms of transdermal skin
patches well known to those of ordinary skill in that art. To
be administered in the form of a transdermal delivery system,
the dosage administration will generally be continuous rather

than intermittent throughout the dosage regimen.

Parenteral and intravenous forms may also include minerals and
other materials to make them compatible with the type of

injection or delivery system chosen.

The compounds and compositions of the invention can be coated
onto stents for temporary or permanent implantation into the

cardiovascular system of a subject.

This invention will be better understood by reference to the

Experimental Details which follow, but those skilled in the
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art will readily appreciate that the specific experiments
detailed are only illustrative of the invention as described

more fully in the claims which follow thereafter.

Experimental Details

Methods and Materials

Synthesis of Bis-1,6- (2-hydroxybenzoylamino) hexane (203):

?H (o) O OH
T U SR
OH H H =

203

CeHqeN
CgHgO3 6 e 2
Mol. Wt.: 152.15 Mol. Wt.: 116.20

CogH24N204
Mol. Wt.: 356.42
Scheme 1

Methyl 2-hydroxybenzoate (17.6 g, 115.65 mmole) and 1,6-
diaminohexane (6.4 g, 55, 32.1 mmole) were heated in a 100 mL
round-bottomed flask in a heating mantle using a Dean-Stark
apparatus. After 20 minutes, methanol began to distil out of
the reaction mixture into the Dean-Stark apparatus. Heating
was continued for 40 minutes, and thereafter the mixture was
cooled to room temperature and triturated with water (100 mL).
The solid, which separated, wés removed by filtration and air-
dried overnight. The solid was recrystallized from alcohol
which gave a first crop of the title compound (4 gm) and a
second crop of 1.8 g both having mp 141-142°C (lit. mp 141-
142° C). Total yield 5.8 g (30%). 'H NMR (CDCl3) & 12.30 (br
s, 2H), 7.40 (m, 4H), 6.98 (d, 2H), 6.82 (t, 2H), 6.40 (br s,
2H), 3.42 (g, 4H), 1.70 (m, 4H), 1.41 (m, 4H). The
experimental method is based on a literature procedure (J.

Med. Chem. (1981); 24, 1245-1249).
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Synthesis of Bis-1,6- (2-mercaptobenzoylamino)hexane (204):
The title compound was synthesized in two steps starting from
1, 6-diaminohexane and 2,2’ -dithiodibenzoyl chloride as shown

in Scheme 1.

S——S
o, CL )
co og

CeH1gN2
Mol. Wt.: 116.20 Cl Cl
C44HgC120,S;
Py/CH.Cl, Mol. Wt.: 343.25
SH O o SH
§—S8S Zn/HCI
X 12 O
= H
“CONH(CH,)sNHCO H =
204
C2oH2oN20,S,
CoqH-4N,05,S
Mol. Wt.: . 201124N2V297
° 198653 Mol. Wt.: 388.55
Scheme 2

To a solution of 1,6-diaminohexane (465 mg, 4 mmole) 1in
methylene chloride (20 mL) was added pyridine (3 mL) followed
by a solution of 2,2’-dithiodibenzoyl dichloride (1.03 g, 3
mmole) in methylene chloride (5 mL). The reaction mixture was
stirred at room temperature overnight. It was then evaporated
to dryness and the product was purified Dby column
chromatography using 2% methanol in methylene chloride which
eluted the pure disulfide compound. Yield 0.365 g (31%, mp
220° C). To the ice-cold solution of the disulfide derivative
(0.365 g, 0.95 mmole) in a mixture of methanol (2 mL) and
methylene chloride (5 mL) was added conc. HCl1 (0.57 mL, 6
mmole) followed by zinc dust (285 mg, 4.4 mg atom) in portions
over 10 minutes. After stirring at 0-10° C for 2 h, the
residual zinc was removed by filtration and washed with a hot
mixture of methanol and methylene chloride (50 mL). The
filtrate was concentrated to dryness, redissolved in hot
methanol (5 mL) and water (25 mL) was added. The separated
solid was filtered, washed with water and dried to give bis-

1, 6-(2-mercaptobenzoylamino)-hexane. Yield 100 mg (27%, mp
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133-135° C (decomp)). 'H NMR (DMSO-dg-D;0) & 7.01 - 7.40 (m,
8H), 3.22 (m, 4H), 1.26 - 1.62 (m, 8H). FAB (MH') 389.

Synthesis of 2-Mercapto-N-[5- (pyridine-3-
Ylcarbamoyl)pentyl]benzamide (205):

Step 1: [5-(Pyridin-3-ylcarbamoyl)pentyl]carbamic acid
tert-butyl ester (3):

H
X—NH2 Xy N——(CHy)s_,,-BOC
U + HOOC~(CHp)s-NHBOC _EPCHC! | g N
~ O H
"1‘ 2 HOBt, DIPEA N 3
C,H;,BNO
CsHgN, A e Cy2H16BN30;
Mol. Wt.: 94.11 Mol. Wt.: 168.99 Mol. Wt.: 245.09
Scheme 3

To a mixture of 3-aminopyridine (1, 2.82 g, 30 mmole) and 6-
tert-Butoxycarbonylamino-hexanoic acid (2, 9.2 g, 40 mmole) in
methylene chloride (50 mL) was added HOBt (135 mg, 1 mmole),
EDC. HC1 (7.6 g, 40 mmole) followed by DIPEA (10.45 mL, 60
mmole). The reaction mixture was stirred at room temperature
for 3 h. At this point the TLC showed the disappearance of
starting material. The reaction solution was washed with
water (3 x 25 mL), followed by aqueous sodium bicarbonate (25
mL), then brine and finally dried over anhydrous sodium
sulfate, filtered and concentrated. The crude residue was
purified by column chromatography using 1% methanol in

methylene chloride as the eluant to give the pure product as

an oily residue. This residue on trituration with hexane gave
3 as a colorless solid (6.3 g, 68%, mp 96-98° C). 4 NMR

(CDCl;) & 8.68 (br s, 2H), 8.48 (m, 1lH), 8.30 (m, 2H), 7.32
(m, 1H), 4.62 (br s, 1H), 3.16 (m, 2H), 2.40 (m, 2H), 2.78 (m,
2H), 1.50 (m, 4H), 1.40 (s, SH).
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Step 2: 6-Amino-N-(pyridin-3-yl)hexanoamide
dihydrochloride (4):

H
N CH
[itT/ TT%CH»S\N 4MPKH Eiij/ \W/( 2k\NH2
Dloxane N/ o 2HCI
4
C12H16BN30; C11H19CIN30
Mol. Wt.: 245.09 Mol. Wt.: 280.19

Scheme 4
To an ice-cold mixture of [5-(Pyridin-3-
ylcarbamoyl)pentyl]carbamic acid tert-butyl ester (3, 3.07 g,
10 mmole) in methylene chloride (30 mL) was added a solution
of HCl in dioxane (4M, 10 mL). The mixture was stirred at
room temperature overnight. The separated solid was filtered,
washed with methylene chloride, dried in vacuum oven to give
the product 4 as the hydrochloride salt (2.7 g, 96%). The 'H
NMR spectrum of the pure solid was consistent with structure
4. 'H NMR (D,0) & 9.20 (s, 2H), 7.91 (m, 1H), 2.90 (t, 2H),
2.42 (t, 2H), 2.62 (m, 4H), 1.36 (m, 2H).

Alternative reaction conditions may be used to remove the BOC
protecting group. The compound 4 can be prepared under
standard amine deprotection conditions (for example, with 3.0

equivalents of 0.75M HC1l (in ether), with stirring at room

temperature for 12 hours. (See, P. Cali, M. Begtrup,

Synthesis, 2002, 63-64.)

Similarly the following two compounds namely 6-Amino-N-
(phenyl) hexanoamide dihydrochloride and o-amino-N-(4-
dimethylaminophenyl hexanoamide dihydrochloride ['H NMR
(CDC1l3) & 7.32 (d, 2H), 6.67 (d, 2H), 2.91 (s, 6H), 2.68 (m,
2H), 2.31 (m, 2H), 1.72 (m, 2H), 1.43 (br m, 4H)] were

synthesized using the above procedure.
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Step 3: 2,2’-Dithio-bis{N-[5-(pyridin-3-
ylcarbamoyl)pentyl]benzamide (6):

: NP
@/NT(CHZ)S\NHz . HOOC > —COOH
@ O 2vcl |
4 5
C14H1004S;
|(\:/|101|H\1/3tc-|22'\é%019 EDC.HCI Mol. Wt.: 306.36
B ) HOBt, DIPEA
DMF
y
§ °o I 32 H
@NT(Csz\N/C = | C\N/(CHZ)S N AN
— (@] H NN H ﬂ/ ‘
N o -
N
: 6
C3sH40N604S;
Mol. Wt.: 684.87
Scheme 5

To a mixture 2-thiobenzoic acid disulfide (5, 0.765 g, 2.5
mmole), HOBt (0.665 g, 4.9 mmole), EDC. HCl (2 g, 10 mmole) in
DMF (40 mL) was added the amine derivative 4 (1.5 g, 5 mmole)
followed by DIPEA (3.5 mL, 20 mmole). The mixture was stirred
at room temperature overnight. It was then poured into water
and extracted with ethyl acetate (5 x 30 mL). The combined
organic layers were washed with brine, dried over anhydrous
sodium sulfate, filtered and concentrated. The crude residue
was purified by column chromatography using 2 to 5% methanol

in methylene chloride to elute the required product 6 (1 g,

27%) as a colorless solid. 'H NMR (DMSO-dg) & 10.01 (br s,



10

15

WO 2009/045440 62 PCT/US2008/011367

2H), 8.67.(s, 2H), 8.21 (d, 2H), 7.98 (m, 4H), 7.83 (d, 2H),
7.65 (t, 2H), 7.42 (t, 2H), 7.30 (m, 2H), 3.81 (t, 4H), 2.30
(t, 4H), 1.46 (m, 4H), 1.30 (m, 4H).

The following two compounds namely 2,2’Dithio-bis{N-[5-
(phenylcarbamoyl)pentyl]lbenzamide and 2,2’Dithio-bis{N-[5-(4-
dimethylaminophenylcarbamoyl)pentyl]benzamide} [}H NMR (CDClj)
6 8.00 (d, 2H), 7.56 (m, 4H), 7.35 (m, 6H), 6.66 (d, 4H),
3.90 (t, 4H), 2.90 (s, 12H), 2.51 (t, 4H), 1.76 (m, 12H), 1.45
(m, 4H)] were also synthesized using the above procedure. The

'H NMR spectra of these two compounds are in agreement with

the structures.

S——S H
©/ (CH2>5 J\© (j)\ /<CH2>5 N :

S————S

O (CHz)s J\O ©)k (CHz)s
N \©\ -
|

Step 4: 2-Mercapto-N-[5-(pyridin-3-
ylcarbamoyl)pentyl]benzamide (205) :
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H o S—S o .,
N__(CH C _C. _(CH
OO
J T TOUTTTG
6 N

C36H10NeO04S2
Mol. Wt.. 684.87

Zn/HCI

H 1) SH

N A
AN CHy)s., .C
™ @
= 0 H

N
205

CygH21N30,S
Mol. Wt.: 343.44

Scheme 6

To an ice-cold solution of the disulfide derivative 6 (0.85 g,
1.2 mmole) in a mixture of methanocl (10 mL) and methylene
chloride (25 mL) was added conc. HCl (3.4 mL) followed by Zn
dust (1.2 g) in portions over 10 minutes. After stirring at
room temperature for 4 h, the mixture was diluted with water
(30 mL) and methylene chloride (25 mL). The aqueous layer was
separated and basified with agueous saturated sodium
bicarbonate while cooling the mixture simultaneously. The
separated solid was filtered and air-dried overnight. The
dried solid was extracted into a mixture of hot methanol and
methylene chloride (200 mL, 2:3 ratio). The hot solution was
then filtered through glass filter paper. The filtrate was
evaporated to dryness and the residue was triturated with
ethyl acetate to give the pure required product 205 (555 mg,
65%, mp 233-237° C) as a colorless solid. 'H NMR (DMSO-dg) &
10.06 (br s, 1H), 9.41 (br s, 1H), 8.76 (d, 1H), 8.21 (d, 1H),
8.02 (d, 1H), 7.40 (m, 2H), 7.32 (m, 1H), 7.02 (t, 1H), 6.91
(t, 1H), 3.24 (g, 2H), 2.30 (t, 2H), 1.60 (m, 4H), 1.38 (m,
2H). FAB (MH") 344.
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Using the above procedure the following two compounds namely
2-mercapto-N-[5- (phenylcarbamoyl)pentyl]benzamide (201), mp
110-112°C | and 2-Mercapto-N-[5-(4-
dimethylaminocarbamoyl)pentyl]lbenzamide (206), mp 108-110°C
were synthesized. Their 'H NMR spectra are consistent,
respectively, with the following structures:

o) SH
(CH2)s

H
H o) SH N
N _(CHy)s _ T N
YN N 0
0O H |

5~-Chloro-2-mercapto-N-[5- (pyridin-3-ylcarbamoyl) -
pentyl]benzamide (207a) :

H H S S
N/J o) H = =
207a Cl C Cl

I

9a
Using the above procedure the 5-Chloro-2-mercapto-N-[5-
(pyridin-3-ylcarbamoyl)-pentyllbenzamide (207a), mp 238-240° C
was prepared by treating the amine 4 in step 3 with 4,4’4
dichloro-2,2’'-dithiodibenzoic acid (9a) instead of 2,2'-
dithiodibenzoic acid (5).

'H NMR (DMSO - dg) & 10.06 (br s, 1H), 9.47 (br s, 1H), 8.71

(s, 1H), 8.20 (d, 1H, J= 3.2 Hz), 8.02 (d, 1H, J = 8.4 Hz),
7.30 (m, 3H), 7.04 (d, 1H, J = 7.2 Hz), 3.14 (m, 2H), 2.30 (t,
2H), 1.60 (m, 4H), 1.34 (m, 2H). FAB (MH') 378.

2-Mercapto-N-[5- (phenyl-3-ylcarbamoyl)pentyl benzamide (201):

SH

H Q
N CH;)s....C AN
X 2/5
Ty @
= o) H %

201
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Similarly using the above methodology and starting from
aniline and 6-tert-butoxy-carbonylaminohexanoic acid (2) 2-
Mercapto-N-[5-(phenyl-3-ylcarbamoyl)-pentyl]-benzamide (201)
was prepared. mp 110-112° C. 'H NMR (CDCls) & 7.69 (br s, 1H),
7.58 (d, 2H, J = 8 Hz), 7.49 (dd, 1H, J = 6.3, 1.5 Hz), 7.35
(m, 4H), 7.16 (m, 2H), 6.41 (br s, 1H), 4.71 (s, 1lH), 3.51 (q,
2H, J = 6.6), 2.43 (t, 2H, J = 7.2 Hz), 1.88 - 1.66 (m, 4H),
1.52 (m, 2H). EIMS (MH") 343.

2-Mercapto-N-[5- (4-dimethylamino-3-yl-
carbamoyl)pentyl]benzamide (206) :
o SH

N CHa)s <\ c
Mo

/ 206
Similarly 2-Mercapto-N-[5-(4-dimethylamino-3-yl-
carbamoyl)pentyl]benzamide (206), mp 108-110° C was prepared
starting from 4-dimethylamino aniline and 6-tert-
butoxycarbonylaminohexanoic acid [2, 'Y NMR (CDCl3) & 7.36 (d,
2H), 6.69 (d, 2H), 3.10 (m, 2H), 2.91 (s, 6H), 2.31 (t, 2H),
1.75 (m, 2H), 1.44 (m, 13H)] in four steps. 206: 4 NMR (DMSO
- dg) & 9.52 (br s, 1H), 9.38 (br s, 1H), 7.37 (d, 4H J = 9
Hz), 7.13 (m, 1H), 6.99 (m, 1H), 6.65 (d, 2H, J = 9.00 Hz),
3.24 (m, 2H), 2.23 (t, 2H, J = 7.4 Hz), 1.55 (m, 4H), 1.33
(m, 2H). FAB negative ion mode (M — H') 384.

2-Mercapto-N-[5- (4-Aminophenylcarbamoyl) -pentyl ]benzamide

(209) :

H o SH

e
H,N o H =

209
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Analogously 2-Mercapto-N-[5-(4-Aminophenylcarbamoyl) -
pentyl]benzamide (209) was synthesized starting from 4-
nitroaniline and 6-tert-butoxycarbonylaminohexanoic acid (2).
The nitro group was reduced to an amino group in step 4 during
Zn/HCl reduction. 'H NMR (DMSO - d¢) 8 9.39 (br s, 2H), 7.41
(d, 1H, J = 8.00 Hz), 7.32 (d, 1H, J§ = 8.0 Hz), 7.14 (m, 3H),
6.99 (m, 1H), 6.47 (d, 2H, J = 8.7 Hz), 4.79 (s, 2H), 3.28 (m,
2H), 2.21 (t, 2H, J = 7.5 Hz), 1.58 (m, 4H), 1.36 (m, Z2H).
ESMS (MH') 358.

5-Chloro-2-mercapto-N- (5-phenylcarbamoyl) -pentyl)benzamide
(210) :

o 8T -
/Nw/(CHz)s\N/C ’ BN HOOC | N COOH
o) H ,/ P
210 Cl Clgg C

Similarly the 5-Chloro-2-mercapto-N- (5-phenylcarbamoyl) -
pentyl)benzamide (210) was prepared from aniline and 6-tert-
butoxycarbonylaminohexanoic acid (2). The corresponding amine
in step 3 was reacted with 4,4’-dichloro-2,2’-dithiodibenzoic
acid (9a) instead of 2,2’-dithiodibenzoic acid (5) to give the
required product 210 in the final step.

'H NMR (DMSO - d¢) & 9.82 (br s, 1H), 8.56 (br s, 1H), 8.71
(s, 1H), 7.51 (m, 4H), 7.40 (m, 1H), 7.34 (m, 1H), 7.28 (m,
14H), 5.41 (br s, 1H), 3.20 (m, 2H), 2.30 (t, 2H, J = 7.2Hz),
1.61 - 1.50 (m, 4H), 1.35 (m, 2H). ESMS (MH") 377.

2-Mercapto-5-methoxy-N- (5-phenylcarbamoyl) -pentyl)benzamide

(211) :
S§————8§
[::j/ TriCHﬂ&\ \I:tj HOOC\[:::j [j:j/COOH
OMe OMe
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Again 2-Mercapto-5-methoxy-N-(5-
phenylcarbamoyl)pentyl)benzamide (211) was prepared by
treating the amine derivative in Step 3 with 4,4’-dimethoxy-
2,2'dithio-dibenzoic acid (9b). 'y NMR (CDCl;) & 8.30 (br s,
1H), 7.53 (d, 2H, J = 7.8 Hz), 7.44 (d, 1H, J= 8.4 Hz), 7.24
(m, 2H), 7.08 (m, 2H), 6.87 (dd, 1H, J = 3.0, 5.7 Hz), 6.49
(br s, 1H), 3.37 (g, 2H, J = 6.5 Hz), 2.39 (t, 2H, J = 7.5
Hz), 1.75 (m, 2H), 1.56 (m, 2H), 1.46 (m, 2H). ESMS (M H")
373.

2-Mercapto-N- (6-phenylcarbamoyl-hexyl)benzamide (212):
' SH

H Q
@J‘WACHz)e\E/C\@ HOOC~(CH,)s-NHBOC
= o

16
212

Similarly the 2-Mercapto-N-(6-phenylcarbamoyl-hexyl)benzamide
(212) was synthesized starting from aniline and 7-tert-
butoxycarbonylaminoheptanoic acid (16) instead of 6-tert-
butoxycarbonylaminohexanoic acid (2) in step 1. 'H NMR (DMSO
- dg¢) 6 9.82 (br s, 1H), 8.38 (br s, 1lH), 7.56 (d, 2H, J =
7.8 Hz), 7.41 (m, 2H), 7.26 {(m, 3H), 7.25 (m, 1lH), 6.99 (t,
1H, J = 7.5 Hz), 5.34 (br s, 1H), 3.20 (m, 2H), 2.29 (t, Z2H,
= 7.2 Hz), 1.61 - 1.48 (m, 4H), 1.34 (m, 2H). m/e 356.

2-Mercapto-N-7-phenylcarbamoyl-heptyl)benzamide (213):
SH

H O
@N\”/(CHZh\N/\\C\@ HOOC-(CH,);-NHBOC
~ 0 H = 18
213
2-Mercapto-N-7-phenylcarbamoyl-heptyl)benzamide (213) was
prepared starting from aniline and 8-tert-
butoxycarbonylaminooctanoic acid (18) 1in place of 6-tert-

butoxy-carbonylaminohexanoic acid (2) in Step 1. 'H NMR (DMSO

- dg) 8 9.82 (br s, 1H), 8.38 (br s, 1H), 7.57 (d, 2H, J =
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7.5 Hz), 7.40 (m, 2H), 7.25 (m, 3H), 7.15 (m, 1H), 6.99 (t,
1H, J = 7.2 Hz), 5.34 (br s, 1H), 3.20 (m, 2H), 2.28 (t, 2H, J
= 7.2 Hz), 1.60 - 1.49 (m, 4H), 1.31 (m, 2H). m/e 370.

2-Mercapto-N- (10-phenylcarbamoyl-decyl)benzamide (214):
SH

H 0
N C
jr‘CHZ)w\N/C | o HOOC-(CH,);o-NHBOC
o H =
20
214
Finally the 2-Mercapto-N-(l0-phenylcarbamoyl-decyl)benzamide
(214) was made from aniline and 1ll-tert-

butoxycarbonylaminoundecanoic acid (20) in Step 1 instead of
6-tert-butoxy-carbonylaminohexanoic acid (2) as previous. 'H
NMR (DMSO - dg) 6 9.82 (br s, 1H), 8.37 (br s, 1lH), 7.57 (d,
2H, J = 8.00 Hz), 7.41 (m, 2H), 7.24 (m, 3H), 7.17 (m, 1H),
6.99 (t, 1H, J = 7.5 Hz), 5.34 (br s, 1H), 3.20 (m, 2H), 2.27
(t, 2H, J = 7.5 Hz), 1.56 (m, 2H), 1.48 (m, 2H), 1.34 (m, 2H).
m/e 412.
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Table 1: HDAC Inhibitor Compounds

Compound Structure
H O SH
201 N\[I/\/\/\N
0O H
OH O H
N
203 N//\\v/”\\//\\¢/
H O OH
SH O H
N
204 N~ NN
H O SH
H O SH
H
O
SN
H O SH
N
06 /O/ \n/\/\/\”)j\(j
~ O
N
|
0] O SH
LJ ok H
N 8
Cl
wherein Rg is H, alkyl, or aryl.
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Materials and Methods

MDA-MB-231, HT-29, NCI-H460, NCI-H522, NCI-H69, GXF-209,
HepG2, OVAR-3, PANC-1, DU-145, LNCAP, HL-60, K-562, and MOLT-4
cell lines were either obtained from the American Type Culture
Collection (ATCC; Manassas, VA), or from the National Cancer
Institute (NCI; Frederick, MD). RPMI-1640 media, L-glutamine
dipeptide (HyQ SG-200), and HEPES were obtained from Hyclone
(Logan, UT). Fetal bovine serum (FBS) was obtained from
Sigma-Aldrich, (St. Louis, MO). DMSO was purchases from Fisher
Chemicals (Fair Lawn, NJ). The CellTiter-Glo Luminescent Cell
Viability Assay reagent was obtained from Promega Corporation
(Madison, WI). All tissue culture plasticware was obtained
from Corning Incorporated (New York, NY). Compound 100 and
Compound 102 were provided by Lixte Biotechnology Holdings,
Inc. (East Setauket, NY).

All cell lines were routinely cultured twice weekly in RPMI-
1640 medium supplemented with 2 mM L-glutamine dipeptide, 10
mM HEPES, and 10% FBS.

The adherent cell lines MDA-MB-231, HT-29, NCI-H460, NCI-H522,
GXF-209, HepG2, OVAR-3, PANC-1, DU-145, and LNCAP cells were
each seeded into two 96-well plates at 2,500 cells per well in
a total volume of 50 ul and incubated in a 37 C humidified 5%
CO2 <cell culture incubator overnight. The suspension cell
lines NCI-H69, HL-60, K-562, and MOLT-4 were each seeded into
two 96-well plates at 10,000 cell per well in a total volume
of 50 ul and incubated in a 37 C humidified 5% CO2 incubator

overnight.

A 20mM stock of Compound 205 were made in DMSO. This was
followed by making 2X stocks of the final concentrations
required in RPMI-1640 medium. 50ul of the 2X stock solutions

were added to the appropriate wells, which contained 50 ul of
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cells and medium to give the final concentrations outlined in
the Appendix. 50 ul of media were added to media and cell
control wells and 50 ulL of a mock 2X DMSO stock solution were
added to vehicle control wells. At the same time that the
drugs were added to the cells, one of the plates from each
cell line was used for the CellTiter-Glo assay as described
below in order to obtain Day 0 values for each cell line.
Following a 72 hr incubation period, the CellTiter-Glo assay

was performed on the remaining plate.

CellTiter-Glo Assay

The assay was performed as per the manufacturer's
instructions. Briefly, plates were removed from the incubator
and placed on the bench at room temperatures for 30 minutes.
Plates were not stacked. Following the 30 min incubation at
room temperature, 100 ul of CellTiter-Glo reagent were added
to each well on the plate and mixed for 2 minutes, followed by
further 10 minute incubation at room temperature.
Luminescence was then recorded using the PerkinElmer Microbeta

scintillation and luminescence counter (Trilux).

Results and Discussion

These studies were performed as describes in Materials and
Methods, with the raw data and plate set-up outlined in the
Appendix. The IC50 wvalues for compound 205 in each cell 1line
are outlined in Table 2. The graphical representation of the
effect of the compounds on each cell 1line, along with the

associated curve fits, is illustrated in Figures 8A-N.

The majority of cell lines tested were sensitive to compound
205 in the low uM range (Table 2). against cell lines of:
breast cancer; colon cancer; two major types of lung cancer,

adenocarcinoma and small cell (large cell carcinoma was the



WO 2009/045440 PCT/US2008/011367

74

least sensitive); stomach cancer; liver cancer (hepatoma);
ovary adenocarcinoma; pancreas carcinoma, two types of
prostate carcinoma; and three types of leukemia,
promylocytic, chronic myelocytic, and acute lypmphocytic
(Table 2). Compound 205 was most active against lung
adenocarcinoma, stomach cancer, pancreatic cancer, and breast

cancer.
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Table 2. The Inhibitory Concentration of Compound 205 that
Results in 50% Inhibition of the Proliferation of Human Cell

Lines in vitro.

Human Cancer Compound 205 ICs¢ (uM)
Cell Line
MDA-MB-231 Breast 24.8
HT-29 Colon 47.6
NCI-H460 Lung >100
large cell
NCI-H522 Lung 1.8
adenoca
NCI-H69 Lung l6.1
small cell
GXF-209 22
Stomach
HepG2 Hepatoma 53.1
OVCAR-3 Ovary 18.7
adenoca
PANC-1 11.9
Pancreas
DU-145 50.2
Prostate
LNCAP 6.2
Prostate
HL-60 Leukemia 60*
promyelocytic
K562 Leukemia 58.3
chronic myelo
MOLT-4 Leukemia 26.3
acute lympho

*Denotes that ICsg value was estimated from the data as no
curve fit was possible.
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Example 1:

To identify novel therapeutic targets for the treatment of
glioblastoma multiforme (GBM), the compounds of the subject
invention were evaluated for their ability to inhibit

glioblastoma multiforme cells in vitro and in vivo.

Each of the compounds inhibited the growth of GBMs in a dose
dependent manner in vivo as shown in Figures 1-5 and 16-22.
Compounds 205 and 206 each inhibited the growth of GBM

xenograft tumor volume in SCID mice as shown in Figure 6.

From graphic plots of the GBM cell line U373 as a function of
exposure to different doses of drug for 7 days, the
proportion relative to the control was measured and plotted

graphically.

All of the compounds are active against the cell line U-87,
however compounds 201, 205, 206, 212, and 213 are the most
potent on an equimolar basis. Both compounds 205 and 206 show
significant inhibition of U87 GBM xenografts compared to

control (Figure 9).

We have shown that compound 205 is active against
medulloblastoma cell line DAOY (Figures 11-13). We have also
shown the compound 205 in combination with ATRA is active

against medulloblastoma cell line DAQY (Figure 7).

Compound 205 shows activity against the growth of SHSY-5Y
xenografts (Figure 10 and 14) while not inhibiting normal
cell growth, as evidenced by high viability of normal mouse

brain cells compared to control (Figure 15).
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We have also shown that compound 205 1is active against
multiple human cancer cell lines at low micromolar
concentrations. These cancers include those of the breast,
colon, lung (3 types), stomach, liver (hepatoma), ovary,
pancreas and prostrate and three types of leukemia,
promyeloctyic, chromic myelocytic, and acute lymphocytic

(Table 2, Fig 8A-N).

We have also found that compound 205 is active in an in vivo
mouse model of human glioblastome multiforme (GBM) when the
tumor cells are implanted subcutaneously in SCID mice. In
addition, we found that in this case compound 205 is more

active than an equimolar dose of SAHA.

Therefore, based on the anti-cancer activity of the compounds
of this invention, it 1is also contemplated that given the
structure of these compounds, they will be active as anti-HIV
agents targeting Zn functional groups 1in retroviral =zinc

finger domains.

Example 2:

New antimycotics continue to reach the market, many with the
promise of increased activity over those agents that are

currently available.

A total of 23 isolates were tested to include 3 Candida
albicans, 3 Candida glabrata, 3 Cryptococcus neoformans, 3
Asperéillus fumigatus, 3 Rhizopus oryzae, 3, Fusarium solani, 3
Pseudallescheria boydii, and 2 Trichosporon rubrum. All
isolates were clinical isolates submitted to the Fungus Testing
Laboratory for evaluation. Antifungal susceptibility testing

was accomplished according to the methods outlined in the
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National Committee for Clinical Laboratory Standards, M-27A2,
Reference Method for Broth Dilution Antifungal Susceptibility
Testing of Yeasts; Approved Standard, and M38-A “Reference
Method for Broth Dilution Antifungal Susceptibility Testing of
Conidium-Forming Filamentous Fungi; Approved Standard”. This
includes testing in RPMI-1640 with glutamine and without
bicarbonate, an inoculum size of 0.5-2.5 x 10° for yeasts or 1
-5 x 10% for moulds, and incubation at 35°C for 24 and 48
hours. The minimum inhibitory concentration (MIC) was defined
as the lowest concentration that resulted in a 50% reduction in
turbidity as compared to a drug-free control tube for the yeast
and 80% inhibition for the moulds. Drug concentrations were

0.125-64 npg/ml.

Endpoints were determined for most species when testing the

compounds.

INTRODUCTION

The growing population of immunocompromised patients due to
transplantation, HIV/AIDS and cancer, primarily leukemia, has
resulted in an increase in severe fungal infections. The fungi
most often recovered from. infections in these patients are
Aspergillus spp. and Candida spp. Effective therapies are
available for the treatment of Candida spp. but there remains a
concern about the treatment of infections caused by Aspergillus
spp., which are associated with high mortality in the
immunocompromised host. Such infections are difficult to clear
in this group of patients thus increasing the need for agents
with good activity against these fungi. As a result of the
changing scene of fungal infections and the lack of an overall
cure for these infections, the compounds of this invention are

proposed as potential anti-fungal agents.
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MATERIALS AND METHODS

Testing was completed with a common lot for each agent.

A 10 mg portion of each powder was weighed out and added to 1

ml of 100% DMSO for compound 205. The resulting concentration

of 10 pg/ml was diluted to a working concentration of 6400
ng/ml for compound 205 in 100% DMSO. All subsequent dilutions

were also made using the respective diluents. Final testing

concentrations ranged from 0.125-64 pg/ml.

The NCCLS recommended medium RPMI-1640 (Hardy Diagnostics,

Santa Monica, CA) was utilized as the test medium.

All isolates in this study were clinical isolates received in
the Fungus Testing Laboratory for standard antifungal
susceptibility testing and/or identification. Isolates, which
were not sent for identification, were confirmed to assure
testing integrity. A total of 23 were tested to include 3
Candida albicans, 3 Candida glabrata, 3 Cryptococcus
neoformans, 3 Aspergillus fumigatus, 3 Rhizopus oryzae, 3,
Fusarium solani, 3 Pseudallescheria boydii, and 2 Trichosporon

rubrum.

Minimum inhibitory concentrations (MIC) were determined at the
first 24-hour interval where growth could be determined in the
drug-free control tube. The defined MIC yeast was the lowest
concentration that exhibited an 50% reduction in turbidity as
compared to the growth control while the MIC for moulds was

determined where 80% reduction was noted.
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DISCUSSION

We have developed a new class of  histone deacetylase
inhibitors. Their novelty resides on the use of a 2-mercapto-
N-benzoylamino group linked to a substituted or unsubstituted
5-phenyl-3-ylcarbamoyl terminal group oOor a 5-pyridin-3-
ylcarbamoyl group separated by 5 to 10 methylene groups. The
novelty of these compounds resides in the wuse of the
mercaptobenzoylamino group for zinc chelation. We show that
this class of HDAC inhibitors is active against a wide spectrum
of human cancer cells growing in culture and growing as
xenografts in immunosupressed mice. We demonstrate further
that this group of HDAC inhibitors inhibits both <c¢lass I
(histone 3) and class II (histone 4) histone deacetylases. We
show that compounds of this type inhibit HDAC in xenografts
growing in nude mice and inhibit HDAC activity in normal brain
tissue of mice when given systemically. Thus, compounds of
this type inhibit their intended target in vivo and reach
normal brain tissue at doses of drug which result in no
discernable toxicity to mice yet cause marked inhibition of

tumor growth.

An important advantage of this group of drugs is that they may
be readily derivatized on both the mercaptobenzamoyl moiety and
the opposite end of the molecule, which may be any of many
structures including the examples shown consisting of
substituted and unsubstituted pyridinyl and phenyl moieties and
a novel symmetrical molecule with two mercaptobenzoylamino

moieties (bis-~1l, 6-(mercaptobenzoylamino)hexane {(compound 204).

Another potential advantage to this group of drugs is that HDAC
inhibitors operate by a mechanism apart from all standard anti-
cancer drugs. It is likely that the HDACs can be combined with

other drugs to achieve enhanced anti-cancer activity without
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increased toxicity. We provide one example that shows that the
combination of all-trans retinoic acid with compound 205 has
greater than additive activity in inhibiting the growth of

neuroblastoma cells (Figure 7).

CONCLUSION
The results for the compounds are shown in Table 2. The
compounds of this invention do possess endpoints. Depending on

achievable levels of these compounds in human subjects, safety
profiles and other pertinent factors to consider in moving
forward to development, these compounds may be viable
contenders as anti-fungal agents on human and plant infections
as we demonstrate that members of this class of HDAC inhibitors
have significant anti-proliferative activities against
medically important pathogenic fungi (summarized in Tables 3

and 4).

In addition, because members of this group of compounds crosses
the blood brain barrier and inhibits HDAC activity in normal
brain, and because there are many reports that such neural
activity has Dbeneficial effects on several models of
neurodegenerative diseases, we believe these compounds will be
useful as neuroprotective agents, with potential utility for
treating chronic neurodegenerative diseases of unknown origin

such as the tauopathies and traumatic brain injury.

Furthermore, compounds of this class are expected to be useful
for the treatment of chronic and potentially acute inflammatory
diseases including those associated with fibrosis, such as

cardiac hypertrophy and rheumatoid arthritis.
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What is claimed is:

1.

A compound having the structure
Re

F/
wherein

Ri3 H |
R12 4 N N
/
r\/l[ \H: O R
Ry” "X~ "Ry, >
n is 1-10;

X is C-R;; or N, wherein Ry; is H, OH, SH, F, Cl, SOzRy,
NO;, trifluoromethyl, methoxy, or CO-R;, wherein Ry 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

O
S

R, 1s H or NR3Ry, wherein R3 and Ry are each

Z is

independently H, C;-Cg¢ alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Re, Ri2, Ri3, and Rj4 are each independently H, OH, SH,
F, Cl, SOzR;s, NO;, trifluoromethyl, methoxy, or CO-Rjs,
wherein Rjs is alkyl, alkenyl, alkynyl, C3-Cg
cycloalkyl, or aryl, or

a salt of the compound.

The compound of claim 1 having the structure

Re
Riz H H Z/ |
Ri2 V N\W/4A%»/’N N
| n
0 O R
Ry X" Ry 5

wherein

n is 1-9;
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X is C-Rj; or N, wherein Ry;; is H, OH, SH, F, Cl, SO2Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein Ry is
alkyl, alkenyl, alkynyl, C3~Cg cycloalkyl, or aryl;

R, 1is H or NR3Rg4, wherein R; and R; are each
independently H, C;-Cg alkyl, or C3-Cg cycloalkyl;

Ry is OH or SH; and

R¢, Ri2, Ri3z, and Ris are each independently H, OH, SH,
F, Cl, SO;R;5, NO,, trifluoromethyl, methoxy, or CO-Ris,
wherein Ris is alkyl, alkenvyl, alkynyl, C3-Cg
cycloalkyl, or aryl.

3. The compound of claim 1 having the structure
Re
Ri H H )
Z N\”/%/AN N
x | @) 0] Rs

wherein

n is 1-8;

X is CH or N;

Ry is H or OH;

R, 1is H or NRj3Ry, wherein R3 and Ry are each
independently C;-C¢ alkyl or C3-Cg cycloalkyl;

Rs is OH or SH; and

R¢ is H, OH, SH, F, Cl, SO;R;, NO,, trifluoromethyl,
methoxy, or CO-Ry, wherein R; is alkyl, alkenyl,
alkynyl, C3~Cg cycloalkyl, or aryl.

4, The compound of cléim 1 having the structure
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Re
Ri3 H H
Ri2 X NW/N
| n
=
R X Ry, © O R
wherein
n is 1-9;

X is C-Ry;; or N, wherein R;; is H, OH, SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3Rg, wherein Rz and Ry are each
independently H, Ci-Cs alkyl, or C3~Cg cycloalkyl;

Rg is OH or SH; and

Rs, Ri2, Riiz, and R, are each independently H, OH, SH,
F, Cl, trifluoromethyl, methoxy, or CO-Ris, wherein Risg

is alkyl, alkenyl, alkynyl, C;-Cg cycloalkyl, or aryl.

5. The compound of claim 4 having the structure

Re

Ry H H
N
\\’(<’§\/N
L. A !
Ry X © 5

wherein

n is 1-8;

X is CH or N;

R; is H or OH;

R, 1is H or NR3Ryg, wherein Rz and Ry are each
independently Ci1-Cg¢ alkyl or C3-Cg cycloalkyl;

Rg is OH or SH; and
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Rg is H, OH, SH, F, Cl, trifluoromethyl, methoxy, or
CO-R;, wherein Ry 1s alkyl, alkenyl, alkynyl, or C3—Cg
cycloalkyl, or aryl.

6. The compound of claim 1 having the structure
Ry O @) Rs
R
12 I AN N/(’an\N
_ H H
Ry X7 Ry
Re
wherein
n is 1-8;

X is C-Rj; or N, wherein Ry;; is H, OH, SH, F, Cl, SOzRy,
NO,, trifluoromethyl, methoxy, or CO-R;, wherein R; 1is
alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or aryl;

R, is H or NR3Ry, wherein Rz and Rs; are each
independently C;-Cg alkyl or C3-Cg cycloalkyl; and

Ry is OH or SH; and

Rg, Riz, Riz, and Ri4 are each independently is H, OH,
SH, F, Cl, SOzR15, NO, trifluoromethyl, methoxy, or CO-
R;5, wherein Rys is alkyl, alkenyl, alkynyl, C3-Cg
cycloalkyl, or aryl, or

a salt of the compound.

7. The compound of claim 6 having the structure

R, O O Rs
l\ NN
) H H
Ry X
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wherein

n is 1-8;

X is CH or N;

Ry is H, OH or SH;

R, is H or NR3Ry, wherein Rs and Ry are each
independently C;-C¢ alkyl or C3-Cg cycloalkyl; and

Ry is OH or SH; and

R¢ is H, OH, SH, F, Cl, SO;R;, NO,, trifluoromethyl,
methoxy, or CO-Ry, wherein R; 1is alkyl, alkenyl,
alkynyl, C3-Cg cycloalkyl, or aryl, or

a salt of the compound.

8. The compound of any of claims 1-6, wherein Rs or Rg is
SH, and the aromatic ring bearing the SH group 1is a
benzenoid, aza, or polyaza-aromatic five- or six-membered

ring.

9. The compound of any one of claims 1-7 wherein R; and R;

are H, X is CH, Ry is SH, Rg is H, and n is 4.

10. The compound of any one of claims 1-7 wherein R; is OH,

R, is H, X is CH, Rs is OH, Rg¢ is H, and n is 6.

11. The compound of any one of claims 1-7 wherein R; is SH,

R, is H, X is CH, Rg is SH, Rg is H, and n is 6.

12. The compound of any one of claims 1-7 wherein R; and R;

are H, X is N, Rs 1s SH, R¢ is H, and n is 4.

13. The compound of any one of claims 1-7 wherein R; is H,
R, is NRsRy, wherein R; and Ry are each C; alkyl, X is CH, Rs

is SH, Rg is H, and n is 4.
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14. The compound of any one of claims 1-7 wherein R; and R;

are H, X is N, Rg is SH, Rg is Cl, and n is 4.

15. The compound of any one of claims 1-7 wherein R; and R;

are H, X is N, R; is SH, Rg is H, and n is 5.

16. The compound of any one of claims 1-7 wherein R; is H,
R, is NR3Ry, wherein R; and Ry are each H, X is CH, Rs is SH,

R¢ is H, and n 1is 4.

17. The compound of any one of claims 1-7 wherein R; and R;

are H, X is CH, Rs is SH, R is Cl, and n is 4.

18. The compound of any one of claims 1-7 wherein R; and R;

are H, X is CH, Rs is SH, R¢ is methoxy, and n is 4.

19. The compound of any one of claims 1-7 wherein R; and R

are H, X is CH, Rgs is SH, Rg is H, and n is 5.

20. The compound of any one of claims 1-7 wherein R; and R,

are H, X is CH, Rs is SH, R¢ is H, and n is 6.

21. The compound of any one of claims 1-7 wherein R; and Ry

are H, X is CH, Rs is SH, Rg is H, and n is 9.

22. The compound of claim 1, 2, 3, 4, or 5 having the

structure
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H H |\

N\W/A\V/”\\/”\V//N\jr/ Z
H ‘O SH
N

\W/A\V/A\V/”\\//\\N

©/ o) HJ\@
, or

H H

23. The compound of claim 1, 6, or 7 having the structure

OH O H
NSNS
H O OH
SH O H
NE N N
H O SH
SH
NN
| - L H
Cl

wherein Rg = H, alkyl, or aryl, or

') 0O SH

NN/W\N
J H H

N
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A pharmaceutical composition comprising the compound
of any one of <claims 1-23 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically

acceptable carrier.

A method for reducing the size of a tumor
overexpressing nuclear receptor corepressor (N-CoR)
comprising administering to the subject the
pharmaceutical composition of claim 24, so as to

reduce the size of the tumor.

The method of claim 25, wherein the tumor
overexpressing nuclear receptor corepressor (N-CoR) 1is

a brain tumor.

A method of inhibiting the activity of Thistone
deactylase (HDAC) comprising contacting the HDAC with
the compound of any one of claims 1-23 so as to

inhibit the activity of histone deacetylase.

The method of c¢laim 27, wherein the HDAC 1s histone
deacetylase 3 (HDAC3).

The method of claim 27, wherein the HDAC 1is histone
deacetylase 4 (HDAC4).

A method of inhibiting HIV replication comprising
contacting an HIV-infected cell with the compound of
any one of «claims 1-23 so as to inhibit HIV

replication.
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A method of inhibiting cardiac hypertrophy comprising
administering to the subject an amount of the compound
of any one of claims 1-23 effective to inhibit cardiac

hypertrophy.

A method of treating a subject afflicted with breast
cancer, colon cancer, large cell lung cancer,
adenocarcinoma of the lung, small cell 1lung cancer,
stomach cancer, liver cancer, ovary adenocarcinoma,
pancreas carcinoma, prostate carcinoma, promylocytic
leukemia, chronic myelocytic leukemia, or acute
lymphocytic leukemia, comprising administering to the
subject the pharmaceutical composition of claim 24,

thereby treating the subject.
A method of inhibiting fungal growth comprising
contacting the fungus with the compound of any of

claims 1-23 so as to inhibit the growth of the fungus.

A process for preparing a compound having the

structure:
Rs
Ris H //|
R12 y4 N ™.
=
R;”™ X7 “Rys °
wherein
n is 1-10;

X is C-R;; or N, wherein R;; is H, OH, SH, F, Cl, SO3Ry,
NO,, trifluoromethyl, methoxy, or CO~R;, wherein Ry 1is

alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, or arvyl;
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0]
S

R, is H or NRi3Rg, wherein R3; and Ry are each

Z 1is

independently H, C;-C¢ alkyl, or C3-Cg cycloalkyl;

Rs; is OH or SH; and

R¢;, Ri2, R;j3, and R;; are each independently H, OH, SH,
F, Cl, SO;R;s5, NO;, trifluoromethyl, methoxy, or CO-Ris,
wherein Ris is alkyl, alkenyl, alkynyl, C3-Cg
cycloalkyl, or aryl;

comprising:

a) contacting a compound having the structure

Ry3
Riz<~ | Rig
>
Ry X Rq4
g
. . % oH .
wherein Rjg 1is or NH;, with a compound
having the structure
H
R8\6%/N\
R
. n 9
g J§
wherein Rg is ?1 OH or NH,, Rg is H or ??‘ OtBu,

and with a compound having the structure
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wherein R;g is H or Me,

m is 1 or 2, and

when m is 1, o is absent, Y is OH or SH; or

when m is 2, o is present, and Y is S,

the compound having the structure

Re
R13 H //l
Rz z N A
=
< H: O Y-usetee
Ry™ X° "Rys © m

O
%LNHZL ]

35. The process of claim 34 for preparing

wherein Z is
having the structure:
3
Rt H H /|
ﬁNWN N
O 0] R
Ry X 5

wherein

n is 1-9;

a

to form

compound
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X is CH or N;

Ry is H or OH;

R, is H or NR3Ry, wherein Rs; and Rgq are each
independently H, C;-Cg alkyl, or C3-Cg cycloalkyl;

Rs is OH or SH; and

Rg is H, OH, SH, F, Cl, SO3;Ry, NO, trifluoromethyl,
methoxy, or CO-R;, wherein R; 1is alkyl, alkenyl,
alkynyl, C3-Cg cycloalkyl, or aryl;

comprising:
a) contacting the compound having the structure
R4
NH,

=4
x>
R, X
with a compound having the structure
H
HO N OtBu
T
0] 0]
in the presence of one or more suitable first
amide bond-forming reagents, a suitable first

base, and a suitable first solvent to form the

compound having the structure

R4 H H
N N OtBu
=
U 1Y
N
R, X

b) exposing the product of step a) to suitable

.
’

deprotection conditions to form the compound

having the structure
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Ri
P | NWNHZ
Ry X ©

wherein the product is obtained as a free base or
salt;
c) contacting the product of step b) with a

compound having the structure

R
//l6
HO A
O Y---r{--
a

- - -m
in the presence of one or more suitable second
amide bond-forming reagents, a suitable second
base, and a suitable second solvent to form the

compound having the structure

Rs
R, H H //'q
n
Ry Sx~ O O Yoyt
m

wherein m is 1 or 2, and

when m is 1, o is absent, Y is OH or SH; or

when m is 2, o is present, and Y is S.

The process of claim 35 further comprising:
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i) reacting the product of step c¢) with zinc in
the presence of hydrochloric acid to obtain the

compound having the structure

Re

Ri H H )

J\)T Y

0] @) R

Ry X 5
when m is 2, o is present, and Y is S.

37. The process of claim 34 for preparing a compound having

the structure:

R, O O Rs -
NN
H H

wherein

n is 1-8;

R; and Rg are both OH or both SH;
comprising:

a) contacting a compound having the structure

H2N,9,NH2
n

with at least 2 equivalents of a compound having

the structure

@) OH 0] SH
\O)‘\<j \O)K©
or

so as to form the compound having the structure



WO 2009/045440 PCT/US2008/011367

99
R, O O Rs
N/(A)n\N
H H
38. The process of claim 37 for preparing the compound
having the structure
OH O H
/\/\/\/N
N
H O OH
comprising:
a) heating methyl 2-hydroxybenzoate and 1,6~

diaminohexane in a flask with a&a Dean-Stark
apparatus to distill methanol;

b) cooling flask to room temperature and
triturating with water;

c) collecting the solid in the flask by
filtration; and

d) recrystallizing the solid from alcohol.

39. The process of claim 36 for preparing a compound

having the structure:

- H O SH
N (CH2)s |
YT
P H
N o)
comprising:
a) combining 3-aminopyridine, 6-tert-Butoxycarbonyl

amino-hexanoic acid in methylene chloride;
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c)

e)

f)

g)

h)

100

adding HOBt, EDC-HCl and DIPEA to the mixture of
step a); and

stirring the mixture of step b) for 3 hours at room
temperature to produce the compound

0

H
~N (CH)s A oy
| P o} H

N

allowing the compound of step c¢) to react under

deprotection conditions to produce the compound

H

v o ° 2HCI

combining 2,2’-dithiodibenzoic acid, HOBt, EDC-HCl and

r

DMF';

adding the compound of step d) to the mixture of step
e)

and DIPEA and stirring at room temperature overnight;
pouring the product of step f£f) into water and
extracting with ethyl acetate;

washing the organic layer with brine, drying with
sodium sulfate, and concentrating;

purifying the crude residue with column chromatography

to produce the compound

H
)5
N N\n/ >N
N N

o S$S—S o
(CHp)s  H
T

(CH,
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dissolving the compound of step 1) 1in ice-cold
methanol and methylene chloride and adding

concentrated HCl and Zn dust;

stirring the mixture of step Jj) for 4 hours and
diluting the mixture with water and methylene
chloride;

separating the aqueous layer and adding agqueous
saturated sodium bicarbonate and then cooling;
collecting the solid by filtering, followed by drying
overnight;

extracting the dried solid wusing a mixture of hot
methanol and methylene chloride;

filtering the hot solution through glass filter paper;
and

evaporating the filtrate to dryness and triturating
with ethyl acetate to produce the compound

SH
H 0]
(CHy)
N N\]// 215
W
N

0O H
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FIGURE 8A MDA-MB-231-Breast
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Figure 8B HT-29-Colon
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\ Figure 8C NCI-H460-Lung, Large Cell
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Figure 8D NCI-HS522-Lung, Adenocarcinoma
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Figure 8E NCI-H69-Lung, Small Cell
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Figure 8F GXF-209-Stomach
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Figure 81 OVCAR-3-Ovarian

120+

100+
80+ - Compound 205
60+ -®= 10 uM Doxorubicin

401
20+

% Vehicle Growth

0.1 1 10 100
[Drug] uM

120
100+ §

80+ i ¥ Compound 205

60+
40-

% Vehicle Growth

20+

c | | | |
2 A 0 1 2.

Log [Drug] uM



WO 2009/045440

% Vehicle Growth

% Vehicle Growth

120+
1004
80+
60+
404
204
0

0.1

120
100

PCT/US2008/011367

16/35

Figure 81  PANC-1-Pancreas
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Figure 8J DU-145-Prostate
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Figure 8K LLNCAP-Prostate
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Figure 81. 111.-60-Lcukemia, Promyelocytic
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Figure 8M K-562- I.cukemia, Chronic Myelocytic
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Figure 8N MOLT-4-l.cukemia, Acute Lymphocytic
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