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PHARMACEUTICAL FORMULATIONS OF HDAC INHIBITORS

RELATED APPLICATIONS

This application is related to: United States provisional patent application 60/681,215
filed 13 May 2005; and United States provisional patent application 60/681,234 filed

13 May 2005; the contents of both of which are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

This invention generally pertains to the field of pharmaceuticals and pharmacy, and more
specifically to pharmaceutical compositions comprising certain carbamic acid compounds
(e.g., which inhibit histone deacetylase (HDAC) activity) and one or more additional
ingredients selected from cyclodextrin, arginine, and meglumine. The present invention
also pertains to the use of such compositions, for example, in the inhibition of HDAC, and
in the treatment of conditions mediated by HDAC.

BACKGROUND

Histone Deacetylase (HDAC)

DNA in eukaryotic cells is tightly complexed with proteins (histones) to form chromatin.
Histones are small, positively charged proteins which are rich in basic amino acids
(positively charged at physiological pH), which contact the phosphate groups (negatively
charged at physiological pH) of DNA. There are five main classes of histones, H1, H2A,
H2B, H3, and H4. The amino acid sequences of histones H2A, H2B, H3, and H4 show
remarkable conservation between species, whereas H1 varies somewhat, and in some
cases is replaced by another histone, e.g., H5. Four pairs of each of H2A, H2B, H3, and
H4 together form a disk-shaped octomeric protein core, around which DNA (about 140
base pairs) is wound to form a nucleosome. Individual nucleosomes are connected by
short stretches of linker DNA associated with another histone molecule (e.g., H1, or in
certain cases, H5) to form a structure resembling a beaded string, which is itself arranged
in a helical stack, known as a solenoid.

The majoarity of histones are synthesised during the S phase of the cell cycle, and newly
synthesised histones quickly enter the nucleus to become associated with DNA. Within
minutes of its synthesis, new DNA becomes associated with histones in nucleosomal
structures.
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A small fraction of histones, more specifically, the amino side chains thereof, are
enzymatically modified by post-translational addition of methyl, acetyl, or phosphate
groups, neutralising the positive charge of the side chain, or converting it to a negative
charge. For example, lysine and arginine groups may be methylated, lysine groups may
be acetylated, and serine groups may be phosphorylated. For lysine, the -(CH,)4-NH>
sidechain may be acetylated, for example by an acetyltransferase enzyme, to give the
amide -(CH,),-NHC(=O)CH;. Methylation, acetylation, and phosphorylation of amino
termini of histones which extend from the nucleosomal core affect chromatin structure
and gene expression. (See, for example, Spencer, V.A. and Davie, J.R., 1999, Gene,
Vol. 240(1), pp. 1-12).

Acetylation and deacetylation of histones is associated with transcriptional events leading
to cell proliferation and/or differentiation. Regulation of the function of transcription
factors is also mediated through acetylation. Recent reviews of histone deacetylation
include: Kouzarides, T., 1999, "Histone acetylases and deacetylases in cell proliferation,"
Curr. Opin. Genet. Dev., Vol. 9, No. 1, pp. 40-48; Pazin, M.J., et al., 1997, "What's up and
down with histone deacetylation and transcription?," Cell, Vol. 89, No. 3, pp. 325-328.

The correlation between the acetylation status of histones and the transcription of genes
has been known for over 30 years (see, for example, Howe, L., et aI'., 1999, Crit. Rev.
Eukaryot. Gene Expr., Vol. 9(3-4), pp. 231-243). Certain enzymes, specifically
acetylases (e.g., histone acetyltransferase, HAT) and deacetylases (e.g., histone
deacetylase, HDAC), which regulate the acetylation state of histones have been identified
in many organisms and have been implicated in the regulation of numerous genes,
confirming the link between acetylation and transcription. See, for example, Davie, J.R.,
1998, "Covalent modifications of histones: expression from chromatic templates," Curr.
Opin. Genet. Dev., Vol. 8, pp. 173-178. In general, histone acetylation correlates with
transcriptional activation, whereas histone deacetylation is associated with gene
repression.

A growing number of histone deacetylases (HDACs) have been identified, including
HDAC1 through HDAC11 (see, for example, Ng, H.H. and Bird, A., 2000, Trends
Biochem. Sci., Vol. 25(3), pp. 121-126). A number of yeast histone deacetylases and’
plant histone deacetylases have also been identified. The first deacetylase, HDAC1, was
identified in 1996 (see, for example, Taunton, J., et al., 1996, Science, Vol. 272, pp. 408-
411). Subsequently, two other nuclear mammalian deacetylases were found, HDAC2
and HDAC3. See, for example: Yang, W.M., et al., 1996, Proc. Natl. Acad. Sci. USA, Vol.
93, pp. 12845-12850; Yang, W.M., et al., 1997, J. Biol. Chem., Vol. 272, pp. 28001-
28007, Emiliani, S., et al., 1998, Proc. Natl. Acad. Sci. USA, Vol. 95, p. 2795-2800;
Grozinger et al., 1999, Proc. Natl. Acad. Sci. USA, Vol. 96, pp. 4868-4873; Kao et al.,
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2000, Genes & Dev., Vol. 14, p. 55-66; Van den Wyngaert et al., 2000, FEBS, Vol. 478,
pp. 77-83.

HDACSs function as part of large multi-protein complexes, which are tethered to the
promoter and repress transcription. Well characterised transcriptional repressors such as
Mad (Laherty, C.D., et al., 1997, Cell, Vol. 89(3), pp. 349-356), pRb (Brehm, A,, et al.,
1998, Nature, 1998, Vol. 391, pp. 597-601), nuclear receptors (Wong, J., et al., 1998,
EMBO J., Vol. 17(2), pp. 520-534) and YY1 (Yang, W.M., et al., 1997, J. Biol. Chem.,
Vol. 272, pp. 28001-28007) associate with HDAC complexes to exert their repressor
function.

The Role of HDAC in Cell Proliferation

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, M., et al., 1990, J. Biol. Chem., Vol. 265(28), pp. 17174-17179) causes cell
cycle arrest at both G1 and G2 phases (Yoshida, M., Beppu, T., 1988, Exp. Cell. Res.,
Vol. 177, pp. 122-131), reverts the transformed phenotype of different cell lines, and
induces differentiation of Friend leukaemia cells and others (Yoshida, M., et al., 1990,

J. Antibiot. (Tokyo), Vol. 43(9), pp. 1101-1106). TSA (and SAHA) have been reported to
inhibit cell growth, induce terminal differentiation, and prevent the formation of tumours in
mice (Finnin et al., 1999, Nature, Vol. 401, pp. 188-193). Cell cycle arrest by TSA
correlates with an increased expression of gelsolin (Hoshikawa, Y., et al., 1994, Exp. Cell.
Res., Vol. 214(1), pp. 189-197), an actin regulatory protein that is down regulated in
malignant breast cancer (Mielnicki, L.M., et al., 1999, Exp. Cell. Res., Vol. 249(1),

pp. 161-176). Similar effects on cell cycle and differentiation have been observed with

a number of deacetylase inhibitors (Kim et al., 1999, Oncogene, Vol. 18(15),

pp. 2461-2470).

The clear involvement of HDACs in the control of cell proliferation and differentiation
suggests 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 leukemias (APL). In most APL subjects, 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 RARa 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 subjects are no longer



10

15

20

25

30

35

40

WO 2006/120456 PCT/GB2006/001737

-4-

responsive to physiological levels of RA and they interfere with the expression of the
RA-inducible genes that promote myeloid differentiation. This results in a clonal
expansion of promyelocytic cells and development of leukaemia. [n vitro experiments
have shown that TSA is capable of restoring RA-responsiveness to the fusion RARa
proteins and of allowing myeloid differentiation. These results establish a link between
HDACSs and oncogenesis and suggest that HDACs are potential targets for
pharmaceutical intervention in APL subjects. (See, for example, Kitamura, K., et al.,
2000, Br. J. Haematol., Vol. 108(4), pp. 696-702; David, G., et al., 1998, Oncogene, Vol.
16(19), pp. 2549-2556; Lin, R.J., et al., 1998, Nature, Vol. 391(6669), pp. 811-814).

Furthermore, different lines of evidence suggest that HDACs may be important
therapedutic targets in other types of cancer. Cell lines derived from many different
cancers (prostate, colorectal, breast, neuronal, hepatic) are induced to differentiate by
HDAC inhibitors (Yoshida, M. and Horinouchi, S., 1999, Ann. N. Y. Acad. Sci., Vol. 886,
pp. 23-36). A number of HDAC inhibitors have been studied in animal models of cancer.
They reduce tumour growth and prolong the lifespan of mice bearing different types of
transplanted tumours, including melanoma, leukaemia, colon, lung and gastric
carcinomas, etc. (Ueda, H., et al., 1994, J. Antibiot. (Tokyo), Vol. 47(3), pp. 315-323; Kim
et al., 1999, Oncogene, Vol. 18(15), pp. 2461-2470).

Psoriasis is a common chronic disfiguring skin disease which is characterised by well-
demarcated, red, hardened scaly plaques: these may be limited or widespread. The
prevalence rate of psoriasis is approximately 2%, i.e., 12.5 million sufferers in the triad
countries (US/Europe/Japan). While the disease is rarely fatal, it clearly has serious
detrimental effects upon the quality of life of the subject: this is further compounded by
the lack of effective therapies. Present treatments are either ineffective, cosmetically
unacceptable, or possess undesired side effects. There is therefore a large unmet
clinical need for effective and safe HDACis for this condition.

Psoriasis is a disease of complex etiology. Whilst there is clearly a genetic component,
with a number of gene loci being involved, there are also undefined environmental
triggers. Whatever the ultimate cause of psoriasis, at the cellular level, it is characterised
by local T-cell mediated inflammation, by keratinocyte hyperproliferation, and by localised
angiogenesis. These are all processes in which histone deacetylases have been
implicated (see, e.g., Saunders, N. et al, 1999, Cancer Res., Vol. 59, No. 2 pp. 399-404:
Bernhard, D. et al., 1999, FASEB J., Vol. 13, No. 14, pp. 1991-2001; Takahashi et al.,
1996, J. Antibiot. (Tokyo), Vol. 49, No. 5, pp. 453-457; Kim et al., 2001, Nature Medicine,
Vol. 7, No. 4, pp. 437-443). Therefore HDAC inhibitors may be of use in therapy for
psoriasis. Candidate HDACis may be screened, for example, using proliferation assays
with T-cells and/or keratinocytes.
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HDAC Inhibitors

One important class of HDAC inhibitors are carbamic acid compounds comprising a
sulfonamide linkage, as described, for example, in Watkins, C., et al., 2002, published
international (PCT) patent application number WO 02/30879. An especially promising
compound is N-hydroxy-3-(3-phenylsulfamoyl-phenyl)-acrylamide (referred to herein
as PXD-101).
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Many potentially useful HDACis suffer from one or more formulation problems, for
example, low solubility in aqueous solutions, the need to employ unsuitably high or
low pH in order to effect HDACi solubilisation, physical and/or chemical instability in
aqueous solutions, physical and/or chemical instability upon later dilution, etc.

Compounds such as PXD-101 also suffer from these and other problems.

Thus, one aim of the present invention is the provision of improved pharmaceutical
compositions (e.g., formulations and pre-formulations) which comprise PXD-101 or
structurally similar compounds, which address one or more of the above and other
problems.

The inventors have found particular combinations of ingredients which, surprisingly
and unexpectedly, yield pharmaceutical compositions that have greatly improved
properties.

These pharmaceutical compositions offer one or more of the following advantages:
(a) a greater concentration of HDACi;

(b) increased stability when in a concentrated liquid form (e.g., for storage);

(c) increased stability when in a diluted liquid form (e.g., when ready for
administration);

(d) the ability to provide the composition as, for example, a ready-to-use solution, a

concentrate for extemporaneous dilution, and/or a lyophilate/lyophilisate.
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A number of patents and publications are cited herein in order to more fully describe
and disclose the invention and the state of the art to which the invention pertains. Full
citations for these references are provided herein. Each of these references is

incorporated herein by reference in its entirety into the present disclosure.

Throughout this specification the word "comprise", or variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.
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SUMMARY OF THE INVENTION

One aspect of the invention pertains to pharmaceutical compositions comprising:
(a) a HDAC: (as defined herein), and (b) one or more of: cyclodextrin, arginine, and
meglumine.

In one embodiment, the HDACI is selected from compounds of the following formula, and
pharmaceutically acceptable salts, solvates, amides, esters, ethers, chemically protected
forms, and prodrugs thereof:

0\ /©\/\ H
/\S o oH PXD-101

One aspect of the present invention pertains to a pharmaceutical composition
(e.g., formulation, pre-formulation), as described herein, in a suitable container
(e.g., vial, ampoule, intravenous (l.V.) infusion bag).

One aspect of the present invention pertains to a vial or ampoule containing a
pharmaceutical composition (e.g., formulation, pre-formulation), as described herein.

One aspect of the present invention pertains to an intravenous (1.V.) infusion bag
containing a pharmaceutical composition (e.g., formulation), as described herein.

One aspect of the present invention pertains to a solid dosage form (e.g., tablet, capsule,
or gelatin tablet) containing a pharmaceutical composition containing a pharmaceutical
composition (e.g., formulation), as described herein.

One aspect of the present invention pertains to a method of preparing a composition
(e.g., pre-formulation, formulation) (as described herein) by combining: (a) a histone
deacetylase inhibitor (HDACI) as defined herein, and (b) one or more of the following
additional ingredients: cyclodextrin, arginine, and meglumine; and optionally one or more
other additional pharmaceutically acceptable ingredients (as described herein).

One aspect of the present invention pertains to a method of formulating a HDACI (as
described herein) comprising the step of. combining said HDACi with one or more of the
following additional ingredients: cyclodextrin, arginine, and meglumine (as described
herein); and optionally one or more other additional pharmaceutically acceptable
ingredients (as described herein).
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One aspect of the present invention pertains to a method of increasing the concentration
of a HDAC: (as described herein) in a pharmaceutical composition, comprising the step
of: formulating said HDACI with one or more of the following additional ingredients:
cyclodextrin, arginine, and meglumine (as described herein); and optionally one or more
other additional pharmaceutically acceptable ingredients (as described herein).

One aspect of the present invention pertains to the pharmaceutical composition
components as described herein (e.g., a HDACI; one or more of cyclodextrin, arginine,
and meglumine; etc.) for use in a method of treatment of the human or animal body by
therapy.

One aspect of the present invention pertains to a pharmaceutical composition (e.g.,
pre-formulation, formulation), as described herein, for use in a method of treatment of the
human or animal body by therapy.

One aspect of the present invention pertains to use of the pharmaceutical composition
components as described herein (e.g., a HDACI; one or more of cyclodextrin, arginine,
and meglumine; etc.) in the manufacture of a medicament for the treatment of a condition,
as described herein.

One aspect of the present invention pertains to use of a pharmaceutical composition
(e.q., pre-formulation), as described herein, in the manufacture of a medicament for the
treatment of a condition, as described herein.

One aspect of the present invention pertains to a method of treatment, comprising
administering to a subject in need of treatment a pharmaceutical composition
(e.g., formulation), as described herein.

One aspect of the present invention pertains to a method of (a) regulating (e.g., inhibiting)
cell proliferation; (b) inhibiting cell cycle progression; (c) promoting apoptosis; or (d) a
combination of one or more of these, in vitro or in vivo, comprising contacting a cell with a
pharmaceutical composition (e.g., formulation) as described herein.

One aspect of the present invention pertains to a method of administering a HDACI, as
defined herein, to a subject, comprising administering to said subject a pharmaceutical
composition (e.g., formulation), as described herein.

One aspect of the present invention pertains to a kit (or kit-of-parts) comprising:
(a) a pharmaceutical composition (e.g., pre-formulation, formulation) as described herein,
preferably provided in a suitable container and/or with suitable packaging; and
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(b) instructions for use, for example, written instructions on how to administer the
formulation, etc.

One aspect of the present invention pertains to a kit (or kit-of-parts) comprising:

(a) a pharmaceutical composition (e.g., pre-formulation) as described herein, preferably
provided in a suitable container and/or with suitable packaging; and

(b) instructions for use, for example, written instructions on how to prepare a suitable
pharmaceutical formulation from the composition (e.g., pre-formulation), and how to
subsequently administer the formulation, etc.

As will be appreciated by one of skill in the art, features and preferred embodiments of
one aspect of the invention will also pertain to other aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a phase solubility diagram for hydroxypropyl-g-cyclodextrin (HP-B-CD), and is
a plot of HDACIi (PXD-101) concentration (mg/mL) versus HP-B-CD concentration
(mg/mL).

Figure 2 is a buffered pH cyclodextrin solubility profile, and is a plot of HDACi (PXD-101)
concentration (mg/mL) versus pH, for 25% w/v HP-3-CD.

Figure 3 is a phase solubility diagram for the in situ salt formers arginine and meglumine,
and is a plot of HDACi (PXD-101) concentration (mg/mL) versus salt former (arginine
(diamonds) or meglumine (squares)) concentration (mg/mL).

Figure 4 is a phase solubility diagram for the combination of cyclodextrin and in situ salt
formers arginine and meglumine, and is a plot of HDACi (PXD-101) concentration
(mg/mL) versus salt former (arginine or meglumine) concentration (mg/mL), both with
(solid lines; arginine = triangles; meglumine = squares) and without (dotted lines; arginine
= diamonds; meglumine = squares) 25% w/v HP-3-CD.

Figure § is a pH profile diagram for the combination of cyclodextrin and in situ salt
formers arginine and meglumine, and is a plot of HDACi (PXD-101) concentration
(mg/mL) versus pH for phosphate buffer (diamonds), arginine (squares), or meglumine
(triangles), each with 25% w/v HP-B-CD.

Figure 6 is a graph showing the mean Cmax (+ SD) of I.V. PXD101 on day 1, measured
in 2-4 subjects at each dose level.
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Figure 7 is a graph showing the mean AUC (+ SD) of I.V. PXD101 on day 1, measured in
2-4 subjects at each dose level.

Figure 8 is a graph showing the mean clearance (+ SD) of 1.V. PXD101 on day 1,
measured in 2-4 subjects at each dose level.

Figure 9 is a Western blot showing histone H3 and H4 acetylation in peripheral blood
mononuclear cells at the indicated times post-dose.

Figure 10 is a graph showing acetylation expressed as a densitometric measurement of
H4 acetylation in PBMC samples relative to H4 in a treated cell line standard (A2780) as
a function of time.

Figure 11 is a Western blot showing the expression of proteins (p195<%!, p21CIPTWAF!,
Apaf-1 and vinculin) involved in cell-cycle arrest and apoptosis from lymphocytes
prepared from a subject during cycles 2 and 4 of PXD101 treatment at 900 mg/m?.

Figure 12 is a graph showing [.V. and oral data from the same 3 subjects (oral dose given
on day 1, cycle 3) at 900 and 1200 mg/m?® Plasma levels normalized for 900 mg/m?

dosing assuming dose proportionality. Values = mean + SE.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the present invention pertains to pharmaceutical compositions which are
suitable for administration to a subject (hereinafter referred to as "formulations"), as well
as pharmaceutical compositions (e.g., lyophilates/lyophilisates, concentrates, etc.) from
which such formulations may be prepared (hereinafter referred to as "pre-formulations").

Administration
In one embodiment, the administration is parenteral administration.

In one embodiment, the administration is administration by injection, including, for
example, subcutaneous, intradermal, intramuscular, intravenous, intraarterial,
intracardiac, intrathecal, intraspinal, intracapsular, subcapsular, intraorbital,
intraperitoneal, intratracheal, subcuticular, intraarticular, subarachnoid, and intrasternal
injection.

In one embodiment, the administration is intravenous administration.
In one embodiment, the administration is administration by intravenous injection.
In one embodiment, the administration is administration by infusion.
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In one embodiment, the administration is administration by intravenous infusion.

For example, in one preferred embodiment, the composition (e.g., pre-formulation) is
added to a saline or glucose solution (e.g., into a typical 1 L intravenous saline or glucose
bag), and the resulting composition (e.g., formulation) is used for administration by
intravenous infusion.

“Infusion” differs from “injection” in that the term “infusion” describes the passive
introduction of a substance (e.g., a fluid, HDACI, electrolyte, etc.) into a vein or tissues by
gravitational force, whereas the term “injection” describes the active introduction of a
substance into a vein or tissues by additional forces, e.g., the pressue in a syringe.

Administration can be effected in one dose, continuously or intermittently (e.g., in divided
doses at appropriate intervals) throughout the course of treatment. Methods of
determining the most effective means and dosage of administration are well known to
those of skill in the art and will vary with the particular formulation used for therapy, the
purpose of the therapy, the target cell(s) being treated, and the subject being treated.
Single or multiple administrations can be carried out with the dose level and pattern being
selected by the treating physician, clinician, or veterinarian.

The Subject

In one embodiment, the subject is an animal; a mammal; a placental mammal, a rodent
(e.g., a guinea pig, a hamster, a rat, a mouse), murine (e.g., a mouse), a lagomorph
(e.g., a rabbit), canine (e.g., a dog), feline (e.g., a cat), equine (e.g., a horse), p6rcine
(e.g., a pig), ovine (e.g., a sheep), bovine (e.g., a cow), a primate, simian (e.g., a monkey
or ape), a monkey (e.g., marmoset, baboon), an ape (e.g., gorilla, chimpanzee,
orangutang, gibbon), or a human. In one embodiment, the subject is a human, i.e., a
living human, including a living human foetus, a living human child, and a living human
adult.

Components

The pharmaceutical compositions of the present invention comprise, at least, the
following components:
(a) a HDAC: as defined herein; and
(b) one or more of the following additional ingredients:
cyclodextrin, arginine, and meglumine.

In one embodiment, (b) is cyclodextrin.
In one embodiment, (b) is arginine.
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In one embodiment, (b) is meglumine.

In one embodiment, (b) is cyclodextrin and arginine.

In one embodiment, (b) is cyclodextrin and meglumine.

In one embodiment, (b) is arginine and meglumine.

In one embodiment, (b) is cyclodextrin, arginine, and meglumine.

Each of these components is discussed in more detail below.

In one embodiment, the pharmaceutical composition further comprises one or more other
additional ingredients (e.g., pharmaceutically acceptable carriers, etc.).

The HDACI

The pharmaceutical compositions of the present invention comprise a HDACi which is a
carbamic acid compound comprising a sulfonamide linkage. Examples of such HDACis
are shown, for example, in Watkins et al., 2002, international (PCT) patent publication
number WO 02/30879.

In one embodiment, the HDACi is a carbamic acid compound comprising a sulfonamide
linkage, as defined in Watkins et al., 2002, published international (PCT) patent
application number WO 02/30879.

In one embodiment, the HDACi is selected from compounds of the following formula:

0]
1 2 [l
A Q J Q C—N—OH

wherein:
A is independently:

Cs.20carboaryl, or

Cs.aoheteroaryl,

and is unsubstituted or substituted;
Q' is independently:

a covalent bond,

Ci.ralkylene,

C..zalkenylene, or

and is unsubstituted or substituted;
J is independently:

-NRN-S(=0),-, or

-5(=0)-NR™;
RN is independently:

-H,

C,.zalkyl,
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Cs.20heterocyclyl,
Cs.20carboaryl,
Cs.poheteroaryl,
Ce.a0carboaryl-C,_salkyl, or
Cs.ooheteroaryl-C,4_7alkyl,
and is unsubstituted or substituted;

Q? is independently:
Ces.ocarboarylene,
Cs.aoheteroarylene,
Cs.20carboarylene-C4zalkylene,
Cs.oheteroarylene-C;.7alkylene,
Cs.2ocarboarylene-C,.;alkenylene,
Cs.ooheteroarylene-C, 7alkenylene,
C1.7alkylene-Cg.ocarboarylene,
Ci.7alkylene-Cs.oheteroarylene,
C..7alkenylene-Cg.5ocarboarylene,
C..7alkenylene-Cs_yheteroarylene,
C..7alkylene-Cs.oocarboarylene-C,.;alkylene,
Ci.7alkylene-Cs.poheteroarylene-C,_yalkylene,
Co.7alkenylene-Cg gcarboarylene-C7alkylene,
C..ralkenylene-Cs.ocheteroarylene-C, 7alkylene,
Ci.7alkylene-Cg.ocarboarylene-C,.;alkenylene,
Ci.7alkylene-Cs.oheteroarylene-C,.ralkenylene,
C..7alkenylene-Cs.5ocarboarylene-C,_;alkenylene, or
C..zalkenylene-Cs.ooheteroarylene-C,.7alkenylene,
and is unsubstituted or substituted;

and pharmaceutically acceptable salts, solvates, amides, esters, ethers, chemically

protected forms, and prodrugs thereof.

In one embodiment, the HDACi is also an HDAC inhibitor.

One of ordinary skill in the art is readily able to determine whether or not a candidate
HDACI is an HDAC inhibitor. For example, assays which may conveniently be used to
assess HDAC inhibition are described in Watkins et al., 2002, international (PCT) patent
publication number WO 02/30879.

In a preferred embodiment, the carbamic acid group, -C(=O)NHOH, is unmodified (e.g., is
not an ester).

Itis not intended that Q' and Q? are directly linked to one another.
It is not intended that Q" and R™ are directly linked to one another.



10

15

20

25

30

35

WO 2006/120456 PCT/GB2006/001737

-13-

Itis not intended that Q* and R" are directly linked to one another.
It is not intended that A and R" are directly linked to one another.
Itis not intended that A and Q? are directly linked to one another.

The HDAGI: Group A

The group A is independently Cs.aocarboaryl or Cs.xheteroaryl and is unsubstituted or
substituted.

In one embodiment, A is independently Ce.qocarboaryl or Cs.igheteroaryl, and is
unsubstituted or substituted.

In one embodiment, A is independently Cscarboaryl or Cs.sheteroaryl, and is
unsubstituted or substituted.

In one embodiment, A is independently derived from: benzene, naphthalene, carbazole,
pyridine, pyrrole, furan, thiophene, or thiazole; and is unsubstituted or substituted.

The phrase “derived from,” as used in this context, pertains to compounds which have the
same ring atoms, and in the same orientation/configuration, as the parent cyclic group,
and so include, for example, hydrogenated (e.g., partially saturated, fully saturated),
carbonyl-substituted, and other substituted derivatives. For example, “pyrrolidone” and
“N-methy! pyrrole” are both derived from “pyrrole”.

In one embodiment, A is independently: phenyl, naphthyl, carbazolyl, pyridinyl, pyrrolyl,
furanyl, thienyl, or thiazolyl; and is unsubstituted or substituted.

In one embodiment, A is independently phenyl, and is unsubstituted or substituted
(e.g., with 1, 2, 3, 4, or 5 substituents).

In one embodiment, A is independently:

S|

n

In one embodiment, nis 0, 1, 2, 3, 4, or 5.
In one embodiment, nis 0, 1, 2, 3, or 4.
In one embodiment, nis 0, 1, 2, or 3.

In one embodiment, nis 0, 1, or 2.

In one embodiment, nis 0 or 1.

In one embodiment, nis 1, 2, 3, 4, or 5.
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In one embodiment, nis 1, 2, 3, or 4.
In one embodiment, nis 1, 2, or 3.

In one embodiment, nis 1, or 2,

In one embodiment, n is 5.

In one embodiment, n is 4.

In one embodiment, n is 3.

In one embodiment, n is 2.

In one embodiment, nis 1.

In one embodiment, n is 0.

In one embodiment, each of the substituents, R?, if present, is independently as defined
below under the heading "The HDACI: Substituents".

In one embodiment, A is unsubstituted.

The HDACi: Group Q'

The group Q' is independently a covalent bond, C.7alkylene, or C,-alkenylene, and is
unsubstituted or substituted.

In one embodiment, Q' is independently a covalent bond or C,_alkylene, and is
unsubstituted or substituted.

The term "alkylene," as used herein, pertains to bidentate moieties obtained by removing
two hydrogen atoms, either both from the same carbon atom, or one from each of two
different carbon atoms, of a saturated hydrocarbon compound (a compound consisting of
carbon atoms and hydrogen atoms) having from 1 to 20 carbon atoms (unless otherwise
specified), which may be aliphatic (i.e., linear or branched) or alicyclic (i.e., cyclic but not
aromatic).

The term "alkenylene,” as used herein, pertains to bidentate moieties obtained by
removing two hydrogen atoms, either both from the same carbon atom, or one from each
of two different carbon atoms, of a hydrocarbon compound (a compound consisting of
carbon atoms and hydrogen atoms) having from 1 to 20 carbon atoms (unless otherwise
specified) and having at least one carbon-carbon double bond, and which may be
aliphatic (i.e., linear or branched) or alicyclic (i.e., cyclic but not aromatic).

In one embodiment, Q" is independently C..;alkylene or C,alkenylene, and is
unsubstituted or substituted.
In one embodiment, Q" is independently C1.;alkylene or C,.alkenylene, and is
unsubstituted or substituted.
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In one embodiment, Q' is independently Cy_salkylene or C,.salkenylene, and is
unsubstituted or substituted.

In one embodiment, Q" is independently C,.;alkylene or C,7alkenylene, and is
unsubstituted or substituted.

In one embodiment, Q' is independently C,.,alkylene or C,_salkenylene, and is
unsubstituted or substituted.

In one embodiment, Q" is independently C,salkylene or C,.salkenylene, and is
unsubstituted or substituted.

In one embodiment, Q' is independently C,alkylene or C,alkenylene, and is
unsubstituted or substituted.

In one embodiment, Q' is independently C,_;alkylene, and is unsubstituted or substituted.
In one embodiment, Q' is independently C,4alkylene, and is unsubstituted or substituted.
In one embodiment, Q" is independently C,_salkylene, and is unsubstituted or substituted.
In one embodiment, Q' is independently C,;alkylene, and is unsubstituted or substituted.
In one embodiment, Q' is independently C,_qalkylene, and is unsubstituted or substituted.
In one embodiment, Q' is independently C,_;alkylene, and is unsubstituted or substituted.

' In one embodiment, Q' is independently C,alkylene, and is unsubstituted or substituted.

In one embodiment, Q' is independently aliphatic.
In one embodiment, Q' is independently linear.
In one embodiment, Q' is independently branched.

In one embodiment, Q" is independently unsubstituted.

All plausible combinations of the embodiments described above are explicitly
disclosed herein, as if each combination was individually and explicitly recited.

In one embodiment, Q" is independently: a covalent bond, -CH-, -(CH,)4-, -(CH,)3-,
-(CHg)s-, -CH=CH-, -CH=CHCH,~, -CH,CH=CHCH,-, -CH=CHCH=CH-, or
-CH,CH,CH=CH-.

In one embodiment, Q" is independently: a covalent bond, -CH,-, -CH,CH,-, or -CH=CH-.
In one embodiment, Q' is independently: a covalent bond, -CH,CH,-, or -CH=CH-.

In one embodiment, Q" is independently: a covalent bond.

In one embodiment, Q' is independently: -CH,CH,- or -CH=CH-.

In one embodiment, Q" is independently: -CH,CH,-.

The HDACI: Group J

The group J is independently -NRN-S(=0),- or -S(=0),-NR"-.
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In one embodiment, J is independently -NR"-S(=0),- (“reverse sulfonamide”).
In one embodiment, J is independently -S(=0),-NRN- (“forward sulfonamide”).

The HDAC: Group RN

The group R" is independently:
-H,
C1-7alkyl,
Cs.xoheterocyclyl,
Ce-20carboaryl,
Cs.oheteroaryl,
Ce.20carboaryl-C_zalkyl, or
Cs.aoheteroaryl-Cq_zalkyl,
and is unsubstituted or substituted.

In one embodiment, R" is independently:
-H,
Ciralkyl,
Ce-2ocarboaryl, or
Ce.2ocarboaryl-C, zalkyl,
and is unsubstituted or substituted.

In one embodiment, the or each Cs.xocarboaryl group is a Cs.1ocarboaryl group.
In one embodiment, the or each Cs.xheteroaryl group is a Cs_qoheteroaryl group.

In one embodiment, the or each Ce.carboaryl group is a Cgcarboaryl group.
In one embodiment, the or each Cs.yheteroaryl group is a Cs.sheteroaryl group.

In one embodiment, the Cj.0heterocyclyl group is a Cs.gheterocyclyl group.
In one embodiment, the Cj.x0heterocyclyl group is a Cs.zheterocyclyl group.

In one embodiment, the or each C,_;alkyl group is a C,.4alkyl group.
In one embodiment, the or each C,_alkyl group is a C4.;alkyl group.
In one embodiment, the or each C,.;alkyl group is a Cq.,alkyl group.

In one embodiment, the or each alkyl group is independently aliphatic.
In one embodiment, the or each alkyl group is independently linear.

In one embodiment, the or each alkyl group is independently branched.

In one embodiment, the or each alkyl group is independently saturated.

In one embodiment, the or each alkyl group is independently partially unsaturated.
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In one embodiment, RN is independently unsubstituted.

All plausible combinations of the embodiments described above are explicitly
disclosed herein, as if each combination was individually and explicitly recited.

In one embodiment, R is independently: -H or Cy_7alkyl, and is unsubstituted or
substituted.

In one embodiment, RN is independently: -H or unsubstituted C_salkyl.

In one embodiment, RN is independently: -H or unsubstituted saturated Cy.;alkyl.

In one embodiment, R is independently: -H or unsubstituted saturated aliphatic C;.4alkyl.
In one embodiment, R" is independently: -H, -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, or -tBu.
In one embodiment, R is independently: -H, -Me, or -Et.

In one embodiment, R" is independently: -H or -Me.

The HDACI: Group Q3

The group Q? is independently:
Cs.20carboarylene,
Cs.ooheteroarylene,
Ce.2ocarboarylene-Cq;alkylene,
Cs.ooheteroarylene-C4.7alkylene,
Cs.2ocarboarylene-C,.7alkenylene,
Cs.aoheteroarylene-C,.7alkenylene,
C,.ralkylene-Cs.pocarboarylene,
Ci.ralkylene-Cs.oheteroarylene,
C,.ralkenylene-Cq.z0carboarylene,
C..ralkenylene-Cs.poheteroarylene,
Ci.7alkylene-Cs.pocarboarylene-C; yalkylene,
Ci.ralkylene-Cs.oheteroarylene-C,.;alkylene,
C..ralkenylene-Cs.zocarboarylene-C,.;alkylene,
C..7alkenylene-Cs.oheteroarylene-C,.7alkylene,
C1.7alkylene-Cs.oocarboarylene-C,.;alkenylene,
C..7alkylene-Cs.poheteroarylene-C,.;alkenylene,
Cz_7alkenylene-Cs.2ocarboarylene-Cz.7aIkenylene, or
C..7zalkenylene-Cs.oheteroarylene-C,.;alkenylene,
and is unsubstituted or substituted.
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In one embodiment, Q? is independently:

Cs.1ocarboarylene,

Cs.1oheteroarylene,
Ce.1ocarboarylene-C,_alkylene,
Cs.ioheteroarylene-C,.7alkylene,
Cs.10carboarylene-C,.salkenylene,
Cs.1oheteroarylene-C,.;alkenylene,
Ci.zalkylene-Cq.1ocarboarylene,
Ci.7alkylene-Cs.igheteroarylene,
C..zalkenylene-Cq_igcarboarylene,
C..ralkenylene-Cs.igheteroarylene,
C,ralkylene-Cg qocarboarylene-C,.7alkylene,
C,.ralkylene-Cs.igheteroarylene-C, ;alkylene,
C,.ralkenylene-Cg.qqcarboarylene-C,_;alkylene,
C,.7alkenylene-Cs.1gheteroarylene-C,.ralkylene,
C,.ralkylene-Cg_socarboarylene-C,_;alkenylene,
Ci.ralkylene-Cs.ioheteroarylene-C, salkenylene,
C..zalkenylene-Cs.1ocarboarylene-C,.;alkenylene, or
C..ralkenylene-Cs.igheteroarylene-C, yalkenylene,
and is unsubstituted or substituted.

In one embodiment, Q? is independently:

Cecarboarylene,

Csgheteroarylene,

Cecarboarylene-C,.;alkylene,
Cs.gheteroarylene-C,.;alkylene,
Cscarboarylene-C,.;alkenylene,
Cs.cheteroarylene-C,.;alkenylene,
Ci.ralkylene-Cgcarboarylene,

Ci.7alkylene-Cs sheteroarylene,
C..7alkenylene-Cqcarboarylene,
Ca.7alkenylene-Cs.sheteroarylene,
Ci.7alkylene-Cgcarboarylene-C,_7alkylene,
Ci.ralkylene-Cs.sheteroarylene-C.7alkylene,
C,.ralkenylene-Cgcarboarylene-C,_;alkylene,
C..zalkenylene-Cs.sheteroarylene-C,_;alkylene,
C1-7alkylene-Cecarboarylene-Cz-7a|kenerné,
Ci.7alkylene-Cs_¢heteroarylene-C,.;alkenylene,
C..ralkenylene-Cscarboarylene-C,.;alkenylene, or
C..7alkenylene-Cs.sheteroarylene-C,;alkenylene,

PCT/GB2006/001737
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and is unsubstituted or substituted.

In one embodiment, Q% is independently:
phenylene,
phenylene-C,.7alkylene,
phenylene-C,.;alkenylene,
C,.7alkylene-phenylene,
C..7alkenylene-phenylene,
C,.ralkylene-phenylene-C,.7alkylene,
C..salkenylene-phenylene-C,.salkylene,
C,7alkylene-phenylene-C,.;alkenylene, or
C,.salkenylene-phenylene-C,.;alkenylene,
and is unsubstituted or substituted.

In one embodiment, Q? is independently:
phenylene,
phenylene-C,.;alkylene, or
phenylene-C,_;alkenylene,
and is unsubstituted or substituted.

In one embodiment, the or each C,_salkylene group is a C,.4alkylene group.
In one embodiment, the or each C,.;alkylene group is a Ci.;alkylene group.
In one embodiment, the or each C,.;alkylene group is a Ci.,alkylene group.
In one embodiment, the or each C.7alkylene group is a C,alkylene group.

In one embodiment, the or each C,.salkenylene group is a C,.salkenylene group.
In one embodiment, the or each C4.;alkenylene group is a C,.;alkenylene group.
In one embodiment, the or each C,.7alkenylene group is a Calkenylene group.

In one embodiment, the phenylene linkage is meta or para.
In one embodiment, the phenylene linkage is meta.
In one embodiment, the phenylene linkage is para.

In one embodiment, Q? is independently ortho-, meta-, or para-phénylene-ethylene. and
is unsubstituted or substituted.

In one embodiment, Q? is independently ortho-, meta-, or para-phenylene-ethenylene,
and is unsubstituted or substituted.

In one embodiment, the ethenylene is cis- or trans-ethenylene.
In one embodiment, the ethenylene is trans-ethenylene.
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In one embodiment, Q? is independently meta-phenylene-ethenylene, and is
unsubstituted or substituted.

In one embodiment, Q2 is unsubsituted.

All plausible combinations of the embodiments described above are explicitly
disclosed herein, as if each combination was individually and explicitly recited.

In one embodiment, Q? is independently:

REEN

In one embodiment, Q? is independently:

The HDACI: Substituents

In one embodiment, each of the substituents (e.g., on A, Q", RY, Q9 (e.g., RY), if present,
is independently selected from:

(1) carboxylic acid; (2) ester; (3) amido or thioamido; (4) acyl; (5) halo; (6) cyano;

(7) nitro; (8) hydroxy; (9) ether; (10) thiol, (11) thioether; (12) acyloxy; (13) carbamate;
(14) amino; (15) acylamino or thioacylamino; (16) aminoacylamino or
aminothioacylamino; (17) sulfonamino; (18) sulfonyl; (19) sulfonate; (20) sulfonamido;
(21) oxo; (22) imino; (23) hydroxyimino; (24) Cs.zearyl-Ci.zalkyl; (25) Cs.xearyl;

(26) Csoheterocyclyl; (27) Ciralkyl; (28) bi-dentate di-oxy groups.

In one embodiment, each of the substituents (e.g., on A, @', R®, Q% (e.g., R"), if present,
is independently selected from:

(1) -C(=0)OH;

(2) -C(=0)OR', wherein R' is independently as defined in (24), (25), (26) or (27);

(3) -C(=O)NR?R?® or -C(=S)NR?R?, wherein each of R? and R® is independently -H; or as
defined in (24), (25), (26) or (27); or R? and R® taken together with the nitrogen
atom to which they are attached form a ring having from 3 to 7 ring atoms;

(4) -C(=O)R*, wherein R* is independently -H, or as defined in (24), (25), (26) or (27);
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(5) -F, -Cl, -Br, -I;

(6) -CN;

(7) -NO,

(8) -OH;

(9) -OR®, wherein R® is independently as defined in (24), (25), (26) or (27);

(10) -SH;

(11) -SR®, wherein R® is independently as defined in (24), (25), (26) or (27);

(12) -OC(=O)R’, wherein R” is independently as defined in (24), (25), (26) or (27);

(13) -OC(=0)NR®R®, wherein each of R® and R® is independently -H; or as defined in (24),
(25), (28) or (27); or R® and R® taken together with the nitrogen atom to which they
are attached form a ring having from 3 to 7 ring atoms;

(14) -NR'™R", wherein each of R'™ and R"" is independently -H; or as defined in (24),
(25), (26) or (27); or R" and R'" taken together with the nitrogen atom to which
they are attached form a ring having from 3 to 7 ring atoms;

(15) -NR™C(=0)R" or -NR"?C(=S)R", wherein R'? is independently -H; or as defined in
(24), (25), (26) or (27); and R" is independently -H, or as defined.in (24), (25),
(26) or (27);

(16) -NR™C(=0)NR'®R® or -NR'"C(=S)NR'"*R'®, wherein R™ is independently -H; or as
defined in (24), (25), (26) or (27); and each of R'"® and R'® is independently -H; or
as defined in (24), (25), (26) or (27); or R and R taken together with the

" nitrogen atom to which they are attached form a ring having from 3 to 7 ring
atoms;

(17) -NR'"SO,R"'®, wherein R'" is independently -H; or as defined in (24), (25), (26) or
(27): and R" is independently -H, or as defined in (24), (25), (26) or (27);

(18) -SO,R™, wherein R’ is independently as defined in (24), (25), (26) or (27);

(19) -OSO,R? and wherein R is independently as defined in (24), (25), (26) or (27);

(20) -SO,NR*'R*?, wherein each of R*' and R% is independently -H; or as defined in (24),
(25), (26) or (27); or R*' and R?? taken together with the nitrogen atom to which
they are attached form a ring having from 3 to 7 ring atoms;

(21) =0;

(22) =NR?*, wherein R is independently -H; or as defined in (24), (25), (26) or (27);

(23) =NOR?*, wherein R* is independently -H; or as defined in (24), (25), (26) or (27);

(24) Cs.0aryl-C47alkyl, for example, wherein Cs.oparyl is as defined in (25); unsubstituted
or substituted, e.g., with one or more groups as defined in (1) to (28);

(25) Cs.poaryl, including Ce.aocarboaryl and Cs.oheteroaryl; unsubstituted or substituted,
e.g., with one or more groups as defined in (1) to (28);

(26) Cs.poheterocyclyl; unsubstituted or substituted, e.g., with one or more groups as
defined in (1) to (28);

(27) Cysalkyl, C,.ralkenyl, C..zalkynyl, Cs.scycloalkyl, Cs.;cycloalkenyl, Cs.zcycloalkynyl,
unsubstituted or substituted, e.g., with one or more groups as defined in (1) to
(26); and
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(28) -0-R%-0-, wherein R* is independently saturated Cy_alkyl, and is independently
unsubstituted or substituted with one or more (e.g., 1, 2, 3, 4) substituents as
defined in (5).

Some examples of (27) include the following:
‘ halo-C4.zalkyl;

amino-Cy.zalkyl (e.g., -(CHy)w-amino, wis 1, 2, 3, or 4);
amido-C.zalkyl (e.g., -(CHz)y-amido, wis 1, 2, 3, or 4);
acylamido-C.zalkyl (e.g., -(CH,),-acylamido, wis 1, 2, 3, or 4);
carboxy-C;.salkyl (e.g., -(CH,),-COOH, wis 1, 2, 3, or 4);
acyl-Cq.7alkyl (e.g., -(CHy)w-acyl, wis 1, 2, 3, or 4);
hydroxy-C,alkyl (e.g., -(CH,)uw-OH, wis 1, 2, 3, or 4);
C,_7alkoxy-Cq.7alkyl (e.g., -(CH),-O-Cizalkyl, wis 1, 2, 3, or 4).

In one embodiment, each of the substituents (e.g., on A, Q", RY, Q% (e.g., R?), if present,
is independently selected from:

(1) -C(=O)OH;

(2) -C(=0)OMe, -C(=0)OEt, -C(=0)O(iPr), -C(=0)O(tBu); -C(=0)O(cPr);
-C(=0)OCH,CH,0H, -C(=0)OCH,CH,OMe, -C(=0)OCH,CH,OEt;
-C(=0)OPh, -C(=0)OCH,Ph;

(3) -(C=0)NH, ~(C=0)NMe,, -(C=O)NEt,, -(C=O)N(iPr),, -(C=O)N(CH,CH,OH);
-(C=0)-morpholino, -(C=0)NHPh, -(C=0)NHCH.Ph;

(4) -C(=O)H, -(C=0)Me, -(C=0)Et, -(C=0)(tBu), -(C=0)-cHex, -(C=0)Ph; -(C=0)CH,Ph;

(5) -F, -Ci, -Br, -I;

(6) -CN;

(7) -NO,

(8) -OH;

(9) -OMe, -OEt, -O(iPr), -O(tBu), -OPh, -OCH,Ph;

-OCF;, -OCH,CF;;

-OCH,CH,0H, -OCH,CH,OMe, -OCH,CH,OFEt;

-OCH,CH;NH,, -OCH,CH,NMe,, -OCH,CH,N(iPr),;

-OPh-Me, -OPh-OH, -OPh-OMe, -OPh-F, -OPh-Cl, -OPh-Br, -OPh-[;

(10) -SH;

(11) -SMe, -SEt, -SPh, -SCH,Ph;

(12) -OC(=0)Me, -OC(=O)Et, -OC(=0)(iPr), -OC(=0)(tBu); -OC(=0)(cPr);
-OC(=0)CH,CH,OH, -OC(=0)CH,CH,0OMe, -OC(=0)CH,CH,OEt;
-OC(=0)Ph, -OC(=0)CH,Ph;

(13) -OC(=0)NH,, -OC(=0)NHMe, -OC(=0)NMe,, -OC(=0O)NHEt, -OC(=O)NEt,,
-OC(=0)NHPh, -OC(=0)NCH,Ph:

(14) -NHg, -NHMe, -NHEt, -NH(iPr), -NMe,, -NEt,, -N(iPr)2, -N(CH,CH,OH),;
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-NHPh, -NHCH,Ph; piperidino, piperazino, morpholino;

(15) -NH(C=0)Me, -NH(C=0)Et, -NH(C=0)nPr, -NH(C=0)Ph, -NHC(=O)CH_Ph;
-NMe(C=0)Me, -NMe(C=0)Et, -NMe(C=0)Ph, -NMeC(=0)CH,Ph;

(16) -NH(C=0)NH_, -NH(C=0O)NHMe, -NH(C=0)NHEt, -NH(C=0)NPh,
-NH(C=0)NHCH,Ph; -NH(C=S)NH,, -NH(C=S)NHMe, -NH(C=S)NHE,
-NH(C=S)NPh, -NH(C=S)NHCH,Ph;

(17) -NHSO,Me, -NHSO.Et, -NHSO,Ph, -NHSO,PhMe, -NHSO,CH,Ph;
-NMeSO,Me, -NMeSO,Et, -NMeSO,Ph, -NMeSO,PhMe, -NMeSO,CH,Ph;

(18) -SO,Me, -SO,CF3, -SO,Et, -SO,Ph, -SO,PhMe, -SO,CH,Ph;

(19) -OSO,Me, -OSO,CF3, -OSO,Et, -OSO,Ph, -OSO,PhMe, -OSO,CH,Ph;

(20) -SO,NH;, -SO,NHMe, -SO,NHEt, -SO,NMe,, -SO,NEt;, -SO,-morpholino,
-SO,NHPh, -SO,NHCH,Ph;

(21) =0;

(22) =NH, =NMe; =NEt;

(23) =NOH, =NOMe, =NOEt, =NO(nPr), =NO(iPr), =NO(cPr), =NO(CH,-cPr),

(24) -CH,Ph, -CH,Ph-Me, -CH,Ph-OH, -CH,Ph-F, -CH,Ph-CI;

(25) -Ph, -Ph-Me, -Ph-OH, -Ph-OMe, -Ph-NH,, -Ph-F, -Ph-Cl, -Ph-Br, -Ph-|;
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, furanyl, thiophenyl, pyrrolyl, imidazolyl,
pyrazolyl, oxazolyl, thiazolyl, thiadiazolyl;

(26) pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, azepinyl,
tetrahydrofuranyl, tetrahydropyranyl, morpholinyl, azetidinyl,

(27) -Me, -Et, -nPr, -iPr, -nBu, -iBu, -sBu, -tBu, -nPe;

-cPr, -cHex; -CH=CH,, -CH»-CH=CH,;

-CF3, -CHF,, -CH,F, -CCl,, -CBr;, -CH,CH,F, -CH,CHF,, and -CH,CF3;
-CH,0OH, -CH,OMe, -CH,OEt, -CH,NH,, -CH.NMe,;

-CH,CH,0H, -CH,CH,OMe, -CH,CH,OEt, -CH,CH,CH,NH,, -CH,CH,NMe,;

(28) -O-CH,-0-, -O-CH,-CH,-O-, -O-CH,-CH,-CH,-O-, -O-CF,-O-, and -O-CF,-CF,-O-.

The HDACI: Some Preferred Examples

All plausible combinations of the embodiments described above are explicitly
disclosed herein, as if each combination was individually and explicitly recited.

In one preferred embodiment, the HDACiI is selected from compounds of the following
formula:

(0]
1 2 It
A Q J Q C—H—OH

wherein:
A is independently:
phenyl,
and is unsubstituted or substituted:;
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Q' is independently:

a covalent bond,
-CHo-,
-CH,CH,-,
-CH=CH-,

J is independently:
-NRN-§(=0),-, or
-8(=0),-NR"-;

R" is independently:

-H, or
Ci.qalkyl,
and is unsubstituted;

Q?is independently:
phenylene-C,.salkylene,
phenylene-C,.4alkenylene,
and is unsubstituted;

PCT/GB2006/001737

and pharmaceutically acceptable salts, solvates, amides, esters, ethers, chemically

protected forms, and prodrugs thereof.

In one embodiment, the HDAC: is selected from compounds of the following formulae,
and substituted analogs thereof (e.g., where the terminal phenyl group is substituted,
where the sulfonamide nitrogen is substituted, etc., e.g., with one or more substituents as
defined above under the heading “The HDACI: Substituents”), and pharmaceutically
acceptable salts, solvates, amides, esters, ethers, chemically protected forms, and

prodrugs thereof:
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In one embodiment, the HDACi is selected from compounds of the following formula, and
substituted analogs thereof (e.g., where the terminal phenyl group is substituted, where
the sulfonamide nitrogen is substituted, etc., e.g., with one or more substituents as
defined above under the heading “The HDACI: Substituents”), and pharmaceutically
acceptable salts, solvates, amides, esters, ethers, chemically protected forms, and
prodrugs thereof:

O\\ /©\/\ n PXD-101
N/s\\ <l:/ ~OH )
H O

{
(0]

In one embodiment, the HDACi is selected from the following compound, and
pharmaceutically acceptable salts, solvates, amides, esters, ethers, chemically protected
forms, and prodrugs thereof:

O\ /@\/\ H
N/\S = ¢ NOH PXD-101
H

\ I
0 0
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The HDACI: Other Forms

Certain compounds may exist in one or more particular geometric, optical, enantiomeric,
diasteriomeric, epimeric, atropic, stereoisomeric, tautomeric, conformational, or anomeric
forms, including but not limited to, cis- and trans-forms; E- and Z-forms; c-, t-, and r-
forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and |-forms;

(+) and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and
anticlinal-forms; a- and B-forms; axial and equatorial forms; boat-, chair-, twist-,
envelope-, and halfchair-forms; and combinations thereof, hereinafter collectively referred
to as "isomers" (or "isomeric forms").

Note that, except as discussed below for tautomeric forms, specifically excluded from the
term "isomers," as used herein, are structural (or constitutional) isomers (i.e., isomers
which differ in the connections between atoms rather than merely by the position of atoms
in space). For example, a reference to a methoxy group, -OCHs, is not to be construed
as a reference to its structural isomer, a hydroxymethyl group, -CH,OH. Similarly, a
reference to ortho-chlorophenyl is not to be construed as a reference to its structural
isomer, meta-chlorophenyl. However, a reference to a class of structures may well
include structurally isomeric forms falling within that class (e.g., Ci.7alkyl includes n-propyl
and iso-propyl; butyl includes n-, iso-, sec-, and tert-butyl; methoxyphenyi includes ortho-,
meta-, and para-methoxyphenyl).

The above exclusion does not pertain to tautomeric forms, for example, keto-, enol-, and
enolate-forms, as in, for example, the following tautomeric pairs: keto/enol (illustrated
below), imine/enamine, amide/imino alcohol, amidine/amidine, nitroso/oxime,
thioketone/enethiol, N-nitroso/hyroxyazo, and nitro/aci-nitro.

ﬁ{ //O AN /OH H+ AN ,O-
—C—C = c=C = c=C

l AN / N H* / AN

keto enol enolate

Note that specifically included in the term "isomer" are compounds with one or more
isotopic substitutions. For example, H may be in any isotopic form, including 'H, ?H (D),
and °H (T); C may be in any isotopic form, including '2C, "*C, and "C; O may be in any
isotopic form, including '®*O and ®0; and the like.

Unless otherwise specified, a reference to a particular compound includes all such
isomeric forms, including (wholly or partially) racemic and other mixtures thereof.
Methods for the preparation (e.g., asymmetric synthesis) and separation (e.g., fractional
crystallisation and chromatographic means) of such isomeric forms are either known in
the art or are readily obtained by adapting the known methods, in a known manner.
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Unless otherwise specified, a reference to a particular compound also includes ionic, salt,
solvate, protected forms thereof, and prodrugs thereof, for example, as discussed below.

It may be convenient or desirable to prepare, purify, and/or handle a corresponding salt of
the active compound, for example, a pharmaceutically acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in Berge et al., 1977, "Pharmaceutically
Acceptable Salts," J. Pharm. Sci., Vol. 66, pp. 1-19.

For example, if the compound is anionic, or has a functional group that may be anionic
(e.g., -COOH Vmay be -COO"), then a salt may be formed with a suitable cation.
Examples of suitable inorganic cations include, but are not limited to, alkali metal ions
such as Na* and K*, alkaline earth cations such as Ca?" and Mg?", and other cations such
as Al'®, Examples of suitable organic cations include, but are not limited to, ammonium
ion (i.e., NH4") and substituted ammonium ions (e.g., NHzR", NH.R,", NHR3", NR4").
Examples of some suitable substituted ammonium ions are those derived from:
ethylamine, diethylamine, dicyclohexylamine, triethylamine, butylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine, benzylamine, phenylbenzylamine, choline,
meglumine, and tromethamine, as well as amino acids, such as lysine and arginine. An
example of a common quaternary ammonium ion is N(CHa)4".

If the compound is cationic, or has a functional group that may be cationic (e.g., -NH, may
be -NH5"), then a salt may be formed with a suitable anion. Examples of suitable
inorganic anions include, but are not limited to, those derived from the following inorganic
acids: hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous,

phosphoric, and phosphorous.

Examples of suitable organic anions include, but are not limited to, those derived from the
following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic,
palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic, pyruvic, salicylic,
stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. Examples of suitable
polymeric organic anions include, but are not limited to, those derived from the following
polymeric acids: tannic acid, carboxymethyl cellulose.

It may be convenient or desirable to prepare, purify, and/or handle a corresponding
solvate of the active compound. The term "solvate" is used herein in the conventional
sense to refer to a complex of solute (e.g., active compound, salt of active compound)
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and solvent. If the solvent is water, the solvate may be conveniently referred to as a
hydrate, for example, a mono-hydrate, a di-hydrate, a tri-hydrate, etc.

It may be convenient or desirable to prepare, purify, and/or handle the active compound
in a chemically protected form. The term "chemically protected form" is used herein in
the conventional chemical sense and pertains to a compound in which one or more
reactive functional groups are protected from undesirable chemical reactions under
specified conditions (e.g., pH, temperature, radiation, solvent, and the like). In practice,
well known chemical methods are employed to reversibly render unreactive a functional
group, which otherwise would be reactive, under specified conditions. In a chemically
protected form, one or more reactive functional groups are in the form of a protected or
protecting group (also known as a masked or masking group or a blocked or blocking
group). By protecting a reactive functional group, reactions involving other unprotected
reactive functional groups can be performed, without affecting the protected grbup; the
protecting group may be removed, usually in a subsequent step, without substantially
affecting the remainder of the molecule. See, for example, Protective Groups in Organic
Synthesis (T. Green and P. Wuts; 3rd Edition; John Wiley and Sons, 1999). A wide
variety of such "protecting," "blocking," or "masking" methods are widely used and well
known in organic synthesis.

It may be convenient or desirable to prepare, purify, and/or handle the active compound
in the form of a proHDACI. The term "proHDACI," as used herein, pertains to a
compound which, when metabolised (e.g., in vivo), yields the desired active compound.
Typically, the proHDACI is inactive, or less active than the active compound, but may
provide advantageous handling, administration, or metabolic properties.

For example, some prodrugs are esters of the active compound (e.g., a physiologically
acceptable metabolically labile ester). During metabolism, the ester group (-C(=0)OR) is
cleaved to yield the active HDACI. Such esters may be formed by esterification, for
example, of any of the carboxylic acid groups (-C(=0)OH) in the parent compound, with,
where appropriate, prior protection of any other reactive groups present in the parent
compound, followed by deprotection if required.

Cyclodextrin

The term "cyclodextrin”, as used herein (e.g., in connection with component (b)), relates
to both cyclodextrins per se, and cyclodextrin derivatives, including, for example, the
cyclodextrin derivatives described herein.

Cyclodextrins, also known as cycloamyloses, cycloglucans, and Schardinger dextrins, are
naturally occurring clathrates obtained, for example, from the action of Bacillus macerans
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amylase on starch to form homogenous cyclic a-(1—4) linked glucopyranose units.

a-, B-, and y-cyclodextrins are composed of six, seven, and eight units, respectively, and
have molecular weights of 972.84, 1134.98, and 1297.12 g/mol, respectively.
Cyclodextrins have hydrophobic cavities and form inclusion compounds with organic
substance, salts, and halogens in the solid state or in aqueous solutions. They are used
as complexing agents, and in the study of enzyme action. To date, cyclodextrins have
only been used in a limited number of small volume parenteral formulations. See, for
example, Loftsson, T., 1998, "Cyclodextrins in Pharmaceutical Formulations," Report for
Nordic Industrial Fund); and Strickley, R., 2004, “Solubilising Excipients in Oral and
Injectable Farmulations”, Pharm. Res., Vol. 21, No. 2, pp. 201-230.

A range of cyclodextrin derivatives are known, for example, where one or more of the
primary and/or secondary pendant hydroxy (-OH) groups have been derivatised, for
example, to form ether groups (e.g., dimethyl ether; hydroxyethyl ether; 2-hydroxypropyl
ether; carboxymethyl ether; carboxyethyl ether; glucosyl ether; maltosyl ether; sulfobutyl
ether). Molar substitution ratios of, for example, 0.6, 0.8, and 1.0 (e.g., 0.5-1.0) are
common.

In one embodiment, the cyclodextrin is selected from:

a-cyclodextrin; B-cyclodextrin; y-cyclodextrin;

(C4.4alkyl)-a-cyclodextrin; (C.4alkyl)-B-cyclodextrin; (C44alkyl)-y-cyclodextrin;
(hydroxy-C;.salkyl)-a-cyclodextrin; (hydroxy-C;.salkyl)-B-cyclodextrin;
(hydroxy-C.salkyl)-y-cyclodextrin;

(carboxy-C.4alkyl)-a-cyclodextrin; (carboxy-C,.4alkyl)-B-cyclodextrin;
(carboxy-C;.4alkyl)-y-cyclodextrin;

saccharide ethers of a-cyclodextrin; saccharide ethers of B-cyclodextrin;
saccharide ethers of y-cyclodextrin; and

sulfobutyl ethers of a-cyclodextrin, B-cyclodextrin, or y-cyclodextrin.

Examples of Cq_4alkyl groups, in this context, include -Me, -Et, -nPr, -iPr, and -cPr.
Examples of saccharide ethers, in this context, include glucosyl and maltosyl ethers.

An especially preferred cyclodextin is: hydroxypropyl-B-cyclodextrin.
Preferably, the cyclodextrin has a purity of pharmaceutical grade or equivalent.

The following cyclodextrins and cyclodextrin derivatives may be obtained, for example,
from Wacker-Chemie GmbH, Munich, Germany:

a-cyclodextrin (Cavamax® W6 pharma);

y-cyclodextrin (Cavamax® W8 pharmay;

Hydroxypropyl-a-cyclodextrin (Cavasol® W6 HP TL);
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Hydroxypropyl-B-cyclodextrin (Cavasol® W7 HP pharma);
Hydroxypropyl-y-cyclodextrin (Cavasol® W8 HP pharma).

Without wishing to be bound to any particular theory, the inventors believe that the
terminal phenyl group of PXD-101 (or the optionally substituted terminal phenyl group of
analogs of PXD-101) forms a complex with cyclodextrin, such as hydroxypropy!-B-
cyclodextrin.

Arginine

Arginine, also known as L-arginine, 2-amino-5-guanidinovaleric acid, and (S)-2-amino-5-
[(aminoiminomethyl)-amino]pentanoic acid, has a molecular weight of 174.20. It is
soluble in water (a saturated aqueous solution contains 15% w/w at 21°C) and is alkaline
in nature (but less alkaline than meglumine). It is often provided as an acid addition salt,
for example, as the hydrochloride salt. Arginine is well tolerated in humans at doses up

to 30 g/kg, for example, when given as a nutritional additive.
NH

X I
H,N ﬁ/\/\(m OH Arginine

NH,

In one embodiment, the arginine is free arginine or a pharmaceutically acceptable salt of
arginine.

Preferably, the arginine is L-arginine.

In one embodiment, the arginine is free L-arginine or a pharmaceutically acceptable salt
of L-arginine.

Preferably, the arginine has a purity of pharmaceutical grade or equivalent.

L-arginine for HDACI formulation (conforming to both European and United States
standards) may be obtained, for example, from Ajinomoto, Kanagawa, Japan
(Catalog No. 2).

Without wishing to be bound to any particular theory, the inventors believe that the
acrylamide and/or sulphonamide groups of PXD-101 (and analogs thereof) are take part
in in situ salt formation with arginine (and meglumine, discussed below), and so give rise
to enhanced solubility.
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Meglumine

Meglumine, also known as N-methylglucamine, 1-deoxy-1-(methylamino)-D-glucitol, and
N-methyl-D-glucamine, has a molecular weight of 195.21 g/mol and a melting point of
about 129-131°C. It is soluble in water (~100 g in 100 mL at 25°C) and is alkaline in
nature (and is more alkaline than arginine) (pH ~10.5 for a 1 wt% aqueous solution).

It forms salts with acids and complexes with metals, and is used in many pharmaceutical
formulations.

CH,NHMe
HG—OH
HO—CH
HG—OH
HC—OH
CH,0H

Meglumine

In one embodiment, the meglumine is free meglumine or a pharmaceutically acceptable
salt of meglumine.

Preferably, the meglumine has a purity of pharmaceutical grade or equivalent.

Meglumine for HDACi formulation (conforming to both European and United States
standards) may be obtained, for example, from Merck KgaA, Germany.

Other Additional Ingredients

In one embodiment, the pharmaceutical composition further comprises one or more other
additional pharmaceutically acceptable ingredients (e.g., pharmaceutically acceptable
carriers, etc.)

In one embodiment, the pharmaceutical composition additionally comprises one or more
other pharmaceutically acceptable ingredients well known to those skilled in the art,
including, but not limited to, pharmaceutically acceptable carriers, diluents, excipients,
adjuvants, buffers, pH modifiers, preservatives, anti-oxidants, bacteriostats, stabilisers,
suspending agents, solubilisers, surfactants (e.g., wetting agents), colouring agents, and
isotonicizing solutes (i.e., which render the formulation isotonic with the blood, or other
relevant bodily fluid, of the intended recipient). Suitable carriers, diluents, excipients, etc.
can be found in standard pharmaceutical texts. See, for example, Handbook of
Pharmaceutical Additives, 2nd Edition (eds. M. Ash and I. Ash), 2001 (Synapse

Information Resources, Inc., Endicott, New York, USA), Remington's Pharmaceutical
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Sciences, 18th edition, Mack Publishing Company, Easton, Pa., 1990; and Handbook of
Pharmaceutical Excipients, 2nd edition, 1994.

The term "pharmaceutically acceptable”" as used herein pertains to compounds,
ingredients, materials, compositions, dosage forms, etc., which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of the subject in
question (e.g., human) without excessive undesired toxicity, irritation, allergic response,
or other problem or complication, commensurate with a reasonable benefit/risk ratio.
Each carrier, diluent, excipient, etc. must also be "acceptable" in the sense of being
compatible with the other ingredients of the composition.

In one embodiment, the composition further comprises other active agents, for example,
other therapeutic or prophylactic agents.

Format

As used herein, the term "formulation" describes a material that is in a form (e.g., a liquid)
that is ready for administration, whereas the term "pre-formulation" describes a material
(e.g., lyophilateflyophilisate, concentrate, etc.) from which a formulation may be prepared
(e.g., by re-hydration, dilution, etc.).

In one embodiment, the composition (e.g., formulation, pre-formulation) is a liquid (e.g., at
room temperature, i.e., 25°C and standard atmospheric pressure, i.e., 1.01325 bar).

The liquid composition (e.g., formulation, pre-formulation) may be a solution, a
suspension, an emulsion, etc., in which the HDACIi and other components

(e.g., cyclodextrin, arginine, meglumine, etc.) are dissolved, suspended, or otherwise
provided (e.g., in a liposome or other microparticulate).

In one embodiment, the composition (e.g., formulation, pre-formulation) is an aqueous
liquid (e.g., comprising at least 30% w/w water, e.g., at least 50% w/w water, at least 70%
w/w water).

In one embodiment, the composition (e.g., formulation, pre-formulation) is an aqueous
isotonic liquid (e.g., isotonic with blood).

In one embodiment, the composition (e.g., formulation, pre-formulation) is sterile and
pyrogen-free (i.e., free of pyrogens).

In one embodiment, the composition (e.q., pre-formulation) is a liquid concentrate from
which a formulation may be prepared, for example, by dilution.
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In one embodiment, the composition (e.g., pre-formulation) is a solid (e.g., at room
temperature, i.e., 25°C and standard atmospheric pressure, i.e., 1.01325 bar)

(e.g., powder, granules, tablets, lyophilates/lyophilisates, etc.), from which a formulation
may be prepared, for example, by hydration (or re-hydration), optionally followed by
further dilution.

Materials suitable for dilution, hydration, and/or re-hydration include, for example,
water-for-injection, aqueous saline solution (e.g. 0.9% w/v NaCl), aqueous glucose
solution e.g., 5% w/v glucose BP), saline for injection/infusion, glucose for
injection/infusion, Ringer's solution, lactated Ringer's solution, etc.

Suitable saline solution ("saline for infusion", 0.9% wi/v sodium chloride BP) may be
obtained, for example, from Baxter Healthcare Ltd, Thetford, Norfolk, UK (Product
Code FUE1322).

Suitable glucose solution ("glucose for infusion", 5% w/v glucose BP) may be obtained,
for example, from Baxter Healthcare Ltd, Thetford, Norfolk, UK (Product Code FUE1322).

The pharmaceutical compositions (e.g., formulations, pre-formulations) may be presented
in unit-dose or multi-dose sealed containers, for example, ampoules and vials.

The pharmaceutical formulation may be prepared, e.g., from a pre-formulation,
extemporaneously, e.g., immediately prior to use, for example, in an intravenous (1.V.)
infusion bag.

One aspect of the present in invention pertains to a pharmaceutical composition (e.g.,
formulation, pre-formulation), as described herein, in a suitable container (e.g., vial,
ampoule, intravenous (1.V.) infusion bag).

One aspect of the present in invention pertains to a vial or ampoule containing a
pharmaceutical composition (e.g., formulation, pre-formulation), as described herein.

One aspect of the present in invention pertains to a vial or ampoule containing a
pharmaceutical pre-formulation (e.g., a liquid concentrate), as described herein.

One aspect of the present in invention pertains to an intravenous (1.V.) infusion bag
containing a pharmaceutical composition (e.g., formulation), as described herein.
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Amount of HDACi

The pharmaceutical formulation comprises a therapeutically-effective amount of HDACI.

The pharmaceutical composition comprises an amount of HDACi so that, upon
subsequent formation of a pharmaceutical formulation from said pharmaceutical
composition (e.g., by dilution, hydration, re-hydration, etc.), said pharmaceutical
formulation comprises a therapeutically-effective amount of HDACI.

It will be appreciated by one of skill in the art that appropriate dosages of the HDACi (and
concentrations of HDACiI in formulations and compositions) can vary from subject to
subject. Determining the optimal dosage will generally involve the balancing of the level
of therapeutic benefit against any risk or deleterious side effects. The selected dosage
level will depend on a variety of factors including, but not limited to, the activity of the
particular compound, the route of administration, the time of administration, the rate of
excretion of the compound, the duration of the treatment, other HDACis, compounds,
and/or materials used in combination with the HDACiI, the severity of the condition, and
the species, sex, age, weight, condition, general health, and prior medical history of the
subject. The amount of HDACi and route of administration will ultimately be at the
discretion of the physician, veterinarian, or clinician, although generally the dosage will be
selected to achieve local concentrations at the site of action that achieve the desired
effect without causing substantial harmful or deleterious side-effects.

An example of a preferred dosage is 150 ymol/kg. For a HDACI (e.g., PXD-101) with a
molecular weight of 318 g/mol, that is ~47.7 mg/kg. For a 70 kg subject, that is ~3.3 g.
When diluted in a 1.0 L intravenous bag, that is a formulation concentration of ~3.3 g/L
(~3.3 mg/mL) or ~10 mM. A suitable liquid concentrate (e.g., pre-formulation) may have
a concentration of 10-100 times greater than the desired formulation, and so have a
concentration of ~33-330 g/L (~33-330 mg/mL, e.g, ~50 mg/mL), or ~0.1-1.0 M.

In one embodiment, the composition (e.g., formulation) has a HDACi concentration of at
least 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, or 5.0 mg/mL.

In one embodiment, the composition (e.g., formulation) has a HDACi concentration of up
to and including 200, 100, 50, 20, 10, 5, 2, 1, 0.5, or 0.2 mg/mL.

In one embodiment, the HDACi concentration is 0.1-10 mg/mL.
In one embodiment, the HDACi concentration is 0.5-10 mg/mL.
In one embodiment, the HDACi concentration is 1.0-10 mg/mL.
In one embodiment, the HDACi concentration is 0.1-5 mg/mL.
In one embodiment, the HDACi concentration is 0.5-5 mg/mL.
In one embodiment, the HDACi concentration is 1.0-5 mg/mL.
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In one embodiment, the composition (e.g., formulation) has a HDACi concentration of at
least 0.01, 0.03, 0.05, 0.1, 0.3, 0.5, 1.0, 3.0, 5.0, or 10 mM.

in one embodiment, the composition (e.g., formulation) has a HDACi concentration of up
to and including 300, 200, 100, 50, 30, 20, 15, 10, 5, 3, 1, 0.5, or 0.3 mM.

In one embodiment, the HDACi concentration is 0.3-30 mM.
In one embodiment, the HDACi concentration is 1.0-30 mM.
In one embodiment, the HDACi concentration is 2.0-30 mM.
In one embodiment, the HDACi concentration is 3.0-30 mM.
In one embodiment, the HDACI concentration is 0.3-15 mM.
In one embodiment, the HDACi concentration is 1.0-15 mM.
In one embodiment, the HDACi concentration is 2.0-15 mM.
In one embodiment, the HDACi concentration is 3.0-15 mM.

The composition (e.g., pre-formulation) may have a HDACIi concentration that is, for
example, 1-1000 times greater than the HDACi concentration of the corresponding
formulation.

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
at least 1, 2, 5, 10, 20, 50, or 100 times greater.

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
up to and including 1000, 500, 200, 100, 50, 20, 10, 5, or 2 times greater.

In one embodiment, the HDACi concentration is 10-500 times greater.
In one embodiment, the HDACi concentration is 10-200 times greater.
In one embodiment, the HDACIi concentration is 10-100 times greater.
In one embodiment, the HDACi concentration is 10-50 times greater.
In one embodiment, the HDACi concentration is 10-20 times greater.

For example, in one embodiment, the composition (e.g., pre-formulation) has a HDACi
concentration of 30-600 mM (corresponding to 10-20 times 3.0-30 mM).

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
atleast 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10, 20, 30, or 50 mg/mL.

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
up to and including 1000, 500, 300, 200, 100, 50, 20, 10, 5, or 2 mg/mL.

In one embodiment, the HDACI concentration is 5-500 mg/mL.
In one embodiment, the HDACi concentration is 10-500 mg/mL.
In one embodiment, the HDACi concentration is 20-500 mg/mL.
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In one embodiment, the HDACi concentration is 30-500 mg/mL.
In one embodiment, the HDACi concentration is 5-300 mg/mL.
In one embodiment, the HDACi concentration is 10-300 mg/mL.
In one embodiment, the HDACi concentration is 20-300 mg/mL.
In one embodiment, the HDACi concentration is 30-300 mg/mL.
In one embodiment, the HDACi concentration is ~50 mg/mL.

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
at least 0.3, 0.5, 1.0, 1.5, 2.0, 3.0, 5.0, 10, 30, 50, 100 mM.

In one embodiment, the composition (e.g., pre-formulation) has a HDACi concentration of
up to and including 3000, 1000, 500, 300, 100, 50, 30, 20, 15, 10, 5, or 3 mM.

In one embodiment, the HDACi concentration is 10-1000 mM.
In one embodiment, the HDACi concentration is 30-1000 mM.
In one embodiment, the HDACI concentration is 50-1000 mM.
In one embodiment, the HDACi concentration is 100-1000 mM.
In one embodiment, the HDACi concentration is 10-500 mM.

In one embodiment, the HDACi concentration is 30-500 mM.

In one embodiment, the HDACi concentration is 50-500 mM.

In one embodiment, the HDACi concentration is 100-500 mM.

Where the HDAC:i is provided in the form of a salt, the amount is calculated on the
basis of the parent compound. Consequently, the above values (e.g., 30-300 mg/mL,

~50 mg/mL) pertain to the parent compound, and not, for example, a salt thereof.

Amount of Cyclodextrin

In one embodiment, if cyclodextrin is present, the molar ratio of cyclodextrin to HDACi is
at least 0.5,0.7,0.8,0.9, 1.0, 1.1, 1.2, 1.3, 1.4, or 1.5.

In one embodiment, if cyclodextrin is present, the molar ratio of cyclodextrin to HDACi is
up to and including 5, 4, 3.5, 3, 2.5, 2.0, 1.9, 1.8, 1.7, 1.6, or 1.5.

In one embodiment, the molar ratio is 0.5-5.
In one embodiment, the molar ratio is 0.8-4.
In one embodiment, the molar ratio is 1-3.

In one embodiment, the molar ratio is 1.2-2.5.
In one embodiment, the molar ratio is 1.4-2.
In one embodiment, the molar ratio is 1.5-1.9
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An example of a preferred HDACIi concentration for a composition (e.g, pre-formulation,
formulation) is ~10 mM. if that composition (e.g, pre-formulation, formulation) is to have a
cyclodextrin to HDACi molar ratio of ~1.5-1.9, that corresponds to a cyclodextrin
concentration of ~15-19 mM.

An example of a preferred HDACi is PXD-101, which-has a molecular weight of

~318 g/mol. B-cyclodextrin has a molecular weight of ~1135 g/mol. The cyclodextrin to
HDACIi molecular weight ratio is ~1135/318 or ~3.57. |f the composition

(e.g, pre-formulation, formulation) is to have a cyclodextrin to HDACi molar ratio of
~1.5-1.9, that corresponds to a cyclodextrin to HDACi weight ratio of ~5.3-6.8

(i.e., 5.3-6.8 grams of B-cyclodextrin for each gram of PXD-101).

It may be preferred to ensure a total cyclodextrin dose of less than 5000, 2000, 1000,
500, 400, 300, 200, 100, or 50 mg/kg.

Amount of Arginine

In one embodiment, if arginine is present, the molar ratio of arginine to HDAC: is at least
0.5,0.7,08,09 1.0,1.1,1.2,13,1.4,0r 1.5.

In one embodiment, if arginine is present, the molar ratio of arginine to HDACi is up to
and including 5, 4, 3.5, 3, 2.5, 2.0, 1.9, 1.8, 1.7, 1.6, or 1.5.

In one embodiment, the molar ratio is 0.5-5.
In one embodiment, the molar ratio is 0.8-4.
In one embodiment, the molar ratio is 1-3.

In one embodiment, the molar ratio is 1.2-2.5.
In one embodiment, the molar ratio is 1.4-2.
In one embodiment, the molar ratio is 1.5-1.9

An example of a preferred HDACi concentration for a composition (e.g., formulation) is
~10 mM. If that composition (e.g., formulation) is to have an arginine to HDACi molar
ratio of ~1.5-1.9, that corresponds to an arginine concentration of ~15-19 mM.

An example of a preferred HDACi is PXD-101, which has a molecular weight of

~318 g/mol. Free arginine has a molecular weight of ~174 g/mol. The arginine to HDACi
molecular weight ratio is ~174/318 or ~0.547. If the composition (e.g., pre-formulation,
formulation) is to have an arginine to HDACi molar ratio of ~1.5-1.9, that corresponds to
an arginine to HDACi weight ratio of ~0.82-1.04 (i.e., 0.82-1.04 grams of arginine for each
gram of PXD-101).
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It may be preferred to ensure a total arginine dose of less than 200, 100, 50, 30, or
20 g/kg.

Amount of Meglumine

In one embodiment, if meglumine is present, the molar ratio of meglumine to HDACi is at
least 0.5, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, or 1.5.

In one embodiment, if meglumine is present, the molar ratio of meglumine to HDACi is up
to and including 5, 4, 3.5, 3, 2.5, 2.0, 1.9, 1.8, 1.7, 1.6, or 1.5.

In one embodiment, the molar ratio is 0.5-5.
In one embodiment, the molar ratio is 0.8-4.
In one embodiment, the molar ratio is 1-3.

In one embodiment, the molar ratio is 1.2-2.5.
In one embodiment, the molar ratio is 1.4-2.
In one embodiment, the molar ratio is 1.5-1.9

An example of a preferred HDACi concentration for a composition (e.g., formulation) is
~10 mM. If that composition (e.g., formulation) is to have a meglumine to HDACi molar
ratio of ~1.5-1.9, that corresponds to a meglumine concentration of ~15-19 mM.

An example of a preferred HDACIi is PXD-101, which has a molecular weight of

~318 g/mol. Free meglumine has a molecular weight of ~195 g/mol. The meglumine to
HDACIi molecular weight ratio is ~195/318 or ~0.613. If the composition

(e.g., pre-formulation, formulation) is to have a meglumine to HDACi molar ratio of
~1.5-1.9, that corresponds to a meglumine to HDACi weight ratio of ~0.92-1.17

(i.e., 0.92-1.17 grams of meglumine for each gram of PXD-101).

It may be preferred to ensure a total meglumine dose of less than 200, 100, 50, 30, or
20 g/kg.

Preparation of Compositions

The compositions (e.g., pre-formulations, formulations) may be prepared using
conventional methods that are well known in the field of pharmacy. For example,
methods that use standard laboratory or pharmaceutical processing equipment are well
known to those in the field of pharmacy.

One aspect of the present invention pertains to a method of preparing a composition
(e.g., pre-formulation, formulation) (as described herein) by combining: (a) a HDACi as
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defined herein, and (b) one or more of the following additional ingredients: cyclodextrin,
arginine, and meglumine; and optionally one or more other additional pharmaceutically
acceptable ingredients (as described herein).

For example an appropriate amount of pure, dry HDACi (e.g., PXD-101) may be
dissolved in a solution of salt former (e.g., arginine, meglumine) or cyclodextrin in water at
a suitable concentration as described herein. Solubilisation may be achieved over a
period of from about 1 minute to about 1 hour by stirring, for example, using a magnetic
stirrer, paddle stirrer, or turbine mixer, with or without the application of heat. The
resulting solution is then diluted to the final volume, e.g., with the appropriate grade of
water, and stirred for a further period of time until the solution is homogenous.

if necessary, the pH of the solution can be adjusted using a suitable acid (e.g., HCl) to
achieve a pH of greater than or equal to about 8.5. However, there may be a risk of
precipitating the HDAC: if the pH is adjusted.

The solution is passed through a suitable filter (e.g., sterilising grade 0.2 pm filter) and
placed in appropriate containers (e.g., vials, ampoules, etc.) in a suitable pharmaceutical
manufacturing environment, and sealed/capped.

Optionally, a lyophilisate is prepared by placing the solution in vials fitted with a suitable
lyophilisation stopper and removing the water by freeze-drying to provide a powder
suitable for reconstitution/re-hydration using a suitable re-hydration medium (e.g., saline,
glucose, etc.). After freeze-drying, the vials are sealed and capped.

One aspect of the present invention pertains to a method of preparing a formulation
(as described herein) by diluting, reconstituting, hydrating, re-hydrating, etc. a
pre-formulation (as described herein).

One aspect of the present invention pertains to a pharmaceutical composition (e.g.,
formulation) (as described herein) obtained by diluting, reconstituting, hydrating,
re-hydrating, etc. a pre-formulation (as described herein).

One aspect of the present invention pertains to a pharmaceutical composition (e.g.,
formulation) (as described herein) obtainable by diluting, reconstituting, hydrating,
re-hydrating, etc. a pre-formulation (as described herein).

For example, formulations may be prepared from pre-formulations, for example,
extemporaneously, by dilution, reconstitution, hydration, re-hydration, etc., using
appropriate liquids, e.g., water (e.g., water-for-injection), aqueous saline (e.g., 0.9% w/v
saline solution), aqueous glucose (e.g., 5% w/v glucose solution), etc.
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For example, an appropriate amount of liquid concentrated composition

(e.g., pre-formulation) (initially provided in a vial or ampoule) may be introduced into a
typical 1 L intravenous saline or glucose bag, and the resulting formulation used for
administration by intravenous infusion.

For example, an appropriate amount of a lyophilate/lyophilisate composition

(e.g., pre-formulation) may be reconstituted (or re-hydrated) by adding a suitable aqueous
medium (e.g., water for injection, 0.9% saline solution, 5% glucose solution, etc.), e.g., to
the vial containing the lyophilate/lyophilisate, e.g., using a suitable syringe and needle.
The contents of the vial may then be shaken to dissolve the lyophilised powder. The
resulting composition may then be used as a formulaton, and administered to the subject,
or may be used as a pre-formulation, and diluted to the required concentration, e.g., by
addition to a suitable infusion medium, e.g., in an infusion bag.

One aspect of the present invention pertains to a method of formulating a HDACi (as
described herein) comprising the step of: combining said HDACIi with one or more of the
following additional ingredients: cyclodextrin, arginine, and meglumine (as described
herein); and optionally one or more other additional pharmaceutically acceptable
ingredients (as described herein).

One aspect of the present invention pertains to a method of increasing the concentration
of a HDACI (as described herein) in a pharmaceutical composition, comprising the step
of: formulating said HDACi with one or more of the following additional ingredients:
cyclodextrin, arginine, and meglumine (as described herein); and optionally one or more
other additional pharmaceutically acceptable ingredients (as described herein).

Solid Forms

One aspect of the present invention pertains to a pharmaceutical composition comprising
an HDAC inhibitor (e.g., PXD-101) in solid dosage form (e.g., tablet, capsule, gelatin
tablet, etc.) (e.g., a gelatine capsule).

One aspect of the present invention pertains to a solid dosage form (e.g., tablet, capsule,
gelatin tablet, etc.) (e.g., a gelatine capsule) containing an HDAC inhibitor, as described
herein.

One aspect of the present invention pertains to a solid dosage form (e.g., tablet, capsule,
gelatin tablet, etc.) (e.g., a gelatine capsule) containing a pharmaceutical composition
(e.g., formulation), as described herein.
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Medical Use, Methods of Treatment, Etc.

One aspect of the present invention pertains to the pharmaceutical composition
components as described herein (e.g., a HDACI; one or more of cyclodextrin, arginine,
and meglumine; etc.) for use in a method of treatment of the human or animal body by
therapy.

One aspect of the present invention pertains to a pharmaceutical composition (e.g.,
pre-formulation, formulation), as described herein, for use in a method of treatment of the
human or animal body by therapy.

One aspect of the present invention pertains to use of the pharmaceutical composition
components as described herein (e.g., a HDACI; one or more of cyclodextrin, arginine,
and meglumine; etc.) in the manufacture of a medicament for the treatment of a condition,
as described herein.

One aspect of the present invention pertains to use of a pharmaceutical composition
(e.g., pre-formulation), as described herein, in the manufacture of a medicament for the
treatment of a condition, as described herein.

One aspect of the present invention pertains to a method of treatment, comprising
administering to a subject in need of treatment a pharmaceutical composition (e.g.,
formulation), as described herein.

One aspect of the present invention pertains to a method of (a) regulating (e.g., inhibiting)
cell proliferation; (b) inhibiting cell cycle progression; (c) promoting apoptosis; or (d) a
combination of one or more of these, in vitro or in vivo, comprising contacting a cell with a
pharmaceutical composition (e.g., formulation) as described herein.

Any type of cell may be treated, including but not limited to, lung, gastrointestinal
(including, e.g., bowel, colon, colorectal), breast (mammary), ovarian, prostate, liver
(hepatic), kidney (renal), bladder, pancreas, brain, and skin.

One aspect of the present invention pertains to a method of administering a HDACI, as
defined herein, to a subject, comprising administering to said subject a pharmaceutical
composition (e.g., formulation), as described herein.

Treatment

The term "treatment," as used herein in the context of treating a condition, pertains
generally to treatment and therapy, whether of a human or an animal (e.g., in veterinary
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applications), in which some desired therapeutic effect is achieved, for example, the
inhibition of the progress of the condition, and includes a reduction in the rate of progress,
a halt in the rate of progress, amelioration of the condition, and cure of the condition.
Treatment as a prophylactic measure (i.e., prophylaxis) is also included. For example,
use with subjects who have not yet developed the condition, but who are at risk of
developing the condition, is encompassed by the term "treatment."

The term "therapeutically-effective amount," as used herein, pertains to that amount of
HDAC: that is effective for producing some desired therapeutic effect, commensurate with
a reasonable benefit/risk ratio, when administered in accordance with a desired treatment
regimen.

The term "treatment" includes combination treatments and therapies, in which two or
more treatments or therapies are combined, for example, sequentially or simultaneously.
For example, the compounds described herein may also be used in combination
therapies, e.g., in conjunction with other agents, for example, cytotoxic agents, etc.
Examples of treatments and therapies include, but are not limited to, chemotherapy

(the administration of active agents, including, e.g., HDACis, antibodies (e.g., as in
immunotherapy), prodrugs (e.g., as in photodynamic therapy, GDEPT, ADEPT, etc.);
surgery; radiation therapy; and gene therapy.

Conditions
In one embodiment, the treatment is treatment of a proliferative condition.

The terms "proliferative condition," "proliferative disorder," and "proliferative disease," are
used interchangeably herein and pertain to an unwanted or uncontrolled cellular
proliferation of excessive or abnormal cells that is undesired, such as, neoplastic or
hyperplastic growth.

In one embodiment, the treatment is treatment of a proliferative condition characterised
by benign, pre-malignant, or malignant cellular proliferation, including but not limited to,
neoplasms, hyperplasias, and tumours (e.g., histocytoma, glioma, astrocyoma, osteoma),
cancers (see below), psoriasis, bone diseases, fibroproliferative disorders (e.g., of
connective tissues), pulmonary fibrosis, atherosclerosis, smooth muscle cell proliferation
in the blood vessels, such as stenosis or restenosis following angioplasty.

In one embodiment, the treatment is treatment of cancer.

In one embodiment, the treatment is treatment of lung cancer, small cell lung cancer,
gastrointestinal cancer, bowel cancer, colon cancer, rectal cancer, colorectal cancer,
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breast cancer, ovarian cancer, prostate cancer, testicular cancer, liver cancer, kidney
cancer, bladder cancer, pancreas cancer, brain cancer, sarcoma, osteosarcoma, Kaposi's
sarcoma, melanoma, malignant melanoma, basal cell carcinoma, or leukemia.

in one embodiment, the treatment is treatment of a condition mediated by HDAC.

The term "a condition mediated by HDAC," as used herein pertains to a condition in
which HDAC and/or the action of HDAC is important or necessary, e.g., for the onset,
progress, expression, etc. of that condition, or a condition that is known to be treated by
HDAC inhibitors (such as, e.g., trichostatin A). One of ordinary skill in the art is readily
able to determine whether or not a candidate HDAC: treats a condition mediated by
HDAC for any particular cell type. For example, assays which may conveniently be used
to assess the activity offered by a particular compound are described in Watkins et al.,
2002, international (PCT) patent publication number WO 02/30879.

Examples of such conditions include, but are not limited to, the following:

Cancer (see, e.g., Vigushin et al., 2001, Clin. Cancer Res., Vol. 7, No. 4, pp. 971-976).

Psoriasis (see, e.g., lavarone et al., 1999, Mol. Cell Biol., Vol. 19, No. 1, pp. 916-922).

Fibroproliferative disorders (e.g., liver fibrosis) (see, e.g., Niki et al., 1999, Hepatology,
Vol. 29, No. 3, pp. 858-867; Corneil et al., 1998, published Japanese patent application,
publication number JP 10114681 A2).

Smooth muscle proliferative disorders (e.g., atherosclerosis, restenosis)
(see, e.g., Kimura et al., 1994, Biol. Pharm. Bull., Vol. 17, No. 3, pp. 399-402).

Neurodegenerative diseases (e.g., Alzheimer's, Parkinson's, Huntington's chorea,
amyotropic lateral sclerosis, spino-cerebellar degeneration) (see, e.g., Kuusisto et al.,
2001, Biochem. Biophys. Res. Commun., Vol. 280, No. 1, pp. 223-228; Stefan, J., et al.,
2002, international (PCT) patent publication number WO 02/090534).

Inflammatory diseases (e.g., osteoarthritis, rheumatoid arthritis) (see, e.g., Dangond et
al., 1998, Biochem. Biophys. Res. Commun., Vol. 242, No. 3, pp. 648-652; Takahashi, |.,
et al, 1996, J. Antibiot. (Tokyo), Vol. 49, No. 5, pp. 453-457).

Diseases involving angiogenesis (e.g., cancer, rheumatoid arthritis, psoriasis, diabetic
retinopathy) (see, e.g., Kim et al., 2001, Nature Medicine, Vol. 7, No. 4, pp. 437-443).
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Haematopoietic disorders (e.g., anaemia, sickle cell anaemia, thalassaeimia) (see, e.g.,
McCaffrey et al., 1997, Blood, Vol. 90, No. 5, pp. 2075-2083).

Fungal infections (see, e.g., Bernstein et al., 2000, Proc. Natl. Acad. Sci. USA, Vol. 97,
No. 25, pp. 13708-13713; Tsuiji et al., 1976, J. Antibiot. (Tokyo), Vol. 29, No. 1, pp. 1-6).

Parasitic infections (e.g., malaria, trypanosomiasis, helminthiasis, protozoal infections
(see, e.g., Andrews et al., 2000, Int. J. Parasitol., Vol. 30, No. 6, pp. 761-768).

Bacterial infections (see, e.g., Onishi et al., 1996, Science, Vol. 274, pp. 939-940).

Viral infections (see, e.g., Chang et al., 2000, Nucleic Acids Res., Vol. 28, No. 20,
pp. 3918-3925).

Conditions treatable by immune modulation (e.g., multiple sclerosis, autoimmune
diabetes, lupus, atopic dermatitis, allergies, asthma, allergic rhinitis, inflammatory bowel
disease; and for improving grafting of transplants) (see, e.g., Dangond et al., 1998,
Biochem. Biophys. Res. Commun., Vol. 242, No. 3, pp. 648-652; Takahashi et al., 1996,
J. Antibiot. (Tokyo), Vol. 49, No. 5, pp. 453-457).

Dosing

Administration can be effected in one dose, continuously or intermittently (e.g., in divided
doses at appropriate intervals) throughout the course of treatment. Methods of
determining the most effective means and dosage of administration are well known to
those of skill in the art and will vary with the particular formulation used for therapy, the
purpose of the therapy, the target cell(s) being treated, and the subject being treated.
Single or multiple administrations can be carried out with the dose level and pattern being
selected by the treating physician, clinician, or veterinarian.

In one embodiment, the subject would receive the HDAC inhibitor intravenously or
subcutaneously in quantities sufficient to deliver between about 3-1500 mg/m? per day,
for example, about 3, 30, 60, 90, 180, 300, 600, 900, 1000, 1200, or 1500 mg/m? per day.
Such quantities can be administered in a number of suitable ways, e.g., large volumes of
low concentrations of HDAC inhibitor during one extended period of time or several times
aday. The quantities can be administered for one or more consecutive days, alternate
days, intermittent days, or a combination thereof per week (7 day period). Alternatively,
low volumes of high concentrations of HDAC inhibitor during a short period of time, e.g.,
once a day for one or more days either consecutively, alternately, intermittently or a
combination thereof per week (7 day period). For example, a dose of 300 mg/m? per day
can be administered for 5 consecutive days for a total of 1500 mg/m? per treatment. In
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another dosing regimen, the number of consecutive days can also be 5, with treatment
lasting for 2 or 3 consecutive weeks for a total of 3000 mg/m? and 4500 mg/m? total
treatment.

Typically, an intravenous formulation can be prepared which contains a concentration of
HDAC inhibitor of from about 1.0 mg/mL to about 10 mg/mL, e.g., 1.0 mg/mL, 2.0 mg/mL,
3.0 mg/mL, 4.0 mg/mL, 5.0 mg/mL, 6.0 mg/mL, 7.0 mg/mL, 8.0 mg/mL, 9.0 mg/mL and
10 mg/mL, and administered in amounts to achieve the doses described above. Inone
example, a sufficient volume of intravenous formulation can be administered to a subject
in a day such that the total dose for the day is between about 300 and about 1200 mg/m?.

In a specific embodiment, 900 mg/m? of PXD-101 is administered intravenously every
24 hours for at least five consecutive days. In another specific embodiment, 100 mg/m?
of PXD-101 is administered intravenously every 24 hours for at least five consecutive
days

In another embodiment, oral dosages of HDAC inhibitors, when used to treat the desired
condition, can range from about 2 mg to about 2000 mg per day, such as from about

20 mg to about 2000 mg per day, such as from about 200 mg to about 2000 mg per day.
For example, oral dosages can be about 2, about 20, about 200, about 400, about 800,
about 1200, about 1600 or about 2000 mg per day. It is understood that the total amount
per day can be administered in a single dose or can be administered in multiple dosing
such as twice, three, or four times per day.

For example, a subject can receive from about 2 mg/day to about 2000 mg/day, for
example, from about 20 mg/day to about 2000 mg/day, such as from about 200 mg/day to
about 2000 mg/day, for example from about 400 mg/day to about 1200 mg/day. A
suitably prepared medicament for once a day administration can thus contain from about
2 mg to about 2000 mg, such as from about 20 mg to about 2000 mg, such as from about
200 mg to about 1200 mg, such as from about 400 mg/day to about 1200 mg/day. The
HDAC inhibitors can be administered in a single dose or in divided doses of two, three, or
four times daily. For administration twice a day, a suitably prepared medicament would
therefore contain half of the needed daily dose.

Kits

One aspect of the present invention pertains to a kit (or kit-of-parts) comprising:

(a) a pharmaceutical composition (e.g., pre-formulation, formulation) as described herein,
preferably provided in a suitable container and/or with suitable packaging; and

(b) instructions for use, for example, written instructions on how to administer the
composition, etc.
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One aspect of the present invention pertains to a kit (or kit-of-parts) comprising:

(a) a pharmaceutical composition (e.g., pre-formulation) as described herein, preferably
provided in a suitable container and/or with suitable packaging; and

(b) instructions for use, for example, written instructions on how to prepare a suitable
pharmaceutical formulation from the composition (e.g., pre-formulation), and how to
subsequently administer the formulation, etc.

The kit may include additionaIAparts, including, for example, appropriate solutions for
dilution (e.g., physiological saline solution, glucose solution, etc.), reagents (e.g., for
adjusting pH), and devices (e.g., bags, tubes, syringes, needles, transfer sets) for
assembly and use (e.g., in the preparation of formulations and subsequent
administration).

The written instructions may also include a list of indications for which the formulation
(e.g., the HDAC: therein) is a suitable treatment.

Formulation Studies

These studies demonstrate a substantial enhancement of HDACi solubility (on the order
of a 500-fold increase for PXD-101) using one or more of: cyclodextrin, arginine, and
meglumine. The resulting compositions are stable and can be diluted to the desired
target concentration without the risk of precipitation. Furthermore, the compositions have
a pH that, while higher than ideal, is acceptable for use.

O\/©\/\ H
5 Z ¢ Non PXD-101

NN I
H O o)

UV Absorbance

The ultraviolet (UV absorbance E'; value for PXD-101 was determined by plotting a
calibration curve of PXD-101 concentration in 50:50 methanol/water at the Ayay for the
material, 269 nm. Using this method, the E', value was determined as 715.7.
Methanol/water was selected as the subsequent diluting medium for solubility studies
rather than neat methanol (or other organic solvent) to reduce the risk of precipitation of
the cyclodextrin.

Solubility in Demineralised Water

The solubility of PXD-101 was determined to be 0.14 mg/mL for demineralised water.
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Solubility Enhancement with Cyclodextrins

Saturated samples of PXD-101 were prepared in aqueous solutions of two natural
cyclodextrins (a-CD and y-CD) and hydroxypropyl! derivatives of the a,  and y
cyclodextrins (HP-a-CD, HP-B-CD and HP-y-CD). All experiments were completed with
cyclodextrin concentrations of 250 mg/mL, except for a-CD, where the solubility of the
cyclodextrin was not sufficient to achieve this concentration. The data are summarised in
the following table. HP-B-CD offers the best solubility enhancement for PXD-101.

Table 1: Solubility Enhancement of Cyclodextrins
. Cyclodextr.ln HDACI ' Solubility
Cyclodextrin Concentration Concentration
Enhancement
(mg/mL) (mg/mL)
a-CD 100 0.65 5
HP-a-CD 250 2.32 17
HP-B-CD 250 11.76 84
y-CD 250 1.44 10
HP-y-CD 250 7.00 50

Phase Solubility Determination of HP-B-CD

The phase solubility diagram for HP-3-CD was prepared for concentrations of
cyclodextrin between 50 and 500 mg/mL (5-50% w/v). The calculated saturated
solubilities of the complexed HDACi were plotted against the concentration of
cyclodextrin. See Figure 1.

The plot shows that there is an approximately linear relationship between cyclodextrin
and HDACI concentration with a molar ratio of about 4:1. This type of phase solubility
diagram for cyclodextrins is referred to as an A-Type phase solubility plot. The plot
shows a slight positive deviation in the ratio of HDACi to cyclodextrin. This deviation may
be due to experimental error caused by the decision to use of mass, instead of volume, to
dispense the more concentrated cyclodextrin samples due to their viscosity.

Alternatively, it is possible that there is a slight deviation from the linear A-Type phase
solubility behaviour.

Concentrations of HP-R-CD between 250 and 300 mg/mL are typically used to produce
isotonic solutions for injection formulations so a cyclodextrin concentration of 250 mg/mL
or 25% w/v was selected for further studies.
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pH Solubility Profile

The pH solubility profile for 25% w/v HP-B-CD was prepared using a variety of buffer
systems as defined in Buffers for pH and Metal lon Control, D. Perrin & B. Dempsey,
Chapman & Hall, New York, 1983. Since cyclodextrin might complex with the buffering
agents, appropriate selection of buffer systems was important: succinic acid/NaOH buffer
was selected for pH 4; phosphate buffer was selected for the pH range 6-8; and
glycine/NaOH buffer was selected for the pH range 8-9.

It was noted that zwitterions can be self-buffering and this effect caused some instability
in the buffering capacity of the buffer systems at high pH. Therefore, the required pH
could only be achieved by adjusting the pH of the system by the addition of 1 M NaOH.

The data are summarised in the following table. The pH solubility profile is shown in
Figure 2.

Table 2: pH Profile Data
Target pH 4 6 7.4 9.5 *
Actual pH 4.35 5.99 7.28 8.09 8.91
PXD-101 Conc. (mg/mL) 14.5 17.3 18.8 19.4 36.0
*pH adjusted with 1M NaOH to give actual pH

A yellow colouration was observed in all the samples prepared above pH 6, which was
stronger as the pH increased. Observing that the concentration of the samples between
pH 6 and 8 does not significantly change, it was concluded that the colour change was
associated with pH. This conclusion was supported by a reduction in the intensity of
colour in samples during pH adjustment.

Solubility Enhancement with in situ Salts Formers

Initial experiments with acidic and basic in situ salt formers were based upon an
assumption that a one-to-one salt would be formed between the salt former and the
HDACI. On the basis of a preferred HDACi (PXD-101) concentration of 50 mg/mL
(corresponding to 0.157 M), solutions of the salt former with a concentration of ~0.16 M
were prepared.

Acidic in situ Salts Formers

Acidic in situ salt formers proved to be ineffective in improving the solubility of PXD-101.
The data are summarised in the following table. The decrease in calculated solubility for
ascorbic acid suggests a chemical interaction or a salting out effect.
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Table 3: Solubility Enhancement of Acidic in situ Salt Formers

saltCong. | 1PAC Solubilty | S/D> | pHof

Salt Former f Solubility . )
(mg/mL) Enhancement|Molar ratio| Solution
(mg/mL)

Lactic Acid 14.2 0.16 1.1 316 2.38
Ascorbic Acid 277 0.01 0.1 4363 2.58
Lactobionic Acid 56.3 0.15 1.1 328 2.43
Methanesulphonic Acid 15.1 0.15 1.0 341 1.35
Isethionate 19.8 0.18 1.3 280 7.40
Maleic Acid 18.3 0.18 1.3 285 1.65
Succinic Acid 18.6 0.18 1.3 278 2.45
Malic Acid 21.1 0.16 1.2 309 2.19
Glutamic Acid 23.1 0.11 0.8 449 3.23

Salt concentration equivalent to 0.16 M.

2«3/D" molar ratio is “salt former-to-HDACI" ratio.

Basic in situ Salts Formers

All of the basic in situ salt formers demonstrated a significant enhancement of the
solubility of PXD-101 solubility. The data are summarised in the following table.

Table 4: Solubility Enhancement of Basic in situ Salt Formers

HDACi

Salt Conc. ! Solubility SID pH of
Salt Former .| Solubility . ,

(mg/mL) Enhancement | Molar Ratio | Solution

(mg/ml)

Arginine 27.4 13.5 96 3.7 9.07
Lysine 23.0 12.0 86 42 9.11
Meglumine 30.7 21.2 152 2.4 9.22
Triethanolamine 23.5 2.8 20 17.8 8.80
Diethanolamine 16.5 10.5 75 4.8 9.13
Tris 19.0 3.6 26 13.7 8.97
Ethylenediamine 9.4 21.8 156 2.3 9.30

Salt concentration equivalent to 0.16M

It was noted that the majority of the prepared samples were a strong yellow colour.
Triethanolamine and tris were an exception, although this was probably due to the fact
that the concentration of HDACI in solution was relatively low. The four basic salts that
gave the highest solubility enhancement were: ethylenediamine, meglumine, L-arginine

and L-lysine.
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The saturated HDACi solutions were further tested in a series of dilution experiments
(with 5% wiv glucose and 0.9% w/v saline solutions) to determine if the samples could be
diluted to a desired infusion concentration of 3.5 mg/mL of HDACi. These experiments
suggested an incompatibility between ethylenediamine and 5% wi/v glucose solution.
However the other salts could be diluted without evidence of precipitation.

Phase Solubility Diagrams for Arginine and Meglumine

Phase solubility diagrams for both arginine and meglumine were prepared using three
further concentrations of these salt formers (x 0.5, x 2, and x 3 the 0.16 M concentration
used in the previous study), as set out in the following table.

Table 5. Concentrations of Basic in situ Salt Former
x 0.5 x1 X2 x3
Molarity 0.079M | 0157 M | 0.314 M 0.47 M
Arginine (mg/mL) 13.7 274 54.8 82.2
Meglumine (mg/mL) 16.4 30.7 61.4 92.1

The data are summarised in the following table. The phase solubility diagrams are shown
in Figure 3. The plot shows that there is a linear relationship between solubility of HDACi
and salt former concentration for both arginine and meglumine.

Table 6: Solubility Data
Concentration of Arginine (M) 0.079 0.157 0.314 0.47
Arginine Concentration (mg/mL) 13.7 27.4 54.8 82.2
PXD-101 Concentration (mg/mL) 7.9 13.5 31.1 45.3
Concentration of Meglumine (M) 0.079 0.157 0.314 0.47
Meglumine Concentration (mg/mL) 15.35 30.7 61.4 92.1
PXD-101 Concentration (mg/mL) 10.5 21.2 39.1 57.3

Using this linear relationship, it was possible to predict that both arginine and meglumine
could be used to prepare HDACIi concentrations of greater than 100 mg/mL. The
minimum predicted concentrations of the basic in situ salt formers required for possible
target HDACi (PXD-101) concentrations are summarised the following table.
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Table 7: Predicted Salt Former Concentrations to Achieve Target HDACI
Concentrations
Target PXD-101 Conc. (mg/mL) 50 mg/mL 70 mg/mL 100 mg/mL
Arginine Conc. (mg/mL) 90.6 110.8 181.2
Meglumine Conc. (mg/mL) 79.2 126.9 158.3

Thus, it can be seen that approximately 1.8 parts of arginine is required to dissolve 1 part
of HDACi (PXD-101), and approximately 1.6 parts of meglumine is required to dissolve
1 part of HDACI (PXD-101).

The pH of the saturated HDACi solutions increases slightly with increased concentration
of salt former, with the arginine samples (pKa = 9.0 (amine group)) having a slightly lower
pH than the meglumine samples (pKa =9.5) at the same molar concentration. This
difference is expected based on the pKa of the two salts. The data are summarised in
the following table.

Table 8: pH of Basic Salt Former/PXD-101 Systems
x 0.5 x 1 X2 x3

ion of
Molar Concentration o 0.079 M 0.157 M 0.314 M 0.47 M

Basic Salt
Arginine (pH) 9.10 9.07 9.19 9.22
Meglumine (pH) 9.22 9.20 9.33 9.40

Dilution Experiments

The 0.47 M arginine and 0.47 M meglumine saturated HDACI solutions were diluted with
5% wi/v glucose and 0.9% w/v saline to give a target infusion concentration of 3.5 mg/mL
of HDACi. These samples were successfully diluted and physically stable for more than
24 hours. The final pH of the diluted samples are summarised in the following table.

Table 9: pH of Diluted Salt Former/PXD-101 Systems
HDACI . H of Diluted S
i C'onc pH of Initial ' pH of : ilute : ample.
of Sat'd diluted with | diluted with
. Saturated

Solution Solution 5% wiv 0.9% wlv

(mg/mL) Glucose Saline
0.47 M Arginine 453 9.22 9.12 9.01
0.47 M Meglumine 57.3 9.40 9.20 9.17

Saturated samples were also diluted with pH 7.4 phosphate buffer, but with less success.
Diluting 0.47 M and 0.314 M meglumine samples with pH 7.4 phosphate buffer instantly
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resulted in turbid solutions. Diluting 0.47 M and 0.314 M arginine samples with pH 7.4
phosphate buffer produced initially clear solutions but some crystallisation was noted after
standing the diluted samples overnight at ambient temperature. This suggests that the
diluted arginine samples are super-saturated and might be considered to be physically
unstable. pH measurements of the buffer diluted samples showed that the pH had shifted
to between pH 8.5 and 8.7, which was too low a pH to maintain PXD-101 in solution at
the desired concentration of greater than or equal to 50 mg/mL.

Solubility Enhancement: Cyclodextrins & in situ Salt Formers

Samples which contained 25% w/v HP-B-CD and 0.157 M or 0.314 M arginine or
meglumine were prepared, and the solubility of HDACi (PXD-101) therein was studied.
Surprisingly, the combination of cyclodextrin and salt former (arginine or meglumine)
proved to be greatly synergistic, and provided a notable increase in HDACi solubility.

The data are summarised in the following table. The phase solubility diagram is shown
in Figure 4.

Table 10: Solubility Data
Molar Concentration of Arginine (M) 0.157 0.314
Arginine Concentration (mg/mL) 27.4 54.8
PXD-101 Concentration (mg/mL) 39.2 57.1
Molar Concentration of Meglumine (M) 0.157 0.314
Meglumine Concentration (mg/mL) 30.7 61.4
PXD-101 Concentration (mg/mL) 43.0 62.5

By also plotting the HDACI concentration against the pH of the salt former/cyclodextrin
systems and of the buffered pH/cyclodextrin systems (described above), it is shown that
the solubility enhancement observed for salt formers is more than that which would be
provided by solely a pH effect. The data are summarised in the following table. The pH
profile is shown in Figure 5. This observation provides further evidence that arginine and
meglumine are acting as in situ salt formers.
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Table 11: pH and Solubility Data
Concentration of Arginine (M) 0.157 0.314
pH of Saturated Solution 8.78 8.92
PXD-101 Concentration (mg/mL) 39.2 57.0
Concentration of Meglumine (M) 0.157 0.314
pH of Saturated Solution 8.88 9.09
PXD-101 Concentration (mg/mL) 43.0 62.5

By employing the in situ salt former/cyclodextrin system, higher concentrations of HDACi
could be achieved with the addition of less salt former. Consequently, this system
produces a HDACI concentrate with a lower pH than a system where only salt former is
use. The data are summarised in the following table.

Table 12: pH of Salt Former/Cyclodextrin/PXD-101 Systems

Molar Concentration of Basic Salt
x 0.5 x1
0.079 M 0.157 M
Arginine/HP-3-CD (pH) 8.78 8.92
Meglumine/HP-B-CD (pH) 8.88 9.09

Dilutions of the HDAC: solutions to give a target infusion concentration of 3.5 mg/mL of
HDACi were successful with both 0.9% w/v saline and 5% w/v glucose. In many cases,
the lower pH of the initial system led to lower pH in the diluted solution, which leads to
better tolerance of the infusion by the subject. The data are summarised in the following
table.

Table 13: pH of Diluted Salt Former/Cyclodextrin/PXD-101 Systems

DACi Conc. H
HDACI Conc oH of Initial p ‘ of sample pH of sam.ple
of Sat'd diluted with diluted with
) Saturated
Solution Solution 5% w/v 0.9% wiv
(mg/mL) Glucose Saline
0.157 M Arginine 39.0 8.78 8.49 -
0.157 M Meglumine 43.0 8.88 8.67 -
0.314 M Arginine 57.0 8.92 8.90 8.96
0.314 M Meglumine 62.5 9.09 9.06 9.28




10

15

20

25

WO 2006/120456 PCT/GB2006/001737

-54 -

Further pH Adjustment

The pH of the systems containing arginine or meglumine is approximately 9. However, it
is possible that the HDACI (e.g., PXD-101) is chemically unstable at a pH above 8.5.
Therefore, attempts were made to lower the pH of the saturated systems using 2 N HCl,
in an effort to improve the chemical stability of the HDACI.

To a 1 mL aliquot of the saturated sample was added 20 pL of 2 N HCI. The resulting
sample was allowed to stabilise overnight and the new pH of the system recorded.
Subsequently, 20 pL aliquots of 2 N HCI were rapidly added to the samples until
precipitation was noted, the pH at each addition step being recorded. The data are
summarised in the following table.

Table 14: pH Adjustment of Solubility Enhancement Systems
. 0.314 M Arginine/ | 0.314 M Meglumine/
0.47 M Meglumin
oMM | 259 HP-p-CD 25% HP--CD
Initial pH 9.40 8.92 9.09
9.11
8.85 8.99
+ 20 L Hel (solid formed at (stable overnight) (stable overnight)
interface) ) g
8.76
+ 40 pL HCI - 8.66
H (possibly turbid)
+ 60 uL HCI - 8.42 8'5,6
(turbid)
8.22
+ 80 pL HCI - -
H (turbid)

A reduction of the strong yellow tint of the samples was noted with the addition of the HCI.
This observation is consistent with the earlier conclusion that the colouration of PXD-101
is pH dependent and is not a direct indication of decomposition.

The results indicate that the basic salt former/cyclodextrin system is more stable than the
system containing only the basic salt former. The observations from the 0.47 M
meglumine sample suggested that the solid only formed at the interface between the
introduced volume of HCI and the saturated HDACI solution - this solid would not dissolve
upon shaking and no further precipitation/turbidity occurred. More successful pH
adjustment may be possible with a weaker or more dilute acid.

The results also suggest that the arginine/cyclodextrin system is more physically stable
than the meglumine/cyclodextrin system; however, it should be noted that the initial
concentration of the meglumine system is 5 mg/mL higher.
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EXAMPLES

The following are examples are provided solely to illustrate the present invention and are
not intended to limit the scope of the invention, as described herein.

Example 1
Preparation of PXD-101 Solution in L-Arginine

A 10 g quantity of L-arginine was added to a vessel containing approximately 70 mL of
Water-For-Injections BP. The mixture was stirred with a magnetic stirrer until the arginine
had dissolved. A 5 g quantity of PXD-101 was added, and the mixture stirred at 25°C
until the PXD-101 had dissolved. The solution was diluted to a final volume of 100 mL
using Water-For-Injections BP. The resulting solution had a pH of 9.2-9.4 and an
osmolality of approximately 430 mOSmol/kg. ' 3

Sterilisation and Filling

The solution was filtered through a suitable 0.2 ym sterilising (e.g. PVDF) membrane.
The filtered solution was placed in vials or ampoules, which were sealed by heat, or with
a suitable stopper and cap.

Storage of Solutions

The solutions were stored at ambient temperature, or, more preferably, under
refrigeration (e.g., 2-8°C) in order to reduced degradation of the HDACi.

Example 2
Intravenous Dosing of PXD-101

Background

PXD101 is a low molecular weight histone deacetylase (HDAC) inhibitor with a
sulfonamide-hydroxamide structure. HDAC inhibitors modulate transcriptional activity of
genes important for tumor growth and survival. PXD101 has potent antiproliferative
activity against cell lines from multiple cancer types in vitro, and demonstrates
antineoplastic activity in animal tumor models. PXD101 reduces tumor volume of human
xenografts. In addition, PXD101 has synergistic and additive anti-tumor activity in vitro
and in vivo, in combination with many established anticancer therapeutics.
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Obijectives

To determine the safety, dose-limiting toxicity (DLT), and maximum tolerated dose (MTD)
of PXD 101 (in solution with L-arginine) administered as a 30-min 1.V. infusion on days 1
to 5 every 3 weeks, in subjects with advanced cancer; to determine plasma
pharmacokinetic parameters for PXD 101 following I.V. administration at varying dose
levels; and to investigate the pharmacodynamic effects of PXD 101 in blood mononuclear
cells following 1.V. administration at varying dose levels.

Subjects

Subjects with advanced cancer refractory to standard therapy or for whom no standard
therapy exists, age 2 18 years, ECOG score < 2. The relevant characteristics for the
subjects in this study are summarized in the following table.

Table 15
Characteristics of Subjects
Number of Subjects - 28
Gender Male 14
Female 14
Age Median 59 years
Range 28-74 years
Race White 28
Non-White 0
ECOG PS Score 0 7
Score 1 20
Score 2 1
Cancer Diagnosis Colorectal 9
Melanoma 5
Oesophageal 2
Ovarian 1
Renal 1
Prostate 2
Breast 1
Cervical 1
Other 6
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PXD-101 was administered as a 30-minute intravenous infusion on days 1 to 5 every

3 weeks to subjects with advanced cancer. Sequential dose cohorts of 3-6 subjects were
examined (150, 300, 600, 900, and 1200 mg/m?), followed by examination of an
expanded cohort at 1000 mg/m? for I.V. and oral testing. The treatment doses and cycles
are summarized in the following table.

Table 16
Treatment Doses and Cycles

Range of Cycles

Dose Number of | Total Number
(mg/m?) Subjects of Cycles at Each Dose
150 4 9 1-4
300 4 9 1-4
600 6 16 1-6
900 3 13 1-9
1200 6 15 1-9
1000 6 10 1-3

Results

Plasma PK analysis was performed for subjects of all dose groups on days 1 and 5 of
cycle 1 following 30 minutes of I.V. infusion. The PK analysis is summarized in the
following table.

Table 17
Summary of PK Analysis
Dose Cmax tas2 Vy CLs AUCo, AUCo/ | AUCqys/
(mg/m?) | (ng/mbL) | (min) | (Um® | (Lhrim?) | (ngxhrimL) AUCow | AUCuay:
(%) (%)
150 6565 | 46.6 | 1151 | 122.6 1269 99.0 115
+2158 | +87 | +435 | +30.6 + 272 +0.7 +22
00 | 15505 | 4456 88.8 946 3497 99.7 112
+6245 | £80 | £31.8 | +349 | +1097 +0.1 + 21
o0 | 31177 | 434 57.6 59.6 10707 99.9 o
+8968 | +67 | +13.9 | +16.0 | +3008 +0.0
o0 | 53779 | 842 48.8 63.5 14746 99.8 NA
+6381 | +87 | +98 | +16.4 | +3407 +0.1
1200 | 52362 | 855 90.2 66.6 22012 99.8 NA
+12724 | £19.6 | £87.3 | 335 | £10979 | 0.1
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Pharmacokinetic analysis shows dose proportional plasma levels and AUC, with an
elimination half-life of 47-86 minutes. (See Figure 6, Figure 7, Figure 8). There was no
HDACI accumulation on repated dosing.

PXD-101 was generally well-tolerated at doses up to 1000 mg/m?. The main
HDACI-related adverse events were fatigue, nausea, vomiting (infusion-related), and
phlebitis. Nausea and vomiting frequently required anti-emetic therapy. Other adverse
events included headache, diarrhoea, constipation, and dyspnoea. No specific
abnormalities were detected in laboratory tests. In particular, no hematological toxicity
was identified. At least one subject experienced Grade 3 fatigue at 600 mg/m?. Atrial
fibrillation, which was spontaneously reversible, occurred at 1200 mg/m?. Grade 3
diarrhoea and lethargy prevented completion of a cycle at 1200 mg/m?,

Pharmacodynamic Analysis

Peripheral blood mononuclear cells were collected pre-therapy, immediately post-
infusion, and between 2-24 hours after intravenous administration of PXD-101 to assess
the effect of PXD-101 on the extent of histone acetylation in a normal host cell. Histones
were isolated and probed with anti-acetylated histone (H4 and/or H3) antibody followed
by HRP-secondary antibody. Preliminary analysis demonstrated an increase in the
accumulation of acetylated histones in peripheral mononuclear cells that could be
detected up to 24 hours after intravenous administration of PXD-101. See Figure 9 and
Figure 10. Dose proportional H4 acetylation was observed, with a more sustained effect
at higher doses.

The expression of proteins involved in cell cycle arrest and apoptosis (e.g., p195<*",
p21CPIWAF! Apaf-1 and vinculin) were measured on days 1, 2 and 8 of each cycle.

Figure 11 is a Western Blot showing expression of these proteins taken from lymphocytes
prepared from a subject during cycles 2 and 4 of PXD-101 treatment at 900 mg/m?.

Example 3
Oral Administration of PXD-101

Several subjects received PXD-101 in an oral formulation (e.g., PXD-101 in a gelatin
capsule). Preliminary data with oral dosing showed good tolerability. Bioavailability for
the oral formulation was approximately 33%. Figure 12 is a graph comparing plasma
levels following oral and intravenous administration of PXD-101. The plasma levels
remain higher when dosed orally.

* k %
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The foregoing has described the principles, preferred embodiments, and modes of
operation of the present invention. However, the invention should not be construed as
limited to the particular embodiments discussed. Instead, the above-described
embodiments should be regarded as illustrative rather than restrictive, and it should be
appreciated that variations may be made in those embodiments by workers skilled in the
art without departing from the scope of the present invention as defined herein.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A pharmaceutical composition comprising:

(a) a histone deacetylase inhibitor, wherein the histone deacetylase inhibitor is a
compound of the following formula or pharmaceutically acceptable salt or solvate
thereof:

H
O\\ /@\/\ NQ
S Cc OH
N I
H 0 -

W\
; and,

(b) free arginine or a pharmaceutically acceptable salt of arginine.

2. A pharmaceutical composition according to claim 1, comprising:

(a) a histone deacetylase inhibitor, wherein the histone deacetylase inhibitor is:

H 0 ; and

(b) free arginine or a pharmaceutically acceptable salt of arginine.

3. A pharmaceutical composition according to claim 1 or 2, wherein (b) is free
L-arginine or a pharmaceutically acceptable salt of L-arginine.

4, A pharmaceutical composition according to claim 1 or 2, wherein (b) is free
arginine.

5. A pharmaceutical composition according to claim 1 or 2, wherein (b) is free
L-arginine.

6. A pharmaceutical composition according to any one of claims 1 to S, wherein

the molar ratio of (b) to said histone deacetylase inhibitor is at least 0.5.

7. A pharmaceutical composition according to any one of claims | to 5, wherein
the molar ratio of (b) to said histone deacetylase inhibitor is from 0.5 to S.

8. A pharmaceutical composition according to any one of claims | to S, wherein
the molar ratio of (b) to said histone deacetylase inhibitor is from 0.8 to 4.

1769268_1.doc
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9. A pharmaceutical composition according to any one of claims 1 to 8, further
comprising: one or more additional pharmaceutically acceptable ingredients.

10. A pharmaceutical composition according to any one of claims 1 to 9, which is
sterile and free of pyrogens.

11. A pharmaceutical composition according to any one of claims 1 to 10, which is

a liquid.

12. A pharmaceutical composition according to any one of claims 1 to 10, which is
an aqueous liquid.

13. A pharmaceutical composition according to any one of claims 1 to 12, further
comprising: water-for-injection, aqueous saline solution, aqueous glucose solution,
Ringer's solution, or lactated Ringer's solution.

14. A pharmaceutical composition according to any one of claims 1 to 12, further
comprising: saline for injection/infusion or glucose for injection/infusion.

15. A pharmaceutical composition according to any one of claims 1 to 12, further

comprising: aqueous saline solution or aqueous glucose solution.

16. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 0.1-1000 mg/mL.

17. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 100-1000 mg/mL.

18. A pharmaceutical composition according to any one of claims 11 to 15, which

comprises said histone deacetylase inhibitor at a concentration of 30-300 mg/mL.

19. A pharmaceutical composition according to any one of claims 11 to 15, which

comprises said histone deacetylase inhibitor at a concentration of 0.3-3000 mM.

20. A pharmaceutical composition according to any one of claims 11 to 15, which

comprises said histone deacetylase inhibitor at a concentration of 100-1000 mM.
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21. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 100-500 mM.

22. A pharmaceutical composition according to any one of claims 11 to 15, which

comprises said histone deacetylase inhibitor at a concentration of 0.01-300 mg/mL.

23. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of ~50 mg/mL.

24. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 1.0-10 mg/mL.

25. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 1.0-5 mg/mL.

26. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 0.01-100 mM.

27. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 3-30 mM.

28. A pharmaceutical composition according to any one of claims 11 to 15, which
comprises said histone deacetylase inhibitor at a concentration of 0.1-5 mM.

29. A pharmaceutical composition according to any one of claims 1 to 28, which is
in a form suitable for parenteral administration to a patient.

30. A pharmaceutical composition according to any one of claims 1 to 28, which is
in a form suitable for administration to a patient by injection.

31. A pharmaceutical composition according to any one of claims 1 to 28, which is
in a form suitable for administration to a patient by infusion.

32. A pharmaceutical composition according to any one of claims 1 to 10, which is
a solid.
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33. A pharmaceutical composition according to any one of claims 1 to 10, which is

in the form of a powder, granules, tablets, or a lyophilate/lyophilisate.

34.  An intravenous (IV) infusion bag containing a pharmaceutical composition

according to any one of claims 11 to 31.

35. A vial or ampoule containing a pharmaceutical composition according to any

one of claims 11 to 31.

36. A pharmaceutical composition according to any one of claims 1 to 33, when

used in a method of treatment of the human or animal body by therapy.

37. A pharmaceutical composition according to any one of claims 1 to 33, when
used in a method of treatment of a condition mediated by histone deacetylase.

38. A pharmaceutical composition according to any one of claims 1 to 33, when
used in a method of treatment of a proliferative condition.

39. A pharmaceutical composition according to any one of claims 1 to 33, when
used in a method of treatment of cancer.

40. A pharmaceutical composition according to any one of claims | to 33, when
used in a method of treatment of psoriasis.

41. A pharmaceutical composition according to any one of claims 1 to 33, for use in
a method of treatment of: liver fibrosis, atherosclerosis, restenosis, Alzheimer's,
Parkinson's, Huntington's chorea, amyotropic lateral sclerosis, spino-cerebellar
degeneration, osteoarthritis, rheumatoid arthritis, diabetic retinopathy, anaemia, sickle
cell anaemia, thalassaeimia, malaria, trypanosomiasis, helminthiasis, multiple sclerosis,
autoimmune diabetes, lupus, atopic dermatitis, asthma, allergic rhinitis, or
inflammatory bowel disease.

42.  Use of a composition according to any one of claims 1 to 33, in the manufacture
of a medicament for the treatment of a condition mediated by histone deacetylase.
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43.  Use of a composition according to any one of claims 1 to 33, in the manufacture
of a medicament for the treatment of a proliferative condition.

44,  Use of a composition according to any one of claims 1 to 33, in the manufacture

of a medicament for the treatment of cancer.

45.  Use of a composition according to any one of claims 1 to 33, in the manufacture

of a medicament for the treatment of psoriasis.

46.  Use of a composition according to any one of claims 1 to 33, in the manufacture
of a medicament for the treatment of: liver fibrosis, atherosclerosis, restenosis,
Alzheimer's, Parkinson's, Huntington's chorea, amyotropic lateral sclerosis, spino-
cerebellar degeneration, osteoarthritis, rheuniatoid arthritis, diabetic retinopathy,
anaemia, sickle cell anaemia, thalassaeimia, malaria, trypanosomiasis, helminthiasis,
multiple sclerosis, autoimmune diabetes, lupus, atopic dermatitis, asthma, allergic

rhinitis, or inflammatory bowel disease.

47. A method of treatment of a condition mediated by histone deacetylase,
comprising administering to a patient in need of treatment a pharmaceutical

composition according to any one of claims 1 to 33.

48. A method of treatment of a proliferative condition, comprising administering to
a patient in need of treatment a pharmaceutical composition according to any one of
claims 1 to 33.

49. A method of treatment of cancer, comprising administering to a patient in need

of treatment a pharmaceutical composition according to any one of claims 1 to 33.

50. A method of treatment of psoriasis, comprising administering to a patient in

need of treatment a pharmaceutical composition according to any one of claims | to 33.

51. A method of treatment of: liver fibrosis, atherosclerosis, restenosis, Alzheimer's,
Parkinson's, Huntington's chorea, amyotropic lateral sclerosis, spino-cerebellar
degeneration, osteoarthritis, rheumatoid arthritis, diabetic retinopathy, anaemia, sickle
cell anaemia, thalassaeimia, malaria, trypanosomiasis, helminthiasis, multiple sclerosis,

autoimmune diabetes, lupus, atopic dermatitis, asthma, allergic rhinitis, or
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inflammatory bowel disease; comprising administering to a patient in need of treatment

a pharmaceutical composition according to any one of claims | to 33.

52. A method of (a) inhibiting cell proliferation; (b) inhibiting cell cycle
progression; (c) promoting apoptosis; or (d) a combination of one or more of these,

in vitro or invivo, comprising contacting a cell with a composition according to any
one of claims 1 to 33.

53. Use of:

(a) a histone deacetylase inhibitor, wherein the histone deacetylase
inhibitor is a compound of the following formula or pharmaceutically acceptable salt or
solvate thereof:

;and

(b) free arginine or a pharmaceutically acceptable salt of arginine;

in the manufacture of a medicament for the treatment of a condition
mediated by histone deacetylase.

54. Use of:

(a) a histone deacetylase inhibitor, wherein the histone deacetylase
inhibitor is a compound of the following formula or pharmaceutically acceptable salt or
solvate thereof:

;and
(b) free arginine or a pharmaceutically acceptable salt of arginine;

in the manufacture of a medicament for the treatment of a proliferative
condition.

55.  Useof:

(a) a histone deacetylase inhibitor, wherein the histone deacetylase
inhibitor is a compound of the following formula or pharmaceutically acceptable salt or
solvate thereof:
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; and
(b) free arginine or a pharmaceutically acceptable salt of arginine;

in the manufacture of a medicament for the treatment of cancer.

5 56. Useof:
(a) a histone deacetylase inhibitor, wherein the histone deacetylase

inhibitor is a compound of the following formula or pharmaceutically acceptable salt or
solvate thereof:

o) /©\/\ H
\ N
@ s Z ¢ oH

N7 1
H O o ; and

10 (b) free arginine or a pharmaceutically acceptable salt of arginine;
in the manufacture of a medicament for the treatment of psoriasis.

57. Useof:
(a) a histone deacetylase inhibitor, wherein the histone deacetylase

15  inhibitor is a compound of the following formula or pharmaceutically acceptable salt or
solvate thereof:

O\/@/\ “
‘s 27 oM

(b) free arginine or a pharmaceutically acceptable salt of arginine;
in the manufacture of a medicament for the treatment of liver fibrosis,
20  atherosclerosis, restenosis, Alzheimer's, Parkinson's, Huntington's chorea, amyotropic
lateral sclerosis, spino-cerebellar degeneration, osteoarthritis, rheumatoid arthritis,
diabetic retinopathy, anaemia, sickle cell anaemia, thalassaeimia, malaria,
trypanosomiasis, helminthiasis, multiple sclerosis, autoimmune diabetes, lupus, atopic
dermatitis, asthma, allergic rhinitis, or inflammatcry bowel disease.

; and

25
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