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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

FIELD OF THE INVENTION

[0001] The instant disclosure relates to crystalline mono hydrochloride, mono mesylate, and
mono sulfate salts of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide, and methods of using the same. More specifically, the disclosure relates
to crystalline mono hydrochloride, mono mesylate, and mono sulfate salts of (4S,4aS,5aR,
12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide having improved
stability over tetracycline compounds known in the art. In addition, the instant disclosure relates
to pharmaceutical compositions comprising the crystalline mono hydrochloride, mono
mesylate, or mono sulfate salts of (4S,4aS,5aR, 12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide, and to the above-mentioned crystalline salts for use in
methods of treating acne, rosacea or gram positive bacterial infections using the crystalline
mono hydrochloride, mono mesylate, or mono sulfate salts of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

BACKGROUND OF THE INVENTION

[0002] Tetracyclines are known "broad spectrum" antibiotics and have become widely used for
therapeutic purposes. Tetracyclines have been found to be highly effective pharmacologically
against rickettsiae; a number of gram-positive and gram-negative bacteria; and the agents
responsible for lymphogranuloma venereum, inclusion conjunctivitis, and psittacosis. The first
use of tetracycline antibiotics dates as far back as 1948. Examples of pharmaceutically active
tetracycline and tetracycline analogue compositions may be found in US. Patent Nos.
2,980,584; 2,990,331; 3,062,717; 3,165,531, 3,454,697, 3,557,280; 3,674,859; 3,957,980;
4,018,889; 4,024,272; and 4,126,680. Tetracyclines may also be used to treat inflammatory
skin disorders, including dermatitis, psoriasis, pyoderma gangrenosum, acne and rosacea.

[0003] Acne vulgaris, also referred to as acne, is both an inflammatory skin disorder and a
bacterial infection. It is a disorder resulting from hormones affecting the sebaceous glands,
which leads to plugged pores and outbreaks of lesions, or pimples. Acne is the most common
skin disease in the United States, affecting nearly 17 million people. Severe acne can lead to
disfiguration, and permanent scarring.
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[0004] Acne is described as a disorder of the pilosebaceous units (PSUs). Found over most of
the body, PSUs consist of sebaceous glands, which make an oily substance that normally
empties onto the skin surface through the opening of the follicle, also called a pore. When the
pore is plugged, the mixture of oil and cells allows bacteria that normally live on the skin to
grow in the plugged follicles, which produce chemicals and enzymes and attract white blood
cells that cause inflammation. The plugged follicle breaks down, the sebum, shed skin cells
and bacteria disseminate into the nearby tissues, leading to lesions or pimples.

[0005] Acne is commonly treated with systemic antibiotics, including tetracyclines, to reduce
the growth of bacteria. Efficacy is thought to be due to an effect on Propionibacterium acnes
(Pacnes) as well as the intrinsic anti-inflammatory properties of these antibiotics.
Propionibacterium acnes is a relatively slow growing, typically aerotolerant anaerobic gram
positive bacterium (rod) that is linked to acne. Tetracyclines are known to be effective in killing
Pacnes and other bacteria and have been used to treat acne because of their antibacterial
and anti-inflammatory properties.

[0006] Rosacea is a skin disorder characterized by facial redness, mainly affecting individuals
of north western European descent. Early symptoms of rosacea include redness on the chin,
nose, skin or forehead; small visible blood vessels on the face; bumps or pimples on the face;
and watery and irritated eyes. Although the causes of rosacea are poorly understood, systemic
antibiotics, such as tetracyclines, are commonly prescribed for the treatment of rosacea, due to
both their anti-inflammatory and antibacterial properties.

[0007] After the widespread use of tetracyclines for both major and minor ilinesses and
diseases led to resistance to these antibiotics, substituted tetracycline compounds were
developed to treat bacterial infections, inflammation, neoplasms, and other conditions. The
term "tetracycline compound" includes many compounds with a similar ring structure to
tetracycline. Examples of these tetracycline compounds include: chlortetracycline, doxycycline,
minocycline, oxytetracycline, demeclocycline, methacycline, sancycline, chelocardin,
rolitetracycline, lymecycline, apicycline; clomocycline, guamecycline, meglucycline,
mepylcycline, penimepicycline, pipacycline, etamocycline, penimocycline. For example,
substituted tetracycline compounds have been disclosed in WO 2008/079339 and WO
2008/079363.

[0008] One substituted tetracycline compound is (4S,4aS,5aR,12aS)-4-dimethylamino-
3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide, described in U.S. Patent Application
Publication Nos. 2008/0312193 and 2010/0305072. The free base of this compound has
proven unstable for use as an active pharmaceutical ingredient. In addition, while those skilled
in the art have attempted to synthesize a salt of this compound previously, only amorphous
salts have been produced and these amorphous salts have shown only minimal improved
stability over the free base. Accordingly, there exists a need in the art for improved stability of
this substituted tetracycline compound.
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[0009] The present invention is directed to the novel crystalline mono hydrochloride, mono
mesylate, and mono sulfate salts of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide, which exhibit superior stability over the free base and
previously known salts thereof. This is a significant advancement in the state of the art.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a crystalline salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide, wherein the salt is
selected from a group consisting of mono hydrochloride, mono mesylate and mono sulfate. In
a certain embodiment, the crystalline salt is substantially pure. One embodiment is directed to
the crystalline mono hydrochloride salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide. In a certain embodiment, the crystaline mono
hydrochloride salt has an X-ray powder diffraction (XRPD) pattern substantially as illustrated in
Figure 1 after synthesis of the crystalline salt, and, in a preferred embodiment, has
characteristic peaks in the XRPD pattern at diffraction angle 2-theta degrees appearing at least
at about 13.4, about 20.5 and about 23.3. In further embodiments, the crystalline mono
hydrochloride salt has a differential scanning calorimetry (DSC) curve substantially as
illustrated in Figure 2 after synthesis, and a thermo-gravimetric analysis (TGA) curve
substantially as illustrated in Figure 3 after synthesis. In another embodiment, the crystalline
mono hydrochloride salt has a B-isomer content at 0 days of about 0.1 percent peak area
(hereinafter referred to as "% peak area") to about 7.0% peak area, as measured by High
Performance Liquid Chromatography (HPLC).

[0011] Other embodiments of the invention are directed to a crystalline mono mesylate salt
and a crystalline mono sulfate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide. In a certain embodiment, the crystalline mono mesylate
salt has an XRPD pattern substantially as illustrated in Figure 4 after synthesis of the crystalline
salt, and, in a preferred embodiment, has characteristic peaks in the XRPD pattern at
diffraction angle 2-theta degrees appearing at least at about 9, about 15 and about 23.8. In
further embodiments, the crystalline mono mesylate salt has a DSC curve substantially as
illustrated in Figure 5 after synthesis, and a TGA curve substantially as illustrated in Figure 6
after synthesis.

[0012] In a certain embodiment, the crystalline mono sulfate salt has an XRPD pattern
substantially as illustrated in Figure 7 after synthesis of the crystalline salt, and, in a preferred
embodiment, has characteristic peaks in the XRPD pattern at diffraction angle 2-theta degrees
appearing at least at about 15, about 17.8 and about 23.5. In further embodiments, the
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crystalline mono sulfate salt has a DSC curve substantially as illustrated in Figure 8 after
synthesis, and a TGA curve substantially as illustrated in Figure 9 after synthesis.

[0013] In preferred embodiments, the crystalline mono mesylate salt has a B-isomer content at
0 days of about 2.0% peak area to about 10.0% peak area, as measured by HPLC, and the
crystalline mono sulfate salt have a (B-isomer content at 0 days of about 3.0% peak area to
about 26.0% peak area, as measured by HPLC.

[0014] The present invention is further directed to a pharmaceutical composition comprising a
crystalline mono hydrochloride salt, crystalline mono mesylate salt or crystalline mono sulfate
salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide and a pharmaceutically acceptable excipient. In one embodiment, the
pharmaceutical composition is for treating acne. In another embodiment, the pharmaceutical
composition is for treating rosacea. In yet another embodiment, the pharmaceutical
composition is for treating a gram positive bacterial infection, wherein the gram positive
bacteria is selected from the group consisting of Propionibacterium acnes, Staphylococcus
aureus, Streptococcus pneumonia, Streptococcus pyogenes, and Clostridium difficile.

[0015] The present invention is also directed to the above-mentioned crystalline salts for use in
a method of treating acne comprising administering to a subject a therapeutically effective
amount of a crystalline mono hydrochloride salt, crystalline mono mesylate salt, or crystalline
mono sulfate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide.

[0016] The present invention is also directed to the above-mentioned crystalline salts for use in
a method of treating rosacea comprising administering to a subject a therapeutically effective
amount of a crystalline mono hydrochloride salt, crystalline mono mesylate salt, or crystalline
mono sulfate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,'[2a-octahydro-naphthacene-2-
carboxylic acid amide.

[0017] The present invention is also directed to the above-mentioned crystalline salts for use in
a method of treating a bacterial infection, wherein the bacteria is selected from the group
consisting of Propionibacterium acnes, Propionibacterium granulosum, Propionibacterium
avidum, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pneumonia,
Streptococcus  pyogenes,  Streptococcus  agalactiae,  Streptococcus  haemolyticus,
Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Proteus
mirabiliss, Pseudomonas aeruginosa, and Clostridium difficile, comprising administering to a
subject a therapeutically effective amount of a crystalline mono hydrochloride salt, crystalline
mono mesylate salt, or crystalline mono sulfate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-
3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide.
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[0018] The present invention is also directed to the above-mentioned crystalline salts for use in
a method of treating a gram positive bacterial infection, wherein the gram positive bacteria is
selected from the group consisting of Propionibacterium acnes, Staphylococcus aureus,
Streptococcus pneumonia, Streptococcus pyogenes, and Clostridium difficile, comprising
administering to a subject a therapeutically effective amount of a crystaline mono
hydrochloride salt, crystaline mono mesylate salt, or crystaline mono sulfate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

BRIEF DESCRIPTION OF THE FIGURES

[0019]

Figure 1 shows X-ray powder diffraction (XRPD) analysis of crystalline mono hydrochloride salt
of (4S,4aS,5aR,12aS)-4-dimethylaminno-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,2a-octahydro-naphthacene-2-
carboxylic acid amide after synthesis and after storage for 7 days at 40°C and 75% relative
humidity (RH).

Figure 2 is a differential scanning calorimetry (DSC) curve of crystalline mono hydrochloride
salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide after synthesis.

Figure 3 is a thermo-gravimetric analysis (TGA) curve of crystalline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide after
synthesis.

Figure 4 shows XRPD analysis of crystaline mono mesylate salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide after synthesis and after
storage for 7 days at 40°C and 75% RH.

Figure 5 is a DSC curve of crystaline mono mesylate salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide after synthesis.

Figure 6 is a TGA of crystalline mono mesylate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-
3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide after synthesis.

Figure 7 shows XRPD analysis of crystalline mono sulfate salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
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1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide after synthesis and after
storage for 7 days at 40°C and 75% RH.

Figure 8 is a DSC curve of crystaline mono sulfate salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide after synthesis.

Figure 9 is a TGA of crystalline mono sulfate salt of (4S,4aS,5aR,12aS)-4-dimethylamino-
3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide after synthesis.

Figure 10 shows XRPD analysis of amorphous bis hydrochloride salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

Figure 11 is a TGA curve and DSC curve overlaid of amorphous bis hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

DETAILED DESCRIPTION OF THE INVENTION

Crystalline Salts

[0020] Novel crystaline salts of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide are disclosed herein. After much experimentation and
discovery, the inventors determined the stable and preferred salt forms of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide,
which may be used as a pharmaceutical active ingredient in a pharmaceutical composition.
The present disclosure teaches how to make these novel crystalline salts and the superior
benefits of them over the free base of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide and previously known amorphous salts thereof.

[0021] Thus, one embodiment of the present invention is a crystalline salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide,
wherein the salt is selected from a group consisting of mono hydrochloride, mono mesylate
and mono sulfate.
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[0022] In a preferred embodiment, the crystalline salt is substantially pure. A substantially pure
crystalline salt contains less than about 10% peak area and, preferably, less than about 4%
peak area, total impurity content, as measured by HPLC. In a more preferred embodiment, the
crystalline salt is substantially free of an amorphous salt. Preferably, less than about 8% peak
area of amorphous salt is present, more preferably, less than about 5% peak area of
amorphous salt is present, and still more preferably, less than about 3% peak area of
amorphous salt is present.

[0023] As used herein in reference to the percent peak area of impurity content, the term
"about" generally means within 10 percent, e.g., within 5 percent of a given value or range.

[0024] The term "crystalline" as used herein refers to compounds in a solid state having a
periodic and repeating three-dimensional internal arrangement of atoms, ions or molecules
characteristic of crystals. The term crystalline does not necessarily mean that the compound
exists as crystals, but that it has this crystal-like internal structural arrangement. The term
"amorphous" as used herein refers to compounds lacking a crystalline structure: no repeating
pattern, only short range order, extensively disordered.

[0025] The crystalline salts of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-
7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-
2-carboxylic acid amide may be used to treat, prevent, or otherwise ameliorate bacterial, viral,
parasitic, and fungal infections; cancer (e.g., prostate, breast, colon, lung melanoma and
lymph cancers) and other disorders characterized by unwanted cellular proliferation; arthritis;
osteoporosis; diabetes; stroke; acute myocardial infarction; aortic aneurysm;
neurodegenerative diseases and other conditions for which tetracycline compounds have been
found to be active (see, for example, U.S. Patent Nos. 5,789,395; 5,834,450, 6,277,061; and
5,532,227, each of which is expressly incorporated herein by reference). In addition, the salts
of the invention can be used to prevent or control important mammalian and veterinary
diseases such as rickettsial infections, sexually transmitted infections, respiratory tract
infections, bacterial infections, ophthalmic infections, anthrax; may serve as therapy in acute
intestinal amebiasis, acne, and lyme disease; and may be used for prophylaxis of malaria and
the like. Preferably, the crystalline salts of the present invention may be used to treat bacterial
infections and inflammatory skin disorders, which include, without limitation, eczema,
dermatitis, psoriasis, pyoderma gangrenosum, acne and rosacea. In one embodiment, the
crystalline salts of the present invention may be used to treat acne and/or rosacea. For
example, the crystalline salts of the present invention may be used to treat acne. Nonlimiting
examples of bacterial infections that can be treated by the salts of the invention include
infections with gram positive organisms Propionibacterium acnes, Staphylococcus aureus,
Streptococcus pneumonia, Streptococcus pyogenes, or Clostridium difficile.

[0026] A certain embodiment is the crystalline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.
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[0027] The term "mono hydrochloride salt" as used herein refers to an ionic compound that
results from the neutralization reaction of an acid and a base. The ionic compound (herein,
HCI) is composed of a cation and an anion so that the compound is neutral.

[0028] General methods for analyzing crystalline salts include crystal analysis by X-ray powder
diffraction (XRPD), differential scanning calorimetry (DSC) and thermo-gravimetric analysis
(TGA).

[0029] XRPD analysis as disclosed herein was collected on a Bruker AXS C2 GADDS
diffractometer using Cu Ka radiation (40kV, 40mA), automated XYZ stage, laser video
microscope for auto-sample positioning and a HiStar 2-dimensional area detector. X-ray optics
consisted of a single Gobel multilayer mirror coupled with a pinhole collimator of 0.3 mm. The
software used for data collection was GADDS for WNT 4.1.16 and the data was analyzed and
presented using Diffrac Plus EVA v 9.0.0.2 or v 13.0.0.2. Samples were analyzed under
ambient conditions as flat plate specimens using powder as received. Approximately 1-2 mg of
the sample was lightly pressed on a glass slide to obtain a flat surface. Samples analyzed
under non-ambient conditions were mounted on a silicon wafer with a heat conducting
compound. The sample was then heated to the appropriate temperature at approximately

20°C.min"! and subsequently held isothermally for approximately 1 minute before data
collection was initiated.

[0030] In certain embodiments, the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide has
an XRPD pattern substantially as illustrated in Figure 1 after synthesis of the crystalline salt.

[0031] The term "XRPD pattern" as used herein refers to the graphical representation of the
data collected by XRPD analysis. XRPD analysis is a technique used to characterize the
crystallographic structure, size, and preferred orientation in polycrystalline or powdered solid
samples. This diffraction is also used to characterize heterogeneous solid mixtures to
determine the percent of crystalline compounds present and can provide structural information
on unknown materials.

[0032] The terms "substantially" and "about" as used herein in reference to an XPRD pattern
refer to the XPRD pattern wherein a listed peak(s) appears within 0.2 degrees 2-theta,
including within 0.1 degrees 2-theta of a given 2-theta value.

[0033] In a preferred embodiment, the crystalline mono hydrochloride salt has characteristic
peaks at diffraction angle 2-theta degrees appearing at least at about 13.4, about 20.5 and
about 23.3, as measured by XRPD. In a more preferred embodiment, the crystalline mono
hydrochloride salt has characteristic peaks at diffraction angle 2-theta degrees appearing at
least at about 9.5, about 13.4, about 15.5, about 20.5 and about 23.3, as measured by XRPD,
and still more preferable, the crystalline mono hydrochloride salt has characteristic peaks at
diffraction angle 2-theta degrees appearing at least at about 9.5, about 13.4, about 15.5, about
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16.6, about 19.2, about 20.5, about 22.2, and about 23.3.

[0034] The term "characteristic peak" as used herein refers to a peak in the XRPD pattern
having an intensity at least 20%, more preferably 40% greater than the baseline noise.

[0035] TGA and DSC analysis are used to measure thermal behavior and can be used to
distinguish between polymorphs. One polymorphic form may exhibit thermal behavior different
from that of the amorphous material or another polymorphic form.

[0036] DSC analysis as disclosed herein was collected on a TA Instruments Q2000 equipped
with a 50 position auto-sampler. The instrument was calibrated for energy and temperature
using certified indium. The calibration for thermal capacity was carried out using sapphire.

Typically, 0.5-3.0 mg of each sample, in a pin-holed aluminum pan, was heated at 10°C.min""

from 25°C to 250°C. A nitrogen purge at 50 ml.min~! was maintained over the sample. The
instrument control software used was Advantage for Q Series v2.8.0.392 and Thermal
Advantage v4.8.3 and the data was analyzed using Universal Analysis v4.4A.

[0037] DSC is a thermoanalytical technique in which the difference in the amount of heat
required to increase the temperature of a sample and reference is measured as a function of
temperature. DSC can be used to measure a number of characteristic properties of a sample,
allowing observation of crystallization events. Specifically, with DSC, it is possible to observe
small energy changes that occur as matter transitions from a solid to a liquid crystal and from a
liquid crystal to an isotropic liquid. The presence of events in the DSC curve can be used to
assess the compound's stability, as well as the presence of solvates or hydrates.

[0038] TGA s used to determine changes in weight in relation to change in temperature, which
may reveal degradation of the compound and the presence of solvates or hydrates. TGA
analysis as disclosed herein was collected on a TA Instruments Q500 TGA equipped with a 16
position auto-sampler. The instrument was temperature calibrated using certified Alumel and
Nickel. Typically, 5-30 mg of each sample was loaded onto a pre-weighed platinum crucible

and aluminum DSC pan and was heated at 10°C min~' from ambient temperature to 300°C. A

nitrogen purge at 60 ml.min"! was maintained over the sample. The instrument control and
data analysis software used was Advantage for Q Series v2.8.0.392 and Thermal Advantage
v4.8.3 and the data was analyzed using Universal Analysis v4.4A.

[0039] In a certain embodiment, the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic  acid amide
exhibits a DSC curve substantially as illustrated in Figure 2. Preferably, the crystalline mono
hydrochloride salt analyzed by DSC exhibits no events up to degradation of the crystalline salt.

[0040] The term "events" as used herein refers to a change in the sample associated with
absorption (endothermic) or evolution (exothermic) of heat causing a change in differential
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heat flow which is recorded as a peak in the thermogram. Such changes in the sample include
decomposition, degradation, and change of form or morphology, solvate or hydrate. The
absence of any events indicates that the compound is stable and is in a low energy form.

[0041] The term "substantially," as used herein in reference to DSC curve means the DSC
curve demonstrating a peak(s) within 1°C, including within 0.5°C of a given temperature.

[0042] In a certain embodiment, the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic  acid amide
exhibits a TGA curve substantially as illustrated in Figure 3. Preferably, the crystalline mono
hydrochloride salt analyzed by TGA exhibits a weight loss of about 1% to about 5% from about
30°C to about 200°C and a weight loss of about 12% to about 16% from about 200°C to about
250°C and, more preferably, a weight loss of about 3% from about 30°C to about 200°C and a
weight loss of about 14% to about 15% from about 200°C to about 250°C.

[0043] The term "substantially," as used herein in reference to the TGA curve means the curve
demonstrating a percent weight loss within 1%, including within 0.5% of a given value in
relation to temperature change.

[0044] In certain embodiments, the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide is
stable for at least 4 months, and more preferably for at least 6 months.

[0045] The term "stable" and "stability" as used herein refers to both the physical form and the
chemical purity of the salt. "The salt" as used herein refers to the disclosed crystalline mono
hydrochloride, mono mesylate and mono sulfate salts of the present invention.

[0046] One measure of the stability of the physical form of the salt is hygroscopicity, which is
the propensity of a substance to absorb or adsorb water molecules from the surrounding
environment. Whenever moisture can promote degradation, the salt is stable if it is non-
hygroscopic or mildly hygroscopic above 70% relative humidity (RH). In preferred
embodiments, the salt is non-hygroscopic or mildly hygroscopic above 80% RH, and in more
preferred embodiments, the salt is non-hygroscopic or mildly hygroscopic to 90% RH. "Non-
hygroscopic or mildly hygroscopic" as used herein refers to a compound at about 40°C and at
an RH of about 75%, existing over about 80% w/w in solid crystalline form, preferably over
about 90% w/w in solid crystalline form, that absorbs less than 10% w/w water, and preferably,
less than 5% w/w water in 8 hours or less. Hygroscopicity (hygroscopic degree) is calculated
based on increase in weight in a compound at comparative points of measurement. Another
measure of physical stability is the crystal form of the salt, which may be measured by XPRD.

[0047] One measure of chemical purity is defined by the B-isomer content of the salt. Many
tetracyclines are optically active and contain one or more asymmetric centers. The process by
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which the asymmetry of such a center is altered to form the opposite stereochemistry is
referred to as epimerization. Tetracyclines undergo reversible epimerization to the less active
epi-tetracycline. The rate at which epimerization occurs is dependent on many factors, such as
pH, temperature, counter ion, and humidity. The naturally occurring epimer is typically referred
to as a, or the active epimer. The other epimer, known as 8, may or may not possess biological
activity.

[0048] (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide has an epimeric center at C4. The a and B epimers of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,  10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide are
separable and quantifiable by reversed phase HPLC (High Performance Liquid
Chromatography) with ultraviolet detector (HPLC-UV) analysis, and measured as percent area
under the curve, also referred to as percent peak area. Although the epimer of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide is
believed to be non-toxic, under certain conditions it may lack the anti-bacterial efficacy of
(4S,4aS,5aR,12aS)-4-dimethylamino-3, 10,12, 12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide and,
therefore, is considered an undesirable degradation product.

[0049] The lower the B-isomer content, the higher the chemical purity of the salt. The B-isomer
content is measured after synthesis of the salt and compared with the measured [-isomer
content after storage for a designated period of time. Where the B-isomer content does not
significantly increase after storage, there has been no negative effect of storage on the
chemical purity of the salt and the salt is stable for that designated period of time. Since
moisture uptake by the tetracycline may be a contributing factor to epimerization, a salt form of
(4S,4aS,5aR,12aS)-4-dimethylalamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a,octahydro-naphthacene-2-carboxylic acid amide that
is not significantly hygroscopic may provide an innate resistance to epimerization caused by
humidity.

[0050] Another measure of chemical purity is defined by the content of other related impurities,
by-products or degradation products of the salt, which represents the morphology of the
compound. The lower the content of total impurities as measured by HPLC, generally, by
HPLC-UV, the higher the chemical purity of the salt. The total impurity content is measured
after synthesis of the salt and compared with the measured total impurity content after storage
for a designated period of time. Where the total impurity content does not significantly increase
after storage, there has been no negative effect of storage on the chemical purity of the salt
and the salt is stable for that designated period of time.

[0051] In certain embodiments, at 0 days, the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
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methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide has
a total impurity content of less than about 8% and, preferably, less than about 4%. In another
embodiment, the crystalline mono hydrochloride salt of (4S,4aS,5aR,12aS)-4-dimethylamino-
3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-
octahydro-naphthacene-2-carboxylic acid amide has a total impurity content after storage for
about 6 months at about 40°C and about 75% RH of less than about 10% and, preferably, less
than about 6%. In a certain embodiment, the salt has a total impurity content after storage for
about 6 months at about 40°C and about 75% RH not more than about 80% peak area greater
than the total impurity content at about 0 days, and preferably, not more than about 50% peak
area greater than the total impurity content at about 0 days.

[0052] In a certain embodiment of the present invention, the crystalline mono hydrochloride
salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide is stable and has a B-isomer content after storage for about 75 days at
about 40°C and about 75% RH not more than about 20% peak area greater than the B-isomer
content at about 0 days. In a preferred embodiment, the salt has a B-isomer content after
storage for about 75 days at about 40°C and about 75% RH not more than about 10% peak
area greater than the B-isomer content at about 0 days; in a more preferred embodiment, the
B-isomer content after storage for about 75 days at about 40°C and about 75% RH is not more
than about 1% peak area greater than the B-isomer content at about 0 days; and in a further
preferred embodiment, the B-isomer content after storage for about 75 days at about 40°C and
about 75% RH is about equal to the B-isomer content at about 0 days. "After synthesis" as
used herein refers to less than about one day from the time of confirmation of synthesis, also
referred to as "0 days."

[0053] In a certain embodiment, the B-isomer content of the crystalline mono hydrochloride
salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-
[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-
carboxylic acid amide at 0 days is about 0.1% to about 7.0% peak area, preferably about 1.0%
to about 6.0% peak area, more preferably about 2.0% to about 4.0% peak area, and most
preferably about 3.0% to about 4.0% peak area. In a certain embodiment, the B-isomer content
of the crystalline mono hydrochloride salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-
tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-
naphthacene-2-carboxylic acid amide after storage for at least 3 months is about 2.0% to
about 8.0% peak area, and more preferably about 3.0% to about 4.0% peak area. In other
embodiments, the B-isomer content after storage for at least 6 months is about 0.1% to about
10.0% peak area, and more preferably about 2.0% to about 8.0% peak area. In a certain
embodiment, the B-isomer content of the crystaline mono hydrochloride salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide at 0
days is less than about 6.0% peak area and after storage for about 75 days at ambient
conditions is less than about 6.0% peak area. Preferably, the $-isomer content at 0 days is less
than about 4.5% peak area and after storage for about 75 days at ambient conditions is less
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than about 4.5% peak area, and in a still further embodiment, the B-isomer content at 0 days is
about 3.8% peak area and after storage for about 75 days at ambient conditions is about 3.8%
peak area.

[0054] Ambient conditions, as used herein, means a temperature of about 20°C to about 25°C
and an RH of about 40%.

[0055] Another embodiment of the present invention is the crystalline mono mesylate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

[0056] The term "mono mesylate salt" as used herein refers to an ionic compound that results
from the neutralization reaction of an acid and a base. The compound is composed of a cation

and an anion (herein, CH3S0O5") so that the compound is neutral.

[0057] In certain embodiments, the crystalline mono mesylate salt of (45,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide has an XRPD pattern
substantially as illustrated in Figure 4 after synthesis of the crystalline salt.

[0058] In a preferred embodiment, the crystalline mono mesylate salt has characteristic peaks
at least appearing at diffraction angle 2-theta degrees appearing at about 9, about 15 and
about 23.8, as measured by XRPD. In a more preferred embodiment, the crystalline mono
mesylate salt has characteristic peaks at diffraction angle 2-theta degrees appearing at least at
about 9, about 15, about 22.7 and about 23.8, as measured by XRPD, and still more
preferable, the crystalline mono mesylate salt has characteristic peaks at diffraction angle 2-
theta degrees appearing at least at about 9, about 15, about 22, about 22.7 and about 23.8.

[0059] In a certain embodiment, the crystalline mono mesylate salt of (45,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-niethyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide exhibits a DSC curve
substantially as illustrated in Figure 5. Preferably, the crystalline mono mesylate salt analyzed
by DSC exhibits no events up to degradation of the crystalline salt.

[0060] In a certain embodiment, the crystalline mono mesylate salt of (4S,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide exhibits a TGA curve
substantially as illustrated in Figure 6. Preferably, the crystalline mono mesylate salt analyzed
by TGA exhibits a weight loss of about 1% to about 4% from about 30°C to about 200°C and a
weight loss of about 3% to about 10% from about 200°C to about 250°C and, more preferably,
a weight loss of about 2% to about 3% from about 30°C to about 200°C and a weight loss of
about 6% to about 7% from about 200°C to about 250°C.

[0061] In a certain embodiment of the present invention, the crystalline mono mesylate salt of
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(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide is
stable and has a B-isomer content after storage for about 75 days at about 40°C and about
75% RH not more than about 20% peak area greater than the B-isomer content at about 0
days. In a preferred embodiment, the salt has a B-isomer content after storage for about 75
days at about 40°C and about 75% RH not more than about 10% peak area greater than the
B-isomer content at about 0 days; in a more preferred embodiment, the B-isomer content after
storage for about 75 days at about 40°C and about 75% RH is not more than about 1% peak
area greater than the B-isomer content at about 0 days; and in a further preferred
embodiment, the B-isomer content after storage for about 75 days at about 40°C and about
75% RH is about equal to the B-isomer content at about 0 days.

[0062] In a certain embodiment, the B-isomer content of the crystalline mono mesylate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide at 0
days is about 2.0% to about 10.0% peak area, preferably about 2.0% to about 6.0% peak area,
and more preferably about 2.0% to about 3.0% peak area.

[0063] Another embodiment of the present invention is a crystaline mono sulfate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide.

[0064] The term "mono sulfate salt" as used herein refers to an ionic compound that results
from the neutralization reaction of an acid and a base. The compound is composed of a cation

and an anion (herein, SO42°) so that the compound is neutral.

[0065] In certain embodiments, the crystalline mono sulfate salt of (45,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide has an XRPD pattern
substantially as illustrated in Figure 7 after synthesis of the crystalline salt.

[0066] In a preferred embodiment, the crystalline mono sulfate salt has characteristic peaks at
diffraction angle 2-theta degrees appearing at least at about 15, about 17.8 and about 23.5, as
measured by XRPD. In a more preferred embodiment, the crystalline mono sulfate salt has
characteristic peaks at diffraction angle 2-theta degrees appearing at least at about 15, about
17.8, about 22.5 and about 23.5, as measured by XRPD. In a still more preferred embodiment,
the crystalline mono sulfate salt has characteristic peaks at diffraction angle 2-theta degrees
appearing at least at about 15, about 17.8, about 19.0, about 22.5 and about 23.5, as
measured by XRPD.

[0067] In a certain embodiment, the crystalline mono sulfate salt of (45,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-

1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide exhibits a DSC curve
substantially as illustrated in Figure 8. Preferably, the crystalline mono sulfate salt analyzed by
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DSC exhibits no events up to degradation of the crystalline salt.

[0068] In a certain embodiment, the crystalline mono sulfate salt of (45,4aS,5aR,12aS)-4-
dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide exhibits a TGA curve
substantially as illustrated in Figure 9. Preferably, the crystalline mono sulfate salt analyzed by
TGA exhibits a weight loss of about 1% to about 5% from about 30°C to about 200°C and a
weight loss of about 12% to about 16% from about 200°C to about 250°C and, more
preferably, a weight loss of about 3% to about 4% from about 30°C to about 200°C and a
weight loss of about 13% to about 14% from about 200°C to about 250°C.

[0069] In a certain embodiment of the present invention, the crystalline mono sulfate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide is
stable and has a B-isomer content after storage for about 75 days at about 40°C and about
75% RH not more than about 20% peak area greater than the B-isomer content at about 0
days. In a preferred embodiment, the salt has a B-isomer content after storage for about 75
days at about 40°C and about 75% RH not more than about 10% peak area greater than the
B-isomer content at about 0 days; in a more preferred embodiment, the B-isomer content after
storage for about 75 days at about 40°C and about 75% RH is not more than about 1% peak
area greater than the B-isomer content at about 0 days; and in a further preferred
embodiment, the B-isomer content after storage for about 75 days at about 40°C and about
75% RH is about equal to the B-isomer content at about 0 days.

[0070] In a certain embodiment, the B-isomer content of the crystalline mono sulfate salt of
(4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-7-[(methoxy(methyl)amino)-
methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-2-carboxylic acid amide at 0
days is about 3.0% to about 26.0% peak area, preferably about 5.0% to about 20.0% peak
area, and most preferably about 6.0% to about 10.0% peak area.

Pharmaceutical Compositions

[0071] One embodiment of the invention is directed to a pharmaceutical composition
comprising a crystalline salt of (4S,4aS,5aR,12aS)-4-dimethylamino-3,10,12,12a-tetrahydroxy-
7-[(methoxy(methyl)amino)-methyl]-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydro-naphthacene-

2-carboxylic acid amide, wherein the salt is selected from a group consisting of mono
hydrochloride, mono mesylate, and mono sulfate, and a pharmaceutically acceptable excipient.

[0072] The pharmaceutical composition of the present invention comprises an effective
amount of said crystalline salt, a pharmaceutically acceptable excipient, and, in some
embodiments, it may also contain one or more additional active ingredients. The content of
crystalline salt in the pharmaceutical composition of the present invention varies depending on
the subject of administration, route of administration and target disease, among other



DK/EP 2707003 T3

variables. The pharmaceutical composition of the present invention may be administered
orally, topically (e.g., transdermal, etc.), vaginally, rectally, or parenterally (e.g., intravenous,
etc.). Preferably, the pharmaceutical composition of the present invention may be used for
treating bacterial infections and inflammatory skin disorders. For example, the pharmaceutical
composition of the present invention may be used for treating acne and/or rosacea, e.g., for
treating acne, or for treating infections with gram positive bacteria, wherein the gram positive
bacteria is selected from the group consisting of Propionibacterium acnes, Staphylococcus
aureus, Streptococcus pneumonia, Streptococcus pyogenes, and Clostridium difficile.

[0073] Examples of topical administration of the pharmaceutical composition include
transdermal, buccal or sublingual application. For topical applications, the pharmaceutical
composition can be suitably admixed in a pharmacologically inert topical carrier, such as a gel,
an ointment, a lotion or a cream. Such pharmacologically inert topical carriers include water,
glycerol, alcohol, propylene glycol, fatty alcohols, triglycerides, fatty acid esters, or mineral oils.
Other possible pharmacologically inert topical carriers are liquid petrolatum, isopropylpalmitate,
polyethylene glycol, ethanol 95%, polyoxyethylene monolauriate 5% in water, sodium lauryl
sulfate 5% in water, and the like. In addition, materials such as antioxidants, humectants,
viscosity stabilizers and the like also may be added.

[0074] For oral administration, the crystalline salt of the present invention may be administered
as a capsule, tablet or granule. Tablets may contain various excipients such as microcrystalline
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine, along with
various disintegrants such as starch (and preferably corn, potato or tapioca starch), alginic acid
and certain complex silicates, together with granulation binders like polyvinylpyrrolidone,
sucrose, gelatin and acacia. In a certain embodiment, the tablet may be film coated.
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are
often very useful for tablets. Other solid compositions may also be employed as fillers in gelatin
capsules; preferred materials in this connection also include lactose or milk sugar as well as
high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are
desired for oral administration, the crystalline salt may be combined with various sweetening or
flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or suspending
agents, together with such diluents as water, ethanol, propylene glycol, glycerin and various
like combinations thereof. The pharmaceutical compositions of the invention may be
formulated such that the crystalline salt is released over a period of time after administration.

[0075] Preparing such pharmaceutical compositions of the crystalline salt of the present
invention along with a pharmaceutically acceptable excipient and, optionally, an additional
active ingredient, may be done by any conventional technique known in the art.

[0076] In an embodiment, the crystalline salt present in the pharmaceutical composition is
about 0.01% to about 90% by weight relative to the whole composition. A suitable
therapeutically effective amount of the crystalline salt will typically range from about 0.01 mg/kg
to about 1 g/kg of body weight per day; in another embodiment, from about 1 mg/kg to about
600 mg/kg body weight per day; in another embodiment, from about 1 mg/kg to about 250
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mg/kg body weight per day; in another embodiment, from about 10 mg/kg to about 400 mg/kg
body weight per day; in another embodiment, from about 10 mg/kg to about 200 mg/kg of body
weight per day; in another embodiment, from about 10 mg/kg to about 100 mg/kg of body
weight per day; in one embodiment, from about 10 mg/kg to about 25 mg/kg body weight per
day; in another embodiment, from about 1 mg/kg to about 10 mg/kg body weight per day; in
another embodiment, from about 0.001 mg/kg to about 100 mg/kg of body weight per day; in
another embodiment, from about 0.001 mg/kg to about 10 mg/kg of body weight per day; and
in another embodiment, from about 0.001 mg/kg to about 1 mg/kg of body weight per day. In a
certain embodiment, when a pharmaceutical composition described herein is administered
orally, a suitable therapeutically effective amount of the crystalline salt is about 0.01 to about
100 milligrams per kilogram of body weight of recipient per day, preferably about 0.1 to about
50 milligrams per kilogram body weight of recipient per day, more preferably from about 0. 1 to
about 20 milligrams per kilogram body weight of recipient per day, and even more preferably
from about 0.1 to about 10 milligrams per kilogram body weight of recipient per day. The
desired dose may be administered once daily, or by several sub-divided doses, e.g., 2 0 §
sub-divided doses, at appropriate intervals through the day, or other appropriate schedule.

[0077] The term "pharmaceutically acceptable excipient" as used herein includes, but is not
limited to, one of more of the following: polymers, resins, plasticizers, fillers, lubricants,
diluents, binders, disintegrants, solvents, co-solvents, surfactants, buffer systems,
preservatives, sweetener agents, flavoring agents, pharmaceutical-grade dyes or pigments,
chelating agents, viscosity agents, and combinations thereof. Pharmaceutically acceptable
excipients can be used in any component in making the dosage form, i.e. core tablet or
coating. Flavoring agents and dyes and pigments among those useful herein include but are
not limited to those described in Handbook of Pharmaceutical Excipients (4th Ed.,
Pharmaceutical Press 2003). Suitable co-solvents include, but are not limited to, ethanol,
isopropanol, acetone, and combinations thereof. Suitable surfactants include, but are not
limited to, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene mon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>